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WHEAT RESEARCH TO SERVE THE FUTURE NEEDS 
OF THE DEVELOPING WORLD

PRELIMINARY RESULTS OF GROWING OILSEED RAPE 
AND OTHER BRASSICAS FOR FORAGE

Hans-Joachim Braun, John Dixon, Jonathan Crouch and Thomas Payne
CIMMYT, Apdo Postal 6-641, 06600 Mexico-City, Mexico

E-mail:H.J.Braun@cgiar.org

Wheat pro duc tion in de vel op ing coun tries has in creased dra mat i cally over the last 50 years
from around 1 t/ha to now 2.8 t/ha, which is nearly the same as in de vel oped coun tries (2.9t/ha in
de vel oped coun tries). In creases were ob tained by pro vid ing farm ers in put-ef fi cient and in put-re -
spon sive dis ease re sis tant semi-dwarf cultivars. As im pres sive as the achieve ments were, wheat
pro duc tion needs to in crease by 1.5% an nu ally to reach 850 mil lion tons in 2030. The re quired
growth will need to come from in creased yield, as area ex pan sion is un likely. Whether the tar get
of 850 mlln tons will be achieved will de pend on var i ous fac tors. Fac tors that will strengthen pro -
duc tiv ity are iden ti fied, as is a set of key damp en ers that will tend to de press pro duc tiv ity and pro -
duc tion. The po ten tial fa cil i ta tors in clude “syn thetic” wheat and ex ploi ta tion of ge netic stocks;
better man age ment of ge no type x sys tem in ter ac tions; in creased breed ing ef fi ciency through
MAB; Hy brid and GM wheat would also lead to in creas ing pri vate sec tor in vest ment. Fac tors
con trib ut ing to be low ex pected in crease are short age of fresh wa ter for ir ri ga tion; soil deg ra da -
tion; emerg ing new bi otic stresses; high en ergy prices; shift of a sub stan tial pro por tion of the
wheat pro duc tion area from in ten sive ir ri gated to ex ten sive rainfed pro duc tion, though cli mate
change may also lead to the ex pan sion of wheat into new rainfed pro duc tion areas; and climate
change with respect to the negative effects of heat stress, and increased pest and disease pressure.

Stag nat ing yield growth has be come a con cern for ma jor wheat pro duc ing re gions world -
wide (see Reynolds et al. 2007 and Nagarajan 2005). How ever, since the un der ly ing rea sons for
this stag na tion are highly com plex, the so lu tions are not likely to be straight for ward. In vest ments
in wheat breed ing have de clined in ab so lute terms along with the gen eral re duc tion in ag ri cul -
tural re search fund ing (Pardey 2006). Fur ther more, the im pact of non-sus tain able ag ro nomic
prac tices and con se quent de clin ing soil fer til ity and de creas ing re sponse to in puts is chan nel ing
more and more breed ing ef forts and wheat im prove ment re sources in LDCs (less de vel oped
coun tries) to wards traits re lated to de clin ing soil fer til ity (e.g., tol er ance to mi cro-nu tri ent de fi -
ciency, tol er ance to soil-borne dis eases, tol er ance to drought and sa lin ity). Farm ers can not,
there fore, uti lize the in creased yield po ten tial of im proved va ri et ies and tech nol o gies, and their
net in come may even de cline, as more in puts are ap plied to com pen sate for de clin ing soil fer til ity
(Sayre 2004). A con certed ef fort by farm ers, agron o mists, breed ers, and pol icy mak ers is needed
to im prove soil fer til ity and in put use ef fi ciency through sus tain able and low-cost prac tices, so
that the higher yield po ten tial of im proved cultivars can be exploited in all production
environments and provide farmers with a stronger incentive to replace old cultivars. 

His tor i cally, wheat pro duc tion has made a ma jor con tri bu tion to global food se cu rity for
mil len nia. Given the steady in creases in wheat pro duc tiv ity dur ing the past 40 years un der pinned
by better va ri et ies, im proved crop man age ment, in puts, and mar kets, wheat has con tin ued to play 
a ma jor role in global food se cu rity and pov erty re duc tion. To day wheat con trib utes around
one-quar ter of the global hu man con sump tion of cal o ries, for which there are no easy sub sti tutes
in many ma jor wheat con sum ing coun tries. The eco nomic re turns to pro duc tiv ity en hanc ing
wheat re search have been con sis tently high, as have the re turns to main te nance re search to de -
fend those gains against a dynamic profile of environmental and biotic stresses.

Man ag ers of wheat re search in the first quar ter of the 21st cen tury con front a com pletely
new con text of slow ing wheat pro duc tiv ity, grow ing de mand for biofuels, strong pro duc tiv ity
growth in com pet ing food and cash crops, chang ing ag ri cul tural mar kets and prices, evolv ing in -
put and ser vice in sti tu tions, and cli mate change. The anal y sis of wheat sys tems im prove ment over 
the next two de cades can be framed around fac tors that ei ther strengthen or di min ish the growth
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of wheat pro duc tiv ity and pro duc tion along the an nual 1.6% growth required to meet expected
demand in 2020.

Achieve ments in global wheat pro duc tion dur ing the sec ond half of the 20th cen tury were
sub stan tially fu elled by the col lec tive ef forts the free ex change of germplasm and data. Sev eral
hun dred wheat re search ers an nu ally par tic i pated in global eval u a tion net works dis trib uted
through fo cal points from CIMMYT, ICARDA, USDA, Eu rope (in clud ing COMECON) and
the TURKEY-CIMMYT-ICARDA Win ter Wheat pro gram. The germplasm dis trib uted
through re gional and in ter na tional nurs er ies were tar geted to spe cific agro-eco log i cal en vi ron -
ments and con sisted of seg re gat ing pop u la tions, screen ing nurs er ies, and advanced yield trials
(Dixon et al. 2006).

CIMMYT’s In ter na tional Wheat Im prove ment Net work (IWIN) is a prime ex am ple of the
long-term re in forc ing ben e fits of col lec tive ac tion, where the mo ti va tion of sci en tists and breed -
ers across the world to share germplasm and in for ma tion ben e fits ev ery one and pro vides an im -
por tant foun da tion for global wheat im prove ment in the fu ture. A two-way flow of in for ma tion
em pow ers NARSs while strength en ing the rel e vance of prod ucts from in ter na tional breed ing
pro grams (Byerlee and Moya (1993). Pol icy mak ers, re search ers, and farm ers gen er ally de pend
on dif fer ent types of in for ma tion from dif fer ent sources. Re cent ad vances in in for ma tion and
com mu ni ca tion tech nol o gies are en abling the cre ation of knowl edge plat forms. To ad dress
global chal lenges in wheat sci ence and pro duc tion, the ex change of both wheat ge netic ma te rial
and the as so ci ated knowl edge through ex ist ing net works and new part ner ships (e.g., IWIN) will
be a crit i cally im por tant in ter na tional public good (IPG) that must remain freely available to all if 
it is to achieve its full impact.

Most wheat re search in de vel op ing coun tries is cur rently con ducted by pub lic in sti tu tions, a 
sit u a tion sim i lar to that of rice and sor ghum, among the ma jor global field crops. This is in con -
trast to other com mod i ties such as maize, soy beans, rape seed, and cot ton, where the pri vate sec -
tor is the ma jor driver. In the ab sence of hy brids and GM tech nol o gies, there is a need for roy alty
or other value cap ture or in cen tive sys tems to in crease pri vate sec tor in vest ments in wheat
improvement (Pardey 2006).

Funds for wheat re search, in par tic u lar in less de vel oped coun tries (LDC), are de rived
mostly from pub lic do nors and of ten spread over many re search pro grams, mak ing each in vest -
ment rel a tively small and of ten less ef fi cient. Av er age ag gre gate yield in creases in the USA dur -
ing the 1990s rose 15.5% for maize but only 6.3% for wheat (Na tional As so ci a tion of Wheat
Grow ers et al. 2006), al though the lower pro duc tiv ity of wheat grow ing ar eas com pared to those
for maize should be noted. More over, Pardey (2004) showed that pub lic ag ri cul tural R&D spend -
ing de clined from 7% an nual growth for the pe riod 1976-81 to be low 4% for the pe riod 1991-96.
While a strong pub lic sec tor work ing co op er a tively with the pri vate sec tor is es sen tial to en sure
ben e fits from the gene rev o lu tion (Pingali and Raney 2005), the key chal lenge is to at tract pri vate 
sec tor in vest ment in ag ri cul tural re search in de vel op ing coun tries. Thus, a ma jor chal lenge in the
com ing de cades is the de vel op ment of tech nol o gies or mech a nisms that can synergize private
sector investment in wheat breeding across the world.

Weeds, in sects, and dis eases re duce ac tual world wheat pro duc tion by an es ti mated 28%
(Oerke 2006), and the loss could be as high as 50% with out ef fec tive plant pro tec tion. Though ac -
tual pro duc tion losses are al ready high, it is an tic i pated that they will rise due to in creased abiotic
stresses caused by global cli mate change; how ever, dis eases and pests may also be come sig nif i -
cant con straints in re gions where they have not been ob served be fore or were not pre vi ously
economically important.

The po ten tial of new threats is ex em pli fied by wheat blast, caused by Magnaporthe grisea,
which in 1986 was re ported for the first time on wheat, in-situ, in Paraná, Brazil (Igarashi et al.
1986). Within a few years, it spread to ma jor wheat grow ing ar eas of Brazil, Bolivia, and Par a -
guay, and be came a lim it ing fac tor on more than 3 m ha in the re gion. In the Bo liv ian low lands,
wheat blast led to a 50% de cline in the area sown to wheat (Condori, pers. com., 2007). Though
tol er ance was found in wheat by EMBRAPA (Brazil) re search ers, the ma jor ity of germplasm
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tested proved to be sus cep ti ble. The po ten tial threat of wheat blast can not be over stated; the dis -
ease rep re sents a se ri ous risk to wheat pro duc tion and food se cu rity should it spread to neigh bor -
ing Ar gen tina and more dra mat i cally if it spread to Asia, which is fea si ble since seed trans mis sion
has been re ported. Once its ep i de mi ol ogy is better un der stood, spa tial mod el ing could iden tify
ar eas of po ten tial risk. With the ef fect of cli mate change on pest and dis ease pop u la tions, sit u a -
tions such as this are likely to be in creas ingly com mon.

Stem rust (Puccinia graminis) is his tor i cally the most feared and wide spread dis ease of
wheat. Con trolled for de cades by ge netic re sis tance, it has re cently re-emerged as the most se ri -
ous bi otic threat to global wheat pro duc tion. A new race of stem rust was iden ti fied in 1999 in
Uganda (there fore named Ug99) and now threat ens 120 mil lion tons, or 20%, of the world’s
wheat in Cen tral and North Af rica, the Mid dle East and Asia, with a pop u la tion of more than one 
bil lion peo ple.

The best known pan demic of stem rust in the United States oc curred in 1953-54 and caused
a 40% loss in spring wheat yields that would be worth $1 bil lion or more to day; this led to the es -
tab lish ment of a re sponse sys tem com pris ing a) a ro bust col lab o ra tive in ter na tional net work of
wheat im prove ment in sti tu tions, germplasm shar ing, and strong hu man ca pac ity and in fra struc -
ture ded i cated to stem rust re search; b) in creas ing fre quency of re sis tant cultivar re leases. As a
re sult, there have been no stem rust pan dem ics over the last five de cades. Un for tu nately, over the 
years this re sponse sys tem has at ro phied; con se quently, the emer gence and spread of Ug 99 rep -
re sents a ma jor threat to global wheat pro duc tion.

A con certed emer gency global re search ef fort un der the um brella of CIMMYT and
ICARDA has been es tab lished: the Global Rust Ini tia tive (GRI) (www.globalrust.org), ini ti ated
by Dr. Nor man E. Borlaug in 2005. More than 20,000 wheat ac ces sions, in clud ing ma jor cultivars,
have now been eval u ated in Kenya and Ethi o pia, and re sults in di cate that as many as 90% of the
world’s com mer cial wheat va ri et ies are sus cep ti ble. For tu nately, new re sis tant high-yield ing
wheat lines have also been iden ti fied and are now be ing dis trib uted glob ally.

Main tain ing and ex pand ing wheat pro duc tion is crit i cally de pend ent on land and wa ter re -
sources that are be ing de graded in many ir ri gated and mar ginal wheat pro duc ing ar eas. Evenson
and Gollin (2003a) es ti mated that one-third of the in crease in food pro duc tion in Asia be tween
1961 and 1981 (the main Green Rev o lu tion pe riod) was at trib ut able to crop im prove ment; the
other two-thirds arose from a va ri ety of crop man age ment and in sti tu tional fac tors, in par tic u lar
in creased fer til izer use and better weed con trol, wa ter man age ment, and mar ket ac cess. Fur ther -
more, there is scope for ex ploit ing the pos i tive in ter ac tions be tween ge no type and crop ping sys -
tems man age ment (G x S). One of the proven crop man age ment routes for im prov ing the pro duc -
tiv ity of sus tain able ag ri cul ture is the ap pli ca tion of con ser va tion ag ri cul ture sys tems (in clud ing
re duced till age, which saves re sources, slashes costs, re duces green house gases, and sta bi lizes
pro duc tion), while cre at ing the man age ment con di tions for the ex pres sion of a greater pro por -
tion of ge netic yield po ten tial than in de graded, in fer tile con di tions (Ekboir 2002). Key el e ments
of such an ap proach in clude ef fec tive weed con trol, us ing her bi cides as ap pro pri ate, and soil fer -
til ity management. Thus, without improved and profitable crop management, the full benefits of
improved wheat germplasm will not be realized.

Con sumer pref er ences are evolv ing with in creas ing in comes, and the de mands for spe cific
qual ity at trib utes are chang ing. The in dus tri al iza tion of wheat pro cess ing that has oc curred for
bread will also take place for other prod ucts, in clud ing chapatis. This will re sult in in creased de -
mand for spe cific and con sis tent qual i ties of wheat. The dif fer en ti a tion of wheat prod ucts,
whether by vis i ble or in di rect char ac ter is tics, opens the pos si bil ity of add ing value to the wheat
in dus try, cre at ing ex tra em ploy ment along value chains, and in creas ing farm gate prices. This, in
turn, may im prove in cen tives for farm ers to adopt new va ri et ies with en hanced grain qual ity char -
ac ter is tics (sup ported by the nec es sary crop man age ment prac tices). This pres ents a ma jor chal -
lenge for wheat breed ers to de velop new va ri et ies with sta ble novel qual ity pro files (ir re spec tive
of stresses during cultivation) while maintaining adequate yield potential.
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Few ob serv ers are aware of the speed with which new uses are be ing de vel oped for ce real
grains. Fol low ing a re cent as sess ment by GRDC (2004), the pro jected growth in Aus tra lian
wheat ex ports as a con se quence of these new uses ex ceeds by far the growth in do mes tic de mand.
For ex am ple, the pro jected growth in in dus trial uses for starch, bioplastics, and high mo lec u lar
weight in gre di ents is enor mous–as much as 45% of Aus tra lian wheat ex ports by 2020 may be des -
tined for ad vanced in dus trial uses (GRDC 2004). A sec ond use, “first gen er a tion” bioethanol
pro duc tion from grain and “sec ond gen er a tion” bioethanol pro duc tion from cel lu lose in bio -
mass, in clud ing straw, is emerg ing. This is driven by grow ing en ergy de mands, es pe cially for
trans por ta tion, and by fi nite fos sil fuel re serves. New foods such as low carb wheat or non-al ler -
genic (low glycemic in dex) wheat also rep re sent sub stan tial po ten tial niche mar kets, as do new
uses for an i mal feed. Fi nally, po ten tial nutri- or agriceutical and cos metic uses of wheat are also
un der dis cus sion, though these may not be come ma jor mar kets for wheat for many years. Nat u -
rally, the in creas ing di ver sity of uses is a ma jor chal lenge for breed ers and crop man age ment re -
search ers, as many of these niche market targets will require specifically tailored breeding
programs in producer countries.

Picket and Galwey (1997) eval u ated 40 years of at tempts to gen er ate hy brid wheat cultivars 
and con cluded that hy brid wheat pro duc tion is not eco nom i cally fea si ble be cause: a) lim ited
heterotic ad van tage: his tor i cally only about a 10% ad van tage is com monly found, though in tro -
duc ing new ge netic di ver sity (e.g., through syn thet ics) may in crease heterosis; b) lack of ad van -
tage in terms of ag ro nomic, qual ity, or dis ease re sis tance traits; c) seed pro duc tion costs higher
than heterotic yield ad van tage; and, prob a bly most im por tantly, d) heterosis can be “fixed” and
con se quently hy brids would have no bi o log i cal ad van tage over in bred lines. This is re flected in
the small in vest ments in hy brid wheat de vel op ment glob ally as of 2007, as well as the small acre -
age un der hy brid wheat. Func tion ing roy alty col lec tion sys tems in most OECD coun tries may
also have reduced the incentives for breeding companies to produce hybrid wheat seeds.

Though bio tech no log i cal meth ods now al low the cap ture of in creased heterosis by di rect
se lec tion of fa vor able al leles and new ge net i cally based sys tems to con trol male ste ril ity, which
are not based on CMS that also may re duce the costs of com mer cial hy brid seed pro duc tion, it re -
mains to be seen whether hy brid wheat pro duc tion will gen er ate more in ter est in the fu ture, in
par tic u lar when func tion ing roy alty col lec tion sys tems are in place. If GM wheat is ac cepted, hy -
brid wheat may be come eco nom i cally vi a ble. On the other side, in creas ing knowl edge of the
wheat ge nome and sub se quent gene dis cov ery will make MAS more ef fi cient and more im por -
tant, since new im proved wheat cultivars will be de vel oped more ef fi ciently and faster. Con sid er -
ing the cur rently lim ited heterosis, high seed pro duc tion costs, and the lim ited global in vest ments
in hy brid wheat on one side, and on the other side emerg ing op tions from bio tech nol ogy, need to
raise yield po ten tial and look ing at the the suc cess of hy brid rice, we re frain mak ing a pre dic tion
about the fu ture of hy brid wheat, but we tend towards an optimistic view for chances of hybrid
wheat over the next two decades.
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BREEDING AND AGRONOMY: 
INTERACTIONS GENOTYPES * ENVIRONMENT WITH OILSEEDS

André Pouzet
CETIOM 12 av e nue George V 75008 Paris ‡ France

E-mail: pouzet@cetiom.fr

Ab stract

Dur ing the last 20 years in France, we tried to char ac ter ize the be hav ior of new oil seeds
cultivars at the field scale with the multi pli ca tive in ter ac tion model. Sev eral groups of ge no types
with an ho mo ge neous be hav ior could be iden ti fied. The ex tra cost for the char ac ter iza tion of dif -
fer ent cultivars and of dif fer ent en vi ron ments has not al lowed the gen er ali sa tion of such an ap -
proach.

Re cently, the de vel op ment of new crop mod els has been very ef fi cient to make sen si tiv ity
stud ies eas ier com pared to field ex per i ments. With sun flower, we could show that the pa ram e ters 
gov ern ing phenology (ant not only flow er ing or ma tu rity date), photosynthetic ac tiv ity (and not
only LAI), plant ar chi tec ture (and not only plant height) can ex plain the be hav iour of one
cultivar un der dif fer ent en vi ron ments.

Dif fer ent strat e gies are pos si ble for breed ers and agron o mists. Farm ers will prob a bly
choose the maxi mi sa tion of va ri etal per for mance if they are given the keys to choose the good
cultivar(s) un der chang ing en vi ron men tal con di tions.

Key words: Bras sica napus, crop man age ment, France, Glycine max., Helianthus annuus, mod -
el ling, oil seed rape, soy bean, sun flower

In tro duc tion

In ter ac tions be tween plant ge no types and the environnement (IGE) have been stud ied for
a long time (Yates & Cochran 1938, cited by Leflon et al. 2005) for plants. The ob jec tive of such
stud ies is to have a better un der stand ing of the phenotypic vari abil ity for one (or sev eral) ge no -
type(s) in dif fer ent spatio-tem po ral en vi ron ments. This ques tion is also of in ter est for an i mal sci -
ences: for ex am ple, the ad ap ta tion of dif fer ent poul try lines to high tem per a tures or to light or to
feedstuff are im por tant for egg-lay ing per for mance (Mérat & Bordas 1992). Even with hu mans,
the re la tions be tween food and health are stud ied from a ge netic point of view (Junien C. 2003). 

In the field of crop sci ences, the ques tions about IGE are dif fer ent from one stake holder to
the other:
· For the breeder: which char ac ter is tics should be in cluded in one cultivar to get a high and

re li able per for mance un der dif fer ent edaphic (places or years) or man age ment (e.g. ir ri ga -
tion or fer ti li sa tion or sow ing date) con di tions? or, which char ac ter is tics are de sir able in a
very spe cific en vi ron ment?

· For the farm ers: which cultivar could be the best one in one field or the other? af ter choos -
ing the cultivar, which is the best crop man age ment ac cord ing to the lo cal con di tions (spe -
cially weather) to op ti mize the pro duc tion? and sym met ri cally, what is the most fit ted
cultivar for a given crop man age ment sys tem (e.g. min i mum till age.)?

· For ex ten sion ser vices (e.g. CETIOM), the ob jec tive is to give farm ers pieces of in for ma -
tion as ac cu rate as pos si ble on crop man age ment (of course in clud ing cultivars), and to op -
ti mize net works for the eval u a tion of cultivars.
Those ques tions do not have the same tem po ral ho ri zon: for the breeder it is a long-term

ques tion whereas for the farmer, it is a mid-term (choice of one cultivar) or very short term
(amount of ni tro gen fer til iza tion). This is prob a bly the rea son why the ques tion of IGE has been
stud ied mainly from the breeder point of view and why, at that time, nearly no tool is avail able for 
farm ers to help them in their stra te gic and tac ti cal de ci sions. In the first part of this re view, we
shall pres ent why IGE stud ies are so im por tant for In sti tutes like CETIOM, in a sec ond part we
shall dis cuss the at tempts that have been made dur ing the last twenty years to adapt meth ods to
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study IGE from the breed ing area to the crop man age ment area and in a third part we shall dis -
cuss per spec tives to im prove the val o ri za tion of IGE stud ies for crop man age ment. 

Im por tance of IGE for ex ten sion ser vices.

To ar gue this point, we shall use the re sults of CETIOM net work for the eval u a tion of oil -
seed rape (OSR) com mer cial cultivars. Cultivars are reg is tered in France af ter two years of of fi -
cial eval u a tion. The cultivars that show a better per for mance than con trols are reg is tered and
may be com mer cial ised. The of fi cial test has a lim ited num ber of ex per i ments (gen er ally less than 
20 per year all over France) which does not per mit to have an idea of the fit ness of reg is tered
cultivars to dif fer ent en vi ron ments. So, CETIOM makes post-reg is tra tion eval u a tion, with 15 to
20 ex per i ments for each of the four ecozones we are us ing in France (North-East, Cen tre-East,
West, and South). Un for tu nately, yield per for mance of cultivars re mains very vari able and it is
not pos si ble to iden tify a lim ited num ber of out stand ing cultivars well adapted all over one
ecozone. For ex am ple, Ta ble 1 gives the results of the experiments in 2008 for the Centre-East
ecozone.

In av er age over the 14 ex per i ments, the best cultivar per forms 105,1 % but its per for mance
within ex per i ments var ies from 92,9 up to 115,5 %. As a con se quence, the best ad vice to farm ers
would be to rec om mend avoid ing cultivars which sel dom ap pear in the 4 or 5 first rows in the ex -
per i men tal tests (Ta ble 2). For ex am ple, af ter the data in ta bles 1 and 2, we could tell farm ers not
to grow the 8 cultivars that do not ap pear at least twice in the top 4 ranks of the 14 ex per i ments.

Ta ble 2: Fre quency of ap pear ance of cultivars in the top ranks of each ex per i ment (e.g. 11 cultivars ap -
pear at least twice in the top five or 12 cultivars ap pear at least once in the top three over 14 ex per i -
ments).

1st 1st or 2nd 1st, 2nd or 3rd 1st, 2nd, 3rd or 4th 1st, 2nd, 3rd, 4th or 5th

0/14 9 7 4 3 2

1/14 7 9 12 13 14

2/14 4 6 8 8 11

3/14 2 6 8 8 8

This could be a good strat egy from a breeder point of view, but the re main ing vari abil ity of
the per for mance of se lected cultivars from one ex per i ment to the other does not pre vent farm ers
from get ting re sults lower than what they may ex pect from such a se lec tion. Try ing to iden tify the
best per form ing cultivars in dif fer ent en vi ron men tal con di tions is an im por tant chal lenge for
farm ers them selves, but also for the whole sup ply chain of OSR: whereas the av er age yield of the
14 ex per i ments is 4,21 T/ha, the av er age yield be comes as high as 4,62 T/ha if we are able to
choose the best cultivar in each ex per i ment. Farm ers have in ter est in grow ing sev eral cultivars
(and not only one) to se cure yield at the farm level. Stud ies are also go ing on to iden tify the in ter -
est of mix ing cultivars in the fields to in crease yield sta bil ity at the field level (Pel let et al. 2005).

It is im por tant to re mind that there are also IGE with qual ity pa ram e ters of the seeds (Oil
con tent and fatty ac ids: Luquez et al. 2002, Möllers & Schierholt 2002, Si et al. 2003, Shi et al. 2003,
Zhang et al. 2004, MacCartney et al. 2004 ; To coph erols: Ayerdi Gotor et al. 2006 ; Hullability:
Denis & Vear 1994 ). Gen er ally speak ing, they are not as high as with yield, but they should not
be ig nored when qual ity is taken into ac count in the eco nomic value of the seeds.

Stud ies about IGE dur ing the last de cades.

With sun flower (SF) many re sults are avail able from Ar gen tina, un der the view of breed ers 
to adapt cultivars to the wide di ver sity of crop con di tions in Ar gen tina. Dif fer ent meth ods have
been used, with an im por tant use of multivariate anal y ses (De la Vega & Chap man 2001, De la
Vega et al. 2001). The same group (De la Vega & Chap man 2006) has also stud ied the com po -
nents of the vari abil ity to con clude on the im por tance of Gen eral or Spe cific Com bin ing Abil i ties
(GCA or SCA): GCA*E an SCA*E can in flu ence breed ing strat e gies to ex ploit broad and/or
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spe cific ad ap ta tion. More gen er ally they dis tin guish pre dict able vs un pre dict able IGE, and they
con clude (De la Vega & Chap man, 2005) that pre dict able in ter ac tions should in volve spe cific ad -
ap ta tion breed ing, when un pre dict able IGE should in volve broad ad ap ta tion breed ing. These
stud ies have been com pleted with ecophysiological dis cus sions for the in ter pre ta tion of IGE and
to iden tify her i ta ble com po nents to val o rize or min i mize IGE (Chap man & de la Vega 2002, De
la Vega & Hall 2002a, De la Vega & Hall 2002 b, De la Vega et al. 2002). They con cluded that the
be hav iour of ge no types in trop i cal en vi ron ments could be an tic i pated by de lay ing sow ing dates in 
tem per ate en vi ron ments. They also sug gested a num ber of phenotypic char ac ter is tics (mainly the 
can opy stay green char ac ter and the seed set in the cen tral part of the head) to an tic i pate the per -
for mance of a new cultivar in one re gion or the other.

As far as the ag ro nomic pur poses are con cerned, we have mainly used the Ad di tive Main
Ef fects and Multi pli ca tive In ter ac tion (AMMI) model (Denis 1993) to study IGE with OSR or
sun flower (SF). This model has an ad di tive part and a multi pli ca tive one. The re sults can be pre -
sented un der the graphic form of biplots. Two in ter est ing re sults have been ob served with OSR:
i)- it is pos si ble to mix re sults from dif fer ent coun tries and ii) – it is pos si ble to an tic i pate the be -
hav iour of one cultivar from one coun try to the other when sev eral com mon checks are used
(Riboud & Messéan 1994). The same method has been used with SF and with soy bean (SB), and
its po ten tial for the de scrip tion of the IGE has been con firmed (Foucteau et al. 2001, Riboud
1993). An other method de rived from so cial choice the ory has been tested with OSR (Guénoche
et al. 1994), but de spite its in ter est to iden tify com po nents of the mean per for mance, it has not
been de vel oped on a wide ba sis. Gen er ally speak ing, the in ter pre ta tion of IGE with ag ro nomic
pur poses has been lim ited by the cost of the char ac ter iza tion of both ge no types and en vi ron ments 
in a very ac cu rate way. Some at tempts have been made (Leterme et al. 1992), but the added value
of so phis ti cated meth ods re main low for lo cal ad vis ers as ear li ness and lodg ing sen si tiv ity of
cultivars were the main con tri bu tors to IGE. One of the most in ter est ing ideas is to use well
known cultivars to char ac ter ize the en vi ron ment. In France, this has been tested with SB
(Desclaux & Roumet 1993). Re sults were very prom is ing: with two or three checks of dif fer ent
ma tu rity groups and mea sure ments of yield com po nents (num ber of pods, num ber of seeds per
pod and mean seed weight), it is pos si ble to have a very good char ac teri sa tion of the en vi ron ment
(soil and cli mate) and to eval u ate the or i gin of IGE for new cultivars. This method is la bour in ten -
sive, and it is prob a bly dif fi cult to use it for win ter crops due to the length of the veg e ta tive pe riod
and the di ver sity of lim it ing fac tors that can con trib ute to IGE.

Per spec tives to im prove the val o ri za tion of IGE stud ies for crop man age ment

Fol low ing the two pre vi ous parts of this re view, it is clear that there is a need to im prove our 
ca pac ity to char ac ter ize the phenotypic ad ap ta tion of ge no types un der dif fer ent en vi ron men tal
con di tions. If we can do that with a lim ited amount of la bour, it will also be pos si ble to char ac ter -
ize the en vi ron ments by well known cultivars as men tioned pre vi ously. Three main di rec tions ap -
pear from re cent stud ies to im prove our ca pac ity for this char ac teri sa tion: his tor i cal and
ecophysiological re views of cultivars, the val o ri za tion of genomic studies and the develoment of
new modelling tools.

His tor i cal re views: with SF, such re views have been made in France (Vear et al. 2003, Vear et 
al. 2004) and in Ar gen tina (De la Vega et al. 2007). Both of them show the im por tance of
phenology (e.g. the evo lu tion to ward an in ter me di ate ma tu rity in Ar gen tina) and of the pa ram e -
ters linked to seed fill ing (e.g. the evo lu tion of the mean seed weight in France). From the french
study, it was also con cluded (Debaeke et al. 2004) that a large leaf area in dex at anthesis and its
main te nance with only a lim ited de crease of leaf ni tro gen dur ing grain fill ing ap pear to be the
main char ac ter is tics of high-per for mance cultivars. More over, it ap pears that these char ac ter is -
tics are her i ta ble, even though the re sid ual leaf area is more sen si tive to en vi ron men tal ef fects
(TriboV et al. 2004).

Val o ri za tion of genomic stud ies: up to now, there are only lim ited data avail able with SF or
OSR. With win ter wheat, a very com pre hen sive study (Leflon et al. 2005) con cludes that IGE

36

Plenary lectures
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



stud ies may shift from ge no type to gene level. As breed ers are look ing for QTL with sta ble ef -
fects in sev eral en vi ron ments, QTL*en vi ron ment in ter ac tions are merely de tected, in spite of
their in ter est as an tic i pated for wheat (Brancourt-Hulmel 2000) and shown with maize
(Reymond et al. 2003, Reymond et al. 2004).

Crop mod el ling: with the de vel op ment of new al go rithms (Fourcaud et al. 2008) and the ca -
pac ity of com put ers, mod els are more and more in ter est ing to in te grate avail able knowl edge.
With SF and OSR, new mod els be come avail able to take into ac count phys i o log i cal ba sis of plant
growth and de vel op ment, the in ter ac tions be tween organogenesis and pho to syn the sis and also
the scal ing up from one plant to plant pop u la tions (Rey et al. 2008). Ap pli ca tions of these ar chi -
tec tural mod els to OSR are un der de vel op ment (Allirand et al. 2007) while they are al ready avail -
able for SF. In a first study (Poire-Lassus 2005), 26 SF ge no types have been com pared and it is re -
mark able that the six high-yield ing ge no types do not have the same route of yield elab o ra tion:
two of them have both a high photosynthetic ac tiv ity and a long du ra tion of LAI, one has a large
LAI but a low photosynthetic ac tiv ity and three oth ers are short with a very high photosynthetic
ac tiv ity. The sec ond study (Casadebaig 2008) con firms the in ter est of mod els to pre dict the per -
for mance of SF ge no types in a wide range of en vi ron men tal con di tions. Of course, there is al ways 
a lot of work to im prove the ef fi ciency of such mod els, but now an im por tant ef fort should be
made on the char ac teri sa tion of the en vi ron ments to im prove the val o ri za tion of IGE for crop
man age ment.

Con clu sions

The study of IGE has a long his tory, but up to now only breed ers could take ad van tage of
re search in this field. The de vel op ment of new tech nol o gies can help ex ten sion ser vices and farm -
ers to im prove their un der stand ing of IGE and op ti mize crop man age ment, but such an ob jec tive
will be pos si ble only with a very close col lab o ra tion be tween plant breed ers and ge net i cists,
ecophysiologists and agron o mists, extensionists and farmers.
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THE IM PACT OF GENOMICS ON CON VEN TIONAL 
AND MO LEC U LAR BREED ING IN PEA

Thomas Henry Noel Ellis
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Ab stract

Al though pea is an im por tant le gume break crop in Eu rope, it ranks rel a tively low on the
world scale. The pea ge nome is large, the num ber of seeds set per plant is low com pared to many
crops and the gen er a tion of trans gen ic plants is dif fi cult. These fac tors have pre vented the adop -
tion of pea as a model spe cies for ge net ics and genomics, ac cord ingly the ar rival of ge netic and
genomic tools for pea has been late com pared to other spe cies, how ever many re sources are now
avail able and the pea ge nome is well char ac ter ized in com par i son to that of Medicago truncatula.
Here I will dis cuss the op por tu ni ties and con straints for us ing these re sources in the con text of
plant breed ing.

Key words: breed ing, genomics, pea

The pea crop

In the UK the vining pea crop (for freez ing and veg e ta ble use) and the com bin ing crop
(mainly for an i mal feed) have a sim i lar to tal eco nomic value, but of course the com bin ing (or
field pea) crop grown for dry seed has the larger area and so has the larger po ten tial for the pro vi -
sion of pub lic goods. The im pact of this crop is es sen tially to lower the in put cost and en vi ron -
men tal foot print of ag ri cul ture. How ever pub lic goods are nec es sar ily in de pend ent of mar ket
driven fac tors, but it is the mar ket that de ter mines farm ers' choice of crop. Fig ure 1 shows the
way the UK pea and bean area has changed over that last few years.

Fig ure 1. Field pea (pod sym bol) and faba bean (seed sym bol) ar eas in the UK since 1996. Data taken 
from www.ukagriculture.com.

It seems clear that the rise of genomics has not been cor re lated with an in crease in the
competitivity of the pea crop. We should ask what un der lies the de clin ing trend in the pea crop
area. Pre sum ably there are many fac tors. Typ i cally the pea price is about twice that of wheat, and
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the yields are about 45% of wheat and have re mained (on av er age) sta ble for sev eral years. These 
eco nomic fac tors will cer tainly guide farm ers' choices but a 50-fold pref er ence for wheat seems
re mark able. Seed ing rates are high (pea seeds are big ger than wheat grains) so the ini tial out lay
for a farmer is high and the man age ment re gime for the crop is dif fer ent. A farmer there fore
needs a sig nif i cant in vest ment in or der to plant a pea crop suc cess fully. Peas still have a rep u ta -
tion for yield loss and crop fail ure, mainly due to lodg ing in the UK con di tions, how ever yield sta -
bil ity year on year sug gests ei ther that this is sim ply a prob lem of per cep tion, or that catastrophic
yield losses are not recorded.

These are typ i cal gloomy ex pres sions for those in ter ested in le gumes, how ever we should
see in this that there are some real op por tu ni ties. Pea yields are nearly 50% that of wheat and the
crop value is about twice. The cost of in put ni tro gen is ris ing be cause of ris ing en ergy costs. The
en vi ron men tal im pact if ni tro gen fer ti liser is large - and can be more than 50% of the en ergy cost
of some crops. 

What then do we need to do to im prove the po si tion of the pea crop:
1. We need to im prove its yield sta bil ity and over come the per cep tion of its yield in sta bil ity

due to lodg ing.
2. We need a mod est in crease in pea yield po ten tial.
3. We should re duce the in vest ment needed for a farmer to plant a field of peas.

These com bine to sug gest that a smaller seed with lower pro tein con tent cou pled to a ro -
bust growth habit is an op tion that should be con sid ered. Pea is widely sup posed to be a 'pro tein'
crop, but in fact the starch com po nent of the seed is also im por tant in feed for mu la tion. We know
that seed ni tro gen con tent is cor re lated with re duced yield, so all of these ob jec tives seem
achievable.

What do we know in gen eral about pea genomics?

The pea ge nome is large, about the same size as the hu man ge nome and much of the ge -
nome is com prised of re pet i tive se quences (Macas et al., 2007) with nearly 50% iden ti fied as LTR
retrotransposons from a 454 se quenc ing strat egy. Pre sum ably these au thors have not been able to 
iden tify low copy and di verged classes of retrotransposon, so this is likely to be an un der es ti mate.
Stud ies of the ge net ics and di ver sity of the in ser tion sites for these el e ments (Ellis et al., 1998;
Pearce et al., 2000; Vershinin et al., 2003; Jing et al., 2005; Smýkal et al., 2008) have shown that in
gen eral these are highly poly mor phic, with few in ser tion sites fixed in Pisum as a whole or in deed
within sub taxa of Pisum. This can be in ter preted in two com pli men tary ways:
1. The pea ge nome, on av er age, con tains rel a tively fey retrotransposon in ser tions: most sites

are empty in most in di vid u als.
2. The pea ge nome is vast with an in ter mi na ble num ber of in ser tion sites: if we in cluded all oc -

cu pied sites then the ge nome would be very much larger than the ge nome of a sin gle in di -
vid ual.
These may seem strangely con tra dic tory state ments, but they are in fact con sis tent with one 

an other and are a con se quence of the abun dance and poly mor phism of these el e ments. In ter est -
ingly the for mer view sug gests that the pea ge nome, on av er age (but in no par tic u lar in stance)
looks some thing like the model for the ge nome of Medicago truncatula (Kulikova et al., 2001).
This view is in turn con sis tent with the ob served syntenic re la tion ship be tween the gene con tent
of pea and es pe cially Medicago truncatula (Choi et al., 2004; Kaló et al., 2004; Zhu et al., 2005).

All this sug gests that de spite the rel a tively small amount of publically avail able DNA se -
quence for pea there are many re sources to draw upon, and the good news is that within Pisum
there is an abun dance of poly mor phism for both mo lec u lar mark ers and the genes that un der lie
phenotypic vari a tion.

How is ge netic vari a tion par ti tioned in Pisum?

We know that retrotransposon in ser tion site poly mor phism can be used as a sys tem of ge -
netic mark ers to in fer pat terns of re la tion ship among Pisum ac ces sions (Vershinin et al., 2003;
Smýkal et al., 2008). The main mes sage from these stud ies is that Pisum is rel a tively poorly dif fer -
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en ti ated with a great deal of mix ing of al leles be tween di verse types, and this has been borne out
by a more re cent anal y sis of nu cle o tide poly mor phism within genes (Jing et al., 2007). There is
there fore an abun dance of ge netic di ver sity avail able in Pisum as a re source for breed ers, but ac -
cess ing use ful al leles from non-adapted ma te rial is prob lem atic for breed ers. Ac cord ingly a
search among adapted ma te rial for con trast ing lines with re spect to (neu tral) mo lec u lar mark ers,
and the es tab lish ment of re com bi nant in bred pop u la tions from this ma te rial would seem worth -
while.

Novel ge netic vari a tion

For breed ers, it is not al ways fea si ble to find suit able ge netic vari a tion within ac ces si ble
germplasm. In pea the search for sources of re sis tance to Aphanomyces has been a no to ri ous case
in point. The gen er a tion of trans gen ic plants has been touted as one pos si ble ap proach to over -
come this type of lim i ta tion, and meth ods for pea trans for ma tion are avail able (Bean et al., 1997),
but this gen eral ap proach has not (yet) led to the de vel op ment of va ri et ies that can be used in ag -
ri cul ture (Schroeder et al., 1995; de Sousa-Majer et al., 2007), in part for tech ni cal rea sons, but
sadly also be cause of non-sci en tific dif fi cul ties.

The more tra di tional source of in duced vari a tion was called 'mu ta tion breed ing'(Blixt,
1972) and this has re cently seen a re sur gence with the ad vent of sys tem atic mu tant pop u la tions
such as Fast Neu tron in duced de le tions (Sainsbury et al., 2006) that can be used in for ward ge -
netic screens or TILLING (http://urgv.evry.inra.fr/UTILLdb) for which a plat form has been es -
tab lished in pea (Dalmais et al., 2008) that al lows a re verse ge netic screen. We can an tic i pate
there fore that the stud ies of the many model sys tems will iden tify can di date genes which are ex -
pected, when mu tant, to con fer an in ter est ing or use ful phe no type, and ac cess to re sources such 
as that de vel oped by Bendahmane and col leagues will pro vide di rect ac cess to the cor re spond -
ing plant types.

Con clu sion

The pea crop re quires some im prove ment, and the tar gets such as dis ease re sis tance or
stand ing abil ity are rel a tively clear. The ap pli ca tion of genomic re sources to par ti tion ge netic
vari a tion in germplasm or breed ing ma te rial is a vi a ble ap proach as is the use of both for ward and
re verse ge netic tools to ac cess novel vari a tion. Marker as sisted se lec tion could be fea si ble be -
cause of the abun dant mo lec u lar marker di ver sity in pea. What is needed though is a low cost pro -
ce dure to in cor po rate such approaches in breeding programmes.
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Ab stract

As so ci a tion breed ing strat e gies uti lize phenotypic and genotypic in for ma tion to in crease
gain from se lec tion and re duce se lec tion cy cle time. Plant breed ing pro grams are dy namic, com -
plex ge netic en ti ties that re quire fre quent eval u a tion of marker / phe no type re la tion ships. In
com par i son to QTL map ping in a biparental-cross pop u la tion, as so ci a tion map ping is usu ally
con ducted di rectly on rel e vant breed ing germplasm, thus fa cil i tat ing the prac ti cal use of in for ma -
tion in a crop im prove ment pro gram. Also, there is more ge netic vari a tion in a breed ing pro gram
than in a biparental cross; con se quently, phenotypic vari a tion and marker poly mor phism are
much higher. Genotypic data can be com bined with phenotypic data from rou tine screen ing and
va ri ety trial eval u a tions to fa cil i tate se lec tion for low heritability traits. Novel al leles can be iden -
ti fied and the rel a tive allelic value can be as sessed as of ten as nec es sary. To min i mize sta tis ti cal
er ror, cor rec tion for pop u la tion struc ture is crit i cal in a col lec tion of ge no types, es pe cially in a
breed ing pro gram where re la tion ships are highly vari able. Mul ti ple se lec tion cy cles with out
phenotyping can be used to in crease se lec tion gain per unit time. Three ap proaches will be elab o -
rated that uti lize mo lec u lar marker in for ma tion for crop im prove ment: 1) as so ci a tion breed ing:
cross ing/ se lec tion/ test ing pro gram, 2) marker-as sisted re cur rent se lec tion (MARS), and 3)
genomic (ge nome-wide) se lec tion. In creas ingly ef fi cient mo lec u lar breed ing meth ods will con -
tinue to be de vel oped for iden ti fy ing and eval u at ing allelic ef fects on a large scale so that breed ers 
can as sem ble de sir able al leles in su pe rior varieties.

Key words: Re cur rent se lec tion, genomic se lec tion, marker as sisted breed ing.

In tro duc tion

Plant breed ing meth od ol o gies evolve with new knowl edge and tech no log i cal ad vances that 
in crease the ef fi ciency of ac cu rately se lect ing unique phe no types and ge no types for tar get en vi -
ron ments. Mo lec u lar mark ers have en hanced the res o lu tion of ge nome map ping in many crop
spe cies and con trib uted to our un der stand ing of the ge netic con trol of im por tant traits. With the
dra matic im prove ments in geno typ ing tech nol o gies, phenotyping has be come a bot tle neck and
new meth ods and tech nol o gies that in crease the ef fi ciency of phenotyping and data anal y sis will
con trib ute sig nif i cantly to crop im prove ment. This re port will cover strat e gies and ap proaches for 
ef fec tively ex ploit ing as so ci a tion anal y ses for crop im prove ment and ex pand on ear lier in for ma -
tion in the maize and Triticeae lit er a ture. Re cent re views in clude Jannink et al. (2001), Gupta et
al. (2005), Breseghello and Sorrells (2006a), Ersoz et al. (2007), MacKay and Powell (2007) or Yu
and Buck ler (2006).

Link age Dis equi lib rium

Link age dis equi lib rium (LD), or non-ran dom as so ci a tion of al leles at ad ja cent loci
through out the ge nome within a pop u la tion is the ba sis for as so ci a tion map ping (AM) strat e gies.
Ge netic di ver sity and his tor i cal re la tion ship es ti mates among germplasms are very use ful for AM 
and the ex ploi ta tion of ge netic vari a tion in cul ti vated spe cies. In biparental crosses be tween in -
bred lines, LD is max i mized. The power of as so ci a tion anal y sis is af fected by the pat terns of LD,
the ex tent of LD in the ge nome, and the vari a tion in LD from one pop u la tion to an other. Fac tors
af fect ing LD in clude mat ing sys tem, re com bi na tion rate, pop u la tion struc ture, pop u la tion his -
tory, ge netic drift, di rec tional se lec tion and gene fix a tion (re viewed by Gaut and Long 2003). Re -
ports of link age dis equi lib rium es ti mates for self-pol li nated crops such as wheat and bar ley range
from 5 to 40 cM, much lower than re ported for out cross ing spe cies such as maize. A com monly
used sta tis tic for mea sur ing LD is the squared value of the Pearson’s (prod uct mo ment) cor re la -
tion co ef fi cient, r2, that is a mea sure of the pro por tion of the vari ance of a re sponse vari able ex -
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plained by a pre dic tor vari able (Hill and Rob ert son 1968). The in tu itive na ture of r2 fa cil i tates the 
in ter pre ta tion of marker den si ties and as so ci a tion anal y ses. If a caus ative DNA poly mor phism,
or quan ti ta tive trait nu cle o tide (QTN), is as sumed to con trib ute a frac tion of the to tal vari a tion in 
a quan ti ta tive trait, we can es ti mate the frac tion of the vari ance ex plained by a marker in LD. For
ex am ple, if the QTN has a heritability of h2Q (i.e., it ex plains that frac tion of the phenotypic vari -
ance), then the frac tion of the phenotypic vari ance ex plained by a marker in LD is r2*h2Q. Nu -
mer ous re ports have shown that LD var ies widely within a ge nome, among dif fer ent pop u la tions,
and among spe cies (e.g. Remington et al. 2001; Flint-Gar cia et al. 2003; Breseghello and Sorrells
2006b; Maccaferri et al. 2006; Rostoks et al. 2006; Ersoz et al. 2007). How ever, the ge nome-wide
LD is use ful as a gen eral guide to marker den sity that may be re quired for whole-ge nome AM
and each pop u la tion must be eval u ated on a case-by-case ba sis. Typ i cally, r2 val ues for all
pairwise linked or syntenic mark ers are plot ted against ei ther map dis tance or phys i cal dis tance.
Val ues of r2 = 0.1-0.2 are some times cho sen ar bi trarily as an in di ca tor of sta tis ti cally sig nif i cant
LD. This level of LD, how ever, would in di cate that the clos est marker only cap tures 10 to 20% of
the phenotypic vari a tion re sult ing from a causal poly mor phism.

As so ci a tion Breed ing and Genomic Se lec tion

Breed ing prog ress de pends on i) the dis cov ery and gen er a tion of ge netic vari a tion for ag ro -
nomic traits, ii) de vel op ment of ge no types with new or im proved at trib utes due to su pe rior com -
bi na tions of al leles at mul ti ple loci, and iii) ac cu rate se lec tion of rare ge no types that pos sess new
improved characteristics.

Fig ure 1. Flow of germplasm and in for ma tion in a breed ing pro gram.

There are three ba sic ap proaches elab o rated in Fig ure 1 that uti lize mo lec u lar marker in -
for ma tion for crop im prove ment: 1) as so ci a tion breed ing: cross ing/ se lec tion/ test ing pro gram, 2)
marker-as sisted re cur rent se lec tion (MARS), and 3) genomic (ge nome-wide) se lec tion. In a typ i -
cal breed ing pro gram, se lected ge no types are crossed to pro duce new pop u la tions that are sub -
ject to phenotypic and/or genotypic se lec tion. Those ma te ri als are ei ther intermated or in bred to
pro duce new pop u la tions or in bred lines that are eval u ated in rep li cated, multi-en vi ron ment tri -
als. The breeder uses the trial in for ma tion to se lect elite par ents that re-en ter the hy brid iza tion
pro gram. In as so ci a tion breed ing, genotypic data (pref er a bly whole ge nome cov er age) and the
ap pro pri ate anal y ses are in cor po rated to val i date pre vi ously mapped marker/trait as so ci a tions
and po ten tially iden tify new ones. This in for ma tion is used to es ti mate allelic value at se lected
loci (or all loci in ge nome-wide se lec tion) and then cre ate a genotypic value in dex for each ge no -
type and trait (Lande and Thomp son 1990; Chris to pher et al. 2007). The marker as sisted re cur -
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rent se lec tion method in volves the im prove ment of an F2 or F1-de rived dou bled hap loid (DH)
pop u la tion us ing one gen er a tion of phenotypic and genotypic eval u a tion to iden tify marker/trait
as so ci a tions fol lowed by mul ti ple cy cles of re cur rent se lec tion us ing only allelic val ues at the se -
lected marker loci (John son 2001 2004; Bernardo and Yu 2007). The ge netic gain of MARS over
phenotypic se lec tion has been stud ied through com puter sim u la tion in maize (Bernardo and
Charcosset 2006; Bernardo et al. 2006). The ge nome-wide se lec tion method in volves marker-as -
sisted se lec tion in which se lec tions are based on all mark ers across the en tire ge nome rather than
just those show ing sig nif i cant ef fects. Phenotypic and genotypic in for ma tion is com bined to pro -
duce breed ing val ues of all the mark ers that are then fit ted as ran dom ef fects in a lin ear model. In -
di vid u als in sub se quent re cur rent se lec tion gen er a tions are then se lected based on the sum of
those breed ing val ues (Meuwissen et al. 2001, 2002). Bernardo and Yu (2007) com pared MARS
to ge nome-wide se lec tion in sim u la tions in volv ing a pop u la tion of 144 in di vid u als from which 4
in di vid u als were se lected in cy cles 1 and 2. For MARS, a se lec tion in dex based on all se lected
mark ers was cal cu lated as sug gested by Lande and Thomp son (1990). For ge nome-wide se lec -
tion, the best lin ear un bi ased pre dic tor (BLUP) of breed ing val ues was es ti mated by fit ting all the 
mark ers as ran dom ef fects and im pos ing an as sump tion of equal vari ances based on cy cle 0 per -
for mance. Ge nome-wide se lec tion re sulted in a larger re sponse to se lec tion than MARS. De -
pend ing on the num ber of QTL and the heritability, the re sponse to ge nome-wide se lec tion was
6-18% higher than MARS with the big gest ad van tage for com plex traits with low heritability.

Con clu sions

More ef fi cient meth ods will con tinue to be de vel oped for iden ti fy ing and eval u at ing allelic
ef fects on a large scale so that breed ers can as sem ble de sir able al leles in su pe rior va ri et ies. As we
ex pand our knowl edge of how genes evolve and in ter act to pro duce the nearly in fi nite range of
phe no types, new op por tu ni ties to ma nip u late ge netic vari a tion to the benefit of humankind will
arise.
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HOW CAN LEVELS OF SCLEROTINIA RESISTANCE 
IN SUNFLOWER BE IMPROVED?

Fe lic ity Vear
INRA, UMR INRA-Université Clermont II 1095, Domaine de Crouelle, 

234 Ave du Brezet, 63000 Clermont-Ferrand, France
E-mail: vear@clermont.inra.fr

Ab stract

Sclerotinia sclerotiorum can at tack most crop spe cies ex cept ce re als. The roots, stems,
leaves, ter mi nal buds and capitula of sun flower can be in fected. No com plete re sis tance is known
in cul ti vated sun flower but dif fer ent lev els of par tial re sis tance ex ist, and many field tests con -
cern ing each plant part have been de vel oped. There do not ap pear to be any host ge no -
type-patho gen iso late in ter ac tions, so re sis tance should be du ra ble. Heritability is mod er ate, with 
both ad di tive and in ter ac tion ef fects. Many QTL have been mapped, a few are widely found, but
many are lim ited to cer tain F2/RIL pop u la tions and ad di tional QTL have been found for hy brids
un der nat u ral at tack. Most QTL each ex plain only about 10% of the phenotypic vari abil ity ob -
served. Re sis tance thus ap pears truly polygenic and re cur rent se lec tion has been ef fi cient in im -
prov ing re sis tance lev els. To ob tain fur ther in creases in re sis tance, two sub jects ap pear of im por -
tance. Firstly im prov ing knowl edge on the char ac ters in volved in re sis tance, both to de fine which
or i gins and QTL al ready known in cul ti vated sun flower, are com pli men tary and use ful to com -
bine in breed ing programmes, and sec ondly to iden tify new sources of re sis tance. Wild Helianthus
spe cies, es pe cially perennials, have been sug gested as good sources of re sis tance, but interspecific 
hy bridi sa tion is a dif fi cult pro ce dure and it would be a great help to de fine the char ac ters which
can be in cor po rated in cul ti vated sun flower and to be able to fol low them over sev eral gen er a -
tions of introgression.

Key words: breed ing, in her i tance, introgression, quan ti ta tive re sis tance, QTL, tests

In tro duc tion

Sclerotinia sclerotiorum, white rot or wilt, ap pears to be able to at tack all crops ex cept ce re -
als and grasses and causes eco nomic losses when weather con di tions are fa vour able for in fec tion.
Re cent re search pa pers on re sis tance to this dis ease have con cerned not only sun flower, soy bean
and rape seed, but also pea nut, hari cot bean, pea, chick pea, po tato, pep per, to mato, ornamentals,
car rot, let tuce and sat suma! So do re search re sults on one crop help in re search on other crops?
Since ce re als are not hosts, could knowl edge of why they are not at tacked help in the search for
re sis tance in sus cep ti ble crops?

Re sis tance tests

Com pared with other sus cep ti ble crops, sun flower has the par tic u lar ity that not just one
plant part can be in fected; roots and stem bases, adult leaves and stems, ter mi nal buds and
capitula can all be at tacked by Sclerotinia. The resistances to each type of at tack gen er ally ap pear
to be dif fer ent, some sun flower va ri et ies widely grown in France have been ob served to be par tic -
u larly sus cep ti ble to one form of the dis ease but quite sat is fac tory for other forms. Ex am ples
were Vidoc for ter mi nal bud at tack, and Albena for mid-stem at tack. This made it nec es sary to
de velop tests to de ter mine re sis tance lev els for each type of at tack. Most of these tests used
inoculum in the form of my ce lium, ei ther on agar, tooth picks or ce real grains (Gulya et al, 2008)
(which means that, in the right con di tions, ce re als can be in fected) but for capitulum at tack, we
use sus pen sions of as co spores sprayed on open flo rets to re peat quite closely the nat u ral cy cle
(Vear and Tourvieille, 1988). There is still no sat is fac tory test for ter mi nal bud at tack, it ap pears
dif fi cult to dampen ar ti fi cially the apex of small plants to make in fec tion pos si ble with out wash -
ing off any as co spores which have been de pos ited. Re sults con cern ing this type of at tack have all
been ob tained from ob ser va tions of nat u ral at tack (Achbani et al, 1996). These tests were de vel -
oped from 1975 to 1990 and are ap plied on plants at their nat u rally most sus cep ti ble stage, gen er -
ally in the field, ex cept for one in the green house for root at tack (Grezes-Besset et al, 1993) and

47

Plenary lectures
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



one mea sur ing my ce lium ex ten sion on har vested capitula in a growth cham ber (CastaZo et al,
1993). We found that the tests we tried on seed lings were not cor re lated with field re ac tion. Many
sim i lar tests, es pe cially with my ce lium, have been de vel oped for other crops, but use of as co -
spores ap pears to be rather rare. How ever, it is strik ing that re search on Sclerotinia re sis tance still
con tin ues to search for tests, mainly on seed lings, that would be cheaper and eas ier to ap ply. The
need for this re search shows that there is not yet enough knowl edge on the un der ly ing con trol of
re ac tion to Sclerotinia to know ex actly what should be mea sured.

For my ce lium tests, to have quite rapid growth on leaves or capitula, it is best to use a
Sclerotinia iso late de rived di rectly from sun flower plants rather than one grown since the pre vi -
ous sea son on ar ti fi cial me dium. As co spores are pro duced from sclerotia har vested in pre vi ous
years, in the field or from capitula in fected with my ce lium. When 16 in bred sun flower lines were
in fected with 10 dif fer ent Sclerotinia iso lates, al though dif fer ences in iso late ag gres sive ness were
ob served there were no sig nif i cant sun flower ge no type - Sclerotinia iso late in ter ac tions, (Vear et
al, 2004). Thus, re sis tance can be con sid ered as truly “hor i zon tal” and al though only par tial, it
should be du ra ble.

In her i tance of re sis tance

As might be ex pected for re ac tion to a patho gen with out spe cific host-par a site in ter ac tions, 
re sis tance to Sclerotinia is gen er ally par tial and quan ti ta tive, show ing a con tin u ous range of re ac -
tion lev els. One pos si ble ex cep tion could be in run ner beans, but re sults pub lished for this spe cies
are quite com pa ra ble with those we have ob tained for ter mi nal bud at tack on sun flower.
Schwartz et al (2006) re port a sin gle gene for re sis tance in Phaseolus coccineus, for rate of my ce -
lium ex ten sion on the stem. The 3:1 segregations in F2 prog eny were ob tained by di vid ing dis ease
lev els (1-9) into re sis tant (1-5) and sus cep ti ble (6-9) ac cord ing to pa ren tal val ues. Con cern ing
sun flower, we ob served nat u ral ter mi nal bud at tack on a pop u la tion of 150 F3 prog e nies. The re -
sis tant par ent showed less than 5% at tack, the sus cep ti ble par ent 30% and 39/150 F3 fam i lies as
much or more symp toms than the sus cep ti ble par ent, not dif fer ent from a quar ter. It could thus
be sug gested that re sis tance was dom i nant with a sin gle gene seg re ga tion but the dis tri bu tion was
not bi modal (Fig ure 1) and when QTL were cal cu lated, 6 dif fer ent link age groups showed sig nif i -
cant QTL (Bert et al, 2004).

Apart from these ex cep tions, at pres ent in the main crop spe cies, the quan ti ta tive re sis -
tance model ap pears most ap pli ca ble. For most of the ma jor crops, tests or ob ser va tions of nat u -
ral at tack have been used to mea sure heritability and then to search for QTL con trol ling re ac tion. 
For sun flower, both ad di tive and dom i nance ef fects are ob served and high est lev els of he red ity
for tests that are rapid and do not de pend much on en vi ron men tal fac tors. Bert et al (2004) pre -
sented a sum mary of QTL for capitulum re sis tance ob served on 6 dif fer ent F3 pop u la tions. Most
QTL, es pe cially those cal cu lated for two or more years of re sults, ex plained less than 20% of
phenotypic vari abil ity. Four teen of the 17 link age groups of sun flower ap pear in volved, pro vid -
ing ev i dence for a polygenic ba sis for re sis tance. The stron gest QTL, with the fa vour able al lele
from the INRA line PAC1, ex plain ing 50% of vari a tion in a cross with a very sus cep ti ble line and
15% in a cross with a dif fer ent highly re sis tant line, mapped close to a Pro tein-Kinase gene which
could have been a good can di date for con trol of re sis tance (Gentzbittel et al, 1998). How ever,
this QTL has not been found in other pop u la tions, even when the re sis tance source came from re -
cur rent se lec tion of a pop u la tion for which PAC1 was one of the constituents and when the
parents showed polymorphism for the PK gene. Why this should be is not clear.

The most com mon QTL is found linked to a re ces sive branch ing gene b1 (Putt, 1974),
which is pres ent in most sun flower re storer lines in or der to give pol len pro duc tion over a long pe -
riod but when crossed with un branched “fe male” lines gives un branched hy brids. For some years, 
it ap peared pos si ble that the ap par ent re sis tance was due to the branch ing phe no type, since
branched plants have small capitula which dry more quickly than the un branched lines. How ever, 
Jouan et al (2000) and Hahn (2002) found that some branched lines showed more rapid my ce lium 
ex ten sion than some un branched lines and, in a study in volv ing both ascospore in fec tions of an
RIL pop u la tion, with 50% branched lines, and field ob ser va tions of their un branched hy brids,
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the QTL linked to branch ing showed its ef fects in the hy brids (Fig ure 2, Vear et al, 2008). The ex -
is tence of a ge netic ef fect linked to the branch ing gene has fur ther been con firmed by a study in
prog ress on introgression lines, which have shown both highly re sis tant and highly sus cep ti ble
branched ge no types.

Fig ure 1. Dis tri bu tions of (FU x PAZ2)F3 prog e nies for la tency in dex af ter ascospore in fec tions and
for nat u ral ter mi nal bud at tack (square root of %). From Bert et al, 2004.

The QTL found de pend on the re sis tance mea sure ment used, in sun flower and in other
crops. Of ten this is rate of my ce lium ex ten sion, which CastaZo et al (1993) found to be cor re lated
sig nif i cantly in dif fer ent sun flower plant parts. The ascospore test on capitula re peats more
closely nat u ral at tack and more fac tors are likely to be in volved, con cern ing both the prob a bil ity
that the spores will be able to form a col ony, with or with out tis sue pen e tra tion, and then changes
in the capitulum dur ing mat u ra tion which al low my ce lium to spread and symp toms to ap pear
only from 2 to 8 weeks af ter in fec tion. At first, it ap peared pos si ble to dis tin guish per cent age in -
fec tion and de lay in symp tom ap pear ance, but all the map ping stud ies gave sim i lar QTL for the
two ob ser va tions. Sus cep ti ble ge no types show a high per cent age at tack with symp toms that ap -
pear quickly (Gentzbittel et al, 1998, Bert et al, 2004). For the hy brids ob served un der nat u ral at -
tack, in ad di tion to the QTL found for RIL, some QTL were mapped on other link age groups.
One of these was on the same LG as a QTL for ma tu rity date but there no were co-lo ca tions with
QTL for plant height, which Leclercq (1975) sug gested to have a fa vour able ef fect on capitulum
attack in the field, perhaps because of the distribution of ascospores above the ground.

Breed ing for Sclerotinia re sis tance

For sun flower, con ven tional breed ing, mostly by ped i gree se lec tion, has shown con sid er -
able suc cess, with 60% less at tack of mod ern va ri et ies com pared with those of 1970 (Vear et al,
2003). Re cur rent se lec tion in creased la tency in dex by 100 % and re duced field at tack of hy brids
by 45% (Vear et al, 2007). Pres ent re search com par ing a sun flower core col lec tion and lines bred
for their re sis tance con firms this im prove ment. It could be that, the ab sence of any chem i cal con -
trol for sun flower has re sulted in ef fort on ge netic con trol, and there fore more im prove ment
than, for ex am ple rape seed, where crops have been pro tected by spray ing. In the USA and Can -
ada there is a multi-crop Sclerotinia ini tia tive (http://www.whitemoldresearch.com/) and also con -
sid er able re search in Ar gen tina, es pe cially on sun flower. How ever, in spite of these im prove -
ments, for most forms of at tack, if con di tions are very fa vour able, Sclerotinia rot ap pears. So,
what should we be look ing for?

Pos si ble bases of re sis tance and mo lec u lar re search

There re mains the ques tion of whether com plete re sis tance ex ists and whether we should
be look ing for it.. The ex am ples taken for pos si ble ma jor gene re sis tance again ap ply. One of the
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aims of the bean re search pro ject is in cor po rat ing the com plete re sis tance of run ner bean into
French bean. Al though the test method used, with di rect in oc u la tion by my ce lium, showed that

run ner bean are not im mune to Sclerotinia, it may be that, in the field, they are never at tacked.
Many cul ti vated sun flower ge no types never show ter mi nal bud at tack, so it could also be con sid -
ered as com plete re sis tance. It could be that test ing meth ods, which jump some in fec tion stages
make in fec tion pos si ble when it would not be nat u rally. How ever, com plete re sis tance ap pears

un likely in the case of types of Sclerotinia at tack which de pend on the pres ence of se nes cent tis -
sues to give the patho gen a nu tri ent base on which to pro duce my ce lium. One ex am ple is rape -

seed , where Sclerotinia in fects se nes cent pet als fallen onto leaves and then the dis ease spreads
from in fected leaves to the main stem. Capitulum rot of sun flower is in ter me di ate, in fec tion oc -
curs dur ing flow er ing, when there is gen er ally pol len, nec tar or rap idly necrosing flo rets but, ac -
cord ing to re sis tance level, symp toms only ap pear from 2 to 8 weeks later. It could be said that

sun flower capitula are not sus cep ti ble to Sclerotinia at flow er ing, but be come so as plants ma ture,
per haps be cause the en zyme path ways be come less ac tive.

Fig ure 2. QTL for sun flower capitulum re sis tance to Sclerotinia in (XRQ x PSC8) RIL pop u la tion and
hy brids with tester lines. b1 gene : ramif on LG10. (from Vear et al, 2008)
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The most suc cess ful use of mo lec u lar tech niques is the trans fer of a QTL from run ner bean
into French bean by marker as sisted se lec tion (MAS) (End er et al, 2008) In all other cases, map -
ping has not yet been pre cise enough and per cent age ex pla na tion of vari abil ity too small for MAS 
to be ef fi cient. For sun flower, soy bean, let tuce, to mato and oil seed rape, an ox a late oxidase
(OXO) gene has been in tro duced from bar ley, wheat or an other fun gal spe cies by ge netic en gi -
neer ing. It gave re duc tions of symp toms in ev ery crop (Lu, 2000; Hu et al. 2003; Dias et al 2006,
Walz et al., 2008, Dong et al, 2008). How ever, since GMO sun flow ers are not, or very lit tle de vel -
oped, it would be in ter est ing to know whether vari a tion for this gene or its reg u la tion oc curs in
sun flower or its wild rel a tives. It is not clear whether this OXO gene is the rea son for no
Sclerotinia at tack on ce re als. It would be use ful to have in for ma tion on whether there are def i nite
path ways which make at tack im pos si ble in Poaceae or whether it is a ques tion of ab sence of sus -
cep ti ble tis sues (al though a soft young maize cob and the senescing silks would ap pear as ideal
en try points for Sclerotinia).

Work in prog ress on the re ac tion of Arabidopsis mu tants to Sclerotinia in fec tion should pro -
vide some an swers about the genes and en zyme path ways in volved (Guo and Stotz, 2007) and
whether the quan ti ta tive ba sis of re sis tance de pends on sev eral genes af fect ing dif fer ent parts of
the same path way or whether sev eral dif fer ent path ways are in volved. Fine map ping of the stron -
gest QTL in crop spe cies should make it pos si ble to de ter mine which of these genes could be pos -
si ble can di dates for the re sis tance at pres ent avail able and what poly mor phism ex ists. As so ci a -
tion stud ies should also pro vide some in for ma tion on the genes un der ly ing the dif fer ences be -
tween more re sis tant and more sus cep ti ble ge no types among cul ti vated lines. In ad di tion, knowl -
edge of path ways in volved in Arabidopsis could give some ideas for re search on vari abil ity for
other, dif fer ent genes, in wild rel a tives of crops.

Introgression from re lated spe cies

Sun flower ge net i cists and breed ers are lucky in the po ten tial re source of about 40 wild
Helianthus spe cies, in clud ing wild H.annuus. The an nual spe cies have not shown any par tic u lar re -
sis tance to Sclerotinia, but some pe ren nial spe cies have been found quite dif fi cult to in fect. The
best re sis tance to my ce lium growth var ies be tween spe cies ac cord ing to plant part in volved: for
leaves some cul ti vated Je ru sa lem ar ti choke (H.tuberosus) clones were the best (Tourvieille et al,
1997), for mid-stem, Cerboncini et al (2002) found H.maximiliani to be the most re sis tant, whereas 
for capitulum at tack, H.res in ous and H.rigidus were the most dif fi cult to in fect (Serieys 1987),
their small capitula dry ing be fore symp toms ap peared. Be fore un der tak ing large scale
introgression programmes, it will be im por tant to de ter mine which fac tors could be trans ferred to 
cul ti vated sun flower, the re sis tance of small capitula must be trans fer able to large heads of hy brid 
va ri et ies. Rönicke et al (2004) re ported fol low ing frag ments of H.maximiliani ge nome dur ing an
introgression programme by AFLP, but with out know ing whether in ter est ing genes from the
wild spe cies were be ing re tained. For great est ef fi ciency, it will be nec es sary to know whether the
wild spe cies in ques tion can pro vide al most com plete re sis tance or dif fer ent mech a nisms which
can be com bined with resistances in cul ti vated sun flower and to iden tify mark ers for these genes,
to be able to se lect them dur ing the introgression pro cess.

Con clu sions

All these ques tions add up to a lot of re search, but there are two points that could speed up
suc cess. One is that per haps we are go ing to find that the same un der ly ing mech a nisms are in -
volved in Arabidopsis and in many crops, so that ef fort on one spe cies will help for oth ers. The sec -
ond is that plant breed ers al ways try to make im prove ments with out wait ing un til they un der -
stand the pro cesses in volved, and there could be a break through some where sim ply from study -
ing many plants in fected with Sclerotinia.
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Ab stract

Pro tein con tent and the amino acid com po si tion of pro tein in soy bean make it a valu able
crop through out the world. The sta bil ity of pro tein and oil con cen tra tion was de ter mined us ing
two pop u la tions (a to tal of 192 lines) grown in 2005 and 2006 at five lo ca tions in the up per Mid -
west. Site re gres sion anal y sis (SREG), as well as sev eral other mod els were used to de ter mine the 
sta bil ity of pro tein, oil, pro tein plus oil and grain yield. The en vi ron men tal and genotypic main ef -
fects were the most im por tant sources of vari a tion for the traits stud ied. A con sid er able por tion
of the lines out per formed the check cultivars for sta bil ity across years and lo ca tions. A sec ond
study used three pop u la tions (a to tal of 240 lines) grown in 2000 and 2001 to es ti mate the
heritability of 9 amino acid lev els in soy bean. Re al ized heritability es ti mates ranged from low to
mod er ate while nar row sense heritability ranged from low to high. The re sults of these stud ies
sug gest that plant breed ers can make prog ress in se lect ing for protein stability as well as
increasing amino acid levels in soybean.

Key words: amino ac ids, heritability, pro tein, site re gres sion anal y sis, soy bean, sta bil ity.

In tro duc tion

Soy bean [Glycine max (L.) Merrill]  is a very im por tant crop on a world-wide ba sis. The
amount of pro tein and oil in soy bean seed ac counts for most of the eco nomic value of the crop.
Greater than 95% of all soy beans pro duced are pro cessed. The main prod ucts ob tained from soy -
bean seed are soy bean meal and soy bean oil. Soy bean oil is mainly used for var i ous hu man food
prod ucts, al though re cently it has also been used to pro duce biodiesel. Soy bean meal is gen er ally
used as feed for an i mal pro duc tion. Even though soy bean is clas si fied as an oil seed, it is re ally a
ma jor source of pro tein. In fact from 100 kg of soy bean seed the pro ces sor ob tains about 18 kg of
soy bean oil and 80 kg of soy bean meal. This meal gen er ally con tains 44% to 48% pro tein. From a
nu tri tional point of view soy bean seed (and thus the soy bean meal) has an amino acid con tent
that is fairly well bal anced for hu mans and most an i mal spe cies.

Breed ing for pro tein quan tity (con cen tra tion) has been a con sid er ation in many pub lic and
pri vate soy bean breed ing pro grams in the U.S. for many years, es pe cially in the more north ern
soy bean grow ing ar eas. It has been re ported that lower tem per a tures and greater cli mate fluc tu a -
tions may con trib ute to the low and in con sis tent seed pro tein con cen tra tions (Hurburgh et al.,
1990; Pazdernik et al., 1997). Over the years soy beans from Min ne sota have been re ported to be
15 to 20 g kg-1 lower in pro tein than states lo cated to the south and east and have a stan dard de vi a -
tion of about 10g kg-1 (Hurburgh et al., 1990; Piper & Boote, 1999; Yaklich et al., 2002). Thus soy -
bean breed ers not only need to have a goal of higher pro tein con tent but also pro tein con cen tra -
tion that is more sta ble across years and lo ca tions.

The con cept of sta bil ity has more than one in ter pre ta tion (Lin et al., 1986; Becker & Leon,
1988). From a breed ing per spec tive (and for the sake of this dis cus sion) the dy namic con cept of
sta bil ity will be used; that is where sta ble ge no types show lit tle de vi a tions from the mean re -
sponse of all ge no types to the en vi ron ments (Lin et al., 1986; Becker & Leon, 1988). Thus the dy -
namic con cept of sta bil ity is a rel a tive mea sure of sta bil ity that de pends not only on the en vi ron -
ment but also on the other ge no types in cluded in the eval u a tion. No stud ies on pro tein sta bil ity in 
soy bean have been re ported.

Breed ing for pro tein qual ity, that is the amino acid con tent (and re ally only the es sen tial
amino acid con tent), is only be gin ning in soy beans since un til re cently there has not been an in ex -
pen sive, rapid method avail able to eval u ate large num bers of breed ing lines. A good qual ity pro -
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tein has a good bal ance of es sen tial amino ac ids and a poor qual ity pro tein is de fi cient in one or
more of the es sen tial amino ac ids. The es sen tial amino ac ids are gen er ally con sid ered as arginine
(ARG), cysteine (CYS), histadine (HIS), isoleucine (ILE), leucine (LEU), lysine (LYS),
methionine (MET), phenylalanine (PHE), threonine (THR), tryptophan (TRP) and valanine
(VAL). The most im por tant amino ac ids, as far as soy bean is con cerned, are CYS, LYS, MET
and THR (Singh et al., 1992).

There have been only a few re ports of stud ies in ves ti gat ing the heritability or other ge netic
ef fects of amino ac ids in soy bean (Bur ton et al., 1982; Serretti et al., 1994; Panthee et al., 2005).
Bur ton et al. (1982) re ported that in creas ing pro tein con cen tra tion us ing re cur rent se lec tion did
not change methionine lev els. The re search study by Serretti et al. (1994) showed that there were
amino acid dif fer ences be tween high pro tein and nor mal pro tein lines but only mod est dif fer -
ences among nor mal pro tein lines. Panthee et al. (2005) iden ti fied QTL’s as so ci ated with
methionine and cysteine.

The ob jec tives of this re search were to i) de ter mine the sta bil ity of seed pro tein con cen tra -
tion in two re com bi nant in bred pop u la tions across a wide range of Min ne sota and Iowa lo ca tions
and ii) to ob tain par ent-off spring es ti mates and broad sense heritability es ti mates for the es sen -
tial amino ac ids in three soybean populations.

Ma te ri als and Meth ods

The two pop u la tions used for the sta bil ity re search were ‘Lam bert’ x PI132217 (L-PI) and
‘Proto’ x PI132217 (P-PI) (Orf & Ken nedy, 1994a; Orf et al., 1991). There were 98 re com bi nant
in bred lines in the L-PI pop u la tion and 94 in the P-PI pop u la tion. PI132217 is a de ter mi nate ma -
tu rity group 00 plant ac ces sion iden ti fied as hav ing good seed pro tein sta bil ity (Zhou & West -
gate, 2002). The F1 crosses were made in 1999 and plants were ad vanced from the F1 to the F4 gen -
er a tion by sin gle seed de scent (Brim, 1966). A to tal of 561 F4 plants were ran domly se lected in
2002, in di vid u ally threshed, and planted in 2003 in sin gle row at Rosemount, MN. In 2004 192 F4:5
lines with ad e quate seed for fur ther stud ies were in creased in sin gle rows at Rosemount and
Waseca, MN. The 192 F4:6 lines were di vided into four sets of 48 lines based on ma tu rity. They
were eval u ated in 2005 with eight check cultivars [Lam bert, Proto, PI132217, ‘MN0201’ (Orf &
Denny, 2004), ‘Surge’ (Scott & Orf, 1998), ‘Toyopro’ (Orf et al., 1997), ‘Parker’ (Orf & Ken nedy,
1994b) and ‘MN2001SP’] in a ran dom ized in com plete block de sign (IBD) (Federer, 1955) with
three rep li cates in four blocks at five lo ca tions: Lamberton, Rosemount, St. Paul, Waseca, MN
and Humboldt, IA. In 2006 all F4:7 lines plus check cultivars were eval u ated in an IBD with three
rep li cates in four blocks at Lamberton, Rosemount and Waseca, MN. Plots were 2.7 m2 with two
rows, each 1.8 m long with 0.76 m be tween rows. The plant ing rate was 33 seeds m-1 row-1. Plant -
ing dates in 2005 were 2 June at Lamberton, 7 June at Rosemount, 3 June at St. Paul, 31 May at
Waseca and 26 May at Humboldt. In 2006 the plant ing dates were 12 May at Lamberton, 9 June at 
Rosemount, and 23 May at Waseca. The end-trimmed plots were ma chine har vested and
weighed (weight ad justed to 130 g kg-1 mois ture). Pro tein was mea sured on a 250g whole seed
sam ple by near in fra red spec tros copy (NIRS) on a PERTEN 7200 di ode ar ray in stru ment and ex -
pressed as g kg-1 af ter ad just ment to 130 g kg-1 mois ture.

Vari ance com po nents were es ti mated for pro tein con cen tra tion and seed yield to in ves ti -
gate the rel a tive con tri bu tion to the to tal vari abil ity of ge no type, en vi ron ment and ge no type-en -
vi ron ment in ter ac tion. We used the Re stricted Max i mum Liklihood (REML) method us ing the
Av er age In for ma tion al go rithm im ple mented as ASReml (Gilmour et al., 2002). En vi ron ments
were de fined as lo ca tion-year com bi na tions. All fac tors were con sid ered ran dom ef fects. Site re -
gres sion anal y sis SREG (Cornelius et al., 1996; Crossa & Cornelius, 1997) was used to es ti mate
sta bil ity. SREG is a lin ear-bilinear model that uses anal y sis of vari ance for the en vi ron men tal
main ef fects and prin ci pal com po nent anal y sis for the main ef fect of ge no type plus G x E in ter ac -
tion (Crossa et al., 2002). The biplot tech nique de vel oped by Ga briel (1971) was used to show the
inter-unit dis tances and clus ter ing of units as well as vari ances, co-vari ances and cor re la tions of
the vari ables. In the SREG biplot mark ers for ge no types and en vi ron ments were plot ted on a
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graph for the first prin ci pal com po nent term (PC1 or pri mary ef fects) on the x-axis and the sec -
ond prin ci pal com po nent term (PC2 or sec ond ary ef fect) on the y-axis. The ge no types and en vi -
ron ments are rep re sented as vec tors from the or i gin to the end points as in di cated by their mark -
ers. The an gle be tween the genotypic vec tor and the en vi ron men tal vec tor rep re sents the
genotypic re sponse (Crossa et al., 2002). The phenotypic cor re la tion of the per for mance of two
ge no types (or en vi ron ments) is ap prox i mated by the co sine of the an gle be tween the two vec tors
(Yan et al., 2001; Yan et al., 2007). The SREG anal y sis and the biplots were per formed in SAS
(SAS, 2003) us ing the pro grams de vel oped by Burgueno et al. (2000) and Vargas & Crossa (2000).

Three crosses were used for the heritability study. They were M91-198009 x C1937 (des ig -
nated 181) ‘Lam bert’ x M91-198014 (des ig nated 184) and M93-401031 x M92-988 (des ig nated
187). M91-198009, M91-198014, M93-401031 and M92-988 were breed ing lines from the Uni -
ver sity of Min ne sota soy bean breed ing pro ject and C1937 was a breed ing line from the
USDA-ARS soy bean pro ject lo cated at Purdue Uni ver sity. From each pop u la tion 80 F2 plants
were ran domly se lected and har vested (1999). The seed from each plant was planted in a 2m
row in Chile for seed in crease. The F2:4 seed was planted (2000) at four Min ne sota lo ca tions,
Lamberton on 24 May, Mor ris on 23 May, Rosemount on 12 June and Waseca on 26 May in sin -
gle row plots 3.5m long with 0.76 m row spac ing with three rep li ca tions in a ran dom ized com -
plete block de sign (RCBD). The plots were ma chine har vested. Seed was sent to Chile and
planted in a RCBD with 2m sin gle rows with 0.76m be tween rows and three rep li cates. The seed 
in Chile was threshed with a sta tion ary plot thresher. The F2:6 seed was planted in 2001 on May
15 at Lamberton, 18 May at Mor ris, 5 May at Rosemount, and 30 May at Waseca in 3.5 m sin gle
rows, spaced 0.76 m apart in an RCBD with 3 rep li ca tions and again ma chine har vested. The
seed from all har vests (1999/2000 Chile, 2000 Min ne sota, 2000/2001 Chile, 2001 Min ne sota) was 
ground us ing a Kinfetec 1095 sam ple mill and an a lyzed for pro tein con tent and amino acid con -
tent us ing a Foss 6500 near in fra red reflectance spec trom e ter. The lev els of cysteine were not
pre dicted due to the lack of a ro bust NIRS equa tion.

Par ent-off spring re gres sion es ti mates for pro tein and the es sen tial amino ac ids were cal cu -
lated us ing SAS (SAS, 2003). Es ti ma tion of vari ance com po nents for pro tein and es sen tial amino
ac ids for each pop u la tion were cal cu lated us ing the Proc Varcomp pro ce dure of SAS (SAS,
2003). Broad sense heritability es ti mates were cal cu lated us ing the equa tion re ported by
Halluner & Miranda (1988).

Re sults and Dis cus sion

In the sta bil ity study the en vi ron men tal (year-lo ca tion com bi na tions) and genotypic main
ef fects were the most im por tant sources of vari a tion for the traits un der study (data not shown).
Ge no type ac counted for 38% and 13% of the to tal vari a tion for pro tein con cen tra tion and yield,
re spec tively. While en vi ron ment ex plained 48% and 41% for pro tein and yield and ge no type-en -
vi ron ment ex plained 6% and 9% of the vari a tion for pro tein con cen tra tion and yield, re spec -
tively. Other in ter ac tions were rel a tively small. The rel a tive con tri bu tions of the genotypic main
ef fect and its in ter ac tions is re flected in the heritability on an en try mean ba sis which was 68% for
pro tein con cen tra tion and 21% for yield. These val ues are sim i lar to those re ported by Brim
(1973) and in di cate that the en vi ron ment had a greater in flu ence on yield than on pro tein con cen -
tra tion. As ex pected, pro tein con cen tra tion had a negative phenotypic correlation with yield (r =
-0.43, p < 0.0001).

The SREG anal y sis pro vided in for ma tion on sta bil ity and ad ap ta tion of lines with re gard
to pro tein con cen tra tion. Prin ci pal com po nent 1 (PC1) ex plained 83.4% of the G+GxE vari a tion
and was highly cor re lated (r=0.996) with the pro tein con cen tra tion genotypic mean. This al lows
the iden ti fi ca tion of su pe rior ge no types us ing the SREG biplot (Crossa & Cornelius, 1997). Prin -
ci pal com po nent 2 (PC2) ac counted for 5.6% of the G+GxE vari a tion and rep re sents the ge no -
types pro tein sta bil ity and ad ap ta tion. Ge no types hav ing a PC2 near zero are sta ble (Yan et al.,
2001). The en vi ron men tal PC1 scores had the same sign in di cat ing no sig nif i cant cross over in ter -
ac tion (Cornelius et al., 1996). The en vi ron men tal PC2 scores had both pos i tive and neg a tive val -
ues in di cat ing GxE in ter ac tion due to the disproportionality of ge no types re sponse across en vi -
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ron ments (Yan et al., 2007). From the anal y sis 19 lines from each pop u la tion were iden ti fied as
sta ble. The sta ble ge no types had a wide range of seed pro tein con cen tra tion (343 to 404 g kg-1)
which in di cates that pro tein sta bil ity is not as so ci ated with pro tein con cen tra tion per se (Ta ble 1).
Thus it should be pos si ble to se lect sta ble ge no types for pro tein con cen tra tion re gard less of the
level of pro tein in the seed.

Ta ble 1. Mean, stan dard de vi a tion (SD), min i mum (Min) and max i mum (Max) of pro tein con cen tra tion
and yield of the pop u la tions, av er aged over reps, lo ca tions and years.

Trait Unit
L-PI P-PI

Mean SD Min Max Mean SD Min Max

Protein g kg-1 371.77 13.49 343.13 405.75 386.70 16.89 346.70 424.38

Yield kg ha-1 2926 325 2150 3622 2683 324 1898 3533

In gen eral SREG anal y sis ef fec tively cap tured the genotypic main ef fects, the ge no -
type-year and the ge no type-lo ca tion in ter ac tion pat terns. Thus this anal y sis pro vided in for ma -
tion that could be used in a plant breed ing pro gram to se lect for sta ble ge no types for pro tein con -
cen tra tion with broad ad ap ta tion. The fact that lines from both pop u la tions gave sta ble pro tein
con cen tra tions in di cates that genes for con fer ring pro tein sta bil ity in PI132217 were able to be
trans ferred to both ge netic back grounds: Lam bert (high oil and yield, av er age pro tein) and Proto
(average oil and yield, high protein).

The study on amino acid con cen tra tion us ing three pop u la tions had dif fer ing means and
ranges for the dif fer ent es sen tial amino ac ids (Ta ble 2). Sig nif i cant line ef fects were seen in all
three pop u la tions for pro tein con tent, ARG, ILE, LEU, LYS and THR and in pop u la tions 184
and 187 for HIS, PHE and VAL. There were no sig nif i cant line effects for MET.

Ta ble 2. Pop u la tion means and ranges (min i mum (Min) and max i mum (Max.)) for ex per i men tal lines for
es sen tial amino ac ids (g kg-1 to tal pro tein, pro tein and oil (g kg-1 of whole seed), av er aged over
rep li ca tions, lo ca tions and years.

Essential Population 181 Population 184 Population 187

Amino
Acids

Mean Min. Max. Mean Min. Max. Mean Min. Max.

g kg-1 of total protein

ARG 8.09 7.84 8.44 7.67 7.51 7.88 7.97 7.74 8.15

HIS 2.66 2.55 2.76 2.72 2.66 2.80 2.77 2.69 2.85

ILE 4.49 4.39 4.61 4.62 4.54 4.70 4.45 4.34 4.57

LEU 8.55 8.39 8.60 8.67 8.54 8.79 8.44 8.27 7.96

LYS 8.06 7.87 8.12 8.38 8.24 8.42 7.98 7.88 8.11

MET 1.31 1.24 1.37 1.32 1.27 1.38 1.34 1.28 1.40

PHE 4.62 4.48 4.78 4.43 4.29 4.55 4.39 4.22 4.53

THR 3.51 3.36 3.65 3.69 3.53 3.84 3.60 3.48 3.73

VAL 3.42 3.29 3.53 3.28 3.18 3.38 3.26 3.13 3.38

g kg-1 of whole seed

Protein 442.63 424.81 466.46 428.67 410.39 445.56 438.15 416.64 459.13

Oil 199.09 188.98 211.19 207.26 198.42 216.57 197.23 185.70 205.98

The par ent-off spring re gres sion val ues for the three pop u la tions are shown in Ta ble 3. A
wide range of es ti mates were ob served for each amino acid. The par ent-off spring es ti mates for
pro tein and oil were sim i lar to those re ported in the lit er a ture (Brim & Bur ton, 1979; Helms &
Orf, 1998; John son & Berin, 1963; Pazdernik et al., 1996; Shan non et al., 1972). Broad sense
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heritability es ti mates ranged from high to low (Ta ble 4). Mod er ate to high es ti mates were ob -
tained for ARG, ILE, LEU LYS, PHE, THR, and VAL. Low es ti mates were ob tained for HIS
and very low es ti mates for MET. The pro tein es ti mates were high as re ported by oth ers (Bur ton,
1987).

Con clu sions

Pro tein con cen tra tion in soy bean is of con tin u ing in ter est and study by soy bean re search -
ers. In a two pop u la tion study, soy bean lines were iden ti fied that had sta ble pro tein con cen tra -
tions over a wide range of pro tein and yield lev els. In the amino acid study par ent-off spring re -
gres sions and broad sense heritabilities were mod er ate to high for most es sen tial amino ac ids ex -
cept methionine. Breed ing for sta ble pro tein con cen tra tion and/or im proved es sen tial amino acid 
lev els is an achiev able goal in soy bean.

Ta ble 3. Par ent (MN00)-off spring (MN01) re gres sion val ues for es sen tial amino ac ids, pro tein and oil
for each pop u la tion (av er aged over rep li ca tions and lo ca tions).

Essential Amino Acids

Population ARG HIS ILE LEU LYS

181 0.541‡ 0.090 0.584‡ 0.447‡ 0.444‡

184 0.436‡ 0.084 0.463‡ 0.322† 0.121t

187 0.585‡ 0.254t 0.550‡ 0.527‡ 0.230t

Population MET PHE THR VAL Protein Oil

181 0.091 0.214 0.231† 0.106 0.716‡ 0.746‡

184 0.240 0.437‡ 0.497‡ 0.338‡ 0.715‡ 0.665‡

187 0.366 0.233t 0.392† 0.324† 0.822‡ 0.696‡

t, †, ‡ - Sig nif i cant at P=0.05, P=0.01, and P=0.001 re spec tively.

Ta ble 4. Broad sense heritability es ti mates for es sen tial amino ac ids, pro tein and oil for each of the three
pop u la tions (Pop.) an a lyzed in di vid u ally.

Essential
Amino Acids

Pop 181 Pop 184 Pop 187

ARG 0.890 0.721 0.829

HIS 0.301 0.152 0.323

ILE 0.697 0.605 0.673

LEU 0.591 0.479 0.620

LYS 0.691 0.442 0.270

MET 0.308 0.288 0.591

PHE 0.413 0.706 0.709

THR 0.580 0.652 0.520

VAL 0.330 0.626 0.614

Protein 0.954 0.943 0.968

Oil 0.932 0.879 0.921
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Ab stract

Sor ghum [Sor ghum bicolor (L.) Moench] is an an cient ce real grain. Early crop im prove ment 
ef forts in sor ghum were con ducted by farm ers, seedsmen, and some re search ers who uti lized in -
di vid ual plant se lec tions from their het er o ge neous pop u la tions as a method for main tain ing de -
sir able phe no types. Dat ing to the late 1800s, the pre dom i nant tools for crop im prove ment in sor -
ghum have been pop u la tion im prove ment, in bred and pure-line de vel op ment and im prove ment,
and hy brid de vel op ment. A mod i fied mar ker-as sisted se lec tion ped i gree pro gram is be ing de vel -
oped to greatly en hance the ef fi ciency of con vert ing sor ghum from photoperiod sen si tive trop i cal 
sorghums to sorghums that can be uti lized in more tem per ate re gions of the world. An other
unique tool be ing used is a Rapid Trait De vel op ment Sys tem (RTDS™). The merg ing of these
genomic tech nol o gies with tra di tional plant breed ing tools of fers great prom ise to fur ther en -
hance sor ghum and to po ten tially re al ize the tre men dous yield po ten tial that is in her ent in sor -
ghum, a re cord 24,000 kg ha-1.

Key words: sor ghum, di ver sity, hy brids, cy to plas mic-male ste ril ity, ge nome, marker-as -
sisted se lec tion, RTDS.

In tro duc tion

Sev eral au thors have dis cussed the sys tem at ics, or i gin, and evo lu tion of Sor ghum [Sor ghum
bicolor (L.) Moench] (de Wet & Harlan, 1971; de Wet & Huckabay, 1967; Harlan, 1975; Snowden, 
1936). Dahlberg (2000) pro vides an ex cel lent over view of the pres ent-day clas si fi ca tion.

Mann et al. (1983) in di cated that the or i gin and early do mes ti ca tion of sor ghum took place
in north east ern Af rica north of the Equa tor and east of 10< E lat. ap prox i mately 5000 yrs ago.
How ever, car bon ized seeds of sor ghum with con sis tent ra dio car bon dates of 8000 yrs b. p. have
been ex ca vated at an early Ho lo cene ar chae o log i cal site at Nabta Playa near the Egyp tian-Su da -
nese bor der (Wendorf et al., 1992). These sorghums are 3000 years older and 10 – 15< lat. fur ther
north than had been pre vi ously re ported and sug gests an early in ter est in sor ghum by hunter and
gath ers and early ag ri cul tur al ists. These early do mes ti ca tion events fol lowed ma jor trad ing and
mi gra tory paths of early Af ri cans and Asians. As these early do mes ti cated sor ghum spread
through out Af rica and Asia, plants were se lected and dis persed through out a broad range of en -
vi ron ments and uti li za tion giv ing rise to a widely adapted ge netic base that has been fur ther ex -
ploited through out the ag ri cul tural pro cess to cre ate the cur rent crop known as sor ghum.

Sor ghum grain is used pri mar ily for live stock feed and stems and fo liage for green chop,
hay, si lage, and pas ture (House, 1985) and more re cently in the re new able fu els in dus try and into
the food mar ket as glu ten-free food prod ucts. In Af rica and In dia, it is an im por tant part of the
diet in the form of un leav ened bread, boiled por ridge or gruel, and spe cialty foods such as popped 
grain and beer. Syrup is made from sweet sor ghum. Grain sor ghum is becomming a per spec tive
field crop in Eu rope for cat tle feed (Berenji & Dahlberg, 2004). Broomcorn is a spe cial type of
sor ghum rec og niz able by long pan i cles used for man u fac ture of corn brooms (Berenji & Ki{geci,
1996). This wide spread uti li za tion of sor ghum was based upon its di verse ge netic back ground.

Di rect In tro duc tion

The first re corded in tro duc tion of sor ghum into the US was from March 24, 1757 in a let ter
from Benjamin Frank lin to Sam uel Ward. In it he de scribes broomcorn pop u lar for use as hat
brooms. It is clear, how ever, that sor ghum was in tro duced much ear lier into the Amer i cas via the
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slave trade. China re corded the use of sor ghum as far back as the third cen tury in the “Re cords of
Nat u ral Sci ence” by Zhanghua (Dahlberg, 2000). Paint ing of sor ghum have been found in
Farnesina, It aly in fes toons dated back into the late to 1600s. These sorghums are ex am ples of the
use of a crop via direct introductions.

Tra di tional Breed ing

Early crop im prove ment ef forts in sor ghum were con ducted by farm ers, seedsmen, and
some re search ers who uti lized in di vid ual plant se lec tions from their het er o ge neous pop u la tions
as a method for main tain ing de sir able phe no types. These pure-line cultivars were se lected, in -
creased, and grown by farm ers. Sor ghum’s geo graphic and ge netic vari abil ity al lowed farm ers to
cre ate a pool of germplasm that is one of the most di verse in all of the ce real crops. Though sor -
ghum is es sen tially a self-pol li nated crop, nat u ral hy brid iza tion does oc cur and from these hy -
brid iza tions, se lec tions for short statured plants, sor ghum with some drought tol er ance, and
chinch bug re sis tance took place in the late 1800s and early 1900s in the US. It can be ar gued that
farmer se lec tion of im proved cultivars from nat u rally oc cur ring hy brid iza tion is still the dom i -
nant “plant breeding” technique used for sorghum improvement world-wide.

Hy brid Breed ing Tech nol o gies

It was not un til 1914 when Vinall and Cron be gan de lib er ate hy brid iza tion of sor ghum that
sor ghum im prove ment us ing sci en tific meth ods truly be gan (Vinall & Cron, 1921). Hand emas cu -
la tion and later de vel op ment of other ster ile tech niques, such as hot-wa ter emas cu la tion and
plas tic bag method, were the pre dom i nant meth ods by which these de lib er ate hy brids could be
made. Sev eral im por tant cultivars were re leased in the US based upon de lib er ate crosses and se -
lec tion of sorghums and this con tin ued as the pre dom i nant form of sorghum improvement until
the mid 1950s.

Sci en tists un der stood the con cept of heterosis through ob ser va tions from these de lib er ate
hy brid iza tions and through work on maize. Though antherless (al) and ge netic male-ste ril ity
(ms1, ms2, ms3) were re ported in the 1930s, breed ers such as Stephens, Quinby, and Hol land un -
der stood that in or der for sor ghum hy brids to be com mer cially vi a ble, a more ro bust and re li able
ste ril ity sys tem needed to be iden ti fied (Karper & Stephens, 1936). Real gains were not re al ized
un til the dis cov ery of cy to plas mic-male-ste ril ity in 1954 (Stephens & Hol land, 1954). Breed ing
tech nol o gies were forced to evolve from pure-line de vel op ment to the de vel op ment of hy brids
us ing tech niques de scribed by corn breed ers.

The pre dom i nant plant breed ing meth ods used in sor ghum to day are pop u la tion im -
prove ment and in bred and pure-line de vel op ment, which sup port the de vel op ment of im -
proved hy brids (Berenji et al., 2006). Farm ers rec og nized the im por tance of hy brids and adop -
tion was swift in the US. Hy brids moved the US na tional yield av er age from around 1.250 kg
ha-1 to 2.500 kg ha-1 in just four years and were ac cepted on more than 90% of farms by 1960. It
took only five years to reach the next pla teau of 3.100 kg ha-1 or an in crease of 25%. Most hy -
brids in the early years were of va ri etal crosses whereas the sec ond pla teau re sulted from new
germplasm spe cif i cally de vel oped from inbreds and of ten con tain ing re cent plant in tro duc tions 
in their make-up. The ad vent of sor ghum greenbugs in 1968 re sulted in a backcross breed ing
pro gram that was det ri men tal to new in creases in yield, but it did sta bi lize yields from 1968-76
to ap prox i mately 3.300 kg ha-1. With the ad vent of biotype E greenbugs in 1980 an other lag in
yield gains re sulted in a 15-year pe riod, be tween 1985-99, which av er aged 4.000 kg ha-1 (Smith
& Frederiksen, 2000). Us ing 1930-39 as a yield base (790 kg ha-1) sor ghum’s cur rent US yield
av er ages are now ap proach ing 4.500 kg ha-1, which is ap prox i mately five times greater than
those ear lier years (USDA-NASS, 2008). These yield gains are sim i lar to the in creases seen in
maize, dou ble that of soy bean and nearly dou ble that of wheat and rice for the same time pe -
riod.

Mo ti vated by the suc cess of grain sor ghum hy brids, at tempts has been made to bred hy brid
broomcorn (Berenji & Sikora, 2002a, 2202b)

60

Plenary lectures
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Sor ghum Con ver sion Pro gram

By 1967 J.C. Stephens and oth ers rec og nized the lim its of the germplasm avail able in the
US, es pe cially for im prov ing inbreds and hy brids, and for mu lated the Sor ghum Con ver sion Pro -
gram to in tro duce new germplasm sources into the US (Stephens et al., 1967). A back cross ing
pro gram, re quir ing fairly la bor-in ten sive hand emas cu la tions, was started to be gin the pro cess of
con ver sion to photoperiod in sen si tive, short statured sorghums. Crosses were made dur ing the
win ter months in Puerto Rico un der short-day photoperiods and se lec tion for early, short ge no -
types within seg re gat ing pop u la tions was un der taken un der long-day, sum mer con di tions at
Chillicothe, Texas. All con verted lines re ceived four back cross es to the orig i nal ex otic va ri ety
and the nonrecurrent par ent used in most cases was an early-ma tur ing, 4-dwarf ‘Mar tin’ B-line,
‘BTx406’, al though, ‘R3105’, ‘BTx3121’, or ‘BTx3122’ were also used in some cases. The ex otic
va ri et ies were used as male par ents un til the third backcross when they were used as the fe male
par ent in or der to re cover the orig i nal cy to plasm in the con verted line. The con verted lines were
non-sen si tive to photoperiod, will ma ture nor mally in the United States, and are short statured,
gen er ally 3 or 4-dwarf in height, but oc ca sion ally 2-dwarf in height. From these con verted and
par tially con verted lines se lec tions for drought tol er ance, in sect and dis ease re sis tance, and a
broad en ing of the ge netic base of the com mer cial hy brids de vel oped in the US has taken place.
How ever, this is a long, la bor-in ten sive pro cess that can in some cases take up to 10 years to fully
con vert an ex otic germplasm source. Ap prox i mately 1.500 germplasm sources have been en tered
into the pro gram with a full 702 ac ces sions be ing con verted.

New Ge netic Tools

Marker marker sys tems and link age maps. With the se quenc ing of the sor ghum ge nome, the
sec ond ce real crop to be se quenced (Kresovich et al., 2005), new genomic tools are be ing de vel -
oped to sup ple ment tra di tional breed ing meth od ol o gies. Ini tially, mark ers were de vel oped us ing
isozymes and RFLPs, but be cause of the ease of use and abil ity to gen er ate more mark ers,
PCR-based mo lec u lar mark ers are more com monly used, such as sim ple se quence re peats (SSR)
and am pli fied frag ment length polymorphisms (AFLP). These mo lec u lar marker sys tems have
led to nu mer ous link age maps (Chittenden et al. 1994, Kong et al. 2000, Menz et al. 2002, Peng et al 
1999, Rami et al. 1998). QTL mark ers have been pub lished for drought re sis tance in sor ghum and
grain mold re sis tance (Sanchez et al. 2002, Klein et al. 2001). More re cently, Casa et al. (2008) de -
scribed the de vel op ment of com mu nity re sources and strat e gies for as so ci a tion map ping in sor -
ghum, which at tempts to link phenotypic and genotypic in for ma tion us ing unique pan els.

Mod i fied marker-as sisted se lec tion ped i gree pro gram. In an at tempt to make the sor ghum con -
ver sion pro gram more ef fi cient, a mod i fied marker-as sisted se lec tion ped i gree pro gram is be ing
de vel oped to con vert sor ghum from photoperiod sen si tive trop i cal sorghums to sorghums that
can be uti lized in more tem per ate re gions of the world. One com mon con cern of pub lic and pri -
vate sec tor sor ghum sci en tists has been the num ber of gen er a tions, and thus years, re quired to
fully con vert trop i cal sorghums to short, photoperiod-in sen si tive ge no types by con ven tional
meth ods. How ever, the num ber of gen er a tions re quired to introgress re ces sive photoperiod in -
sen si tive al leles can be mark edly re duced by re plac ing phenotypic screen ing with mo lec u lar
marker geno typ ing. Genotypic eval u a tion can be con ducted at any stage of de vel op ment and in
any en vi ron ment, which is es pe cially use ful when re ces sive al leles are tar geted for introgression.
To this end, re search has been ini ti ated in an ef fort to map at high res o lu tion those genes in sor -
ghum that are re spon si ble for photoperiod sen si tiv ity. Two ma jor ad van tages of hav ing ac cess to
the ge nome se quence of sor ghum in clude; (a) the rel a tive ease with which mark ers can be iden ti -
fied for high res o lu tion map ping and (b) the speed with which can di date genes and func tional
mu ta tions can be iden ti fied within a tar get lo cus. The in tent of this marker-as sisted se lec tion con -
ver sion pro gram is to use the ac tual func tional mu ta tion (e.g., the se quence poly mor phism that
con di tions the photoperiod sen si tive phe no type) for marker-as sisted se lec tion, or a se ries of
tightly-linked mark ers flank ing the gene of in ter est. Marker-as sisted se lec tion dur ing the con ver -
sion pro cess, there fore, should not be lim ited by the num ber of in for ma tive mark ers tag ging
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photoperiod sen si tiv ity, nor the re com bi na tion fre quency be tween the mo lec u lar mark ers and
the targeted loci.

Genotypic screen ing for photoperiod-in sen si tive in the BCF2 gen er a tions. A se ries of ac tiv i ties
will be con ducted as a proof-of-con cept study that re places the phenotypic se lec tion in the BCF2
gen er a tions with genotypic screen ing for photoperiod-in sen si tive. Thirty trop i cal ac ces sions
from Mali and the Su dan have been iden ti fied by the for mer leader of the Con ver sion Pro gram
(D.T. Rosenow) for con ver sion to tem per ate ad ap ta tion. Sev eral ma jor mod i fi ca tions in the orig -
i nal con ver sion pro gram will be im ple mented in this pi lot pro gram. The most crit i cal is that se lec -
tion for introgression of re ces sive photoperiod in sen si tive al leles to be con ducted in the
backcross (BCF1) gen er a tion. Ini tially, F2 prog eny from marker-se lected F1 plants will be
phenotyped for photoperiod sen si tiv ity to con firm the ef fi cacy of marker-based se lec tion. In ad -
di tion, re search will test the prac ti cal ity of in duc ing flo ral ini ti a tion in tem per ate en vi ron ments
us ing light-proof buck ets to ef fec tively re duce the day length to which photoperiod-sen si tive
germplasm is ex posed, thereby re duc ing the cost as so ci ated with this pro gram. This ‘bucket
method’ has been ef fec tively uti lized by the sor ghum seed in dus try in the past (Bruce Maun der,
per son nel com mu ni ca tion), and early in di ca tions are that this meth od ol ogy will per mit cross ing
in tem per ate cli mates. Fi nally, with the ad vent of se quenced-based marker tech nol ogy (e.g., ge -
nome-wide SNP ar rays), the ge nome of con verted ma te rial can be ef fec tively char ac ter ized for
re cov ery of the ex otic par ent af ter the fi nal backcross gen er a tion. The for mer con ver sion pro -
gram uti lized four backcross gen er a tions in an at tempt to re cover as much of the ex otic ge nome
as pos si ble, while re tain ing the photoperiod sen si tiv ity (and dwarf ism) from the tem per ate do nor
line. Re cent work has in di cated that de spite four backcross gen er a tions, a sig nif i cant per cent age
of the tem per ate do nor ge nome re mained in many con verted lines (Klein et al., 2008). Hence, ge -
nome-wide geno typ ing, ei ther at low (DarT ar rays) or high res o lu tion (Ge nome-wide SNP ar -
rays), will al low for an as sess ment of the re cov ery of the ex otic ge nome of ma te rial emerg ing from 
the con ver sion pro gram. It is fea si ble that suf fi cient re cov ery of the ex otic ge nome may be
achieved in early backcross gen er a tions (BC2), and thereby ex pe dites the re lease of con verted
ma te ri als to sor ghum breed ers.

Rapid Trait De vel op ment Sys tem (RTDS™). RTDS is a unique tech nol ogy de signed to site-spe -
cif i cally tar get and in duce re pair of genomic DNA. It is now well doc u mented that the mo lec u lar
ba sis of many spe cific traits re sults from small ge netic dif fer ences, or sin gle nu cle o tide
polymorphisms (SNPs), within crit i cal genes. The con ven tional ap proach for de vel op ing new or
im proved traits in volves in sert ing whole genes, con tain ing these small dif fer ences, through trans -
for ma tion. In con trast, RTDS har nesses the cell’s in her ent DNA re pair sys tem and di rects a con -
ver sion (nu cle o tide change) at the de sired lo ca tion in the spec i fied gene, re stor ing, re mov ing
and/or mod i fy ing nor mal func tion. This tech nol ogy is not lim ited to ma nip u la tion of genes that
code for pro teins, but has dem on strated that any nu cle o tide se quence (reg u la tory, cod ing and
non-cod ing) can be con verted to en hance and/or re duce the func tion and ac tiv ity of a gene prod -
uct. RTDS in plant cells was ini tially dem on strated in a to bacco cell line known as Nt-1. The gene
that was tar geted and mod i fied was the acetolactate synthase (ALS) gene (Beetham et al. 1999).
In sum mary, by tar get ing the ALS gene the re search ers were able to mod ify this gene caus ing the
cells to be come re sis tant to the sulfonylurea class of her bi cide. This work was fol lowed by a com -
ple men tary study by re search ers at Pi o neer Hi-Bred In ter na tional, Inc. Zhu con verted a sim i lar
gene in maize (Zhu et al. 1999; Zhu et al. 2000). They also con verted the to bacco ALS-equiv a lent
gene in maize known as the acetohydro xyacid synthase (AHAS) gene, again mak ing the cells her -
bi cide tol er ant. The sub se quent prog eny of these plants con firmed that the gene con ver sions
were her i ta ble and sta ble. Most mod ern classes of her bi cide chem is try in ter act with im por tant
plant en zymes and in most cases these in ter ac tions have been stud ied in de tail. The most im por -
tant com mer cial her bi cides have had their pro tein and sub strate in ter ac tions well mapped and
the un der ly ing ge netic se quences are well known that con fer plants to be ei ther sus cep ti ble of tol -
er ant to a given her bi cide. The RTDS tool is cur rently be ing ap plied to Sor ghum tar get ing genes
that will con fer tol er ance to a grass her bi cide, known as SelectMax™.
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Sum mary

It is clear that tra di tional plant breed ing tech nol o gies will con tinue to dom i nate ge netic im -
prove ment in sor ghum. Much of the mark ers and/or QTLs iden ti fied in sor ghum have proved to
be prob lem atic when at tempt ing to use them out side of the pop u la tions from which they were de -
vel oped (Franks 2006). Though the po ten tial for mark ers is vast, there has been lim ited suc cess of 
these tech nol o gies to ap plied breed ing pro grams (Young 1999). Crops like maize and soy bean
are spend ing lar ges amounts of money on genomic tools and marker de vel op ment; how ever,
with out greater pri vate in vest ment in en hanc ing sor ghum, tra di tional pro grams uti liz ing in bred
line se lec tion and de vel op ment will con tinue to drive most sor ghum breed ing pro grams world -
wide. The suc cess ful merg ing of genomic tech nol o gies, such as the mod i fied marker-as sisted se -
lec tion ped i gree pro gram and the RTDS tech nol ogy, with tra di tional plant breed ing tools of fers
great prom ise to fur ther en hance sor ghum and to re al ize the tre men dous yield po ten tial that is in -
her ent in sor ghum, a re cord 24,000 kg ha-1.
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QUAN TI TA TIVE GE NET ICS IN SOY BEAN: IS DOM I NANCE IM POR TANT?

Jo seph W. Bur ton
Soy bean & Ni tro gen Fix a tion Unit, USDA, 3127 Ligon St., Ra leigh, NC 27607

Email: Jo seph.bur ton@ars.usda.gov

Ab stract

In soy beans, dom i nance is gen er ally con sid ered to be non-ex is tent or of lit tle im por tance.
Be cause ge netic vari a tion due to dom i nance dis si pates rap idly with in breed ing, dom i nance
would pre sum ably not be use ful in breed ing soy bean cultivars which are highly in bred. Yet, there
is ev i dence for heterosis in soy bean, and in breed ing de pres sion (ev i dence for dom i nance) has
also been re ported. Heterosis can have sev eral ge netic causes. These in clude a greater num ber of
fa vor able (dom i nant) al leles in the F1 hy brid then in the two par ents sin gly; linked dom i nant al -
leles that com ple ment each other by mask ing less fa vor able al leles, and/or through du pli cate
gene in ter ac tion; and al leles that pro duce sim i lar ef fects as homo zy gotes, but in ter act when het -
ero zy gous or heterologous. All of the above can be fixed in pure-lines ex cept heterosis due to sin -
gle lo cus allelic in ter ac tion. Thus, heterosis mea sured in F2 bulk per for mance may be a use ful way 
to pre dict the value of a cross. Early gen er a tion test ing may also be use ful if it can be eco nom i -
cally in cor po rated in a prac ti cal breed ing pro gram.

Key words: dom i nance, epistasis, heterosis, in breed ing de pres sion, soy bean, yield

In tro duc tion

Clas si cal quan ti ta tive ge netic stud ies with soy beans (Glycine max (L.) merr.) have tended to
show that most ge netic vari a tion for seed yield to be due to ad di tive ef fects and ad di tive x ad di tive
epistasis (Brim & Cockerham, 1961; Hansen, et al., 1967). Much soy bean breed ing prac tice in clud -
ing sin gle seed de scent (Brim, 1966) and re cur rent se lec tion (Kenworthy & Brim, 1979; Bur ton et
al., 1990; Rose et al., 1992) has been pred i cated on the the ory that the pre pon der ance of ge netic
vari ance in soy bean breed ing pop u la tions is ad di tive which in creases rap idly with selfing. These
and re lated breed ing meth ods are re spon si ble for much of the im prove ment in soy bean yield po -
ten tial in the mod ern era.

Ge netic vari a tion due to dom i nance has been gen er ally dis re garded in soy bean breed ing.
There are sev eral rea sons for this. Fore most may be that soy bean cultivars are highly in bred and
to date, F1 hy brids are not pro duced com mer cially. Pro duc ing F1 seeds re quires la bo ri ous hand
pollinations that pro duce too few seeds for stan dard yield tests. So plant breed ers rarely ob serve
heterosis in their nor mal ac tiv i ties. And in breed ing de pres sion, good ev i dence of dom i nance, is
also rarely ob served. Fi nally, soy bean is a self-pol li nated spe cies and ge netic vari a tion due to
dom i nance di min ishes rap idly with each gen er a tion of self-pol li na tion. Know ing that, a plant
breeder prob a bly finds dom i nance of lit tle in ter est, see ing no ob vi ous way to use it to ad van tage.

It is my in ten tion in what fol lows to pres ent ev i dence for dom i nance in soy bean breed ing
lit er a ture, fo cus ing only on seed yield. Briefly, I will pres ent ge netic ex pla na tions that have been
pro posed for the pres ence of dom i nance in an autogamous spe cies like soy bean and ex plore ways
that dom i nance might be use ful in soy bean breed ing.

Re sults from self-fer til iza tion de signs

Hand pollinations are la bo ri ous. Rates of suc cess, av er age about 35% of pol li na tion at -
tempts and each suc cess ful pol li na tion re sults in only 1 to 3 seeds. Be cause of this, quan ti ta tive
ge netic ex per i ments that pro vide good es ti mates of ad di tive and dom i nance vari ance have not
been con ducted. In stead, nested self-fer til iza tion de signs were used which typ i cally pro vide lim -
ited in for ma tion on dom i nance (Cockerham, 1983). Three of these stud ies were pub lished in -
volv ing a to tal of 5 biparental pop u la tions and an anal y sis that con sid ered the F2 pop u la tion as
the ref er ence pop u la tion for the es ti mates of ge netic vari ance. Gates et al (1960) and Crois sant
and Torrie (1971) found only ad di tive vari ance and no ev i dence for sig nif i cant dom i nance in the
three pop u la tions they worked with. A reanalysis of the Gates et al. (1960) data with a pop u la tion
of de rived ho mo zy gous lines as the ref er ence pop u la tion, showed ad di tive x ad di tive vari ance to
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be greater than the ad di tive vari ance, but stan dard er rors on the es ti mates were large (Hanson
and Weber, 1961). In ad di tion to prog e nies of selfed gen er a tions (F3, F4 and F5) of two biparental
pop u la tions, Brim & Cockerham (1961) in cluded selfed prog eny of paired F2:3 fam ily mat ings in
their yield tests. In both pop u la tions, es ti mates of ad di tive vari ance for yield were larger than
dom i nance vari ance es ti mates in both pop u la tions, es ti mates of dom i nance vari ance were
smaller than their stan dard er rors. Es ti mates of ad di tive x ad di tive vari ance were neg a tive. So
epistasis was as sumed to be neg li gi ble.

Diallel ex per i ments

A some what dif fer ent anal y sis of gene ac tion in soy bean has emerged from stud ies of
diallel crosses. While there are sev eral ways to an a lyze and in ter pret data from a diallel cross, ac -
cord ing to Griffing (1956), sig nif i cant es ti mates of gen eral com bin ing abil ity (GCA) in di cate ad -
di tive and ad di tive types of epistasis and sig nif i cant spe cific com bin ing abil ity (SCA) in di cate
dom i nance and all types of epistasis. Diallel ex per i ments with the F1 gen er a tion of ten in volved
field grown spaced plants and yield mea sured as grams per plant. In a re view of five such stud ies
of non-ran dom sets of in bred par ents, vari a tion due to GCA was found to be 1.6 and 1.9 times
greater than SCA vari a tion in three of the stud ies. In the other two, spe cific com bin ing abil ity was 
nonsignificant (Bur ton, 1987). Us ing the Hay man (1954) diallel anal y sis which as sumes no
epistasis, Harer and Deshmukh (1991) and El-Sayad et al., (2005) found dom i nance vari a tion to
be greater than ad di tive vari a tion. Pandini et al. (2002) us ing the anal y sis sug gested by Gardner
and Eberhart (1966) also found sig nif i cant non-ad di tive ef fects.

The ex per i ments sum ma rized above used diallel crosses of be tween 6 and 10 par ents.
Taken to gether this is a di verse sam pling of soy bean lines and va ri et ies from germplasm pools in
In dia, United States, Egypt, and Brazil. Even though the re sults are am big u ous re gard ing dom i -
nance, they are clear ev i dence of sig nif i cant non-ad di tive gene ef fects for sin gle spaced plant
yield. Sim i lar re sults have been re ported for diallel ex per i ments in which the F2 gen er a tion was
tested in plots that pro vided a better es ti mate of line or cultivar pro duc tiv ity. Leffel and Hanson
(1961) found dom i nance vari ance to be 2.4 times the ad di tive (us ing the Hay man no-epistasis
anal y sis). Loiselle et al. (1990) fol low ing the Gardner and Eberhart (1966) anal y sis II, found sig -
nif i cant va ri ety (GCA) ef fects for yield at all lo ca tions and sig nif i cant spe cific heterosis (SCA) ef -
fects at one of the three lo ca tions. Cho and Scott (2000) found GCA ef fects for yield to be large
com pared to SCA ef fects. The ra tion 2GCA/2GCA + SCA, was 0.93 which is ev i dence that most
of the vari a tion was ad di tive and ad di tive x ad di tive epistasis (Baker, 1978). Gizlice et al. (1993)
found sig nif i cant GCA, but nonsignificant SCA in a 5 par ent half-diallel of an ces tor cultivars
tested as F2 bulks.

Gen er a tion means

Heterosis, i.e. sig nif i cant de vi a tion of F1 or F2 gen er a tion means from the mid-par ent (par -
ent av er age), is ev i dence of non-ad di tive ge netic ef fects. This may be due to ei ther epistasis or
dom i nance (Compton, 1977). In breed ing de pres sion, i.e. a de crease in gen er a tion means with in -
breed ing, is ev i dence of dom i nance ge netic ef fects.

A re view of nine ex per i ments in which a to tal of 260 F1’s from biparental crosses were com -
pared with their par ents in a spaced plant field de sign, the mean per cent age high par ent heterosis
of F1’s was 13.4 (Ta ble 1). Fifty-five per cent of those com bi na tions had F1 yields greater than the
high par ent. The av er age per cent age mid-par ent heterosis of the F1’s was 25.7%. Cerna et al.
(1997) tested 16 F1’s in a rep li cated spaced plant de sign (2 years, 2 lo ca tions) and found sig nif i cant 
midparent and high-par ent heterosis for 11 and 5 of the crosses, re spec tively. 

F1 seeds for test ing in stan dard yield-row plots were gen er ated by man ual pollinations
(Brim and Cockerham, 1961; Hillsman and Carter (1981); Bur ton and Brownie (2006) and by in -
sect pol li na tion us ing ge net i cally male-ster ile (ms2ms2 or ms6ms6) fe male par ents (Nel son and
Ber nard, 1984; Lewers et al., 1998). Brim and Cockerham (1961) found an av er age of 20% high
par ent heterosis for the F1’s of two crosses; Hillsman and Carter re ported an av er age 6.2% high
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par ent heterosis among the F1’s of 8 crosses; Nel son and Ber nard (1984) re ported an av er age
3.3% high par ent heterosis among 37 crosses. Of the 46 crosses from the 3 ex per i ments, 32 (68%)
had F1 yields greater then the par ent yield (Ta ble 1). More re cently, Lewers et al. (1998) made 36
testcrosses us ing 3 isolines of Clark and 3 isolines of Harosoy as male par ents and 6 ge net i cally di -
verse soy bean lines as fe male par ents. The 36 test crosses were yield tested and av er age F1
mid-par ent heterosis be tween 9.3% and 2.5% was re ported. Bur ton and Brownie (2006) found
16% and 5% F1 high-par ent heterosis for yield. F2 bulks have also been tested in stan dard yield
plots along with par ents. In four such ex per i ments av er age mid-par ent heterosis was found to be
8%, 11%, 9% and 7% (Weiss et al., 1947; Loiselle et al., 1990; Gizlice et al., 1993;
Manjarrez-Sandoval et al., 1997).

Ta ble 1. Av er age yield heterosis ex pressed as a per cent of the midparent and/or as a per cent of the high
par ent.

F1 yield of
spaced
plants†

F1 yield in
row plots‡

F1 yield in
single
rows§

Loiselle
etal.

(1990)#

Gizlice et
al. (1993) ¶

Manjarrez-
Sandoval

et al (1997) 
††

Lewers et
al. (1998)‡‡

Burton &
Brownie
(2006) §§

Mean %
midparent
heterosis

24.9 9.6 48.2 10.8 9.3 6.8 5.0 —-

Mean %
high

parent
heterosis

13.4 4.5 —- —- —- 3.1 —- 10.5

%F1’s >
midparent

78.1 93.6 —- —- —- —- 83 100

%F1’s >
high

parent
54.6 68.1 —- —- —- —- —- 100

†Av er age of re sults re ported in 9 ex per i ments, 260 dif fer ent F1’s (Bur ton, 1987; Mehta et al., 1984; Kunta, et al.,
1985; Dayde et al., 1989)
‡ Av er age of re sults re ported in 3 ex per i ments, 47 dif fer ent F1’s (Bur ton, 1987)
§Av er age re sults of 2 ex per i ments, 24 F1’s, sin gle rows, 1 yr., 1 lo ca tion, 3 rep li ca tions, per plant yield re ported
(Chauhan, & Singh, 1982; Rahangdale and Raut, 2002)
# 55 F2 bulks, 4-row yield plots, 3 rep li ca tions, 3 lo ca tions, 1 year
¶ 10 F2 bulks, 3-row yield plots, 3 rep li ca tions, 2 lo ca tions, 2 years
†† 24 F2 bulks, 3-row yield plots, 8 rep li ca tions, 2 lo ca tions, 1 year
‡‡ 36 F1’s, 3-row yield plots, 3 rep li ca tions, 2 years
§§ 2 F1’s, 3-row yield plots, 3 rep li ca tions, 3 lo ca tions, 2 years

Sig nif i cant in breed ing de pres sion has been ob served where in bred gen er a tion bulks have
been yield tested to gether in the same field ex per i ment (Weiss et al., 1943; Brim and Cockerham,
1961; Lewers et al., 1998; Bur ton and Brownie, 2006; Rahangdale and Raut, 2002). When gen er a -
tion means were re gressed on per cent age in breed ing, av er age lin ear de clines of -6.64 kg/ha-1 and
-5.59 ha-1 (Brim and Cockerham, 1961) and -5.73 kg/ha-1 and -2.79 kg/ha-1 (Bur ton and Brownie,
2006) were found. De vi a tions from lin ear ity were non-sig nif i cant in both ex per i ments.

Taken to gether, ob ser va tions of both heterosis and in breed ing de pres sion are strong ev i -
dence that dom i nance ge netic ef fects for seed yield are prob a bly im por tant in prog eny of many
cross com bi na tions. Ef forts to re late yield heterosis to pa ren tal ge netic dis tance or coancestry
have had mixed suc cess (Nel son and Ber nard, 1984; Gizlice et al., 1993; Cerna et al., 1997;
Manjarrez-Sandoval et al., 1997).

Ge net ics of dom i nance in breed ing de pres sion

There are likely sev eral ge netic causes for heterosis and in breed ing de pres sion in soy bean.
Be ing a self-pol li nated spe cies, it is un likely that soy beans carry a ge netic load of ma jor del e te ri -
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ous genes that would con trib ute to in breed ing de pres sion. How ever, soy bean is an an cient
polyploid orig i nat ing from at least two ge nome du pli ca tions (Schlueter et al., 2004). So there are
many homeologous re gions in the ge nome with genes pres ent in 2 or more cop ies. Gene du pli ca -
tions con trib ute to the con ser va tion of func tional but mildly del e te ri ous genes (Hus band and
Schemske, 1996) which would partly ex plain heterosis in an F1 hy brid that com bined fa vor able al -
leles at both loci, one con trib uted by each par ent. F1 heterosis could be sim ply due to a greater
num ber of these fa vor able (dom i nant) loci in the hy brid than ei ther par ent sin gly. Du pli cate fa -
vor able al leles may com ple ment each other ei ther sin gly or as linked dom i nant al leles that are in -
her ited to gether as sug gested by Bingham (1998).

Overdominance, the in ter ac tion of al leles at a sin gle lo cus is also a pos si bil ity. Ge netic con -
trol of quan ti ta tive traits may be due to mul ti ple dos age de pend ant reg u la tory loci (Birchler et al., 
2003). Heterosis is pro duced when al lele dif fer ences at those loci ef fect struc tural gene ex pres -
sion. Un equal allelic ex pres sion has been ob served in hy brids due to dif fer ences in gene reg u la -
tion (Ad ams, 2007). Mackey (1990) sug gested that du pli cate genes at homeologous re gions might 
in ter act sim i larly to het ero zy gous al leles at a sin gle lo cus, and pro duce an overdominance-like ef -
fect.

Dom i nance in soy bean breed ing

Be cause there is cur rently no ef fec tive and eco nom i cal way to pro duce F1 hy brid seeds
dom i nance ef fects can not be ex ploited di rectly in soy bean pro duc tion. How ever, all of the ge -
netic causes for heterosis dis cussed above, can be fixed with in breed ing with the ex cep tion of
overdominance at sin gle loci. Overdominant or dom i nant ef fects at du pli cate loci be come ad di -
tive x ad di tive ef fects with in breed ing. Thus, the im me di ate way to use dom i nance would be to
use F1 or F2 heterosis as a cri te rion for se lec tion among a set of crosses. While F1 seeds are dif fi -
cult to pro duce, F2 seeds can eas ily be pro duced in an off-sea son nurs ery and tested as bulks in the 
fol low ing sea son. Those crosses with the best per for mance can be se lected for fur ther in breed ing
us ing sin gle seed de scent or some other stan dard breed ing prac tice. This is an old idea that was
sug gested for use in wheat and bar ley breed ing (Har ring ton, 1944; Lupton, 1961, Weinhues,
1968) and used with some suc cess. In soy bean, Weiss et al., (1947) found the cor re la tion be tween
F2 bulk per for mance and num ber of high yield ing lines se lected from crosses to be low. Per haps
be cause of this re sult, the prac tice was never widely tested or used in soy bean. Also, it was gen er -
ally ac cepted that most vari a tion was ad di tive or ad di tive x ad di tive, so cross ing a good par ent
with an other good par ent was the only cross pre dic tion that was needed. Of course, the suc cess of
soy bean breed ing over the past 50 years has been based on the ex ploi ta tion of ad di tive vari ance.
But plant breed ers still need ways to dis tin guish be tween good and me di o cre breed ing pop u la -
tions. F2 bulk per for mance may be a way to make that dis tinc tion.

Lewers et al., (1998) has sug gested us ing testcrosses of a high yield ing line to plant in tro duc -
tions as a way of find ing those which can bring ge netic di ver sity into a breed ing pro gram with no
loss in pro duc tiv ity. Choos ing those testcrosses that show F2 heterosis should be com bi na tions
that would have a higher prob a bil ity of gen er at ing pro duc tive in bred lines.

Fi nally, if there is sig nif i cant dom i nance, early gen er a tion test ing (EGT) may be war ranted. 
In soy beans, EGT is dif fi cult to do, again be cause of low seed sup ply in early gen er a tions, and the
ex pense as so ci ated with it. But EGT would prob a bly im prove breed ing suc cess if an eco nom i cal
and ef fi cient method could be de vised. Mo lec u lar maker tech nol ogy may be useful in this regard.

Con clu sion

A re view of ev i dence for heterosis and in breed ing breed ing de pres sion in soy bean breed -
ing lit er a ture sug gests that dom i nance ge netic ef fects can be sig nif i cant in the F1 and F2 gen er a -
tions of many biparental crosses. While this dom i nance can not be ex ploited di rectly in F1 hy brid
pro duc tion, it may be use ful for se lec tion among breed ing pop u la tions, and also suc cess fully ex -
ploited in an ef fi cient eco nom i cal early gen er a tion test ing method.

Ac knowl edge ment
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The au thor would like to thank Con nie Bryant for her as sis tance in pre par ing and ed it ing
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USE OF WILD HELIANTHUS SPE CIES IN SUN FLOWER BREED ING

Ger ald J. Seiler, Chao-Chien Jan, Thomas Gulya 
USDA-ARS, North ern Crop Sci ence Lab o ra tory, Sun flower Unit, 

1307 18th Street North, Fargo, North Da kota, USA
E-mail: ger ald.seiler@ars.usda.gov

Ab stract

The ge nus Helianthus con sists of 51 spe cies and 19 sub spe cies with 14 an nual and 37 pe ren -
nial spe cies. The cur rent USDA-ARS wild Helianthus germplasm col lec tion con tains 2150 ac ces -
sions, 1369 an nual spe cies ac ces sions and 781 pe ren nial spe cies ac ces sions. The nar row ge netic
base of cul ti vated sun flower has been broad ened by the in fu sion of genes from wild spe cies,
which have pro vided a con tin ued source of ben e fi cial ag ro nomic traits. Trans fer of genes from
the dif fi cult-to-cross wild pe ren nial Helianthus spe cies has been en hanced by cul tur ing of oth er -
wise abor tive interspecific hy brid em bryos, mak ing these spe cies widely avail able for breed ing
pur poses, ei ther for spe cific ma jor gene trans fer or for the trans fer of quan ti ta tive trait genes. Sig -
nif i cant prog ress has been made in iden ti fy ing genes in the wild spe cies and the de vel op ment of
germplasm with re sis tance to new races of downy mil dew, rust, broom rape and other per sis tent
dis eases such as Sclerotinia stalk and head rot. In ad di tion, sev eral cy to plas mic male-ster ile
sources and cor re spond ing fer til ity res to ra tion genes have been iden ti fied, to gether with new
genes help ing to im prove oil qual ity, her bi cide re sis tance, and salt tol er ance. Thus far, only a
small por tion of the avail able ge netic di ver sity of the wild Helianthus spe cies has been uti lized
glob ally. There is no doubt that wild Helianthus spe cies will con tinue to en hance new ge netic vari -
abil ity of the crop, and help main tain sun flower as a vi a ble ma jor global oil seed crop.

Key words: ge netic re sources, ge netic di ver sity, Helianthus spe cies, interspecific hy brid iza -
tion, prebreeding

In tro duc tion

Crop wild rel a tives, which in clude the pro gen i tors of the crop as well as the other spe cies
more or less closely re lated to them, have been ben e fi cial to mod ern ag ri cul ture, pro vid ing plant
breed ers with a broad pool of po ten tially use ful ge netic re sources. The use of crop wild rel a tives
to im prove crop per for mance is well es tab lished with ex am ples dat ing back more than 60 years in
sugar cane (Hajjar & Hodg kin, 2007). The wild spe cies of sun flower are a valu able ge netic re -
source for im prov ing the sun flower crop (Jan et al., 2008; Jan & Seiler, 2007). Hajjar & Hodg kin
(2007) re ported that wild sun flower spe cies have con trib uted seven traits for cul ti vated sun flower 
im prove ment in clud ing pest and dis ease re sis tance, abiotic stress (salt tol er ance), her bi cide tol er -
ance, male ste ril ity, and fer til ity res to ra tion. The es ti mated eco nomic con tri bu tion of the wild
spe cies to the cul ti vated sun flower is $384 mil lion per year (Prescott-Al len & Prescott-Al len,
1986). An other es ti mate is $269.5 mil lion per year (Phil lips & Meilleur, 1998). Sun flower pro duc -
tion con tin ues to face chal lenges from both abiotic and bi otic fac tors as well as from to day’s
ever-chang ing mar ket needs as pro duc tion is shift ing from ar eas of high pro duc tiv ity to mar ginal
ar eas with lower yield po ten tial. The crop has been far ing quite well; how ever, the lim ited ge netic
vari abil ity in cul ti vated sun flower has placed the crop in a vul ner a ble po si tion should any ma jor
shifts of dis ease races or pests oc cur. The uni form use of a sin gle CMS PET1 (French) cy to plasm
and a few fer til ity res to ra tion genes for world wide hy brid sun flower pro duc tion makes the crop
ex tremely vul ner a ble. This pa per will dis cuss the im por tance and the uti li za tion of the wild sun -
flower spe cies for in creas ing the ge netic di ver sity in cul ti vated sun flower.

Wild Helianthus germplasm col lec tion. The USDA-ARS Na tional Plant Germplasm Sys -
tem (NPGS) sun flower col lec tion is main tained at the North Cen tral Re gional Plant In tro duc tion 
Sta tion (NCRPIS) in Ames, Iowa, USA. The mis sion of the NCRPIS is to con serve ge net i cally di -
verse crop germplasm and as so ci ated in for ma tion, to con duct germplasm-re lated re search, and
to en cour age the use of germplasm and as so ci ated in for ma tion for re search, crop im prove ment
and prod uct de vel op ment. The wild spe cies col lec tion con tains all 37 pe ren nial spe cies and 14 an -
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nual spe cies (Schil ling, 2006). Cul ti vated sun flower is rep re sented by a sin gle spe cies, Helianthus
annuus. The NPGS sun flower col lec tion is a di verse as sem blage of 3850 ac ces sions: 1708 cul ti -
vated Helianthus annuus ac ces sions (44%) from 59 coun tries, 932 wild Helianthus annuus ac ces -
sions (25%), 437 ac ces sions rep re sent ing 13 other wild an nual Helianthus spe cies (11%), and 773
ac ces sions rep re sent ing 37 pe ren nial Helianthus spe cies (20%).  This col lec tion is one of the larg -
est and most ge net i cally di verse seed col lec tions in the world, and it is vi tal to the con ser va tion of
Helianthus germplasm.  Over 14,000 sam ples of wild sun flower ac ces sions from this col lec tion
have been dis trib uted to more than 365 re search ers from 34 dif fer ent coun tries over the last 28
years.

Col lec tion of germplasm not only fa cil i tates pres er va tion of germplasm, but it also pro vides 
valu able in for ma tion about the di verse hab i tats oc cu pied by wild sun flow ers and as so ci ated spe -
cies. This in for ma tion is par tic u larly im por tant for the ge nus Helianthus be cause of the co-evo lu -
tion of its spe cies and as so ci ated na tive in sects and patho gens. Knowl edge of a par tic u lar hab i tat
and ad ap ta tions of a spe cies oc cur ring therein can of ten help to iden tify po ten tial sources of
genes for de sired traits. Based on the hab i tat of a spe cies and its im me di ate en vi ron ment, se lec -
tion of po ten tial spe cies for a par tic u lar char ac ter is tic may be come eas ier, more ac cu rate, and
more ef fi cient.

Interspecific hy brid iza tion. In re cent years there has been con sid er able in ter est in
interspecific hy brid iza tion for trans fer ring unique genes from wild spe cies into cul ti vated lines
for the de vel op ment of pre-breed ing pop u la tions for sun flower im prove ment. This pro ce dure al -
lowed for the pro duc tion of interspecific com bi na tions not pre vi ously avail able and has fa cil i -
tated ad di tional stud ies of spe cies re la tion ships not pre vi ously pos si ble. Wild sun flower spe cies
and cul ti vated sun flower can gen er ally be crossed, but the di ver gence and het er o ge ne ity of the
ge nus causes con sid er able dif fi cul ties, such as cross-in com pat i bil ity, em bryo abor tion, ste ril ity,
and re duced fer til ity in interspecific hy brids. Cul ti vated sun flower is grown pri mar ily as a sin -
gle-cross hy brid. It is the sec ond larg est hy brid crop in the world, af ter maize. As a hy brid crop,
much ef fort has gone into cre at ing ge net i cally di verse in bred lines. A con sid er able amount of this
di ver sity has come from the wild an ces tors with ag ro nomic traits introgressed into the crop spe -
cies. The de vel op ment of a two-step em bryo pro ce dure by Chan dler & Beard (1983) and used by
Kräuter et al. (1991) greatly fa cil i tated interspecific hy brid iza tion in sun flower.

Patho gen re sis tance. Wild sun flower spe cies have been a valu able source of re sis tance
genes for many of the com mon patho gens of cul ti vated sun flower. Helianthus annuus, H. petiolaris, 
and H. praecox are ma jor sources of genes for Verti cilli um wilt (Verti cilli um dahliae) re sis tance
(Hoes et al., 1973). These spe cies plus H. argophyllus are also ma jor sources of re sis tance genes for
downy mil dew (Plasmopara halstedii) and rust (Puccinia helianthi) in cul ti vated sun flower. Re sis -
tance genes for these patho gens oc cur fre quently in the wild an nual spe cies (Tan et al., 1992;
Quresh et al., 1993). Re sis tance to broom rape (Orobanche cumana) has been ob served in most of
the wild pe ren nial spe cies (Fernández-Martínez et al., 2000). Phoma black stem (Phoma
macdonaldii) re sis tance has been re ported in sev eral pe ren nial spe cies, H. decapetalus, H. eggertii,
H. hirsutus, H. resinosus and H. tuberosus (Skoric, 1985). Phomopsis stem can ker (Phomopsis
helianthi) re sis tance has been found in perennials H. maximiliani, H. pauciflorus, H. hirsutus, H.
resinosus, H. mollis, and H. tuberosus (Skoric, 1985; Dozet, 1990). Sim i larly, Alternaria leaf spot
(Alternaria helianthi) re sis tance was ob served in perennials H. hirsutus, H. pauciflorus, and H.
tuberosus (Mor ris et al., 1983), while Rhizopus head rot (Rhizopus arrhizus) re sis tance has been ob -
served in perennials H. divaricatus, H. hirsutus, H. resinosus, and H. x laetiflorus (Yang et al., 1980).
Pow dery mil dew (Erysiphe cichoracearum) re sis tance was found in an nu als H. debilis ssp. debilis,
H. bolanderi, and H. praecox (Saliman et al., 1982; Jan & Chan dler, 1985). Sclerotinia (Sclerotinia
sclerotiorum) head rot tol er ance has been ob served in perennials H. resinosus, H. tuberosus, H.
decapetalus, H. grosseserratus, H. nuttallii, and H. pauciflorus (Pustovoit & Gubin, 1974;
Mondolot-Cosson & Andary, 1994; Ronicke et al., 2004). Sclerotinia root rot tol er ance was found 
in perennials H. mollis, H. nuttallii, H. resinosus, and H. tuberosus (Skoric, 1987), while Sclerotinia
stalk rot tol er ance was ob served in an nual H. praecox, and perennials H. pauciflorus, H. giganteus,
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H. maximiliani, H. resinosus, and H. tuberosus (Skoric, 1987). The stalk rot re sis tance in hexaploid
pe ren nial H. californicus is be ing trans ferred into cul ti vated sun flower (Feng et al., 2006). Five
interspecific amphiploids de rived from pe ren nial H. strumosus, H. grosseserratus, H. maximiliani,
H. nuttallii and H. divaricatus ap pear to have stalk rot re sis tance (Jan et al., 2006).

In sect re sis tance. Wild sun flow ers are na tive to North Amer ica, where their as so ci ated in -
sect her bi vores and entomophages co-evolved in nat u ral com mu ni ties. This pro vides the op por -
tu nity to search for in sect re sis tance genes in the wild spe cies. North Amer ica has the larg est
losses due to in sect pests. In the ma jor pro duc tion ar eas there are about 15 prin ci pal in sect pests
of cul ti vated sun flower, and of this to tal, about six are con sid ered im por tant eco nomic pests from
year to year (Charlet & Brewer, 1997). Sun flower moth (Homoeosoma electellum) tol er ance was
ob served in an nual H. petiolaris, and perennials H. maximiliani, H. ciliaris, H. strumosus, and H.
tuberosus (Rog ers et al., 1984). Stem wee vil (Cylindrocopturus adspersus) tol er ance oc curs in
perennials H. grosseserratus, H. hirsutus, H. maximiliani, H. pauciflorus, H. salicifolius, and H.
tuberosus (Rog ers & Seiler, 1985). Sun flower bee tle (Zygogramma exclamationis) tol er ance was
ob served in an nu als H. agrestis and H. praecox, and perennials H. grosseserratus, H. pauciflorus, H.
salicifolius, and H. tuberosus (Rog ers & Thomp son, 1978; 1980). Charlet & Seiler (1994) found in -
di ca tions of re sis tance to the red sun flower seed wee vil (Smicronyx fulvus)in sev eral Helianthus
spe cies.

Oil and oil qual ity. Vari abil ity for oil con cen tra tion ex ists in the wild spe cies. While oil con -
cen tra tion is lower in the wild spe cies than in cul ti vated sun flower, back cross ing to cul ti vated
lines quickly raises the oil con cen tra tion to an ac cept able level. An nual H. anomalus has the high -
est oil con cen tra tion re corded for a wild sun flower spe cies with 460 g kg-1 (Seiler, 2007), fol lowed
by H. niveus ssp. canescens with 402 g kg-1, H. petiolaris with 377 g kg-1, and H. deserticola with 343 g
kg-1. Pe ren nial H. salicifolius has a con cen tra tion of 370 g kg-1 (Seiler, 1985). Cul ti vated sun flower
gen er ally con tains 450 to 470 g kg-1. The linoleic fatty acid con cen tra tion in the oil of H. anomalus
pop u la tions was un char ac ter is ti cally high for a south ern desert en vi ron ment, ap proach ing 700 g
kg-1 (Seiler, 2007). A linoleic acid con cen tra tion of 540 g kg-1 in H. deserticola is more typ i cal for a
south ern desert en vi ron ment. Cul ti vated sun flower grown at north ern lat i tudes gen er ally has
linoleic acid con tents over 680 g kg-1, while these in south ern lat i tudes have ap prox i mately 550 g
kg-1. Re duced con cen tra tions of sat u rated palmitic and stearic fatty ac ids have been ob served in a 
pop u la tion of wild H. annuus that had a com bined palmitic and stearic acid con cen tra tion of 58 g
kg-1 (Seiler, 1998). This is 50% lower than the oil con cen tra tion of cul ti vated sun flower. A com -
bined palmitic and stearic acid con cen tra tion of 65 g kg-1 was ob served in a wild pe ren nial spe cies, 
H. giganteus (Seiler, 1998).

Cy to plas mic male ste ril ity. Sun flower is the only Asteraceae in which the cy to plas mic
male-ster ile (CMS) sys tem is known to ex ist. A sin gle male-ster ile cy to plasm, PET1, de rived
from H. petiolaris ssp. petiolaris (Leclercq, 1969), and the iden ti fi ca tion of dom i nant fer til ity res to -
ra tion genes (Enns et al., 1970; Kinman, 1970; Vranceanu & Stoenescu, 1971) ad vanced sun flower 
pro duc tion from the use of open-pol li nated cultivars to hy brid pro duc tion 35 years ago. This
source of cy to plas mic male ste ril ity and a few fer til ity res to ra tion genes, in clud ing the widely
used Rf1 and Rf2 genes, have been used ex clu sively for sun flower hy brid pro duc tion world wide
(Fick & Miller, 1997). Sev enty CMS sources have been iden ti fied from prog e nies of crosses be -
tween wild Helianthus ac ces sions and cul ti vated lines, from wild ac ces sions grown in ob ser va tion
nurs er ies, or from in duced mu ta tion. Fer til ity res to ra tion genes have been re ported for 34 CMS
sources, and de tailed in her i tance stud ies have been con ducted for 19 of 34 sources (Serieys,
2002).

Salt tol er ance. Sev eral spe cies of Helianthus are na tive to salt-im pacted hab i tats.
Interspecific germplasm with high salt tol er ance, with stand ing salt con cen tra tions up to EC 24.7 d 
Sm-1, have been iden ti fied from an nual H. paradoxus. It ap pears that one ma jor gene con trols salt
tol er ance, al though a mod i fier gene may also be pres ent, pos si bly re ces sive in con trol (Miller,
1995). Two salt-tol er ant pa ren tal oil seed maintainer lines, HA 429 and HA 430, have been re -
leased (Miller & Seiler, 2003).
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Her bi cide tol er ance. A wild pop u la tion of an nual H. annuus from a soy bean field in Kan sas,
USA, that had been re peat edly treated with imazethapyr her bi cide for seven con sec u tive years
de vel oped re sis tance to the imidazolinone and sulfonylurea her bi cides (Al-Khatib et al., 1998).
Re sis tance to imidazolinone and sulfonylurea her bi cides has great po ten tial for pro duc ers in all
re gions of the world for con trol ling sev eral broadleaf weeds. Sev eral pop u la tions of wild sun -
flower (H. annuus and H. petiolaris) from the USA and Can ada have been screened for re sis tance
to these two her bi cides. Eight per cent of 50 wild sun flower pop u la tions had some re sis tance to
imazamox and 57% had some re sis tance to tribenuron, a sulfonylurea her bi cide in the cen tral
USA (Olson et al., 2004). In Can ada, 52% of 23 wild H. annuus pop u la tions had some re sis tance to 
tribenuron (Miller & Seiler, 2005). Ge netic stocks IMISUN-1 (oil maintainer), IMISUN-2 (oil re -
storer), and IMISUN-3 (con fec tion maintainer) with re sis tance to imidazolinone her bi cides have
been de vel oped and re leased (Al-Khatib & Miller, 2000). Miller & Al-Khatib (2002) also re -
leased one oil seed maintainer and two fer til ity re storer breed ing lines with imidazolinone her bi -
cide re sis tance. Ge netic stocks SURES-1 and SURES-2 with re sis tance to the sulfonylurea her bi -
cide tribenuron have been de vel oped and re leased by Miller & Al-Khatib (2004). In ad di tion, the
two her bi cides may con trol broom rape in ar eas of the world where this par a sitic weed at tacks
sun flower (Alonso et al., 1998).

Con clu sions and pro spec tive. Sig nif i cant prog ress has been made in in creas ing the num ber
of ac ces sions in the wild sun flower spe cies col lec tion to pre serve the wild spe cies and in crease the
avail able ge netic di ver sity for im prove ment of the sun flower crop. Interspecific gene trans fer for
sun flower im prove ment has been prac ticed since the very early years by breed ers in the For mer
So viet Un ion and it has con tin ued to play a key role as the crop de vel oped into a ma jor global oil -
seed crop. Re cent ad vances in cul tur ing of oth er wise abor tive interspecific hy brid em bryos are
highly ef fec tive for mak ing the dif fi cult-to-cross wild pe ren nial Helianthus spe cies crosses avail -
able for breed ing pur poses, ei ther for spe cific ma jor gene trans fer or for the trans fer of quan ti ta -
tive trait genes. Sig nif i cant re sults have been re ported on sun flower germplasm de vel op ment
with re gard to re sis tance to new races of downy mil dew, rust, broom rape and other ma jor dis -
eases. In ad di tion, new CMS and cor re spond ing fer til ity res to ra tion genes have been con tin u -
ously iden ti fied to gether with new genes help ing to im prove oil qual ity, her bi cide re sis tance, and
salt tol er ance. Thus far, only a small por tion of the avail able ge netic di ver sity of the wild
Helianthus spe cies has been used glob ally. There is no doubt that wild Helianthus spe cies will con -
tinue to in crease the ge netic vari abil ity avail able to sun flower breed ers and en hance the fu ture of
sun flower as a ma jor global oil seed crop.
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Abstract

Based on FAO statement it is estimated that world-wide existing germplasm collections
contain more than 6 million accessions of plant genetic resources of which wheat (Triticum and
Aegilops) represents the biggest group with about 800,000 accessions. One of the four largest ex

situ genebanks of the world is located at the Leibniz-Institute of Plant Genetics and Crop Plant
Research in Gatersleben. This collection comprised wild and primitive forms, landraces as well as
old and more recent cultivars of mainly cereals but also other crops. Starting in the 1920’s mate-
rial was accumulated systematically. The collection is supplemented by genetic stocks created
during the last 50 years. These stocks include single chromosome substitution lines, single chro-
mosome recombinant lines, recombinant inbred lines, introgression lines, etc. Beside the long
term storage and frequent regeneration of the material phenotypic characterisation and evalua-
tion data are collected as a prerequisite for gene identification and mapping. In our presentation
we give examples for the successful utilisation of germplasm for the molecular mapping of major
genes and QTL determining morphological and agronomically important traits. Homologous
and homoeologous relationships of detected loci are discussed.

Key words: ex situ collections, genetic resources, genetic mapping, wheat, wild relatives.

Maintenance and management of plant genetic resources - ex situ genebanks

Plant ex situ genebank collections comprise seed genebanks, field genebanks and in vitro

collections. Species whose seed can be dried, without damage, down to low moisture contents,
can be stored in seed banks. Field genebanks and in vitro storage are used primarily for species
which are either vegetatively propagated or which have recalcitrant seeds that cannot be dried
and stored for long periods. In addition, perennial species, for example certain forage species,
which produce small quantities of seed, and long-lived plants (in particular, trees) are also main-
tained this way. It is estimated that worldwide, less than 10% of genebank holdings are stored in
vivo in the field, and less than 1% are conserved in vitro (FAO, 1998).

World-wide existing germplasm collections contain more than 6 million accessions of
which wheat represents the biggest group with about 800,000 samples. Beside the genus Triticum

comprising 788,654 accessions another 21,360 accessions of the wild ancestor Aegilops are main-
tained. A list of the ten world-wide largest germplasm collections by crop is given in table 1
(FAO, 1998).

The German ex situ genebank, located at the Leibniz-Institut für Pflanzengenetik und
Kulturpflanzenforschung (IPK) in Gatersleben, is one of the four largest global collections.
About 150,000 accessions are maintained including cereals (65,000), legumes (28,000), vegeta-
bles (18,000), forage crops (14,000), oil crops (8,000), potatoes (6,000) and medicinal and spice
plants (6,000). As on the global scale wheat (Triticum) is the largest group having 28.000 acces-
sions. The wild relative Aegilops comprises 1,500 samples (Annonymus, 2008).

Seed storage is managed in five large cold chambers, two maintained at 0°C and three at
-15°C. Seeds are kept in glass jars, covered with bags containing silica gel. Each year between 8
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and 10% of the collection is grown either in the field or in the glasshouse. Voucher specimens,
photographs and written documentation are used to monitor the identity of the material. The
germplasm collection is supplemented by genetic stocks created during the last 50 years. These
stocks include single chromosome substitution lines, single chromosome recombinant lines, re-
combinant inbred lines, introgression lines, etc. This material has been used successfully for the
molecular mapping of major genes and QTL determining morphological and agronomically im-
portant traits.

Table 1. The ten largest world-wide germplasm collections by crop (FAO, 1998).

Crop Genus Accessions
Wheat Triticum 788,654
Barley Hordeum 486,724
Rice Oryza 420,341
Bean Phaseolus 268,369
Maize Zea 261,584
Oat Avena 223,287
Soybean Glycine 176,400
Sorghum Sorghum 168,550
Mustard/Rape Brassica 106,923
Apple Malus 97,543

Utilisation of wheat genetic resources ‡ 1. Abiotic stress (Trichomes)

Outgrowths of the epidermis of plant organs, called trichomes or hairs are common in
many plant species. It is supposed that the occurrence of hairs (pubescence) is positively associ-
ated with harsh moisture regimes. A layer of hairs will in most cases decrease the air movement
next to the leaf (or any other plant organ), and thus create a special microclimate being some kind
of buffer. In addition a thick hair cover also protects the surface from intensive solar irradiation.

The genetics of hairiness of several organs including leaves is well studied. Performing F2
monosomic analysis Maystrenko (1976) described a gene for leaf hairiness (Hl1) to be located on
chromosome 4B. Maystrenko (1992) showed that nine cultivars bred in drought environments of
Siberia, Kazakhstan and the Volga region carry one and the same gene (Hl1) for leaf hairiness.
Another dominant gene controlling the hairiness of the auricles and designated Pa (pubescent
auricles) was determined (Maystrenko, 1992). Using ditelosomic lines, both Hl1 and Pa were po-
sitioned on the long arm of chromosome 4B. Linkage between the Hl1 and Pa was calculated to
be 30 cM. Another gene for leaf hairiness (Hl2) was discovered on chromosome 7BS applying
monosomic and telosomic analysis (Taketa et al., 2002).

Beside of wheat, genes for hairiness of leaves are described for barley or rye but also for the
wild relatives of the cultivated cereals. In cultivated barley (Hordeum vulgare L.) a gene for pubes-
cent leaf blade is located on chromosome 3HL (Pub) whereas another gene determining hairy
leaf sheath (Hs syn. Hsh) is known to be located on the long arm of chromosome 4H
pleiotropically linked to Hn syn. Hln determining the trait hairs on lemma (Franckowiak, 1997;
Lundqvist et al., 1997). A homoeologous gene determining hairy leaf sheath in Hordeum bulbosum

L. and designated Hsb was described by Korzun et al. (1999).
Furthermore, Korzun et al. (1999) could show that the gene Hp1, determining pleiotro-

pically the hairiness of the peduncle and leaf sheath in rye (Secale cereale L.) and which is known
to be located on the long arm of chromosome 5R lines up with the barley genes Hs (Hsh) and Hsb.
The co-linearity is due to a translocation with and a homoeology to the distal part of the 4L chro-
mosomes of the other Triticeae members (Devos et al. 1993).

Pshenichnikova et al. (2007) identified a gene determining hairy leaves in Aegilops

speltoides Tausch, a wild relative of cultivated wheat, in the wheat/Aegilops speltoides introgre-
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ssion line ‘102/00i’. Results of a monosomic analysis revealed that the introgression carrying the
hairy leaf gene was located on chromosome 7B.

Mapping populations were created segregating for major genes on chromosomes 4B and
7B, originating from cultivated wheat (T. aestivum) and the wheat/Aegilops speltoides intro-
gression line described above, respectively. Beside this, a QTL mapping approach was performed
investigating the ‘International Triticeae Mapping Initiative’ (ITMI) mapping population and
considering the hairyness of leaves and auricles. Finally a test cross was carried out for testing the
allelism between Hl2 (7BL) and the Hl gene of the wheat/Aegilops speltoides introgression line
(7B).

The results were summarised by Dobrovolskaya et al. (2007). Two major genes for leaf pu-
bescence of wheat and the wheat/Aegilops introgression line were mapped on chromosomes 4BL
(Hl1) and 7BS (Hl2

Aesp), respectively, together with QTL determining leaf and auricle pubes-
cence on the long arms of chromosomes 4B (contributed by Opata) and 4D (contributed by Syn-
thetics, i.e. Ae. tauschii). Because the positions of the QTL for hairy leaves and auricles were
highly comparable on both chromosomes, it may be concluded that both traits are inherited
pleiotropically. However, linkage of two different loci can not be excluded.

Considering the data obtained by Korzun et al. (1998, 1999) and using the consensus link-
age map of barley published by Langridge et al. (1995) the homoeologous group 4 wheat (Ae.

tauschii) genes/QTL Hl1, QHl.ipk-4B, QPa.ipk-4B, QHl.ipk-4D and QPa.ipk-4D line up with the bar-
ley pubescence genes Hln/Hsh and Hsb as well as the rye gene Hp1 (Figure 1). I was concluded that
the locus seems to be pleiotropically responsible for the pubescence of different plant organs in
different species of the Triticeae.

Figure 1: Comparative molecular mapping of genes determining hairiness of different plant

organs in wheat (Aegilops tauschii), barley and rye. The mapping data were originated from

(1) Dobrovolskaya et al., 2007; (2) Langridge et al., 1995; (3) Korzun et al., 1999;

(4) Korzun et al., 1998. c = centromere position, L = long arm

A second homoeologous series seems to be present on the short arms of the homoeologous
group 7 chromosomes at least in wheat (7B) and Aegilops speltoides. For this clear indication is
given by the result of the test cross analysed.

Utilisation of wheat genetic resources ‡ 2. Biotic stress (Septoria)

A set of 84 wheat (T. aestivum)/Aegilops tauschii introgression lines was developed by back-
crossing the seven wheat cv. ’Chinese Spring’/’Synthetic 6x’ D genome chromosome substitution
lines with ‘Chinese Spring’ (‘CS’). The ’Synthetic 6x’ used for the creation of the substitution lines
had been obtained from a cross between tetraploid emmer (T. dicoccoides) and Ae. tauschii and
therefore, the material available contains different segments of individual chromosomes of Ae.
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tauschii in the ‘CS’ background. The introgressed segments of the individual lines were deter-
mined by using SSR markers (Pestsova et al., 2001; 2006).

Analysing several sets of single chromosome substitution lines including the ’CS’/’Syn-
thetic 6x’ series, Simón et al. (2001; 2005) identified chromosome 7D of ’Synthetic 6x’ to be almost
complete resistant to two virulent Argentinean isolates of the disease Septoria tritici blotch, desig-
nated IPO 92067 and IPO 93014. Both isolates were used to phenotype thirteen chromosome 7D
wheat/Aegilops introgression lines by Simon et al. (2007). A summary is given in figure 2.

Figure 2. Wheat/Ae. tauschii chromosome 7D introgression lines inoculated with septoria tritici

blotch isolates IPO 92067 and IPO 93014 at seedlings and adult plant stages. Lines significant

different to ‘CS’ in at least two and four independent experiments are given in grey and black

colour, respectively. Box in broken line indicates the position of the resistance locus.

L = long arm, S = short arm, c = centromere position.

Considering the introgressions being significantly different to ‘CS’ in at least two (grey
bars) or even four (black bars) independent experiments it is clearly indicated, that the disease
resistance locus is present in the centromeric region of the short arm of chromosome 7D. It was
shown, that the resistance is acting against both isolates used and in both developmental stages,
although the effects were more pronounced at the seedling stage.

The position of the locus detected here is highly comparable with that, described by
Arraiano et al. (2001), investigating single-chromosome recombinant lines developed on the ba-
sis of the CS (Syn 7D) substitution line. Stb5 was mapped distal to the marker Xgwm44, also in-
cluded for the identification of the introgression lines (Pestsova et al., 2006) and therefore, pres-
ent in our studies. We suppose that we have tagged the major gene Stb5 by applying the
‘Introgression Mapping Approach’. This example nicely indicates, that the present set of
Triticum/Aegilops introgression lines is a suitable tool for the detection of genes/QTL originated
from Ae. tauschii, the progenitor of the D genome of hexaploid wheat. The whole set of
introgression lines is available on request for any kind of further investigation.
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Utilisation of wheat genetic resources ‡ 3. Spike morphology

The spike morphology trait multirow spike (MRS) was studied. Phenotypic analysis re-
vealed a segregation ratio of 3 (wild type) to 1 (mutant) i.e MRS is controlled by a recessive gene.
It is originated from the hexaploid wheat accession ‘Ra1’, a mutant that was produced through
chemical mutagenesis. The gene mrs was genetically mapped on chromosome 2DS, about 8 cM
from the centromere. In addition physical mapping was performed employing deletion lines for
chromosome 2D. The details are described by Dobrovolskaya et al. (2008) in the present pro-
ceedings book of the conference ‘Breeding 2008’.

Utilisation of wheat genetic resources ‡ 4. Association mapping

Genetic studies of agronomic important traits in cereals have revealed that most of them
are inherited quantitatively and therefore, they are difficult to detect within the genome. Using
segregation-based mapping methods a huge amount of QTL has been mapped during the last de-
cade. Another methodology for the detection of QTL is the association-based approach largely
and effectively used in human genetics. In plants only few examples of association based mapping
studies were done.

We performed a genome wide association analysis using a genetically diverse core collec-
tion of 96 wheat varieties/accessions. The collection was evaluated for agronomic traits during up
to five growing seasons. In order to investigate trait-marker associations the wheat lines were
genotyped using diversity array technology (DarT) markers. Genotyping was carried out by
Triticarte Pty Ltd (http://www.triticarte.com.au/content/FAQ.html). The amount of 874 markers
was found to be polymorphic among the 96 genotypes. From 501 of these markers the map posi-
tions are known. With a subset of these markers the population structure was investigated with
the software STRUCTURE (Pritchard et al., 2000) and revealed that two subpopulations are
present in our collection. The calculation of testing for an association between the markers and
the trait were done with the software Tassel 2.0.1 (Bradbury et al., 2007). The general linear
model (GLM) with including the Q-Matrix from STRUCTURE as correction for population
structure was used for testing the marker-trait associations.

As one example the trait flowering time was analysed. Markerloci being significant
(p<0.05) associated with the trait in at least four out of the five growing seasons (replicates) were
considered. Eighteen chromosomes were found to carry loci associated with flowering time, the
only chromosomes with having no influence were 3D, 4D and 6D. From the 501 mapped markers
90 were significant associated with flowering time, four markers located on 1B, 1D, 6A and 7A
explained more than fifteen percent of the phenotypic variation of this trait and can be
considered as the main loci.
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Ab stract

Qual i ta tive ge net ics, also known as Men de lian ge net ics or trans mis sion ge net ics, re fers to
those ge netic traits that have a dis tinct ap pear ance (phe no type) and are con trolled by one or few
genes. Ex am ples of qual i ta tive ge net ics in clude re sponse to abiotic and bi otic stresses, and an a -
tom i cal, mor pho log i cal, phys i o log i cal, and bio chem i cal traits. One way to study the in her i tance
of qual i ta tive traits in crop plants is by the de vel op ment of near-isogenic lines, which re fer to ge -
netic lines that dif fer in only one trait. Near-isogenic lines can be de vel oped by introgressing
spon ta ne ous mu ta tions or mu ta tions cre ated by chem i cal or ra di a tion treat ments, or trans po si -
tion of transposable el e ments, through re peated back cross ing to the re cur rent par ent. The use of
near-isogenic lines has been very use ful in the in te gra tion of the Clas si cal Ge netic Maps with the
Mo lec u lar Ge netic Maps. The ra tio nale for their use is that if the do nor par ent al lele is pres ent in
the near-isogenic line, then pre sump tive ev i dence of link age be tween the mo lec u lar marker and
the introgressed gene can be in ferred. Ex am ples of qual i ta tive ge net ics and near-isogenic lines
will in clude soy bean, wheat, and tomato.

Key words: near-isogenic lines, qual i ta tive traits, soy bean, to mato, transposons, wheat.

In tro duc tion

Qual i ta tive ge net ics, also known as Men de lian ge net ics or trans mis sion ge net ics, re fers to
those ge netic traits that have a dis tinct ap pear ance (phe no type), and are con trolled by one or few
genes. Rob ert son (1989) stated that the qual i ta tive mu tant al leles that af fect quan ti ta tive traits
rep re sent one ex treme in a spec trum of al leles. At the other ex treme, are the wild-type al leles.
There is more than one wild-type al lele per lo cus (isoalleles). If quan ti ta tive genes are wild-type
isoalleles of qual i ta tive mu tants in volv ing the same trait, eg. plant height, it is rea son able to ex -
pect that there would be many dif fer ent qual i ta tive mu tants for the traits of in ter est, eg. dwarfs
(Rob ert son, 1989).

Isolines were rec og nized many year ago as a valu able ‘re search tool’ in soy bean, Glycine
max (L.) Merr. (Ber nard, 1976), and in to mato, Lycopersicon esculentum Mill. (Ma son et al., 1983).
In soy bean, the orig i nal near-isogenic line col lec tion con sisted of 60 genes in five re cur rent par -
ents, re sult ing in more than 300 lines, which in cluded com bi na tions of two or more genes. As part
of the Soy bean Ge netic Type Col lec tion, the near-isogenic line col lec tion pro vided ge netic stocks 
for qual i ta tive ge netic stud ies. The de vel op ment of near-isogenic lines in to mato were ini ti ated in 
1965. The ra tio nale was that with these lines, ge netic traits could be stud ied sin gly or in com bi na -
tions. Com par i sons of gene ac tion could then be made with out the pos si ble in ter fer ence re sult ing
from dif fer ent ge netic back grounds.

Qual i ta tive In her i tance:

A dom i nant gene is ex pressed in a hy brid (F1 plant) to the ex clu sion of its con trast ing (re -
ces sive) al lele. Con versely, a re ces sive gene is not ex pressed in the pres ence of the con trast ing
(dom i nant) al lele. There are many ex am ples of sin gle (monogenic) fac tor in her i tance in plants,
ie. 3 dom i nant : 1 re ces sive trait. Stem rust, Puccinia graminis F. sp. tritici, of wheat (Triticum
estivum L.) his tor i cally has been a ma jor dis ease and con cen trated world wide breed ing/pa thol ogy
ef forts have been car ried out for many de cades. The pyr a mid ing or stack ing of monogenic re sis -
tance genes has been man da tory to min i mize losses. Race Ug 99 (TTKS), first iden ti fied in 1999
in Uganda, is the only known race of stem rust that has vir u lence for gene Sr31, one of the most
widely de ployed re sis tance genes (Singh et al., 2006). Screening of germplasm col lec tions iden ti -
fied TTKS re sis tance genes in Aegilops elongatum (Sr24), and in Triticum timopheevi (Sr36), and
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oth ers (Jin et al., 2007). Vir u lence to re sis tance gene Sr24 has been found within a new vari ant
race of TTKS (Jin et al., 2008). Multi-na tional ef forts are con tin u ing to pyr a mid mono-genic re sis -
tance genes.

An ex am ple of du pli cate-fac tor in her i tance, eg. 15:1 ra tio, is male-ster ile, fe male-ster ile
mu tant st6 st6 st7 st7 in soy bean (Ta ble 1). The waxy pro tein in com mon hexaploid wheat,
Triticum aestivum (L.) has been iden ti fied as gran ule-bound starch synthase. A trip li cate-fac tor in -
her i tance, eg. 63:1 ra tio for the waxy pro tein was re ported in a cross of two com mon wheats.
Endo sperms of F2 seeds were stained with a po tas sium io dine so lu tion and gave 1772 blue-black :

23 red-brown. The c2
(63:1) was 0.91 with a P-value of 0.34 (Kakamura et al., 1995).

Ta ble 1. Du pli cate-fac tor in her i tance in soy bean (Ilarslan et al., 1997)

Fe male
par ent

Male par ent F1 ge no types F1 phe no type
F2 plants

c2 (15:1) P
Fer tile Ster ile

St6 st6 st7 st7 St6 St6 St7 St7 St6 St6 St7 st7 Fer tile 100% ——-

St6 st6 St7 st7 Fer tile 8812 568 0.61 0.43

Many field and hor ti cul tural crops have su perb germplasm col lec tions of in tro duced or do -
mes tic ac ces sions, eg. Plant In tro duc tion Col lec tions can be ex cel lent sources of qual i ta tive traits. 
Some germplasm col lec tions are sub-di vided into spe cial ized col lec tions, such as Ge netic Type
(qual i ta tive traits), Cy to log i cal (cytogenetic), Spe cies, and Isoline (near-isogenic) col lec tions.
Ex am ples of ad vi sory com mit tees that work with the cu ra tors of germplasm col lec tions in clude,
the Maize Ge net ics Ex ec u tive Com mit tee, the Soy bean Ge net ics Com mit tee, the Soy bean Crop
Germplasm Com mit tee, etc. These com mit tees es tab lish guide lines and rules for as sign ing gene
sym bols and cytogenetic des ig na tions, and help to en sure that an or derly no men cla ture is fol -
lowed to as sign gene sym bols and cytogenetic des ig na tions.

Ad di tionally field and hor ti cul tural crop or ga ni za tions may have News let ters that en cour -
age com mu ni ca tion at the in ter na tional level on top ics of in ter est. Many News let ters have fol -
lowed the for mat of the Maize Ge net ics Co op er a tion News let ter, now (2008) in its 82ND year.

Ta bles 2 to 4 list the ge netic re sources avail able for wheat, to mato and soy bean. Of spe cial
in ter est is the Ge netic Stock (Monogenic Mu tant) list which in cludes Ge netic Types (qual i ta tive
traits), and the Isoline list, which in cludes sin gle or mul ti ple qual i ta tive traits in a com mon ge netic 
back ground(s). Most of the isolines were syn the sized by tra di tional re cur rent backcross breed ing 
pro ce dure, by the oc cur rence of spon ta ne ous mu ta tions, mu ta gen e sis, or generated by
transposons.

Ta ble 2. Wheat (Triticum  sp. and Aegilops sp.) in USDA germplasm col lec tion

Triticum  and Aegilops germplasm Num ber of ac ces sions

Triticum  (14 dip loid spe cies) 1649

Triticum  and Aegilops (16 tetraploid and polyploidy spe cies) 1699

Cytogenetic stocks 800

Map ping and Re com bi nant In bred Lines (44 pop u la tions) 5551

Crop Sci ence reg is tra tions

Cultivars 1029

Germplasm 861

Ge netic stocks 169

Sources: Dr. R.L. Nel son, USDA ARS (per sonal com mu ni ca tion) and http://www.ars-grin.gov/npgs 
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Ta ble 3. To mato (Lycopersicon sp. and Solanum sp.) in USDA germplasm col lec tion

Lycopersicon and Solanum germplasm Num ber of ac ces sions

Lycopersicon sp. (14 spe cies) 1112

Solanum sp. (4 spe cies) 48

Mod ern and vin tage U.S. cultivars 198

Latin Amer i can cultivars 226

Introgression lines 273

Backcross re com bi nant in bred lines 99

Monogenic mu tants 1023

Cytogenetic stocks 106

Sources: http://tgrc.ucdavis.edu and http://www.ars-grin.gov/npgs 

Ta ble 4. Soy bean (Glycine sp.) germplasm col lec tion

Glycine germplasm Num ber of ac ces sions

G. max (in tro duced germplasm) 16,804

G. soja (wild an nual spe cies) 1,117

G. sp. (wild pe ren nial spe cies)* 995

Ge netic stocks

Isolines 837**

cv. Clark 294

cv. Harosoy 139

cv. Wil liams 100

cv. oth ers 60

Ge netic type (mu tants) 995

Crop Sci ence reg is tra tions 188

*More Glycine spe cies are known but only 19 spe cies in the USDA col lec tion.
**In cludes 47 nat u ral seed color mu tants in many cultivars.
Sources: http://www.k-state.edu/wgrc and http://www.ars-grin.gov/npgs 

Isolines

Isogenic lines of fer ad van tages in the in te gra tion of con ven tional and mo lec u lar marker
link age maps. Muehlbauer et al. (1988) pre sented a thor ough ex pla na tion of the the o ret i cal con -
sid er ations and prac ti cal im pli ca tions of us ing near-isogenic lines (NILs) for the in te gra tion of
maps. The NILs pos sess rem nant do nor par ent DNA, most of which is pres ent in the chro mo -
somal seg ment ad ja cent to the introgressed marker. If the do nor par ent-de rived DNA con tains
mo lec u lar marker loci for which a re cur rent par ent and do nor par ent pos sessed allelic con trasts,
then do nor-par ent mo lec u lar al leles may still be pres ent in a NIL (Muehlbauer et al., 1988). These 
con trasts would be ev i dent in com par i sons of the re cur rent par ent : near-isogenic line : do nor par -
ent line DNAs (Fig ure 1). This tech nique would be very use ful in de tect ing ge netic link ages be -
tween con ven tional mark ers and mo lec u lar mark ers. The re sul tant com bined con ven tional and
mo lec u lar marker link age maps would be use ful to plant breed ers and ge net i cists.

Using the near-isogenic ap proach in soy bean, Muehlbauer et al. (1989), con firmed two of
five pre sump tive link ages ex pected based upon a the o ret i cal anal y sis, eg., endopeptidase, Ep,
with nar row leaf, ln, and manose phos phate isomerase, mpi, with semi-de ter mi nate stem, dt2.
Palmer and Chen (1998) mon i tored a num ber of isozyme loci when back cross ing the Fr3 gene, a
non-flu o res cent al lele when ir ra di ated with UV light, to de velop near-isogenic lines. They re -
ported the link age of Fr3 with acid phosphatase (Ap) on soy bean clas si cal link age map 9, which is
mo lec u lar link age group (MLG) A2.
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Fig ure 1. De vel op ment of near-isogenic lines.

Transposons

In soy bean, the w4-mu ta ble (Ge netic Type T322) sys tem is an ac tive en dog e nous
transposable el e ment (Bhattacharyya et al., 2009). A transposon is a DNA se quence that is able
to in sert at a new lo ca tion in the ge nome. In an ex per i ment to re cover mu ta tions at other loci in
the w4-m line, it was rea soned that the prob a bil ity of re cov er ing new mu tants would be max i -
mized by search ing among prog e nies of ger mi nal revertants (wild-type) plants de scended from
mu ta ble lines. If the re ver sion of the un sta ble al lele is the re sult of an ex ci sion of the el e ment from 
the w4-m lo cus, new mu ta tions might be de tected among the prog e nies of these revertants. Such
mu tants would be ex pected if the ex cised el e ment were to in sert at a sec ond lo cus. Ap prox i mately
1% of the self-pol li nated prog e nies de rived from ger mi nal revertant plants con tained mu ta tions
at other loci, eg. chlo ro phyll de fi ciency, root ne cro sis, fe male-par tial ste ril ity, com plete male and
fe male ste ril ity, and dif fer ent flower color/dis tri bu tion pat terns.

In one ex per i ment, 24 ne crotic root mu tant lines were gen er ated from a to tal of 24 in de -
pend ent re ver sion events at the w4-m lo cus. Clas si cal ge netic allelism tests showed that all 24 mu -
tants were allelic and mapped to MLG G (Palmer et al., 2008a). In the same ex per i ment, 37 in de -
pend ently-de rived mu tant lines that seg re gated 3 male fer tile, fe male fer tile: 1 male ster ile, fe -
male ster ile were re cov ered. In stead of allelism tests, all mu tants were mo lec u larly mapped. A to -
tal of 36 ste ril ity mu tants were mapped to one re gion on MLG J, and one ste ril ity mu tant mapped
to MLG G (Palmer et al., 2008b).

These two ex am ples, plus other mu tants, from the same ex per i ment have been gen er ated in 
the w4-m (T322) ge netic back ground. Thus far more than 74 near-isogenic lines have been iden ti -
fied in T322. This transposable el e ment sys tem is a very ef fec tive tech nique to pro duce mu tants in 
the same ge netic back ground. By cross ing the new mu tant to a com mon par ent, mo lec u lar map -
ping be comes very ef fi cient.

Con clu sions

Qual i ta tive traits are con trolled by sin gle-, du pli cate-, or trip li cate-fac tor in her i tance. An
ef fec tive way to study the in her i tance of qual i ta tive traits is by the de vel op ment of near-isogenic
lines, which are im por tant to in ves ti gate the func tion and reg u la tion of sin gle genes or com bi na -
tion of genes. Near-isogenic lines can be de vel oped by back cross es, spon ta ne ous mu ta tions, mu -
ta gen e sis, or transposons. The w4-m transposon in soy bean has been a very ef fi cient ‘re search
tool’ to de velop large num bers of near-isogenic lines. By the de vel op ment of isolines, in te gra tion
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of clas si cal ge netic maps and mo lec u lar link age maps has been done in crops such as soy bean, to -
mato and wheat.
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ECOLOGICAL APPROACHES IN BREEDING OF FORAGE CROPS
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Ab stract

Eco log i cal breed ing ap proaches rec og nize that a ge no type’s value may be largely af fected

by its grow ing en vi ron ment, and cope with ge no type ´ en vi ron ment (GE) in ter ac tions by a
breed ing strat egy which optimizes ad ap ta tion tar gets, se lec tion en vi ron ments, ge netic re sources,
plant ideotypes and use ful mark ers. For age crop breed ing may be hin dered by GE in ter ac tions
which arise from vari a tion among tar get en vi ron ments for abiotic (e.g., drought stress) or bi otic
fac tors (e.g., inter-spe cific com pe ti tion; pres ence and type of graz ing). These GE ef fects may be
min i mized by breed ing for wide ad ap ta tion, or ex ploited by pro duc ing cultivars tar geted to spe -
cific ar eas or crop man age ments. Ex am ples are pro vided for breed ing of: i) mow ing-type lu cerne
for con trast ing drought-stress lev els and soil types; ii) cocksfoot for con trast ing drought-stress
lev els; iii) white clo ver and grass va ri et ies for mixed crop ping; iv) graz ing-type lu cerne for con -
trast ing ex ploi ta tion modes. Other GE ef fects which arise from dif fer ent plant den sity be tween
se lec tion and tar get en vi ron ments are dis cussed with ref er ence to lu cerne and white clo ver. Spe -
cific-ad ap ta tion re sponses are fre quent in land races or nat u ral pop u la tions and im ply dif fer ent
com bi na tions of morphophysiological traits as a re sult of evo lu tion ary ad ap ta tion to spe cific
crop ping en vi ron ments. The in te gra tion of marker-as sisted se lec tion into eco log i cal breed ing ap -
proaches is briefly dis cussed.

Key words: breed ing strat egy, drought tol er ance, ge netic re sources, ge no type ´ en vi ron -
ment in ter ac tion, graz ing tol er ance, plant ad ap ta tion, plant com pe ti tion, se lec tion en vi ron ment

In tro duc tion

A ge no type’s value may be largely af fected by its grow ing en vi ron ment, ow ing to ge no type

´ en vi ron ment (GE) in ter ac tions re lated to sev eral pos si ble phys i o log i cal pro cesses (Kang,
1998). De vel op ments in biotechnologies (marker-as sisted se lec tion; ge netic en gi neer ing) will
hardly elim i nate the need to cope with GE in ter ac tions, be cause ge net i cally based trade-offs be -
tween yield po ten tial and tol er ance to ma jor stresses (e.g., drought: Lud low & Muchow, 1990)
and the need to choose a def i nite level of ear li ness for grain crops (Wallace et al., 1993) and win ter 
or sum mer dor mancy for pe ren nial for ages (Volaire & Norton, 2006) will limit the pos si bil ity to
as sem ble all use ful genes into a sin gle va ri ety. In deed, most QTLs and use ful mark ers for yield of
grain (Ribaut et al., 2007) or for age (Robins et al., 2007) crops may be en vi ron ment-spe cific. Eco -
log i cal breed ing ap proaches seek for a se lec tion strat egy which optimizes ad ap ta tion tar gets, se -
lec tion en vi ron ments, ge netic re sources and plant ideotypes (as de ter mined by adap tive traits,
use ful genes and mark ers, and ge netic struc ture), to cope with GE in ter ac tions (Annicchiarico,
2002). They re quire to switch the em pha sis from the study of sin gle spe cies to wards that of in ter -
act ing bi o log i cal sys tems (Ennos, 1990).

GE in ter ac tions have usu ally been con sid ered as a hin drance, but may also be ex ploited by
se lect ing and grow ing va ri et ies that show pos i tive in ter ac tion with spe cific ar eas or crop ping con -
di tions (ex ploi ta tion of spe cific ad ap ta tion) or low fre quency of poor yield or crop fail ure (ex ploi -
ta tion of yield sta bil ity) (Ceccarelli, 1996). Spe cific breed ing for dis tinct sub re gions (de fined ac -
cord ing to bio phys i cal or crop man age ment fac tors which af fect GE ef fects within a tar get re -

gion) may pro duce greater gains in the pres ence of size able and re peat able ge no type ́  sub re gion
in ter ac tion. Spe cific- vs. wide-ad ap ta tion strat e gies can be com pared on the ba sis of pre dicted or
ac tual yield gains for about same costs, i.e. same num ber of se lec tion en vi ron ments (Annicchia -
rico, 2002, 2007a; Piepho & Möhring, 2005). GE ef fects can not be ig nored also when breed ing for
wide ad ap ta tion, given their im pli ca tions for the choice of se lec tion en vi ron ments and par ent ma -
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te rial (Coo per et al., 1995; Annicchiarico, 2002). Wide ad ap ta tion may be pre ferred a pri ori for
crops of lim ited mar ket ing im por tance. 

Breeding of for age crops has shown much smaller rates of yearly ge netic prog ress than
grain crops, e.g. 0.15-0.30% for lu cerne rel a tive to about 2% for maize (Brummer, 1999). Sev eral
fac tors may ac count for this trend, such as mod est se lec tion ef fort, pe ren nial cy cle, outbreeding
mat ing sys tem and, in some spe cies, autopoliploidy and high rate of non-ad di tive ge netic vari -
ance. Breeding pro ce dures which al low for greater ex ploi ta tion of heterosis (Brummer, 1999),
pos si bly as sisted by mo lec u lar marker- and genomics-based tech niques (Spangenberg, 2001),
may con trib ute to re verse this trend. A fur ther con tri bu tion may de rive from greater em pha sis on 
eco log i cal breed ing ap proaches. The fairly high het er o ge ne ity and heterozygosity fea tur ing most
for age crop va ri et ies and the con se quent rich ness in adap tive genes should the o ret i cally lead to
good buff er ing against en vi ron men tal vari a tion and to low GE in ter ac tion (Becker and Léon,
1988). How ever, Turesson’s (1922) pi o neer work and many fol low ing stud ies (Annicchiarico,
1992; Ravel & Charmet, 1996; Casler et al., 2003; Annicchiarico & Pi ano, 2005) have re vealed
large GE ef fects for im proved or non-im proved germplasm, prob a bly ow ing to the long-stand ing, 
spe cific se lec tion pres sures that acted on nat u ral pop u la tions or land races and the large use of
such ma te rial for va ri ety se lec tion. Other fac tors pos si bly con trib ut ing to GE in ter ac tion are: i)
the wide en vi ron men tal vari a tion fea tur ing the tar get en vi ron ments (which fre quently in clude fa -
vour able as well as mar ginal, drought- or cold-stressed sites); ii) interspecific in ter fer ence ef fects
due to crop ping in mixed stand with dif fer ent plant spe cies and va ri et ies; iii) the vari a tion in ex -
ploi ta tion mode (mow ing; graz ing by dif fer ent an i mals and in ten sity); iv) dif fer ences be tween se -
lec tion and tar get en vi ron ments for plant den sity. These fac tors are re viewed in the fol low ing sec -
tions. 

Ge no type ´ lo ca tion in ter ac tion

Re search work on lu cerne in north ern It aly can ex em plify the chal lenges and op por tu ni ties

of fered by ge no type ́  lo ca tion (GL) in ter ac tion. In the AMMI (Ad di tive Main ef fects and Multi -
pli ca tive In ter ac tion) anal y sis (Gauch, 1992) of a set of multi-lo ca tion tri als, cross-over GL in ter -
ac tion for for age yield was large and re peat able in time, re lated to soil type and sum mer
drought-stress level of the sites, and im plied spe cific ad ap ta tion to the area where the cultivar or
its ge netic base orig i nated (Annicchiarico, 1992). Two geo graph i cally-de fined, con trast ing sub re -
gions emerged from site clas si fi ca tion for GL ef fects: i) sub re gion A in the north-west ern Po val -
ley, char ac ter ized by sandy-loam to loam soil and by lim ited drought stress mainly due to ir ri -
gated crop ping; ii) sub re gion C in the south-east ern Po val ley, tend ing to clay soil and to se vere
sum mer drought due to rainfed crop ping and some what lower rain fall. Sub re gion B was in ter me -
di ate be tween A and C geo graph i cally, for cultivar re sponse and en vi ron men tal char ac ter is tics.
Se lec tion in Lodi, which is placed in Sub re gion A, tended to pro duce ma te rial spe cif i -
cally-adapted to this sub re gion (Annicchiarico, 1992), but the adop tion of a sec ond se lec tion site
placed in Sub re gion C (nec es sary to breed ei ther for wide ad ap ta tion or also spe cif i cally for this
sub re gion) was pre vented by its cost. Four ar ti fi cial en vi ron ments cre ated in Lodi by the fac to rial
com bi na tion of soil type (sandy-loam or silty-clay) and drought stress (al most nil or high) suc cess -
fully re pro duced the adap tive re sponses across the re gion of some ref er ence va ri et ies and con -
firmed ‘no stress/sandy-loam soil’ and ‘stress/silty-clay soil’ (rep re sent ing the en vi ron ments of
sub re gions A and C, re spec tively) as the most-con trast ing en vi ron ments for GE ef fects, pro mot -
ing the ar ti fi cial en vi ron ments as a cheaper al ter na tive to more se lec tion sites (Annicchiarico and
Pi ano, 2005). The same study high lighted the close re la tion ship be tween drought tol er ance and
drought-stress level in the evo lu tion en vi ron ments of a set of lu cerne farm land races, and sug -
gested an about two-fold greater ef fi ciency for a spe cific-ad ap ta tion strat egy over wide ad ap ta -
tion. The lat ter re sult was largely con firmed by ac tual se lec tion gains from phenotypic plant se -
lec tion for wide or spe cific ad ap ta tion as sessed in ar ti fi cial en vi ron ments (Annicchiarico, 2007a)
or in ag ri cul tural en vi ron ments un der or ganic man age ment (Annicchiarico, un pub lished data).
Cultivar ad ap ta tion to the con trast ing sub re gions A and C was as so ci ated with dif fer ent op tima

89

Plenary lectures
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



of root bio mass, leaf let size and win ter growth (Annicchiarico, 2007b). Some level of within-land -
race vari a tion for ad ap ta tion pat tern was also found (Annicchiarico, 2007a).

Ob vi ously, the size and pat tern of GL ef fects and their re la tion ship with en vi ron men tal fac -
tors and adap tive traits may dif fer de pend ing on the tar get re gion and the ge netic base, re quir ing
ad hoc in ves ti ga tion by each breed ing pro gram. The work on lu cerne in north ern It aly gives an
ex am ple of an eco log i cal breed ing per spec tive which be gins by the sta tis ti cal mod el ling of adap -
tive re sponses and pro gresses by de fin ing dif fer ent com po nents of a se lec tion strat egy (ad ap ta -
tion tar gets, se lec tion environments, genetic resources and plant types).

Fig ure 1. Nom i nal dry mat ter yield in the sec ond crop ping year of seven cocksfoot va ri et ies as a 
func tion of the first ge no type ´ lo ca tion in ter ac tion prin ci pal com po nent (PC 1) of seven 

Med i ter ra nean sites (AMMI anal y sis of data by A. Abdelguerfi, S. Ben Taamallah, H. Bouzerzour, R.
Kallida, F. Leli~vre, C. Porqueddu, N. Simoes, F. Volaire; pro ject PERMED).

A ma jor ob jec tive of the EU-funded pro ject PERMED (Im prove ment of na tive pe ren nial
for age plants for sustainability of Med i ter ra nean farm ing sys tems) is de fin ing adapted plant types 
and se lec tion strat e gies for for age crops in Med i ter ra nean coun tries, also in view of a pos si ble
trans-na tional co-op er a tion be tween breed ing pro grams of this re gion. Fig ure 1 re ports pre lim i -
nary re sults for cocksfoot ma te rial of dif fer ent sum mer dor mancy. It ex ploits one of the sev eral
use ful char ac ter is tics of AMMI anal y sis (Gauch et al., 2008), namely the clear dis play of one-di -
men sional GE in ter ac tion pat terns as nom i nal yields ob tained by sub tract ing the site main ef fect
(ir rel e vant for en try rank ing) from the mod eled data. Site or di na tion on the first GL in ter ac tion
prin ci pal com po nent in Fig ure 1 was a neg a tive in di ca tor (r = –0.68, P < 0.10) of spring and sum -
mer wa ter (April through Au gust) avail able over the first two crop ping years. Med i ter ra nean
dor mant ma te rial (which is dor mant in sum mer also in the pres ence of wa ter avail able: Volaire &
Norton, 2006) proved spe cif i cally adapted to se verely drought-stressed sites, while Med i ter ra -
nean non-dor mant en tries were spe cif i cally adapted to mod er ate-stress en vi ron ments. These re -
sults set a limit to the se lec tion of non-dor mant, widely-adapted ma te rial able to per sist in very
dry sum mers and to re spond to wa ter pos si bly avail able in late spring and sum mer (Pi ano et al.,
2004). Spe cific-ad ap ta tion re sponses strictly re lated to site rain fall emerged also for sulla
(Annicchiarico et al., 2008).

Just like use ful plant types and adap tive traits, also QTLs and use ful mark ers for for age
yield are ex pected to be site-spe cific across a tar get re gion fea tur ing large GE in ter ac tion for
yield. For ex am ple, re cent work on lu cerne showed very poor con sis tency for use ful mark ers
across two US sites (Robins et al., 2007). The as sess ment of op por tu ni ties for marker-as sisted se -
lec tion should be rooted on pre vi ous knowl edge of GE in ter ac tion pat terns across the tar get re -
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gion and, when GL ef fects are large, should con tem plate the phenotyping: i) in con trast ing sites
that rep re sent pos si ble sub re gions in breed ing for spe cific ad ap ta tion; or ii) one or more sites that
op ti mize the se lec tion for wide ad ap ta tion. Large GE ef fects sug gest to widen also the sam pling
of germplasm be sides that of en vi ron ments, avoid ing pro ce dures whose re sults have small in fer -
ence space (e.g., the study of one F1 biparental pop u la tion). As so ci a tion map ping, ap plied only
oc ca sion ally in for age crops (e.g., Skrt et al., 2005), has wide in fer ence space and is likely to be in -
creas ingly used as soon as large num bers of mark ers be come avail able. Other meth ods based on
the as sess ment of marker al lele fre quency shifts from un se lected to se lected ma te rial (Skin ner et
al., 2000; Castonguay et al., 2006) have spe cial in ter est when breed ing spe cif i cally for an area
char ac ter ized by a ma jor stress.

Ge no type x as so ci ated spe cies in ter ac tion

Le gume-grass mix tures are fre quently grown be cause of their higher for age qual ity and
lower de mand for min eral ni tro gen, weed con trol or pes ti cides rel a tive to grass monocultures. In
some mix tures, such as those in clud ing white clo ver un der a mow ing re gime, the as so ci a tion with
a vig or ous grass va ri ety is es sen tial for at tain ing high for age yields but jeop ar dizes the per sis tence 
of the le gume be cause of its weak abil ity to com pete for light and nu tri ents (Frame & Newbould,
1986; Annicchiarico & Pi ano, 1994). Se lecting the le gume com po nent for high com pet i tive abil ity
re quires to as sess whether the ge no type yield re sponses in pure stand (PS) and in mixed stand
(MS) with dif fer ent plant spe cies and va ri et ies are con sis tent or af fected by ge no type ́  as so ci ated 
spe cies in ter ac tion. In Finlay and Wilkinson’s (1963) joint re gres sion mod el ling of yield re -
sponses of white clo ver ge no types as a func tion of mean clo ver yield in PS or in MS with eight
grass va ri et ies be long ing to four spe cies, in ter ac tion ef fects de pended on the ex tent of bi otic en vi -
ron ment oc cu pied by the grass re gard less of its spe cies or va ri ety, be ing larg est be tween PS and
MS with vig or ous grass ma te rial (Fig ure 2, left graph). The pre dicted rel a tive ef fi ciency of in di -
rect se lec tion in PS vs. di rect se lec tion for clo ver DM in MS with vig or ous grasses, as sessed on a
wide set of clo ver ge no types, was only 48% for clonal se lec tion and 30% for half-sib prog -
eny-based se lec tion (Annicchiarico, 2003). Phenotypic se lec tion in MS led to higher clo ver yield
across four clo ver-grass bi nary mix tures than phenotypic or genotypic se lec tion in PS, al low ing to 
reach 30% clo ver con tent on to tal dry mat ter rel a tive to 15% of the best com mer cial va ri ety
(Annicchiarico, un pub lished data).

Fig ure 2. Left graph: two-year clo ver dry mat ter yield (CY) of six white clo ver ge no types as a func tion 
of mean CY in bi nary mix tures with eight grass va ri et ies hav ing in creas ing com pet i tive abil ity and in
pure stand (re printed from: Annicchiarico & Pi ano, 1994). Right graph: two-year grass dry mat ter
yield (GY) of eight va ri et ies as a func tion of CY in pure stand and in bi nary mix tures with six white

clo ver ge no types hav ing in creas ing com pet i tive abil ity 
(anal y sis based on data by Pi ano & Annicchiarico, 1995).
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Un like white clo ver, vig or ous non-sto lo nif er ous for age spe cies tended to dis play sub stan -
tially con sis tent ge no type ranks across PS and dif fer ent MS con di tions un der a mow ing re gime.
An ex am ple is pro vided by the yield re sponses of eight grass va ri et ies in Fig ure 2 (right graph),
where the ge no type dif fer ences in creased from PS through MS with com pet i tive white clo ver ge -
no types with out im ply ing cross-over in ter ac tion. Other ex am ples are pro vided by Rotili (1985).
This is con sis tent with the scale for ag ing abil ity strat egy typ i cal of dom i nant spe cies, whose com -
pet i tive abil ity is mainly re lated to tall stat ure and high rel a tive growth rate which also con trib ute

to high for age yield in PS (Camp bell et al., 1991). Con versely, com pet i tive abil ity in white clo ver
re lated mainly to high sto lon pro duc tion and plas tic ity of pet i ole elon ga tion (Annicchiarico,
2003), which largely con trib ute to pre ci sion for ag ing (i.e. the abil ity to make fine-scale ex ploi ta -
tion of light and nu tri ents) in a dom i nated spe cies. Thus, spe cific se lec tion for MS crop ping may
be im por tant es pe cially for poorly-com pet ing spe cies.

Ge no type x ex ploi ta tion in ter ac tion

Var i ous stud ies on white clo ver high lighted the spe cific ad ap ta tion of: i) large-leaved ma te -
rial to a mow ing re gime; ii) small-leaved, highly sto lo nif er ous ma te rial to con tin u ous sheep graz -
ing; and iii) ma te rial with in ter me di ate char ac ter is tics to ro ta tional graz ing by cat tle or sheep

(e.g., Ev ans et al., 1992). Spe cific ad ap ta tion de pend ing on the mor pho log i cal type emerged re -
cently also in breed ing of graz ing-tol er ant lu cerne. Germplasm of the Medicago sativa com plex

was classed into four types de pend ing on its mor phol ogy and vig our (Pi ano et al., 1996). Se lec -
tions were cre ated for each type and com pared un der dif fer ent ex ploi ta tion modes. Ta ble 1 sum -
ma rizes the re sults for two con trast ing types, i.e.: i) ‘D1’, which is very rhi zo ma tous, with pros -
trate habit and great side ways-spread ing abil ity; and ii) ‘D4’, which is semi-erect with a con spic u -
ous shoot pro lif er a tion from a broad crown. Also for lu cerne, con tin u ous sheep graz ing and
mow ing con trasted sharply for cultivar re sponse and re quire dis tinct se lec tions work (‘D4’ type
be ing pref er a ble for hay + ro ta tional graz ing ex ploi ta tion).

Ta ble 1. Per sis tence of two mor pho log i cal types of lu cerne un der dif fer ent ex ploi ta tions.

Exploitation
Sampling

time

Persistence (%)
Source

Type ‘D1’ Type ‘D4’

Sheep continuous grazing 2nd year 87.5 a 56.9 b Pecetti et al. (2008) 

Cattle rotational grazing 4th year 55.0 a 53.7 a Pecetti et al. (2007)

Horse rotational grazing 4th year 57.1 a 51.5 a Pecetti et al. (2005)

Mowing (organic system) 3rd year 22.4 b 36.1 a
Annicchiarico & Pecetti

(unpublished) 

Row means with dif fer ent let ter dif fer at P < 0.05. See the text for de scrip tion of plant types.

Ge no type x plant den sity in ter ac tion

Spaced plant ing (SP) is fre quently adopted for phenotypic se lec tion of for age crops. Re -
sults in Ta ble 2 sug gest that its ef fi ciency is 30-35% lower for for age yield and about 20% lower
for seed yield rel a tive to se lec tion un der dense plant ing (DP), with out size able dif fer ences be -
tween an erect and a sto lo nif er ous for age le gume. Rel a tively better re sponse in SP was re lated to
greater pro duc tion of stems in lu cerne (Rotili & Zannone, 1975) and of sto lons in white clo ver
(Annicchiarico & Pi ano, 2000). Low cor re la tions for for age yield be tween SP and DP was re -
ported also for grass spe cies (e.g., Hay ward & Vivero, 1984). Phenotypic se lec tion for for age
yield in DP is pref er a ble in all cases for pooled unreplicated ge no types (e.g., intra-fam ily se lec -
tion), and in late se lec tion stages for ge no types grown in sep a rate plots which are cloned to reach
dense planting (where cloning makes DP more costly than SP). 
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Ta ble 2. Pre dicted rel a tive ef fi ciency (E) of in di rect se lec tion un der spaced plant ing vs. di rect se lec tion
un der dense plant ing, and ge netic cor re la tion (rg) be tween se lec tion en vi ron ments

Species
Dry matter yield Seed yield

Source
rg E rg E

Lucerne 0.71 64 % 0.66 81 % Annicchiarico (2006) 

White clover 0.60 60 % 0.72 77 % Annicchiarico & Piano (2000) 
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ren nial for age plants for sustainability of Med i ter ra nean farm ing sys tems” (PERMED).
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INCREASING THE GENETIC DIVERSITY OF NORTHERN U.S. MAIZE HYBRIDS:
INTEGRATING PRE-BREEDING WITH CULTIVAR DEVELOPMENT
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Corn Breed ing and Ge net ics, De part ment of Plant Sci ences, North Da kota State Uni ver sity (NDSU), 

Loftsgard Hall 374D, Fargo, ND 58108-6050, USA
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Ab stract

Sig nif i cant ge netic gains can be achieved with the in cor po ra tion of use ful and unique ge -
netic di ver sity in maize (Zea mays L). Ad e quate choice of germplasm and pre-breed ing, how ever,
are es sen tial to in crease the use ful ge netic di ver sity of maize hy brids, es pe cially for the north ern
U.S. and Eu rope. In 1999, NDSU ini ti ated a pro gram to in crease the ge netic di ver sity of hy brids
in the north ern U.S. with the rapid in cor po ra tion of elite ex otic germplasm. The goals were to
move elite and di verse maize germplasm north ward and west ward by adapt ing LAMP-GEM
germplasm to short-sea son drought-prone en vi ron ments. The ‘EarlyGEM’ pro gram was cre ated
to move elite trop i cal and tem per ate maize germplasm north ward and west ward mean while be -
com ing the unique source of new and di verse elite qual ity prod ucts for in dus try use. As ge netic
and heterotic ef fects are unique for each hy brid, 5,000 BC1:S1 lines rep re sent ing nine dif fer ent
BC ex otic pop u la tions were de rived from elite late GEM x early NDSU crosses. These were
grown in breed ing, dis ease, and drought nurs er ies as well as ad vanced for in breed ing while
crossed to in dus try test ers for eval u a tion. Pre lim i nary in com plete block tri als were con ducted
across 23 ND di verse en vi ron ments. Data showed ex per i men tal GEM-Derived lines had, on av -
er age, better grain yield (10.4 t ha-1 vs. 9.2 t ha-1), test weight, and over all grain qual ity in hy brid
com bi na tions when com pared to pop u lar hy brids at sim i lar grain mois ture at har vest. This is the
first breed ing re search in cor po rat ing trop i cal and late-tem per ate ge netic ma te ri als in short-sea -
son (~90RM) hy brids adapted to the north ern U.S. Corn Belt. We en cour age the test ing of these
lines in high-lat i tude re gions.

Key words: breed ing, ear li ness, EarlyGEM, ge netic di ver sity, maize

In tro duc tion

Un til the de vel op ment of in bred-hy brid con cept in the 20th cen tury, mass se lec tion of the
su pe rior in di vid u als within open-pol li nated cultivars was the more com mon form of se lec tion for
ad ap ta tion to spe cific en vi ron ments. The Na tive Amer i cans de vel oped di verse cultivars through -
out the West ern Hemi sphere be fore the ar rival of the Eu ro pean ex plor ers. Sim i lar meth ods were
used by the Eu ro pean col o nists on the cultivars de vel oped by the na tives. A few years be fore the
hy brid maize dis cov ery, Sturtevant (1899) re ported that there were close to 1,000 unique
open-pol li nated cultivars in the U.S. The prac ti cal value of hy brid vigor or heterosis traces back
to the con trolled hy brid iza tion of South ern Dent x North ern Flint races by farm ers in the 1800s
(Brown, 1953). The pub lic sec tor was the cre ator of hy brid maize and the heterosis con cept (East, 
1908; Shull, 1909) and in dus try ex ploited the prac ti cal value of heterosis. The most uti lized
germplasm was BSSS (Sprague, 1946). Half-sib re cur rent se lec tion on this ge net i cally broad-ba -
sed pop u la tion iden ti fied B73 (Rus sell, 1972), which gen er ated bil lions of dol lars. Heterotic pat -
terns and heterotic groups be came es tab lished em pir i cally by re lat ing the heterosis of crosses
with the or i gin of par ents in cluded in the crosses (Hallauer et al., 1988). Heterotic pat terns were
known as crosses be tween known ge no types ex press ing a high level of heterosis (Carena and
Hallauer, 2001) while heterotic groups be came groups of re lated ge no types ex press ing high level
of heterosis when crossed with other known groups of re lated ge no types. The con cept of
heterotic groups for breed ing pur poses was rec og nized by Stringfield (1947). He sug gested that
group ing of in bred lines should be em pha sized for the re cy cling of lines within lines of the same
heterotic group. The iden ti fi ca tion of al ter na tive heterotic pat terns has been sug gested to in -
crease ge netic di ver sity of hy brids but ef forts were not suc cess ful due to lim ited test ing for choice
of germplasm and due to germplasm im prove ment on only spe cific back grounds (e.g. BSSS x
LSC). How ever, hy brids across com pa nies seem to be ge net i cally sim i lar, es pe cially with the of -
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ten ad di tion of GM traits to the same ge netic back ground and as proven by the low num ber of
heterotic pat terns cur rently avail able. On the other hand, intra and inter-pop u la tion re cur rent se -
lec tion pro grams have iden ti fied al ter na tive heterotic pat terns with sig nif i cant high-par ent
heterosis val ues (Eyherabide and Hallauer, 1991; Keeratinijacal and Lamkey, 1993, Carena,
2005). Pre-breed ing is the long-term con ser va tion and uti li za tion of ge netic re sources linked to
an ef fi cient cultivar de vel op ment pro cess. It in cludes the in tro duc tion, ad ap ta tion, eval u a tion,
and im prove ment of germplasm re sources for use in breed ing pro grams. Pre-breed ing de vel ops
germplasm re sources that are ei ther di rectly or in di rectly used to de velop new cultivars (e.g. ped i -
gree se lec tion of top prog e nies de rived from re cur rent se lec tion pro grams). Most pre-breed ing
long-term ef forts for germplasm in cor po ra tion, ad ap ta tion, and im prove ment are con ducted in
the pub lic sec tor.

Breed ing for early ma tu rity, abiotic stresses (e.g. drought and cold tol er ance), and grain
qual ity are some of the rea sons maize is be com ing adapted to ND mar ginal ar eas. The NDSU
corn breed ing pro gram has 78 years of ex is tence fo cus ing on the de vel op ment of early ma tur ing
(65-95 RM) maize (Carena, 2007). It is cur rently the most north ern pub lic breed ing pro gram in
North Amer ica what is unique and es sen tial for the de vel op ment of new and ge net i cally di verse
early ma tur ing lines. The pro gram has re leased over 120 early ma tur ing prod ucts (some widely
used by in dus try) and 24 cultivars in the past 10 years (http://www.ag.ndsu.nodak.edu/plantsci
/breed ing/corn.htm). The pro gram has con ducted 65 ex per i ments in 2008 in clud ing 22,360 plots
across 22 lo ca tions. These ex per i ments in cluded ad ap ta tion (e.g. mass se lec tion and ped i gree se -
lec tion from F2 and BC1 pop u la tions) and germplasm im prove ment tri als (e.g. intra and
inter-pop u la tion re cur rent se lec tion pro gram tri als), early and late gen er a tion tri als with in dus try 
test ers for in bred line de vel op ment, and ad vanced hy brid per for mance tri als. Thou sands of
maize ge no types have been tested mostly based on in com plete block ex per i men tal de signs. In ad -
di tion, sum mer and win ter nurs er ies have pro vided over 20,000 rows (ap prox i mately 7,000 in win -
ter nurs er ies) an nu ally of self and cross-pol li na tion of di verse breed ing tech niques for ob ser va -
tion, se lec tion, and seed pro duc tion. There fore, the NDSU maize breed ing pro gram is one of the
few pub lic pro grams that can still of fer a strong em pha sis on germplasm ad ap ta tion and im prove -
ment, inbred line development, and training of applied plant breeders integrating pre-breeding
with cultivar development for early maturing regions.

North Da kota (ND) pro duc ers planted more than 1.1 mil lion acres of maize yearly in both
2007 and 2008. Since 1999, ND maize hect ares have in creased 460 % due in part to the re new able
fuel de mand. ND en vi ron men tal chal lenges are mainly short pe riod be tween kill ing frosts, lim -
ited heat sup ply, and lim ited rain fall. There fore, grain qual ity, test weight, drought tol er ance,
cold tol er ance, early seed ling vigor, uni form emer gence in cold soils, fast dry down, and early ma -
tu rity are very im por tant char ac ter is tics (as im por tant as grain yield) es sen tial to a hy brid in ND.
How ever, in dus try hy brids cur rently avail able in ND are mostly bred and de vel oped else where.
As a con se quence, their ad ap ta tion to ND en vi ron ments is chal leng ing. In dus try hy brids are of -
ten late ma tur ing with low test weight and starch con tent, es pe cially un der drought, of ten end ing
up with poor qual ity. Short-sea son maize must be har vested at mois ture lev els too high for safe
stor age and must be ar ti fi cially dried for storage and transport. This was especially true in 2008.

Our breed ing pro gram has set one of its goals to lead the first long-term pro gram to in -
crease the ge netic di ver sity of hy brids on farms in the U.S. North Cen tral Re gion with trop i cal
and tem per ate ma te ri als. There fore, this spe cific re search tar gets to in crease the ge netic di ver sity
avail able in north ern U.S. maize hy brids and farms. The spe cific objectives were to:

1) Move elite trop i cal and tem per ate north ward by rapid in cor po ra tion of ex otic germplasm
2) Adapt new germplasm to short-sea son drought-prone en vi ron ments
3) De velop com pet i tive early ma tur ing qual ity lines for in dus try use 

Ma te rial and Meth ods

‘EarlyGEM’ was a pro gram cre ated as a con tin u ous ef fort to in cor po rate GEM germplasm
into the north ern U.S. Corn Belt (Carena, 2002). The NDSU maize breed ing pro gram has been
an ac tive co op er a tor of the GEM pro ject since 1999 when GEM re leased S3 lines that were iden -
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ti fied for ad ap ta tion to the north ern U.S. Corn Belt. The pro gram be gan with the eval u a tion of
152 GEM re leased lines from sets A, B, and C, for 15 ad ap ta tion traits. The most adapted (based
on ear li ness and ag ro nomic data in Fargo, ND) and top yield ing ge no types (based on cen tral U.S.
Corn Belt GEM tri als) were se lected and crossed to ND adapted in bred lines ND2000 (Carena
and Wanner, 2003). Early ma tur ing lines had three plant ing dates for this pur pose and F1 ears
were har vested the day be fore frost. The most adapted (~20 %) F1 gen er a tions were back crossed
to early-ma tur ing lines only once and those with be low av er age ag ro nomic char ac ter is tics were
dis carded. Other F1s were dis carded based on ag ro nomic de fi cien cies (poor stands, low seed ling
vigor un der cold stress, drought stress, lodg ing, in sect and dis ease sus cep ti bil ity, height, and rel a -
tive ma tu rity). Sixty seeds from each BC1:S0 ear were planted in the Fargo breed ing nurs ery.
Only nine BC pop u la tions were kept to de velop BC1:S1 early ma tur ing lines with ap prox i mately
25 % GEM germplasm. These rep re sent three Stiff Stalk (SSS) and six non Stiff Stalk (NSS) pop -
u la tions. Over 5,000 adapted Stiff Stalk lines (CUBA117:S1520-388-1-B, CHIS775:S1911b-B-B,
and AR16026:S17-66-1-B) and non-Stiff Stalk ones (BR52051:N04-70-1, SCR01:N1310-265-1-B-B,
FS8B(T):N1802-35-1-B-B, UR13085:N215-11-1-B-B, CH05015:N15-184-1-B-B, and
CH05015:N12-123-1-B-B) were ad vanced, screened across three lo ca tions (Fargo, Pros per, and
Casselton, ND) for early gen er a tion vi sual se lec tion (e.g. breed ing, dis ease, and drought nurs er -
ies) and top ones testcrossed to LH and Syngenta Iodent in dus try test ers.

Only (AR16026:S17-66-1-B x ND2000) x ND2000 hy brid data is shown (Ta ble 1). Ex per i -
ments in clud ing 64, 81, and 100 en tries were ar ranged in par tially bal anced lat tice de signs with
two rep li ca tions per lo ca tion. Pop u lar known in dus try hy brids were in cluded as checks. Data
were col lected for grain yield, grain mois ture at har vest, root lodg ing, stalk lodg ing, test weight,
and emer gence per cent age across en vi ron ments. A sub-sam ple of 500 g of ker nels was col lected
from ev ery plot in all en vi ron ments and used to mea sure starch con tent, extractable starch, fer -
ment able starch, oil con tent, and pro tein con tent through a FOSS 1241 Grain An a lyzer (data not
shown but will be pre sented). Anal y ses of vari ance were per formed for all traits within and
among 23 ND en vi ron ments. Ge no types were con sid ered as fixed ef fects while en vi ron ments and 
rep li ca tions within each en vi ron ment were con sid ered as ran dom ef fects. Means ad justed by in -
com plete blocks and ef fec tive er rors were uti lized. Ad justed or un ad justed means (de pend ing on
ef fi cien cies) from each lo ca tion were used to per form a com bined anal y sis of vari ance (SAS,
1989). Fisher pro tected least sig nif i cant dif fer ences (FLSD) were used to com pare among ge no -

type means at P£0.05.

Re sults and Dis cus sion

Lack of ad ap ta tion is the pri mary rea son two to three back cross es are rec om mended when
in te grat ing germplasm from ex otic sources into tem per ate ma te ri als. How ever, the ag ro nomic
dif fer ences be tween orig i nal late S3 GEM lines and adapted BC1:S1 lines were clear. This re -
search has shown good ad ap ta tion and per for mance rel a tive to com mer cial checks on S1 lines de -
rived from only one backcross gen er a tion af ter early x late crosses which agrees with Albrecht
and Dudley (1987). There fore, the num ber of back cross es needed clearly was min i mized re sult -
ing in a more ef fi cient breed ing pro cess. Se lec tion for ear li ness and ba sic ag ro nomic traits was
car ried out sev eral times, even at the F1 level of early x late crosses.

Highly sig nif i cant (P £ 0.01) dif fer ences were pres ent among ge no types for all traits eval u -
ated in clud ing grain qual ity traits. There fore, in cor po rat ing unique germplasm was highly ben e fi -
cial to the NDSU maize breed ing pro gram and new groups of ge netic di ver sity for grain qual ity
traits are be ing as sessed.

Few choices are avail able for very early ma tur ing in dus try test ers (<90RM). Ta ble 1 shows
data gen er ated from the top 20 per form ing hy brids be tween GEM-de rived ma te ri als and a
Holden Foun da tion Seed un re lated tester. Al though LH176 has dem on strated to be a good
tester to dis crim i nate among NDSU ex per i men tal lines it is of ten chal leng ing to pro duce hy brid
seed with this tester un der the en vi ron men tal con di tions fre quently pres ent in ND (e.g. drought,
early sea son floods, low number of growing degree units, etc).
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Fif teen GEM-de rived lines were ad vanced to sec ond year test ing due to their po ten tial to
gen er ate di verse and com pet i tive hy brids in early ma tur ing re gions. Most of these lines have
shown to be have well as fe males Our re sults agree with the find ing that maize in bred lines with
cer tain per cent ages of non-Corn Belt germplasm of ten have com bin ing abil i ties for grain yield
greater than in bred lines car ry ing 100 % of U.S. Corn Belt dent germplasm (Griffing and
Lindstrom, 1954) with the ad van tage that ex otic pop u la tions carry more ge netic di ver sity (Good -
man, 1965). There fore, for maize, in cor po rat ing ex otic al leles seems to have greater chances for
suc cess than for cer tain self-pol li nat ing crops.

Ta ble 2 shows data gen er ated from the top 14 per form ing hy brids be tween GEM-de rived
ma te ri als and in dus try B14-re lated test ers across west ern ND lo ca tions where se vere drought was 
the main chal lenge dur ing most of the grow ing sea son. Even though sin gle-gene trans gen ic ap -
proaches are cur rently be ing tested for drought tol er ance by in dus try, the con ven tional breed ing
ap proaches for drought tol er ance car ried out with NDSU lines dem on strates there is no limit to
ge netic im prove ment for drought tol er ance when all pos si ble tol er ance genes and their in ter ac -
tions are in cluded in the breed ing pro cess. In this case, ex per i men tal hy brids showed very good
grain yield ex pres sion when com pared to the in dus try check. Top per form ers were also ad vanced
to late stage test ing. 

Ta ble 2. Means com bined over west ern ND en vi ron ments of five traits for se lected en tries sorted by grain
yield for GEM-de rived maize hy brids.

Hybrid

Grain Grain Test Tassel Silk

Yield Moist Weight Date Date

bu/A % lb/bu Days

TR1017Bt x ND07-167 58.8 12.2 60.6 48.5 50.5

TR1017Bt x ND07-121 46.9 16.4 59.1 46.5 49.0

TR1017Bt x ND07-131 46.3 16.7 58.9 50.0 53.5

TR1017Bt x ND07-126 45.9 13.5 57.9 47.5 50.5

TR1017Bt x ND07-127 45.8 12.2 60.3 49.0 51.5

TR2040xND07-256 45.6 12.4 59.7 47.5 50.5

TR2040xND07-209 44.4 13.2 58.4 49.5 53.5

TR1017Bt x ND07-143 42.3 11.8 57.8 50.0 53.0

TR1017Bt x ND07-169 42.2 18.8 58.1 49.0 51.5

TR1017Bt x ND07-191 42.1 16.5 58.7 47.5 50.5

TR1017Bt x ND07-165 42.1 14.3 57.7 48.5 52.0

TR1017Bt x ND07-155 41.6 13.8 60.0 49.0 51.5

TR2040xND07-224 41.3 16.4 59.7 48.5 52.0

TR1017Bt x ND07-181 41.1 16.3 59.0 47.5 50.5

Pioneer 39D97 19.8 20.3 54.9 49.5 54.0

EXP MEAN 35.1 16.3 58.1 48.7 52.1

C.V. % 15.1 11.2 2.3 2.0 2.4

LSD 5% 10.6 3.7 2.0 2.0 2.5

Con clu sions

Ear lier ma tur ing ver sions of GEM-de rived S3 lines (12-20 days ear lier) were pro duced
through the EarlyGEM pro gram. Re covered BC1:S1 lines with 12.5 % ex otic germplasm could re -
tain yield at ND rel a tive ma tu rity in new hy brid com bi na tions. Pre lim i nary data also showed sig nif -
i cantly better per for mance in grain qual ity traits, abiotic stress tol er ance, and ag ro nomic traits than
checks. Ex ten sive test ing for ag ro nomic traits and nu tri tional eval u a tion and anal y ses of hy brids
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will con tinue. We also plan to de velop new early-ma tur ing GEM pop u la tions in clud ing top lines to
in crease our ef forts to iden tify al ter na tive heterotic pat terns for the north ern U.S. Corn Belt.

The ma jor fac tor for ge netic im prove ment re mains good germplasm choice when start ing in -
bred and hy brid de vel op ment pro grams. With out it, spe cific breed ing meth ods, tech nol ogy, or so -
phis ti cated ge netic tools will have lim ited suc cess. Fu ture ge netic gains are de pend ent on the de -
ploy ment of use ful ge netic di ver sity car ried out in the pub lic sec tor (Smith, 2007) and cultivar de -
vel op ment in ar eas not heavily in vested in by in dus try (e.g. north ern and west ern ND) but the fu -
ture of ex ten sive maize germplasm en hance ment on a long-term ba sis is still un cer tain.
Pre-Breeding with re cur rent se lec tion pro ce dures have cre ated use ful ge netic di ver sity, pre vented
ge netic vul ner a bil ity, and will pro vide new germplasm for fu ture needs. Even though the odds of
de vel op ing suc cess ful pub lic lines from ge net i cally broad-based im proved pop u la tions seems to be
low, it only re quires one (e.g. B73) to make an im pact (Hallauer and Carena, 2009). B73 x Mo17
and its der i va tions have spe cific com bi na tions of ad di tive, dom i nance, and epistatic ef fects. There -
fore, heterotic ef fects are unique for each hy brid. This is ev i dence ee need to in crease ei ther the
num ber of pop u la tions (e.g. map ping ex per i ments need to be linked with clas si cal quan ti ta tive ge -
netic stud ies) with unique al leles in or der to make sig nif i cant prog ress on ge netic gains.

It is still dif fi cult to as sess ge netic di ver sity due to in tel lec tual prop erty rights. Hy brid ge -
net ics is sim i lar across com pa nies, es pe cially with trait op tions. It seems that breed ing has slowed
down. This is es pe cially em pha sized in short-sea son en vi ron ments where there are few choices of
early ma tur ing test ers and breed ing nurs er ies are not of ten lo cated in tar get en vi ron ments. In cor -
po rat ing use ful and unique genetic diversity can overcome this.

This is the first re search de voted to ~90RM germplasm en hance ment with trop i cal and
late-tem per ate ge netic ma te ri als as a unique source of new and di verse elite qual ity prod ucts for
in dus try use. Win ter nurs er ies with three gen er a tions per year are pro vid ing new lines in four
years. New ef forts to in crease ge netic di ver sity are ‘on the pipe line’.
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Ab stract

Plant breed ing de fines meth ods for the cre ation, se lec tion, and fix a tion of su pe rior plant
phe no types in the de vel op ment of im proved cultivars. Re cent in te gra tion of bio tech nol ogy,
genomic ap pli ca tions in clud ing mo lec u lar mark ers, and con ven tional breed ing prac tices has cre -
ated the foun da tion for mo lec u lar plant breed ing, an in ter dis ci plin ary sci ence that is rev o lu tion -
iz ing 21st cen tury crop im prove ment. Bio tech nol ogy serves to ex pand ac ces si ble ge netic di ver sity
through trans for ma tion, en abling ac cess to es sen tially an in fi nite pool of genes and traits not nec -
es sar ily avail able through cross-pol li na tion. Genomic ap pli ca tions, such as mo lec u lar mark ers,
help to char ac ter ize ge netic di ver sity and elu ci date the ge netic ar chi tec ture of key traits. Fur ther -
more, use of mo lec u lar mark ers aids in ex ploit ing ge netic vari a tion by in creas ing breed ing ef fi -
ciency and en hanc ing gain from se lec tion. In turn, QTLs iden ti fied us ing mo lec u lar mark ers are
an en try point for the dis cov ery of genes and their func tions, which can be used to gen er ate other
novel bio tech nol ogy for de ploy ment across spe cies.

Key words: plant breed ing, bio tech nol ogy, genomic ap pli ca tions, mo lec u lar mark ers,
breed ing ef fi ciency.

In tro duc tion

The size able in vest ments in genomic stud ies at the DNA, RNA, pro tein, and met a bolic
path way lev els must ul ti mately pro vide re turn in terms of more ef fi ciency in de vel op ing im -
proved crop hy brids and va ri et ies. The par tic u lar genomic ap pli ca tion of mo lec u lar mark ers can
be con sid ered a ‘win dow into the ge no type’. By in cor po rat ing mo lec u lar marker in for ma tion
with phenotypic in for ma tion as the ba sis for se lec tion de ci sions, in creases in rate of ge netic gain
and greater ef fi cien cies in a plant breed ing pro gram can be achieved. A key is sue is the in te gra -
tion of the tech nol ogy into the breed ing pro gram as a vi tal com po nent, and its fo cused ap pli ca -
tion to both over all and spe cific ob jec tives (Bernardo, 2008; Col lard and Mackill, 2008; Xu and

Crouch, 2008; Eathington et al., 2007). The tech nol ogy must be con sid ered as an other tool avail -
able to the breeder to meet his/her goals for plant im prove ment.

Philo soph i cally, plant breed ing is sim ple: cross the ‘best’ par ents, and iden tify and re cover
the prog eny that out per form the par ents. The chal lenges arise in de fin ing what are the best pa -
ren tal lines and in iden ti fy ing the truly su pe rior prog eny. Choos ing ap pro pri ate par ents and se -
lect ing out stand ing prog eny are ham pered by the en vi ron men tal noise that is pres ent in field ob -
ser va tions for most traits con trolled by many genes, chal lenges in screen ing for and ac cu rately
mea sur ing cer tain traits of in ter est, and a lack of the knowl edge about the un der ly ing metabolics
and ge net ics for many traits of in ter est.

Mo lec u lar marker ap pli ca tions in breed ing are cur rently fo cused in four pri mary ar eas: line 
char ac ter iza tion, marker-as sisted se lec tion (MAS), marker-as sisted back cross ing (MABC), and
gene dis cov ery. Al to gether, these can lead to a pro duc tive cy cle which le ver ages these ap pli ca -
tions and pro vides fur ther value be yond im me di ate breed ing ob jec tives (see Fig ure 1). Bio tech -
nol ogy can also be an in te gral com po nent of such a cy cle, with the cre ation and de ploy ment of
novel traits or mod i fied ex pres sion of ex ist ing traits through trans for ma tion. Trans gen ic events
be come a means to ex pand ge netic di ver sity. Fur ther more, trans for ma tion can be used to in ves ti -
gate and con firm ge netic spec i fic ity via over- and un der-ex pres sion stud ies.
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Fig ure 1. Cy cle of cre at ing and ex ploit ing ge netic di ver sity in volv ing 
use of mo lec u lar mark ers and bio tech nol ogy in crop im prove ment.

Cre at ing ge netic di ver sity

Use ful ge netic di ver sity is tra di tion ally pro duced by cross ing par ents to cre ate a seg re gat -
ing pop u la tion. Choice of par ents is key to achiev ing tar geted breed ing ob jec tives. One or more
par ents must pro vide a source of fa vor able al leles for each of the traits of in ter est, and mean per -
for mance must be a ma jor con sid er ation as well for im prove ment of quan ti ta tive traits.

Mo lec u lar mark ers can be uti lized to pro file pro spec tive par ent lines (i.e. pro pri etary com -
mer cial lines in an in dus trial set ting) for a stan dard set of mark ers. This in for ma tion is com monly
used to pro tect in tel lec tual prop erty rep re sented by the line. Fur ther more, this in for ma tion can
be used to pre dict per for mance of prog eny from par tic u lar crosses with var i ous com bi na tions of
chro mo somal seg ments based on their marker pro files (Eathington et al., 2007; John son and
Mumm, 1996). Ef fects of each marker can be es ti mated us ing phenotypic data amassed from per -
for mance eval u a tions, tak ing into ac count re lat ed ness among lines for great est pre ci sion (e.g.
Bernardo, 2008; Col lard et al., 2008).

Bio tech nol ogy can be uti lized to in tro duce ge netic di ver sity that of ten ex tends be yond spe -
cies bound aries (John son and McCuddin, 2008; Gepts, 2002). Bio tech nol ogy en ables ac cess to
genes here to fore not avail able through cross ing and cre ates an es sen tially in fi nite pool of novel
ge netic vari a tion. Genes may be ac quired from ex ist ing genomes span ning all king doms of life, or
de signed and as sem bled de novo in the lab o ra tory. From sim ple to so phis ti cated, the power of
transgenes to in tro duce novel phenotypic vari a tion can be found in the fol low ing ex am ples of
three dif fer ent transgenes de vel oped for re sis tance to glyphosate her bi cides in maize and other
crops. The first glyphosate-tol er ant maize hy brids in cor po rated a mod i fied ver sion of the en dog -
e nous maize gene en cod ing 5-enol-pyruvylshikimate-3-phos phate synthase (EPSPS) (Spencer et
al., 2000), which was fol lowed later by events pro duced with an EPSPS gene iso lated from
Agrobacterium (Behr et al., 2004). More re cently, a syn thetic gene with en hanced glyphosate
acetyltransferase ac tiv ity was cre ated via gene shuf fling and se lec tion in a mi cro bial sys tem (Cas -
tle et al., 2004). These glyphosate-tol er ant maize events also il lus trate an other ben e fit of bio tech -
nol ogy, tai lored ex pres sion of the spe cific trait, where new com bi na tions of reg u la tory se quences
(e.g. the CaMV 35S and rice actin1 pro mot ers) may be used to achieve op ti mal trait ex pres sion
with re spect to over all ac tiv ity and tis sue dis tri bu tion rel a tive to what might be pos si ble with en -
dog e nous genes (Heck et al., 2005).

The first wave of trans gen ic traits fo cused largely on her bi cide tol er ances and resistances to 
pests, pri mar ily in sect pests, many of which rep re sent the pro duc tion of novel pro teins in the
plant (USDA, 2008; Cas tle et al., 2006). The next gen er a tion of trans gen ic traits in cludes en -
hance ments of traits ba sic to cultivar per for mance which are typ i cally quan ti ta tive in na ture e.g.
in creased yield, yield sta bil ity, tol er ances to bi otic and abiotic stresses, grain qual ity/com po si tion
(USDA, 2008). With this next gen er a tion of trans gen ic traits, the like li hood of the trans gen ic
event in ter act ing with en dog e nous genes as so ci ated with met a bolic path ways in flu enc ing
phenotypic ex pres sion for the trait of in ter est in one or more ge netic back grounds is sig nif i cantly
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in creased. This may ne ces si tate new breed ing ap proaches to line con ver sion that re place or mod -
ify tra di tional back cross ing schemes for event in te gra tion (Mumm, 2007).

Ex ploit ing ge netic di ver sity

Quan ti ta tive ge netic prin ci ples have been par tic u larly pow er ful as the the o ret i cal ba sis for
both pop u la tion im prove ment and meth ods of se lect ing and sta bi liz ing de sir able ge no types
(Hallauer, 2007). A foun da tional con cept in ge netic im prove ment is ge netic gain (ÄG) (Fal coner
and Mackey, 1996), de fined as the change in mean value of a trait within a population that occurs
with selection:

DG = h2 sp i / L

where h2 (heritability) is the prob a bil ity that a trait phe no type will be trans mit ted from par -

ent to off spring, sp  is the de gree of phenotypic vari a tion pres ent in the pop u la tion ex pressed as
the stan dard de vi a tion of phenotypic val ues in a nor mal dis tri bu tion, i (se lec tion in ten sity) is the
pro por tion of the pop u la tion se lected as par ents for the next gen er a tion ex pressed in units of
stan dard de vi a tion from the mean, and L is the length of time nec es sary to com plete a cy cle. This
con cept pro vides a frame work for com par ing the ex pected ef fec tive ness of par tic u lar breed ing
strat e gies and is of ten used as a guide in the ju di cious al lo ca tion of re sources for achiev ing breed -
ing ob jec tives (Moose and Mumm, 2008).

Use of mo lec u lar mark ers can in crease breed ing ef fi ciency and ge netic gains from se lec tion 
rel a tive to phenotypic se lec tion alone (Knapp, 1998; Eathington et al., 1997; Mumm, 1993; Lande
and Thomp son, 1990). When mark ers as so ci ated with QTL for a trait of in ter est ac count for a
greater pro por tion of the ad di tive ge netic vari a tion that phe no type alone, the marker in for ma -
tion has the ef fect of in creas ing heritability. The in crease in breed ing ef fi ciency can be re al ized in
a num ber of ways:

· By in creas ing the prob a bil ity of iden ti fy ing truly su pe rior ge no types

· By in creas ing the amount of gain re al ized through se lec tion e.g. 1000 ki lo grams per hect are
yield in crease ver sus 500 ki lo grams per hect are yield in crease

· By de creas ing the num ber of prog eny that must be screened to re cover a given level of gain
· By in creas ing the num ber of new cultivars com mer cial ized/re leased in a given timeframe.

The in ter re la tion ship of these fac tors is clearly il lus trated by Knapp (1998), some of which
is pre sented in Ta ble 1. These data show that, when se lec tion is based on both marker and
phenotypic data, the num ber of prog eny that must be eval u ated to re cover with 99% cer tainty at
least 1 with a genotypic value in the 10%, 5%, or 1% up per tail of the phenotypic dis tri bu tion is
about half the num ber that must be eval u ated when se lec tion is based on phe no type alone, even
when mark ers for QTL ex plain only about 0.2 of the pro por tion of ge netic vari a tion. The ta ble
also shows the di min ish ing re turn of the marker data with highly her i ta ble traits. Given pop u la -

tion sizes of ³200 in di vid u als to en sure ac cu racy in es ti mat ing marker ef fects with non-in bred
pop u la tions, ex trap o la tion of the data in di cates that eval u a tion of a seg re gat ing pop u la tion of
this ap prox i mate size would pro vide a very high like li hood (99%) of re cov er ing at least one line
in the ~4% up per tail. In con trast, Knapp dem on strated that pop u la tion sizes of 50-75 pro vide
only an 80% prob a bil ity of re cov er ing at least 1 prog eny in the up per 10% of the dis tri bu tion
with out the use of MAS, which ex plains the high fre quency of no su pe rior re cov er ies from most
breed ing pop u la tions with typ i cal con ven tional breed ing ap proaches.

Knapp (1998) sug gested that use of MAS can lead to a 16.7-fold in crease in breed ing ef fi -
ciency but the few pub lished re ports re veal more mod est in creases of 2-3 fold. Monsanto Com -
pany has re ported an av er age x2.36 in crease in ge netic gain across 248 unique maize breed ing
pop u la tions ap ply ing MAS for im prove ment of mul ti ple quan ti ta tive traits com pared to se lec tion 
based on con ven tional se lec tion for phe no type alone (Eathington et al., 2007). Like wise, Green
Gi ant has re ported re al ized gains in breed ing ef fi ciency for im proved ag ro nomic and qual ity
traits in sweet corn (John son, 2002).
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Ta ble 1. The num ber of prog eny that must be eval u ated for a 99% cer tainty of re cov er ing ³1 prog eny
with a genotypic value in the gth per cent age of the up per tail of the phenotypic dis tri bu tion of the
pop u la tion, given 10% se lec tion in ten sity and heritability = 0.2 for the trait un der se lec tion, for
var i ous val ues of p where p is the pro por tion of the ge netic vari a tion ex plained by mark ers for as -
so ci ated QTL (Knapp, 1998).

p = 0 p = 0.2 p = 1.0

g = 10% 155 77 44

g = 5% 264 124 90

g = 1% 998 495 458

In crease in breed ing ef fi ciency through use of mo lec u lar mark ers can also be re al ized in
other ways: 
· By de creas ing the time over which gain is re al ized (as is par tic u larly the case with MABC) 
· By fa cil i tat ing fo cus of test ing re sources on ge no types with great est po ten tial (i.e. early

elim i na tion of lesser ge no types).
More over, use of mo lec u lar mark ers can fur ther en hance breed ing ef fi ciency by of fer ing

so lu tions to par tic u lar chal lenges (Col lard et al., 2008; John son, 2004; Jansen and Nap, 2001):
· By en abling si mul ta neous im prove ment for neg a tively cor re lated traits
· By pro vid ing a means to ef fec tively screen for dif fi cult- or costly-to-mea sure traits,
· By pro vid ing a means to ef fec tively screen for highly her i ta ble me tab o lites strongly cor re -

lated with the tar get trait phe no type, par tic u larly for traits de fined by re sponses to en vi ron -
men tal, de vel op men tal, or phys i o log i cal cues

· By pro vid ing a prac ti cal means by which to eval u ate and uti lize ex otic or elite un adapted
germplasm

· By pro vid ing a start ing point to in ves ti gate ge net ics un der ly ing a trait of in ter est and for ul -
ti mately tag ging genes with in trin sic mark ers.

De fin ing ge netic spec i fic ity

QTLs for traits of in ter est can be mined to iden tify the genes un der ly ing phenotypic ex -
pres sion for added value be yond the im me di ate breed ing ap pli ca tion. There are nu mer ous ex am -
ples of clon ing of genes pur su ant to fine map ping (Price, 2006; Varshney et al., 2006) and can di -
date gene ap proaches (Hansen et al., 2008; Salvi and Tuberosa, 2005; Varshney et al., 2005). The
clon ing of QTLs has yielded novel in sights about the bi ol ogy of quan ti ta tive traits that were not
likely to be dis cov ered from the anal y sis of gene knock outs and overexpression strat e gies, es pe -
cially the im pacts of reg u la tory vari a tion in volved in phenotypic ex pres sion and evo lu tion (e.g.
Clark et al., 2006; Yan et al., 2004; Cong et al., 2002). Fur ther more, mo lec u lar mark ers, genomics,
and bio tech nol ogy are now ap plied in an it er a tive fash ion to cre ate new ge netic di ver sity for crop
im prove ment (Fig ure 1). The dis cov ery of ben e fi cial al leles and reg u la tory el e ments via QTL
map ping and clon ing and the use of in for ma tion learned from the mo lec u lar char ac ter iza tion of
QTL can be uti lized to de sign op ti mal trans gen ic strat e gies and used to gen er ate other novel bio -
tech nol ogy for de ploy ment across spe cies.

Im pli ca tions

With or with out the use of mo lec u lar mark ers in breed ing, cultivar im prove ment is still a
‘num bers game’. Re cov er ing a su pe rior ge no type re mains a mat ter of fa vor ably shift ing prob a bil -
i ties to ward that re sult through ap pro pri ate pop u la tion sizes, use of strat e gies and tools that pro -
motes greater ge netic gains, and pru dent choice of par ents. MAS can im prove ef fi cien cies but
must be broadly im ple mented across a ma jor ity of the pop u la tions worked to im prove the overall
efficiency in a breeding program.

In te gra tion of genomic ap pli ca tions like mo lec u lar mark ers is key; like wise, op ti mi za tion
of the use of such tools is im por tant to max i mize value of the tech nol ogy. Monsanto has been
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quite can did about steps it has taken to in te grate and op ti mize marker util ity in its maize breed ing 
pro gram (Eathington et al., 2007; Fraley, 2006), cit ing sev eral fac tors in clud ing: 1) struc tur ing of
the breed ing pro gram to cre ate spe cific groups fo cused on choice of par ents, prog eny per for -
mance eval u a tion, tech nol ogy and data de vel op ment, and breeder ed u ca tion/sup port in de ploy -
ment of new tools; 2) in creased yield trial ca pac ity and qual ity e.g. equip ment up grade, uni form
plant spac ing, op ti mal plant ing dates, 3) up grades to the geno typ ing plat form, 4) es tab lish ing IT
sys tem in fra struc ture with a cen tral ized da ta base fea tur ing uni for mity across crops for ped i gree
no men cla ture, trait def i ni tions, and rat ing scales, as well soft ware to sup port data col lec tion/anal -
y sis and se lec tion de ci sions to em power breed ers; 5) meth od ol ogy for marker util ity in cor po rated 
with breed ing strat e gies and schemes e.g. in di ces for mul ti ple trait se lec tion, re cur rent se lec tion
scheme; and 6) po si tion ing for greater pre dic tive use of the da ta base in for ma tion as it grows with
mo lec u lar marker im ple men ta tion.

The use of mo lec u lar mark ers has been the first genomic ap pli ca tion to be adopted on a
wide spread ba sis in cultivar im prove ment, but likely will not be the last. The les sons learned in
the im ple men ta tion and max i mi za tion of this tech nol ogy will pave the way for others to come.
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UTILIZING GENETIC RESOURCES FOR PREBREEDING OF STRESS 
RESISTANT SUGAR BEET GERMPLASM: USING MOLECULAR TOOLS

Lee Panella
USDA-ARS, NPA, Sugarbeet Re search Unit, Crops Re search Lab o ra tory, 

1701 Cen tre Ave., Fort Col lins, CO 80526-2083
Email: Lee.Panella@ars.usda.gov

Ab stract

In the last 30 years, dis ease pres sure has com pelled sugar beet breed ers to uti lize other cul -
ti vated beets and wild rel a tives as ge netic re sources, de spite the re luc tance of ear lier breed ers,
who had avoided these sources due to the many un de sir able traits introgressed with the re sis -
tance genes. In the U.S., pub lic breed ers do much of the sugar beet prebreeding. The de vel op -
ment of mo lec u lar bi ol ogy has im pacted both the meth od ol ogy and ob jec tives of this germplasm
en hance ment ef fort. While introgressing genes; marker de vel op ment, gene map ping, and gene
dis cov ery in creas ingly are be com ing ad di tional goals of the prebreeding ef fort. For ex am ple, the
dis cov ery of the ver nal iza tion gene in sugar beet, BvFL1, was part of a pro ject to use mo lec u lar
mark ers to un der stand the ge netic vari a tion pres ent in pop u la tions of wild sea beet. Other wild
beet pop u la tions, used as dis ease re sis tant do nors, are pro vid ing one par ent in map ping pop u la -
tions to indentify in di vid ual genes or QTLs re spon si ble for that source of re sis tance. As ge netic
re sources pro vide new sources of ge netic vari a tion in com mer cial va ri ety de vel op ment, breed ers
also are de vel op ing the pop u la tion struc ture and in for ma tion nec es sary to en able genomic and
proteomic anal y ses of the ge netic re sources avail able to sugar beet breed ers. The iden ti fi ca tion of 
ma jor genes within other sec tions of Beta, (or other taxa) fa cil i tates trans gen ic ap proaches to dis -
ease re sis tance. This prebreeding ef fort has in creased the use of wild rel a tives as ge netic re -
sources and un der scores the need for these pop u la tions in our genebank col lec tions.

Key words: Beta vulgaris, dis ease re sis tance, Beta vulgaris ssp. maritima, ge netic re sources,
sugarbeet

In tro duc tion

By the mid dle of the 20th cen tury, in re sponse to the mech a ni za tion of ag ri cul ture, the cul ti -
va tion and pro duc tion of sugar beet (Beta vulgaris L.) had un der gone tre men dous changes (Fran -
cis, 2006). Seed com pa nies had moved from open-pol li nated and anisoploid va ri et ies to true hy -
brids us ing the cy to plas mic male ste ril ity and ge netic fer til ity res to ra tion sys tem de vel oped by V.
F. Owen with monogerm O-type maintainer lines (Desprez & Desprez, 1993; Owen, 1945;
Savitsky, 1952a; Savitsky, 1952b). As the area cul ti vated grew, so did the need for in creased re sis -
tance to pests (Lewellen, 1992). How ever un til the 1980s, the un de sir able traits from wild and
other do mes ti cated beet groups – col ored pig ments in the root, mul ti ple crowns, sprangled roots
(dif fi cult to har vest, soil tare), an nual life cy cle, and low su crose con cen tra tion and extractability
– cre ated a re luc tance to use this pool of ge netic re sources for dis ease re sis tance (Coons, 1975;
Frese et al., 2001; Lewellen, 1992; Panella & Lewellen, 2005). The one no ta ble ex cep tion was the
suc cess of Otavio Munerati, who used wild sea beet (Beta vulgaris sub spe cies maritima (L.)
Arcang. – Bvm) germplasm in It aly as a source of re sis tance genes for pro tec tion against leaf spot
(caused by Cercospora beticola, Sacc.) (Munerati et al., 1913).

A num ber of events in the 1980s paved the way for in creased use of wild sea beet and other
do mes ti cated beet groups (re ferred to here af ter as ‘ex otic germplasm’) as ge netic re sources in
sugar beet im prove ment. In the U.S., the USDA-ARS Sugar Beet Crop Ad vi sory Com mit tee be -
gan an ag gres sive pro gram of eval u a tion of ex otic germplasm for re sis tance to im por tant sugar
beet pests and dis eases (Doney, 1998; Panella & Lewellen, 2007). Con cur rently, in Eu rope, N. O.
Bosemark’s (1989) the o ret i cal breed ing scheme was ex panded and in te grated into com mer cial
and pub lic pro grams in Eu rope and the U.S. (Frese et al., 2001; Panella & Lewellen, 2007). The
World Beta Net work, founded un der the aegis of the IPGRI in 1987 (Frese, 1990), joined by the
ECPGR Beta Working Group, be gun in 1998 (ECPGR-BWG, 2008), have pro vided the frame -
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work for in ter na tional col lab o ra tion and co op er a tion. Then, be tween 1996 and 2002, Eu ro pean
pro ject part ners (re search ers and seed com pa nies) col lab o rated in germplasm eval u a tion and
data doc u men ta tion in the GENRES CT95 42 pro ject (Panella & Frese, 2003).

Along with the in creas ing introgression of genes from ex otic sugarbeet ge netic re sources,
the last fif teen years has seen a tre men dous in crease in the tools avail able for ge netic anal y ses.
Link age map ping has grown from the use of isozymes (Abe & Tsuda, 1987) to full ge nome maps
(Barzen et al., 1992; Grimmer et al., 2007b; McGrath et al., 2007b; Schnei der et al., 2007); there are
a pleth ora of mo lec u lar mark ers avail able and the pos si bil ity of full ge nome and proteome anal y -
ses is be ing re al ized (Catusse et al., 2008; Larson et al., 2007; Larson et al., 2008; Puthoff &
Smigocki, 2007). There is no room here to ad e quately re view this lit er a ture as is seems to be
grow ing ex po nen tially, and re viewed an nu ally (Bosemark, 2006; McGrath et al., 2007a; McGrath
& Skaracis, 2005; Zhang et al., 2008). In creasing ac cess to these tech nol o gies is im pact ing the way
we eval u ate and use ge netic re sources.

How are Mo lec u lar Tech nol o gies Be ing Used in Prebreeding?

First, what is meant by prebreeding? If we look at the uti li za tion of ge netic re sources as a
pipe line from the ge netic re source to the re lease of a cultivar to the farmer (fig ure 1), we see that
the pre-breed ing step is cru cial, if the ac ces sions in our genebanks are to be used by com mer cial
seed com pa nies. It is in this step that the un-adapted germplasm is eval u ated, and bred into a ge -
netic back ground that al lows it to fit into a com mer cial breed ing pro gram, which op er ates un der
the con straint of meet ing short term goals (Stander, 1993).

Fig ure 1. In the US, the uti li za tion of sugar beet ge netic re sources flows from the genebanks through
the USDA-ARS pub lic breeder to the com mer cial seed com pany, which pro duces the va ri et ies that
reach the farmer. Uti li za tion of ge netic re sources de pends upon the prebreeding step to al low com -
mer cial breed ers to ac cess the ge netic di ver sity avail able in our genebanks in a ge netic back ground

that they can use.

The prebreeding pro cess is a long-term pro ject, which, in sugar beet, may re quire 10 to 15
years of pa tient work; and, in the U.S., is ac com plished by USDA-ARS pub lic breed ers (Doney,
1998; Panella & Lewellen, 2007). Much of this work has been done by cross ing into long range
pop u la tions us ing the re cur rent se lec tion method de scribed by Bosemark (1989). In sugarbeet,
prebreeding has been used to introgress dis ease (Camp bell & Bugbee, 1993; Lewellen &
Schrandt, 2001) and pest (Lange & De Bock, 1994) re sis tance, plant ar chi tec ture traits (Theurer,
1993), and com bin ing abil ity (Doney, 1993). How ever with new tools avail able, com mer cial
breed ers want as much in for ma tion as pos si ble to more quickly uti lize the en hanced germplasm
they are re ceiv ing from the pub lic breed ers. In for ma tion on in her i tance al ways has been im por -
tant and some new sources of re sis tance have been pro vided in a for mat to al low mo lec u lar (or
tra di tional) ge netic anal y ses – e.g., dif fer ent sources of re sis tance backcrossed into a common
genetic background (Lewellen, 1998).

Mo lec u lar mark ers of ev ery kind are be ing used more com monly in breed ing pro grams,
and, with marker as sisted se lec tion, genes can be more ef fi ciently introgressed. Pub lic
prebreeding pro grams uti lize breed ing schemes that fa cil i tate germplasm en hance ment con cur -
rent to mo lec u lar marker dis cov ery in the pop u la tions in which they are work ing. More marker
dis cov ery is tak ing place on the hy brid from the ex otic source and sugar beet par ent. (Friesen et
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al., 2006; Grimmer et al., 2007a)Ob vi ously if a new source of re sis tance can be pro vided to a com -
mer cial seed com pany with a marker in hand, or the pop u la tion struc ture from which to quickly
ex tract the marker, that germplasm is of more value.

Char ac ter iz ing and Eval u at ing Ge netic Re sources

Eval u a tion of germplasm con tin ues to be crit i cal in iden ti fy ing those ac ces sions that have
genes of in ter est. This is clearly il lus trated in the screen ing for pest and dis ease re sis tance, men -
tioned in the in tro duc tion, and, over time work has been done on the de vel op ment of dis ease
screen ing tech niques, in the field, green house, and lab o ra tory (e.g., (Azorova & Subikova, 1996;
Büttner et al., 2004; Panella, 1998; Panella, 2000; Ruppel et al., 1979; Ruppel & Gaskill, 1971;
Scholten et al., 2001; Scholten & Lange, 2000). Eval u a tion meth od ol ogy is an other piece of in for -
ma tion that com mer cial seed com pa nies want with en hanced germplasm – how to screen for the
phe no type en hanced in that germplasm.

As we at tempt to uti lize ex otic germplasm, es pe cially wild rel a tives of sugar beet, it is im -
por tant to char ac ter ize and un der stand the ge netic di ver sity of those pop u la tions. Mo lec u lar
mark ers pro vide a use ful tool to sup ple ment char ac ter iza tion by mor pho log i cal traits and dis ease
re sponse. Al though neu tral mark ers may be used to quan tify di ver sity, in look ing at ge netic di -
ver sity with mo lec u lar mark ers, it is crit i cal to look at ag ri cul tur ally im por tant traits. In sugar
beet, life his tory – an nual or bi en nial – is such a trait. In a study of Bvm ge netic di ver sity along the
At lan tic coast of France, we were able to iden tify and char ac ter ize a key ver nal iza tion reg u la tory
gene, BvFL1, mined from an EST da ta base (Reeves et al., 2007). This dis cov ery is not only use ful
in char ac ter iz ing those pop u la tions but has tre men dous re search and com mer cial ap pli ca tions.

Gene dis cov ery, be it in wild or do mes ti cated pop u la tions, pro vides a new way to char ac ter -
ize ge netic re sources as well as pro vid ing the most use ful marker – the gene it self. Sin gle nu cle o -
tide polymorphisms (SNPs) within genes (and hav ing a phenotypic ef fect) will be come more
com mon and more use ful as we char ac ter ize them and un der stand their pleiotropic ef fects. They
are a use ful tool to de scribe al leles and mea sure allelic di ver sity. Al ready, im por tant prog ress is
be ing made in de vel op ing use ful SNPs in sugar beet (Grimmer et al., 2007b; Schnei der et al.,
2007).

How will the chang ing tech nol o gies im pact prebreeding?

As more mark ers (pro tein or DNA) are de vel oped, and more genes in flu enc ing im por tant
traits are cloned and char ac ter ized, prebreeders will be introgressing char ac ter ized genes rather
than em pir i cal phe no types. They also will be go ing out of sugar beet’s pri mary genepool and into
the sec ond ary and ter tiary gene pools (Harlan & de Wet, 1971) be cause trans gen ic ap proaches
will al low in ser tion of genes di rectly into elite sugar beet par ents (as well as into other crops).
Eval u a tion will not be con cen trated only on whether the trait is pres ent but on the bio chem is try
and phys i ol ogy of how a par tic u lar phe no type is man i fested. Map ping genes is im por tant, but
more im por tant may be the dis cov ery and knowl edge of allelic di ver sity and allelic in ter ac tions
(at crucial loci) and their effects on phenotype.

Ac cu rately screen ing germplasm will be im por tant not only in de ter min ing the mag ni tude
of the allelic ef fect at spe cific loci but also in un der stand ing the pleiotropic ef fects of allelic in ter -
ac tions at dif fer ent loci. Char ac ter iza tion and ba sic re search will play a larger role in the
prebreeding pro cess be cause knowl edge of the ge netic com po si tion of ge netic re sources will be -
come more im por tant in mak ing breed ing de ci sions. This knowl edge is what the seed com pa nies
will need to de cide which sources of a gene or genes to use developing their commercial hybrids. 

These changes will also im pact the way our genebanks and ge netic re sources da ta bases are
used. Cur rently, as men tioned above, Beta ge netic re sources are well char ac ter ized for a num ber
of im por tant mor pho log i cal, ag ro nomic and dis ease re sponse descriptors (Panella & Frese,
2003). In the fu ture we will need descriptor data from mo lec u lar anal y ses. It will be im por tant to
de scribe allelic di ver sity within an ac ces sion, not just among ac ces sions. To de scribe gene and al -
lele fre quen cies, it will be nec es sary to en ter in di vid ual plant data into our genebank da ta bases to
de scribe the ac ces sions. For tu nately our genebanks are mov ing in that di rec tion (Volk & Rich -
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ards, 2008). I think that the im por tance of prebreeding and the close work ing re la tion ship be -
tween prebreeders and genebanks is sum ma rized well by JR Stander (1993):

“The broad en ing of the ge netic base of crops re quires a sys tem of well main tained
and ap pro pri ately de scribed col lec tions. Clas si fi ca tion, char ac ter iza tion, and
pre-breed ing of ma te rial in col lec tions will greatly stim u late their use by pri vate plant 
breed ers. In the ab sence of these ac tiv i ties pri vate breed ers will, in gen eral, con tinue
to ig nore the col lec tions.”
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CHANGE IN GENETIC DIVERSITY AT GLIADIN LOCI IN Triticum aestivum L.
CULTIVARS BRED IN TWO SOUTH EU RO PEAN COUN TRIES DUR ING FOUR DE CADES
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Ab stract

We have ex am ined the dy nam ics of ge netic di ver sity at gliadin loci in the cultivars of win ter
com mon wheat Triticum aestivum L., which was de vel oped in two coun tries of South Eu rope, Ser -
bia and It aly over 40 years of sci en tific breed ing. It is shown that in this pe riod of time, sev eral al -
leles spe cific for the wheat cultivars of each coun try were sub sti tuted with the al leles of a lim ited
num ber of do nor cultivars, in par tic u lar cultivar Bezostaya 1 and its de riv a tives. Thus, a few
cultivars made a disproportionably high con tri bu tion to the gliadin ge netic di ver sity in the re gion. 
Al though the het er o ge ne ity lev els were main tained dur ing var i ous time pe ri ods in each coun try,
the over all ge netic di ver sity in the to tal re gion re duced, as dem on strated by sim i lar ity in the sets
of al leles of gliadin loci and their fre quen cies in the mod ern cultivars of It aly and Ser bia. This re -
duc tion in the ge netic di ver sity rep re sents ero sion of ge netic re sources within the re gion, re sult -
ing to loss of unique coadapted gene com plexes in com mon wheat.

Key words: wheat, cultivar, ge netic di ver sity, gliadin loci.

In tro duc tion

In re cent years, the is sue of ge netic ero sion in cul ti vated plants, which is de fined as a re duc -
tion in ge netic di ver sity of the spe cies, has been a fo cus of at ten tion of re search ers in many coun -
tries. It is thought that ge netic ero sion is caused by a fre quent in volve ment of the same ge no types
into breed ing pro grams. This de creases the ge netic po ten tial of plants, thereby re duc ing the pos -
si bil ity of im prov ing cultivars and el e vat ing their re sis tance to dis eases and new pes ti cides as well
as their ad ap ta tion to fu ture changes in the cli mate and ag ri cul tural prac tice [Vellve, 1993;
Clunies-Ross et al., 1995; Tripp, 1996[.

To as sess the ge netic di ver sity in com mon wheat and its re cent dy nam ics, gliadin-cod ing
loci are es pe cially ef fi cient [Metakovsky & Branlard, 1998; Novoselskaya-Dragovich & Krupnov, 
2003[. Each of the six un linked gliadin loci is typ i cally rep re sented by more than 20 al leles, whose
com bi na tion the o ret i cally gives over one mil lion ge no types. Based on this high di ver sity, the ge -
no types of cultivars and lines can be dis tin guished with high ac cu racy. In ad di tion, gliadin genes
are tightly linked to cer tain quan ti ta tive traits and can be ef fi cient mark ers for se lect ing these
traits [Tanaka et al., 2005[. It is dem on strated that breed ing in flu ences the ge netic pro file of newly 
de vel oped cultivars, namely, a num ber of al leles char ac ter is tic of old cultivars: new al leles ap -
pear, and al lele fre quen cies change. How ever, the ge netic het er o ge ne ity, or allelic di ver sity does
not change es sen tially with time. This was shown for the com mon wheat cultivars re leased dur ing
long-term breed ing in such coun tries as UK [Donini et al., 2000[, France [Roussel et al., 2004[,
Can ada [Fu et al., 2005[, and Rus sia. The sta bil ity and even in crease in the ge netic di ver sity of
cultivars in var i ous breed ing cen ters and breed ing pro grams is re garded as the ab sence of ge netic
ero sion.

Our work was aimed at study ing the dy nam ics of ge netic trans for ma tions in the cultivars of
win ter com mon wheat cultivars re leased in Ser bia and It aly over 40 years of sci en tific breed ing in
con nec tion with the pos si ble ero sion oc cur ring in this re gion.

These coun tries are known for their his tor i cal, cul tural, and eco nomic re la tions. In par tic u -
lar, be sides the lo cal pop u la tion cultivars, Ital ian cultivars Argelato, Fortunato, and Libellula) as
well as West Eu ro pean (Heine VII) and North Amer i can (Red Coat) cultivars were widely in -
volved in breed ing in Ser bia. Since the 1970s, cultivars from the for mer So viet Un ion (Bezostaya
1, Au rora, Kavkaz, Skorospelka 35, and oth ers) were also used for com mon wheat im prove ment.
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In last years, Ital ian wheat cultivars again be came pop u lar [Borojevic, 2003[. In Ital ian cen ters,
the same do nor cultivars as in Ser bia were fre quently used.

Ma te ri als and Meth ods

We ex am ined 94 win ter com mon wheat cultivars re leased in Novi Sad dur ing 1964-2004. Of 
these, 59 cultivars were stud ied in this work and the data on 36 cultivars were ob tained ear lier
[Metakovsky et al., 1991[. Also, we used our pre vi ous data on 24 cultivars bred in Kragujevac and
lit er a ture data on 129 Ital ian cultivars. For each cultivar, up to 50 grains were ex am ined by elec -
tro pho re sis in polyacrylamide gel [Metakovsky & Novoselskaya, 1991[.

Re sults and Dis cus sion

Gliadin pat terns were de ter mined for all the cultivars stud ied. It was found that Ital ian
cultivars ex ceeded Ser bian ones in the num ber of al leles (66 al leles vs. 55 al leles). How ever, the
ab so lute num bers of not rare al leles used dur ing the pe riod stud ied in the breed ing pro grams of
It aly and Ser bia are very close (37 and 42, re spec tively). This is the par tic u lar set of al leles pro vid -
ing the ge no types char ac ter is tic of these re gions.

The gliadin for mu las of most cultivars are unique. The frac tion of cultivars dis play ing the
same gliadin for mu las is small, amount ing to 4.25, 4.16, and 6.98% for Novi Sad, Kragujevac, and
It aly, re spec tively.

To study the dy nam ics of al lele fre quen cies for gliadin loci, all Ser bian cultivars were di -
vided into three groups ac cord ing to the pe riod when they were bred: (1) the cultivars bred in
1964-1973, whose ped i grees con tain mainly Ital ian and West ern Eu ro pean cultivars (Heine VII,
For tu nate, Ge nus 129); (2) the cultivars bred in 1973-1988; their breed ing, on the one hand, in -
volved such Rus sian cultivars as Bezostaya 1, Kavkaz, and Au rora, known for their high win ter
har di ness and valu able ag ri cul tural traits, and, on the other, some Ital ian cultivars, which were
not win ter hardy but dis played a high pro duc tiv ity po ten tial for this re gion; and (3) the cultivars
bred in 1989-2004; as par ents for the mem bers of this group, the cultivars re leased in 1973-1988
were mainly used. The Ital ian cultivars were di vided into three anal o gous time groups, i.e., the
cultivars bred in 1964-1973, in 1973-1988; and in 1989-2004.

Study ing al lele sets that de ter mine the ge netic di ver sity of these three groups dem on strated 
that sev eral al leles char ac ter is tic of group 1 dis ap peared from the group of mod ern cultivars
(group 3): Ser bian cultivars had lost 13 al leles and Ital ian, 9 al leles. The ma jor ity of the dis ap -
peared al leles dis played rather high fre quen cies in group 1, namely, 10 to 40% in Ser bia and 6 to
32% in It aly. Over all, 15 al leles ab sent in the cultivars of group 1 ap peared in the group of mod -
ern Ital ian cultivars and 25 new al leles ap peared in Ser bia. Thus, sev eral “old” al leles have been
sub sti tuted with “new” al leles. The ge netic het er o ge ne ity H cal cu lated for the three groups of
Ser bia (0.626-0.614-0.633) and Ital ian cultivars (0.765-0.719-0.763) ap peared con stant through out 
the pe riod stud ied. Ap par ently, the ob served H value pro vides the ge netic di ver sity that is
necessary and sufficient for successful breeding.

The most fre quent al leles in group 1 of the cultivars from It aly, Novi Sad, and Kragujevac
were Gli-Ala, Gli-Blg, Gli-Blf, Gli-Dlk, Gli-A2g, Gli-B2o, and Gli-D2a. In the Ser bian cultivars, the
al leles Gli-Blk and Gli-D2r also dis played high fre quen cies; in the Ital ian cultivars, Gli-Ble, -Dla,
-Dlf, -A2g, -A2p, -B2j, and -D2g.

Group 2 of Ser bian cultivars dif fered dras ti cally from group 1 in the set of al leles and their
fre quen cies. The fre quen cies of al leles b of all gliadin loci, which ac cord ing to the ped i grees and
anal y sis of gliadin in pa ren tal forms were do nated by the cultivar Bezostaya 1, el e vated dras ti -
cally. The fre quency of Bezostaya 1 al leles in the cultivars of group 2 amounts to 50%. More over,
30% of the Ser bian cultivars car ried translocation 1BL/1RS, from the cultivars Au rora or Kavkaz 
and are marked with al lele Gli-Bll. Thus, the ge no types of cultivars Bezostaya 1, Au rora, and
Kavkaz de ter mined to a con sid er able de gree the ge netic com po si tion of the group 2 cultivars.

The Ital ian cultivars of group 2 also dis played al lele sub sti tu tions and changes in al lele fre -
quen cies as com pared with group 1. The fre quen cies of Gli-Ala and Gli-A2g re mained sim i larly
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high in group 2; al leles b of three loci ap peared. How ever, no dras tic in crease in the fre quency of
al lele b, re corded in the Ser bian cultivars, was found in the case of Ital ian cultivars.

Group 3 com prised mod ern cultivars. The Ser bian cultivars of this group were close to
group 2 in both the al lele com po si tions and fre quen cies. The ge netic com po si tion of cultivar
Bezostaya 1 es sen tially in flu enced the ge no types of these cultivars, as the ma jor ity of par ents for
the cultivars of this group were bred when Bezostaya 1 and its de riv a tives were di rectly used in
the cor re spond ing breed ing. The al leles do nated by Bezostaya 1 in group 2 oc curred with a fre -
quency of 50% and in group 3, with a fre quency of 47%. The fre quen cies of al lele b of five loci in
the Ital ian cultivars form ing group 3 in creased con sid er ably and Gli-B1l al lele, be came the most
fre quent.

The ge netic dis tances be tween the groups were cal cu lated to as sess the sim i lar ity be tween
the ge netic pro files of Ser bian and Ital ian cultivars. The dis tance be tween groups 1 and 2 of the
Ser bian cultivars was con sid er able (d2 = 0.974); on the con trary, the cultivars of groups 2 and 3,
closely re lated ge net i cally, dis played a small ge netic dis tance (d2 = 0.236). The close re la tion ship
be tween the Ser bian cultivars of groups 2 and 3 is ex plained by the im pact of cultivars Bezostaya
1, Kavkaz, Au rora, and oth ers on their for ma tion, which can be traced from their ped i grees and
the in her i tance of the al leles of gliadin-cod ing loci. As for Ital ian cultivars, the dis tances be tween
groups 1 and 2 (d2 = 0.435) and groups 2 and 3 (d2 = 0.433) were ap prox i mately equal. The dis -
tance be tween groups 1 and 3 was about 1.5-fold greater (d1 = 0.678), thereby in di cat ing ge netic
di ver gence be tween the old and mod ern cultivars.

Group 1 of Novi Sad (Ser bian) cultivars (old cultivars) was dis tant from the group of old
Ital ian cultivars (d2 = 0.988) and old Kragujevac cultivars (d2 = 0.949). In tense in volve ment of
Bezostaya 1 into breed ing since the 1970s in both Ser bian breed ing cen ters led to pro nounced
con ver gence of the ge netic pro files of the cultivars bred in these cen ters (d2 = 0.312), which is still
re tained in the mod ern cultivars (d2 = 0.356). The ge netic pro files of Ser bian and Ital ian cultivars
have been also steadily con verg ing. The ge netic dis tance be tween them de creased from 0.958 (old 
cultivars, group 1) to 0.514 (mod ern cultivars, group 3). The ge no types of Ital ian and Ser bian
cultivars con verge with time mainly due to an in crease in the fre quen cies of the al leles char ac ter -
is tic of Bezostaya 1 (the fre quen cies of the fol low ing al leles in creased from group 1 to group 3 in
Ital ian cultivars: Gli-Blb from 0 to 33%, Gli-A2b from 0 to 31%, Gli-B2b from 0 to 14%, and
Gli-Dlb from 16 to 28%) and in creased fre quen cies some other al leles such as Gli-A1a and
Gli-A2g.

The in crease in the fre quen cies of al leles from cv. Bezostaya 1 is not ac ci den tal. The dis tri -
bu tion of Ser bian cultivars ac cord ing to the grain qual ity classes dem on strates an ev i dent pre -
dom i nance of Bezostaya 1 al leles in the high est qual ity (strong) cultivars (class Al – 60%) and a
de crease in the fre quen cies of its al leles with the de crease in the grain qual ity (classes B2 and C1 – 
14%). Pre sum ably, these al leles of Bezostaya 1 are lo cal ized to the same link age group as the
genes de ter min ing com mer cially valu able traits of the grain and mark these gene associations.

The link age groups marked by Gli-A1a, Gli-B1f, Gli-A2g, Gli-B2o, and D2a can be re garded
as highly com pet i tive, since char ac ter is tic of these al leles are high fre quen cies in all the groups of
the cultivars from both coun tries de spite car di nal changes in the fre quen cies of other al leles. Pre -
sum ably, these al leles as so ci ated with those ren der ing their car ri ers high adapt abil ity in this cli -
ma tic re gion.

We have dem on strated that 44% of the al leles char ac ter is tic of old Ser bian and Ital ian
cultivars have dis ap peared from the al lele pool of the cultivars stud ied over a rel a tively short time 
pe riod (30-40 years); more over, 82% of the lost al leles dis played rather high ini tial fre quen cies
(11 to 40%). This sug gests that the old al leles were sub sti tuted not as a re sult of sto chas tic pro -
cesses, such as ge netic drift. The ge no types of do nor cultivars and lo cal cultivars fre quently dif fer
es sen tially, which leads to changes in the ge no types of the prog eny; in our case, to the sub sti tu tion 
of gliadin al leles. For ex am ple, cv. Au rora and Kavkaz are the do nors of genes re sis tance Sr31,
Lr26, and Yr9 [Mago et al., 2005[, lo cated on the short arm of rye chro mo some 1R, which is
translocated to the wheat chro mo some IBL. Con se quently, the prog e nies of these cultivars ac -
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quire not only the dis ease re sis tance, but also for eign ge netic ma te rial, de tect able by unique elec -
tro pho retic com po nents con trolled by Gli-B1l al lele.

The de crease in the ge netic dis tance be tween the Ital ian and Ser bian cultivars dur ing the
long-term breed ing re sults mainly from in volve ment of the cultivar Bezostaya 1 or its de riv a tives
as one of the do nors, which is ev i dent from the in crease in the fre quen cies of al leles char ac ter is tic
of this cultivar in the mod ern cultivars. Cultivar Bezostaya 1 do nated the trait of ex cel lent grain
qual ity; it car ries the genes of a high yield as well as dwarf ism and re sis tance to sev eral dis eases.
Crop ca pac ity of the cultivars re leased in Ser bia in 1973-1980 el e vated from 1.65 to 5.21 t/ha.
More over, the high fre quen cies of al leles Gli-Ala and Gli-A2g, ob served in all the time groups of
both Ital ian and Ser bian cultivars also dem on strate a close re la tion be tween the cultivars of these
two coun tries as well as the “rye” al leles Gli-Bll, which ap peared in the mod ern Ital ian cultivars.

The con stancy of ge netic het er o ge ne ity H in Ital ian and Ser bian cultivars from dif fer ent
time groups, dem on strated in this work, may be re garded as an in di ca tion of the ab sence of ge -
netic ero sion. How ever, sub sti tu tion of the al leles unique for each coun try with the al leles of a
lim ited num ber of do nor cultivars leads to the sit u a tion when, on the back ground of het er o ge ne -
ity value pres er va tion in each coun try, the ge netic di ver sity de creases at the level of the over all re -
gion, as dem on strated by the sim i lar ity in the al lele sets of the gliadin loci and their fre quen cies in
the mod ern cultivars of two South Eu ro pean coun tries. This de crease in the ge netic di ver sity is
the ero sion of ge netic re sources within the re gion in ques tion, which leads to dis rup tion of unique 
coadapted gene com plexes. As it is un known which par tic u lar gene com plexes will be nec es sary
in fu ture for breed ing, the pres er va tion of ge netic di ver sity is a guar an tee of suc cess ful de vel op -
ment of this sec tor both now and in the fu ture.
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CHARACTERISTIC OF BREAD WHEAT ANALOGUE-LINES THAT 
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Ab stract

Bread wheat (Triticum aestivum L.) an a logue-lines with dif fer ences in plant heights were
an a lyzed with al lele-spe cific prim ers to Rht-B1, Rht-D1, by us ing Xgwm261 – di ag nos tic
microsatellite marker to Rht8 gene and by us ing five F2 pop u la tions, seg re gat ing for short and tall
plants. The seed ling test for sen si tiv ity to gibberellic acid has re vealed in sen si tive ge no types
among an a logue-lines. The level of the ge netic poly mor phism be tween lines was de tected by
microsatellite anal y sis.

The lines with dif fer ent com bi na tions of al leles of dwarf ing genes will be an a lyzed for ef -
fects on agronomical traits.

Key words: an a logue-lines, dwarf ing genes, microsatellite anal y sis, mo lec u lar mark ers.

In tro duc tion

Re ducing height of ce re als is as so ci ated with in creased yield po ten tial and re duced the risk
of lodg ing. The re duc ing height (Rht) or dwarf ing genes con trol plant height by al ter ing cell re -
spon sive ness to the en dog e nous plant hor mone gibberellin (GA33) (Keyes et al., 1989). Genes
that con trol plant heights lo cated in dif fer ent chro mo somes and have dif fer ent ef fects on the pro -
duc tiv ity of the ear. Rht-B1b and Rht-D1b genes are lo cated in the homeologous chro mo somes
4BS and 4DS and en code pro teins in volved in gibberellic (GA33) sig nal transduction (Peng et al.,
1999). Flintham et al. (1997) have shown that the pres ents of Rht-B1b or Rht-D1b lead to re duce of
plants height on the 18% and in the same time in crease yield and fer til ity of ears. The dwarf ing
gene Rht-8 is sen si tive to GA33 and tightly linked to microsatellite Xgwm261 on chro mo some
2DS. The al lele 192 bp at Xgwm261 is as so ci ated with Rht8c dwarf ing gene (Korzun et al., 1998;
McIntosh et al., 2003). Ac cord ing to Rebetzke et al. (2000) wheat ge no types con tain ing the 192 bp 
frag ment at Xgwm261 were sig nif i cantly (P<0.01) shorter on av er age than ge no types ho mo zy gous 
for the 174 bp or 165 bp Xgwm261 al leles. The re duc tion in plant height from the stan dard to
semidwarf height was as so ci ated with sig nif i cant in creases in ker nel num ber, har vest in dex and
higher grain yield (Rebetzke et al., 2000). Genes Rht-B1b, Rht-D1b and Rht-8c are ef fec tive in re -
duc ing plant height and have been widely adopted in wheat breed ing pro grams since their in tro -
duc tion in the 1960 (Gale et al., 1985; Litvinenko, 1998; Bon net et al., 2001).

The aim of this work was to char ac ter ize an a logue bread wheat lines that have been de vel -
oped on the base of the Ukrai nian va ri et ies: Kooperatorka, Odesskaya 3, Odesskaya 51,
Stepnyak by in tro duc tion of dif fer ent al leles of dwarf ing genes for study the ef fects of the al leles
of dwarf ing genes on agronomical traits and win ter har di ness.

Ma te ri als and Metods

Bread wheat (Triticum aestivum L.) an a logue-lines were cre ated by cross ing of the va ri et ies
Kooperatorka, Odesskaya 3, Odesskaya 51, Stepnyak with va ri ety Odesskaya polukarlikovaya
or Krasnodarskiy karlik 1* and 6-7 back cross ing to the re cur rent par ents by V.V. Khangildin at
90th in Plant Breeding and Ge netic In sti tute (PBGI, Odessa).

The lines and the pa ren tal va ri et ies were an a lyzed by us ing mo lec u lar mark ers to Rht-B1,
Rht-D1 loci ac cord ing to Ellis et al. (2002) and Rht8 as rec om mended by Korzun et al. (1998). The
seed lings of lines were tested for sen si tiv ity to gibberellic acid ac cord ing to rec om men da tion of
Börner et al. (1987).
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The level of the genetical poly mor phism be tween va ri et ies and an a logue-lines was de -
tected by microsatellite anal y sis of loci Xgwm126 (5A), Xgwm 293 (7V), Xgwm415 (5A), Xgwm 179
(5A), Xgwm 3 (3D), Xgwm165 (4A), Xgwm153 (1B), Xgwm577 (7B), Xgwm095 (2A), Xgwm186 (5A),
Xgwm190 (5V), Xgwm357 (1A), Xgwm437 (7D), Xgwm304 (5A), Xgwm155 (3A), Xgwm325 (6D),
Xgwm408 (5D), Xgwm153 (1B) as rec om mended Röder et al. (1998).

Five F2 pop u la tions from the crosses be tween the re cur rent par ents and the an a logue-lines
were es tab lished. At the har vest time the fi nal plant height was mea sured and hybridolological
anal y sis for the F2 pop u la tions: Kooperatorka h Kooperatorka K-70; Kooperatorka h
Kooperatorka K-90; Odesskaya 3 h Odesskaya 3 K-75; Odesskaya 51 h Odesskaya 51 K-73;
Stepnyak h Stepnyak 2-K were car ried out. The num bers of Rht-genes were de tected from a seg -
re ga tion ra tio of short and tall plants. The de gree of cor re spon dence of ex per i men tal and ex -
pected data were es ti mated by cri te rion c2.

Re sults and Dis cus sion

Ma ture plant heights were de ter mined from a field ex per i ment. The tested an a logue-lines
and the pa ren tal va ri et ies have dif fer ences in av er age plant heights (M ± SE in 2008): Koopera -
torka (147.0 ± 2.3) - Kooperatorka K-90 (116.6 ± 2.0) and Kooperatorka K-70 (76.3 ± 1.6);
Odesskaya 3 (135.9 ± 1.4) - Odesskaya 3 K-75 (102.5 ± 1.3); Odesskaya 51 (112.1 ± 0.9) -
Odesskaya 51 K-73 (86.2 ± 4.15); Stepnyak (121.5± 0.7) – Stepnyak 2K (94.6 ± 1.4) and Odesskaya 
polukarlikovaya (74.6 ± 1.4).

The test for sen si tiv ity to gibberellic acid dem on strated that the lines Kooperatorka K-70,
Odesskaya 3 K-75, Odesskaya 51 K-73, Stepnyak 2K, Odesskaya polukarlikovaya were not sen si -
tive to gibberellic acid.

Al lele-spe cific PCR with prim ers to Rht-B1 (4B) and Rht-D1 (4D) loci have shown that the
Rht-B1b al lele pres ence in Odesskaya 3 K-75 and Rht-D1b – in the lines Stepnyak 2K and
Odesskaya 51 K-73.

In the ge no type of va ri ety Kooperatorka there were not re vealed dwarf ing genes, con trary
in the ge no types Kooperatorka K-90 and Kooperatorka K-70 have been tested Rht8c al lele, as in
the pa ren tal va ri ety Odesskaya polukarlikovaya. The tall va ri ety Kooperatorka with no re duc ing
height genes was higher on 21% com pared to the an a logue Kooperatorka K-90 with Rht8c al lele,
and on the 52% com pared to the an a logue Kooperatorka K-70 with Rht8c and ad di tional in sen si -
tive to GA33 dwarf ing gene. Al lele-spe cific PCR have shown Rht-B1a and Rht-D1a al leles. Ac -
cord ing to ped i gree in the ge no type of Kooperatorka K-70 as sumed Rht-B1e al lele is pres ent,
which bring in sen si tiv ity to GA33 and for which there is not de vel oped al lele-spe cific prim ers yet.
The prim ers that had been de vel oped by Ellis et al., (2002) not per mit to re veal Rht-B1e.

Ac cord ing to the data of the hybridological anal y sis in the pop u la tions F2 from crosses
Kooperatorka x Kooperatorka K-90 and Kooperatorka x Kooperatorka K-70 the Men de lian seg -
re ga tion ra tions of 15:1 (c2=0.09; P=0.76) and 63:1 (c2=0.09; P=0.77) were ob served. That as -
sumed the dif fer ences be tween pa ren tal forms are digenic (Kooperatorka and Kooperatorka
K-90) and threegenic for Kooperatorka and Kooperatorka K-70.

One of the dwarf ing genes that pres ence in both Kooperatorka K-90 and Kooperatorka
K-70 we did n’t de tected by the ap plied anal y sis (far ther Rhtx).

Microsatellite anal y sis of va ri ety Kooperatorka and an a logue-lines Kooperatorka K-90,
Kooperatorka K-70 on loci Xgwm325 (6D), Xgwm 293 (7V), Xgwm437 (7D), Xgwm126 (5A),
Xgwm415 (5A), Xgwm 179 (5A), Xgwm 3 (3D), Xgwm165 (4A), Xgwm186 (5A), Xgwm153 (1B) de tected 
that only first three loci were poly mor phic.

We have re vealed that the dif fer ences be tween va ri ety Odesskaya 3 (Rht-8a, Rht-B1a and
Rht-D1a) and an a logue-line Odesskaya 3 K-75 were in two dwarf ing genes Rht-8c, Rht-B1b, a seg -
re ga tion ra tio of 15:1 was ob served with 71 short : 5 tall plants (c2=0.01; P=0.91). The test on sen si -
tiv ity to the gibberellic acid con firms the data of mo lec u lar anal y ses. The line Odesskaya 3 was
sen si tive to gibberellic acid in stead of its an a logue Odesskaya 3 K-75. The tall va ri ety Odesskaya
3 was higher on 24.6% com pared to the an a logue Odesskaya 3 K-75. The va ri ety Odesskaya 3 and 
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an a logue line Odesskaya 3 K-75 have dif fer ent al leles for lo cus Xgwm325 (6D) and we did not de -
tect poly mor phism for loci Xgwm126 (5A), Xgwm415 (5A), Xgwm 179 (5A), Xgwm 3 (3D), Xgwm165
(4A), Xgwm153 (1B), Xgwm577 (7B), Xgwm186 (5A).

Odesskaya 51 has Rht8s, Rht-B1a and Rht-D1a al leles and its an a logue Odesskaya 51 K-73
has one more dwarf ing gene Rht-D1b. Amongst 37 plants tested in the hybridological anal y sis 5
were tall. This fits the ex pected 3:1 ra tio (c2=2.26; P=0.11) for the seg re ga tion of one dwarf ing
gene in F2 pop u la tion from cross ing Odesskaya 51 x Odesskaya 51 K-73. The dif fer ences in plant
height be tween Odesskaya 51 and Odesskaya 51 K-73 was 23.1%. There was not re vealed poly -
mor phism for nine microsatellite loci among va ri ety Odesskaya 51 and an a logue-line Odesskaya
51 K-73, ex cept for two loci Xgwm 415 (5A) and Xgwm155 (3A).

The same al leles Rht8s and Rht-D1b had been de tected for the an a logue-line Stepnyak 2K.
Re cur rent par ent va ri ety Stepnyak has al lele 214 bp in lo cus Xgwm 261. The digenic in her i tance
of dwarf ing was con firmed by anal y sis the cross Stepnyak x Stepnyak 2K. A seg re ga tion ra tio of
15:1 was ob served with 57 short : 4 tall plants (c2=0.01; P=0.92). The av er age plant heights dif fer -
ence be tween Stepnyak and Stepnyak 2K was 23.4%. Microsatellite anal y sis of va ri ety Stepnyak
and an a logue Stepnyak 2K has shown poly mor phism for loci Xgwm095 (2A), Xgwm577 (7B),
Xgwm190 (5V), Xgwm357 (1A), Xgwm437 (7D). These ge no types were iden ti cal when com pared al -
leles of loci Xgwm126 (5A), Xgwm 293 (7V), Xgwm415 (5A), Xgwm 179 (5A), Xgwm 3 (3D), Xgwm165
(4A), Xgwm153 (1B), Xgwm304 (5A), Xgwm155 (3A), Xgwm325 (6D); Xgwm408 (5D); Xgwm153 (1B).

The wheat an a logue-lines will be tested for frost re sis tance and win ter har di ness, in flu ence
of the dwarf ing genes on the pro duc tiv ity of the main and sec ond ears, me dium-al ti tude of stem,
num ber and weight of grains in the ear, weight of 1000 ker nels, as well as the cor re la tion re la tion -
ships be tween agronomical traits of bread wheat and plant heights.

Con clu sions

Al lele char ac ter is tics of Rht8, Rht-B1, Rht-D1 – dwarf ing genes have been de vel oped by us -
ing of PCR-anal y sis with al lele-spe cific prim ers and test for gibberellic acid for wheat va ri et ies
and an a logue-lines, that have sig nif i cant dif fer ences in plant height: Kooperatorka (Rht-8a,
Rht-B1a and Rht-D1a) – Kooperatorka K-90 (Rht-8c, Rht-B1a, Rht-D1a and Rhtx) and
Kooperatorka K-70 (Rht-8c, Rht-B1e, Rht-D1a, Rhtx); Odesskaya 3 (Rht-8a, Rht-B1a and Rht-D1a) – 
Odesskaya 3 K-75 (Rht-8c, Rht-B1b and Rht-D1a); Odesskaya 51 (Rht-8c, Rht-B1a and Rht-D1a) –
Odesskaya 51 K-73 (Rht-8c, Rht-B1a and Rht-D1b); Stepnyak (Rht-8?, Rht-B1a and Rht-D1a) –
Stepnyak 2K (Rht-8c, Rht-B1a and Rht-D1b), Odesskaya polukarlikovaya (Rht-8c, Rht-B1e,
Rht-D1a).

The test for isogenity of in ves ti gated lines that have been done by us ing microsatellite
mark ers re vealed that bread wheat an a logue-lines need ad di tional back cross ing for de vel op ing
near-isogenic lines.
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Abstract

Vetches are highly esteemed as components of natural grasslands and forage field crops
with great potential for high and quality forage yields. According to modern taxonomic classifica-
tions, the genus Vicia L. contains more than 200 species. There is about 30 species of vetches in
the flora of Serbia. Many of these are already domesticated and more or less utilised as forage
crops, such as common vetch (V. sativa L.), Hungarian vetch (V. pannonica Crantz) and hairy
vetch (V. villosa Roth). During the last decade of the last century, a progress has been made in
mapping the wild populations of diverse species of vetches, mostly in the northern Serbian prov-
ince of Vojvodina. Today, the largest part of the sustainable utilisation of vetches in Serbia is car-
ried out within the Annual Forage Legumes Collection (AFLCNS) of the Institute of Field and
Vegetable Crops, with nearly 1,300 accessions of 22 vetch species.

Key words: characterisation, collection, evaluation, genetic resources, local landraces, pass-
port data, vetches, wild populations.

Vetches in the world and Serbia

With 26 sections, the two subgenera of the genus Vicia, Vicia and Vicilla, comprise a large
and certainly not a definite number of species, presently estimated at more than 200 (ILDIS,
2005). There are 27 vetch species in the flora of Serbia (Dikli}, 1972), and the majority of them
are found all over the country (Table 1).

A large number of vetches are diploid, with 2n = 12 or 2n = 14 chromosomes (Darlington &
Wylie, 1955), and originate from the Near Eastern centre of diversity (Zeven & Zhukovsky,
1975). According to the most recent archaeological evidence, Vicia species are counted among
the most ancient cultivated plants (Zohary & Hopf, 2000).

Faba bean (V. faba L.), Narbonne vetch (V. narbonensis L.) and common vetch (V. sativa

L.) are the most important vetch species (Mihailovi} et al., 2004). Species such as bitter vetch (V.

ervilia (L.) Willd.), Hungarian vetch (V. pannonica L.) and hairy vetch (V. villosa Roth) are also
considered significant (Eri} et al., 1996), while recently it has been demonstrated that some other
species, such as large-flowered vetch (V. grandiflora L.), have a great potential as crops too
(]upina et al., 2007).

Vetches are most widely grown in Russia, with 290,000 ha (FAOSTAT, 2008), closely fol-
lowed by Australia, with 250,000 ha (Mati} et al., 2005), while faba bean is most widely grown in
China, with about 1,000,000 ha (Miki} et al., 2006). Vetches are usually regarded as more ancient
and better known to Serbian farmers than forage pea (\or|evi}, 1942). The average harvested
area of vetches in Serbia has been about 7,500 ha for decades (Miki}, 2008).
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Table 1. Distribution of Vicia taxa in Vojvodina (Krsti} et al. 2007)

Section No. Species/subsp/variety Distribution

Ervum Rouy
1 V. hirsuta (L.) Gray Frequent all over Vojvodina

2 V. tetrasperma (L.) Schr Scattered along canals and rivers

Cracca
(Medik)
S.F.Gray

3 V. sylvatica L. Rare, Fru{ka Gora, Vr{a~ki Breg

4 V. cassubica L. Fru{ka Gora

5 V. pisiformis L. Fru{ka Gora, Vr{a~ki Breg

6 V. dumetorum L. Fru{ka Gora, south Srem

7 V. cracca L. Frequent all over Vojvodina

8 V. incana (Vill)Rouy Vr{a~ki Breg

9 V. tenuifolia Roth.
Sporadic, Fru{ka gora and the
surrounding areas, Deliblatska
Pe{~ara, Bezdan-Doroslovo

10 V. villosa Roth. Frequent all over Vojvodina

11 V. biennis L.
Along Tisa from Banat and Ba~ka
side

Faba

12 V. faba L.

13
V narbonensis L. subsp.
serratifolia (Jacq) Arc

Frequent on Fru{koj Gora, scattered
in west Ba~ka and Srem

Vicia

14 V. lathyroides L. Scattered all over Vojvodina

15 V. grandiflora Jcop. Frequent

16 V. truncatula Fisch. Vr{a~ki Breg, Deliblatska Pe{~ara

17 V. oroboides Wulfen in Jacq. Vr{a~ki Breg

18 V. sepium L.
Scattered on Fru{ka Gora, Vr{a~ki
Breg and west Ba~ka

19 V. lutea rare all over Ba~ka

20 V. peregrina L. very rare, but spreading

21 V. sativa L. Frequent all over Vojvodina

22 V. angustifolia Frequent all over Vojvodina

23 V. pannonica Cp. Frequent all over Vojvodina
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Table 2. The Novi Sad Vicia collection within the Annual Forage Legumes Collection in Novi Sad

in October 2008

Species English name No. of accessions

bithynica (L.) L. Bithynian vetch 2

cracca L. cow vetch, tufted vetch 1

disperma DC. two-seed vetch 1

ervilia (L.) Willd. bitter vetch 4

faba L. faba bean, field bean, broad bean 121

galilaea Plitm. & D. Zoh. in Plitm. Galilee vetch 1

grandiflora Scop. large-flowered vetch 462

hirsuta (L.) Gray common tare, tiny vetch 46

hyaeniscyamus Mouterde hyaena bean 2

lathyroides L. spring vetch 1

lutea L. yellow vetch 4

michauxii Spreng. Michaux vetch 1

narbonensis L. Narbonne vetch 45

noeana Reut. ex Boiss. natal vetch 11

pannonica Crantz Hungarian vetch 44

parviflora Cav. slender vetch 1

pisiformis L. pea vetch, pale-flowered vetch 3

sativa L. common vetch 496

sylvatica L. wood vetch 1

tetrasperma (L.) Schreb. four-seed vetch, smooth vetch 1

vicioides (Desf.) Cout. lentil vetch 1

villosa Roth hairy vetch 27
Total 1276

Annual Forage Legumes Collection in Novi Sad

Ever since its establishment in 1938, the Institute of Field and Vegetable Crops has had a
collection of diverse vetch genotypes that served as the basis for breeding programmes. Since
2001, the Novi Sad Vicia collection is part of the Annual Forage Legumes Collection (AFLCNS)
and comprises nearly 1,300 genotypes of 22 species (Table 2). The most prevalent species in the
collection is common vetch, with almost 500 accessions (Mihailovi} et al., 2007b).

Due to regular expeditions aimed at collecting wild populations and local landraces (Tomi}
et al., 2005), the collection has been enriched with a considerable number of accessions belonging
to large-flowered vetch, narrow-leafed vetch (V. sativa ssp. nigra (L.) Ehrh.) and faba bean. Apart
from national projects, the work on the Vicia genetic resources is carried out by two international
projects (Mihailovi} et al., 2005a), namely Conservation of the Genetic Resources of Annual Forage

and Grain Legumes in Slovakia and Serbia (2008-2009, between Slovakia and Serbia, and Recherche

de variabilité génétique nouvelle de pois et féverole, pour développer ces protéagineux dans des agricul-

tures durables (2008-2009), between France, Bulgaria, Russia, Serbia and Bosnia and Herze-
govina.

All accessions of the Novi Sad Vicia collection are ex-situ conserved (Mihailovi} et al.,
2008a). The passport database is as detailed as possible and includes all the relevant data for each
accession, such as its number, taxonomy, name, country of origin, status, collecting source or do-
nor (Mihailovi} et al., 2007a).
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Sustainable utilisation of a collection of vetches

The main goals of modern breeding programmes on vetches include the improvement of
yield and quality and the increase of resistance to various biotic and abiotic stress (Mati} et al.,
2007). For that reason, sustainable utilisation of vetch collections including the characterization
and evaluation of the most significant agronomic characteristics is of utmost importance for all
modern breeding programmes (Mihailovi} et al., 2006d).

Narrow-leafed vetch, one of the most widely distributed wild vetch taxa, has considerable
potential for agricultural production (Bo`a et al., 1996). This species is characterised by a rather
wide range of variability of forage yields, with some populations being able to produce up to 30 t
ha-1 of green forage and more than 7 ha-1 of forage dry matter (Table 3). Just like in the case of
other vetch species, such as large-flowered or hairy vetches, the greatest problems in the poten-
tial development of the first narrow-leafed vetch cultivars are non-uniform maturity, shattering
pods and low seed yields.

Table 3. Average values of forage yields in ten wild populations of narrow-leafed vetch for the years of

2006 and 2007 at Rimski [an~evi (Miki} et al., 2008)

Population
Green forage yield

(t ha-1)
Forage dry matter yield

(t ha-1)
Forage dry matter

proportion

MM 02/01 18.4 5.0 0.27

MM 02/02 33.4 7.3 0.22

MM 02/03 13.7 4.3 0.32

MM 02/04 14.5 4.4 0.30

MM 03/08 17.4 5.1 0.29

MM 03/09 15.8 5.1 0.32

MM 03/11 14.1 5.0 0.35

MM 03/17 23.1 4.2 0.19

MM 05/08 21.2 4.4 0.21

MM 05/09 19.6 5.0 0.26

Table 4. Forage yield components and forage yields in twelve urban populations of large-flowered vetch

at Rimski [an~evi in 2005 and 2006 (Mihailovi} et al., 2008b)

Population
Green forage yield

(t ha-1)
Forage dry matter yield

(t ha-1)
Forage dry matter

proportion

BG 1 22.6 8.5 0.37

BG 2 22.1 5.7 0.26

BG 3 35.1 11.1 0.32

BG 4 21.4 4.7 0.22

NS 1 25.5 5.6 0.22

NS 2 27.4 6.0 0.22

NS 3 35.5 9.9 0.28

NS 4 32.0 9.7 0.30

NS 5 30.5 11.6 0.38

NS 6 31.7 8.9 0.28

NS 7 26.3 7.6 0.29

NS 8 31.3 8.8 0.28
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Another rarely cultivated vetch species is the large-flowered vetch, which, along with high
forage yields (Table 4), also has several other advantages over the other, more widespread vetch
species, such as excellent tolerance to low temperatures and earliness, allowing it to fit well into
any model of crop rotation.

Hairy vetch remains the most promising of the wild vetch species, with a potential for for-
age production of more than 45 t ha-1 of green forage and more than 11 t ha-1 of forage dry matter
(Table 5).

Table 5. Average values of forage yields in seven populations of hairy vetch in the years 2006 and 2007 at

Rimski [an~evi (Mihailovi} et al., 2008c)

Population
Green forage yield

(t ha-1)
Forage dry matter yield

(t ha-1)
Forage dry matter

proportion

MM 03/05 33.2 9.6 0.29

MM 03/26 47.3 9.5 0.20

MM 04/19 23.3 7.7 0.33

MM 04/13 29.4 6.0 0.20

MM 04/18 45.6 10.4 0.23

MM 04/19 50.9 11.7 0.23

MM 04/20 39.9 7.7 0.19

As a species completely unknown in Serbia, Narbonne vetch has shown rather promising
results in a long-term evaluation of grain yields, with certain accessions having the genetic poten-
tial for grain yields of up to 6 t ha-1 (Mihailovi} et al., 2005b).

As one of the multi-purpose vetch species, faba bean is included in several different evalua-
tions. All faba bean accessions included in the evaluation of forage yields belonging to both the
vegetable and fodder types had average green forage yields of more than 30 t ha-1 and average
forage dry matter yields of over 5 t ha-1 (with some accessions exceeding 12 t ha-1 (Mihailovi} et

al., 2006b). The evaluation of grain yield is especially important in the collected locally grown
populations, many of which, having a potential for grain yield of more than 4,000 kg ha-1

(Mihailovi} et al., 2006c), were successfully used as the basis for the development of the first Ser-
bian fodder faba bean cultivars, released in 2007. One of the most important characteristics re-
lated to abiotic stress is tolerance to low temperatures, since the development of winter cultivars
may significantly increase the area of certain species (Mihailovi} et al., 2006a). The preliminary
results of the evaluation of faba bean cultivars show rather promising data for grain yields, which
were at the level of yields produced by spring-sown faba bean cultivars (Table 6).

Table 6. Agronomic characteristics of three winter and one spring cultivar of faba bean in 2004 and 2005

at Rimski [an~evi (Mihailovi} et al., 2006a)

Accession
name

Number
of plants

(m-2)

Plant
height
(cm)

Number
of stems
(plant-1)

Number
of pods
(plant-1)

Number
of grains
(plant-1)

Thousand
grain mass

(g)

Grain
yield

(kg ha-1)

Göttingen
Winter Bean
Population

25 78 2.5 14.9 39.8 512 5527

Diva 40 89 1.6 11.3 35.4 384 6151

Irena 28 67 3.4 17.2 46.0 581 5823

Uran 49 92 1.2 6.8 21.5 532 5857

One of the inevitable tasks of each breeding programme on forage vetches and other an-
nual legumes grown for forage is to develop a cultivar with both high forage yields and high for-
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age quality as well as reliable seed yields. Low seed yields, mostly due to indeterminate stem
growth, extremely non-uniform maturing of the seeds, and pod shattering, are often the main ob-
stacles preventing a cultivar from being successful on the market, regardless of its high forage
yields and high forage quality. A long-term evaluation of seed yields in diverse vetch species
shows that this problem is becoming a major issue in both common and hairy vetches (Mihailovi}
et al., 2007c).
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GENETIC RESOURCES OF MINOR CROPS FOR HEALTHY HUMAN NUTRITION

Tomas Vymyslicky1, Dagmar Janovska2, Jana Rysova3, 
Jan Hofbauer1, Petr Smahel1, Jan Pelikan1

1Research In sti tute for Fod der Crops, Ltd. Troubsko, Zahradni 1, 664 41 Troubsko, Czech Re pub lic
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2Crop Re search In sti tute, v.v.i., Drnovska 507, 161 06, Praha-Ruzyne, Czech Re pub lic
3Food Re search In sti tute, v.v.i., Radiova 7, 102 31, Praha-Hostivar, Czech Re pub lic

Ab stract

Ge netic re sources of mi nor crops are stud ied within the pro ject QG 60130 „Mi nor crops for 

spe cific use in food in dus try“, fi nanced by the Min is try of Ag ri cul ture of the Czech Re pub lic. Mi -

nor spe cies (hulled wheats, hulless oats and bar ley, mil let and tartary buck wheat), le gumes (peas,

beans, chick peas) and oil bear ing crop (saf flower) are the sub ject of this pro ject. Im por tant

agronomical and mor pho log i cal traits and the ways of pes ti cide pro tec tion are stud ied and meth -

od ol o gies of their cul ti va tion are elab o rated in the new per spec tive ge no types of all the spe cies.

The main at ten tion is de voted to the evalution of nu tri tion qual ity, de vel op ment of new

prod ucts, their nu tri tion and di etary eval u a tion for the en large ment of the as sort ment of diet and

healthy dishes from the point of view of use in food in dus try. Mi nor crops (mostly pulses) are

eval u ated from the point of view of yields, pes ti cide pro tec tion, con tent of ODAP in Lathyrus

sativus, etc. New tech no log i cal ap proaches of ba sic elab o ra tion and rec i pes of di etary dishes are

also pro posed.

Se lected ge no types of Lathyrus sativus, Phaseolus vulgaris and Cicer arietinum are the most

per spec tive spe cies from pulses.

Key words: agronomical and mor pho log i cal traits, ge netic re sources, food in dus try, mi nor

crops, pulses.

In tro duc tion

In the frame of „Eu ro pean co op er a tive programme on crops net work“ (ECP/GR) the „Mi -

nor Crops Net work co or di nat ing group“ was es tab lished. Czech Re pub lic is the co or di na tor for

small-seed ce re als and pseudo-ce re als. One of the main pri or i ties of the group is to ini ti ate keep -

ing and use of ne glected and small-vol ume spe cies (ECP/GR, 1999). Ne glected ce re als,

pseudo-ce re als, pulses and oil crops com ply with these pur poses. Their high nu tri tion and di etary

qual ity agree with re quire ments for mod ern food stuffs for im prove ment the hu man health. 

In the Czech Re pub lic ac tiv i ties con cern ing ne glected crops started to de velop only a few years

ago. Some of these crops were stud ied in the frame of fin ished pro ject of Na tional Agency for Ag -

ri cul tural Re search No. QD0057. But the re sults by some crops are not good enough. So the spe -

cies are solved within the pro ject of Na tional Agency for Ag ri cul tural Re search No. 60130 „Mi -

nor crops for spe cific use in food in dus try“. It is nec es sary to ob tain suf fi cient vol ume of ge no -

types of large spe cies spec trum, to fin ish their eval u a tion and se lec tion of the most per spec tive

ge no types for di rect use in ag ri cul ture, with emhasis on low in put ag ri cul ture.

In this pa per we fo cused on pulses (fam ily Fabaceae). From pulses, Cicer arietinum, is very

old cul tural crop with many dif fer ent ge no types hav ing dif fer ent seed col our, size and shape. To -

gether with beans it is the most wide spread pulse in the world. Seeds have big nu tri tion value:

30% of pro teins, 8% of fat and 44% of sug ars; they also con sist of chalkon deri vates and sim ple

kumarins – dafnetin etc. (Slavík & al., 1995). Pea with brown seeds (Pisum sativum var. medullare),

black rounded beans (Phaseolus vulgaris) and mainly Lathyrus sativus – are spe cies with high

within-spe cies di ver sity, mainly in the area of West Asia and North Af rica (Chowdhury &

Slinkard 2000). These spe cies have high con tent of pro teins in the seeds (Marquard 2000), but the 

com po si tion of amino-ac ids is less known.
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Meth ods

Im por tant agronomical and mor pho log i cal traits by the new ge no types of all the spe cies are 
eval u ated. In the year 2007 field trial with 22 ge no types of mi nor crops on plots of 5 m2 in three
rep e ti tions at lo cal ity Troubsko was es tab lished.

Nu tri tion qual ity, de vel op ment of new prod ucts and their di etary value are the main ex per -
i ments per formed in labs. By the ge no types of Lathyrus sativus the con tent of ODAP
(beta-N-oxalyl-L-alfa, beta-diaminopropionic acid) was as signed. ODAP is ex tracted from the seed
sam ples by 60% eth a nol. Af ter alkalic hy dro ly sis is trans formed to DAP (diaminopropionic acid),
which is as signed by spectrophotometry af ter re ac tion with o-ftaldialdehyde (OPA), with pres -
ence of merkaptoethanol, as re duc tion agent (Hussain & al., 1994).

Re sults

The yields of crops from lo cal ity Troubsko are pre sented in Ta ble 1. Sta tis ti cal eval u a tion is 
pre sented in Ta ble 2. The re sults in the year 2007 were in flu enced by drought dur ing veg e ta tion
pe riod. That is why the val ues of ger mi na tion per cent age and val ues of ground cov er age by har -
vest are added. The yield is re-cal cu lated on value, which can be po ten tially reached by 100%
ground cov er age of the plot. So the re sults of dif fer ent crops can be com pared, be cause of dif fer -
ent re ply of each crop to spring drought in 2007.

Ta ble 1: Yields of crops – re sults of the field trial in Troubsko

Species
Germination Coverage Potential

21.5. (%) by harvest (%) yield (g)

Hordeum vulgare Nudimelanocrithon 78 53 1616.88

Hordeum vulgare Abyssinian 1139 80 50 1278.67

Hordeum vulgare Taiga 75 37 1200.91

Triticum diccocum Kahler Emmer 65 47 609.29

Triticum diccocum Rudico 62 43 707.69

Triticum monococum Escana 67 30 1261.11

Triticum monococum Schwedisches Einkorn 77 57 1212.94

Avena sativa Baragan 114 60 55 1521.82

Avena sativa 61 38 30 578.33

Avena sativa Ariane 58 65 1656.92

Cicer arietinum Evros 10 27 0.00

Cicer arietinum Elite 5 37 0.00

Cicer arietinum BZ Dijon 9 20 0.00

Vigna catjang VUPT 13 67 1288.50

Pisum sativum var. medullare Kapucín 19 33 224.00

Lathyrus sativus Bílé Karpaty 6 17 556.00

Panicum miliaceum Kinelskoje Skorospeloje 23 43 115.38

Panicum miliaceum Veselopodolianskoje 367 30 50 203.33

Panicum miliaceum Unikum 32 60 148.33

Fagopyrum tataricum Z51-0007 75 57 641.76

Fagopyrum tataricumZ51-0014 72 40 979.17

Fagopyrum tataricum Z51-0019 72 50 908.67
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Ta ble 2. Sta tis ti cal eval u a tion of yields for 4 crop groups

Source of
variability

Cereals Pulses Millet Buckwheat

f MS f MS f MS f MS

Variants 9 0,2646** 2 0,6014** 2 0.0022 2 0.0065

Repetitions 2 0,1624** 2 0.0031 2 0.0009 2 0.0134

Technical mistake 18 0.0287 4 0.0074 4 0.0006 4 0.0322

DT: 0,05 0.24  0.17  0.05  0.34

0.01 0.36  0.32  0.09  0.67

Lab ex per i ments

The re sults of anal y ses of Lathyrus sativus seed sam ples for ODAP con tent in the years 2006
and 2007 are pre sented in Ta bles 3 and 4.

Ta ble 3: The re sults of anal y ses of Lathyrus sativus (L.s.) seed sam ples for ODAP con tent. 
Years of har vest 2006 a 2007.

Code Year Name

ODAP St. dev.
Var.
coef.

Dry
matter

ODAP

(g/100 g) (g/100g) (%) (%)
(g/100 g

dry
matter)

H45 2006
L.s. Troubsko, grown in
Troubsko

0.482 0.006 1.21 92.11 0.523

H46 2006
L.s. Bílé Karpaty, grown in
Troubsko

0.425 0.01 2.31 91.92 0.462

H47 2006
L.s. Chtelnica, grown in
Troubsko

0.4 0.003 0.63 91.95 0.435

H48 2006
L.s. BZ Halle, grown in
Troubsko

0.552 0.019 3.39 92.07 0.6

H49 2006
Cicer arietinum dark seeds,
grown in Troubsko

0.054 0.004 7.46 92.19 0.059

H50 2006
L.s. BZ Tábor, grown in
Troubsko

0.383 0.013 3.31 92.13 0.416

H 77 2007
L.s. Bílé Karpaty, grown in
Troubsko

0.428 0.015 3.43 90.97 0.471

H 78 2007
L.s. Troubsko, grown in
Troubsko

0.456 0.008 1.74 90.69 0.503

H 79 2007
L.s. Bílé Karpaty, grown in
Prague-Ruzynì

0.49 0.014 2.95 90.99 0.539

H 80 2007
L.s. BZ Tábor, grown in
Troubsko

0.5 0.001 0.2 91.18 0.548

Dis cus sion

The yields of crops are lower than by well-bred ma te ri als, be cause of these ma te ri als are of -
ten prim i tive ones, land races or non-bred ma te ri als. Ce re als, orig i nally com ing from dry ar eas,
were better adapted to dry sea son of the year 2007 than pulses (yields are in the Ta ble 1). Pulses
need wet spring to be able to ger mi nate suc cess fully. Sum mer droughts are not so dan ger ous. In
the year 2007 spring was very dry, so the con di tion of the growths was very bad.
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Sig nif i cant dif fer ences in yields within the groups of ce re als and pulses were found. Within
the groups of mil let and buck wheat no sig nif i cant dif fer ences were found.

Lathyrus sativus and other spe cies of the ge nus Lathyrus con tent in all the parts of the body
ODAP (beta-N-oxalyl-L-alfa, beta-diaminopropionic acid). The con tent of ODAP in plant is given
ge net i cally and is also in flu enced by ex ter nal fac tors. Seeds of Lathyrus sativus have con tent
0,02-0,8g/100g of ODAP (Granati & al., 2003). Some au thor pub lished higher val ues (Abd el
Moneim, 2001; Urga & al., 2005). The con tent of ODAP in our items is rather high in com par i son
to lit er a ture – for ex am ple data from It aly (Granati & al., 2003). ODAP be longs to free-form of
amino-ac ids and is of ten mon i tored be cause of its po ten tial neurotoxic fea tures. Neurolathyrism
is ir re vers ible dam age of ner vous sys tem, caus ing mainly de fect of leg ki net ics, in some cases to tal
loss of mo bil ity. These con se quences are known only if Lathyrus is con sumed as the ma jor food re -
source. If Lathyrus is con sumed only as part of food sup ply, its con sum ma tion is rel a tively safe
(Getahun & al., 2005). Cultivars with ODAP con tent up to 0,2g/100g of seeds are pre ferred. Part
of ODAP con tent is des patched by leach ing dur ing swell ing or cook ing (Akalu & al., 1998;
Srivastava & al., 1996; Yan Ze Yi & al., 2006).

Con clu sion

The aim of the pro ject QG 60130 „Mi nor crops for spe cific use in food in dus try“, fi nanced
by the Min is try of Ag ri cul ture of the Czech Re pub lic, is the en large ment of the di ver sity of cul ti -
vated mi nor crops in the Czech Re pub lic and rec om men da tion of their suit able uti li za tion. The
yields of mi nor crops are lower than by well-bred ma te ri als, be cause of these ma te ri als are of ten
prim i tive ones, land races or non-bred ma te ri als. Ce reals, orig i nally com ing from dry ar eas, were
better adapted to dry sea son of the year 2007 than pulses. The con tent of ODAP
(beta-N-oxalyl-L-alfa, beta-diaminopropionic acid) in the seeds of Lathyrus sativus is usu ally
0,02-0,8g/100g of ODAP. The con tent of ODAP in our items is rather high in com par i son to lit er -
a ture. ODAP be longs to free-form of amino-ac ids and is of ten mon i tored be cause of its po ten tial
neurotoxic fea tures. Neurolathyrism is ir re vers ible dam age of ner vous sys tem, caus ing mainly de -
fect of leg ki net ics, in some cases to tal loss of mo bil ity.
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Ab stract

Spike ar chi tec ture con trols pol li na tion and seed for ma tion, and it is a very im por tant set of
traits, which in flu ences grain yield in ce re als. Wheats have one spikelet per rachis node and the
ap pear ance of ad di tional, su per nu mer ary (SS) spike lets is an ab nor mal ity. Mo lec u lar-ge netic
and phys i cal map ping of mu tant gene that con trols the ap pear ance of SS spike lets in bread wheat
(T. aestivum L.), the ‘multirow spike’ (MRS) trait, was per formed us ing microsatellite mark ers
com bined with cytogenetic stocks on two F2 map ping pop u la tions. The MRS trait is con trolled by 
a re ces sive gene. It was trans ferred from the hexaploid wheat gene re source ‘Ra1’, a mu tant that
was pro duced through chem i cal mu ta gen e sis. The mrs gene was ge net i cally mapped on 2DS chro -
mo some, co-seg re gat ing with the Xwmc453 microsatellite lo cus. The wmc453 marker am pli fied a
194-bp PCR frag ment from eleven lines car ry ing the mrs gene and can be used as a di ag nos tic
marker for mrs in dif fer ent ge netic back grounds. The prac ti cal im por tance of the MRS ge no types 
that are able to form a greater num ber of spike lets per spike is en hanced spike sink ca pac ity; it
can be taken ad van tage of to in crease yield po ten tial.

Key words: bread wheat, multirow spike, microsatellite map ping, spike ar chi tec ture, su per -
nu mer ary spike lets

In tro duc tion

Spike mor phol ogy is a com plex of traits as so ci ated
with grain yield. The traits are im por tant fac tors for wheat
im prove ment. Martinek and Bednar (2001) have de vel oped
new win ter wheat ge no types with non-stan dard spike
morphotype des ig nated «multirow spike», or MRS (Fig. 1).
It is char ac ter ized by a large num ber of spike lets grow ing
out of in di vid ual spike rachis nodes above and close to each
other. These spike lets do not arise at sec ond ary spike
rachides; there fore it is not the gen u ine branch ing known,
for in stance, in branched forms of Triticum turgidum L. The
MRS is char ac ter is tic of a greater num ber of fer tile spike lets 
(ap prox i mately up to 10) per spike rachis node. The greater
num ber of spike lets de vel oped in the lower third of the
spike. Here, some spike lets were usu ally less de vel oped,
prob a bly due to lim ited space. In the cen tral and up per
thirds of the spike, there are mostly groups with three spike -
lets. The ter mi nal part of a spike was sim i lar to the stan dard
spike. So it seemed as thought the spike lets arose around
the spike in sev eral rows above each other. The num ber of
de vel oped spike lets in can o pies was ap prox i mately dou ble
as com pared to nor mal spikes. The MRS trait is con trolled
by a re ces sive gene (Marti nek & Bednar, 2001). It was trans -
ferred from the hexaploid wheat gene re source ‘Ra1’, a mu -
tant that was pro duced through chem i cal mu ta gen e sis and
pro vided by the VIR (St. Pe ters burg, Rus sia).

The aim of the pres ent study was to con duct mo lec u lar-ge netic and phys i cal map ping of the 
mu tant gene for MRS trait in bread wheat.
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Fig ure 1. Spikes of nor mal (a) and
multirow/MRS (b) struc ture



Ma te ri als and meth ods

Plant ma te rial

Map ping gene for multirow spike (MRS) was per formed us ing two F2 map ping pop u la tions 
pro duced from the crosses of Rßc163-1-02 and Rßc167-1-02 lines, hav ing branched spike, with the 
nor mal-spiked line, So149-1-02. Eleven MRS lines, dif fered by ge netic back ground, were used
for test ing the Xwmc453 lo cus co-seg re gat ing with the gene for MRS. The source of multirow
spike type in all these lines was a hexaploid wheat re source ‘Ra1’ ob tained from the VIR (St. Pe -
ters burg, Rus sia).

The ‘Chi nese Spring’ nullisomic–tetrasomic (N2AT2B, N2BT2D, and N2DT2A), the
ditelosomic (Dt2DS and Dt2DL) and de le tion lines for 2DS, 2DS-1 , 2DS-3, 2DS-4, 2DS-5, were
used for the chro mo some and de le tion bin map ping of SSR mark ers linked to the gene for MRS.

Pa ren tal lines, F1 and F2 plants were grown at the green house con di tion. The F2 plants were 
clas si fied for spike type af ter head ing.

DNA iso la tion, marker anal y sis, and map con struc tion

To tal genomic DNA was iso lated from leaf ma te rial of in di vid ual F2 plants and pa ren tal
lines ac cord ing to Plaschke et al. (1995). The PCR anal y sis and frag ment de tec tion were per -
formed as de scribed by Röder et al. (1998). Microsatellite mark ers pre vi ously placed on wheat
homoeologous group-2 chro mo somes and chro mo some 4A, GWMs, GDMs, BARCs, WMCs,
KSUMs (Röder et al., 1998; Somers et al., 2004; Yu et al., 2004; Ganal & Röder, 2007), were used
for map ping.

Ge netic maps were con structed us ing the MAP-MAKER/EXP ver. 3.0b com puter pro -
gram (Lander et al., 1987) with the Kosambi (1944) map ping func tion at the LOD thresh old of
3.00. Con sen sus map was con structed us ing BioMercator v2.0 soft ware (Ar cade et al., 2004).

Re sults and Dis cus sion

Un der green house con di tions, all spikes of the pa ren tal lines R c163-1-02 and R c167-1-02
had su per nu mer ary spike lets at rachis nodes. The line So149 and F1 plants had nor mal spike type. 
In both F2 pop u la tions, plants with MRS and nor mal spike type were ob served. Both crosses gave 
a 3 (nor mal) : 1 (MRS) seg re ga tion, which con formed to the monogenic re ces sive type of in her i -
tance re ported ear lier (Martinek et al., 2001).

Poly mor phic mark ers from 4A and the group-2 chro mo somes in volved in the con trol of su -
per nu mer ary spikelet for ma tion in wheats (Klindworth et al., 1990; Klindworth et al., 1997; Peng
et al., 1998; Laykova et al., 2005) were screened for link age to the tar get gene. Link age of the gene
to the SSR mark ers of chro mo some 2D was de tected. The mrs lo cus was mapped to the short
arms of chro mo somes 2D and co-seg re gated with the Xwmc453 microsatellite lo cus in both map -
ping pop u la tions. From two in di vid ual Mapmaker-de rived maps, a microsatellite con sen sus map
was con structed us ing BioMercator v2.0 (Ar cade et al., 2004) (Fig. 2).

Our re sults are in agree ment with those of Laykova et al. (2005) lo cal ized a re ces sive gene
for branch ing spike on chro mo some 2D in two T. aestivum mu tant lines. Koric (1973) has de tected 
a dom i nant in hib i tor of spike branch ing, Nr, on chro mo some 2D. The cur rent re sults, in con junc -
tion with the above, may sug gest that wheat chro mo some 2D may carry the gene whose mu ta tion
causes the ap pear ance of su per nu mer ary spike lets or «spike branch ing» char ac ter in T. aestivum.

Phys i cal map ping of the mrs gene us ing the flank ing mark ers, Xgwm484 and Xgwm988, on a
set of de le tion lines re vealed that mrs gene maps in the chro mo some de le tion bin 2DS-5 (FL
0.47–1.0) (Fig. 2). Co-seg re gat ing marker Xwmc453 oc curred non-poly mor phic among the ‘Chi -
nese Spring’ nullisomic–tetrasomic lines and could not be used for the de le tion bin al lo ca tion of
mrs.

The wmc453 marker co-seg re gated with mrs gave the same sized am pli fi ca tion prod ucts
(194 bp) in both MRS par ents, and it was ap plied for test ing all 11 MRS lines and sev eral nor mal
spiked va ri et ies. The re sults show that the MRS lines had the 194-bp al lele, while the nor mal
spiked va ri et ies had al leles of dif fer ent sizes. Thus, wmc453/194-bp can be used as a di ag nos tic
marker for the mrs gene, which has po ten tial for ap pli ca tion in the marker-as sisted breed ing of
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wheat. The prac ti cal im por tance of the MRS ge no types that are able to form a greater num ber of
spike lets in spike, i.e. a greater num ber of re pro duc tion or gans (ker nels), is en hanced spike sink
ca pac ity. It is of great sig nif i cance in in creas ing yield po ten tial of bread wheat in the marker-as -
sisted breed ing of wheat.

Mo lec u lar-ge netic and phys i cal map ping of the mrs gene on chro mo some arm 2DS can as -
sist in the cor rect choice of the po si tional can di date genes us ing in for ma tion on ho mol o gous link -
age blocks of dis tantly re lated ce re als, rice with com plete ge nome se quences and maize, which
has a set of well char ac ter ized de vel op men tal mu tants.

Fig ure 2. A microsatellite con sen sus map (a) of chro mo some 2D built from two in di vid ual
Mapmaker-de rived maps us ing BioMercator v2.0 soft ware in ref er ence to the phys i cal de le tion 

map (b) of chro mo some arm 2DS. The dot ted hor i zon tal lines con nect com mon loci. 
S = short arm, L = long arm
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Ab stract

In or der to study the vari abil ity of seed qual ity char ac ter is tics, 94 ac ces sions rep re sent ing
the ma jor ity of wheat ge netic ma te rial cul ti vated in Greece, were used. The ge netic ma te rial that
was eval u ated con sisted of 43 in dig e nous wheat land races, 48 com mer cial im proved cultivars and
3 ob so lete im proved cultivars. Pro tein, starch and crude fi ber con tent were mea sured with Near
In fra red Reflectance (NIR) spec tros copy. In ad di tion, hec to li ter weight (Kg/100 lt) and 1000 ker -
nels weight were de ter mined. For the cal i bra tion of NIR in stru ment, con ven tional chem i cal anal -
y ses for pro tein and starch con tent were per formed, on 50 se lected sam ples, by Kjeldahl and
polarimetric method, re spec tively. A wide range of vari a tion of seed qual ity char ac ter is tics was
found. Pro tein val ues were var ied from 9.32-20.73%, starch con tent from 50.19-63.46% and crude 
fi bre con tent from 2.19-3.38%. In dig e nous land races pre sented on av er age 2.0-3.5% higher pro -
tein con tent in grain than mod ern ones. The eval u a tion re vealed some in dig e nous land races with
high pro tein and starch con tent, which could be an aus pi cious ge netic ma te rial for the im prove -
ment of qual ity of com mer cial wheat cultivars.

Key words: land races, Near In fra red Reflectance, pro tein con tent, starch con tent, wheat.

In tro duc tion

Wheat is the most widely grown crop in the world (Briggle & Curtis, 1987; Kent & Evers,
1994). The im por tance of pro tein con tent and qual ity of wheat grain in hu man and an i mal nu tri -
tion is well rec og nized. Ac cord ing to Simmonds (1989) one of the most im por tant com mer cial
qual ity at trib utes of the grain is pro tein per cent age.

In ten sive plant breed ing pro grams led to the wide use of mod ern semi-dwarf and
high-yield ing cultivars us ing though a very nar row ge netic base of the wheat gene pool. Usually,
mod ern cultivars char ac ter ized by lower grain pro tein con cen tra tion than the tra di tional land -
races and cultivars (Calderini et al., 1995; Dotlacil et al., 2003), a fact that is ver i fied from the neg a -
tive cor re la tion that ex ists be tween grain yield and pro tein con tent (Terman et al., 1969;
Simmonds, 1995; Oury et al., 2003). As wheat breed ing seems to have re duced grain pro tein con -
cen tra tion as a con se quence of im proved yield, a thor ough de scrip tion of the vari abil ity of wheat
grain qual ity char ac ter is tics among tra di tional land races and cultivars would be use ful in con ven -
tional wheat breed ing pro grams.

Ow ing to its rapid and ac cu rate char ac ter is tics, Near In fra red Reflectance spec tros copy
(NIR) can be a use ful tool in or der to pre dict the con tent of im por tant qual ity char ac ter is tics
(Delwiche, 1998; Roussel et al., 2005). Also, the method of NIR spec tros copy has been used to
eval u ate ge netic vari abil ity ac ces sions of many crops such as white lu pin (), Basmati rice (), Ethi -
o pian mus tard (Velasco et al., 1995) etc.

The ob jec tive of the pres ent study was to in ves ti gate the di ver sity in a wide range of wheat
ge netic ma te rial cul ti vated in Greece, for pro tein, starch, and crude fi bre con tent, us ing NIR
specrtroscopy, as well as in some im por tant grain char ac ter is tics such as 1000 ker nels weight and
hectolitre weight. What is more, the com par i son be tween mod ern cultivars and old cul ti vated ac -
ces sions (in dig e nous land races and ob so lete cultivars) was at tempted, aim ing to the at ten dance
of over all compositional changes in wheat cul ti vated ma te rial in Greece. Fi nally, the po ten tial of
us ing some in dig e nous land races with high pro tein and starch con tent in breed ing programmes,
as start ing ma te rial for im proved cultivars with spe cific com mer cial end-use is ex am ined.
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Ma te ri als and Meth ods

Ex per i men ta tion was con ducted un der nat u ral con di tions, at the fields of the Ag ri cul tural
Re search Cen tre of North ern Greece in the area of Thermi-Thessaloniki, in Oc to ber 2007. The
ex per i men tal de sign was a com pletely ran dom ized de sign with three rep li ca tions on plots of 5 m2.
The eval u ated ge netic ma te rial con sisted of 43 in dig e nous wheat land races, 48 com mer cial im -
proved cultivars and 3 ob so lete im proved cultivars. Pro tein, starch and crude fi ber con tent were
mea sured with Near In fra red Reflectance (NIR) spec tros copy. In ad di tion, hec to li ter weight
(Kg/100 lt) and 1000 ker nel weight were de ter mined. For the cal i bra tion of NIR in stru ment, con -
ven tional chem i cal anal y ses for pro tein and starch con tent were per formed, on 50 se lected sam -
ples, by Kjeldahl (N´5.7) and polarimetric method, re spec tively. Data were an a lyzed us ing
one-way Anova. The three dif fer ent types of cultivars were con cerned as main fac tors. Com par i -
son of means was con ducted by least sig nif i cant dif fer ence (LSD). Sum of squares be tween
groups were an a lyzed in two com po nents us ing two or thogo nal com par i sons. Spe cif i cally, the
com pared groups were in dig e nous land races and ob so lete cultivars ver sus com mer cial im proved
cultivars, and in dig e nous land races ver sus ob so lete cultivars. In ad di tion, all the cor re la tions be -
tween mea sured char ac ter is tics were es ti mated.

Re sults and Dis cus sion

A high sen si tiv ity of NIR spec tros copy was in di cated both for pro tein and starch con tent,
since the de ter mi na tion co ef fi cients with the re spec tive stan dard meth ods re vealed very high val -
ues (R2=0.964 for pro tein con tent, R2= 0.785 for starch con tent). Sim i lar re sults for the ac cu racy
of NIR spec tros copy have been re ported by Delwiche (1998) and Garnsworthy et al. (2000).

A sub stan tial amount of vari abil ity was ob served be tween eval u ated ge netic ma te ri als for
al most all char ac ter is tics (Ta ble 1). In dig e nous land races ex hib ited a sig nif i cant higher pro tein
con tent, lower starch and crude fi bre con tent than im proved cultivars. No sig nif i cant dif fer ences
were found for 1000 ker nels weight, hectolitre weight be tween the dif fer ent breed ing types of
wheat ac ces sions (Ta bles 2, 3). A sig nif i cant neg a tive cor re la tion was ob served be tween pro tein
and starch con tent (r=-0.875), that is ex pected, since a neg a tive cor re la tion be tween these two
qual ity traits gen er ally ex ists in ce re als (Briggs, 1978; Zhang et al., 2008). The cor re la tion co ef fi -
cients be tween the other mea sured char ac ters were not sig nif i cant.

Ta ble 1. Range of mea sured char ac ter is tics in the stud ied wheat ac ces sions.

Type of
accessions

Protein 
content (%)

Starch 
content (%)

Crude fibre
(%)

1000 kernels
weight (gr)

Hectolitre
weight

(Kg/100lt)

Indigenous
landraces

14.28-19.91 50.19-59.84 2.19-3.32 24.70-54.90 74.418-82.480

Obsolete
cultivars

14.32-17.00 57.00-60.75 2.89-3.33 33.6-50.00 77.226-79.540

Commercial
cultivars

9.32-20.73 50.98-63.46 2.65-3.38 27.8-62.40 70.500-83.700

To our knowl edge, a greek wheat col lec tion has not been de scribed so far for the qual ity
traits men tioned above, with NIR spec tros copy. Greek in dig e nous land races were proved to con -
cen trate sig nif i cantly more grain pro tein than im proved ob so lete and mod ern cultivars. Sim i lar
re sults con cern ing com par i sons on pro tein con cen tra tion be tween land races and com mer cial
cultivars were re ported from many re searches (AcuZa et al., 2005; Calderini et al., 1995; Dotlacil et 
al., 2003). How ever, mod ern cultivars are gen er ally char ac ter ized by high yields, and the lower
pro tein con cen tra tion could pos si bly be the re sult of the large in crease in grain bio mass with re -
spect to a much lower and most fre quently neg li gi ble in crease in the ni tro gen ac cu mu la tion (Aus -
tin et al., 1980; Calderini et al., 1999). Nev er the less, the neg a tive cor re la tion be tween grain yield
and pro tein con tent (Terman et al., 1969; Simmonds, 1995; Oury et al., 2003) is not nec es sar ily a
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con straint fac tor for breed ing ef fec tively cultivars si mul ta neously for both char ac ter is tics, ac -
cord ing to the se lec tion cri te rion pro posed by Monagham et al. (2001). Thereby, some spe cific
greek land races re veal ing ex tremely high val ues of grain pro tein con cen tra tion could be an aus pi -
cious ge netic ma te rial for the im prove ment of new va ri et ies that will com bine high yield and ex -
cel lent qual i ta tive traits.

Ta ble 2. Means of mea sured char ac ter is tics in the stud ied wheat ac ces sions.

Type of
accessions

Protein 
content (%)

Starch 
content (%)

Crude fibre
(%)

1000 kernels
weight (gr)

Hectolitre
weight

(Kg/100lt)

Indigenous
landraces

17.18a* 56.34b 2.90b 42.20a 78.754a

Obsolete
cultivars

15.41b 58.81a 3.03a 42.10a 78.563a

Commercial
cultivars

13.66c 58.48a 2.96a 42.91a 79.073a

*Means with the same let ter do not dif fer sig nif i cant ac cord ing to LSD test (a=0.05)

Ta ble 3. Par tic i pa tion of sum of squares be tween groups (t-ra tios). 

Comparisons
Protein
content

(%)

Starch
content

(%)

Crude fibre
(%)

1000 kernels
weight (gr)

Hectolitre
weight

(Kg/100lt)

Indigenous landraces
and obsolete cultivars

vs.
commercial cultivars

7.943** -2.311* 0.082 -0.641 -0.942

Indigenous landraces
vs.

obsolete cultivars
2.950** -3.512** -2.785** 0.048 0.241

*Sig nif i cant dif fer ences at a=0.05
** Sig nif i cant dif fer ences at a=0.01

Con clu sions 
A sig nif i cant num ber of wheat ge netic ma te ri als cul ti vated in Greece was eval u ated for im -

por tant qual ity grain char ac ter is tics. A high vari abil ity was ob served be tween the ac ces sions used 
in the study. In dig e nous land races ex hib ited sig nif i cant higher val ues of pro tein con tent com -
pared to com mer cial and ob so lete im proved cultivars. Spe cific greek land races could be a prom -
is ing start ing ge netic ma te rial for the im prove ment of new va ri et ies since re veal ing extremely
high values of grain protein concentration.
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EVALUATION OF RICE GENOTYPES BY MORPHOLOGIC CHARACTERS
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”Konstantin Malkov” In sti tute Plant Ge netic Re sources, 4122 Sadovo, Bul garia
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Ab stract

Dur ing the pe riod 2003 – 2005 year in “Konstantin Malkov” In sti tute Plant Ge netic Re -
sources - Sadovo, Bul garia, two rice cultivars and thir teen breed ing lines were in ves ti gated on
some of the quan ti ta tive char ac ters on the cen tral stem: stem and pan i cle length (cm), thou sand
grain mass (g), grain num ber – full, shrunk (empty) and to tal. In flu ence of the vari a tion fac tors on 
these traits also was de ter mined. The ef fects of the ge no type and en vi ron ment were sim i lar on
full grain num ber (20.41 – 22.07%) and to tal grain num ber (24%). The strength of ge no type in flu -
ence was pre dom i nant re gard ing the phenotypic man i fes ta tion on 1000 grain mass (60.17%),
pan i cle length (56.34 %) and cen tral stem length (47.17%). The breed ing lines - No 4 and No 9
were more per spec tive on the com plex of stud ied quan ti ta tive char ac ters on the cen tral stem.

Key words: breed ing, fac tors of vari a tion, Orysa sativa L., quan ti ta tive traits, rice

In tro duc tion

The cultivar choice in rice is one of the fac tors that ex ert a sig nif i cant ef fect on the yield.
This fac tor is in the lim its of 15 % from the to tal fac tors com plex of the grow ing tech nol ogy for
this crop (Milev et al, 1973; Koynov et al, 1980). The cultivar pro duc tiv ity de pends on the great
num ber of genes and of ten their phenotypic man i fes ta tions are in flu enced by the en vi ron men tal
con di tions. Breed ing of high yield ing and qual i ta tive rice cultivars by the clas sic meth ods is a long
and com pli cated pro cess – from the cre ation of hy brid pop u la tion, their con sol i da tion by choice,
se lec tion of per spec tive lines, test, eval u a tion and test for Dif fer ence, Ho mo ge ne ity and Sta bil ity
(DHS) and Bi o log i cal and Eco nomic Prop er ties in the Ex ec u tive Agency for Cultivar Test ing,
Field In spec tion and Seed Con trol – So fia.

The pur pose of the pres ent in ves ti ga tion is the rice ge no types to be stud ied by sig nif i cant
quan ti ta tive char ac ters of the cen tral stem and the strength of the vari a tion fac tors ef fect on the
phenotypic man i fes ta tions of these char ac ters also to be eval u ated.

Ma te ri als and Meth ods

The ex per i men tal work was car ried out dur ing the pe riod 2003 – 2005 on the al lu vial
meadow soil in the base by rice of the “K. Malkov” In sti tute of Plant and Ge netic Re sources –
Sadovo, lo cated in the Maritsa Veg e ta ble Crops Re search In sti tute, Plovdiv. It was stud ied 15 ge -
no types in clud ing 13 Bul gar ian breed ing lines and two cultivars. Vari ant No 1 is the stan dard
cultivar Krasnodarski 424 and No 2 – Bul gar ian cultivar Belozem). The ex per i ment was set by
block method in four rep li ca tions (each one on an area of 10 m2) ac cord ing to the ac cepted tech -
nol ogy for rice grow ing in Bul garia (Milev et al, 1973). The fol low ing char ac ters of the cen tral
stem are an a lyzed: stem and pan i cle length (cm), grain num ber – full, shrunk (empty), to tal and
thou sand grain mass (g). The biometrical mea sure ments were car ried out on ten plant of each ge -
no type in com plete rice ripe ness. The study data were pro cessed by two way anal y sis of vari ance
(Lidanski, 1988) with the ap plied Least Sig nif i cant Dif fer ence test (LSD). Mean val ues () and
stan dard de vi a tions (Sd) were de ter mined. The strength of vari a tion fac tors in flu ence was es ti -
mated by Plohinskii (1970).

Re sults and Dis cus sion

The yield of the par tic u lar ge no type de pends on the plant num ber per squire me ter and
cen tral stem and pro duc tiv ity of the till ers as their num ber should not be more than two or max i -
mum three for Bul gar ian con di tions (Milev et al, 1973). Ac cord ing to the au thor the cen tral stem
pro duc tiv ity forms about 60 % of the to tal plant pro duc tiv ity. The till ers pro duc tiv ity from higher 
or der (IVth, Vth) is not de sir able be cause the pro duce qual ity is wors ened as the grains in the pan -
i cle of these till ers stay green and they can not ripe.
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The in ves ti ga tions on the sta bil ity and in flu ence of the vari a tion sources in dif fer ent plant
spe cies take an im por tant place in the ge netic and breed ing stud ies (Antonova, 2004;
Kalapchieva, 2007; Nacheva, 2007; Todorova, 2007 etc). Such in ves ti ga tions in rice are lim ited
(Orljuk et al. 2004; Kamishev K. 2006). The vari a tion sources ex ert a sig nif i cant ef fect on the vari -
abil ity of al most all stud ied char ac ters of the cen tral stem (Ta ble 1). The year as a com po nent of
the en vi ron ment has no sig nif i cant ef fect on the pan i cle length.

Ta ble 1. Two way anal y sis of struc tural el e ments of the yield

Sources of 
variation

Degree
of

freedom

Length (cm) Grain number
1000 grain 

massCentral
stem

Panicle Full Empty Total

df MS MS MS MS MS MS

Genotype 14 2488.46 *** 104.99 *** 7950.09 *** 1683.50 *** 13059.29 *** 311.01 ***

Year 2 5706.57 *** 1.64 ns 601777.06 *** 6656.78 *** 90821.24 *** 23.28 **

Genotype 
x Year

28 565.38 *** 12.58 *** 3574.13 *** 330.10 *** 4575.32 *** 42.23 ***

Residual 405 29.06 1.93 527.56 146.23 630.37 4.08

ns - non sighnificant, ** P< 0.01 *** P< 0.001 

It was es tab lished that strength of the in flu ence of the ge no type has dom i nated (Fig ure 1)
on the phenotypic man i fes ta tion of the char ac ters: thou sand grain mass (60.17 %), pedicle length
(56.34 %) and cen tral stem length (47.17 %). The ge no type and year fac tors dem on strate an iden -
ti cal ef fect on the vari abil ity of the full grain num ber 20.41 % and 22.07 %, re spec tively and to tal
grain num ber (24.45 %; 24.29 %). The ge no type and year have com par a tively equal in flu ence on
the yield vari abil ity 36 % and 34 %, respectively (Kamishev, 2006). 

Fig ure 1. Strength of in flu ence of the vari a tion fac tors

The pre dom i nant part of the en vi ron men tal com po nents – soil type, pre de ces sor and ac -
cepted tech nol ogy is com par a tively the same dur ing the whole pe riod of the ex per i ment. There -
fore the ef fect of the year that was es tab lished is most prob a bly due to dif fer ences in the me te o ro -
log i cal con di tions (Fig ure 2). Dur ing the pe riod June – Sep tem ber first ex per i men tal year was the 
dri est while 2005 was characterized with more rainfalls.

There were sig nif i cant dif fer ences of the stud ied char ac ters among the most ex am ined
breed ing lines and cultivars. The av er age of stem length ranged be tween 71.82 cm in No 4 and
107.92 cm in No 12. As an im por tant yield com po nent the mean val ues of full grain num ber var ied
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from 91.90 in ge no type No 14 to 148.17 in breed ing line No 4. The great est to tal grain num ber was
again in ge no type No 4 (185.30), while the small est one - in 14. The larg est av er age thou sand grain
mass was iden ti fied in No 7 (42.56 g), while the small est one - in breed ing line No 10 (28.90g).

Fig ure 2. Me te o ro log i cal con di tions in the ex per i men tal pe riod

The re sults in the Ta ble 2 pro mote for more de tailed de scrip tion of the cre ated breed ing
lines. 

Ta ble 2. Struc tural el e ments of the yield from cen tral stem in breed ing lines and cultivars

Genotype

Length(cm) Grains (number) 1000 grain
mass (g)Stem Panicle Full Empty Total

x± Sd x± Sd x± Sd x± Sd x± Sd x± Sd

1 92.07±6.59 19.48±1.54 102.60±31.98 10.10±5.65 112.70±32.65 29.94±2.44

2 92.91±9.09 18.44±1.80 123.37±43.57 23.07±18.71 146.43±54.15 31.43±3.16

3 88.06±9.40 20.05±1.61 122.00±42.65 24.63±14.50 146.63±44.77 35.29±3.76

4 71.82±3.62 15.04±0.9 148.17±23.53 37.57±14.97 185.73±24.62 31.02±2.82

5 83.72±6.15 19.00±2.13 111.83±24.25 12.77±6.24 124.60±26.02 30.90±2.66

6 86.57±8.55 19.85±1.90 125.40±33.62 15.27±11.68 140.67±34.33 33.93±1.52

7 81.02±6.09 20.90±1.74 96.80±23.80 29.17±13.42 125.97±26.42 42.56±2.63

8 89.30±7.38 15.36±1.28 106.30±22.48 13.77±7.30 120.07±24.36 31.04±1.87

9 91.89±10.87 20.09±1.32 135.87±34.85 22.10±15.13 157.97±39.81 32.19±1.62

10 94.98±7.54 20.15±1.17 109.60±25.17 21.47±13.99 131.07±25.21 28.90±2.40

11 94.53±5.78 19.84±1.35 122.97±34.26 19.53±12.27 142.50±44.09 34.11±2.25

12 107.92±8.09 20.84±1.21 139.13±32.89 22.60±10.68 161.73±39.82 32.72±1.37

13 97.93±8.26 21.50±2.18 136.00±33.76 21.23±13.70 157.23±40.76 34.74±4.10

14 102.93±22.04 18.27±2.04 91.90±25.63 15.50±8.76 107.40±27.59 31.68±2.10

15 101.43±9.35 18.03±1.45 118.37±31.37 32.00±25.32 150.37±39.44 32.37±2.22

Mean  91.81  19.12  119.35  21.39  140.74  32.85

LSD 5% 4.75  1.22  20.23  10.66  22.12  1.77

LSD 1% 6.24  1.60  26.60  14.01  29.08  2.33

LSD 0.1% 8.00  2.06  34.10  17.96  37.28  2.99
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On the ba sis of the per formed mor pho log i cal anal y sis was es tab lished that breed ing lines
No. 4, 9, 12 and 13 com bine in ves ti gated quan ti ta tive char ac ters of the cen tral stem in an op ti mal
de gree.

In pre vi ous study the lines No 4 and No 9 ex ceed the stan dard Krasnodarski 424 with 15.18
% and 11.73 %, re spec tively (Kamishev, 2006).

Con clu sions

The ge no type ef fects mainly on the phe no type man i fes ta tion of the char ac ters: thou sand
grain mass (60.17 %), pan i cle length (56.34 %) and cen tral stem length (47.17 %).

The ge no type and year dem on strate iden ti cal ef fect on the vari abil ity of full grain num ber
and to tal grain number.

The breed ing lines No. 4, 9, 12 and 13 com bin ing op ti mally the in ves ti gated quan ti ta tive
char ac ters of the cen tral stem are spec i fied.
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VARIATION, HETEROSIS AND INHERITANCE IN F1 RICE HYBRIDS: 
NUMBER OF THE FULL GRAINS IN THE PANICLE OF THE CENTRAL STEM

Konstantin Kamishev
”Konstantin Malkov” In sti tute Plant Ge netic Re sources, 4122 Sadovo, Bul garia

E-mail: vtod64@ya hoo.com

Ab stract

The num ber of the full grains in the pan i cle of the cen tral stem has con sid er able in flu ence
on the rice yield. Dur ing the pe riod 2004 – 2006 in IPGR “Konstantin Malkov” – Sadovo, Bul -
garia rice cultivars, per spec tive breed ing lines and thir teen F1 hy brids be tween them were in ves ti -
gated. The cultivars - Selenio from Italia, Bogdan from Bul garia and Liman from Rus sia were
used as the pa ren tal com po nents. The mean val ues, the pa ram e ters of vari a tion, heterosis and in -
her i tance of the stem height were de ter mined. The in flu ence of ge no type is pre vail ing (74.44%)
and the ge no type x year in ter ac tion has in ter me di ate ef fect for the vari a tion of this char ac ter. In
eleven of the stud ied thir teen F1 hy brids con sid er ably pos i tive heterosis and overdominant in her -
i tance were es tab lished.

Key words: heterosis, in her i tance, Oryza sativa L., rice, cultivar, vari a tion fac tors

In tro duc tion

The num ber of the full grains in the pan i cle of the cen tral stem is one of the sig nif i cant
struc tural el e ments of the yield (Kamishev, 2006). It var ies in very big di a pa son (from 40-50 to
400). The in crease of the full grain num ber in the pan i cle de pends both on the cultivar pe cu liar ity
and on the en vi ron men tal con di tions. The full grain num ber in the pan i cle is in closely de pend -
ence on the num ber of the branches, their or der, nodes of the pan i cle, fer til iza tion, me te o ro log i -
cal con di tions etc. Dur ing the cre ation new breed ing lines, cultivars and F1 hy brids the es ti ma tion
of the vari a tion, heterosis and in her i tance is very im por tant (Todorova, 2000).

The aim of the pres ent study is the vari abil ity, heterosis and in her i tance of full grains num -
ber in the pan i cles of the main stem in F1 rice hy brids to be stud ied.

Ma te ri als and Meth ods

The re search work was per formed dur ing the pe riod 2004 - 2006 on the ex per i men tal fields
of the “Konstantin Malkov” In sti tute of Plant and Ge netic Re sources – Sadovo. This study in -
cluded three cultivars: Liman (Rus sia) Bogdan (Bul garia) and Selenio (It aly), three per spec tive
Bul gar ian lines (IMT, 117 and 118) and 13 F1 hy brid com bi na tions be tween them. The plants
were grown by the ac cepted tech nol ogy. (Milev et al., 1973). Ten pan i cles of the cen tral stem from 
each stud ied ge no type were an a lyzed in or der the vari abil ity, heterosis and in her i tance to be es -
tab lished. Vari a tion anal y sis and two way anal y sis of vari ance were ap plied for the pur pose of this 
in ves ti ga tion (Lidanski, 1988). The heterosis was de ter mined to wards the av er age from the two
par ents (MP) and to wards the better par ent (BP). The type of in her i tance of the char ac ter in F1
hy brids was es tab lished by the re la tion ship be tween the dom i nant and ad di tive pa ram e ter – d/a.
Miltiple Range Test was ap plied in or der the dif fer ences be tween the ge no types to be es tab lished
(Duncan, 1995).

Re sults and Dis cus sion

The num ber of the full grains in the pan i cle is one of the sig nif i cant struc tural yield el e -
ments. Phenotypic ex pres sion of this char ac ter de pends on the in flu ence of the vari a tion fac tors –
ge no type, en vi ron ment and the ge no type x en vi ron ment in ter ac tion (Ta ble 1). Re gard less of the
fact that the three sources of vari a tion were sig nif i cant, the ge no type was dis tin guished with the
great est strength of in flu ence (74 %) on the stud ied char ac ter.

In 2004 the Ital ian cultivar Selenio is with the small est full grains (76) in the pan i cle among
the par ents while the Rus sian cultivar Liman was with the larg est (115) ones (Ta ble 2). F1 hy brids
were de scribed with con sid er able more full grains in the pan i cle – av er age 141 grains. On the first
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place was IMT x Liman (173 grains), fol lowed by Selenio x 117 (171 grains), 118 x Bogdan (170
grains) and 118 x Liman (163 grains).

Ta ble 1. Two way anal y sis of vari ance and strength of vari a tion sources in flu ence on the num ber of the
full grains in the pan i cle.

Sources of variation
Degree of

freedom, df
Mean 
square

Fteoretical

p£0,001
Fpraktical

Influence
%

Genotype (G) 18 24619.56*** 2.41 196.72 74.44

Environment (Year) 2 6871.92*** 7.00 54.91 2.31

Interaction G x E 36 2060.52*** 1.95 16.46 12.46

Residual 513 118.18

*** p£0,001

Ta ble 2. Full grains in the pan i cle

Parents and F1
hybrids

2004 2005 2006 Average

x ±Sx x ±Sx x ±S x

Selenio 76f 1.05 70e 1.53 72g 2.04 72.80h

Bogdan 84f 2.05 80de 2.76 76g 1.26 79.93h

Liman 115de 2.39 111bc 3.49 77g 2.6 101.00g

IMT 103e 3.08 98cd 4.84 91f 3.26 97.37g

117 102e 1.25 94cd 3.29 92f 3.02 96.00g

118 104e 1.97 72b 2 80.3g 2.22 85.43g

Mean 97.33 87.50 81.43 88.76

Selenio h Bogdan 104.1e 2.44 95cd 2.92 138.3b 3.95 112.47f

Selenio h Liman 87.5f 2.33 80de 2.5 118.6d 1.66 95.37g

Selenio h 117 171.1a 3.28 163a 4.88 131.2bc 3.79 155.10b

Selenio h 118 136bc 1.56 118b 2.82 158.9a 5.6 137.63cd

Bogdan h IMT 136.8bc 4.91 119b 1.83 131.6bc 4.68 129.13de

Bogdan h 117 144b 2.99 153a 2.39 129.8b-d 2.87 142.27c

Bogdan h 118 139bc 2.53 98cd 4.12 123.2cd 1.86 120.07ef

IMT h Liman 173a 3.71 163a 4.64 160.6a 4.86 165.53a

117 h Bogdan 145b 3.02 146a 5.58 130.3bc 4.46 140.43c

117 h Liman 128cd 3.63 94cd 1.44 125.3cd 3.33 115.77f

118 h Selenio 145b 3.17 151a 2.8 107.1e 1.57 134.37cd

118 h Bogdan 169.6a 3.83 154a 3.72 152.3a 5.72 158.63ab

118 h Liman 162.7a 4.51 153a 8.27 154.6a 6.29 156.77ab

Mean 141.68 129.77 135.52 135.66

In 2005 the full grains in the pan i cle were smaller in the two groups – 87 grains for par ents
and 130 grains for the hy brids. Selenio x 117 ex ceeded the mother com po nent in the great est de -
gree (133 %), fol lowed by 118 x Bogdan (114 %), 118 x Liman (112 %) and 118 x Selenio (110 %). 
The ini tial forms in the third year had smaller full grain num ber in the pan i cle (81 grains) com -
pared to the re main ing years of the in ves ti ga tion. The Ital ian cultivar Selenio gave again the
small est grain num ber (72). The breed ing lines IMT and 117 were de scribed with sig nif i cantly the
high est val ues com pared to the re main ing par ent com po nents – 91 and 92 grains, re spec tively. All 
stud ied F1 hy brids had con sid er ably greater grain num ber in the pan i cle from the par ents. Selenio 
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x 118, IMT x Liman, 118 x Bogdan and 118 x Liman were with sig nif i cantly the larg est grain num -
ber (150-160). 

Ac cord ing to the sum ma rized re sults it was es tab lished that the cultivars Selenio and
Bogdan were with sig nif i cantly the small est full grain num ber in the pan i cle – 73 and 80, re spec -
tively. Liman was de scribed with the high est val ues of the stud ied char ac ter (101 grains) among
the tested par ents. The grain num ber in the hy brids was within 95 grains for Selenio x Liman to
165 for IMT x Liman. Per spec tive for the breed ing pro cess are IMT x Liman, 118 x Bogdan, 118 x
Liman and Selenio x 117 be cause they were with over 155 grains in the panicle.

The mean value of the vari abil ity of the stud ied char ac ter was slight - mean up to 10 %. 118
x Selenio and Bogdan x 117 were dis tin guished with the small est vari a tion (ap prox i mately 6 %)
for the whole pe riod of the study. In the most par ents and F1 hy brids the vari a tion was the high est
one in 2005 as the vari a tion co ef fi cient in IMT and 118 x Liman reach to 15 – 17 %.

In 2004 all stud ied hy brids ex cept for Selenio x Liman man i fested pos i tive heterosis ef fect
to wards the av er age from the two par ents (Ta ble 3). Selenio x 117 and 118 x Bogdan had the high -
est pos i tive heterosis ef fect to wards better par ent 67 % and 63 %, respectively.

Ta ble 3. Heterosis by num ber of full grains in the pan i cle.

F1 hybrids
MP BP

2004 2005 2006 average 2004 2005 2006 average

Selenio h Bogdan 130.12 126.67 186.64 147.27 123.93 118.75 182.45 140.7

Selenio h Liman 91.62 88.4 158.77 109.74 76.09 72.07 154.03 94.42

Selenio h 117 192.25 198.78 159.61 183.77 167.74 173.4 142.61 161.56

Selenio h 118 151.11 166.2 208.12 173.96 130.77 163.89 197.88 161.1

Bogdan h IMT 146.31 133.71 157.7 145.67 132.82 121.43 144.46 132.62

Bogdan h 117 154.84 175.86 154.71 161.73 141.18 162.77 141.09 148.19

Bogdan h 118 147.87 128.95 157.85 145.21 133.65 122.5 153.42 140.54

IMT h Liman 158.72 155.98 191.08 166.9 150.43 146.85 176.29 163.89

117 h Bogdan 155.91 167.82 155.3 159.64 142.16 155.32 141.63 146.28

117 h Liman 117.97 91.71 148.28 117.53 111.3 84.68 136.2 114.62

118 h Selenio 161.11 212.68 140.28 169.83 139.42 209.72 133.37 157.28

118 h Bogdan 180.42 202.63 195.13 191.86 163.08 192.5 189.66 185.68

118 h Liman 148.58 167.21 196.57 168.17 141.48 137.84 192.53 155.21

In the sec ond ex per i men tal year al most all stud ied hy brids man i fested pos i tive heterosis to -
wards the av er age from the two par ents as on the first place was 118 x Selenio and 118 x Bogdan.
The first one was with the great est heterosis ef fect to wards the par ent and with greater grain
num ber in the pan i cle – 110 %. In 2006 all stud ied hy brids showed a pos i tive heterosis ef fect to -
wards the better par ent. Selenio x 118, 118 x Liman and 118 x Bogdan were dif fered with the high -
est heterosis (90 – 98 %). On the ba sis of the sum ma rized data was es tab lished that 118 x Bogdan,
IMT x Liman, Selenio x 117 and Selenio x 118 dem on strated the high est heterosis to wards the
better par ent – 86 %, 64 %, 62 % and 61 %, respectively.

In 2004 an over dom i na tion of the par ent with greater full grain num ber in the pan i cle was
es tab lished in all F1 hy brids ex cept for Selenio x Liman (Ta ble 4). In the sec ond ex per i men tal
year again over dom i nant in her i tance was de ter mined the most of F1 hy brids. The ex cep tions
were es tab lished in Selenio x Liman which had in com plete dom i na tion of the par ent with smaller
grain num ber and 117 x Liman - a com plete dom i na tion of the par ent with lower val ues. In 2006
an over dom i nant in her i tance of the better par ent was es tab lished in all hy brids. The in her i tance
was over dom i nant for the par ent with greater grain num ber in eleven hy brids dur ing the whole
in ves ti ga tion pe riod.
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Ta ble 4. Type of in her i tance in num ber of full grains in the pan i cle

F1 hybrids 2004 2005 2006

Selenio h Bogdan 6.02 4 37.76

Selenio h Liman -0.41 -0.51 19.09

Selenio h 117 6.32 6.75 5

Selenio h 118 3.28 47 20.9

Bogdan h IMT 4.56 3.33 6.29

Bogdan h 117 5.67 9.43 5.67

Bogdan h 118 4.5 5.5 20.07

IMT h Liman 10.67 9 10.86

117 h Bogdan 5.78 8.43 5.73

117 h Liman 3 -1 5.44

118 h Selenio 3.93 80 7.78

118 h Bogdan 7.56 19.5 33

118 h Liman 9.67 3.15 46.03

Con clu sions

The in flu ence of the ge no type is pre vail ing (74.44%) and the ge no type x year in ter ac tion
has in ter me di ate ef fect for the vari a tion on the full grains num ber in in ves ti gated six par ents and
thir teen F1 hy brids.

The F1 hy brids 118 x Bogdan, IMT x Liman, Selenio x 117 and Selenio x 118 dem on strated
the high est pos i tive heterosis to wards the better par ent – 86 %, 64 %, 62 % and 61 %, re spec -
tively.

The in her i tance was over dom i nant for the par ent with greater full grain num ber in eleven
hy brids.
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DNA FINGERPRINTING OF WHEAT (Triticum aestivum L.) 
VARIETIES USING MICROSATELLITE MARKERS
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Ab stract

DNA fin ger print ing pro files of 40 bread wheat cultivars de vel oped in Ser bia were ob tained 
by us ing 19 wheat microsatellites. The prim ers am pli fy ing the re spec tive microsatellite loci
(Xgwm) are from Röder et al. (1998). The re sults were ob tained by us ing the Ap plied Biosystems
3130 Ge netic An a lyzer. A to tal of 115 al leles were de tected at 19 wheat microsatellite loci, re sult -
ing in an av er age al lele num ber per marker of 6.05. The num ber of al leles for the in di vid ual mark -
ers ranged from two (Xgwm680) to 11 (Xgwm577). The val ues of poly mor phism in for ma tion con -
tent (PIC) ranged from 0.096 for Xgwm408 to 0.850 for Xgwm18. An av er age PIC of 0.641 for all
mark ers in di cated a high level of de tected poly mor phism. In ter nal het er o ge ne ity was found in six 
va ri et ies (15%) for one of the mark ers. The oc cur rence of het er o ge ne ity was de tected in 4 out of
19 loci (Xgwm95, Xgwm389, Xgwm619 and Xgwm619). Most va ri et ies can be clearly dis crim i nated
from each other based on the in for ma tion ob tained from the 19 mark ers. The re sults dem on strate 
the util ity of microsatellite mark ers for de tect ing poly mor phism lead ing to ge no type iden ti fi ca -
tion and for es ti mat ing ge netic di ver sity.

Key words: fin ger print ing, microsatellites, wheat

In tro duc tion

Mod ern wheat va ri et ies are thought to dis play rather low lev els of gene pool vari a tion be -
cause of the high se lec tive pres sure ap plied in breed ing pro grams. The ge netic di ver sity of bread
wheat elite germplasm has been tra di tion ally es ti mated on the ba sis of mor pho log i cal and quan ti -
ta tive traits, dis ease re sis tance and gliadin pro teins. Mor pho log i cal as sess ments may have their
lim i ta tions in clud ing in suf fi cient vari a tion among cultivars, sub jec tiv ity in the anal y sis, in flu ence
of en vi ron ment and de vel op men tal stage, etc (Weising et al. 2005).

The de vel op ment of mo lec u lar marker tech niques has pro vided a sat is fac tory al ter na tive in 
the char ac ter iza tion of germplasm, be cause they are al most un lim ited in num ber and are not in -
flu enced by the en vi ron ment or tis sue (Prasad et al. 2000). The first gen er a tion mark ers such as
RFLP (Re stric tion Frag ment Length Poly mor phism) and RAPD (Ran dom Amlification of Poly -
mor phic DNA) de tected low lev els of vari abil ity es pe cially among cul ti vated lines and cultivars.

In wheat, the most widely ex ploited tech niques in clude AFLP (Am plified Frag ment
Length Poly mor phism) and SSR (Sim ple Se quence Re peat) mark ers, which of fer better poly -
mor phism de tec tion for plant DNA fin ger print ing and geno typ ing. SSRs, also known as
microsatellite mark ers, have been pro posed as one of the most-suit able mark ers for the as sess -
ment of ge netic vari a tion and di ver sity among wheat va ri et ies/lines, be cause they are multiallelic, 
codominant, chro mo some-spe cific and evenly dis trib uted along chro mo somes (Tautz and Renz,
1984; Gupta et al. 1996; Röder et al. 1998, Huang et al. 2002).

This study was un der taken with the fol low ing ob jec tives: 1) de tec tion of poly mor phism and 
ge no type iden ti fi ca tion of 40 wheat cultivars us ing 19 microsatellite mark ers and 2) as sess ment of 
ge netic di ver sity among 40 wheat va ri et ies pro duced in dif fer ent breed ing cen ters in Ser bia.

Ma te ri als and meth ods

The ma te rial for the study con sisted of 40 elite bread wheat (Triticum aestivum L.) cultivars,
pro duced in dif fer ent breed ing in sti tu tions in Ser bia. To tal genomic DNA was ex tracted from
leaves, as de scribed in Doyle & Doyle (1990).

The 19 microsatellite mark ers used for fin ger print ing of wheat va ri et ies were cho sen based
on the re sults of Röder et al. (1998, 2002). Primer se quences of those mark ers were avail able from 
Röder et al. (1998) and from per sonal com mu ni ca tion.
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PCR prod ucts were am pli fied us ing fluorescently la beled for ward and unlabeled re verse

prim ers. DNA am pli fi ca tions were car ried out in 20 ml re ac tion mix tures, each con tain ing 25 ng of 
genomic DNA as tem plate, 10xPCR buffer, 25 mM MgCl2, 2 mM dNTPs, 10 pmol of each primer
and 2 units of Taq poly mer ase (Ap plied Biosystems). Af ter 5 min at 94°C, 47 cy cles were per -
formed with 30 sec at 94°C, 30 sec at ei ther 52, 55, 57, 60, or 62°C (de pend ing on in di vid ual
microsatellite), 30 sec at 72°C, and a fi nal ex ten sion step of 10 min at 72°C. PCRs were per formed
on PCR Sys tem 9700 gold (Ap plied Biosystems).

Microsatellite frag ments were de tected on an au to mated la ser flu o res cence se quencer
(ABI Ge netic An a lyzer 3130) and an a lyzed us ing the GeneMapper Soft ware ver sion 4.0 by com -
par i son with stan dard size marker (GeneScan 500 LIZ Size Stan dard – Ap plied Biosystems).

Data anal y sis was per formed us ing Microsoft Ex cel-Soft ware, and the poly mor phism in for -
ma tion con tent (PIC) was cal cu lated ac cord ing to An der son et al. (1993).

Frag ments am pli fied by microsatellite prim ers were scored in bi nary for mat, with the pres -
ence of a band scored as unity and its ab sence scored as zero. The bi nary data were used to com -
pute pair-wise sim i lar ity co ef fi cients (Jaccard, 1908), and the sim i lar ity ma trix thus ob tained was
sub jected to clus ter anal y sis us ing the UPGMA (un-weighted pair-group method with arith me tic
average) algorithm.

Re sults and Dis cus sion

Microsatellite mark ers (19) were used to char ac ter ize and eval u ate the ge netic di ver sity of
40 wheat va ri et ies. A to tal of 115 al leles were de tected, with an av er age num ber of 6.05 al leles per
lo cus. The low est num ber of al leles (2) per lo cus was de tected for Xgwm680 (Ta ble 1). One of the
two al leles (119bp) was pre dom i nantly pres ent in our ma te rial (in 33 out of 40 wheat va ri et ies).
The most poly mor phic microsatellite marker was Xgwm577 with 11 al leles. The al lele sizes ranged 
from 119 to 217bp. For this marker two ma jor al leles of 125bp and 160bp were found. The oc cur -
rence of null al lele was not de tected in any of the 19 loci. The poly mor phism in for ma tion con tent
(PIC) of the in di vid ual mark ers ranged from 0.096 for Xgwm408 to 0.850 for Xgwm18, with an av -
er age of 0.641 for all mark ers (Ta ble 1).

These re sults in di cated a high level of poly mor phism, since all of the cultivars orig i nated
from one coun try. Röder et al. (2002) ob tained an av er age of 10.5 al leles per marker and an av er -
age PIC of 0.674 when eval u at ing the ge netic di ver sity of 502 re cent Eu ro pean wheat va ri et ies
with the same set of microsatellite mark ers.

In our study, the PIC val ues were not cor re lated with the num ber of al leles at a given lo cus,
which is in agree ment with the re sults of Prasad et al. (2000). How ever, Huang et al. (2002) found
sig nif i cant cor re la tion be tween these val ues. They also in di cated that a large sam ple size is nec es -
sary for the char ac ter iza tion of a re li able cor re la tion co ef fi cient. The sam ple size in their study
was 998 ac ces sions, while the sam ple size of the study of Prasad et al. (2000) with 55 ac ces sions was 
more sim i lar to ours with its 40 va ri et ies.

In ter nal het er o ge ne ity, de fined as the iden ti fi ca tion of more then one al lele for a given
marker in a sin gle va ri ety, was found. Con sidering all va ri ety/marker com bi na tions, a very low
level of 0.79% of het er o ge ne ity was ob served. In six wheat va ri et ies het er o ge ne ity was found for
a sin gle marker only. Het er o ge ne ity in Xgwm619 lo cus was found in three va ri et ies (Novosadska
crvena, Zrenjaninka, Kometa). Other loci with de tected het er o ge ne ity were: Xgwm95
(Novosadska 6864), Xgwm389 (Petra) and Xgwm619 (PKB Krupna). In ter nal het er o ge ne ity was
ear lier de tected in wheat va ri et ies and lines by other au thors (Huang et al., 2002, Röder et al.,
2002; Akkaya and Buyukunal-Bal, 2004).

A dendogram de rived from UPGMA clus ter anal y sis for 40 wheat va ri et ies was con -
structed (Fig ure 1). The ge no types could be grouped into two ma jor clus ters, clus ter I with the 28
ge no types and clus ter II with 12 ge no types. Both main clus ters could be fur ther sub di vided into
two subclusters each. The most sim i lar ge no types were cv. Nova Banatka and cv. Vojvodjanka,
dif fer ing in al leles for two loci only. Very sim i lar ge no types were also cv. Petra and cv. Natasa,
car ry ing dif fer ent al leles for four of the 19 loci.
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Ta ble 1. De scrip tion of microsatellite mark ers em ployed in clud ing the num ber of al leles and PIC-val ues

No. Locus Repeat type Chromosome
Product 
size (bp)

No. of
alleles

PIC

1. Taglgap (CAA)15 1B 208-286 6 0.745

2. Xgwm3 (CA)18 3D 67-80 8 0.762

3. Xgwm18 (CA)17GA(TA)4 1B 178-198 10 0.850

4. Xgwm46 (GA)2GC(GA)33 7B 144-173 4 0.302

5. Xgwm95 (CA)16 (AC)16 2A 114-120 7 0.803

6. Xgwm155 (CT)19 3A 138-147 6 0.745

7. Xgwm190 (CT)22 5D 206-246 6 0.751

8. Xgwm261 (CT)21 2D 164-192 3 0.486

9. Xgwm325 (CT)16 6D 131-150 8 0.773

10. Xgwm357 (GA)18 1A 117-121 3 0.655

11. Xgwm389 (CT)14(GT)16 3B 108-136 8 0.756

12. Xgwm408 (CA)>22(TA)(CA)7(TA)9 5B 145-175 3 0.096

13. Xgwm437 (CT)24 7D 86-128 9 0.814

14. Xgwm458 (CA)13 1D 107-126 6 0.702

15. Xgwm513 (CA)12 4B 140-147 3 0.605

16. Xgwm577 (CA)14(TA)6 7B 119-217 11 0.736

17. Xgwm619 (CT)19 2B 136-172 6 0.689

18. Xgwm619 (GT)23 7A 189-211 6 0.622

19. Xgwm680 (GT)9(GA)24imp 6B 105-119 2 0.289

Fig ure 1. Dendogram of 40 wheat ge no types con structed us ing UPGMA clus ter anal y sis
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Ba si cally, all va ri et ies can be clearly dis crim i nated from each other based on the in for ma -
tion ob tained from 19 mark ers. Ac cord ing to the re sults of Röder et al. (2002) the set of 19
microsatellite mark ers was suf fi cient to dis tin guish be tween the ma jor i ties of the 502 Eu ro pean
wheat va ri et ies. Only va ri et ies de rived from the same par ents could not be dis tin guished. A sim i -
lar ob ser va tion was also de scribed by other au thors (Plaschke et al., 1995; Prasada et al. 2000;
Huang et al. 2002; Akkaya & Buyukunal-Bal, 2004).

Con clu sion

The pres ent study in di cates that microsatellites are very ef fec tive mo lec u lar mark ers for
the as sess ment of ge netic di ver sity in wheat. Com bined with mul ti plex PCR, microsatellite mark -
ers per mit the fast and high-through put fin ger print ing of large num bers of ge no types. Some ge -
no types pos sess ing rare al leles for dif fer ent loci could be used for broad en ing the allelic di ver sity
and the po ten tial for cultivar improvement of wheat.
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Ab stract

EST-de rived Sim ple Se quence Re peats (EST-SSRs) are mark ers de rived from tran scripts
and they are use ful for as say ing the func tional di ver sity in intra- and interspecies germplasm col -
lec tions of dif fer ent crop spe cies. Be cause of their high level of trans fer abil ity EST-SSRs are use -
ful marker type in com par a tive map ping pro jects. In pres ent study a set of 100 wheat de rived
EST-SSRs was used for wheat-rye interspecies poly mor phism anal y sis as an in tro duc tion phase
for ward to phys i cal map ping of mark ers in rye ge nome. In wheat cultivar Chi nese Spring 96% of
ap plied EST-SSRs were succesfully am pli fied, while in rye cultivar Im pe rial am pli fi ca tion fi del ity 
was 92%. Trans fer abil ity level of wheat de rived EST-SSR in rye was 95%. Interspecies poly mor -
phism was de tected in 47 loci. Two types of polymorphisms were de tected: size dif fer ence of a sin -
gle am pli fi ca tion prod uct be tween wheat and rye, and pres ence/ab sence of ex tra am pli fi ca tion
prod ucts in wheat or rye. Eigh teen poly mor phic EST-SSR loci were se lected as can di dates for
phys i cal map ping in rye ge nome.

Key words: EST-SSRs, poly mor phism, rye, wheat

In tro duc tion

Com par a tive ge netic map ping is the cor ner stone of un der stand ing bi o log i cal sys tems and
pro cesses across ce real spe cies in or der to iso late genes of ag ro nomic in ter ests. Sev eral stud ies
have dem on strated that among ce re als lo cal co-lin ear ity is of ten de vi ated but even in the ab sence
of co-lin ear ity, data from com par a tive stud ies of fer the pos si bil ity of in creas ing the num ber of
mark ers in a tar geted re gion with out the need to de velop ad di tional mark ers from the spe cies of
in ter est. Pro ce dures for com par a tive map ping are well es tab lished (Devos & Gale, 2000) and use
of com par a tive map ping de rived re sources lead to the iso la tion of sev eral re sis tance genes and
QTLs up to now.

Among the dif fer ent kinds of mo lec u lar mark ers that are avail able, ex pressed se quence tag 
(EST)-SSRs have re ceived sig nif i cant at ten tion be cause of the fol low ing ad van tages over other
DNA-based mark ers: they can be rap idly de vel oped from EST da ta bases at low cost, they de tect
vari a tion in the ex pressed por tion of the ge nome, so that gene tag ging should give ‘per fect’
marker-trait as so ci a tions, they pro duce higher qual ity pat terns and show a high level of trans fer -
abil ity to closely re lated spe cies (Varshney et al., 2005). Trans fer abil ity of wheat, bar ley and rice
de rived EST-SSRs into dif fer ent ce real crop spe cies has be dem on strated (Thiel et al., 2003; Yu et
al., 2004; Zhang et al., 2005).

The aims of the study were anal y sis of wheat-rye interspecies poly mor phism us ing a set of
100 wheat de rived EST-SSRs and eval u a tion of their trans fer abil ity to rye.

Ma te rial and Meth ods

Plant ma te rial: Wheat cultivar Chi nese Spring and rye cultivar Im pe rial were used in
interspecies poly mor phism anal y sis.

DNA ex trac tion, PCR am pli fi ca tion, poly mor phism de tec tion: To tal genomic DNA was ex -
tracted from grains (Plaschke et al., 1995). A set of 100 EST-SSRs (Zhang et al., 2005) was ana -

lysed (Tab. 1). Microsatellites were am pli fied in 20 ml PCR re ac tion con tain ing: 30 ng DNA,
1xPCR buffer, 2 mM MgCl2, 0.2 nM of each dNTP, 10 pmol of each EST-SSR prim ers, and 2 units 
of Taq poly mer ase. The fol low ing ther mal pro file was used for EST-SSR am pli fi ca tion: ini tial de -
na tur ation for 5 min at 94° C, 12 cy cles of 30 s at 94°, 30 s at 62° C, 30 s at 72°C, fol lowed by 35 cy -
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cles of 30 s at 94°, 30 s at 56° C, 30 s at 72°C, and fi nal ex ten sion for 10 min at 72° C. PCR prod ucts
were size sep a rated by stan dard 2% agarose gels and visu al ised by ethidium bro mide.

Re sults and Dis cus sion

A set of 100 wheat EST-de rived microsatellites were tested in or der to de tect: a level of suc -
cess ful am pli fi ca tion in wheat and rye ge nome, a level of interspecies poly mor phism and trans fer -
abil ity.

Fig ure 1. Agarose gel elec tro pho re sis of PCR prod ucts ob tained for Chi nese Spring (CS) 
and Im pe rial (I) (from the left to right: MW 100bp, cfe 67, 68, 75, 76, 77, 79, 80, 82)

In wheat cultivar Chi nese Spring 96% of ap plied EST-SSRs were succesfully am pli fied.
The size of the ob tained PCR prod ucts in wheat ge nome were in range 120-400 bp. In ap prox i -
mately 15% of cases prod uct size was larger then ex pected. Larger size of ob tained prod ucts may
be a con se quence of an intron pres ence or in ter nal du pli ca tion within a gene. Us ing a set of 240
EST-SSR mark ers Zhang et al. (2005) also de tected dif fer ences be tween ex pected and ob served
size in am pli fi ca tion prod ucts.

Am pli fi ca tion fi del ity in rye cultivar Im pe rial was 92%, re sult ing in high wheat-rye trans -
fer abil ity level (95%) and in di cat ing high level of homology be tween those re lated genomes. Our
re sults con firmed that wheat de rived EST-SSRs are highly trans fer able into re lated ce real crops
and are in agree ment with preveiously re ported data (Eujayl et al., 2002, Gupta et al., 2003, Zhang 
et al., 2007). Interspecies poly mor phism was de tected in 47 out of 91 succesfully am pli fied loci in
both spe cies. Two types of polymorphisms were de tected: size dif fer ence of a sin gle am pli fi ca tion
prod uct be tween wheat and rye, and pres ence/ab sence of ex tra am pli fi ca tion prod ucts in wheat
or rye. Based of these types of poly mor phism eigh teen EST-SSR loci were se lected as can di dates
for phys i cal map ping in rye ge nome us ing wheat-rye ad di tion lines.
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Ta ble 1. List of 100 ana lysed EST-SSRs (CS - stands for Chi nese Spring, I - Im pe rial; PCR+ suc cess ful
am pli fi ca tion; P P - stands for poly mor phism ob served, Ø - can di date mark ers for map ping in ad -
di tion lines )

Marker
PCR

P
Add.
lines

Marker
PCR

P Add.lines
CS I CS I

cfe2 + + P cfe164 + + P
cfe4 + + cfe166 + +

cfe22 + + cfe167 + +
cfe23 - - cfe168 + +
cfe25 + + cfe169 + + P Ø
cfe29 + + cfe171 + + P
cfe35 + + P Ø cfe175 + +
cfe37 + + cfe177 + +
cfe40 + + P cfe180 + + P
cfe45 + + cfe181 + +
cfe47 + + P cfe183 + +
cfe53 + + cfe187 + + P Ø
cfe56 + + P cfe188 + + P
cfe60 + + P Ø cfe191 + -
cfe63 + + P Ø cfe192 + +
cfe67 + + P cfe195 + +
cfe68 + + P cfe196 + + P
cfe75 + + P cfe198 + -
cfe76 + + P cfe208 + + P
cfe77 + + P cfe209 + + P Ø
cfe79 + + P Ø cfe210 - +
cfe80 + + P cfe211 + + P
cfe82 + + cfe219 + -
cfe87 + + cfe220 + + P Ø
cfe90 + + cfe224 + + P
cfe98 + - cfe225 + + P

cfe102 + + P cfe228 + + P Ø
cfe103 + + P cfe229 + + P
cfe105 + + cfe234 + +
cfe112 + + P Ø cfe238 + +
cfe117 + + P cfe240 + -
cfe119 + + cfe255 - -
cfe123 + + cfe257 + +
cfe124 + + cfe260 + +
cfe125 + + cfe266 + +
cfe126 + + cfe267 + +
cfe130 + + cfe270 + +
cfe132 + + P Ø cfe272 + +
cfe134 + + P cfe276 + +
cfe136 + + cfe277 + +
cfe137 + + P Ø cfe278 + + P
cfe139 + + P Ø cfe279 - -
cfe140 + + P Ø cfe282 + +
cfe143 + + P cfe285 + + P
cfe151 + + cfe286 + + P
cfe152 + + P Ø cfe288 + + P Ø
cfe154 + + cfe294 + + P
cfe156 + + P Ø cfe297 + +
cfe158 + + cfe299 + + P Ø
cfe159 + + cfe300 + +
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Con clu sion

Tested wheat EST-de rived microsatellites showed high level of am pli fi ca tion ef fi ciency in
wheat and rye ge nome con firm ing their ro bust ness and su pe rior per for mance over genomic
SSRs. Wheat EST-SSR mark ers showed hhigh trans fer abil ity level and they are good can di dates
for dif fer ent marker-based breed ing strat e gies in rye. Dif fer ent types of de tected interspecies
poly mor phism can be used for ge netic and phys i cal map ping of wheat EST-SSRs in rye ge nome.
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SUNFLOWER LINES AND FORMS, OBTAINED FROM 
THE INTERGENERIC HYBRIDIZATION
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Ab stract

The new group of sun flower forms and lines were ob tained as a re sult of im ple men ta tion of
intergeneric hy brid iza tion be tween cul ti vated sun flower Helianthus annuus and spe cies from dif -
fer ent Compositae gen era. The greater part of the new forms and lines pos sessed genes for male
fer til ity res to ra tion of plants with CMS PET-1. Branched forms pre dom i nated. Some of forms
and lines were dis tin guished for pres ence of genes con trol ling the re sis tance to mil dew, Phomopsis 
and broom rape and high tol er ance to Sclerotinia. Seeds of the dif fer ent groups of plants were sim -
i lar to those of the cul ti vated sun flower and were with dif fer ent size and hull color. Part of the
forms and the most lines were dis tin guished for their high seed oil con tent. Nine teen of the ob -
tained R-lines were in cluded in the pro gram for de vel op ing new sun flower hy brids.

Key words: dis eases re sis tance, intergeneric hy brid iza tion, R-lines, sun flower.

In tro duc tion

For de vel op ing of new sun flower hy brid cultivars, suit able for cul ti va tion un der the pres ent 
eco log i cal, agro tech ni cal and cli ma tic con di tions in Bul garia and in the world a great di ver sity of
ini tial breed ing ma te rial was needed. The intergeneric hy brid iza tion is one of the meth ods for de -
vel op ing such di ver sity. Genes from dif fer ent spe cies of var ied gen era of Compocitae fam ily
closely re lated to ge nus Helianthus were trans ferred into the ob tained hy brid forms. These genes
con trolled the ex pres sion of in ter est ing char ac ters. Many re search ers had been worked in that
field such as Morozov /1947/, Georgieva-Todorova /1966/, Heiser et al. /1969/,
Georgieva-Todorova et al. /1971/, Christov and Panajotov /1991/, Christov /1992, 1998/, Christov
et al. /1994/, Christov and Vassilevska-Ivanova /1999/, Nristova-Cherbadzi /2007/ and etc. The hy -
brid char ac ter for the part of the ob tained ma te rial was doubt fully but for the rest ones it was
proved.

This in ves ti ga tion aimed to pres ent some of the ob tained intergeneric hy brid forms and
lines, which were of in ter est for heterosis breed ing in sun flower.

Ma te ri als and meth ods

Sun flower hy brid forms, ob tained from crosses be tween cul ti vated sun flower Helianthus
annuus and spe cies Carduus acanthoides, Tithonia rotundifolia and Verbesina enceloides were in -
cluded in this in ves ti ga tion.

The ob tain ing of new forms and lines from F1 intergeneric hy brids was car ried out by con -
sec u tively self-pol li na tion, sib-pol li na tion and se lec tion of plants. Bio-mor pho log i cal and phyto -
pa thological eval u a tion of plants and bio chem i cal eval u a tion of seeds were made. Eval u a tion of
gen eral com bin ing abil ity was made for the most lines. The better among the lines were in cluded
in the hy brid com bi na tions for de vel op ing hy brids.

Re sults

From the intergeneric hy brid com bi na tion Helianthus annuus x Carduus acanthoides 21 ac -
ces sions were ob tained, which were of in ter est for breed ing. From the com bi na tion Helianthus
annuus x Tithonia rotundifolia 16 ac ces sions were ob tained and from com bi na tion Helianthus
annuus x Verbesina enceloides the num ber of in ter est ing hy brid forms (ac ces sions) was 6.

On their mor pho log i cal char ac ters, the new sun flower lines, ob tained by the intergeneric
hy brid iza tion were sim i lar to the lines, cre ated from the cultivars of the com mon sun flower. They
dis tin guished and sep a rated into groups on the form and color of leaves, types of branch ing, form
and col or ation of ray flo rets and seeds. The plants height of last gen er a tions was from 70 cm to
150 cm, and the di am e ter of in flo res cen ces var ied from 12 to 23 cm. Dif fer ent col or ation of seed
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hull was ob served. The weight of 1000 seeds var ied from 32 to 95 g, and the seed oil con tent var ied 
from 37 to 51 %. Data for some of the forms/lines were pre sented in ta ble 1. Shorter plants with
shorter veg e ta tion pe riod were ob tained from crosses Helianthus annuus with Carduus acanthoides
and Tithonia rotundifolia, and with more at trac tive form of leaves and in flo res cen ces from these
three groups of crosses. Most of the ob tained lines were branched.

Ta ble 1. Some bi o log i cal char ac ter is tics of new lines.

New lines

Characteristics

Morphological characteristics
Physiological
development

Technological characteristics

Plant height,
cm

Head
diameter, cm

Period of
vegetation, days

1000 seeds
weight, g

Oil, %

with Carduus acanthoides (Card. 3)

1394 125 16 103 39.5 45.2

1411 95 15 102 43.0 48.2

2793 110 17 94 41.8 49.3

2805 120 14 98 38.9 45.6

Sc 36 120 17 101 42.7 46.4

Sc 55 140 19 110 43.4 48.2

2667n* 120 23 110 56.8 47.5

2668n* 135 21 112 74.1 48.9

with Tithonia rotundifolia (Tith. 119, 259, 1073)

2670 105 15 104 40.8 50.6

2795 120 14 100 49.2 43.8

2797 100 16 98 37.6 49.7

2798n* 90 22 100 53.3 51.5

with Verbesina enceloides (Verb. 1)

2749 110 17 125 42.3 47.7

2752 100 16 120 55.5 44.6

3492 100 16 130 50.4 45.1

3497 115 17 125 47.6 46.9

n* - Not branched plants

All intergeneric hy brids were ob tained from crosses be tween male ster ile forms of cul ti -
vated sun flower with CMS PET-1. Plants of the new forms were fer tile /de tached vi a ble pol len/
and af ter pol li na tion of other ster ile plants, ob tained on the base of CMS PET-1 the F1 hy brids
were fer tile. This was ev i dence that all se lected ac ces sions car ried Rf genes for CMS PET-1 and
were suit able for de vel op ing R lines. As a re sult of com bin ing abil ity test ing was es tab lished that
19 ac ces sions dem on strated better com bin ing abil ity.

To gether with the se lec tion on mor pho log i cal and bi o log i cal char ac ters and seed oil con -
tent, the ad di tional eval u a tion was car ried on re sis tance to some dis eases and the par a site broom -
rape. Most of the lines showed full re sis tance to Plasmopara, Phomopsis and Sclerotinia, and par a -
site broom rape /Ta ble 2/as a re sult of last eval u a tion in 2008.

The ob tained data showed there were new sun flower forms and lines, which pos sessed
char ac ters from both par ents. Some of them were dis tin guished with short to me dium stem
height, small to me dium size of in flo res cen ces, com par a tively high seed oil con tent and re sis tance 
to one or sev eral dis eases. Some lines pos sessed re sis tance to broom rape. The dis tin guished with
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better char ac ters 19 lines were in cluded in hy brid com bi na tions for de vel op ing hy brids, which
were included in competition testing.

Ta ble 2. Dis ease and par a site re ac tion of new lines.

New lines Pedigree

Diseases Parasite

Plasmopara
%

Phomopsis
Points 0-4

Sclerotinia
Points 0-4

Orobanche
%

1394 NA 89 A x Card. 3 100 0 - 0

1411 2607 A x Card. 3 100 0 1 90

2793 2607 A x Card. 3 100 1 - 0

2805 2607 A x Card. 3 100 1 - 0

Sc 36 2607 A x Card. 3 100 1 1 100

Sc 55 2607 A x Card. 3 100 1 1 0

2667n* 2607A x (NA89 A h Card. 3) 100 2 2 0

2668n* 2607A x (NA89 A h Card. 3) 100 1 2 0

2670 NA 89 A x Tith. 1073 100 2 1 0

2795 2607 A x Tith. 259 100 0 2 0

2797 NA 89 A x Tith. 119 100 1 1 100

2798n* NA 89 A x Tith. 119 100 0 1 87.5

2749 NA 89 A x Verb. 1 100 2 2 0

2752 68 A x Verb. 1 100 0 1 100

3492 68 A x Verb. 1 100 1 - 100

3497 2607 A x Verb. 1 100 1 2 0

n* - Not branched plants
100% - all plants were re sis tant
Point: 0-re sis tant; 1-2 me dium re sis tance

Con clu sions

In the pro cess of re search work with plant ma te rial, ob tained from the ap ply ing of
intergeneric hy brid iza tion some new sun flower forms and lines were de vel oped. The new lines
were dis tin guished with char ac ters, suit able for sun flower breeding.
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ENHANCEMENT OF PEPPER BIODIVERSITY THROUGH REMOTE HYBRIDIZATION

Rumiana Pandeva, Mimi Petkova, Rossitza Rodeva
In sti tute of Ge net ics, Bul gar ian Acad emy of Sci ences, So fia 1113, Bul garia

E-mail: r.pandeva@abv.bg

Ab stract

Wild Cap si cum taxa are use ful source for pep per genepool en rich ment. Hy brid iza tion
scheme be tween anthocyanin red-fruited C. annuum var. annuum mu ta tion and red or yel -
low-fruited C. chinense ac ces sions, fol lowed by re verse cross with anthocyaninless C. annuum var.
annuum forms turned out a con ve nient method for cre ation of great di ver sity in re spect with
plant, flower and fruit char ac ter is tics. Var i ous hy brid prog e nies have been sta bi lized, some of
which are ob ject of the pres ent study. Com pact slight hot line with hairy stem and small sulphury
white im ma ture fruits with per ma nent vi o let spots, turn ing pale yel low when ripen, has been ob -
tained. It showed good re sis tance to the soil patho gens Bo try tis cinerea and Sclerotinia sclerotiorum
in pod and lab o ra tory ex per i ments. Sim i lar re ac tion to both fungi man i fested anthocyaninless
sweet red-fruited kapya-type line of the same or i gin. Non-pun gent, anthocyaninless, pro duc tive
line with small, sulphury-white fruits, light or ange at ma tu rity, with capsaicin-like aroma has been 
also cre ated. Hot lines with small, soft flesh, pod sep a rated fruits have been ob tained from
intraspecific cross C. annuum var. annuum x C. annuum var. glabriusculum, part of which gave sat is -
fac tory re sults in re spect to the stud ied patho gens. The new forms could find ap pli ca tion in ge -
netic and breed ing pro grams.

Key words: biodiversity, Bo try tis cinerea, Cap si cum annuum var. annuum, C. annuum var.
glabriusculum, C. chinense, fun gal patho gens, re mote hy brid iza tion, Sclerotinia sclerotiorum, sta bi -
lized hy brid prog e nies 

In tro duc tion

Solanaceous ge nus Cap si cum L. con tains over 25 spe cies (Eshbaugh, 1993), part of which
are sources of use ful fea tures. All these taxa orig i nate from South Amer ica. Some of them have
ap pli ca tion chiefly in the cui sines of their na tive coun tries. The most im por tant and wide spread is 
C. annuum var. annuum, which is a main veg e ta ble crop all over the world. This spe cies has been
sub jected to long and in tense breed ing for yield, pro tec tion against un fa vor able fac tors and im -
proved qual ity. Re mote hy brid iza tion is one of the meth ods for the en rich ment of its genefund.
More sat is fac tory re sults from its ap pli ca tion could be ob tained with embracement of tax o nom i -
cally closely rel a tive taxa (McLeod et al., 1979; 1983). These are the spe cies C. chinense and C.
frutescens which formed so called annuum-chinense-frutescens com plex (Pickersgill et al., 1979;
Eshbaugh et al., 1983). The three spe cies cross rel a tively eas ily and vi a ble hy brids could be ob -
tained. C. annuum rep re sents one of wild-do mes ti cated cou ples known within Cap si cum ge nus
(Jarret & Dang, 2004), com posed by var. glabriusculum and var. annuum, be tween which suc cess -
ful hy brid iza tion is also pos si ble. In this study are pre sented some hy brid ma te ri als of prac ti cal in -
ter est orig i nat ing from C. annuum var. annuum crosses with C. chinense and the wild C. annuum var.
glabriusculum.

Ma te rial and Meth ods

Two C. chinense ac ces sions were used as pollinators in the pres ent study – PI 315008 and PI
315009, re ceived from USDA, Beltsville. They have sim i lar habit with hairy stem, con tain ing con -
sid er able anthocyanin amount, cream flow ers with vi o let an thers, pur ple fil a ments and style,
dark vi o let fruits on sul phur back ground. Pre lim i nary se lec tion was car ried out with these two
spec i mens be cause of fruit color vari a tion in bo tan i cal ma tu rity and two forms of each of them,
red and yel low-fruited, were sta bi lized and put in crosses.

C. annuum used as fe male par tic i pated in ini tial crosses with com pletely anthocyanin mu -
tant cv. Zulu, with small, con i cal, up right hot fruits. Some of F1 or later prog e nies were re verse
crossed once with C. annuum var. annuum anthocyaninless cv. Albena (Daskalov, 1975) or line
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Vibo. Last two forms have been ob tained from Bul gar ian wide spread kapiya-type cv. Zlaten
medal via ex per i men tal mu ta gen e sis (Daskalov, 1991). They are sim i lar to the ini tial cultivar, but
anthocyanin pig ment is ab sent from all plant or gans. Both ac ces sions are pro duc tive, with large
pen dent fruits, pale green for Albena and sulphury white for Vibo, bright red at ma tu rity.

Bul gar ian small-fruited hot cultivar Byala shipka from do mes ti cated var. annuum was used
as fe male and spec i men No 225 from var. glabriusculum as pollinator for intervarietal hy brid iza -
tion within C. annuum. The last ac ces sion, re ceived from Uni ver sity of Read ing, Eng land, has thin
stem and branches, small leaves, fine white flow ers with blue an thers, colour less fil a ments and
style, very small up right, soft-fleshed, con i cal, dark-green fruits, red at ma tu rity.

Ge netic, mor pho log i cal, phenological cy to log i cal and bio chem i cal in ves ti ga tions were car -
ried out in the pro cess of breed ing and sta bi li za tion of new forms orig i nat ing from the
above-men tioned crosses. Part of them was in cluded in lab o ra tory and pot ex per i ments for eval u -
a tion of pep per re ac tion to fun gal patho gens Bo try tis cinerea Pers.: Fr. and Sclerotinia sclerotiorum
(Lib.) de Bary. Their re sis tance at nat u ral in fec tion back ground was also ob served.

Re sults and Dis cus sion

First hy brid prog e nies of the crosses be tween C. annuum and C. chinense were with in ter me -
di ate habit. Anthocyanin ex pres sion was also tran si tion ally in her ited be cause of in com plete
dom i nance of this fea ture. Ab nor mal ities as non-in cluded chro mo somes, lag gards and bridges
were ob served in dif fer ent phases of PMC mei otic di vi sion lead ing to rel a tively low pol len
stainability, from 14.19 % to 18.84 % de pend ing on the pa ren tal com bi na tion. In or der to over -
come the neg a tive ef fect of in com pat i bil ity bar ri ers some of the first or later hy brid prog e nies
were back crossed once with C. annuum ac ces sion. A great di ver sity of plants was found within the
seg re gat ing hy brid and backcross prog e nies in re spect of their habit, stem, leaf, flower and fruit
mor phol ogy and color. Uni form sweet, hot, large- and small-fruited forms were cre ated af ter se -
lec tion on cer tain traits and sta bi li za tion.

Com pact, short, hairy slight hot line XII 25 (Ta ble 1) was ob tained from cv. Zulu x yel low
PI 315008 cross, with anthocyanin in stem, pet i ole and pet als, pur ple spots in the outer petal side,
cream flow ers with dark blue an thers, white fil a ments and style, small pen dant sulphury white im -
ma ture fruits with per ma nent vi o let spots, turn ing pale yel low when ripen (Fig. 1a). It showed
good re sis tance to the fun gal patho gens B. cinerea and S. sclerotiorum in pot and lab o ra tory ex per -
i ments as well as un der nat u ral in fec tion back ground.

Ta ble 1. Mor pho log i cal char ac ter is tics of sta bi lised lines orig i nat ing from C. annuum x C. chinense and
C. annuum var. annuum x var. glabriusculum crosses

Accessions
Stem

height
sm

Petiole 
length

mm

Leaf
blade
length

mm

Leaf
blade

widthm
m

Pedicel
length

mm

Flower
calyx

length
mm

Flower
diameter

mm

Pedicle
length

mm

Fruit
calyx

length
mm

Fruit
length

mm

Fruit
diameter

mm

XII 25 30.3 21.9 55.1 23.2 12.6 4.6 22.0 20.4 7.0 56.2 18.24

35/214 50.9 49.8 67.9 29.9 16.5 4.5 28.0 46.6 15.8 166.6 47.16

85/8 33.8 26.5 51.4 20.3 11.3 5.3 23.2 33.2 7.2 81.4 27.48

80x67-6-9 60.8 29.2 49.0 19.8 18.1 4.0 17.3 38.9 8.6 48.2 13.16

80x67-6-15 37.5 17.1 49.3 25.6 13.3 4.1 17.8 21.4 5.8 61.0 14.76

Anthocyaninless, sweet kapya-type line 35/2-1-4 (Ta ble 1) orig i nated from a hy brid be -
tween cv. Zulu and red PI 315008, ad di tion ally crossed with line Vibo. It has well-branched light
green stem, cream flow ers with yel low an thers, white fil a ments and style, light-green pen dant
fruits (Fig. 1b), turn ing red in ma tu rity. This line showed sim i lar re ac tion to both stud ied fungi as
the above de scribed one in pot ex per i ments and nat u ral con di tions.

Anthocyaninless, non-pun gent pro duc tive small-fruited line 85/8 (Ta ble 1) was also cre -
ated through the con ve nient hy brid iza tion scheme. It orig i nated from a re verse cross of F2 plant
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No 44 (cv. Zulu x yel low PI 315009) with cv. Albena. This line con sists of light green rel a tively
short plants with slightly hairy stem, cream pet als, yel low an thers some times with blu ish axes,
white fil a ments and style, sulphury white pen dant fruits, light or ange at ma tu rity, with
capsaicin-like aroma (Fig, 1c).

Fig. 1. Plants from lines, orig i nat ing from C. annuum x C. chinense crosses: 
a) XII 25; b) 35/2-1-4; c) 85/8

First prog eny of annuum-glabriusculum cross was more sim i lar to the wild par ent. Con sid er -
able vari abil ity in stem height, plant habit, fruit size and shape ap peared within seg re gat ing prog -
e nies. Ten pun gent lines were sta bi lized from them. Sev eral of them pre served the spe cific char -
ac ter is tics of var. glabriusculum – soft flesh de cid u ous fruits. Two of these forms, 80x67-6-9 and
80x67-6-15 are pre sented in this study.

Fig. 2. Plants from lines, orig i nat ing from C. annuum var. annuum x var. glabriusculum hy brid 
com bi na tion with soft flesh de cid u ous fruits: a) 80x67-6-9; b) 80x67-6-15

Line 80x67-6-9 (Fig. 2a) con tains hairy stem with anthocyanin in nodes, up per branches,
pedi cels and pedi cles, white flow ers with long pedi cels, blue an thers, colour less fil a ments and
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style, small ped ant fruits with pur ple spots, turn ing red at ma tu rity. Line 80x67-6-15 (Fig. 2b) is
pro duc tive, anthocyaninless, well-branched, with light green stem and fo liage, cream flow ers, yel -
low an thers, white fil a ments and style, small con i cal up right sulphury fruits, or ange yellow at
maturity.

Most of the lines with var. annuum x var. glabriusculum or i gin, in clud ing 80x67-6-9 and
80x67-6-15, showed good re sis tance to B. cinerea and S. sclerotiorum in field con di tions. Line
80x67-6-9 gave also sat is fac tory re sults af ter stem in oc u la tion in pot ex per i ments.

Con clu sions

The re sults pre sented in our study dem on strated that re mote hy brid iza tion is one of per -
spec tive meth ods for en rich ment and im prove ment of pep per genefund.

Ac knowl edge ments. Fi nan cial sup port by the Bul gar ian Na tional Sci ence Fund (pro ject
B-1515/05) is grate fully ac knowl edged.
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Abstract

Within the collection of 26 materials (varieties of world collections and the Czech newly
bred materials) of Phacelia tanacetifolia 16 traits were evaluated on individual plants. Basic statis-
tical characteristics (point and interval estimations of mean values and variation coefficients)
were calculated both for individual materials and for the whole set. Within-variety variability was
evaluated by the variation coefficient. Among-variety variability was evaluated by the compari-
son of interval estimations of mean values both of individual materials and the values of the
whole set. Low values of variation coefficient were found by the variety Gipha and by the Czech
newly bred material ZE 43. High variability was found by the Czech newly bred materials VV
34/99 and VV 69/98. Concerning the among-variety variability it was found out, that the Czech
newly bred material ZE 43 reached statistically significantly higher values in comparison to the
whole set by the following traits: number of inflorescences per plant, plant height, stem length
and flower length.

Key words: Phacelia tanacetifolia; genetic resources, morphological traits, within-variety
variability, among-variety variability.

Introduction

Study of within-varieties and among-varieties variability is an important factor in terms of
plant breeding. In the selection of materials for breeding is easier to choose the characters show-
ing greater variability, but in the evaluation of breeding material in the final stage of breeding, it
is necessary that the material showed less variability and the greater uniformity in given charac-
ter.

Phacelia tanacetifolia Benth. is a rapid-growing and high-yielding catch crop (Gonetowa &
Gonet, 1976) grown for forage and green manure. It provides more nutrient humus than perma-
nent humus and the processes of residue decomposition are faster in this species than in other
green-manure plants (Schramml, 1976). Pelikán (1998) studied the yield of varieties of world col-
lections of genus Phacelia. Lütke (1971) emphasized the importance of purple tansy as a previous
crop and its role as a catch crop in weed control.

Purple tansy is also cultivated as an excellent nectar-producing crop. Recently it has been
sown on steep slopes as an erosion-control crop (Votava, 1989). Purple tansy forage has a good
nutritional value and is highly prized for its high ash content. It is also recommended by Knüpfer
& Schaffer (1987) as a suitable catch crop for growing after root crops from mid-August. These
authors also reported potentially higher nitrate content in hay and relatively low DM content.
For this reason it is only recommended as a feed supplement.

Agronomy characteristics are intensively studied as above showed. However we did not
find the results aimed on Purple tansy morphological traits.

The breeders are increasing their interest in purple tansy breeding at present. The Com-
mon Catalogue of Varieties of Agricultural Plant Species of European Union content 17 variet-
ies. There are registered two varieties and three newly bred materials in registration evaluation in
the Czech Republic. Other promising materials are in breeding process.

Materials and Methods

The collection of 24 materials of world germplasm collections was evaluated on individual
plants of Phacelia tanacetifolia Benth. in 2008. We selected these varieties: Vìtrovská, Amerigo,
Angelia, Balo, Julia, Kyklades, Lisette, Placi, Polyphaci, Titan, Boratus, Stala, Barcelia, Profa,
Gipha and Factotum. Czech newly bred material called VV 34/99, VV 66/98, ZE-PhTa-1,
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ZE-PhTa-2, ZE 9, ZE 43 a ZE 63. Seed samples were obtained from maintainers, breeders and
gene bank collection. Material „BZ Brno“ originated from Czech botanical garden in Brno. Each
variety was replicated ten times. We evaluated 16 selected traits (Table 2).

Basic statistical characteristics (point and interval estimations of mean values and variation
coefficients) were calculated both for individual materials and for the whole set. Within-variety
variability was evaluated by the variation coefficient. Among-variety variability was evaluated by
the comparison of interval estimations of mean values both of individual materials and the values
of the whole set.

Results and Discussion

The most among-varieties variability was observed in number of inflorescences per plant,
width of flower, number of lateral branches and dry matter per plant. On the other hand, the low-
est among-varieties variability showed thickness of stem, number of internodes, length of stem,
width of petiole and green matter per plant. Table 1 contains an overview of materials statistical
significant differences in evaluated traits. The most significant difference was found above all in
breeding materials.

Table 1. Among-variety variability - overview of materials significant difference better or worse com-

pared to values of the whole set.

trait worse better

Inflorescence - number per plant
Vìtrovská ZE nsl. 43

Amerigo

Inflorescence - length

Lisette VV 34/99

Phaci

Factotum

Inflorescence - width Vìtrovská

Inflorescence - number of flowers
Amerigo

Titan

Flower - length
Polyphaci

Titan

Flower - width
Vìtrovská Polyphaci

Amerigo Titan

Stem - length ZE nsl 43

Stem - number of internodes
Polyphaci

Barcelia

Heigh of plant Vìtrovská ZE nsl 43

Root - length BZ Brno

Number of lateral branches Barcelia ZE nsl 43

Dry matter per plant ZE nsl 43

Petiole - width Factotum

Within-variety variability was evaluated by the variation coefficients of individual variet-
ies. Table 2 shows two varieties with the least and the highest values of variation coefficients in
every trial.

166

Cross-pollinated crops

Genetic Resources and Prebreeding

Oral Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Table 2. Within-variety variability - list of materials with the least and the highest values of the variation

coefficients (V%).

trait the least values V% the highest values V%

Inflorescence - number per
plant

12,014 (ZE nsl. 43) 48,059 (VV 66/98)

17,458 (Polyphaci) 39,011 (Julia)

Inflorescence - length
12,416 (VV 34/99) 52,214 (Kyklades)

22,175 (Lisette) 46,719 (Julia)

Inflorescence - width
10,930 (Gipha) 36,745 (Vìtrovská)

12,322 (Polyphaci) 29,203 (Titan)

Inflorescence - number of
flowers

14,077 (Gipha) 33,205 (ZE-PhTa-1)

15,480 (Boratus) 29,144 (Polyphaci)

Flower - length
2,901 (ZE-PhTa-1) 27,141 (Amerigo)

4,356 (ZE nsl. 63) 21,477 (Profa)

Flower - width
3,765 (VV 66/98) 26,105 (Vìtrovská)

5,973 (VV 34/99) 22,123 (Amerigo)

Stem - length
5,199 (Lisette) 44,326 (Vìtrovská)

6,875 (ZE-PhTa-1) 18,841 (Phaci)

Stem - thickness
8,257 (Profa) 23,204 (Stala)

12,560 (Polyphaci) 21,999 (Kyklades)

Stem - number of internodes
11,391 (Phaci) 29,315 (Lisette)

11,854 (Factotum) 28,284 (VV 34/99)

Heigh of plant
7,032 ZE-PhTa-2) 19,056 (BZ Brno)

7,091 (ZE nsl. 43) 18,740 (Phaci)

Root - length
9,269 (BZ Brno) 36,094 (Profa)

14,405 (Vìtrovská) 35,094 (Boratus)

Root collar - thickness
7,890 (Barcelia) 30,125 (VV 34/99)

10,050 (Gipha) 28,924 (ZE nsl. 63)

Number of lateral branches
9,200 (Phaci) 25,400 (Titan)

10,039 (Profa) 20,475 (Factotum)

Green matter per plant
15,564 (ZE nsl. 43) 53,119 (VV 34/99)

21,065 (Gipha) 49,500 (VV 66/98)

Dry matter per plant
13,516 (ZE nsl. 43) 51,605 (VV 66/98)

17,281 (Gipha) 44,886 (VV 34/99)

Petiole - width
10,102 (Factotum) 28,258 (Angelia)

12,487 (Gipha) 27,540 (Kyklades)

High uniformity in 6 traits expressed variety Gipha (thickness of root collar, green matter
per plant, dry matter per plant, width of inflorescence, number of flowers per inflorescence,
width of petiole) and newly bred material ZE 43 (thickness of root collar, green matter per plant,
dry matter per plant, number of inflorescence per plant, length of stem and height of plant). Uni-
formity only in 3 traits expressed varieties Polyphaci, Profa, Factotum and material „BZ Brno“.

Contrary high variability expressed by variation coefficient was detected in newly bred ma-
terial VV 34/99 (green matter per plant, dry matter per plant, number of internodes, thickness of
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root collar and number of lateral branches) and VV 66/98 (green matter per plant, dry matter per
plant, number of inflorescence per plant and length of root). Variability only in two traits was de-
tected in varieties Julia, Polyphaci Profa, Placi and Lisette.

Height of plant is the least variability trait (variation coefficients: 7,032% - 19,056%) for
species Phacelia tanacetifolia. Dry matter yield per plant is the most variability trait (variation co-
efficients: 13,516% - 51,605%).

Conclusions

We confirmed that breeding materials have more variability than varieties or newly bred
materials. They are not suitable for agriculture yet. The missing universal descriptor list for genus
Phacelia will be created on the base of these results.
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Ab stract

Sugar beet breed ing is very com plex, be cause there are many sugar beet root traits that
must be mea sured and in ves ti gated in or der to cre ate hy brids with high yields, a high sugar con -
tent, and ap pro pri ate root shape. In this pa per, the mode of in her i tance and ge netic vari ance
com po nents of root weight, root di am e ter, and dry mat ter con tent were in ves ti gated. The mode
of in her i tance was as sessed by eval u at ing hy brid ver sus par ent means. Ge netic vari ance com po -
nents were as sessed by the line x tester method. For the es ti ma tion of the mode of in her i tance and 
ge netic vari ance com po nents, we used eight monogerm pollinators, three monogerm cms lines,
and their 24 F1 hy brids. The mode of in her i tance of root weight and root di am e ter for most of the
hy brid com bi na tions was the dom i nance of the better par ent. For the in her i tance of dry mat ter
con tent, intermediacy and par tial dom i nance of one par ent were ob tained. Dom i nant ge netic
vari ance was sig nif i cant for root weight and dry mat ter con tent, while for root di am e ter the dom i -
nant and ad di tive ge netic com po nents had the same in flu ence.

Key words: breed ing, ge netic vari ance, in her i tance, sugar beet.

In tro duc tion

Sugar beet is the most sig nif i cant in dus trial plant for the pro duc tion of sugar in con ti nen tal
cli ma tic ar eas. Sugar beet breed ing is very com plex be cause of the many root traits that must be
mea sured and in ves ti gated in or der to cre ate hy brids with a high yield, a high sugar con tent, and
ap pro pri ate root shape. Su pe rior ge no types must also be re sis tant to dis eases that cause sig nif i -
cant eco nomic dam age, such as rhizomania, rhizoctonia, and Cercospora beticolla Sacc.

In sugar beet grow ing, the F1 gen er a tion is used, so it is im por tant to know the mode of in -
her i tance and ge netic vari ance com po nents of the most sig nif i cant root traits, root weight and
root sugar con tent. Root weight is a qual i ta tive trait that is highly in flu enced by the en vi ron ment
and highly vari able. Study ing gene ef fects, a group of au thors de ter mined that the in her i tance of
root weight is con trolled by nonadditive ge netic vari ance (Scaracis and Smith, 1984; Stan~i} et al.,
1997), while other au thors de ter mined a higher in flu ence of the ad di tive com po nent (Helmerick
et al., 1963; Kova~ev, 1985). Root di am e ter has a high pos i tive cor re la tion with root weight
(Camp bell and Cole, 1986), so this trait can be used as a breed ing cri te rion for high root yield.
Sugar con tent and dry mat ter con tent have a high pos i tive cor re la tion, be cause su crose con sti -
tutes the big gest part of dry mat ter, so the mode of in her i tance of these two traits is sim i lar. Smith
et al. (1973) de ter mined that ad di tive ge netic vari ance is pre dom i nant for sugar con tent, and they
did not find ei ther heterosis or dom i nance for this trait. Kova~ev (1985) and Stan~i} et al. (1997),
by con trast, found a higher sig nif i cance of nonadditive ge netic vari ance for this char ac ter.

Ma te ri als and Meth ods

The trial was set up in 2005 at the ex per i men tal field of the In sti tute of Field and Veg e ta ble
Crops in Novi Sad, Ser bia us ing a ran dom ized block de sign with three rep li ca tions. The field trial
in cluded eight monogerm pollinators re sis tant to rhizomania, three monogerm cms lines sus cep -
ti ble to rhizomania, and their 24 F1 hy brids. Row-to-row dis tance was 50 cm, with 20 cm be tween
the plants. The stan dard ag ri cul tural prac tices for sugar beet grow ing were ap plied.

The mode of in her i tance and ge netic vari ance com po nents were an a lyzed for the fol low ing
traits: root weight, root di am e ter, and root dry mat ter con tent. Sam ples con sisted of 15 plants per
rep li cate.

The mode of in her i tance was es ti mated by us ing the sig nif i cance test of mean val ues in the
F1 gen er a tion as com pared to the mean val ues of the par ents (Borojevi}, 1965). Ge netic vari ance
com po nents were as sessed by the line x tester method (Singh and Chaudhary, 1976).
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Re sults and Dis cus sion

Root weight.

The av er age root weight in the trial was 735.6 g, rang ing from 363.4 d in the line L4 to 1036.5 
g in the hy brid com bi na tion L7 x NS 11547 ms. The av er age root weight of the par ents was 523.3 g
and that of the hy brid com bi na tions 832.9 g. The mode of in her i tance for most of the hy brid com -
bi na tions was dom i nance of the better par ent. In all three com bi na tions in which heterosis was
ex pressed, the fe male com po nent was NS 11547 ms (Table 1).

Ta ble 1. Mean val ues and mode of in her i tance for stud ied sugar beet traits

Parents and hybrids Root weight (g) Root diameter (cm) Dry matter content (%)

L1 x NS 172 ms 869.6 d 9.74 pd 18.98 pd

L1 x NS 6 ms 778.4 d 9.14 d 19.46 d

L1 x NS 11547 ms 882.0 d 9.54 pd 20.23 h

L2 x NS 172 ms 866.1 d 10.36 d 18.92 i

L2 x NS 6 ms 780.4 d 8.73 d 19.09 pd

L2 x NS 11547 ms 817.1 d 9.38 pd 19.16 pd-

L3 x NS 172 ms 964.3 d 10.01 d 19.12 i

L3 x NS 6 ms 716.2 d 8.39 pd 20.65 d

L3 x NS 11547 ms 841.5 d 9.68 pd 18.91 pd-

L4 x NS 172 ms 850.1 d 9.82 d 17.78 d-

L4 x NS 6 ms 888.4 d 8.96 d 19.79 i

L4 x NS 11547 ms 972.6 h 10.42 d 19.80 i

L5 x NS 172 ms 792.1 d 9.77 d 18.68 i

L5 x NS 6 ms 636.2 d 8.18 i 20.44 i

L5 x NS 11547 ms 955.1 d 10.73 d 19.39 pd-

L6 x NS 172 ms 789.7 d 9.81 d 18.47 i

L6 x NS 6 ms 764.6 d 8.37 pd 19.64 i

L6 x NS 11547 ms 1032.7 h 10.23 d 20.00 i

L7 x NS 172 ms 755.5 d 9.62 pd 19.62 d

L7 x NS 6 ms 733.7 d 8.75 d 18.49 h-

L7 x NS 11547 ms 1036.5 h 10.27 d 19.68 d

L8 x NS 172 ms 713.8 pd 9.56 pd 18.69 i

L8 x NS 6 ms 673.7 d 8.86 d 19.39 d

L8 x NS 11547 ms 878.0 d 9.80 d 18.17 h-

L1 448.1 6.50 19.25

L2 383.2 5.87 19.91

L3 425.4 6.10 20.38

L4 363.4 5.87 20.31

L5 375.1 6.92 20.65

L6 495.4 5.40 21.20

L7 498.1 6.68 19.42

L8 402.3 6.39 20.49

NS 172 ms 854.9 10.64 17.48

NS 6 ms 706.1 9.28 19.45

NS 11547 ms 804.6 10.48 19.61
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It was found that dom i nant vari ance was sig nif i cant for root weight (Ta ble 2), which is in
agree ment with Scaracis and Smith (1984), Stan~i} et al. (1997), ^a~i} et al. (1999), and Sklenar
(2001).

Root di am e ter.

The av er age root di am e ter in the trial was 8.81 cm, with vari a tion from 5.4 cm in the line L6
to 10.73 in the hy brid com bi na tion L5 x NS 11547 ms. The av er age root di am e ter was 7.28 cm in
the par ents and 9.50 cm in the hy brid com bi na tions. The mode of in her i tance in most of the hy -
brid com bi na tions was dom i nance or par tial dom i nance of the better par ent. In the hy brid com bi -
na tion L5 x NS 6 ms, the mode of in her i tance was intermediacy (Ta ble 1).

The nonadditive com po nent of vari ance was higher than the ad di tive one (Ta ble 2), which
is in agree ment with ^a~i} et al. (1999).

Ta ble 2. Ge netic vari ance com po nents for stud ied sugar beet traits

Components Root weight Root diameter Dry matter content

Additive 219 0,0284 0,0155

Nonadditive 5268 0,0438 0,0715

Dry mat ter con tent.

The av er age dry mat ter con tent in the ex per i ment was 19.45 %, rang ing be tween 17.48% in
the cms line NS 172 ms and 21.20% in the line L6. The av er age dry mat ter con tent of the par ents
was 19.83%, while the hy brid com bi na tions av er aged 19.27%. Mode of in her i tance for dry mat ter 
con tent was very vari able and ranged from neg a tive heterosis in the com bi na tions L7 x NS 6 ms
and L8 x NS 11547 ms to pos i tive heterosis in the com bi na tion L1 x NS 11547 ms. The in ter me di -
ate mode of in her i tance was found to be the most sig nif i cant (Ta ble 1), which agrees with the
find ings of ^a~i} et al. (1999).

Dom i nant vari ance was sig nif i cant for dry mat ter con tent in her i tance (Ta ble 2), con firm ing 
the re sults of Kova~ev (1985), Stan~i} et al. (1997) and Sklenar (2001). Highly im por tant were the
re sults of cross ing the lines re sis tant to rhizomania with sus cep ti ble lines, be cause the ex pected
mode of in her i tance for this trait was dom i nance of the better par ent, but this mode was found in
only 7 of the to tal 24 com bi na tions (Ta ble 1).

Con clu sions

The mode of in her i tance for root weight in most of the hy brid com bi na tion was dom i nance
of the better par ent. Heterosis was found in only three of the com bi na tions. The dom i nant com -
po nent of ge netic vari ance for this trait was more sig nif i cant than the additive one.

The mode of in her i tance of root di am e ter was ei ther par tial dom i nance or full dom i nance
of the better par ent. With this trait too, the dom i nant com po nent of ge netic vari ance was more
sig nif i cant than the additive one.

The mode of in her i tance of dry mat ter con tent was very vari able, but in most of the hy brid
com bi na tions we found ei ther intermediacy or dom i nance of the better par ent. Dom i nant ge netic 
vari ance was sig nif i cant for the in her i tance of dry mat ter con tent, which is the re sult of cross ing
lines re sis tant to rhizomania with susceptible lines.
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Ab stract 

The use of in ter est ing char ac ter is tics from wild Helianthus spe cies in sun flower breed ing is
lim ited by poor crossability or ste ril ity of interspecific hy brids. So matic hy brid iza tion by
protoplast fu sion is an ef fi cient method to over come cross ing bar ri ers and in crease the ge netic
vari abil ity of plants. So matic hy brid plants re gen er ated from heterocarions ob tained by
electrofusion of hy po cot yls proto plasts of cul ti vated sun flower with mesophyll proto plasts of
Sclerotinia sclerotiorum-re sis tant wild Helianthus spe cies (H. maximiliani and H. mollis) were in ves -
ti gated. DNA for RAPD anal y sis was iso lated from leaves of both par ents and their so matic hy -
brids. RAPD was done us ing five prim ers. The band pat terns ob tained by two prim ers showed
bands char ac ter is tic for Ha-74A and four for PH-BC2-91A in so matic hy brids. In band pat terns
ob tained with prim ers A05, A07 and A19 the pres ence of bands char ac ter is tic for Helianthus
mollis was ob served. Pres ence of the bands char ac ter is tic for Helianthus maximiliani was de tected
on RAPD pro files gen er ated with A08 prim ers, in di cat ing the pres ence of a part of its ge nome in
hy brid plant.

Key words: proto plasts, RAPD, so matic hy brids, sun flower

In tro duc tion

The trans fer of agronomicaly im por tant traits from wild Helianthus spe cies into cul ti vated
sun flower is lim ited by poor crossability or ste ril ity of interspecific hy brids (Atlagi} et al., 1995).
So matic hy brid iza tion by protoplast fu sion is an ef fi cient method to over come cross ing bar ri ers
and in crease the ge netic vari abil ity of plants (Grosser et al., 1990). Fu sion of un treated proto -
plasts from dif fer ent plant spe cies, i.e. sym met ric so matic hy brid iza tion, re sults in com bi na tion of 
two com plete genomes and en ables trans fer of all, use ful and un wanted genes from wild to cul ti -
vated spe cies. For breed ing pur poses it is im por tant to trans fer just lim ited amount of ge netic ma -
te rial from wild spe cies, which means de vel op ment of asym met ric so matic hy brids (Forsberg et
al. 1998). Dur ing asym met ric hy brid iza tion, proto plasts of do nor spe cies are usu ally in ac ti vated
with by ir ra di a tion, mostly with UV rays (Vlahova et al. 1997). This causes frag men ta tion and
par tial in ac ti va tion of do nor ge nome, so re sult ing asym met ric hy brids con tain whole ge nome of
re cip i ent and small amount of do nor ge nome.

So matic hy brids could be iden ti fied on the ba sis of mor pho log i cal char ac ter is tics, by de ter -
mi na tion of num ber of chro mo somes, isoenzymatic anal y sis as well as tech niques of mo lec u lar bi -
ol ogy. The de vel op ment of tech niques of mo lec u lar bi ol ogy led to their in creased uti li sa tion for
iden ti fi ca tion of so matic hy brids and de ter mi na tion of de gree of elim i na tion of chro mo somes of
do nor par ent in asym met ric so matic hy brids. RFLP, RAPD, South ern and dot-blot anal y ses are
most fre quently used for that pur pose. The ad van tage of RAPD anal y sis over other tech niques is
in its rel a tive sim plic ity that en ables anal y sis of the great num ber of plants from dif fer ent hy brid
com bi na tions. RAPD mark ers is very use ful in work with ge nus Helianthus, since knowl edge of its 
ge nome is sparse and ge netic mark ers were not avail able (Henn et al., 1998).

Here, we re port the uti li sa tion of RAPD anal y sis for de ter mi na tion of na ture of plants re -
gen er ated af ter asym met ric so matic hy bridi sa tion be tween sun flower (Helianthus annuus L.) in -
bred lines and wild sun flower spe cies (Helianthus maximiliani and Helianthus mollis).

Ma te rial and meth ods

Sun flower in bred lines code num ber Ha-74A and PH-BC2-91A and wild Helianthus spe cies
Helianthus maximiliani and Helianthus mollis were ob tained from In sti tute of Field and Veg e ta ble
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Crops, Novi Sad, Ser bia. So matic hy brid plats PH-BC2-91A + H. maximiliani and Ha-74A + H.
mollis were ob tained from heterocarions af ter electrofusion of proto plasts of cul ti vated sun -
flower with proto plasts of Sclerotinia sclerotiorum-re sis tant wild Helianthus spe cies (Taski-Ajdu -
ko vic et al., 2008).

DNA for RAPD anal y sis was iso lated from leaves of both par ents and their so matic hy brid, 
ac cord ing to the pro to col of Somma et al. (1994). Anal y sis was done us ing five 10-base prim ers:
A05 (5’-AGGGGTCTTG-3’), A07 (5’-GAAACGGGTG-3’), A08 (5’-GTGACGTAGG-3’),
A19 (5’-CAAACGTCGG-3) and A20 (5’-GTTGCGATCC-3’). Poly mer ase chain re ac tion
(PCR) was car ried out as de scribed in Taski-Ajdukovic et al. (2006). In the sec ond PCR re ac tion
in stead of DNA 2 ml of the PCR prod ucts were used. Am pli fi ca tions were car ried out in a
termocycler (Biometra Tpersonal) un der the fol low ing pro grams: de na tur ation at 94°C for 2 min, 
fol lowed by 40 cy cles at 94 °C for 1 min, 36 °C for 1 min, 72 °C for 2 min s, and the fi nal ex ten sion
was car ried out at 72 °C for 10 min. The PCR prod ucts were sep a rated on 1.7% agarose gels con -
tain ing 0.005 ethidium bro mide. Gels were an a lyzed un der UV light.

Re sults and dis cus sion

In or der to prove the hy brid na ture of re gen er ated plants, a mo lec u lar in ves ti ga tion of re -
gen er ated plants was per formed us ing RAPD mark ers. Re ac tion with primer A05 re sulted with
PCR prod ucts rang ing from 400 bp to 1250 bp. Out of 7 bands ob tained in Ha-74A + H. mollis, one 
band, size of 750 bp was found to be char ac ter is tic for H. mollis (sam ple 2, ar row, Fig.1A). Af ter
re ac tion with A07 primer, band ing pat tern of so matic hy brid re sulted in 6 PCR prod ucts, out of
which one 300 bp was typ i cal for H. mollis (sam ple 6, ar row, Fig.1A).

Fig. 1. RAPD pro files gen er ated by the prim ers A - A05 (1. Ha-74A, 2. Ha-74A + H. mollis, 3. H.
mollis, 4. 100 bp DNA lad der), A07 (5. Ha-74A, 6. Ha-74A + H. mollis, 7. H. mollis); B - A19 

(1. Ha-74A, 2. Ha-74A + H. mollis, 3. H. mollis, 4. 100 bp DNA lad der); C - A08 
(1. 100 bp DNA lad der, 2. PH-BC2-91A, 3. PH-BC2-91A + H. maximiliani, 4. H. maximiliani).

PCR re ac tion of Ha-74A + H. mollis with A19 primer re sulted in 6 re ac tion prod ucts, with
one of them, 500 bp, char ac ter is tic for H. mollis (ar row, Fig.1B). Af ter re ac tion with prim ers A08
and A20 ob tained PCR prod ucts were all typ i cal for cul ti vated sun flower line.

The band pat terns of PH-BC2-91A + H. maximiliani, ob tained by prim ers A05, A07, A19
and A20 showed bands char ac ter is tic only for PH-BC2-91A. The 750 bp band char ac ter is tic for H. 
maximiliani was de tected on RAPD pro file gen er ated with A08 primer (ar row, Fig 1C), in di cat ing 
the pres ence of a part of its ge nome in hy brid plants.

The RAPD anal y sis con firmed that all re gen er ated shoots were so matic hy brids, which
showed that re gen er a tion was achieved only from heterokaryons and not from unfused proto -
plasts. The ab sence of bands char ac ter is tic for wild Helianthus spe cies in the band ing pat terns of
so matic hy brids gen er ated by most prim ers in di cates the asym met ric na ture of these hy brids. If
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the so matic hy brids were sym met ric, their band ing pat tern would have al ways con tained, not just
bands spe cific for sun flower, but also the ones spe cific for wild Helianthus par ent.

Con clu sion

De ter mi na tion of na ture of plants re gen er ated af ter so matic hy bridi sa tion be tween sun -
flower (Helianthus annuus L.) in bred lines and wild sun flower spe cies (Helianthus maximiliani and
Helianthus mollis) was done by RAPD anal y sis. So matic na ture of re gen er ated plants Ha-74A +
H. mollis was con firmed by re ac tion with prim ers A05, A07 and A19 while na ture of PH-BC2-91A 
+ H. maximiliani by re ac tion with primer A08.
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APPLICATION OF RECURRENT SELECTION IN THE DEVELOPMENT 
AND MAINTENANCE OF SUGARBEET POLLINATOR LINES 

Nikola ^a~i}, La zar Kova~ev, Sne`ana Mezei, Nevena Nagl, Milorad Raji}, @eljka Stojakovi}
In sti tute of Field and Veg e ta ble Crops, Sugarbeet De part ment, M. Gorkog 30, Novi Sad, Ser bia
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Ab stract

The sugarbeet is an open pol li nated plant spe cies. Selfing aimed at line de vel op ment is ap -
plied mainly in the case of monogerm sugarbeet. Multigerm dip loids and multigerm tetraploids
(the male com po nent in hy brids) are pop u la tions (fam i lies) be cause of high self-ste ril ity. In our
study which in volved two cy cles of cross ing, we used the par ent com po nents of the cultivar Lara
(the multigerm dip loid mtrb and the monogerm dip loid line cms-138) and the monogerm line
cms-88. The method of re cur rent se lec tion for spe cific com bin ing abil ity was used for se lec tion of
su pe rior ge no types. In the first cy cle, per formed in the pe riod 2002 – 2004, the line cms-138
served as tester for se lec tion of su pe rior ge no types from the pop u la tion mtrb. This pa per pres ents 
the re sults of the sec ond cy cle, which in cluded the prog e nies of the su pe rior ge no types se lected
from the pollinator mtrb from the first cy cle crossed to the line cms-88. The cultivar Rama served
as con trol cultivar. In both test years (2005 and 2006), all hy brid com bi na tions ob tained by cross -
ing the line cms-88 to the prog e nies of the ge no types se lected in the first cy cle had a sig nif i cantly
higher sugar con tent than the stan dard cultivar. Due to their su pe ri or ity in sugar con tent, these
crosses had the sugar yield on the level of the stan dard cultivar in spite of sig nif i cantly lower root
yields.

Key words: sugarbeet, the cultivar Lara, dip loid multigerm pollinator, re cur rent se lec tion,
spe cific com bin ing abil ity.

In tro duc tion

The sugarbeet (Beta vulgaris L.) be ing an open pol li nated plant spe cies, its sugar yield may
be in creased by heterosis breed ing, es pe cially by heterosis breed ing for root yield. Root yield is
pre dom i nantly gov erned by non-ad di tive gene ac tion, while sugar con tent is gov erned by both
ad di tive and non-ad di tive gene ac tions (Hecker, 1978). Of the to tal ge netic vari ance for root
yield, 51 to 68% are due to non-ad di tive gene ac tion while in the case of sugar con tent 6 to 13%
are due to non-ad di tive genes (Smith et al., 1973). Pro por tions of su pe rior ge no types in a pop u la -
tion and se lec tion suc cess in in creas ing the fre quency of de sir able genes de ter mine the num ber of
su pe rior in bred lines that may be pro duced (Borojevi}, 1981). The method of re cur rent se lec tion,
which grad u ally in creases the num ber of de sir able genes in a pop u la tion, had been worked out by
Jenkins (1940) and Hull (1945) (Borojevi}, 1981). Ac cord ing to Hull (1945), the re cur rent se lec -
tion for spe cific com bin ing abil ity pro duces max i mum gains, as con firmed by Sprague et al.
(1959) who in creased grain yields of two corn pop u la tions in two cy cles of breed ing by 6.7 and
20.0% (Rus sell et al., 1973). The re cur rent se lec tion for spe cific com bin ing abil ity has shown to be 
ad van ta geous for the main te nance of self-ster ile male com po nent of the sugarbeet hy brid va ri ety
Lara (Mezei et al., 2007); re sults of the sec ond cy cle of se lec tion are pre sented in this pa per. When 
three meth ods of re cur rent se lec tion were com pared for ef fi ciency (in bred tester method, pa ren -
tal tester method and S2 prog eny method), the larg est gain amount ing to 4.4% per cy cle was
found for the in bred tester method. The gains ob tained by the other two meth ods were 2.4 and
2.0% (Hor ner et al., 1973). Al though some re search re sults in di cate that a tester with a nar row
ge netic base is more ef fi cient for the im prove ment of gen eral com bin ing abil i ties (Rus sell et al.,
1973; Hor ner et al., 1976), other re sults claim that in bred test ers may suc cess fully im prove both
gen eral (GCA) and spe cific (SCA) com bin ing abil i ties (Zam bezi et al., 1986).

Ma te rial and Method

The par ent com po nents of the sugarbeet dip loid hy brid va ri ety Lara (the multigerm dip -
loid pop u la tion mtrb and the monogerm dip loid line cms-138) and the monogerm line cms-88
were used in this study. The method of re cur rent se lec tion for spe cific com bin ing abil ity was used
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in two se lec tion cy cles, the test ers be ing the lines cms-138 and cms-88 in the first and sec ond cy -
cles, re spec tively. Out of the 95 half-sib prog e nies of the pop u la tion mtrb, se lected in the first cy -
cle, 16 su pe rior ge no types were used in the sec ond cy cle. Pro duc tion char ac ter is tics (root yield,
sugar con tent, non-sug ars con tent, sugar yield) of the 16 hy brid com bi na tions were tested in the
field and lab o ra tory in the course of 2005 and 2006, in the lo ca tion of Rimski [an~evi. The va ri ety
Rama was the stan dard.

The ob tained re sults were pro cessed by the com puter pro gram MSTAT-C, us ing the anal y -
sis of vari ance (ANOVA) and the LSD test.

Re sults and Dis cus sion

Root yield. The two-year av er age root yield of the tested hy brids was 77.38 t/ha, the ac tual
yields rang ing from 71.99 t/ha in the hy brid cms-88 x mtrb-3512 to 81.29 t/ha in the hy brid cms-88
x mtrb-3524 (Ta ble 1). Sig nif i cant dif fer ences in root yield were es tab lished among the hy brids.
With the ex cep tion of the hy brid cms-88 x mtrb-3524, all hy brids had sig nif i cantly lower root
yields than the stan dard. In ad di tion to the ge no type, the growth year had a sig nif i cant ef fect on
root yield. This is in agree ment with re sults of a num ber of au thors (Camp bell and Kern, 1982;
^a~i} et al., 1997).

Ta ble 1. Pro duc tion char ac ter is tics of sugarbeet hy brids

Hybrid
Root yield (t/ha) Sugar content (%)

Yield of white 
sugar (t/ha)

2005 2006 Average 2005 2006 Average 2005 2006 Average

1.cms-88 x mtrb-3509 99.6 59.7 79.6 15.35 18.20 16.78 12.77 9.33 11.05

2.cms-88 x mtrb-3512 91.6 52.4 72.0 15.36 18.15 16.76 11.98 8.21 10.10

3.cms-88 x mtrb-3514 92.1 58.5 75.3 15.75 17.87 16.81 12.41 8.99 10.70

4.cms-88 x mtrb-3516 96.8 57.3 77.0 15.53 18.29 16.91 12.86 9.10 10.98

5.cms-88 x mtrb-3517 94.5 60.7 77.6 15.44 18.32 16.88 12.19 9.64 10.92

6.cms-88 x mtrb-3518 99.8 58.2 79.0 15.8 18.48 17,14 13.54 9.34 11.44

7.cms-88 x mtrb-3520 95.7 62.7 79.2 16.06 18.24 17.15 13.13 9.90 11.51

8.cms-88 x mtrb-3521 98.8 58.6 78.7 15.56 18.36 16.96 13.21 9.39 11.30

9.cms-88 x mtrb-3522 89.9 60.8 75.3 16.03 18.62 17.33 12.45 9.87 11.16

10.cms-88 x mtrb-3524 96.1 66.5 81.3 15.66 18.41 17.04 12.93 10.54 11.73

11.cms-88 x mtrb-3525 94.3 63.0 78.6 16.09 18.40 17.25 13.07 10.06 11.57

12.cms-88 x mtrb-3526 96.4 57.8 77.1 15.50 18.52 17.01 12.57 9.29 10.93

13.cms-88 x mtrb-3527 93.2 54.3 73.7 15.50 18.33 16.91 12.18 8.63 10.40

14.cms-88 x mtrb-3529 96.2 65.7 80.9 15.32 18.47 16.90 12.38 10.49 11.44

15.cms-88 x mtrb-3561 91.3 59.5 75.4 15.67 18.36 17.02 12.31 9.53 10.92

16.cms-88 x mtrb-3532 89.2 65.0 77.1 15.39 17.82 16.60 11.61 9.96 10.78

Average 1-16 94.7 60.1 77.4 15.63 18.29 16.96 12.60 9.52 11.06

Standard 104.0 64.5 84.2 14.58 17.65 16.11 12.77 9.88 11.33

LSD A B A/B A B A/B A B A/B

0.05 3.2 1.1 4.5 0.27 0.09 0.38 0.52 0.18 0.74

0.01 6.2 2.1 8.8 0.53 0.18 0.74 0.74 0.36 1.47

cv (%) 4.66 1.82 5.19

Sugar con tent. The tested hy brids achieved a high two-year av er age sugar con tent, 16.96%.
The ac tual con tents ranged from 16.60 % in the hy brid cms-88 x mtrb-3532 to 17.33% in the hy -
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brid cms-88 x mtrb-3522. The hy brids dif fered sig nif i cantly in sugar con tent, all hy brids hav ing
sig nif i cantly higher con tents than the stan dard. Sugar con tent was sig nif i cantly af fected by the ge -
no type as well as the growth year (Ta ble 1).

Yield of white sugar. As a re sult of high root yields and high sugar con tents, the tested hy -
brids achieved a high av er age yield of white sugar, 11.06 t/ha. The ac tual yields ranged from 10.10
t/ha in the hy brid cms-88 x mtrb-3512 to 11.73 t/ha in the hy brid cms-88 x mtrb-3524. The hy brids
dif fered sig nif i cantly in the yield of white sugar. In spite of sig nif i cantly lower root yields, 12 hy -
brids had the yield of white sugar at the level of the stan dard. Ge no type and year ex hib ited sig nif -
i cant ef fects on the yield of white sugar. Be cause of the neg a tive cor re la tion be tween root yield
and sugar con tent, which was re ported by nu mer ous re search ers (Hecker, 1968; Camp bell and
Kern, 1983), the hy brid com bi na tions with high est yields of white sugar did have high est root
yields but not high est sugar con tents (Ta ble 1).

Con clu sion

Fol low ing con clu sions were drawn on the ba sis of two cy cles of se lec tion. The self-ster ile
dip loid pollinator pop u la tion of the sugarbeet cultivar Lara was found to be non-uni form, which
in di cated that it re quires spe cial at ten tion in or der to main tain the re quired va ri etal char ac ter is -
tics. The method of re cur rent se lec tion for spe cific com bin ing abil ity proved to be suit able for
main te nance of self-ste ril ity of the male com po nent of the hy brid LARA. Crosses of ge no types
su pe rior in sugar yield se lected in the sec ond cy cle and the line ms-88 (NS Hy 072R) ex hib ited su -
pe ri or ity in qual ity in tests conducted in several locations in the course of 2007.
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Ab stract

Seed stor age pro teins of 60 melon (Cucumis melo L.) cultivars from the col lec tion of the In -
sti tute of Plant Ge netic Re sources - Sadovo have been in ves ti gated electrophoretically. Com -
bining the data for seed pro teins ob tained by us ing three elec tro pho retic tech niques in
polyacrylamide gels: elec tro pho re sis in acidic gel, isoelectric fo cus ing and elec tro pho re sis in the
pres ence of so dium dodecyl sul fate (SDS), the in ves ti gated melon cultivars were ar ranged into
thir teen groups. The ef fec tive ness of cultivar iden ti fi ca tion for each group de pends on the num -
ber of cultivars be long ing to it - the lower num ber of cultivars, the higher ef fec tive ness. Thus the
most ef fec tive cultivar char ac ter iza tion is for the cultivars be long ing to groups 10, 11, 12 and 13,
con tain ing one cultivar each, fol lowed by groups 8 and 9, con tain ing two cultivars each. Isozymes
of glu ta mate oxaloacetate transaminase and acid phosphatase were used as ad di tional tool for
cultivar char ac ter iza tion.

Key words: cultivar iden ti fi ca tion, elec tro pho re sis, isozymes, melon, seed stor age pro teins.

In tro duc tion

The elec tro pho retic pro files of seed stor age pro teins and en zymes are widely used as bio -
chem i cal mark ers in breed ing pro grams and in seed pu rity con trol (Cooke, 1995, 1999). Seed stor -
age pro teins in dicotyledonous plants are about 70% of seed pro teins. They are oligomeric glob u -
lins rep re sented by two main frac tions: legumin like, legumins (mm 350-450 kDa) and vicilin-like, 
vicilins (mm 150-250 kDa). Legumins con sist of six sub units (so-called in ter me di ary sub units).
Each sub unit is built of an acidic (40 kDa) and a ba sic (20 kDa) polypeptide joined via disulfide
bond. Vicilins com prise three sub units (60 kDa) con nected by sec ond ary bonds (Shewry et al.,
1995).

Melon (Cucumis melo L.) is world wide dis trib uted out cross ing dicotyledonous hor ti cul tural 
crop from Cucurbitaceae fam ily. As in the other crops, cultivar char ac ter iza tion of melon is a sub -
ject of mo lec u lar and bio chem i cal in ves ti ga tions (Bonfito et al., 1999; Chiba et al., 2003;
Danin-Poleg et al., 2002; Edu ar do et al., 2005; Kato et al., 1998; Staub et al., 2000).

The aim of this in ves ti ga tion is to com bine data from elec tro pho retic study of seed stor age
pro teins of 60 melon cultivars with those of elec tro pho retic anal y sis of two en zymes in or der to
in crease the num ber of melon cultivars, which can be iden ti fied via elec tro pho retic tech niques.

Ma te ri als and Meth ods

Seeds of 60 melon cultivars from the col lec tion of the In sti tute of Plant Ge net ics Re sources, 
Sadovo were in ves ti gated (Ta ble 1).

Seeds were crushed into fine pow der and 0.01 g of it was mixed with 1 cm3 of ex trac tion me -
dia: (a)7M urea dis solved in wa ter: glyc erol (2:1, v/v), con tain ing 5% (v/v) 2-mercapto-eth a nol
(2-ME) for acidic elec tro pho re sis; (b) 0.05 M Tris-HCl buffer, pH 8.0, con tain ing 2% SDS, 5M
urea and 5% (v/v) 2-ME for SDS elec tro pho re sis and (c) so lu tion con sist ing of 8 M urea, 2% (v/v) 
ampholyte pH 4-7, 2% (v/v) Tri ton X-100 and 1% (v/v) 2-ME for isoelectrofocusing The slur ries
were vortexed pe ri od i cally and af ter 2 h at room tem per a ture cen tri fuged in an Eppendorf 5402
cen tri fuge at 15 800 g at 4o C for 15 min. Seed stor age pro teins of melon cultivars were an a lyzed
us ing three elec tro pho retic tech niques: elec tro pho re sis in acidic gel, pH 4.3 (Reisfeld et al, 1962),
so dium dodecyl sul fate polyacrylamide gel elec tro pho re sis (SDS PAGE) (Laemmli, 1970) and
isolectric fo cus ing (Rob ert son et al., 1987). For elec tro pho retic sep a ra tion of en zymes seed pro -
teins were ex tracted in cold room with 0.05 M Tris-HCl buffer, pH 7.2, con tain ing pro tec tive sup -
ple ments (Rychter and Levak 1969).En zymes were sep a rated on 7.5% PAGE (Da vis, 1964). All
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the anal y ses were per formed in EC 120 Mini Ver ti cal Gel Sys tem (Cole Parmer) with gel size
8.3x7.4x0.75 cm and 10 or 15 wells. Com po nent of seed stor age pro teins were vi su al ized with
Coomassie Bril liant Blue R-250, and isozymes af ter Shaw & Prasad (1970).

Ta ble 1. Cat a log num bers of the melon cultivars, in cluded in the in ves ti ga tion

Cv. No
Catalogue

No
Cv. No

Catalogue
No

Cv. No
Catalogue

No
Cv.
No

Catalogue
No

1 58 16 661 31 504 46 85604010

2 420 17 85604004 32 506 47 85604014

3 456 18 85604011 33 509 48 90604001

4 446 19 94604017 34 513 49 91604001

5 507 20 94604018 35 518 50 91604010

6 521 21 95604013 36 533 51 91604015

7 523 22 95604015 37 545 52 94604012

8 543 23 96604014 38 572 53 94604019

9 544 24 96604015 39 585 54 95604011

10 548 25 99604013 40 607 55 96604009

11 578 26 99604015 41 609 56 96604010

12 581 27 99604016 42 617 57 96604011

13 582 28 A4/059 43 620 58 96604013

14 601 29 A1/062 44 82604112 59 98604001

15 638 30 A4/190 45 85604006 60 A4/0054

Re sults and Dis cus sion

Seed stor age pro teins. Two clearly dis tin guished phe no types of elec tro pho retic spec tra of re -
duced seed stor age pro teins are ob served on acidic gel and af ter isoelectric sep a ra tion and four
on SDS PAGE (Fig. 1).

Ta ble 2. Thir teen phenotypic groups of melon cultivars ac cord ing to phe no types of their elec tro pho retic
spec tra on acidic (I and II), IEF (I and II) and SDS (I, II, III and IV) gels and num ber of cultivars
be long ing to each of them.

Phenotypic
Groups

Acidic
gel

IEF SDS Cvs. No
Number 

of cvs.

1 I I I
6, 17, 18, 20, 25, 26, 27, 28,

30, 55, 58, 59, 60
13

2 I I II
13, 14, 15, 19, 29, 40, 42, 46,

53
9

3 II I III 2, 3, 21, 33, 37, 38, 39, 41, 43 9

4 II I I 7, 9, 16, 22, 36, 49 6

5 II I II 4, 5, 10, 35, 50, 51 6

6 II II III 23, 24, 34, 48, 56, 57 6

7 I I III 31, 44, 45 3

8 I II I 8, 11 2

9 I II III 12, 32 2

10 II II II 8 1

11 I II II 47 1

12 II II I 52 1

13 II II IV 54 1
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Re sults from the three sys tems of sep a ra tion of seed stor age pro teins were sum ma rized and 
melon cultivars were ar ranged into thir teen phenotypic groups (Ta ble 2).

Fig. 1.Elec tro pho retic spec tra of re duced seed stor age pro teins in melon: A acidic - gel; 
B - isoelectrofocusing; C- SDS PAGE. I and II two phe no types of acidic and electrofocusing gels; 

I, II, III and IV - four phe no types of SDS gels

Phenotypic groups 10, 11, 12 and 13 con tain one cultivar each. Thus the most ef fec tive
cultivar char ac ter iza tion is for the cultivars, be long ing to them: 8, 47, 52 and 54.

En zymes. Isozymes of glu ta mate oxaloacetate transaminase, EC 2.6.1.1 (GOT) and acid
phosphatase, EC 3.1.3.2 (AP) from seeds of 11 melon cultivars, be long ing to Phenotypic group 1
were an a lyzed electrophoretically. Three phe no types were ob served for GOT isozymes (GOT-1
and GOT-2) and two for AP isozymes. The data ob tained are sum ma rized in Fig. 2 and in Ta ble 3.

Fig. 2. Di a gram matic rep re sen ta tion of GOT and AP isozymes in the 11 melon cultivars

Ta ble 3. Phenotypic groups of the 11 melon cultivars ac cord ing to the phe no types of their en zyme spec tra
(GOT and AP) and num ber of cultivars be long ing to each of them.

Phenotypic
Groups

GOT AP Cvs. No
Number of

cultivars

1 I I 26, 27, 28, 30, 58, 59 6

2 I II 6, 60 2

3 II I 18, 25 2

4 III II 17 1
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GOT and AP isozymes con di tion four phenotypic groups. On that base the 11 melon
cultivars were fur ther dif fer en ti ated into four phenotypic groups. Group 4 con tains only one
cultivar, No 1, and, there fore, it could be as sumed to be iden ti fied.

Con clu sions

Com bin ing data of elec tro pho retic anal y sis of GOT and AP isozymes with those of seed
stor age pro teins the iden ti fi ca tion of five cultivars was achieved. The seed stor age pro teins are
the more proper bio chem i cal tool for cultivar char ac ter iza tion and isozymes can be used as con -
com i tant sign for cultivar iden ti fi ca tion in a par tic u lar cultivar extract.
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CHANGES IN SUNFLOWER MORPHOLOGY AS A RESULT 
OF APPLYING OF THE EXPERIMENTAL MUTAGENESIS
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Dobroudja Ag ri cul tural In sti tute, Gen eral Toshevo 9520, Bul garia
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Ab stract

The in ves ti ga tion was car ried out dur ing the pe riod 1983-2007 in Dobroudja Ag ri cul tural
In sti tute, Gen eral Toshevo. Forms, ob tained from 16 cultivars and 7 lines were in ves ti gated. It
was es tab lished that many of the ob tained mu tant forms had a dif fer ent mor phol ogy com par ing
to the ini tial forms treated with gamma rays and ul tra sound. Changes were reg is tered for the
stem height; size and form of leaves and pet i oles; size of in flo res cen ces; form, num ber and size of
ray flo rets; color of plants; seeds form and size and seed oil con tent. The new forms with changed
mor pho log i cal char ac ter is tics were suit able for sun flower breed ing.

Key words: mor pho log i cal changes, mu ta gen e sis, sun flower.

In tro duc tion

A lot of au thors re ported for per ma nent changes in sun flower un der gamma rays and other
phys i cal and chem i cal muta gens treat ment. Ac cord ing to Zezjulinskii et al. /1969/ us ing com bi na -
tion of gamma rays and some other ad di tional fac tors new im proved sun flower forms could be
ob tained. Tsvetkova /1970/ re ported the new sun flower forms with short stem and short veg e ta -
tion pe riod, ob tained af ter treat ment with gamma and X-rays. Un der the in flu ence of dif fer ent
phys i cal and chem i cal mutagenic fac tors new plants with changed mor pho log i cal, bi o log i cal and
bio chem i cal char ac ters were ob tained by Beletskii /1965/, Soldatov /1976/, Saadat et al. /1974/,
Sarafi and Amirshari /1976/, Osorio et al. /1985/, Christov /1990, 1993, 1995, 1996, 2001, 2002/,
Christov and Nicolova /1996/ and etc.

The aim of this in ves ti ga tion was to pres ent some mor pho log i cal changes in sun flower, ob -
tained af ter gamma rays and ul tra sound treat ment.

Ma te ri als and meth ods

The in ves ti ga tion was car ried out dur ing the pe riod 1983 – 2007. The ini tial plant ma te ri als
were 16 Bul gar ian and Rus sian cultivars /Peredovik, Progres, Rodnik, Voronegskii 272,
Trudovik, Skorospelii, Nadegdnii, VNIIMK-8931, Start, Azovski, Vega, Bal kan, Hemus, Vihren, 
Stadion and Kutuger/ and 6 Bul gar ian /1234V, 1607V, 1721V, 2942V, 2969V and 3004V/ and 1
Amer i can sun flower lines /NA 89/. Dry sun flower seeds and ker nels of the all men tioned
cultivars and lines were treated with gamma rays with 20 Gy, 40 Gy, 60 Gy, 70 Gy, 80 Gy, 100 Gy,
120 Gy, 150 Gy, 200 Gy, 250 Gy, 300 Gy, 350 Gy, 400 Gy, 420 Gy, 440 Gy, 460 Gy, 480 Gy, 500 Gy
and 520 Gy doses. Seed germs and ker nels of 9 cultivars and 6 lines were treated with gamma rays
in 20 Gy, 40 Gy, 100 Gy and 120 Gy doses. Seeds and ker nels of cultivars Peredovik and Start and
lines No 24, No130, 2969V, 3004V and NA 89V were treated with ul tra sound in doses 0.5W/cm2,
1.9W/cm2, 2W/cm2, 2.2W/cm2, 2.5W/cm2 and 3W/cm2 for 2 or 4 min utes Dur ing treat ment the
seeds were flooded in wa ter, the whole sur face well moist ened. The se lec tion of M1 plants was
car ried out for all ac ces sions but the real se lec tion on changed mor pho log i cal char ac ters was
done in M2 to M7. Min i mum 30 seeds, ob tained from each se lected plant, were sown as a sep a -
rated ac ces sion. Af ter de ter mi na tion of mutagenic char ac ter of the changed trait, the eval u a tion
of seed oil con tent, 1000 seeds weight for each plant per ac ces sion was made.

Re sults

Plants with changed mor pho log i cal char ac ters were ob tained from all cultivars and lines.
Per ma nent changes were ob tained for the fol low char ac ters: stem height; size and form of leaves
and pet i oles; size of in flo res cen ces; form, num ber and size of ray flo rets; color of plants and seeds; 
seeds form and size; seed oil con tent and 1000 seeds weight.
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Changed char ac ters af ter gamma rays treat ment:

Stem height. Plants with changed in size stems from 40 to 290 cm height were ob tained.. The
best con fir ma tion for ob tain ing the mu tant plants with short or higher stem was the new ma te rial,
ob tained from the lines. The nor mal height of the stem of line 1607 was 110 cm and line 1721 - 130
cm. The mu tant forms with per ma nent changes in stem height from 90 cm to 165 cm were ob -
tained from line 1607 and forms with stem height from 40cm to 190 cm – from line 1721. The se lec -
tion for breed ing pur poses was aimed to short or me dium in height plants – from 80 to 130-140
cm. The best sources for ob tain ing of new mu tant forms with shorter stem were the cultivars
Peredovik, Progres, Rodnik, Voronegskii 272, VNIIMK-8931, Start, Vega, Bal kan, Vihren,
Stadion and lines 1234V, 1607V, 1721V and NA 89V. Plants with internodes of the stems were
ob tained from cultivar Start.

Size and form of leaves and pet i oles. Forms with changed leaf size /larger or smaller/ were ob -
tained from cultivars Peredovik, Progres, Skorospelii, Voronegskii 272, VNIIMK-8931, Start,
Azovski, Vega, Bal kan, Hemus, Vihren, Stadion and Kutuger and lines 1607V, 1721V, 2969V and 
3004V. Plants with greatly dis tin guished changed forms were ob tained from cultivars
VNIIMK-8931 and Prog ress and lines 1234V, 1721V and 3004V. Plants with changed leaf pet i ole
were ob tained from cultivar VNIIMK-8931.

Size of in flo res cen ces. Forms with dif fer ent in size in flo res cen ces were ob tained from all
cultivars and lines. The most suit able sources for ob tain ing of new mu tant forms with di am e ter of
in flo res cence from 19 to 26-27 cm were the cultivars Peredovik, Progres, Rodnik, Skorospelii,
Voronegskii 272, VNIIMK-8931, Start, Bal kan, Vihren and Stadion.

Form, num ber and size of ray flo rets. Plants with changed form and size of ray flo rets were
ob tained from cultivars Progres, Voronegskii 272, Start, VNIIMK-8931, Hemus, Stadion and
Kutuger and 1721V, 2969V and 3004V. Plants with small size ray flo rets were ob tained from
cultivars VNIIMK-8931, Prog ress, Stadion and line 2942V.

Color of plants and seeds. New sun flower forms with light green color of the stem, leaves and 
in flo res cen ces were ob tained from cultivars Skorospelii, VNIIMK-8931, Kutuger and lines
2969V and 3004V. Seeds with dif fer ent color of the hull com pared to the ini tial form were ob -
tained from all cultivars and lines. The forms orig i nated from cultivars Progres and
VNIIMK-8931 and lines 1721V and 3004V were dis tin guished with great est di ver sity of forms.

Seeds form and size. New sun flower forms with al ter ations in seed forms and size were ob -
tained from all cultivars and lines. Mu tant forms with larger seeds were ob tained from cultivars
Peredovik, Progres, Voronegskii 272, VNIIMK-8931, Start, Vihren, Rodnik, Stadion and
Kutuger and lines 1721V, 1607V and 3004V.

Seed oil con tent. The ob tained mu tant forms were with the low est and too high seed oil con -
tent. The most suit able sources for ob tain ing of new mu tant forms with higher seed oil con tent
were the cultivars Peredovik, Progres, Rodnik, Voronegskii 272, VNIIMK-8931, Start, Bal kan,
Vihren, Skorospelii, Nadegdnii, Trudovik and Stadion and lines 1607V, 1721V and NA 89V.
Some of the mu tant forms pos sessed 56-58 % seed oil con tent, and 18 % hull.

1000 seeds weight. Some mu tant forms were ob tained with 1000 seed weight from 30-32 g to
130-145 g. The cultivars Peredovik, Progres, VNIIMK-8931, Start and Vihren and lines 1721V
and 3004V could be dis tin guished as re sources for high weight of 1000 seeds.

Char ac ters changed af ter ul tra sound treat ment:

Stem height. New forms with higher stem, about 210 cm height, were ob tained from line
3004V. Forms with shorter stems were ob tained from cultivars Peredovik and Start and the lines
No 130, 2969V, 3004V and NA 89V. The great est was the di ver sity of forms ob tained from line
3004V.

Size and form of leaves. New plants with changed forms and size of leaves af ter ul tra sound
treat ment were ob tained from both cultivars and from lines 3004V and NA 89V.

Size of in flo res cen ces. The great est was the di ver sity of forms con nected to this char ac ter. It
was ob tained from cultivar Peredovik and lines No 24, 3004V and NA 89V.
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Form, num ber and size of ray flo rets. There were ob tained plants with small num ber of ray
flo rets, thin and long ones from line No 24. Plants with large, wide and ovate or ob long forms of
ray flo rets were ob tained from cultivar Peredovik and lines 2969V and 3004V.

Color of seeds. The di ver sity on that char ac ter was the great est. There were seeds ob tained
with grey-white, gray ish, black and on small stripes and spots hulls.

Seeds form and size. New sun flower forms with changed forms and size of their seeds were
ob tained from both cultivars and all five lines. Forms with larger seeds were ob tained from both
cultivars and lines No 24, 2969V and 3004V. Forms with thin and long seeds were ob tained from
line 3004.

Seed oil con tent. There were ob tained forms with very low and high seed oil con tent. Forms
with high oil con tent were ob tained from cultivar Peredovik and lines 3004V i NA 89V.

1000 seeds weight. There were forms ob tained with 1000 seed weight from 39 to 95 g. Forms,
ob tained from cultivar Peredovik and lines No 24 and 3004V were dis tin guished with higher 1000
seeds weight.

Suit able doses for ob tain ing the vi a ble plants with changed char ac ters:

Af ter treat ment with gamma rays in doses (Co60) from 70 to 250-300 Gy and gamma rays
(Cs135) from 150 to 480 Gy of dry seeds and ker nels the num ber of ob tained vi a ble plants with
changed char ac ters was great est. Af ter treat ment with gamma rays in doses 20 Gy, in sep a rate
con di tions - 40 Gy of ker nels and seeds, many vi a ble plants with changed char ac ters were also
found. The most suit able doses for ker nels and seeds treat ment with ul tra sound for ob tain ing of
vi a ble plants with changed char ac ters were from 1.9W/cm2 to 3W/cm2 for 2 min utes and from
0.5W/cm2 to 2.5W/cm2 for 4 min utes.

Con clu sions

The re sults ob tained showed that ap ply ing of ex per i men tal mu ta gen e sis could lead to ob -
tain ing of new sun flower forms with use ful ag ro nomic char ac ters. Ap ply ing of phys i cal muta gens
- gamma rays and ul tra sound gave that op por tu nity. The per ma nent changes of some char ac ters
of lines were the most im por tant ev i dence for the mu tant char ac ter of the new ob tained forms.
The new forms with changed mor pho log i cal char ac ter is tics were suit able for sun flower breed ing.
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SEED COMPONENT DIVERSITY OF WILD Helianthus annuus L. ACCESSIONS
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Ab stract

This study pres ents the eval u a tion of pop u la tions of wild an nual Helianthus annuus L., the
clos est rel a tive of cul ti vated sun flower, on var i ous in di ces re lated to their oil con tent. The in ves ti -
ga tion in cluded 78 ac ces sions of wild H. annuus from the wild spe cies sun flower col lec tion of
Dobroudja Ag ri cul tural In sti tute, Gen eral Toshevo, Bul garia. The in di ces 1000 seed weight (g),
ker nel and hull (%), oil con tent in ker nel (%) and oil con tent in seed (%) were eval u ated. The ex -
per i men tal data were pro cessed with dis per sion, cor re la tion and re gres sion anal y ses. The re sults
showed very good sta tis ti cal au then tic ity on level P = 0.001 of the an a lyt i cal hy poth e sis that the
in ves ti gated ac ces sions were with dif fer ent ge netic po ten tial on the stud ied in di ces, point ing to
the ex is tence of high vari abil ity in this wild germplasm.

Key words: Helianthus annuus, seed weight, oil con tent in ker nel, seed oil con tent, dis per sion 
anal y sis, cor re la tion anal y sis, re gres sion anal y sis.

In tro duc tion

Sun flower is a main oil-seed crop for Bul garia. Ed ible veg e ta ble oils are the prin ci pal
source of fats in hu man di ets. The re sid ual cake is a high-pro tein sup ple ment. Decorticated seed
cake con tains 44 % pro tein, undecorticated seed cake, suit able only for ru mi nants be cause it con -
tains the seed hulls with about 28 % pro tein. Sun flower seeds are a good source of pro tein and
fib ber in the diet (Willett, 1994).

The wild Helianthus spe cies, es pe cially H. annuus L., rep re sent the ba sic ge netic stock from
which the cul ti vated sun flower orig i nated. They pos sess con sid er able vari abil ity for most of the
eco nomic, ag ro nomic and seed qual ity traits, re sis tance to dis eases and in sects and sur vival en vi -
ron men tal mech a nisms (Thomp son et al., 1981).

The pres ent world wide in ter est in grow ing sun flow ers as a crop is due to the in creased yield 
of the new com mer cially avail able oil seed hy brids. This was ob tained by in creas ing the por tion of
ker nel to the whole achene. The de creas ing of hull thick ness led to fa cil i tat ing the sun flower
moth at tacks and dam ages in pro cess of har vest and post-har vest ac tiv i ties (Ivanov and
Tsvetkova, 1984).

Sun flower was used as a tra di tional source of pro teins. Ac cord ing to Christov (1990) if sun -
flower breed ing was con ducted in that di rec tion, it needed a wide di ver sity of ini tial ma te ri als. It
means that some forms of the ge nus Helianthus can be used as ini tial ge netic source. Ac cord ing to
Christov (1993) in the an nual spe cies, dif fer en ti a tion of a ge no type is pos si ble as a re sult of
self-pol li na tion of a sin gle plant in nat u ral or ar ti fi cial con di tions. In that way, each spe cies was
rep re sented by a dif fer ent num ber of sta bi lized ge no types which, in to tal, ex pressed the di ver sity
of the given spe cies. It is known that within each Helianthus spe cies, there is a great di ver sity in
form and the value of in di vid ual traits. Hence, the pres ent re port deals with study of seed com po -
nent di ver sity of wild Helianthus annuus L. ac ces sions.

Ma te ri als and Meth ods

The in ves ti ga tion in cluded 78 ac ces sions of wild H. annuus from the wild spe cies sun flower
col lec tion of Dobroudja Ag ri cul tural In sti tute, Gen eral Toshevo, Bul garia. The in di ces 1000 seed 
weight (g), ker nel and hull (%), oil con tent in ker nel (%) and oil con tent in seed (%) were eval u -
ated by the method of Rushkovski (1957). The in ter ac tion be tween the dif fer ent in di ces was de -
ter mined with dis per sion, cor re la tion and re gres sion anal y ses. The sta tis ti cal pack age SPSS was
ap plied.

Re sults and Dis cus sion

Seed oil con cen tra tion has been re ported not only for Helianthus annuus but for most wild
spe cies. Seeds of wild spe cies gen er ally have lower oil con cen tra tion than cul ti vated sun flower,
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but it does not ap pear to be a lim it ing fac tor be cause the interspecific hy brids could rap idly in -
creased it to an ac cept able level. Laferriere (1986) pointed out that wild Helianthus annuus had po -
ten tial for in creas ing the pro tein con cen tra tion of seeds of the cul ti vated sun flower and sug gested 
that it may be due to their smaller size.

Oil con tent de pends on both per cent age of hull and oil con cen tra tion in the ker nel. The
stud ied vari ables were de ter mined in this in ves ti ga tion through cor re la tion anal y sis (Table1).
The cor re la tion co ef fi cients proved be tween char ac ters sig ni fied their im por tance. There was the
high est neg a tive cor re la tion (r=-0.984**) be tween per cent age of hull and per cent age of ker nel
and lower neg a tive cor re la tion be tween per cent age of hull and 1000 seed weight. There was a sig -
nif i cant pos i tive cor re la tion only be tween per cent age of ker nel and 1000 seed weight. The in di ces 
per cent age of hull and percentage of kernel were in inverse proportion.

Ta ble 1. Cor re la tion co ef fi cients.

Seed weight Kernel % Hull % Kernel oil content

Seed weight 1

Kernel % 0,356* 1

Hull % -0,352* -0,984** 1

Kernel oil content 0,0843 0,082 -0,082 1

Seed oil content 0,038 0,203 -0,203 0,036

* proved at p=0.05
** proved at p = 0.001

The re gres sion anal y sis was ap plied with aim to spec ify and con firm the par tic u lar cor re la -
tions be tween in ves ti gated char ac ters. The re gres sion equa tions be tween per cent age of ker nel
and 1000 seed weight (Fig.1) and seed oil con tent (Fig.4) and their di a grams showed in a di rect ra -
tio the pos i tive cor re la tions be tween them. The re gres sion equa tions be tween per cent age of ker -
nel and per cent age of hull (Fig.2), 1000 seed weight and per cent age of hull (Fig.3), per cent age of
hull and seed oil con tent (Fig.5) and their di a grams showed in an op po site ratio the negative
correlations between them.

Fig.1. Di a gram of re gres sion cor re la tion be tween 1000 seed weight and per cent age of ker nel.
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Fig2. Di a gram of re gres sion cor re la tion be tween per cent age of ker nel and per cent age of hull.

Fig3. Di a gram of re gres sion cor re la tion be tween 1000 seed weight and per cent age of hull.

Fig4. Di a gram of re gres sion cor re la tion be tween per cent age of ker nel and seed oil con tent.
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Fig5. Di a gram of re gres sion cor re la tion be tween per cent age of hull and seed oil con tent.

Dis per sion anal y sis of stud ied char ac ters (Table2) showed the sta tis ti cal ev i dence on level
p=0.001 of the al ter na tive hy poth e sis that the in ves ti gated ac ces sions were with dif fer ent ge netic
po ten tial of the studied characters.

Table2. Dis per sion anal y sis of stud ied in di ces.

Indices MS genotype MS error

1000 seed weight 246.9*** 16.1

Kernel, % 458.7*** 22.5

Hull, % 209.5*** 13.3

Oil content in kernel, % 366.8*** 20.2

Oil content in seed, % 228.4*** 15.2

df 463 522

On the bio chem i cal point of view the high per cent age of ker nel, from 69,2 % to 76,9 %, was
con nected to the high seed and ker nel oil con tent, re spec tively from 59,9 % to 66,3 % and from
44,3 % to 49,7 %. The pro tein con tent of defatted ker nel and in the ker nel was from 47,9 % to
65,1 % and from 16,5 % to 24,9 % re spec tively.

Con clu sions

All stud ied ac ces sions showed real pos si bil ity to be in cluded in fur ther breed ing pro grams
be cause the in ves ti gated ac ces sions were with dif fer ent ge netic po ten tial of the studied
characters.

The wild H. annuus L. ac ces sions, in cluded in the col lec tion of Dobroudja Ag ri cul tural In -
sti tute, Gen eral Toshevo, rep re sented the ba sic ge netic stock and pos sessed con sid er able vari -
abil ity of the in ves ti gated char ac ters (Valkova and Christov, 2004; Valkova et al., 2008).
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NEW SUNFLOWER RESTORER LINES DEVELOPED BY g-IN DUCED
PARTHENOGENESIS FROM Helianthus annuus HYBRIDS - DISEASE RESISTANCE,

COMBINING ABILITY. I. DISEASE RESISTANCE.

Miglena Drumeva, Pe ter Yankov, Nina Nenova, Pepa Shindrova and Valentina Encheva
Dobroudja Ag ri cul tural In sti tute - Gen eral Toshevo, 9520, Bul garia
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Ab stract

The in ves ti ga tion car ried out in cluded 10 dou bled hap loid fer til ity re storer sun flower lines
de vel oped from four hy brids through the method of gamma-in duced parthenogenes. A
phytopathological eval u a tion of the above lines was made with re gard to their re sis tance to the
main eco nom i cally im por tant dis eases on sun flower such as downy mil dew (Plasmopara helianthi
Novot.), broom rape (Orobanche cumana Wallr.), phoma (Phoma macdonaldii) and phomopsis
(Phomopsis helianthi Munt.-Cvet. et al.). In five of the lines com plete re sis tance to downy mil dew
race 330 and to the par a site Orobanche was ob served. Two of the lines showed com plete re sis -
tance to downy mil dew race 700 and to the par a site Orobanche. In the rest three lines com plete
re sis tance to Orobanche and sus cep ti bil ity to downy mil dew was es tab lished. Lines DHR3 5/35
and DHR3 8/6 dem on strated com plete re sis tance to phoma and phomopsis. The other lines
showed high re sis tance to phoma and high to mod er ate re sis tance to phomopsis.

Key words: dou bled hap loid lines, dis ease re sis tance, gamma-in duced par the no gen e sis,
sun flower

In tro duc tion

Sun flower (Helianthus annuus L.) is an im por tant source of veg e ta ble oil world wide and a
main oil seed crop in Bul garia.

A ma jor aim of mod ern sun flower breed ing is pro duc tion of high yield ing hy brids. Hy brid
sun flower gave much better re sults, hav ing cer tain ad van tages over those va ri et ies by a num ber
of pro duc tive in di ces.

The main stages of hy brid pro duc tion in clude cre at ing of pa ren tal lines of a hy brid and cre -
at ing a hy brid it self. This pro cess re quires a min i mum of 10-12 years. By com bin ing clas si cal
breed ing with in vi tro meth ods this pe riod can be re duced. A prin ci pally new scheme for ac cel er -
ated pro duc tion of ho mo zy gous sun flower lines (Helianthus annuus L.) was de vel oped at
Dobroudja Ag ri cul tural In sti tute (DAI) based on gamma-in duced parthenogenes (Todorova et
al., 1997, Todorova, 2002).

The ap pli ca tion of this ap proach makes it pos si ble to re spond promptly to the re quire -
ments of crop im prove ment for de vel op ment of new lines with dis ease re sis tance and good com -
bin ing abil ity.

The widely spread dis eases such as Plasmopara helianthi, Phomopsis helianthi, Phoma
macdonaldii, and the par a site Orobanche cumana dras ti cally de crease sun flower yield. Broom rape
pres ents se ri ous prob lems to sun flower pro duc tion in Bul garia, as well. It is con stantly ex pand ing
its dis tri bu tion area (Shindrova, 2006). All these dis eases lead to con sid er able losses ex pressed in
yield de crease, and in wors ened qual ity of the ob tained prod uct. With a view of lim it ing the
patho gen’s and par a site’s dis tri bu tion and de creas ing the losses they cause, it would be pref er a -
ble to de velop re sis tant lines.

Over the past 10 years for an ad e quate re ac tion against the spread of dis eases the method of 
gamma-in duced par the no gen e sis has been rou tinely used at DAI for ac cel er ated pro duc tion of
dou bled hap loid fer til ity re storer lines with re sis tance to eco nom i cally im por tant dis eases.

The aim of this study was to pres ent the re ac tion of the new DH-R-lines to the fun gal dis -
eases downy mil dew (Plasmopara helianthi), phoma (Phoma macdonaldii) and phomopsis
(Phomopsis helianthi) and to a lo cal pop u la tion of the broom rape (Orobanche cummana) (races
A-E).
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Ma te ri als and Meth ods

The study was car ried out dur ing the pe riod 2005 - 2007 at Dobroudja Ag ri cul tural In sti -
tute, Gen eral Toshevo. A phytopathological eval u a tion in cluded 10 new dou bled hap loid fer til ity 
re storer lines (R-lines) (DHR2 5/9; DHR2 8/8; DHR2 9/5; DHR3 1/2; DHR3 5/1; DHR3 5/35;
DHR3 8/6; DHR3 9/3; DHH2 22/29 and DHH3 25/9), which have shown re sis tance to some eco -
nom i cally im por tant dis eases in sun flower in our pre lim i nary stud ies. Eight of the lines were ob -
tained by the method of gamma in duced par the no gen e sis in 2004, and two of them - in 2003.

The dou bled hap loid lines were de vel oped from four hy brids, two of which have been re -
ceived from com pany Pioner (PR 63A90 and PR 64A44) and the other two have been ob tained
from two hy brid com bi na tions cre ated at DAI.

Lines DHR2 5/9; DHR2 8/8 and DHR2 9/5 de rived from hy brid PR 63A90. The Hy brid is
re sis tant to downy mil dew race 330 and to broom rape (races A-E). The hy brid is sen si tive to
downy mil dew race 700. It is tol er ant of phoma and phomopsis.

Lines DHR3 1/2; DHR3 5/1; DHR3 5/35; DHR3 8/6; DHR3 9/3 de rived from hy brid PR
64A44. The hy brid is re sis tant to downy mil dew race 330 and to broom rape (races A-E). It is tol -
er ant of phoma and phomopsis. The hy brid is sen si tive to downy mil dew race 700.

The lines DHH2 22/29 and DHH3 25/9 de rived from two hy brid com bi na tions cre ated at
DAI. Both hy brids are re sis tant to downy mil dew race 700 and to broom rape (races A-E), and
show mod er ate re sis tance to phoma and phomopsis.

In 2005, a pre lim i nary as sess ment of the sustainability of the lines to downy mil dew and to
broom rape was car ried out, on the ba sis of which they were picked out and prop a gated in the
field.

The phytopathological eval u a tion of the dou bled hap loid lines were per formed at the Sun -
flower Phytopatology Lab o ra tory and in fec tion fields of DAI - Gen eral Toshevo. The eval u a tion
was car ried out ac cord ing to stan dard meth od ol o gies dur ing the period 2006-2007.

The method for de ter min ing the re ac tion of sun flower ge no types to downy mil dew
(Plasmopara helianthi Novot.) is de scribed by Vear and Tourvieille (1987). The re ac tion of 20
plants from each ge no type was re corded us ing the fol low ing scale: 0 % - S (sen si tive); 100 % - R
(re sis tant).

Broom rape seeds were col lected from sev eral re gions in Bul garia. Broom rape re sis tance
was eval u ated un der green house con di tions ac cord ing to Panchenko (1973), slightly mod i fied to
lo cal con di tions. The re ac tion of 50 plants from each ge no type was re corded us ing the fol low ing
scale:0 % - S (sen si tive); 100 % - R (resistant).

The es ti ma tion for re sis tance to phoma (Phoma macdonaldii Boerema / Phoma oleracea var.
helianthi-tuberosi Sacc) was con ducted by the method of Fayzalla & Maric (1981) in in fec tion
fields. A four-de gree scale was used: 0 - re sis tant, 1- mod er ate re sis tant, 2 - mod er ate sus cep ti ble,
3 - sus cep ti ble.

The es ti ma tion for re sis tance to phomopsis (Phomopsis helianthi Munt.-Cvet. et al.) was
per formed ac cord ing to Encheva and Kiryakov (2000) in field con di tions. A five-de gree scale was 
used: 0 - healthy plant; 1 - high re sis tant (spots on the stem lo cated around the leaf pet i ole); 2 -
mod er ate re sis tant (spots reach ing up to 5 cm); 3- mod er ate sus cep ti ble (spots around the stem);
4 - high sus cep ti ble (full ne cro sis of the pith, bro ken stems).

An a lyz ing the years of re search on the amount of pre cip i ta tion for the en tire eco nomic pe -
riod (Oc to ber - Sep tem ber) re vealed that the years of study are com pletely op po site. In the first
year (2006) the pre cip i ta tion amounts are 14.8% higher than the cli mate norm and in a sec ond
(2007) were 43.0% lower than it.

Re sults and Discusion

As a re sult of a re com bi na tion of the genes in the hy brids par the no ge netic dou bled hap loid
lines were re ceived some of which were 100% re sis tance to downy mil dew race 330 and oth ers
were completly sus cep ti ble (Ta ble. 1). Dur ing the pe riod of the study seven of the dou bled hap -
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loid lines (DHR2 5/9; DHR2 8/8; DHR2 9/5; DHR3 1/2; DHR3 5/1; DHH2 22/29 and DHH3 25/9) 
dem on strated full re sis tance to downy mil dew race 330. Two of them, lines DHH2 22/29 and
DHH3 25/9 showed com plete re sis tance to downy mil dew race 700, as well. The lines DHR3 5/35;
DHR3 8/6 and DHR3 9/3, which have a com mon or i gin with the lines DHR3 1/2 and DHR3 5/1
dem on strated sus cep ti bil ity to the patho gen - val u a tion “0”. Of a spe cial in ter est for the breed ing
are the lines DHH2 22/29 and DHH3 25/9, which overcame the two races of the pathogen. 

Ta ble 1. Eval u a tion of the in ves ti gated dou bled hap loid lines for re sis tance to downy mil dew
(Plasmopara helianthi Novot.), dur ing the pe riod 2006 - 2007.

Line m

Resistance to downy mildew
(Plasmopara helianthi Novot.) 

race 330 race 700

2006 2007 2006 2007

DHR2 5/9 100 100 0 0

DHR2 8/8 100 100 0 0

DHR2 9/5 100 100 0 0

DHR3 1/2 100 100 0 0

DHR3 5/1 100 100 0 0

DHH2 22/29 100 100 100 100

DHH3 25/9 100 100 100 100

DHR3 5/35 0 0 0 0

DHR3 8/6 0 0 0 0

DHR3 9/3 0 0 0 0

The test of the lines for re sis tance to broom rape re vealed that all of the in ves ti gated dou -
bled hap loid R lines carry genes for re sis tance to the par a site (Ta ble 2).

Ta ble 2. Eval u a tion of the in ves ti gated dou bled hap loid lines for re sis tance to broom rape (Orobanche
cumana Wallr.), dur ing the pe riod 2006 - 2007.

Line m

Resistance to broomrape (races A-E)
(Orobanche cumana Wallr.)

2006 2007 

DHR2 5/9 100 100

DHR2 8/8 100 100

DHR2 9/5 100 100

DHR3 1/2 100 100

DHR3 5/1 100 100

DHH2 22/29 100 100

DHH3 25/9 100 100

DHR3 5/35 100 100

DHR3 8/6 100 100

DHR3 9/3 100 100

De vel op ment of new lines re sis tant to broom rape is es sen tial for sun flower breed ing. It is
dif fi cult to con trol this par a site be cause it pro duced a very large num ber of seeds which re main vi -
a ble in the soil for many years. The best way to con trol the dis ease at pres ent, is the genetical re -
sis tance (Sukno et al., 1998).
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In sum ma riz ing the re sults of Ta bles 1 and 2 it was found out that seven of the dou bled hap -
loid lines (DHR2 5/9; DHR2 8/8; DHR2 9/5; DHR3 1/2; DHR3 5/1; DHH2 22/29 and DHH3 25/9) 
car ried genes for re sis tance to downy mil dew as well to broom rape.

The com bined re sis tance in the fer til ity re storer lines makes them ex tremely valu able
forms of heterosis breed ing in sun flower. These seven lines could be used as a fa ther lines in a hy -
brids, which will be ap pro pri ate for ar eas of wide spread of downy mil dew race 330 and broom -
rape (races A-E). The hy brid com bi na tions of the lines DHH2 22/29 and DHH3 25/9 could cover
ar eas with spread downy mil dew races 330 and 700, as well as broom rape (races A-E) too.

Since 2005 one of the ba sic re quire ments of the State Va ri ety Agency (IASAS) in Bul garia
is that all hy brids, which are of fered for test ing and in clu sion in a cat a logue of va ri et ies of Bul -
garia, should be re sis tant not only to downy mil dew, but also to broomrape.

The com bi na tion of genes for re sis tance to patho gen and par a sites in a fer til ity re storer
lines makes it pos si ble to com bine these lines with a greater num ber of cms lines, which could not
be re sis tant to these dis eases and to fo cus mainly on a good com bin ing abil ity, which in turn is a
pre req ui site for ob tain ing of high pro duc tive hy brids with a valuable use.

In test ing the lines for re sis tance to phoma and phomopsis some vari a tion in re sults were
ob served (Ta ble 3). Prob a ble rea son is the im pact of weather on the spread ing and de vel op ment
of the patho gens be cause the test is con ducted in field con di tions, un like the tests for downy mil -
dew and broom rape. The higher mois ture in 2006 pro motes the de vel op ment of the fungal
pathogens.

Ta ble 3. Eval u a tion of the in ves ti gated dou bled hap loid lines for re sis tance to phoma (Phoma
macdonaldii Boerema / Phoma oleracea var. helianthi-tuberosi Sacc) and phomopsis (Phomopsis
helianthi Munt.-Cvet. et al.), dur ing the pe riod 2006 - 2007.

Line m
2006 2007

phoma phomopsis phoma phomopsis

DHR2 5/9 0 2 0 2

DHR2 8/8 1 2 0 2

DHR2 9/5 1 3 0 2

DHR3 1/2 1 2 1 2

DHR3 5/1 0 3 0 3

DHH2 22/29 1 3 0 2

DHH3 25/9 1 2 0 2

DHR3 5/35 0 0 0 0

DHR3 8/6 1 0 0 1

DHR3 9/3 1 3 0 2

In the first year of the eval u a tion 70 % of the in ves ti gated lines showed mod er ate re sis tance 
to phoma (val u a tion 1) and only 30 % of them were re sis tant to this patho gen (val u a tion 0). In
2007 only 10% of the lines showed mod er ate re sis tance (val u a tion 1), and 90 % of them dem on -
strated com plete re sis tance (val u a tion 0). Sim i lar trend was ob served an a lyz ing the re sults con -
cern ing the re sis tance to phomopsis. In 2006, 40% showed mod er ate sus cep ti bil ity to phomopsis
(val u a tion 3), and in 2007, only 10% of them dem on strated such sus cep ti bil ity. In the sec ond year
of the eval u a tion 70 % of the lines were mod er ate re sis tant (val u a tion 2) and in 2006 the percent
of the lines with valuation “2” was 40%.

The dou bled hap loid line DHR3 5/35 is of spe cial breed ing in ter est, show ing sta bil ity in
terms of its high re sis tance to phoma and phomopsis dur ing the two years of the eval u a tion. In
this as pect the line DHR3 8/6 showed also rel a tively sta ble re sis tance. These two lines are re sis -
tant to broom rape (races A-E), too. (Table 2)
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Con clu sions

Dou bled hap loid re storer lines, de vel oped by the method of gamma in duced par the no gen -
e sis, showed high re sis tance to the main eco nom i cally im por tant dis eases on sun flower. The lines
could be use for ob tain ing of high pro duc tive dis ease re sis tant hy brids with a valuable use.

In lines DHH2 22/29 and DHH3 25/9 com plete re sis tance to downy mil dew races 330 and
700, and to broom rape (races A-E) was es tab lished. The line DHH3 25/9 dem on strated very
good re sis tance to phoma and mod er ate re sis tance to phomopsis, as well.

In dou bled hap loid line DHR3 5/35 com plete re sis tance to broom rape and to phoma and
phomopsis was ob served.
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CYTOGENETIC STUDIES OF CYTOPLASMATIC MALE 
STERILITY AND FERTILITY RESTORATION IN RAPESEED

Jovanka Atlagi}, Ana Marjanovi}-Jeromela, Radovan Marinkovi}, Sreten Terzi}
Institute of Field and Veg e ta ble Crops, Oil Crops De part ment,

Maksima Gorkog 30, 21000 Novi Sad, Ser bia
e-mail: atlagic@ifvcns.ns.ac.yu

Ab stract

The fo cus of cur rent rape seed breed ing pro grams is the de vel op ment of hy brids. That im -
plies find ing new sources of CMS and fer til ity res to ra tion genes as well as their trans fer to ge no -
types that pos sess genes for agronomically im por tant traits. Find ing new sources of CMS and fer -
til ity res to ra tion and the us age of ex ist ing ones both de pend on cytogenetic re search. CMS traits
were an a lyzed by es ti mat ing the phase of sta men – an ther de vel op ment, pres ence of pol len in an -
thers, pol len vi a bil ity and anal y sis of mei o sis – microsporogenesis. We used adapted meth ods
that have al ready been used on sun flower with suc cess, the stain ing method (Al ex an der, 1969) for 
pol len vi tal ity and the acetocarmine method (Georgieva-Todorova, 1990) for anal y sis of mei o sis
– microsporogenesis. An thers were fre quently poorly de vel oped and with out pol len in male ster -
ile flow ers. Mei o sis was reg u lar (pachytene, diakinesis, metaphase I, anaphase I, anaphase II,
telophase II). CMS types were dif fer en ti ated by phases in which microsporogenesis was in ter -
rupted. Most of ten, in ter rup tion oc curred af ter the phase of tet rads. Micro spores were found in
sev eral cases, as were the pol len grains, but these were de formed and ster ile. Two ge no types were 
found that in duced full fer til ity res to ra tion and had high pol len vi a bil ity (around 96%).

Key words: CMS, fer til ity res to ra tion, mei o sis – microsporogenesis, pol len vi tal ity, rape -
seed.

In tro duc tion

The male ste ril ity and fer til ity res to ra tion sys tem is used in most open-pol li nated crop spe -
cies when pos i tive ef fects of heterosis for agronomically im por tant traits need to be ex ploited.
Male ste ril ity, al though gen er ally de fined as the con di tion when vi a ble pol len is not pro duced, is
vari able in ex pres sion and can range from com plete ab sence of sta mens to the fail ure of an ther
dehiscence and re lease of nor mal vi a ble pol len (Vipen & Shukla, 1994). In most cases, the CMS
trait is a re sult of interspecific or intergeneric hy brid iza tion (aloplasmatic ste ril ity). In rape seed,
the Ogura–CMS sys tem (INRA – France) and the MSL–sys tem (Ger man Lembeke In sti tute) are 
most com monly used. Ogura / INRA CMS sys tem was ob tained us ing protoplast fu sion be tween
rape seed and rad ish (Raphanus sativus). MSL sys tem was ob tained thanks to a spon ta ne ous mu ta -
tion and se lec tion dur ing back cross ing. The CMS trait is un sta ble, be cause par tial fer til ity can be
found un der high tem per a tures. The Ogura CMS sys tem, un like oth ers, is sta ble in var i ous cli ma -
tic con di tions. The main prob lem for ogu CMS is its fer til ity re stor ing gene, which is linked tightly 
to the genes that de ter mine high glucosinonates con tent (Renard et al., 1997., as re ferred to by
Yang et al., 1999).

The ob jec tives of this work were to use cytogenetic meth ods to an a lyze the sta bil ity of CMS 
af ter in tro duc tion into rape seed in bred lines and to iden tify the dif fer ences be tween var i ous CMS 
types.

Ma te ri als and meth ods

Cytogenetic stud ies were made on the fol low ing ma te rial: prog e nies of self fer til ized hy brid 
rape seed plants (MSL – sys tem); ster ile in bred lines; prog e nies of back cross es be tween se lected
ster ile plants and maintainer cultivars; and F1 prog e nies of crosses be tween var i ous CMS types
(MLS and Ogu) in cor po rated into in bred lines from the Novi Sad breed ing pro gram and the
maintainer lines.

The ma te rial was sam pled at flow er ing and the flow ers were used for mi cro scopic ex am i na -
tion of an thers and eval u a tion of pol len de vel op ment and pres ence and mor phol ogy of pol len
grains and their vi a bil ity. Sam ples for anal y sis of mei o sis-microsporogenesis were taken at the
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phase of young flower buds. Anal y sis of mei o sis was made us ing the acetocarmine method
(Georgieva-Todorova, 1990), while pol len vi a bil ity was an a lyzed with a stain ing method
(Alexader, 1969). Those meth ods are com monly used in sun flower and have been also been ap -
plied suc cess fully in rape seed anal y sis with few mi nor ad ap ta tions (Atlagi} et al., 2003).

The CMS trait is an a lyzed pri mar ily based on mor pho log i cal dif fer ences in flower struc ture 
such as an ther de vel op ment stage and pol len pro duc tion (male fer tile and male ster ile), fol lowed
by pol len vi a bil ity per cent age and reg u lar ity of mei o sis through spe cific phases of
microsporogenesis.

Re sults and Dis cus sion

The anal y sis of male ster ile flower re vealed in most cases poorly de vel oped an thers (Fig ure
1a). Only oc ca sion ally were there an thers that were more de vel oped, but they were empty or had
a small amount of de formed, ster ile pollen grains.

Mei o sis in male fer tile rape seed flow ers (Fig ure 1b) pro ceeded nor mally through all phases 
(pachiten, diakinesis, metaphase I, anaphase I, telophase II), as did post-mei otic di vi sion un til the 
for ma tion of the pol len grain (Fig ure 2). CMS plants in gen eral had nor mal mei o sis (a smaller
num ber of meiocytes was ob served in di vi sion in CMS plants than in fer tile ones), but the
post-mei otic di vi sion was ab sent. Microsporogenesis in ter rup tion was most fre quent in the phase
of tet rads, which is a late stage of mei o sis. Only oc ca sion ally it oc curred in the ear lier stages. De -
formed micro spores or pol len grains were quite rare as a result of microsporogenesis (Figure 3). 

Fig ure 1. Rape seed flower ‡ a) male ster ile; b) male fer tile

Fig ure 2.a-e) Phases of post-mei otic di vi sion in male fer tile flow ers of rape seed
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Since the use of vi sual field in spec tion only has been found to be un re li able, the use of mi -
cro scopic anal y sis to de ter mine the level of an ther de vel op ment and the pres ence of pol len is also 
used.

Fig ure 3. a-f) Phases of post-mei otic di vi sion in male ster ile flow ers of rape seed

Af ter the in tro duc tion of CMS to a new ge netic en vi ron ment, in ter ac tion be tween the nu -
cleus and cy to plasm is pos si ble and it can re sult in male fer til ity res to ra tion. Schnabel & Wipe
(1998) con firmed such in ter ac tion and more over con cluded that CMS pro vides an ex cel lent
model for the in ves ti ga tion of pol len de vel op ment and cy to plasm-nu cleus in ter ac tion.

The anal y sis of mei o sis in ma jor ity of rape seed CMS types showed that the phase of tet rads
is when the in ter rup tion of microsporogenesis oc curs. Con trary to those re sults, re search in
higher plants (Kaul, 1988) and in some types of sun flower CMS (Atlagi} et al., 1996) showed that
the in ter rup tion oc curs in the ear lier phases of mei o sis.

Sim i larly to the re sults of Atlagi} et al., 2003; Atlagi} et al., 2007, the pres ent re sults helped
to de tect CMS pres ence and check the sta bil ity of dif fer ent CMS sources and the suc cess rate for
male fer til ity res to ra tion in the an a lyzed ma te rial.

Con clu sions

All of the in bred lines an a lyzed were male ster ile with dif fer ent lev els of an ther de vel op -
ment. The backcross prog e nies showed that both CMS sources are sta ble, and re stor ers were
found for two ge no types. The an a lyzed types of CMS all had nor mal mei otic phases, but the post
mei otic di vi sion showed ir reg u lar i ties that led to the in ter rup tion of microsporogenesis, most fre -
quently at the phase of tetrads.
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UTILIZATION OF WILD SUNFLOWER SPECIES IN NOVI SAD BREEDING PROGRAM

Jovanka Atlagi}, Sreten Terzi}
In sti tute of Field and Veg e ta ble Crops, Oil Crops De part ment

Maksima Gorkog 30, 21000 Novi Sad, Ser bia
E-mail: atlagic@ifvcns.ns.ac.yu

Ab stract

Low ered ge netic vari abil ity and sen si tiv ity to wards a large num ber of patho gens on cul ti -
vated sun flower point to wild rel a tives as use ful breed ing ma te rial. The first ma jor col lec tion of
wild sun flower spe cies in Novi Sad was formed in 1981. It has since been en larged with new ac ces -
sions ob tained in col lect ing ex pe di tions and ex change with other gene banks. At the be gin ning,
the col lec tion was formed with 11 an nual and 32 pe ren nial spe cies (over 1,000 ac ces sions). To day
the col lec tion in Novi Sad has 7 an nual and 22 pe ren nial spe cies (about 500 ac ces sions). Wild spe -
cies are grown in the field. Rhi zomes and tu bers are left in the soil through the win ter and the
seeds are kept in a cold cham ber at +4oC. For al most 30 years wild spe cies were used in sun flower
breed ing as a source of de sir able genes for re sis tance to patho gens, to find CMS and Rf genes,
spe cific oil qual ity, new ideotypes, and her bi cide re sis tance. Interspecific crosses be tween wild
spe cies and cul ti vated sun flower were mostly ob tained by clas si cal hy brid iza tion, with only oc ca -
sional us age of em bryo cul ture and so matic hy brid iza tion. Interspecific hy brids have been ob -
tained with 7 an nual spe cies (F1 and BC1F1 - BC4F1) and 14 pe ren nial spe cies (F1 - BC2F1). The
suc cess of crosses was eval u ated based on mor pho log i cal ob ser va tions, cytogenetic anal y sis, as
well as mo lec u lar mark ers. The ex pe ri ence gath ered over such a long pe riod of sun flower
pre-breed ing points to dif fi cul ties in wild sun flower col lec tion main te nance, fol lowed by cross in -
com pat i bil ity, low ered fer til ity or com plete ste ril ity of interspecific hy brids, dif fi cult iso la tion of
un wanted genes, and loss of de sir able genes through back cross ing.

Key words: cul ti vated, de sir able genes, Helianthus, hy brid iza tion, wild spe cies.

In tro duc tion

Low ered ge netic vari abil ity in the cul ti vated sun flower for a wide range of agronomically
im por tant traits, es pe cially re sis tance to patho gens, stim u lated the use of wild rel a tives. Ac cord -
ing to Schil ling & Heiser (1981), the ge nus Heliantus com prises 49 spe cies, 11 an nual and 38 pe -
ren nial ones, di vided in four sec tions and four se ries on the ba sis of mu tual sim i lar ity. The most
re cent data of Seiler & Gulya (2005) in di cate that Heliantus com prises 51 spe cies, 14 an nu als and
37 perennials that grow in their nat u ral hab i tats in North Amer ica. Interspecific hy brid iza tion is
typ i cally used for trans fer ring re sis tance to dis ease agents, soil sa lin ity and acid ity, and drought as 
well as for find ing new sources of CMS and Rf genes and the de vel op ment of new sun flower
ideotypes (Seiler, 1992; Seiler & Reiseberg, 1997). The clas si cal hy brid iza tion method is typ i cally
used for that pur pose, while “in vi tro” em bryo cul ture and so matic hy brid iza tion are less fre quent.

The us age of wild rel a tives in sun flower breed ing is ac com pa nied by many dif fi cul ties. Ge -
netic di ver gence, var i ous phylo gen etic or i gins, and dif fer ent ploidy lev els in wild spe cies in com -
par i son to the cul ti vated sun flower all lead to cross in com pat i bil ity, em bryo abortivity, low ered
fer til ity or com plete ste ril ity of interspecific hy brids. In tro duc tion of de sir able genes from the
wild spe cies is ac com pa nied by un de sir able genes. The nec es sary back cross ing for ob tain ing the
cul ti vated sun flower form of ten re sults in a loss of de sir able genes.

Re search in the fields of phytopathology, bio chem is try, ge net ics and more spe cif i cally mo -
lec u lar ge net ics and cytogenetics is needed for suc cess ful ap pli ca tion of interspecific hy brid iza -
tion in sun flower breed ing.

The col lec tion of wild spe cies

The col lec tion of wild sun flower spe cies in Novi Sad was made through 7 col lect ing ex pe di -
tions in the pe riod from 1980-1991, when 917 ac ces sions were col lected. Of the to tal 49 sun flower
spe cies that be long to the ge nus Helianthus, the col lec tion con tained 43. Un for tu nately, dur ing

201

Cross-pollinated crops
Ge netic Re sources and Prebreeding

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



the pre vi ous years of main te nance 14 spe cies were lost. To day, the col lec tion con tains 22 pe ren -
nial and 7 an nual spe cies. There are 447 ac ces sions in the col lec tion in to tal (Ta ble 1). 

Ta ble 1. The col lec tion of wild sun flower spe cies in Novi Sad

Species

1981–1991
No. of populations

1992-2006
No. of populations

In gene bank
datebase

With seed
reserves

In gene bank
datebase

With seed
reserves

No. of seeds

H.annuus 257 95 108 70 10-2539

H.anomalus 4 1

H.argophyllus 21 10 7 7 1616-10396

H.debilis 24 20 21 13 33-5490

H.deserticola 7

H.exilis 3 1

H.neglectus 9 3 4 4 1564-4838

H.niveus 9 1 4 3 259-5910

H.paradoxus 2 1

H.petiolaris 46 14 33 25 80-9130

H.praecox 30 20 15 14 335-10710

H.pumilus 2 1

H.angustifolius 13

H.floridanus 2

H.atrorubens 12 5 1 1 2

H.carnosus 1

H.heterophyllus 2

H.radula 9

H.silphioides 1 1 1 1 13

H.decapetalus 1 1 8 7 17-622

H.multiflorus 1 1

H.divaricatus 14 5 10 10 8-680

H.eggertii 2 1 2 2 1-9

H.hirsutus 2 1 4 3 3-280

H.mollis 8 8 7 5 3-1162

H.occidentalis 12 4

H.rigidus 25 5 13 12 1-400

H.strumosus 28 8 20 12 2-354

H.tuberosus 39 23 41 16 1-650

H.giganteus 19 15 16 15 1-1800

H.grosseserratus 17 13 29 9 2-335

H.maximiliani 22 21 36 32 1-8630

H.nuttallii 7 4 23 22 1-399

H.resinosus 3 2 2 2 125, 4858

H.salicifolius 1 1 1

H.glaucophyllus 1 1 1 1 38

H.laevigatus 12 5 7 7 7-91

H.microcephalus 7 2 2 28, 300

H.smithii 3 2 2 2 13, 90

H.californicus 1 1 1 1 1

H.glaucophyllus 1 1 1 1 10

H.agrestis 1 1

H.simulans 1 1
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Seed re serves of the an nual spe cies ranges from sev eral tens to a few thou sand and in
perennials from one to a few hun dred. The seed is kept in a cold cham ber (+ 4o C), and the pe ren -
nial ac ces sions are main tained in the field also (Atlagi} et al., 2006).

Low auto fer til ity in wild spe cies makes the col lec tion main te nance dif fi cult. The method of 
in flo res cence iso la tion with pa per bags was the first one to be used for seed pro duc tion, fol lowed
by the method of trans fer ring pol len from one in flo res cence to an other (pol len mix). In the re -
cent pe riod, a method in volv ing iso la tion with cages and the use of bee hives for pol li na tion has
been uti lized. Low seed germinability is a prob lem in col lec tion main te nance, es pe cially in pe ren -
nial wild sun flower spe cies. Dif fer ent meth ods of stim u lat ing ger mi na tion were tested and the re -
sults showed that the most ef fi cient way to stim u late ger mi na tion was by re mov ing the seed hull
and seed coat (Atlagi} et al., 2006). 

A se ries of mea sure ments, eval u a tions and anal y ses were made to de scribe the col lec tion.
A high de gree of vari abil ity for many traits, in clud ing mor pho log i cal vari abil ity (Miljanovi} et al., 
2000), was de ter mined to be pres ent af ter an a lyz ing data with sta tis ti cal meth ods and mo lec u lar
vari abil ity with the use of mo lec u lar mark ers (Safti} - Pankovi} et al., 2005).

Interspecific cross com pat i bil ity

Interspecific cross com pat i bil ity with cul ti vated sun flower was ex am ined dur ing the last 25
years through an ex ten sive hy brid iza tion pro gram and the use of clas si cal meth ods of hy brid iza -
tion. Suc cess ful crosses were made with 7 an nual and 14 pe ren nial spe cies (Ta ble 2).

The an nual spe cies are phylo gen eti cally closer to the cul ti vated sun flower, so they can be
used in interspecific pro grams with out a ma jor prob lem. The spe cies H.annuus, H.argophyllus,
H.petiolaris, H.praecox, H.debilis, H.neglectus and H.niveus were suc cess fully crossed with the cul ti -
vated sun flower lines (Atlagi}, 1986, 1990, [kori} et al., 1988, Terzi}, 2006). The re sul tant
interspecific hy brids of dif fer ent cross gen er a tions (F1, BC1F1 – BC4F1) were most of ten used as
sources of CMS and Rf genes.

The re sult of a large num ber of crosses be tween pe ren nial spe cies (dif fer ent ac ces sions
from the col lec tion of wild spe cies) and cul ti vated sun flower are interspecific hy brids with 14 pe -
ren nial spe cies.

The group of dip loid pe ren nial spe cies is very in ter est ing for breed ers as a source of dis ease
re sis tance (H.maximiliani and H.occidentalis), as a source of high seed oil con tent (H.salicifolius),
short veg e ta tion (H.nuttallii) and new ideotype (H.mollis). These spe cies have been suc cess fully
crossed with the cul ti vated sun flower lines and a sub stan tial num ber of interspecific hy brids were
ob tained (Atlagi}, 1991; Atlagi} et al., 1995).

The tetraploid spe cies H.hirsutus, H.decapetalus, H.laevigatus and H.strumosus have suc cess -
fully been crossed with cul ti vated sun flower and used as a source of dis ease re sis tance (Atlagi},
1994).

Of the hexaploid spe cies, H.tuberosus was mostly used as a source of dis eases re sis tance. F1

hy brids have been ob tained with a large num ber of ac ces sions of this spe cies (Atlagi} et al., 1993;
Terzi}, 2006). Three more hexaploid spe cies, H.rigidus, H.resinosus and H.eggertii, have also been
suc cess fully crossed with lines of cul ti vated sun flower (Atlagi}, 1996).

The hy brid iza tion po ten tial that can be seen in Ta ble 2 shows that the ma jor ity of spe cies
ap ro pos ac ces sions was crossed in the pe riod be tween 1981 and 1991. That is a re sult of the more
in ten sive work on the interspecific pro gram, be cause a larger num ber of crosses was made than in 
the fol low ing pe riod. Sim i lar to the Novi Sad pro gram, a large num ber of crosses be tween wild
spe cies and the cul ti vated sun flower were made and re sults were pub lished about the po ten tial of
interspecific hy brid iza tion us age in sun flower breed ing by Georgieva-Todorova, 1990; Christov,
1991; Jan, 1997.
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Ta ble 2. The po ten tial for interspecific hy brid iza tion of wild and cul ti vated sun flower

Spe cies
Chrom.

No.

1981–1991 1992-2006

Pop u la tion No. F1 gen. Pop u la tion No. F1 gen.

Pol li nated Crossed
No. of
plant

Pol li nated Crossed
No. of
plant

H.annuus 17 24 17 123 28 11 169

H.petiolaris 17 22 20 35 23 3 7

H.argophyllus 17 8 6 24 9 2 30

H.neglectus 17 2 2 14 4 1 12

H.debilis 17 12 9 32 13 1 3

H.praecox 17 11 9 24 19 4 0

H.niveus 17 2 1 8 3 0 0

H.mollis 17 4 3 10 7 2 0

H.salicifolius 17 2 1 7 7 2 0

H.maximiliani 17 7 3 10 31 5 0

H.occidentalis 17 3 1 8 0 0 0

H.nuttallii 17 3 1 9 24 1 0

H.smithii 17 2 2 27 0 0 0

H.decapetalus 17, 34 5 1 28 10 1 0

H.hirsutus 34 3 2 66 3 1 0

H.strumosus 34, 51 8 1 13 14 5 24

H.laevigatus 34 5 3 51 3 1 4

H.tuberosus 51 17 9 90 11 4 27

H.rigidus 51 7 3 105 11 4 0

H.eggertii 51 1 1 5 1 1 0

H.resinosus 51 2 2 89 3 1 0

H.divaricatus 17 6 1 1 13 2 3

H.giganteus 17 6 1 0 12 0 0

H.grosseserratus 17 3 0 0 16 0 0

H.microcephalus 17 2 0 0 1 0 0

Cytogenetic ex am i na tions

Cytogenetic ex am i na tions of wild spe cies and interspecific hy brids are use ful for the de tec -
tion of prob lems and their sur pass ing. Cytogenetic meth ods are mostly used to an a lyze mei o sis
and de ter mine the num ber of chro mo somes and their mor phol ogy, reg u lar ity of microspo -
rogenesis and pol len vi a bil ity. (Atlagi}, 1989; Atlagi} & Terzi}, 2008). All wild spe cies used in the
interspecific pro gram were an a lyzed, and so were the F1 hy brids. The ob tained re sults have
shown that even though the an nual spe cies have the same chro mo some num ber as the cul ti vated
sun flower, there are some times dif fer ences in chro mo some struc ture (multivalents in diakinesis
of interspecific hybrid plants) (Terzi}, 2006).

The ge nome of pe ren nial dip loid spe cies is dif fer ent from the ones of an nual spe cies and
the cul ti vated sun flower, so their us age is ac com pa nied with many dif fi cul ties. Tetraploid and
hexaploid spe cies are dif fer ent from cul ti vated sun flower in chro mo some num ber and struc ture.
Interspecific hy brids ob tained from the crosses of these spe cies and the cul ti vated sun flower had
large ir reg u lar i ties like univalents and multivalents in diakinesis, «unincluded» chro mo somes in
metaphase and anaphase, as well as chro mo some bridges in anaphase and telophase. The con se -
quence of ir reg u lar mei o sis–microsporogenesis is low ered pol len vi a bil ity in interspecific hy -
brids, es pe cially F1 and BC1F1 gen er a tion in com par i son to the pa ren tal spe cies, and fre quent oc -
cur rence of ster ile plants (Atlagi}, 2004).

It should be pointed that the ma jor ity of au thors who stud ied the po ten tial of interspecific
hy brid iza tion used mor pho log i cal ob ser va tions, while a mi nor ity used cytogenetic anal y sis along
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with mor pho log i cal ob ser va tions. In the re cent pe riod, interspecific hy brids have to be con firmed 
with molecular markers.

Dif fi cul ties in interspecific hy brid iza tion

The most fre quent bar ri ers for interspecific hy brid iza tion ap pli ca tion are cross in com pat i -
bil ity (prezygotic and postzygotic - em bryo abortivity) and low ered fer til ity or com plete ste ril ity
of F1 and other early gen er a tions of interspecific crosses. Dif fer ences in ploidy, phylo gen etic or i -
gin and the tax o nomic classifiction of the wild spe cies rel a tive to the cul ti vated sun flower are the
causes of the aforementioned barriers.

Interspecific hy brid iza tion brings not only de sir able but also a large num ber of un de sir able
traits (branch ing, small head di am e ter etc.) (Atlagi}, 1986; Terzi}, 2006) and that is why it is nec -
es sary to back cross F1 interspecific hy brids with cul ti vated sun flower. Cytogenetic anal y ses of
BC1F1 hy brids have shown a large per cent age of ir reg u lar i ties in mei o sis, aneuploids, plants with
dif fer ent chro mo some num ber, and low ered pol len vi a bil ity (Atlagi} & [kori}, 1999). On the
other hand, de sir able genes are lost af ter sev eral back crosses with cul ti vated sun flower. That is
why it is nec es sary to an a lyze not only on cytogenetic but also on mo lec u lar level the pres ence of
wild spe cies ge nome in re la tion to the cul ti vated sun flower ge nome in interspecific hy brids
(Atlagi} et al., 2003).

Re sults of interspecific hy brid iza tion ap pli ca tion

Ap pli ca tion of interspecific hy brid iza tion in cul ti vated sun flower breed ing is the most sig -
nif i cant as pect of cre at ing hy brids re sis tant to eco nom i cally im por tant dis eases. Sources of re sis -
tance were most of ten pe ren nial wild spe cies. Nev er the less, fer til ity res to ra tion genes for CMS
(PET-1) were found in a large num ber of an nual spe cies (Marinkovi} and Atlagi}, 2007) as well as 
some new sources of CMS ([kori} et al., 1988). Among the an nual spe cies H.annuus and
H.petiolaris, some ac ces sions proved to be new sources of CMS (Atlagi} & Marinkovi}, 1998).

It should be em pha sized that the clas si cal hy brid iza tion method was used in sev eral thou -
sand crosses which re sulted in sun flower hy brids from the Novi Sad breed ing pro gram that con -
tain de sir able traits suc cess fully trans ferred from the wild species.
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DIVERGENCE OF EXPERIMENTAL ALFALFA POPULATIONS AS 
AFFECTED BY THE OBJECTIVE AND METHOD OF BREEDING

S. Kati}, D. Mili}, V. Mihailovi} and \. Karagi}
In sti tute of Field and Veg e ta ble Crops, Novi Sad

e-mail: katic@ifvcns.ns.ac.yu

Ab stract

A study was car ried out in which multivariate anal y sis of yield and qual ity was used to de -
ter mine the ge netic prox im ity/dis tance among 15 ex per i men tal pop u la tions of al falfa de vel oped
by dif fer ent se lec tion meth ods and with dif fer ent breed ing objectives in mind.

A dendrogram was con structed that di vided the pop u la tions into sev eral dis tinct groups.
The first group was com prised of good-qual ity pop u la tions that were mu tu ally dis tant. The sec -
ond group com prised pop u la tions (Oslava/05, Jitka/05 and Hana/05) de rived from va ri et ies from
Brno in the Czech Re pub lic, which were all found to be ge net i cally close, show ing how im por tant
the source pop u la tion is for di ver gence. The third group con sisted of va ri et ies com bin ing good
yield and qual ity with small ge netic dis tance. The ex per i men tal pop u la tions de vel oped from the
va ri et ies NS Banat ZMS II and Slavija had high yields of green for age and dry mat ter and were
ge net i cally quite di ver gent. Pop u la tions ob tained by selfing the va ri ety Orka (S2) were ge net i -
cally dis tant, in di cat ing that self-pol li na tion over sev eral gen er a tions can be used to in crease the
poly mor phism of al falfa germplasm. Selfing across a larger num ber of gen er a tions (S7), on the
other hand, re sults in the ma te rial be com ing more ho mog e nous, as in the case of ex per i men tal
pop u la tions 12515 and 162016.

Key words: Breed ing, di ver gence, ex per i men tal pop u la tions, ob jec tive, al falfa.

In tro duc tion

To in crease their mar ket com pet i tive ness, new al falfa va ri et ies must have im proved yields
of green for age and dry mat ter. Ac cord ingly, ma jor tar gets in al falfa breed ing are in creased yield
and qual ity of green for age and dry mat ter (Lamb et al., 2006; Ridey et al., 2002). To re al ize these
tar gets, var i ous breed ing meth ods and ge net i cally di ver gent ma te ri als are used in or der to de rive
ex per i men tal pop u la tions of al falfa which may serve as con stit u ents of fu ture syn thetic va ri et ies
or as par ents for cross ing and further breeding for desired characteristics.

Old va ri et ies and com mer cial va ri et ies from dif fer ent, geo graph i cally dis tant breed ing cen -
ters are used as source ma te rial. A broad range of breed ing meth ods are avail able, which are used 
in di vid u ally or are combined.

The al falfa be ing an autotetraploid spe cies, a large num ber of good com po nents (ex per i -
men tal pop u la tions) is needed for de vel op ing syn thetic al falfa va ri et ies. A small num ber of par -
ents causes in breed ing de pres sion (Hill et al., 1988), while too large a num ber causes ex ces sive
het er o ge ne ity in varieties (Stjepanovi} 1998).

When an a lyz ing com plex phe nom ena such as dry mat ter yield in al falfa, sev eral vari ables
must be taken into ac count. In this case, meth ods that fo cus on in di vid ual traits fail to pro duce
sat is fac tory re sults. Meth ods of multivariate anal y sis such as the multivariate anal y sis of vari ance, 
ca non i cal cor re la tion anal y sis, dis crim i na tion anal y sis, prin ci pal com po nents anal y sis, fac to rial
anal y sis, clus ter anal y sis or multivariate re gres sion are more con ve nient (Kendal, 1980).

Clus ter anal y sis is fre quently used. The con cept of clus ter ing is sub jec tive, and there are
many dif fer ent meth ods in use. A com mon char ac ter is tic of these meth ods is that they de fine
‘clus ter’ as a group with sim i lar if not iden ti cal dis tances from a cer tain value (Kendal, 1980).

Julier et al. (1996) ap plied clus ter anal y sis to es tab lish the ge netic prox im ity or dis tance be -
tween va ri et ies and pop u la tions of M. sativa ssp. sativa and M. sativa ssp. falcata. Their
dendrogram clearly showed a ge netic dis tance be tween M. sativa and M. falcata pop u la tions. Us -
ing hi er ar chi cal clus ter anal y sis to study gene flow within and be tween wild and cul ti vated al falfa
pop u la tions from Spain, Jenczewski et al., (1999) reg is tered clear dif fer en ti a tions be tween the
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wild and cul ti vated pop u la tions as well as a dif fer en ti a tion within the cul ti vated pop u la tions with
re spect to their quan ti ta tive traits.

The ob jec tive of this study was to de ter mine the ge netic prox im ity/dis tance among 15 ex -
per i men tal pop u la tions of al falfa de vel oped by dif fer ent se lec tion meth ods and orig i nat ing from
sev eral geo graph i cally dis tant breed ing cen ters us ing the multivariate anal y sis (clus ter anal y sis)
of yield and quality of these populations.

Ma te ri als and Meth ods

Most of the ex per i men tal pop u la tions re sulted from sin gle-step phenotypic se lec tion of 20
most lux u ri ant (high est yield ing) plants from com mer cial va ri et ies from France, Czech Re pub lic
and Ser bia. The ex per i men tal pop u la tions were named Luzelle /05, Meldor /05, Magda /05,
Morava /05, Hana /05, Vlasta /05, Oslava /05, Jitka /05, Slavija /03, Rasinka /03 NS Banaz ZMS II
/03. The name in di cated the orig i nal com mer cial va ri ety, while the in dexes in di cated the year of
se lec tion. Two ex per i men tal pop u la tions, Orca/ 00 and Orca /05, had been ob tained by in breed -
ing (S2) the va ri ety Orca. The experimenal pop u la tions 162016 and 12515 were ob tained by cross -
ing and in breed ing (S7) the va ri et ies Ver nal and Saranac from the U.S.

A field trial es tab lished in a ran dom ized block de sign with five rep li ca tions was con ducted
in dur ing the 2005-2007 pe riod. The ma te rial was planted in a dense stand and the size of the ex -
per i men tal unit was 5 m2. Three cuts were an a lyzed in the first year and five in the sec ond (2006)
and third (2007). The fol low ing yield com po nents were an a lyzed: the yields of green for age and
dry mat ter, plant height, and num ber and length of internodes. The fol low ing qual ity pa ram e ters
were an a lyzed: stem to leaf ra tio and con tents of crude pro teins, crude cel lu lose, fat, ash and
N-free ex tract (NFE). The clus ter ing of the ex per i men tal pop u la tions in the dendrogram was
based on all the traits an a lyzed.

A two-fac to rial anal y sis of vari ance was ap plied (fac tor A - va ri ety, fac tor B - year). Dif fer -
ences among the pop u la tions were de ter mined by the LSD test.

Dry mat ter qual ity was as sessed on the ba sis of chem i cal anal y ses of crude pro teins, crude
fi bers, ash and fat. Chem i cal anal y ses were per formed in the Lab o ra tory of Agroecology of In sti -
tute of Field and Veg e ta ble Crops, us ing con ven tional meth ods. Stan dard de vi a tions (d) were cal -
cu lated for the qual ity com po nents. The val ues above and un der the av er age ones for stan dard
de vi a tion were con sid ered to be sig nif i cant.

Re sults and Dis cus sion

The ex per i men tal pop u la tions dif fered sig nif i cantly in yield and yield com po nents dur ing
the study pe riod (Table 1).

The ex per i men tal pop u la tions Banat /03 and Slavija /03 had the high est yields of green for -
age and dry mat ter. The ex per i men tal pop u la tions Banat /03 and Vlasta /05 had tall plants, i.e., an
in creased num ber of long internodes. The pop u la tions de rived from the va ri et ies Orca, Luzelle,
Slavija, and Meldor were dis tin guished by a high pro por tion of leaves (Table 1).

The pro por tion of leaves in the yield is an in di ca tor of qual ity since leaves con tain more
pro teins than stems (Michaud et al., 2001; Katic et al., 2005 a). How ever, the pro por tion of leaves
is neg a tively cor re lated with the yields of green for age and hay in al falfa (Julier et al., 1997). Also,
the con tent of crude pro teins is neg a tively cor re lated with the yield of green for age (Kati} et al.,
2005 b).

Crude pro tein con tents higher by one stan dard de vi a tion unit (> d) than the av er age of the
trial were reg is tered in the pop u la tions Meldor /05, Oslava /05, 12515 and Jitka /05 (Ta ble 2).

Crude cel lu lose con tent is neg a tively cor re lated with qual ity, i.e., di gest ibil ity (Julier et al.,
2001). Crude cel lu lose con tents lower by one stan dard de vi a tion unit (< d) were found in the pop -
u la tions Meldor /05 and 12515. The av er age crude ash con tent was 89.8 g kg-1, and those in the
pop u la tions Orca /00, Luzelle /05, 12515 and Banat /05 were higher by one stan dard de vi a tion
unit. Fatty sub stances were low in dry mat ter. In creased con tents were ob served in the pop u la -
tions from the va ri et ies Oslava, Hana and Meldor. Sig nif i cantly high con tents of NFE in dry mat -
ter were reg is tered in the pop u la tions Vlasta /05 and Slavija /03 (Ta ble 2).
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Ta ble 1. Yield and yield com po nents of ex per i men tal al falfa pop u la tions dur ing 2005-2007 

Origin
Experimental
populations

Forage
yield 
(t/ha)

Hay
 (t/ha)

Plant
height
(cm)

Portion 
of leaves

(%)

Internode
number

Internode
length
(cm)

France

Orca /00 64.31 15.33 54.1 53 11 4.8

Luzelle /05 69.33 16.08 58.1 53 11 5.1

Meldor /05 67.37 15.06 59.3 53 12 5.0

Orka /05 69.97 15.64 57.5 51 11 5.1

USA
162016 71.96 15.88 60.3 52 11 5.2

12515 71.41 15.46 56.6 51 11 5.0

Serbia

NS Banat /03 73.87 17.04 62.5 51 12 5.4

Slavija /03 74.52 16.14 57.5 53 12 5.1

Rasinka /03 66.12 13.75 58.2 52 12 5.0

Czech
Republic

Magda /05 70.95 15.14 58.2 52 12 5.0

Morava /05 71.77 15.56 56.1 51 11 5.3

Vlasta /05 68.01 15.55 61.6 49 12 5.4

Hana /05 68.28 15.13 59.1 49 12 4.9

Oslava /05 69.56 15.54 59.7 50 11 5.3

Jitka /05 71.01 15.57 58.8 47 11 5.6

Average 69.89 15.52 58.5 51 11 5.2

CV % 7.9 8.4 5.1 1.3 7.4 5.2

LSD 0.05
0.01

3.96
5.22

0.94
1.25

2.5
2.8

0.5
0.7

0.6
0.8

0.2
0.3

Ta ble 2. Chem i cal com po si tion of the sec ond cut of 15 ex per i men tal al falfa pop u la tions (2006)

Origin
Experimental
populations

Crude
proteins 
(g kg-1)

Crude Fiber
(g kg-1)

Oil 
(g kg-1)

Mineral
Substances (g 

kg-1)

NFE 
(g kg-1)

France

Orca /00 229.1 208.2 24.7 94.9 443.1

Luzelle /05 232.3 210.1 14.6 94.8 448.2

Meldor /05 256.0 192.6 26.8 93.2 431.4

Orka /05 239.2 207.3 22.0 88.6 442.9

USA
162016 241.4 210.9 21.6 88.8 437.3

12515 252.7 203.6 12.3 95.6 435.8

Serbia

NS Banat /03 228.8 215.9 17.2 94.1 444.0

Slavija /03 232.4 219.8 14.0 83.1 450.7

Rasinka /03 237.9 209.6 17.0 87.9 447.6

Czech
Republic

Magda /05 240.3 213.9 15.3 88.1 442.4

Morava /05 229.7 224.8 13.9 85.3 446.3

Vlasta /05 224.3 220.5 12.7 91.1 451.4

Hana /05 246.6 211.7 26.6 87.9 427.2

Oslava /05 255.3 205.6 31.2 89.3 418.6

Jitka /05 251.6 216.8 23.7 84.1 423.8

Mean 239.8 211.4 19.6 89.8 439.4

 d2 110.7 62.1 36.3 16.2 101.9

D 10.5 7.9 6.03 4.0 10.1
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Clus ter anal y sis was used to con struct a dendrogram based on the de gree of sim i lar ity
among the ex per i men tal pop u la tions (Figure 1).

Fig ure 1. Clas si fi ca tion of 15 al falfa pop u la tions based on clus ter anal y sis of yield and qual ity traits

The first group in cluded ex per i men tal pop u la tions which tended to con trib ute to for age
qual ity and which were quite dis tant (dis tances > 1). The dis tance in di cated their ge netic di ver -
gence and ap pli ca bil ity for de vel op ing high qual ity syn thet ics or for cross ing to ob tain new pop u -
la tions with im proved qual ity. The group com pris ing the pop u la tions de rived from the va ri et ies
from Brno, Oslava /05, Jitka /05 and Hana /05 was ge net i cally close, point ing out the im por tance
of source pop u la tions for di ver gence among al falfa ge no types. How ever, the prox im ity of these
ex per i men tal pop u la tions might be due to the ap pli ca tion of one-cy cle phenotypic se lec tion in
their de vel op ment, in di cat ing that the ef fec tive ness of this se lec tion method in al falfa breeding is
relatively modest, especially if the one-cycle variant is used (Figure 1).

The third group in the dendrogram con sisted of pop u la tions which com bined good yield
and qual ity and which were not dis tant. How ever, these pop u la tions had been de vel oped by dif -
fer ent se lec tion meth ods from a va ri ety of source pop u la tions (all de vel oped in dif fer ent breed -
ing cen ters around the world) and were there fore ex pected to pos sess sig nif i cant ge netic di ver -
gence. The ex per i men tal pop u la tions de vel oped from the va ri et ies NS Banat ZMS II and Slavija
had high yields of green for age and dry mat ter and were ge net i cally quite di ver gent. Thus, they
can be used as com po nents in de vel op ing al falfa syn thet ics with an in creased yield of dry matter
(Figure 1).

The pop u la tions ob tained by selfing the va ri ety Orka (S2) were ge net i cally dis tant, in di cat -
ing that self-pol li na tion over sev eral gen er a tions can be used to in crease the poly mor phism of al -
falfa germplasm. Selfing across a larger num ber of gen er a tions (S7), on the other hand, re sults in
the ma te rial be com ing more ho mog e nous, as in the case of the ex per i men tal pop u la tions 12515
and 162016.

Con clu sions

The ex per i men tal pop u la tions Meldor /05, Oslava /05, 12515 and Jitka 05 had ex cel lent
qual ity and rep re sented a valu able source of genes for qual ity. The ex per i men tal pop u la tions
Morava /05, Magda /05, Luzelle /05, Orca /05 12515 and 162016 com bined in them selves both
genes for qual ity and genes for yield per for mance. The high-yield ing va ri et ies NS Banat ZMS II
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and Slavija were shown to be de sir able sources for breed ing for in creased yields of green forage
or dry matter.

The geo graphic or i gin of the source pop u la tion and the breed ing ob jec tive are im por tant
for ob tain ing di ver gent ex per i men tal pop u la tions. In breed ing source pop u la tions is the short est
way for ob tain ing di ver gent experimental populations.
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GENETIC DIVERSITY, COMBINING ABILITY AND 
HETEROSIS IN MAIZE INBRED LINES
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Maize Re search In sti tute „Zemun Polje“, Slobodana Baji}a 1, Bel grade, Ser bia
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Ab stract

The goal of this study was to in ves ti gate the re la tion ship be tween com bin ing abil ity and
heterosis with ge netic dis tance among maize in bred lines based on mo lec u lar mark ers. A diallel
cross be tween six maize in bred lines was car ried out to es ti mate ge netic pa ram e ters for grain
yield and de ter mine the heterosis and com bin ing abil i ties of the inbreds and their crosses. The
clus ter anal y sis based on ge netic dis tance for RAPD data clasiffies in bred lines into two principial 
heterotic groups. The cor re la tion be tween ge netic dis tance and heterosis as well as and com bin -
ing abil ity was pos i tive, mid dle and sig nif i cant. Re sults of this study in di cate that RAPD mark ers
can be used for ge netic di ver gence anal y sis of maize in bred lines, al though their use for pre dic -
tion of combinig abil ity and heterosis is still lim ited.

Key words: com bin ing abil ity, ge netic dis tance, heterosis, maize

In tro duc tion

Pre dic tion of hy brid per for mance has been of pri mary in ter est to es sen tially all hy brid
breed ing programmes. Breed ers have been in ter ested in choos ing the pa ren tal lines, which would 
re sult in heterotic com bi na tion with out nec es sar ily mak ing all pos si ble crosses among the po ten -
tial par ents. The var i ous meth ods em ployed to pre dict heterosis can be grouped into (i) per se
per for mance, (ii) com bin ing abil ity and (iii) ge netic di ver sity. The past lim i ta tions as so ci ated
with ped i gree data and mor pho log i cal, phys i o log i cal and cy to log i cal mark ers for as sess ing ge -
netic di ver sity have largely been cir cum vented by the de vel op ment of mo lec u lar mark ers.

Mo lec u lar mark ers have been used to an a lyze the ge netic re la tion ships among maize in -
bred lines and to ex am ine the re la tion ship be tween marker-based GD and heterosis (Ajmone
Marsan et al., 1998; Melchinger et al., 1990; Shiel & Thseng, 2002; Reif et al., 2003; Xu et al., 2004;
Mohammadi et al., 2008) and com bin ing abil ity (Lee et al., 1989; Parentoni et al., 2001; Srdi} et
al., 2006, Balestre et al., 2008) in maize. While sig nif i cant cor re la tions be tween hy brid per for -
mance and marker di ver gence of pa ren tal lines were de tected in sev eral stud ies, the level of cor -
re la tions var ied widely from one re port to an other de pend ing on the germplasm ana lysed.

The ob jec tive of this study was to es ti mate ge netic di ver sity among set of in bred lines and
its re la tion ship with com bin ing abil ity and heterosis.

Ma te ri als and Meth ods

Three in bred lines re lated with BSSS (ZPL 142, ZPL 680 and ZPL 357) and three with
non-BSSS ge netic back ground (ZPL 257, ZPL 17/5, and ZPL 173) were crossed to gen er ate
diallel set of progenis. Par ent in bred lines, 30 F1 crosses with reciprocial¢s, were in cluded in a ran -
dom ized com plete block de sign with four rep li ca tions in two den si ties (44.640 and 64.935
plants/ha-1) at lo ca tion Zemun Polje in two years. An anal y sis of vari ance, gen eral and spe cific
com bin ing abil ity for grain yield was cal cu lated ac cord ing to Griffing’s (1956) with diallel anal y sis 
soft ware of Bur row & Coors, (1994).The genomic DNA was iso lated from in bred lines fol low ing
the pro to col of Saghai and Maroof et al., (1984) and RAPD anal y ses was per formed us ing mod i -
fied pro to col of Wil liams et al., (1990). Ge netic dis tance be tween all pairs of lines was cal cu lated
us ing the Jaccard’s co ef fi cient. Dis tances were vi su al ized us ing a dendogram cre ated us ing the
UPGMA al go rithm (NTSYS-pc soft ware, Rohlf, 2000).

Re sults and Disscussion

Both GCA and SCA for grain yield were sig nif i cant in both plant den si ties and years (Ta -
ble 1). Higer value of SCA pointed out that yield is mainly controled by non-ad di tive gene ac tion
in F1 crosses. In gen eral, in bred lines ZPL 357 shows the best GCA val ues in fa vor able con di -
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tions. In the same time ZPL 357 pro vided the high est grain yield per se in both den si ties, as well as 
years.

Ta ble 1. GCA (di ag o nal) and SCA ef fects (above di ag o nal) for grain yield

Inbred density year ZPL142 ZPL275 ZPL680 ZPL17/5 ZPL357 ZPL173

ZPL142 44,640 1 0.521* 1.947* 0.852* 1.543* -1.783* 1.447*

2 0.010 2.249* 0.508 1.931* -0.710* 2.053*

64,935 1 0.698* 1.624* 1.084* 2.036* -2.005* 1.807*

2 0.322 2.149* 0.254 2.466* -1.478* 2.186

ZPL 275 44,640 1 -0.331* 0.464 -0.009 1.122* 0.189

2 0.286* 0.879* 1.289* 1.856* 1.217*

64,935 1 -0.345* 1.148* -1.064* 1.698* -0.353*

2 0.217 0.616 0.120 1.450* 1.289*

ZPL680 44,640 1 0.586* 1.772* 0.643* 0.938*

2 -0.096 1.218* 2.401* 1.693*

64,935 1 0.032 1.055* -0.362 1.535*

2 -0.041 2.283* 1.432* 1.593*

ZPL17/5 44,640 1 -0.554* 0.400 -1.479*

2 -0.599* 1.385* -0.650*

64,935 1 -0.677* 1.491* -1.534*

2 -0.678* 1.223* -0.881*

ZPL357 44,640 1 -0.066 1.865*

2 0.608* 1.575*

64,935 1 0.315* 1.893*

2 0.460* 2.679*

ZPL173 44,640 1 -0.156

2 -0.209

64,935 1 -0.022

2 -0.280

The high est heterosis for yield was de tected in the com bi na tion ZPL 17/5 x ZPL 680 while
the low est one was de ter mined in the com bi na tion ZPL 142 x ZPL 357 (Ta ble 2). The de gree of
heterosis de pends on the rel a tive per for mance of in bred par ents and the cor re spond ing hy brids.

Ta ble 2. The grain yield heterosis (above di ag o nal, %) and GD (be low di ag o nal)

genotype ZPL142 ZPL 275 ZPL 680 ZPL 17/5 ZPL 357 ZPL 173

ZPL142 127.44 123.57 123.76 50.66 119.41

ZPL 275 0.64 134.54 88.10 92.86 101.45

ZPL 680 0.58 0.63 144.84 89.86 141.84

ZPL 17/5 0.63 0.57 0.60 75.39  59.25

ZPL 357 0.50 0.62 0.61 0.62 103.52

ZPL 173 0.66 0.54 0.65 0.48 0.65

Ten RAPD prim ers from Genosys Biotechnologies were used to am plify frag ments from
the DNA tem plates of six in bred lines. A to tal of 42 frag ments of dif fer ent mo lec u lar weight were
scored from which 71% was poly mor phic. The av er age num ber of al leles per lo cus was 5.2, rang -

213

Cross-pollinated crops
Ge netic Re sources and Prebreeding

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



ing from 4 to 8. The es ti mated mean ge netic dis tance based on RAPD mark ers was 0.6, rang ing
from 0.48 to 0.66, Ta ble 2. The low est ge netic dis tance as well the low est grain yield and SCA
value was es tab lished be tween in bred lines ZPL 173/3 and ZPL 17/5.

Fig ure 1. Dendogram based on GD from RAPD data

The clus ter anal y sis based on ge netic dis tance com puted from RAPD data clas si fies six in -
breeds into two prin ci pal heterotic groups. The first group en com passes in breeds non- re lated to
BSSS germplasm and the sec ond group con sists of in breeds re lated to BSSS germplasm (Fig.1).
Clus ter ing was found to be fairly con sis tent with known ped i gree relationships.

Ta ble 3. Spearman’s rank cor re la tion co ef fi cient be tween SCA and GD (rs1) and heterosis and GD (rs2)

Densities Years rs1 rs2

44,640 plants ha-1 Y1 0,74** 0,56*

Y2 0,72** 0,56*

64,935 plants ha-1 Y1 0,86** 0,79**

Y2 0,74** 0,54*

Ge netic dis tance was pos i tively cor re lated with SCA and heterosis in all en vi ron ments.
Higher cor re la tion was es ti mated in higher den sity for both years, ex cept for cor re la tions be -
tween heterosis and GD in year 2 (Ta ble 3.). Sim i lar re sults have been found in other pub lished
stud ies (Melchinger et al., 1990; Ajmone Marsan et al., 1998; Lee et al., 1989; Drini} et al., 2002;
Betran et al., 2003; Mohammadi et al., 2008; Balestre et al., 2008)

Con clu sion

Both GCA an SCA con trib uted to the high yields in these F1 hy brids. The level of ge netic
di ver sity in this set of lines was high with an av er age 5.2 al leles per lo cus and a range from 4 to 8.
Pos i tive and sig nif i cant cor re la tion were found be tween GD and SCA and heterosis, al though in
gen eral these val ues were low to be of prac ti cal pre dic tive value. Clus ter ing of lines based on the
D showed re la tion ship fairly con sis tent with know ped i gree re la tion ships.
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CORE COLLECTION OF BROOMCORN (Sor ghum bicolor (L.) Moench)
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Ab stract

From the broomcorn germplasm that is col lected and main tained at the In sti tute of Field
and Veg e ta ble Crops in Novi Sad and in cludes 450 ge no types, a core col lec tion was sep a rated.
First, strat i fi ca tion was car ried out based on the most im por tant ag ro nomic and tech no log i cal
char ac ters such as stalk height and fi ber length, and then from each group ge no types were se -
lected pro por tional to group height and in for ma tion on or i gin as well as mea sure ments of quan ti -
ta tive traits. The core col lec tion es tab lished in this man ner num bered 54 ge no types, rep re sent ing
12% of the ba sic col lec tion. The core was com pared with the ba sic col lec tion for the vari a tion of
13 quan ti ta tive traits. De pend ing on the trait, the core col lec tion var ied by 68–100% rel a tive to
the ba sic col lec tion and can be rep re sen ta tively used in sor ghum breed ing pro grams.

Key words: ba sic col lec tion, broomcorn , core col lec tion.

In tro duc tion

Sor ghum is one of the first do mes ti cated plants with a broad re gion of grow ing, which is the
main cause for the di ver si fi ca tion of a few ag ro nomic types. Broomcorn is pri mar ily grown for its
pan i cles, which serve as a raw ma te rial in the man u fac tur ing of corn brooms. Ser bia could be con -
sid ered as the most sig nif i cant world pro ducer of broomcorn and corn brooms.

The con cept of core col lec tion was first pro posed by Frankel (1984). Fur ther de ter mi na tion 
of this con cept sug gests that a core col lec tion in cludes a lim ited num ber of sam ples orig i nat ing
from the ex ist ing germplasm col lec tion, se lected to rep re sent the ge netic spec trum of the whole
col lec tion (Frankel & Brown, 1984; Brown, 1989a, 1995). The reg u larly formed core cov ered
about 70% of the al leles spread in the ini tial gene pool (Brown, 1989b). Brown (1989a) sug gests
that the first step in core form ing is the de ter mi na tion of groups in the ba sic col lec tion us ing geo -
graphic re gion or some im por tant quan ti ta tive char ac ter is tics. In the sec ond phase, ge no types are 
se lected from each group for the core. The num ber of se lected ge no types de pends on the vol ume
of the core and can be de ter mined us ing con stant, pro por tional or logaritmic meth ods.

Ma te rial and Meth ods

The broomcorn col lec tion of the In sti tute of Field and Veg e ta ble Crops in Novi Sad in -
cludes 450 ge no types and by its vol ume and struc ture rep re sents a world col lec tion. The col lec -
tion con sists of land races, for mer and con tem po rary va ri et ies, and breed ing ma te rial. The ge no -
types orig i nate from 19 coun tries rep re sent ing all world re gions where broomcorn is grown. Core
col lec tion formating in cluded in for ma tion on or i gin as well as mea sure ments of quan ti ta tive
traits, which was done in 2006.

The broomcorn core col lec tion was made by the pro por tional hi er ar chi cal method
(Hintum, 1995; Hintum et al., 2000). By this method, the whole germplasm is di vided into three
groups based on stalk height: Eu ro pean short, Amer i can short, and tall (Berenji, 1990). The three 
groups are fur ther sub di vided into sub groups based on fi ber length. Stalk height is the most im -
por tant ag ro nomic trait, be cause its in flu ence on man ual har vest ing and fi ber length di rectly in -
flu ences pro duc tion and qual ity of corn brooms. The core col lec tion is formed by se lect ing ge no -
types from all sub groups pro por tion ally to their geo graphic dis tri bu tion and size of groups. Ge -
no types with ex treme val ues are in cluded in the core col lec tion, al though they have low fre -
quency. The con sis tency of ge netic vari abil ity is tested by com par ing vari abil ity and range ra tio in 
the ba sic and core col lec tions.

Re sults and Dis cus sion

In the sor ghum world col lec tion at ICRISAT, which num bers 22 473 ge no types, the core
collecton is formed on the ba sis of photoperiodic sen si tiv ity and geo graphic or i gin (Garnier et al., 
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2001a) by com par ing three ran dom sam pling strat e gies (Garnier et al., 2001b). The vari abil ity of
dif fer ently sized broomcorn col lec tions was ex am ined in our ear lier ex per i ments (Berenji, 1990;
Sikora, 2005; Berenji and Sikora, 2006). Diwan et al. (1995) re ported that when they formed the
core col lec tion of Medicago sp., the core that con sisted of 5% and 10% ge no types cov ered less
than 62% of vari abil ity of the com plete col lec tion. Ac cord ing to their re sults, use of the pro por -
tional method caused larger dif fer ences in range be tween the ba sic and core col lec tions.

In our ex per i ment, the core col lec tion con sisted of 54 ge no types that cov ered 12% of the
ba sic col lec tion. The range ra tio be tween the ba sic and core col lec tions var ied from 68% for the
num ber of fi bers per pan i cle to 100% for plant height, pan i cle length, fi ber length and flag leaf
sheath length. On the ba sis of re sults in Ta ble 1, it can be con cluded that the pro por tional method
was ap pro pri ate for mak ing broomcorn core col lec tion which fully rep re sented phenotypic vari -
abil ity inside the germplasm of 450 genotypes.

Ac cord ing to ear lier ex am i na tion (Narkhede et al., 2000; Singh et al., 2001; Kadam et al.,
2001), ge netic di ver sity of sor ghum germplasm does not de pend on geo graphic di ver sity. The
core col lec tion group of Eu ro pean short ge no types in cludes ma te rial that orig i nated from dif fer -
ent cen ters, in clud ing Amer i can and Asian ones. The sit u a tion is the same with Amer i can short
and tall broomcorns. Based on this data, it can be conclud that a core col lec tion formed on the ba -
sis of quan ti ta tive traits is more rep re sen ta tive than a core formed on the basis of geographic
data.

Ta ble 1. Mean val ues, stan dard de vi a tions and range of quan ti ta tive traits for ba sic col lec tion and core
col lec tions of broomcorn.

Trait
Basic collection Core collection Range ratio

(%)X ± sx Range X ± sx Range

Components of plant height

Plant height (cm) 240.0±2.88 95-397 236.2±3.02 95-397 100

Stalk height (cm) 146.0±2.75 32-301 143.0±2.91 35-301 98

Panicle length (cm) 87.5±0.46 49-123 93.3±0.64 49-123 100

Fiber length (cm) 61.0±0.52 31-96 59.8±0.48 31-96 100

Length of peduncle (cm) 33.1±0.38 14-54 33.4±0.40 14-52 95

Flag leaf sheath length
(cm)

44.2±0.24 34-52 44.0±0.22 34-52 100

Panicle exsertion (cm) -11.1±0.38 -31-+11 -10.1±0.36 -31-+10 95

Components of panicle yield and quality

Untreshed panicle (g) 73.4±1.05 30-138 73.2±1.03 30-107 80

Treshed panicle (g) 21.4±0.31 6-46 20.4±0.28 6-36 75

Seed mass (g) 52.3±0.88 16-114 51.3±0.78 3-87 86

Randament of panicle (g) 29.2±0.44 13-50 28.2±0.41 17-45 76

Number of fiber 58.7±0.53 31-90 58.6±0.52 38-78 68

Fiber fineness [(g/m) 1000] 483±5.38 261-742 473±4.89 276-650 78

Com par a tive fre quency of ge no types in ba sic and core col lec tions of broomcorn is pre -
sented in Ta ble 2 for com po nents of plant height and in Ta ble 3 for com po nents of pan i cle yield
and qual ity. As can be seen, the core in cludes all groups of ge no types that can be found in the ba -
sic col lec tion.
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Ta ble 2. Fre quency (%) of ge no types for com po nents of plant height in the base and core col lec tions (un -
der line bold) of broomcorn.

Plant height (cm)

Very short <30 Short 130-200 Medium 200-280 Tall 280-350 Very tall >350 

1.9 3.7 39.5 33.3 21.4 35.2 16.6 14.8 14.6 13.0

Stalk height (cm)

European short <80 American short 80–150 Tall >150 

27.4 27.8 32.5 35.2 40.1 37.0

Panicle length (cm) 

Very short <60 Short 60–80 Medium 80–100 Long 100–120 Very long >120 

0.6 1.9 17.8 18.5 42.0 48.1 38.8 29.6 0.6 1.9

Peduncle length (cm)

Very short <25 Short 25–35 Medium 35–45 Long >45 cm

19.1 18.5 45.9 40.7 25.5 35.2 9.5 5.6

Fiber length (cm)

Very short <45 Short 45–60 Medium 60–75 Long >75

14.6 13.0 33.8 40.7 35.0 35.2 16.6 11.1

Flag leaf sheath length (cm)

Very short <40 Short 40–45 Medium 45–50 Long >50 

12.7 13.0 52.9 53.7 29.9 27.7 4.5 5.6

Panicle exsertion (cm)

Negative <0 cm Positive >0 cm

87.3 83.3 12.7 16.7

Ta ble 3. Fre quency (%) of ge no types for com po nents of pan i cle yield and qual ity in the base and core col -
lec tions (un der lined) of broomcorn.

Mass of unthreshed panicle (g)

Very short <40 Short 40–60 Medium 60–80 Tall 80–100 Very tall >100 

2.5 5.6 18.5 18.5 44.6 40.7 30.6 27.8 3.8 7.4

Mass of threshed panicle (g) 

Very short <10 Short 10–17 Medium 17–24 Tall 24–30 Very tall >30

3.8 3.7 33.1 29.6 32.5 40.7 19.1 14.8 11.5 11.2

Seed mass per panicle (g)

Very short <20 Short 20–40 Medium 40–60 Tall 60–80 Very tall >80

1.3 3.7 19.1 22.2 54.1 48.1 21.0 20.4 4.5 5.6

Randament of panicle (%)

Short <20 Medium 20–30 Tall >30 

14.7 22.2 43.9 38.9 41.4 38.9

Number of fibers per panicle

Very short <50 Short 50-60 Medium 60-70 Tall >70

12.1 16.7 47.1 40.7 30.6 25.9 10.2 16.7

Fiber fineness [(g/m) 1000]

Short <400 Medium 400–500 Tall 500–600 Very tall >600

20.4 22.2 35.0 37.0 34.4 31.5 10.2 9.3
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STUDY OF AMINO ACID COMPOSITION OF WINTER VETCH 
(V. villosa Roth.) DEPENDING ON SOME MAJOR CULTURAL FACTORS

Nataliya Georgieva, Todor Kertikov
In sti tute of For age Crops, 89 Gen eral Vladi mir Vazov Street, 5800 Pleven, Bul garia

E-mail: imnatalia@abv.bg

Ab stract

With the pur pose of study ing the amino acid com po si tion of win ter vetch va ri ety Asko 1
grown in the con di tions of dif fer ent sow ing dates (20-25 Sep tem ber, 5-10 Oc to ber, 20-25 Oc to ber, 
5-10 No vem ber) and rates of ni tro gen fer til iz ing (0, 30, 60 and 90 kg ha-1), dur ing the 2001-2004
pe riod a two-fac tor field trial was car ried out at the In sti tute of For age Crops, Pleven. It was
found that the sow ing date and ni tro gen fer til iz ing as cul tural fac tors had ef fect on the amino acid
syn the sis in win ter vetch grain. The fer til iz ing ef fect was not uni di rec tional. The in creas ing rates
of ni tro gen fer til iz ing re sulted in a de crease of bi o log i cal pro tein value and con tent of most amino 
ac ids. An ex cep tion was ob served for glutamic acid, threonine, serine, glycine and lysine, the
max i mum of which was reached when ap ply ing ni tro gen at the dose of 60 kg ha-1. Con sid er ation
of the in de pend ent ef fect of the sow ing date fac tor showed that the amino acid ac cu mu la tion in
the vetch grain was high est for sec ond or third date (ex cept for glutamic acid and cystine), these
dates be ing dis tin guished for lower tem per a ture sup ply and rain fall.

The syn the sis of glutamic acid, as par tic acid, cystine, methionine, lysine, leucine, arginine,
proline, glycine, alanine and ty ro sine in the win ter vetch grain was in flu enced more strongly by
the sow ing date and the syn the sis of valine, phenylalanine, isoleucine, histidine and serine by the
ni tro gen fer til iz ing. The only amino acid, the syn the sis of which was in flu enced equally strongly
by both stud ied fac tors was threonine.

Key words: amino ac ids, fer til iz ing, win ter vetch.

In tro duc tion

An im por tant part of breed ing and cul tural re search work is to im prove the chem i cal com -
po si tion of grain. That con cerns mainly the con tent of pro teins, fat, amino ac ids and vi ta mins de -
ter min ing its bi o log i cal value as a for age. The dif fer ences in grow ing of a stand, namely den sity,
fer til iz ing with ni tro gen fer til iz ers and ir ri ga tion, on the one hand and eco log i cal fac tors, on the
other hand, con di tion the di rec tion of metabolitic pro cesses in the plant and hence the amino acid 
ac cu mu la tion in the grain in par tic u lar. The vari a tions in the en vi ron men tal con di tions, such as
light, tem per a ture and mois ture of soil and air dur ing the 24-hour pe riod, as well as dur ing the
grow ing sea son, cause pro found changes in ac tiv ity and na ture of en zyme ef fect, so in the whole
me tab o lism (Tosheva & Marinov, 1989).

For the con di tions of Bul garia there are stud ies on the ma jor fac tors hav ing ef fect on the
amino acid com po si tion in maize (Tosheva & Marinov, 1989), grasses (Pav lov, 2002), for age pea
(Petkova & Pav lov, 2007), etc. Sim i lar stud ies have not been con ducted in win ter vetch.

The ob jec tive of this study was to in ves ti gate the amino acid com po si tion of win ter vetch
grown at dif fer ent rates of fer til iz ing and sow ing dates.

Ma te ri als and Meth ods 

Dur ing the 2001-2004 pe riod in IFC, Pleven a two-fac tor field trial was car ried out by the
split plot method, with four rep li ca tions of the vari ants and a size of re cord plot of 10 m2. The de -
grees of A fac tor (sow ing date) were ar ranged in the big plots: A1 – 20-25 Sep tem ber; A2 – 5-10
Oc to ber; A3 – 20-25 Oc to ber; A4 – 5-10 No vem ber and the de grees of T fac tor (fer til izer rate in
kg ha-1) were in the small plots: T0 – N0; T1 – N30; T2 – N60; T3 – N90. The ni tro gen fer til izer
(NH4NO3) was ap plied in early spring and phos pho rus (Ca(H2PO4)2.H2O) and po tas sium (KCl)
fer til iz ers were ap plied be fore ba sic soil cul ti va tion at the dose of 60 and 40 kg/ha, re spec tively.
Grain sam ples were taken from all ex per i men tal vari ants to per form an amino acid anal y sis. An
au to mated amino an a lyzer was used. Win ter vetch (V.villosa) rep re sented by the only reg is tered
va ri ety in Bul garia Asko 1 was stud ied.
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Re sults and Dis cus sion

The amino acid con tent in the grain of win ter vetch va ri ety Asko 1 is pre sented in Ta ble 1.
The av er aged val ues ac cord ing to fer til iz ing rates showed that the ef fect of fer til iz ing fac tor was
not uni di rec tional. The in creas ing lev els of ni tro gen fer til iz ing re sulted in a de crease of the con -
tent of most amino ac ids. An ex cep tion was ob served for glutamic acid, threonine, serine, glycine
and lysine, the max i mum of which was reached in vari ant T2 (N60). Sim i lar re la tion was re ported
by Pav lov (1996) in maize and sun flower. Con sid er ing the in de pend ent ef fect of the sow ing date
fac tor it was found that the amino acid ac cu mu la tion in the vetch grain was high est for sec ond or
third date (ex cept for glutamic acid and cystine), these dates be ing dis tin guished for lower tem -
per a ture and rain fall sup ply. On av er age for the three-year ex per i men tal pe riod the ef fec tive
tem per a ture sums from first to last sow ing date de creased by 10.3, 11.5 and 20.8%, re spec tively
and rain fall amount by 13.6, 19.6 and 38.5%, re spec tively.

Ta ble 1. Amino acid con tent in the grain of win ter vetch va ri ety Asko 1 at dif fer ent sow ing dates and fer -
til iz ing rates, g 100g pro tein-1

Amino acids
20-25 September 5-10 October 20-25 October 5-10 November

TO T1 T2 T3 TO T1 T2 T3 TO T1 T2 T3 TO T1 T2 T3

Aspartic acid 12.05 11.56 11.75 11.84 11.70 11.27 11.68 11.33 11.72 11.80 11.79 12.31 12.19 11.84 11.39 11.71

Threonine 3.36 3.33 3.53 3.55 3.53 3.39 3.45 3.41 3.26 3.38 3.40 3.44 3.34 3.22 3.41 3.34

Serine 2.54 3.33 3.08 3.02 2.75 2.73 3.18 3.57 2.89 3.52 3.37 3.38 3.25 3.02 3.30 3.35

Glutamic acid 19.10 20.83 20.19 18.49 16.09 16.07 20.76 20.97 19.20 20.35 19.58 20.43 20.34 20.96 21.07 21.37

Proline 4.25 4.47 4.12 3.99 4.33 4.56 4.32 4.46 5.07 4.93 4.90 4.67 4.59 4.26 4.36 4.08

Cystine 1.02 0.59 1.07 0.83 0.84 0.63 0.88 0.59 0.57 0.40 0.52 0.56 0.59 0.70 0.47 0.89

Glycine 3.44 4.34 3.94 3.32 2.84 3.18 3.72 3.99 3.97 4.18 4.31 4.56 4.21 4.25 4.28 4.06

Alanine 4.53 4.40 4.47 4.76 5.10 5.33 4.32 4.29 4.40 4.14 4.29 4.25 4.29 4.45 4.32 4.31

Valine 5.42 5.15 5.39 5.59 5.95 6.09 5.20 5.10 5.53 5.15 5.32 5.60 5.44 5.70 5.66 5.31

Methionine 0.74 0.42 0.49 0.73 0.87 0.83 0.34 0.39 0.42 0.19 0.53 0.21 0.29 0.23 0.23 0.21

Isoleucine 4.90 4.50 4.72 5.03 5.32 5.38 4.49 4.39 4.67 4.41 4.58 4.50 4.49 4.51 4.48 4.41

Leucine 8.24 7.77 7.91 8.34 8.73 8.81 7.71 7.66 7.91 7.72 7.88 7.69 7.72 7.73 7.71 7.61

Tyrosine 1.75 1.68 1.63 1.84 1.98 2.04 1.75 1.83 1.86 1.72 1.88 1.83 1.83 1.92 1.74 1.84

Phenylalanine 4.47 4.47 4.45 4.58 4.75 4.78 4.42 4.47 4.59 4.40 4.60 4.55 4.51 4.63 4.50 4.44

Histidine 9.36 8.96 9.04 9.70 10.10 9.61 8.99 9.37 9.56 9.40 8.99 8.12 8.85 8.40 8.89 8.89

Lysine 6.43 6.54 6.65 6.28 5.96 6.29 6.48 6.43 6.50 6.68 6.64 6.63 6.55 6.59 6.59 6.44

Arginine 8.39 7.55 7.57 8.13 9.16 8.92 8.31 7.74 7.79 7.53 7.41 7.26 7.53 7.59 7.61 7.73

Biological
value-EAAI*

0.78 0.71 0.74 0.79 0.84 0.83 0.70 0.70 0.73 0.65 0.74 0.66 0.68 0.67 0.67 0.65

* The bi o log i cal pro tein value (EAAI in dex) is cal cu lated by Pro fes sor Dimitar Pav lov (Trakia Uni ver sity, Stara
Zagora)

The quan tity of di car box yl ic amino ac ids, glutamic and as par tic, par tic i pat ing in phys i o log i -
cal deg ra da tion of pro teins in plant or gan ism was great est in the win ter vetch grain. Un der the
con di tions of the trial the av er age con tent of glutamic acid was 19.74 g 100g pro tein-1 and that of
as par tic acid – 11.75 g 100g pro tein-1, be ing af fected stron ger by the sow ing date than by the ni tro -
gen fer til iz ing.

The quan tity of es sen tial amino ac ids in grain is an im por tant in di ca tor of for age value.
Lysine and leucine, the av er age val ues of which were 6.48 and 7.95 g 100g pro tein-1, changed their
quan tity to a greater ex tent un der the in flu ence of dif fer ent de grees of the sow ing date fac tor,
whereas for isoleucine, phenylalanine, valine and histidine the ef fect of ni tro gen fer til iz ing was
de ci sive.

The av er age con tent of isoleucine was 4.62 g 100g pro tein-1, the val ues of the stud ied vari -
ants be ing from 4.39 to 5.38 g 100g pro tein-1.

221

Cross-pollinated crops
Ge netic Re sources and Prebreeding

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



The phenylalanine plays an im por tant struc tural role in the an i mal or gan ism and its par tic i -
pa tion in the grain com po si tion was on av er age 4.54 g 100g pro tein-1. Its vari a tion ac cord ing to
vari ants was within nar row est lim its.

The re corded av er age quan tity of valine in the grain was 5.48 g 100g pro tein-1, its val ues
vary ing from 5.10 to 6.09 g 100g pro tein-1. More sub stan tial dif fer ences be tween the stud ied vari -
ants were ob served for histidine. It be longs to the group of heterocyclic amino ac ids and par tic i -
pates in the syn the sis of nu cleic ac ids and hae mo glo bin (Angelova et al., 1984). Its av er age value
in the trial was 9.14 g 100g pro tein-1.

The sul phur-con tain ing amino ac ids methionine and cystine that are very im por tant in an i -
mal nu tri tion were in in sig nif i cant quan ti ties (0.45 and 0.70 g 100g pro tein-1, re spec tively), but
their val ues ac cord ing to vari ants var ied con sid er ably mainly un der the in flu ence of the sow ing
date. They play an ex cep tion ally great role in the an i mal or gan ism stim u lat ing the growth and de -
vel op ment of the young an i mals and mak ing harm less many toxic prod ucts of me tab o lism
(Angelova et al., 1984).

The sow ing date as a fac tor is also de ci sive in the syn the sis of arginine, glycine, proline,
alanine and ty ro sine. This is con firmed by the stud ies of Tosheva & Marinov (1989), ac cord ing to
which the amino acid syn the sis in the maize grain is in flu enced more by the mois ture sup ply than
by the ni tro gen fer til iz ing. The av er age con tent of arginine un der the con di tions of the trial was
7.89 g 100g pro tein-1 and ex ceeded by 54.7% that found by Pav lov (1996) in spring vetch (Vicia
sativa L.).

Among the amino ac ids from the fatty or der, the glycine, par tic i pat ing in the com po si tion
of many pro teins, is of great im por tance. It is found in col la gen of skin, ten dons, joint lig a ments,
mar row, etc. (Angelova et al., 1984). The glycine quan tity was on av er age 3.91 g 100g pro tein-1 in
the win ter vetch grain. Its val ues var ied con sid er ably un der the in flu ence of the stud ied fac tors.

The con tents of the amino ac ids alanine (4.48 g 100g pro tein-1) and proline (4.46 g 100g pro -
tein-1) had al most iden ti cal val ues, the lat ter be ing one of the main con stit u ent parts of the col la -
gen.

An other vi tally im por tant ar o matic amino acid is ty ro sine. Un der the con di tions of the con -
ducted trial its quan tity was on av er age 1.82 g 100g pro tein-1.

The only amino acid, the syn the sis of which was in flu enced equally strongly by both stud ied 
fac tors was threonine. The av er age con tent of this es sen tial amino acid in the vetch grain was 3.40
g 100g pro tein-1.

Con sid er ation of the com plex in ter ac tion of the two fac tors showed that the variational co -
ef fi cient (Dimova & Marinkov, 1999) that is an im por tant sta tis ti cal in di ca tor had the low est
value (VC=2.38%) for as par tic acid and the high est one (VC= 51.11%) for methionine.

Ob serv ing the EAAI in dex it was found that the ni tro gen fer til iz ing de creased the bi o log i -
cal pro tein value from 0.76 (vari ant T0) to 0.70 (vari ant T3). Ac cord ing to Pav lov (1996) the rea -
son was that the fer til iz ing of le gume crops with ni tro gen de creases the amino acid par tic i pa tion
in the pro tein due to in crease of nonprotein ni tro gen and as an end re sult, the bi o log i cal pro tein
value also de creases.

Con clu sions

The sow ing date and ni tro gen fer til iz ing are fac tors that had ef fect on the amino acid syn -
the sis in win ter vetch grain. The fer til iz ing ef fect was not uni di rec tional. The in creas ing rates of
ni tro gen fer til iz ing re sulted in a de crease of the bi o log i cal pro tein value and con tent of most
amino ac ids. An ex cep tion was ob served for glutamic acid, threonine, serine, glycine and lysine,
the max i mum of which was reached when ap ply ing ni tro gen at the dose of 60 kg ha-1.

Con sid er ing the in de pend ent ef fect of the sow ing date fac tor it was found that the amino
acid ac cu mu la tion in the vetch grain was high est for sec ond or third date (ex cept for glutamic acid 
and cystine), these dates be ing dis tin guished for lower tem per a ture supply and rainfall.

The syn the sis of glutamic acid, as par tic acid, cystine, methionine, lysine, leucine, arginine,
proline, glycine, alanine and ty ro sine in the win ter vetch grain was in flu enced more strongly by
the sow ing date and the syn the sis of valine, phenylalanine, isoleucine, histidine and serine by the
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ni tro gen fer til iz ing. The only amino acid, the syn the sis of which was in flu enced equally strongly
by both stud ied fac tors was threonine.
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USE OF MARKER-ASSISTED SELECTION (MAS) FOR PYRAMIDING 
TWO LEAF RUST RESISTANCE GENES (Lr9 and Lr24) in WHEAT
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Ab stract

Two leaf rust re sis tance genes, Lr9 and Lr24 have been pyramidised through the use of sim -
ple se quence re peats (SSR) mark ers. The wheat lines ob tained which carry the two re sis tance
genes are in deed re sis tant to the leaf rust races cur rently pres ent in Swit zer land and have a very
good bak ing qual ity. How ever these lines can only be con sid ered as a first step, since it was dif fi -
cult to reach an ac cept able uni for mity. Fur ther more, suf fi cient yield for com mer cial suc cess
could not be achieved. How ever they can be used as par ents to cu mu late other re sis tance genes in 
new elite ma te rial. This first cy cle of “pyramidisation” al lowed us to eval u ate the cost for
marker-as sisted se lec tion (MAS). MAS proved to be an ef fi cient tool in a breed ing pro gram. It is
yet nec es sary to in te grate this ben e fit into the global con text of yield, re sis tance and qual ity re -
quired for the re lease of com mer cially suc cess ful wheat va ri et ies.

Key words: leaf rust, MAS, mo lec u lar mark ers, PCR, re sis tance breed ing, SSR, wheat.

In tro duc tion

Leaf rust is an im por tant fo liar dis ease of wheat. Growing re sis tant cultivars is prob a bly the
most ef fi cient, cost-ef fec tive and en vi ron ment-friendly method to con trol this dis ease (Singh et
al., 2004). More than 70 spe cific leaf rust re sis tance genes are known (KOMUGI, 2008). Many of
them have been introgressed into wheat from wild rel a tives as Lr9 from Aegilops umbellulata or
Lr24 from Agropyron elongatum. How ever the abil ity of the patho gen to adapt to new resistances
by sin gle step mu ta tion con sti tutes a never-end ing chal lenge for breed ers. Fre quently, the pyr a -
mid ing strat egy, com bin ing sev eral re sis tance genes into one cultivar, has been pro posed to en -
hance the du ra bil ity of resistances (Pedersen & Leath, 1988). Com bining two or more re sis tance
genes us ing clas si cal host-par a site in fec tion meth ods is highly time-con sum ing and needs spe cific
vir u lent pathotypes that are of ten not avail able or too risky to use. Mo lec u lar bi ol ogy and
marker-as sisted se lec tion (MAS) of fers the pos si bil ity to trace re sis tance genes in cultivars in an
eas ier and more ef fi cient way. At least 33 mo lec u lar mark ers linked to Lr re sis tance genes have
been de scribed at pres ent (KOMUGI, 2008). When the pro ject started, no vir u lence was found
for Lr9 or Lr24 in the leaf rust pop u la tions in Swit zer land. And, world wide, no vir u lence was re -
ported for the com bi na tion Lr9 and Lr24 (Schachermayr et al., 1995). Mo lec u lar mark ers and
plant ma te rial for these genes were also avail able. Sim i lar stud ies have been done by other groups 
in Eu rope (Nocente et al., 2007; Vida et al., 2005) but only lit tle in for ma tion is avail able on the
lines and their com mer cial out come. In this ar ti cle, we eval u ate the pyramidising of two leaf rust
re sis tance genes by MAS in a small breed ing pro gram.

Ma te ri als and Meth ods

Plant ma te rial. The Lr9 and the Lr24 re sis tance gene do nors (‘Tranfer’/6 * “Thatcher” and
‘Agent’/6 * “Thatcher”) were back crossed seven times to sus cep ti ble Swiss win ter wheat cultivar
“Arina” and selfed to pro duce the F8 gen er a tion. NILs con tain ing Lr9 gene were crossed with the 
Lr24 one. Three F1 pop u la tions were crossed with four ad vanced lines giv ing 765 F2 prog e nies on
which, marker as sisted se lec tion (MAS) was used to se lect 194 lines con tain ing both re sis tance
genes. Af ter 6 years of clas si cal breed ing, MAS was ap plied to con firm the pres ence of Lr9 and/or
Lr24 in 30 of the F8 re main ing lines.
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Leaf rust and other dis eases eval u a tion. The lines were eval u ated for leaf rust and other dis -
eases in sep a rate nurs er ies us ing ar ti fi cial in fec tion with mix tures of iso lates col lected in Swit zer -
land as de scribe by Michel (2001).

Ho mo ge ne ity. The lines ho mo ge ne ity was eval u ated com par ing the plant height, the spike
and leaves mor phol ogy and col our of 30 head-to-row lines. Lines with in suf fi cient uni for mity
were selfed one to tree more gen er a tion be fore test ing them in yield tri als.

Field tri als and bread mak ing qual ity. Small-plot (7m2) tri als with 2 rep li ca tions have been
car ried out in 4 lo ca tions dur ing one year. Sam ple col lected from yield trial were used for qual ity
pa ram e ters eval u a tion in volv ing pro tein con tent and Zeleny sed i men ta tion value (ICC-Stan -
dards meth ods, 1999).

DNA ex trac tion. Genomic DNA from the 765 F2 pop u la tions was iso lated from leaves tis sue
ac cord ing to Lagudah and Appels (1991). For the 30 ad vanced lines, the DNA was ex tracted with
a quick an ef fi cient method. Two young leaves were grown in 2 ml of ex trac tion buffer (Tris-HCl
50 mM pH 8, EDTA 50 mM ph8, su crose 15 % (w/v), NaCl 250 mM). Af ter centrifugation (5 min
at 6’000 x g), the supernatant was re moved and the pel let, sus pended in 340 ml of Tris-HCl 20 mM 
pH8, EDTA 10 mM pH8 and SDS 1.2 % (w/v), was in cu bated for 15 min at 70 EC. Then 150 ml of
7,5 M am mo nium ac e tate were added, the mix ture in cu bated on ice for 30 min and cen tri fuged at
16’000 x g for 15 min. The DNA from the supernatant was con cen trated by eth a nol pre cip i ta tion,
washed with 75 % (v/v) eth a nol and dis solved in TE at a con cen tra tion of 25 ng/ml.

PCR am pli fi ca tion. Poly mer ase chain re ac tion (PCR) was per formed in 10 ml vol umes with
25 ng of tem plate, Qiagen PCR buffer and Q-so lu tion as rec om mended by the man u fac turer, 0.2
mM dNTPs, 1 mM of each primer, 1.5 mM MgCl2 and 0.35 U HotStar Taq DNA poly mer ase
(Qiagen). Am pli fi ca tions were per formed in an Hybaid PX2 thermocycler pro grammed at 95°C
for 15 min, fol lowed by 35 cy cles at 94°C for 1 min, at 64 °C for 1 min 30 sec and at 72°C for 2 min
30 sec. The ex ten sion of am pli fied frag ment was achieved at 72°C for 10 min. The se quences of
the spe cific prim ers for Lr9 and Lr24 are shown in ta ble 1.

Ta ble 1. Se quence of prim ers for STS lo cus linked to the Lr9 and Lr24 re sis tance genes

Gene Name Primer sequence (5’ - 3’) Reference

Lr9 J13 F – CCA CAC TAC CCC AAA GAG ACG Schachermayr et al., 1994

R – TCC TTT TAT TCC GCA CGC CGG

SCS5 F – TGC GCC CTT CAA AGG AAG Gupta et al., 2005

  R - TGC GCC CTT CTG AAC TGT AT  

Lr24 J09 F – TCT AGT CTG TAC ATG GGG GC Schachermayr et al., 1995

R - TGG CAC ATG AAC TCC ATA CG

H05 F – AGT CGT CCC CGA AGA CCC GCT GGA Dedryver et al., 1996

  R - TCG TCC CCT GAT GCC ATG TAA TGT  

Elec tro pho re sis. Am pli fi ca tion prod ucts were sep a rated by elec tro pho re sis on 1.5 %
agarose gel in 1 X TAE buffer at 100 V for 3 h and vi su al ized un der UV light af ter ethidium bro -
mide stain ing.

Re sults and Dis cus sion

Ho mo ge ne ity. At F7, only 14.3% of the 98 F7 “Lr9/Lr24 lines” reached a suf fi cient uni for mity 
to be tested in yield tri als and to start the main te nance breed ing com pared to 20.6% for the “nor -
mal” lines.

Leaf rust mark ers and dis ease re sis tance. The MAS at F2 with dom i nant PCR-based mark ers
dis card the plants with out Lr genes but can not sort het ero zy gous from ho mo zy gous plants. Lines
with out the genes con tinue to ap pear af ter self-pol li na tion of het ero zy gous plants. The sec ond
PCR was per formed with ac cu rate con cen tra tion of DNA iso lated from 6 to 10 plants. For the
het ero zy gous lines, the band in ten sity was lower than the one ob tained with ho mo zy gous lines.
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The heterozygosity of these lines was con firmed by ana lys ing 6 plants sep a rately. For the 30 lines
tested in yield tri als, 6 lines have mark ers for Lr9 and Lr24, 10 lines only for Lr24, 4 lines only for
Lr9 and 10 lines have no mark ers for nei ther re sis tance genes. In fact, the sus cep ti bil ity to leaf rust 
con firmed the role of Lr9 and Lr24 in the re sis tance re sponse. Even if the vir u lence Lr9 is now fre -
quently ob served in Swit zer land (F. Mascher, data not pub lished), lines pos sess ing Lr9 show few
or no symp toms. On the other hand, some lines pos sess ing Lr24 mark ers dis play low symp toms
even if vir u lence Lr24 has not been re ported in Swit zer land. The few lines with both Lr mark ers
have ab so lutely no symp toms (Fig.1). Ar gu ably the pyramidisation of both re sis tance genes is
fea si ble and the re sults ob tained are ef fi cient but the du ra bil ity of the re sis tance has still to be
proved. The mean re sis tance of these lines against other im por tant dis eases is very good for stripe 
rust (note 2.0), septoria nodorum blotch (in dex leaf 79, in dex spike 85) and good for septoria
tritici blotch (in dex 91), pow dery mil dew (note 2.4) and fusarium head scab (3.2).

Fig ure 1: Eval u a tion of leaf rust re sis tance (1: no symp tom; 9: fully sus cep ti ble) 
of F8 lines de rived from the pro ject of pyramidisation of Lr9 and Lr24.

Yield trial. The 30 lines mean yield is only 90% of the usual stan dards cultivars hence in suf fi -
cient for a com mer cial cultivar. Even if the num ber of lines is cer tainly in suf fi cient to com pare
with con fi dence the yield be tween the lines with or with out Lr mark ers or be tween the lines from
dif fer ent crosses we ob serve that the rel a tive yield for the 6 lines with Lr9 and Lr24 mark ers is
94.2% (86.5% to 100.9%) com pared to 88.8% (77.7% to 97.4%) for the 10 lines with out Lr mark -
ers. The 8 lines is sued from the cross with the best par ent have a 94.1% rel a tive mean yield com -
pared to 80.8% for the 4 lines is sued from the low est yield ing par ent.

Bread mak ing qual ity. The 30 lines Zeleny mean value (60.2ml, 43.7ml to 73.5ml) and the
pro tein con tent mean val ues (13.5%, 11.7% to 15.0%) in di cate a good to very good bread mak ing 
qual ity for the lines com pared with the re sults for “Arina” (Zeleny 52.3ml, pro tein con tent
13.8%) and “Runal” (Zeleny 65.2ml, pro tein con tent 14.3%), re spec tively good and very good
bread mak ing qual ity stan dards.

Cost. If we don’t in clude costs for mark ers de vel op ment and field tri als cost (sow ing, treat -
ments, sam pling), we need now, in our con di tions, 1 per son, two weeks and a cost of 515.-C   for
an a lyz ing 1000 sam ples.

Con clu sions

The lines herein ob tained, even though dis play ing good resistances and ex cel lent bread
mak ing qual ity, had low yield and more dif fi cul ties to reach uni for mity. They could not be de vel -
oped as com mer cial cultivars and are used as geni tors. The low yield and low uni for mity might be
un wanted ef fects of Lr genes and of “drag genes” un in ten tion ally in tro duced from the wild rel a -
tive. This is es pe cially valid for the Lr24 do nor where a large seg ment has been translocated
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(Schachermayr et al., 1995). It might be also caused by the ge netic value of the ad vanced lines
used as geni tors in this ex per i ment. The num ber of lines tested here is too small to have clear ev i -
dences for one or other hy poth e sis. Some of the best lines have been crossed with more yield ing
lines and with lines with other Lr genes es pe cially adult plant re sis tance genes to com bine dif fer -
ent kind of re sis tance. The MAS was ef fec tive for pyramidising two re sis tance genes but the in -
vest ment was im por tant just for one of the six im por tant dis eases we breed for. Even if the cost of
MAS has dropped dra mat i cally dur ing the last de cade, it is still a chal lenge to find the best way to
use it in a breed ing pro gram with the aim of pro duc ing cultivars not only re sis tant against one sin -
gle dis ease but aim ing at an op ti mal com bi na tion be tween yield, re sis tance and qual ity.
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PHOTOSYNTHETIC TECHNIQUES IN SCREENING OF WHEAT (Triticum aestivum L.)
GENOTYPES FOR IMPROVED DROUGHT AND HEAT STRESS TOLERANCE

Marek @iv~ák, Jana Repková, Katarína Ol{ovská, Mar ian Bresti~
De part ment of Plant Phys i ol ogy, Slo vak Ag ri cul tural Uni ver sity, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia.
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Ab stract

We as sessed sev eral traits and meth ods of sens ing drought and high tem per a ture sus cep ti -
bil ity in the veg e ta tion pot and field tri als with a col lec tion of win ter bread wheat ge no types.
Gasometrically mea sured de crease CO2 as sim i la tion rate was mainly due to the stomatal clo sure.
Stud ied ge no types dif fered in sen si tiv ity of stomatal clo sure and hence in CO2 as sim i la tion rate,
too. De layed stomatal clo sure with higher val ues of net as sim i la tion was cor re lated with higher
grain yield in drought con di tions. Sim i larly, the non-stressed val ues of tran spi ra tion ef fi ciency
were also re lated to higher drought tol er ance. Fast chlo ro phyll a flu o res cence ki net ics mea sure -
ments seem to be a prom is ing tool for de tec tion of drought and heat sus cep ti bil ity in ob served
plant ma te rial. Eval u a tion of drought ef fects in ob served ge no types by chlo ro phyll flu o res cence
was fea si ble us ing Per for mance In dex (PI) as the most sen si tive flu o res cence pa ram e ter char ac -
ter iz ing better the drought sus cep ti bil ity of stud ied ge no types. We elab o rated a high tem per a ture 
test with leaf seg ments mea sur ing plenty of ma te rial in a short time. We ob served sig nif i cant dif -
fer ences in sen si tiv ity of in di vid ual ge no types based on flu o res cence pa ram e ters.

Key words: drought stress, heat stress, pho to syn the sis, screen ing cri te ria, tol er ance, wheat

In tro duc tion

Pho to syn the sis is the cru cial pro cess lead ing to bio mass and yield for ma tion. How ever it is
strongly de pend ent on en vi ron men tal con di tions and the photosynthetic ap pa ra tus is char ac ter -
is tic by its vul ner a bil ity (Long et al., 1994). Plant spe cies and va ri et ies dis pose of dif fer ent level of
pro tec tive mech a nisms (Reddy et al, 2004). There are a lot of ge netic re sources, which could
serve as a do nors of im proved tol er ance of photosynthetic ap pa ra tus to dif fer ent en vi ron men tal
fac tors; how ever they have to be iden ti fied and an a lyzed for dis tin guish ing in di vid ual pro tec tive
mech a nisms that are coactive in cre ation of com plex char ac ter is tic named as tol er ance. For this
pur pose it is ad van ta geous to use mod ern phys i o log i cal tech niques rather than em pir i cal
methods.

In our ex per i ments we aimed at as sess ment of photosynthetic and re lated tech niques and
rou tines and their abil ity to iden tify dif fer ent level of tol er ance to drought and high tem per a ture
at the level of leaves. We did a very de tailed work with mid dle-sized group of wheat ge no types in
pot ex per i ments sup ple mented with ap pli ca tion of se lected meth ods in field tri als with higher
num ber of ge no types (poster).

Ma te ri als and Meth ods

Plants of win ter wheat (Triticum aestivum L.), ge no types Viginta (abbr. VIG), Ilona (ILO),
Arida (ARI), Eva (EVA) from Slovakia; Pobeda (POB) from Ser bia; Stephens (STE) from USA 
and Amerigo (AME) from France, were cul ti vated in the pot ex per i ments in three sea sons. Af ter
anthesis a part of plants was ex posed to slowly de vel op ing wa ter stress in duced by re stric tion of
ir ri ga tion. Wa ter sup ply by rain was avoided us ing a trans par ent foil shel ter. The heat test was
done on leaf seg ments ex posed to high tem per a tures (30 – 45 °C) for 1 hour. The seg ments were
closed in glass tubes im mersed in thermostated wa ter bath.

Mea sured char ac ter is tics: Leaf wa ter sta tus was cal cu lated as rel a tive wa ter con tent (RWC)
us ing the fresh (W), sat u rated (WFT) and dry mass weight (WD) of leaf seg ments (RWC (%) = (W 
– WD) / (WFT – WD) * 100). 

The chlo ro phyll a flu o res cence emit ted by leaves af ter ex ci ta tion with red light was mea -
sured in the dark adapted plants (30 min.) us ing fluorometer (Handy PEA, Hansatech, UK). Col -
lected data were an a lyzed by the JIP-test (Strasser et al., 1995) and soft ware Biolyzer©.
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Stomatal con duc tance (gs) was mea sured by porometer Delta T AP4 (Delta-T De vices,
UK) on both abaxial and adaxial part of flag leaves.

Gas ex change mea sure ments were pro vided on the same leaves within the open gas ex -
change mea sure ment sys tem Ciras-2 (PP-sys tems, UK) us ing ar ti fi cial light source (800

mmol.m-2.s-1) to get sat u rat ing irradiance. The main mea sured pa ram e ters were the net as sim i la -

tion rate (PN, mmol CO2.m-2.s-1) and leaf tran spi ra tion rate (E, mmol H2O.m-2.s-1). From PN and
E val ues we cal cu lated the photosynthetic wa ter use ef fi ciency (WUE) as WUE = PN / E.

Data anal y sis. Data mea sured or cal cu lated from rep li cates were av er aged and plot ted with
a stan dard de vi a tion. To com pare the ef fect of drought stress on yield and other pa ram e ters (X)
we se lected the drought sus cep ti bil ity in dex (SIX), a rel a tive pa ram e ter, cal cu lated for each ge no -
type af ter Fischer and Mau rer (1978) as: SIX = (1-Yds/Yno) / (1-Xds/Xno), where Yds is the value of
pa ram e ter un der drought, Yno is the value of pa ram e ter un der near op ti mum con di tions, Xds is
Xno is the av er age value of pa ram e ter of all ge no types un der drought and the av er age value of pa -
ram e ter of all ge no types un der near op ti mum con di tions. The re la tion ships be tween the se lected
pa ram e ters and grain yield were as sessed un der drought by cor re la tion anal y sis us ing anal y sis of
vari ance (SigmaPlot 9.0 soft ware).

Re sults and Dis cus sion

Drought stress. Drought stress af fected grain yield as well as all ob served pa ram e ters in all
ge no types. How ever, there were dif fer ent se ver ity in in di vid ual ge no types and pa ram e ters as
shown by val ues of sus cep ti bil ity in di ces (ta ble 1). The higher value rep re sents the more se vere
im pact of drought stress on ob served char ac ter is tic (grain yield or mea sured pa ram e ter). Thus
the most drought sus cep ti ble cultivar con sid er ing grain yield was Eva (SI = 1.340 ± 0.016), in con -
trary as most tol er ant ap peared ge no type Ilona (SI = 0.550 ± 0.110). Wheat ge no types dif fered in
the sen si tiv ity for stomatal clo sure; how ever, the dif fer ences were dis tinct mainly in few days.
This fact was re flected also in val ues of stan dard de vi a tion, which were the high est among all pa -
ram e ters ob served and hence, dif fer ences be tween ge no types were sta tis ti cally less sig nif i cant. A
sim i lar trend was ob served from the mea sure ments of CO2 as sim i la tion, but with lower vari a tion
of mea sured data and higher sta tis ti cal sig nif i cance. One of the traits which sig nal ize sav ing the
wa ter in plants is the photosynthetic wa ter use ef fi ciency (Turner, 1997). We re corded also for
this pa ram e ter sta tis ti cal dif fer ences be tween ob served ge no types. All of these photosynthetic
pa ram e ters are strongly de pend ent on ac tiv ity of stomata. The de layed stomatal clo sure sup ports
con tin u ing growth and CO2 as sim i la tion in case if it is ac com pa nied with cell os motic ad just ment
and turgor main te nance (Blum et al., 1999). The chlo ro phyll flu o res cence pa ram e ters are al most
in de pend ent of pre vi ously men tioned. Vi su ally eval u ated, wa ter def i cit ini ti ated only mod er ate
changes in the flu o res cence tran sient. How ever, many of flu o res cence pa ram e ters de rived from
the JIP-test, were able to re flect changes dur ing the drought stress. The most sen si tive flu o res -
cence pa ram e ter at 80% de hy dra tion was Per for mance In dex (PI), which showed a sta tis ti cally
sig nif i cant cor re la tion with RWC level in com par i son to Fv/Fm, which was re duced only at a very
strong wa ter def i cit (less than 70% RWC). The sen si tiv ity of PI to wa ter loss was al most sim i lar to 
the sen si tiv ity of stomata. What was im por tant, we re corded dif fer ences be tween val ues re corded 
in ob served ge no types dur ing drought stress (ta ble 1).

Ex pres sion of mea sured char ac ter is tics in rel a tive units al lows com par ing their sus cep ti bil -
ity to wa ter stress (ta ble 1). The data showed sim i lar trends in the stomatal con duc tance, net as -
sim i la tion rate, PI and grain yield pa ram e ters un der wa ter stress. For ex am ple, the most drought
sus cep ti ble ge no type con sid er ing grain yield (cv. Eva) was sus cep ti ble also in other mea sured pa -
ram e ters (ex cept stomatal con duc tance with mod er ate val ues); in con trary, the most tol er ant ge -
no type con sid er ing grain yield (cv. Ilona) had low SI val ues also for other mea sured pa ram e ters.
We as sessed cor re la tions be tween rel a tive de crease of grain yield and rel a tive change or ab so lute
val ues (WUE) of all mea sured phys i o log i cal pa ram e ters (ta ble 2). 
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Ta ble 1. The av er age val ues and stan dard de vi a tions of sus cep ti bil ity in di ces cal cu lated for grain yield
and other pa ram e ters in all ob served ge no types in all mea sur ing sea sons.

Cultivar

Susceptibility indices (rel. units)

Grain yield
Net assimilation

rate
Water use
efficiency

Stomatal
conductance

Performance
index

Average SD Average SD Average SD Average SD Average SD

Eva 1.340 0.016 1.277 0.012 1.241 0.099 0.977 0.103 1.068 0.012

Stephens 1.200 0.140 0.947 0.239 1.108 0.067 1.172 0.283 1.129 0.150

Viginta 1.120 0.220 1.023 0.113 0.844 0.026 1.172 0.035 0.979 0.085

Arida 1.090 0.180 0.956 0.044 1.055 0.050 1.106 0.130 1.092 0.161

Amerigo 0.940 0.012 1.130 0.043 0.888 0.037 0.734 0.143 0.880 0.061

Pobeda 0.900 0.040 0.906 0.047 1.014 0.003 0.933 0.127 0.911 0.091

Ilona 0.550 0.110 0.750 0.062 0.956 0.027 0.828 0.140 0.884 0.016

Ta ble 2. Pa ram e ters of cor re la tion anal y sis and anal y sis of vari ance made for re la tion ship be tween rel a -
tive grain yield de crease and rel a tive in crease/de crease of se lected pa ram e ters by drought stress.
Level of cor re la tion clas si fied ac cord ing to Co hen (1988).

Trait/method

Correlation parameters
Level of

correlationCorrelation 
index

Power of p.

test (a=0.05)
R 2

Stomatal conductance measured in non-stressed plants 0.6493 0.8721 0.4216 high

Water use efficiency measured as PN/E 0.6382 0.3265 0.4073 high

Net assimilation rate during dehydration 0.6283 0.3146 0.3947 high

Chlorophyll Fluorescence - Performance index 0.5671 0.5689 0.3216 high

Stomatal conductance measured in stressed plants 0.523 0.6414 0.2736 high

The re sults in ta ble 2 show rel a tively high level of cor re la tion be tween grain yield de crease
and mea sured pa ram e ters. How ever, low num ber of ge no types and rep e ti tions in some mea sure -
ment caused, that only cor re la tion of stomatal con duc tance mea sured in non-stressed plants was
shown as sta tis ti cally sig nif i cant. How ever, this pa ram e ter is closely re lated to photosynthetic wa -
ter use ef fi ciency with very sim i lar cor re la tion in dex. Also chlo ro phyll flu o res cence with per for -
mance in dex as eval u ated pa ram e ter looks very prom is ing (Zivcak et al., 2008). The ad van tage of
this method is also its ra pid ity with hun dreds mea sure ments that could be done within one hour
com pared to sev eral tenths per hour made used stomatal con duc tance mea sure ments by
porometer and less than ten gasometric measurements workable within same time.

Fig ure 1. a) ge no type vari abil ity in max i mum quan tum yield of PSII photochemistry (Fv/Fm) at the
tem per a tures from 30 to 45°C; b) Fv/Fm mea sured af ter 1-hour treat ment of leaf seg ments at 40°C in

ob served ge no types. Small let ters iden tify sta tis ti cally dif fer ent groups.
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High tem per a ture test. The heat stress af fected di rectly and mark edly the plant photoche -
mistry. Tem per a ture up to 37.5°C had only small im pact on Fv/Fm pa ram e ter with al most no
genotypic vari a tion (fig ure 1a). At higher tem per a tures (over 40°C), the dif fer ences among ge no -
types were also di min ished. The tem per a ture of 40°C al lowed dis tin guish ing the ge no types ac -
cord ing to their thermostability (fig ure 1a,b). Max i mum quan tum yield of the photochemistry
(Fv/Fm) was used to de ter mine genotypic dif fer ences in heat stress ef fects.

The method is very sim ple, rapid and easy-to-do and matches the ba sic re quests for phys i o -
log i cal meth ods use ful for plant breed ing (Reynolds et al., 2001). How ever, it is sen si tive to in ter -
ac tion with an other stresses, for ex am ple drought stress in creases tol er ance to heat stress (Lu and 
Zhang, 1999) and any other bi otic and abiotic stress (e.g. pests, dis eases) can dis tort re sults of
mea sure ments. 

Con clu sions

Photosynthetic pa ram e ters mea sured in drought and heat stress con di tions showed suf fi -
cient genotypic vari abil ity and cor re la tion level with grain yield. De vel op ment of por ta ble, easy
op er a ble and ef fi cient de vices en ables us to test a lot of ma te rial in short time. Es pe cially, the fast
chlo ro phyll flu o res cence method looks very prom is ing; how ever, for suc cess ful use will be nec es -
sary good ex per i men tal de sign and perfect trial management and maintenance.

Ac knowl edge ment

The work was sup ported by the pro jects APVV LPP-0345-06 and AV MS SR - Cli mate
change and drought in Slo vak Re pub lic: im pact and scopes for sus tain able yield pro duc tion and
quality.
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Abstract

Soil-borne viral mosaic disease is a major threat to crop production. Yield losses in barley
and wheat caused by Barley mild mosaic virus (BaMMV), Barley yellow mosaic virus (BaYMV),
and Soil-borne cereal mosaic virus (SBCMV) can reach up to 50-70% in susceptible varieties. Since
their first detection in Japan and USA, respectively, these viruses have become important patho-
gens in other countries throughout the world including several European countries (France, It-
aly, UK, Germany). It is likely that over time these viruses will spread to other parts of Europe.
Due to transmission by the soil-borne plasmodiophorid Polymyxa graminis, chemical measures
against soil-borne viruses are neither economically nor ecologically acceptable. Therefore,
breeding and growing of resistant cultivars is the only way to prevent high yield losses.

During the last decade, marker assisted selection procedures (MAS) have gained evident
importance in the breeding of resistant cultivars. These procedures are of special importance in
European countries like Poland, Austria, Serbia etc., which lack uniformly infested fields re-
quired for reliable resistance screening of breeding lines. Recently, diagnostic SSR markers,
QLB1 and Xgwm469-5D, which are closely linked to resistance genes against BaMMV/BaYMV in
barley and SBCMV in wheat, respectively, were developed. These markers are very well suited
for reliable MAS procedures in breeding for resistance to soil-borne viral mosaic diseases.

Key words: barley, wheat, soil-borne viruses, BaMMV, BaYMV, SBCMV, diagnostic SSRs

Introduction

In large parts of Europe yield losses of winter barley caused by Bymoviruses (i.e. Barley

mild mosaic virus (BaMMV) and Barley yellow mosaic virus (BaYMV) can reach 50-70% (Ordon et

al., 2004), while Soil-borne cereal mosaic virus (SBCMV), belonging to the genus Furovirus, causes
serious yield losses in winter wheat (Budge et al., 2008). Winter wheat and barley plants infected
in the autumn are particularly sensitive to frost damage resulting in increased winter killing or re-
duced vigour during the following spring. Chemical measures except soil fumigation, which is un-
acceptable for economical and ecological reasons, are ineffective against P. graminis. Further-
more, as virus-containing resting spores of P. graminis are distributed by wind, water and machin-
ery and can survive in the soil for decades (Brake and Langenberg 1988), crop rotation is not an
effective option for disease control, either. Therefore, the only possibility of controlling
soil-borne viruses of cereals on infested fields is by growing of resistant cultivars.
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The use of molecular markers accelerates the breeding process and offers a straightforward
aid in the selection of resistant genotypes. Marker-assisted selection (MAS) is very efficient in
the backcross-assisted incorporation of single recessive resistance genes (Ordon et al. 2004) as
well as in the pyramiding of non-linked resistance genes (Werner et al. 2005). Microsatellites, also
called simple sequence repeats (SSRs), are currently the most popular and widely used
PCR-based marker systems in MAS. SSR markers combine a number of advantages for practical
applications, as they are co-dominant and multi-allelic, stably inherited, amenable to automation
and high-throughput analysis, and detect the highest level of polymorphism per locus (Röder et

al. 2004).
Up to now, sixteen BaMMV and BaYMV resistance genes have been identified in barley

and assigned to at least 8 independent genetic loci. In wheat, only one locus controlling resistance
to SBCMV has been identified (Bass et al., 2006). Development of genetic markers closely linked
to disease resistance genes is of special importance in wheat and barley molecular breeding as
fields uniformly infested with soil-borne mosaic viruses required for reliable phenotypic selection
are quite rare. The cloning of the eIF4E (eukaryotic translation initiation factor 4E) gene from
barley has allowed the identification of single-nucleotide polymorphisms (SNPs) present in the
rym4 and rym5 alleles of Hv-eIF4E which specify resistance against different strains of BaMMV
and BaYMV (Kanyuka et al., 2005; Stein et al. 2005). This has improved the understanding of the
molecular mechanism of this plant-virus interaction and has enabled the development of single
mutation based PCR assays (Pyrosequencing; Ronaghi et al. 1998), which are theoretically ideal
for the application in barley breeding. Nevertheless, the application of such markers is still too
expensive, especially in smaller European cereal breeding companies. Therefore, SSRs remain
the most preferable markers in MAS.

In contrast to the resistance to BaMMV and BaYMV in barley, the information on resis-
tance to SBCMV in wheat is less detailed. Also, in wheat the closest known linked marker locates
at more than 2 cM away from the Sbm1 resistance locus and is not of high diagnostic value
(Perovic et al, 2008).

In this study, attempts were made to develop diagnostic SSR markers facilitating an effi-
cient marker-assisted selection of the barley rym4/rym5 and the wheat Sbm1 resistance locus.

Material and Methods

GenBank sequence AY661558 (439 641 bp), annotated as the Hordeum vulgare ssp. vulgare

eIF4E locus, was exploited to search for microsatellite repeats using the microsatellite identifica-
tion tool (MISA) available at http://pgrc.ipk-gatersleben.de/misa (Thiel et al. 2003). The mini-
mum number of repeats was set to 10, 6, and 5 repeats for mono-, di-, and trimeric microsatellites,
respectively. Out of 57 detected SSR motifs, which fulfilled the above criteria, primers were de-
signed for 5 motifs using the software package Primer 3.0 (Rozen and Skaletsky 2000). To obtain
the information on the usefulness of new SSR markers, 6 reference barley cultivars with known
resistance genes, 94 barley varieties from breeders’ collections and 673 barley breeding lines were
analyzed.

In wheat, SBCMV resistance was genetically characterised using two doubled haploid
(DH) mapping populations. One population was derived from a cross between the resistant cv.
'Tremie' and the susceptible cultivars 'Texel', 'Aztek' and 'Soissons' (in total 64 DH lines), and
another from a cross between the resistant cv. 'Claire' and the susceptible cv. 'Savannah' (126
DH lines). Phenotypic data of the SBCMV resistance were used for composing resistant and sus-
ceptible DNA bulks for Bulk Segregant Analysis (BSA) according to Michelmore et al. (1991).
Resistant and susceptible bulks were screened with 256 EcoRI+3/MseI+3 AFLP primer combina-
tions according to the 'AFLP Core Kit manual' (Invitrogen) and with a set of 162 genomic and
EST-derived microsatellite markers according to Röder et al. (1998), Somers et al. (2004) and
Zhang et al. (2005).

Diagnostic value of newly identified closely linked markers was assessed using a collection
of 99 wheat genotypes with known or putative resistance to SBCMV.
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Results and discussion

One of the new barley SSR markers, QLB1, developed from the available sequence of the
Hv-eIF4E locus, was highly polymorphic. Analysis of six barley reference cultivars containing dif-
ferent alleles of Hv-eIF4E (‘Express’ rym4, ‘Tokyo’ rym5, ‘Miho Golden’ rym6, ‘Hiberna’ rym10,
‘Mokusekko’ rym1/rym5, and ‘Morex’ susceptible) revealed five unique banding patterns for
QLB1 (Fig 1A). A linkage of QLB1 with the Hv-eIF4E locus was assessed by mapping this SSR in
two high resolution mapping populations segregating either for rym4 or rym5 (Pellio et al. 2005).
No recombinants between rym4, rym5 and QLB1 were detected leading to the conclusion that the
latter co-segregates with the Hv-eIF4E locus. For physical mapping of QLB1, the sequenced barley
‘Morex’ derived BAC clone 519J04 containing the Hv-eIF4E gene was used (Wicker et al. 2005).
PCR products of 359-bp and 373-bp were amplified from this BAC clone, thus confirming the
physical linkage of QLB1 with Hv-eIF4E (Fig. 1A – line 1). Next, the SSR marker QLB1 was used
to screen a set 100 barley genotypes, which included 6 reference cultivars and 94 cultivars from
breeders’ collections. This study revealed a total of seven banding patterns for QLB1 (Tyrka et al.

2008). Two banding patterns were indicative of rym4 and rym5 (Fig 1A – lines 4 and 6), while four
different patterns were observed in analyses of susceptible lines as well as lines carrying rym6

(Fig. 1A – lines 2, 3, 5 and 8) and rym10 (data not shown). QLB1 banding pattern for rym4-contain-
ing genotypes (Fig. 1A – line 4) was similar to that for some of the susceptible genotypes (Fig. 1A
– line 5). However, these two patterns were distinguished by a reproducible smear around 380-bp
associated with the susceptibility, and two smeary bands at 400-bp and 470-bp associated with the
resistance. QLB1 marker analysis of the Chinese landrace Mokusekko, carrying rym5 and a
non-allelic rym1 gene, revealed another unique banding pattern (Fig. 1A – line 7). The QLB1

banding patterns indicative of the presence of rym4 or rym5 were detected in 42 and 3 out of 100
tested cultivars, respectively.

Recessive resistance genes from the barley gene pool exhibit a range of reactions to the dif-
ferent members of the barley yellow mosaic virus complex. These reactions vary from complete
immunity (allelic rym1 and rym11, allelic rym4 and rym5, and rym15) and organ specific immunity
in leaves (rym9) to partial resistance that can be broken at elevated temperatures (rym7, allelic
rym6 and rym10, and rym8) (McGrann and Adams 2004). In the late 1980s, an isolate of BaYMV,
BaYMV-2, which overcomes rym4-mediated immunity, was identified in Germany and England.
New isolates of BaMMV that overcome rym5 have been recently found in France (BaMMV-Sil)
and Germany (BaMMV-TEIK) (Kanyuka et al. 2004; Habeku� et al. 2008). Therefore,
backcross-based incorporation of new alleles in combination with pyramiding of non-linked rym
resistance genes should be considered the method of choice for obtaining durable resistance
(Werner et al. 2005). The cloning of Hv-eIF4E allowed the identification of single-nucleotide
polymorphisms (SNPs) being responsible for the different specificities of rym4 and rym5 against
the different strains of BaMMV/BaYMV (Stein et al. 2005). Nevertheless, the application of such
markers is still too expensive, especially in smaller European cereal breeding companies, and
therefore SSRs remain the most frequent markers used in MAS. Besides microsatellites, the di-
gestion of PCR products with restriction endonucleases (cleaved amplified polymorphic se-
quences, CAPS) is a useful and relatively inexpensive method to reveal SNPs. But in contrast to
QLB1, no CAPS are known which allow the simultaneous differentiation of carriers of rym4, rym5

and susceptible lines.
Monogenically-inherited resistance to Soil-borne cereal mosaic virus (SBCMV) in hexaploid

bread wheat cultivars ’Tremie’ and ‘Claire’ was genetically mapped to chromosome 5D. Marker
saturation of this resistance locus with SSRs and AFLPs revealed three closely linked marker
loci, Xgwm469, Xgwm805 and E37M49. A previously uncharacterized fragment of gwm469
mapped in two different DH mapping populations (Fig. 1B) either 1 cM distally or co-segregated
with the SBCMV resistance locus, respectively, while E37M49 and Xgwm805 were located at 9 cM
proximal to the resistance locus. The diagnostic value of Xgwm469-5D was assessed using a collec-
tion of 99 SBCMV resistant and susceptible wheat genotypes. Importantly, all of the susceptible
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genotypes carried a null allele of Xgwm469-5D, whereas all resistant genotypes carried a 152-bp or
154-bp allele, respectively.

Fig. 1 A. Silver stained polyacrylamide gel showing seven banding patterns of the QLB1 SSR marker.

Lines 1 - BAC clone 519J04 from barley ‘Morex’ carrying Hv-eIF4E; 2 - barley ‘Morex’ (S);

3 - barley ‘Tiffany’ (S); 4 - barley ‘Express’ (rym4); 5 - barley ‘Igri’ (S); 6 - barley ‘Tokyo’ (rym5);

7 - barley ‘Mokusekko’ (rym1 + rym5); 8 - barley ‘Miho Golden’ (rym6). B. Li-Cor gel image

showing analysis of the SSR marker gwm469 in wheat genotypes. Xgwm469-5DL alleles linked to the

SBCMV resistance are indicated by arrows. Lines 1 -microSTEP-20a DNA ladder (Microzone Ltd);

2 - wheat ‘Claire’ (R); 3 - wheat ‘Moulin’ (R); 4 - wheat ‘Wasp’ (S); 5 - wheat ‘Flame’ (R);

6 - wheat ‘Avalon’ (S); 7 - wheat ‘Cadenza’ (R). R - genotypes resistant to SBCMV, and

S - genotypes susceptible to SBCMV.

In contrast to resistance to bymoviruses in barley, only one major resistance locus effective
against SBCMV has been identified in wheat. Two different alleles of the microsatellite marker
Xgwm469-5D were found to be linked to this resistance locus. These data, therefore, suggest that
the SBCMV-resistance existing in the worldwide wheat germplasm tested may have been derived
from two separate sources. The low level of polymorphism at the Xgwm469-5D locus is in agree-
ment with the low diversity of the D genome (Balfouier et al. 2007). Thus, this molecular marker,
which is closely linked to the gene of interest and displays a low allelic diversity, is best suited for
MAS.

Conclusions

We demonstrated that the QLB1 marker can be efficiently used in breeding for Hv-eIF4E

based BaMMV/BaYMV resistance, as well as Xgwm469-5D in wheat breeding for SBCMV resis-
tance. Both these markers are easy to use and their high diagnostic value facilitates quarantine
breeding, i.e. the development of resistant cultivars in the absence of the respective viruses.
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ESTIMATION OF GRAIN YIELD AND ITS COMPONENTS IN WINTER WHEAT
ADVANCED LINES UNDER FAVORABLE AND DROUGHT FIELD ENVIRONMENTS

Nikolay Tsenov, Tatiana Petrova, Elena Tsenova
Dobroudja Ag ri cul tural Re search In sti tute, Gen eral Toshevo, Bul garia

E-mail: n_tsenov@mail.bg

Ab stract

An at tempt was made to find ge no type dif fer ences in the per for mance of var i ous lines of
com mon or i gin with re gard to grain pro duc tiv ity, and to eval u ate the pos si bil ity for ef fi cient se -
lec tion un der se vere drought. Grain yield and its most im por tant com po nents were an a lyzed dur -
ing two years con trast ing by air tem per a ture and amount of rain falls; the data from year 2006
were taken as a 100 % ba sis. The drought re sis tance co ef fi cient was used for eval u a tion of tol er -
ance. The vari ances, covariances, and cor re la tions be tween yield and its com po nents were an a -
lyzed un der the con di tions of each year. Un der drought, im por tant traits such as 1000 grain
weight and pro duc tive till er ing did not sig nif i cantly af fect grain yield level. Their ef fect was prob -
a bly indirect, expressed through yield and number of grains per spike.

Un der con di tions of se vere drought in the re gion of north-east Bul garia, grain yield de -
creased with about 30 % in com par i son to con di tions fa vor able for ob tain ing the high est pos si ble
yield. Sig nif i cant dif fer ence was es tab lished be tween drought-tol er ant and drought-sus cep ti ble
ge no types to the amount 10 - 14 % from the com po nents directly determining grain yield.

Key words: cor re la tions, drought tol er ance, win ter wheat, yield com po nents

In tro duc tion

Breed ing for in creas ing wheat adapt abil ity and its drought re sis tance in par tic u lar is a dif fi -
cult and com plex task which re quires long and large-scale work (Singh et al., 2007). In di rect
meth ods and ap proaches are ap plied, which re veal only some nu ances of each per for mance of the 
wheat va ri et ies and lines (Rich ards et al., 2001). Con di tions in Bul garia im ply at least me dium
level of drought tol er ance due to ex ist ing and re cently ob served ten den cies to wards global warm -
ing (Knight et al., 2004, Slavov and Moteva, 2005). Sev eral au thors (Galovic et al., 2005; Chris to -
pher et al., 2008, Reynolds et al., 2008) re port the use of a num ber of meth ods for eval u at ing the
tol er ance to drought. Each of these meth ods can be used, but ul ti mately grain yield level is the
im por tant trait re flect ing pos si ble ge netic vari a tions among the va ri et ies. The cri te ria used for se -
lec tion of spring wheat are dif fi cult to ex trap o late for win ter wheat due to the much more spe cific
grow ing con di tions. There fore the so called “re sid ual yield” is used as a breed ing tool for im par -
tial as sess ment of drought resistance in the winter wheat type (Boyadjieva, 1999; Petrova, 2003).

The aim of this in ves ti ga tion was: a) to find out if there is vari a tion in the per for mance of
dif fer ent lines of com mon or i gin with re gard to grain pro duc tiv ity and its com po nents; b) to an a -
lyze the cor re la tions of grain yield with its com po nents un der op ti mal and stress con di tions; c) to
as sess the pos si bil i ties for se lec tion of prom is ing lines under severe drought.

Ma te rial and meth ods

The pro duc tiv ity of 75 prom is ing win ter wheat lines was in ves ti gated in the trial field of
DARI-Gen eral Toshevo dur ing 2006-2007. They were all grown by the Latin square method in
six rep li cates to gether with three stan dard va ri et ies, the size of the ex per i men tal plot be ing 15 m2.
The stud ied traits were grain yield, num ber of pro duc tive till ers per m2, grain yield per spike, 1000 
ker nel weight and num ber of grains per spike. Grain yield and its most im por tant com po nents
were an a lyzed dur ing two years con trast ing by air tem per a tures and rain falls. In com par i son to
the mean sta tis tic data for the pe riod 1953-2007, year 2006 was char ac ter ized with op ti mal con di -
tions for max i mum ex pres sion of what pro duc tiv ity, and year 2007 had the se ver est drought for
the last 55 years (Fig ure 1).
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Figure1. Vari a tions in daily tem per a ture (a) and sum of pre cip i ta tion (b) av er aged for 
the pe riod 1953-2007 and for the two years of study, dur ing wheat veg e ta tion

These vari a tions, rather con trast ing both by year and in com par i son to the long-term data,
are a pre req ui site for ob tain ing dif fer ent re sults from the eval u a tion of the same ge no type. The
unique com bi na tion of mean daily air tem per a ture with 3-5o C higher and sum of pre cip i ta tion
with 60 % lower than the mean value dur ing 2007 was the rea son for un der tak ing this in ves ti ga -
tion. The char ac ter num ber of pro duc tive till ers per m2 was de ter mined at stage full ma tu rity;
grain yield per ha was re-cal cu lated from the yield per plot av er aged for all six rep li ca tions; 1000
ker nel weight was found by dou ble count ing of 500 grains per each rep li cate; grain weight per
spike re sulted from the ra tio of yield and the num ber of pro duc tive till ers per plot; the mean num -
ber of grains per spike was re-cal cu lated from 1000 ker nel weight and grain weigh per spike. The
vari a tion in grain yield and its com po nents was de ter mined for the two years of study, tak ing the
data from year 2006 as 100 % ba sis. The drought re sis tance co ef fi cient was cal cu lated by the
method of Fisher & Mau rer (1978). The vari ances and covariances anal y ses were done with the
sta tis ti cal soft ware pack age Statgraphics XV, and the cor re la tions of yield with its com po nents
were cal cu lated sep a rately for the two years of the in ves ti ga tion.

Re sults and dis cus sion

The anal y sis of vari ances sig nif i cantly de ter mined the ef fect of the ge no type and of the year 
for all in ves ti gated traits (data not given). This was an other ev i dence for a strong vari a tion caused 
by the con trast ing grow ing con di tions. Since grain yield was at the cen ter of this study, the vari -
ances and covariances be tween grain yield and its com po nents were determined (Table 1).

Table1. Anal y sis of vari ance for grain yield in 2007

Source P-Value

A:Genotype 0.0000*

B:Year 0.0000*

A x B 0.0000*

NKS 0.0001*

WGS 0.0008*

TKW 0.094 ns

NPT 0.232 ns
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Two of the in ves ti gated char ac ters – 1000 ker nel weight and num ber of pro duc tive till ers
did not have a sig nif i cant ef fect on yield un der drought con di tions in 2007. The other traits – num -
ber of grains per spike and grain weight per spike de ter mined to a high de gree grain yield un der
drought. In or der to check and prove these re sults, the cor re la tions be tween the pro duc tiv ity
com po nents un der op ti mal (2006) and stress (2007) field con di tions were com pared (Ta ble 2). It
is ev i dent that the above two traits – 1000 ker nel weight and num ber of pro duc tive till ers had sig -
nif i cant ef fect on grain yield un der op ti mal con di tions (r=0.348*) and (r=0.393*), re spec tively.

The cor re la tion data im ply that grain weight per spike and num ber of grains per spike are
the traits which de ter mine the level of grain yield un der var i ous grow ing con di tions. In this case
we have a strong pos i tive ef fect of the two char ac ters both un der con di tions of op ti mal soil mois -
ture, and un der con di tions of se vere drought. Sim i lar re sults have been re ported by Dencic et al.,
(2000), with an em pha sis on the strong ef fect of num ber of grains per spike. This means that the
re sponse of each ge no type could be fol lowed not only by the vari a tion in grain yield, but also by
the vari a tion of the above two traits.

Ta ble 2. Pearson’s cor re la tions be tween grain yield and its com po nents (Above di ag o nal - 2006; Be low
di ag o nal - 2007)

GY TKW NPT WGS NKS

GY .348(**) .393(**) .467(**) .499(**)

TKW -.025 ns .212(**) -.464(**) -.159(*)

NPT .009 ns -.310(*) -.826(**) -.317(**)

WGS .419(**) .293(*) .887(**) .092 ns

NKS .434(**) -.257(*) .826(**) .826(**)

The ques tion arises could this be a cri te rion for se lec tion of drought-tol er ant prom is ing
lines?

The an swer to this ques tion may be pos i tive if sig nif i cant dif fer ences are found be tween the 
in ves ti gated ge no types (Ta ble 3). Drought-tol er ant were con sid ered those va ri et ies, which dem -
on strated the high est ab so lute yield dur ing 2007 in com bi na tion with a lower rate of de crease in
com par i son to the pre vi ous year. The vari a tion of each trait in ves ti gated in this study ac cord ing to 
el e men tary de scrip tive sta tis tics, can group the lines by their val ues and out line the sig nif i cant
dif fer ences be tween them. This was done and it be came clear that the lines can be di vided into
two groups by each char ac ter: lines with val ues sig nif i cantly higher than mean, and lines with
values significantly lower than mean.

Table3. Vari a tions in grain yield and its com po nents of the 12 most drought-tol er ant and the 12 most
drought-sus cep ti ble ad vanced lines and stan dards 

Groups of
Varieties

Grain Yield, t/ha Weigh of Grain per Spike
Number of Kernels 

per Spike

2007 06-07, % S dr 2007 06-07, % S dr 2007 06-07, % S dr

High yielding 7.54 a 76.6 a 0.91b 1.35 a 88.2 a 1.12 a 33.5 a 96.1 a 1.11 a

Low yielding 6.46 c 65.8 c 0.96 b 1.13 b 74.2 c 0.94 c 28.0 c 82.0 c 0.95 c

Difference 1.08* 10.8** 0.05 ns 0.22* 14.0** 0.18** 8.5** 14.1** 0.16**

Mean 6.95 69.1 1.00 1.24 80.1 1.02 30.1 86.1 1.00

Yantar –st 1 6.72 b 72.1 b 1.02 b 1.38 a 82.6 a 1.05 a 34.4 a 95.1 a 1.10 a

Sadovo1–st 2 6.63 c 70.0 b 0.99 b 0.88 c 67.0 c 0.85 c 20.6 c 75.3 c 0.87 c

Pobeda –st 3 6.14 c 67.1 b 0.95 c 0.87 c 61.8 c 0.78 c 22.3 c 72.9 c 0.85 c

a- sig nif i cantly higher than mean value, b – in sig nif i cant dif fer ence com pared to mean value; c – sig nif i cantly lower
than mean value; St 1 – highly tol er ant stan dard; St 2 – me dium tol er ant stan dard; St 3 – sus cep ti ble stan dard
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Ta ble 3 shows only the mean value of the two groups each con sist ing of 12 prom is ing lines
to dem on strate the sig nif i cant dif fer ence be tween them. A com par i son can be made to the used
stan dards with re gard to their re sponse to drought. The only in sig nif i cant dif fer ence be tween the
two groups was ac cord ing to the drought resistance coefficient.

As a re sult from the strong wa ter de fi ciency in soil com bined with high air tem per a ture, the
char ac ter num ber of grains per spike had the rel a tively low est de crease (86 %), fol lowed by grain
weigh per spike (80 %). As a re sul tant char ac ter, yield de creased with 30 %, av er aged for the
whole group of in ves ti gated lines. Al though the lines were grouped only by level of ab so lute grain 
yield, the vari a tion in the other traits was also sig nif i cant: 14.0* and 14.1* %, re spec tively. In ter -
est ing and some what un ex pected was the fact that in both traits the drought re sis tance co ef fi -
cients of the tol er ant group were sig nif i cantly higher and were anal o gous for the in ves ti gated
traits. Among the stud ied lines there were ge no types with dif fer ent drought tol er ance re gard less
of their com mon ped i gree. On the other hand, the in for ma tion about the high drought tol er ance
of the sib ling lines is an im por tant in di ca tion for the com bin ing abil ity of the pa ren tal com po -
nents in this re spect. The fu ture breed ing pro gram can be built on ac ces sions which were in cluded 
in such valu able com bi na tions be tween the two traits in the new lines. This in di cates the ex ist ing
pos si bil ity for a real eval u a tion of the drought re sis tance level un der con trast ing con di tions which 
na ture rarely pro vides in two suc ces sive years. Fur ther more, such an ap proach for eval u a tion of a
given ge no type would give very valu able in for ma tion about the to tal adapt abil ity and the sta bil -
ity of grain yield and its com po nents un der var i ous grow ing con di tions. Especially important
would be lines with high drought tolerance and high grain yield under environments favorable for 
winter wheat.

Con clu sions

Un der drought, im por tant char ac ters such as 1000 ker nel weight and pro duc tive till er ing
did not sig nif i cantly af fect grain yield level. Their ef fect was prob a bly in di rect, through the val ues
of weight and num ber of grains per spike.

Un der con di tions of strong soil and air drought in the re gion of north-east Bul garia, grain
yield de creased with 30 % in com par i son to con di tions fa vor able for ob tain ing the high est pos si -
ble yield.

The char ac ter num ber of grains per spike was im por tant for grain yield un der both op ti mal
and drought con di tions. There fore it can be used for se lec tion of ge no types with high pro duc tion
po ten tial and high drought tolerance.
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INVESTIGATION ON THE RESPONSE OF CIMMYT COMMON WINTER 
WHEAT LINES TO BROWN RUST PUCCINIA RECONDITA F.SP.TRITICI 

Vanya Kiryakova
Dobroudja Ag ri cul tural In sti tute – Gen eral Toshevo, 9520

Ab stract

Dur ing the pe riod 2002 -2004 twenty com mon win ter wheat lines of CIMMYT – Mex ico
were eval u ated for re sis tance to brown rust Puccinia recondita f.sp.tritici. The in ves ti ga tion was
car ried out at Dobroudja Ag ri cul tural In sti tute – Gen eral Toshevo un der con di tions of in fec tion
field. Dur ing the win ter of 2005 the same lines were tested un der green house con di tions to 10
pathotypes of rust. The re sponse of the Mex i can lines was com pared to the re sponse of the
isogenic lines; the type of re sis tance and the pre sumed genes in these lines were iden ti fied. The
in ves ti ga tion showed that the Mex i can wheat lines pos sess com par a tively good re sis tance, both
ver ti cal and hor i zon tal, and therefore can be valuable for breeding in Bulgaria.

Key words: wheat, brown rust, races, pathotypes, isogenic lines, race – spe cific and race-non
- spe cific re sis tance

In tro duc tion

Brown rust Puccinia recondita Rob. ex Desm. f.sp.tritici Erikss is one of the eco nom i cally
most im por tant dis eases on wheat in Bul garia. The de vel op ment and in tro duc tion of re sis tant va -
ri et ies is the eco nom i cally most ad van ta geous means for con trol of this patho gen. The breed ing
ef fi ciency in this di rec tion is de ter mined by the proper se lec tion of highly re sis tant forms in the
ini tial ma te rial. While search ing for sources of re sis tance, not only ma te ri als pro duced by Bul gar -
ian breed ing are be ing in ves ti gated, but also for eign wheat va ri et ies that may be in cluded in our
breed ing pro grams. Due to the fact that the race-spe cific genes can hardly pro vide long-term pro -
tec tion of the wheat crop, the race-un spe cific re sis tance is dom i nant in CIMMYT breed ing pro -
grams. Bul gar ian breed ing pro grams try to com bine race-spe cific and race-non-spe cific re sis -
tance. In this sense the in ves ti ga tion on the CIMMYT materials can enrich our collections with
resistant accessions.

Ma te ri als and Meth ods

The in ves ti ga tion was car ried out dur ing 2002 – 2004 in the in fec tion field of Dobroudja
Ag ri cul tural In sti tute. Twenty lines were stud ied; they were pro vided by Dr. S. Rajaram from
CIMMYT. The lines were sown man u ally in 1.5 m rows, with a dis tance of 20 cm be tween them.
The pathogene pop u la tion un der field con di tions in cluded all iden ti fied pathotypes be long ing to
the stan dard races most com mon dur ing the in ves ti gated pe riod: 167, 77, 57, 122, 149, 157 and 176. 
The ar ti fi cial in oc u la tion was ini tially done through plant ing of plants pre lim i nary in fected with
the above races in the rows of the dis trib u tive va ri ety – Mich i gan am ber; later, at stage 32-36
(Zadoks et al, 1974) the in fec tion was re peated through in jec tion. Two rows of the dis trib u tive va -
ri ety Mich i gan am ber were sown across each 10 lines. The in fec tion type and the at tack ing rate
were read by Cobb’s scale mod i fied by Pe ter son (Pe ter son at al., 1948) at stage milk ma tu rity. For 
eas ier com pa ra bil ity of re sults the mean co ef fi cient of in fec tion was cal cu lated - the so called cor -
rected rel a tive at tack ing rate P0 by (Zadoks, 1961) mod i fied in Bul garia by Donchev (data not
pub lished), in tro duc ing a co ef fi cient which has the fol low ing val ues for the sep a rate in fec tion
types: re sis tant R – 0.2 ; mod er ately re sis tant MR – 0.4; in ter me di ate M – 0.6; mod er ately sus cep -
ti ble MS – 0.8 ; sus cep ti ble S – 1.0. Ac cord ing to their P0 val ues the lines were ranked ac cord ing to 
the sus cep ti ble or re sis tant re sponse they dem on strated. The lines with high to mod er ate re sis -
tance fall within the im mune class I (P0 = 0), the rest being highly resistant VR (P0 = 0 – 4.99),
resistant R (P0 = 5.0 – 10.0 ), and moderately resistant MR (P0 = 11.0 – 25.0).

Dur ing the win ter of 2005 the lines were tested un der green house con di tions to the most
vir u lent pathotypes of the Bul gar ian brown rust pop u la tion. The pathotypes were iden ti fied on
the ba sis of 15 monogenic lines: Lr 1, Lr 2a, Lr 2b, Lr 2c, Lr 3, Lr 9, Lr 11, Lr 15, Lr 17, Lr 19, Lr 21,
Lr 23, Lr 24, Lr 26, Lr 28 and were given code num bers (33567, 73763, 43763, 12562, 63563, 03762,
02562, 22762, 63562 and 43762) ac cord ing to the method of Limpert and Mul ler (1994). In oc u la -
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tion of the lines at seed ling stage was done ac cord ing to the ac cepted lab o ra tory meth ods
(Browder, 1971). To im prove spore for ma tion, all plants were treated with 97 % Maleic
hydrazide so lu tion (1 g/ 3 l wa ter). 9-12 days af ter in oc u la tion the in fec tion type was read ac cord -
ing to the scale of Stakman et al (1962).

The lines were not stud ied for their eco nomic char ac ters.

Re sults and Dis cus sion

The re sponse of the tested lines at stage sec ond leaf to sep a rate pathotypes which con -
tained var i ous com bi na tions of avirulent and vir u lent genes, as well as at adult stage to a pop u la -
tion of Puccinia recondita f.sp.tritici races is given in Ta ble 1, and the in fec tion type reg is tered in
the isogenic lines is pre sented in Table 1.

Ta ble 1. Re sponse of isogenic lines at young stage to some Puccinia recondita f.sp.tritici pathotypes

Lr genes
Pathotypes

33567 73763 43763 12562 63563 03762 02562 22762 63562 43762

Lr 1 S S R S R R R R R R

Lr 2a S S R R S R R S S R

Lr 2b R S S R S R R R S S

Lr 2c S S S R S R R R S S

Lr 3 S S S S S S S S S S

Lr 3ka S S R R R R R R R R

Lr 9 R R R R R R R R R R

Lr 10 S R S S S S S S S S

Lr 11 S S S S S S S S S S

Lr 15 R S S R R S R S R S

Lr 16 S S S S S S S S S S

Lr 17 S S S S S S S S S S

Lr 18 S S S R S S S S S S

Lr 19 R R R R R R R R R R

Lr 21 S S S S S S S S S S

Lr 23 S S S S S S S S S S

Lr 24 S S S R S R R R R R

Lr 26 S S S S S S S S S S

Lr 28 S R R R R R R R R R

Lr 30 S S S S S S S S S S

Lr 36 S S S S S S S S S S

Lr 42 R S R R R R R R R R

M.amber S S S S S S S S S S

The test ing at seed ling stage showed that the greater part of the lines at adult stage re acted
as highly re sis tant to mod er ately re sis tant. These lines al lowed the patho gen to de velop up to a
point, main tain ing a good level of re sis tance to it. This type of re sis tance does not pro voke breed -
ing pres sure and there fore does not stim u late the for ma tion of new patho genic pathotypes. At
young stage these lines were sus cep ti ble to most of the pathotypes and dem on strated re sis tance
to one, two, three or four pathotypes.

The test ing of lines RGL-15, RGL-25, RGL - 26, RGL- 48 at seed ling stage showed that
these lines had re sis tant re ac tion to seven, eight and nine pathotypes. Com par ing the re sponse of
these lines and the re sponse of the isogenic lines to the same pathotypes, the con clu sion can be
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made that line RGL-26 prob a bly car ries gene Lr 42. The re sponse dem on strated by line RGL-48
cor re sponds com pletely to the re sponse of the isogenic lines which con tain gene Lr 28; there fore
it may be pre sumed that this line car ries the above gene. Fur ther more, at adult stage the line was
highly re sis tant. The in ves ti ga tion showed that this line com bined both race-spe cific and
race-non-spe cific re sis tance. The re sponse of lines RGL-77, RGL-82 and RGL-89 cor re sponded
to the re sponse of the isogenic line car ry ing gene Lr 10 and there fore the sug ges tion that these
lines carry the above gene is pos si ble (Ta ble 2).

A large part of lines RGL-42, RGL-56, RGL-59, RGL-65, RGL-80, RGL-83 and RGL-92
dem on strated typ i cal adult re sis tance; the type of re sponse de creased at adult stage, while at
stage sec ond-first leaf these lines were sus cep ti ble to all rust pathotypes used in the in ves ti ga tion.

Ta ble 2. Car rier lines of cer tain re sis tance type and pos tu late genes

Line Postulate genes Line Postulate genes

RGL-7  Slow rusting RGL-62 Slow rusting

RGL-15 Slow rusting RGL-65 APR

RGL-25 Slow rusting RGL-72 Slow rusting

RGL-26 Lr 42 RGL-76 Lr 10

RGL-35 Slow rusting RGL-77 Lr 10

RGL-42 APR RGL-80 APR

RGL-45 Slow rusting RGL-82 Lr 10

RGL-48 Lr 28 RGL-83 APR

RGL-56 APR RGL-89 Lr 10

RGL-59 APR RGL-92 APR

Con clu sions

As a re sult from the in ves ti ga tion the fol low ing con clu sions can be made:
Al though the lines were not stud ied for their eco nomic char ac ters, they are valu able

sources of re sis tance:
· Lines RGL-26, RGL-48, RGL- 76, RGL-77, RGL-82 and RGL- 89 prob a bly carry the

race-spe cific genes Lr 42, Lr 28 and Lr 10;
· Lines RGL-42, RGL-56, RGL-59, RGL-65, RGL-80, RGL-83, RGL-92 carry race-un spe -

cific genes and de ter mine typ i cal adult re sis tance;
· Lines RGL-7, RGL-15, RGL-25, RGL-35, RGL-45, RGL-62, RGL-72 are not com pletely

im mune and al low the patho gen to de velop up to a cer tain point there fore not stim u lat ing
the for ma tion of new patho gen pathotypes. These lines are valu able for breed ing.
In this sense the in ves ti gated lines are of cer tain in ter est for breed ing and can be used as

sources of re sis tance in our breed ing pro grams.

Ac knowl edge ments

Thanks are due to Dr. S. Rajaram from CIMMYT for sup ply ing the seeds of Mex i can win -
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THE USE OF MAS FOR DEVELOPMENT OF MULTI-PATHOGEN 
RESISTANT LINES OF BARLEY

Tibor Sedlá~ek, Lenka Stemberková, Martina Hanusová
Re search cen tre SELTON, s.r.o., Stupice 24, Sibøina 25084, Czech re pub lic

E-mail: laborator@selgen.cz

Ab stract

The most crit i cal fac tor for sucessfull plant ing of bar ley is re sis tance to bi otic stresses,
which in ma jor part are caused by leaf and spike dis eases. Among the most im por tant leaf dis -
eases caused by fac ul ta tive patho genic fungi be longs spe cies Blumeria graminis, Pyrenophora teres, 
Puccinia hordei, Rhynchosporium secalis and Cochliobolus sativus. Com plex of spike dis eases is
most com monly re lated to the fusarium spe cies, in clud ing all neg a tives caused by the toxic sec -
ond ary metabollites. The pre sented pro ject is aimed for de vel op ment lines of bar ley with cu mu -
lated genes of re sis tance to more dis eases with the use of MAS. Up to pres ent solv ing of this pro -
ject we have cu mu lated genes Rph7 and mlo11. Ac quired lines of bar ley are fully re sis tant to
pow dery mil dew and leaf rust. The next aim is to cross these lines with do nors of re sis tance genes
for other dis eases and the se lec tion of lines with cu mu lated re sis tance genes with the help of mo -
lec u lar mark ers.

Key words: breed ing, bar ley, MAS, re sis tance, mil dew, rust

In tro duc tion

The most crit i cal fac tor for sucessfull plant ing of bar ley is re sis tance to bi otic stresses,
which are in ma jor part caused by leaf and spike dis eases. Eco nom i cal im pact of dis eases can be
very se ri ous - the yield losses can be as high as 100%. Very im por tant are health risks caused by
the toxic sec ond ary metabollites of fusarium spe cies. There fore plant ing of re sis tant va ri et ies can
be a valu able so lu tion of this prob lem.

Blumeria graminis, Pyrenophora teres, Puccinia hordei, Rhynchosporium secalis and Cochlio -
bolus sativus be long among the most im por tant leaf dis eases caused by fac ul ta tive patho genic
fungi spe cies. Re sis tance to these dis eases is based mainly on ma jor genes of re sis tance. Rph7 and 
rph16 for leaf rust re sis tance and mlo11/mlo9 resp. Mla com plex for pow dery mil dew be long
among the most im por tant genes of re sis tance. These genes posess full re sis tance in Czech re pub -
lic. Or i gin of rph16 is from Hordeum spontaneum, so it is more dif fi cult to trans fer it to the cul ture
bar ley va ri et ies – more back cross es are re quired. There are mo lec u lar mark ers avail able for
Rph7 (Graner et al., 2000) and mlo11 (Piffanelli et al., 2004).

Com plex of spike dis eases is most com monly re lated to the fusarium spe cies, in clud ing all
neg a tives caused by the toxic sec ond ary metabollites. Re sis tance to the fusarium heah blight
(FHB) is based on quan ti ta tive genes. Sev eral QTLs have been de scribed (Dahleen et al., 2003;
Mesfin 2003). Main ef fect in bar ley has the QTL on 2H where do nor of tol er ant lo cus is Chev ron.
This QTL can be trasferred with the help of microsatellite mark ers.

Pyr a mid ing of re sis tance genes can be a valu able tool for de vel op ment lines of bar ley with
multi-dis ease re sis tance. These lines then can be a re source in breed ing of re sis tant va ri et ies. Aim 
of our pro ject is to de velop such lines with the help of mo lec u lar as sisted se lec tion.

Ma te ri als and Meth ods

Plant ma te rial for test ing was se lected on the ba sis of glass house tests for re sis tance to leaf
rust and pow dery mil dew. Two pieces of leaf long 3cm were col lected from in di vid ual plants and
dried at 40°C. DNA by CTAB method (Keb-Llanes et al., 2002) was ex tracted from these seg -
ments. DNA was an a lyzed by stan dard PCR with mo lec u lar mark ers MWG2133 (Ivandic et al.,
1998), cMWG691 (Graner et al., 2000) and Mlo (Piffanelli et al., 2004). PCR prod ucts were run
on 1%, resp 2% agarose gels and vi su al ized by ethidium bro mide un der UV light. In di vid u als car -
ry ing re sis tance genes were crossed and F1 seed was ac quired. F1 gen er a tion was planted dur ing
win ter sea son in Chile and F2 seed was ac quired. F2 gen er a tion was planted, and DNA was iso -
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lated from se lected in di vid u als as de scribed above. Pres ence of re sis tance genes Rph7 and mlo11
was iden ti fied as de scribed above.

Re sults and Dis cus sion

We have found 42 in di vid u als with al leles of marker cMWG691 spe cific for Rph7 gene dur -
ing the se lec tion of re sis tance do nors. Glass house tests ver i fied resitance of these in di vid u als to
leaf rust. We de tected sev eral in di vid u als with frag ments un pub lished in Graner et al., 2000 in the
tested col lec tion. These frag ments could in di cate new al leles. We didn´t find any plant with PCR
prod ucts of marker MWG2133 spe cific for rph16 gene. We have found 141 in di vid u als with al -
leles of marker Mlo spe cific for mlo11 gene. Glass house in fec tion tests ver i fied re sis tance of these 
in di vid u als to pow dery mil dew.

Tar geted com bi na tion Rph7Rph7mlo11mlo11 was pres ent in 18 in di vid u als in F2 gen er a -
tion. These in di vid u als are fully re sis tant to pow dery mil dew and leaf rust. Our next aim is to
cross these lines with do nors of re sis tance genes for other dis eases and the se lec tion of lines with
cu mu lated re sis tance genes with the help of mo lec u lar mark ers.

Con clu sions

We have found 18 in di vid u als car ry ing mlo11 gene and Rph7 gene in ho mo zy gous com bi -
na tion in F2. Ac quired lines of bar ley are fully re sis tant to pow dery mil dew and leaf rust. The next 
aim is to cross these lines with do nors of re sis tance genes for other dis eases and the se lec tion of
lines with cu mu lated re sis tance genes with the help of mo lec u lar mark ers. It is pos si ble to say that
marker as sisted se lec tion is valu able in com mon breed ing. The use of this method for iden ti fi ca -
tion of re sis tance do nors is a worth while tool.

This work is sup ported by NAZV QH71213
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BAR LEY YEL LOW DWARF VI RUS ‡ BREED ING FOR TOL ER ANCE

Ondrej Veskrna1, Pavel Horcicka1, Jana Chrpova2, Vaclav Sip2, Lucie Slamova3

1SELTON, s.r.o., Stupice 24, 250 84 Sibrina, 2RICP Prague-Ruzyne, 3CUA Prague
E-mail: veskrna@selgen.cz

Ab stract

Bar ley Yel low Dwarf Vi rus (BYDV) is trans mit ted by sev eral spe cies of aphids and causes
one of the most im por tant ce real vi rus dis ease which is spread world wide on wheat, bar ley and
other ce re als. Man age ment of dis ease is mainly achieved by the in sec ti cide ap pli ca tion. The most
ef fec tive and sus tain able con trol method is the use of ge netic re sis tance/tol er ance to the vi rus
com plex. BYDV was first re corded in Czech Re pub lic by Vacke (1964). The three serotypes
(PAV, RMV and RPV) were found with PAV dom i nance. Heavy at tacks on bar ley and wheat by
BYDV had been re corded in the Czech Re pub lic in the years 1983-84, 1988-89, 1990-91 and
2002-03. Spring and win ter wheat ma te ri als from Mex ico (CIMMYT), Syria (ICARDA), Chile,
Can ada, USA, Aus tra lia, Hun gary and Po land, to gether with ad vanced breed ing lines and reg is -
tered cultivars from Czech have been tested for re sis tance to BYDV. Ge no types with Bdv2 re sis -
tance gene from wheat/Thinopyrum translocation were also tested. Ar ti fi cial in fec tion field tests
and semi-quan ti ta tive ELISA green house tests re sults were com pared. Re sis tance of ge no types
with Bdv2 gene to Czech BYDV-PAV iso late was not con firmed.

Key words: wheat, bar ley yel low dwarf vi rus, Bdv2 re sis tance gene

In tro duc tion

Bar ley Yel low Dwarf Vi rus (BYDV) is trans mit ted by sev eral spe cies of aphids and causes
prob a bly the most im por tant vi rus dis ease of ce re als. The most ef fec tive and sus tain able con trol
method is the use of ge netic re sis tance/tol er ance to the vi rus com plex. Sev eral stud ies were done
of wheat/Thinopyrum translocation by dif fer ent au thors. Their re sults ad vice this translocation
lines as a source of BYDV re sis tance. Mo lec u lar mark ers were de vel oped for iden ti fi ca tion Bdv2
and Bdv3 re sis tance genes. Ob jec tive of this study was to com pare ge no types with and with out
wheat/Thinopyrum translocation by ar ti fi cial BYDV-PAV in fec tion field tests, semi-quan ti ta tive
ELISA and DNA anal y sis.

Ma te ri als and Meth ods

Col lec tion of spring wheat from CIMMYT to gether with Tc lines from Aus tra lia and two
lines from USA (P29 and P961341) were tested in com par i son with not translocated tol er ant
wheat lines from Brazil, Mex ico, Syria and Czech Rep. Ar ti fi cial in fec tion field tri als were per -
formed in 2005, 2006 and 2008 sea sons con tained in fected and un in fected (con trol) vari ants. The
plants were grown on two-row plots 1-m long with two rep li ca tions (plant spac ing: 6x22 cm). In -
fec tion with PAV strain of BYDV was car ried out at the be gin ning of the till er ing stage. Bird
cherry-oat aphids (Rophalosiphum padi) ob tained from green house rear ing were used for vi rus
trans mis sion. The in ten sity of the symp tom atic re sponse (VSS – vi sual symp tom score) was clas si -
fied ac cord ing to a 0-9 scale (0 = re sis tant) de vel oped by Schaller and Qualset (1980), at the phase
of full flow er ing. The ef fect of vi rus in fec tion on yield com po nents will be as sessed af ter plant
har vest.

Semi-quan ti ta tive ELISA was done at 18 ge no types (11 with wheat/Thinopyrum translo -
cation, 7 with out). Four plants in three rep e ti tions of each ge no type were in fected by
BYDV-PAV. In fec tion was car ried out at three leaves stage by Bird cherry-oat aphids
(Rhopalosiphum padi) – approx. five aphids per one plant. Elev enth day af ter in fec tion the youn -
gest leaves were col lected and semi-quan ti ta tive ELISA were done ac cord ing to their weight.
Absorbance at 405 nm was mea sured and rel a tive amount of BYDV-PAV in plant tis sue was es ti -
mated.

Bdv2 gene de tec tion was done with BYAgi, SCGp1 and Xgw mark ers (www.maswheat.com,
2005; Zhong et al., 2004) and Bdv3 gene with marker pub lished on MASwheat server BDV3
(www.maswheat.com, 2005).

248

Self-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



249

Self-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008

Ta ble 1: Char ac ter iza tion of ge no types; Type (W = win ter, S = spring), Vi sual symp tom score (VSS, 0 =
re sis tant, 9 = sus cep ti ble), ELISA (odi 405 nm) and pres ence of re sis tant al lele de ter mined by mo -
lec u lar marker (BYAgi, SC-gp1, Xgw and BDV3).

GENOTYPE type VSS ELISA BYAgi SC-gp1 Xgw Bdv3

P29 W 2,5 0,4 + + + +

WKL91-138 S 2,7 1,3 - - - -

KIVU-85 S 3,0  - - - -

QG 4.37 S 4,1  - - - -

LEGUAN TOLERANT S 4,1 1,3 - - - -

SG-S26-98 S 4,2 1,7 - - - -

QG 2.1 S 4,3  - - - -

SG-S604-96 S 4,3 1,9 - - - -

ANZA S 4,4 0,8 - - - -

P961341 W 4,8 0,4 + + + -

QG 22.24 S 4,8  - - - -

SG-S45-98 S 4,9 1,5 - - - -

Tc14290E S 5,0 1,1 + + + -

Tc14290J S 5,8 0,8 + + + -

QG 100 S 5,9  - - - -

JARA SUSCEPTIBLE S 6,2 1,0 - - - -

CIM 0231 S 6,3 0,5 + + + +

CIM 0234 S 6,4 0,7 + + + -

CIM 0232 S 6,4  + + - +

CIM 0235 S 6,5  + + - +

CIM 0230 S 6,5  + + + +

Z2 S 6,6  - - - -

CIM 0236 S 6,7  + + - +

CIM 0227 S 6,8 0,7 + + + +

CIM 0233 S 6,8 0,3 + + + +

Z6 S 7,0  - - - -

CIM 0229 S 7,1 0,8 + + - +

TC9 S 7,1  - - - -

CIM 0223 S 7,2  + + + +

CIM 0226 S 7,2  + + + +

CIM 0228 S 7,2 0,3 + + + +

CIM 0220 S 7,3  + + + +

CIM 0225 S 7,4 0,5 + + + +

CIM 0237 S 7,4  + + - +

TC5 S 7,5  - + + -

TC7 S 7,6  - + - -

CIM 0221 S 7,8  + + + +

CIM 0224 S 7,9  + + + +

CIM 0222 S 8,4  + + + +



Re sults and Dis cus sion

Ar ti fi cial in fec tion field tests showed high de pend ence of symp toms de vel op ing on date of
in fec tion and weather con di tion dur ing veg e ta tion. Me dium tol er ant va ri ety Anza was scored in
av er age 4,4 points in scale 0 = re sis tant, 9 = sus cep ti ble (Ta ble 1). Better score were found at
breed ing lines WKL91-138 (Siria), KIVU-85, QG 4.37, QG 2.1 (All from Can ada), SG-S26-98,
SG-S604-96 (CZ – Selgen) and va ri ety Leguan (CZ – Selgen). Breed ing line P29 (USA) has the
best symp tom score (2,5), but it was counted from only two years re sults and it is to gether with
line P961341 win ter type. These lines were taken into these re sults be cause of their wheat/Thino -
pyrum translocation and pres ence of Bdv2 and Bdv3 genes. In ter me di ate re ac tion on in fec tion
was found on lines ranged be tween va ri ety Anza (4,4) and sus cep ti ble con trol va ri ety Jara (6,2);
real sus cep ti ble lines are above Jara (Ta ble 1). Symp tom re ac tion on field ar ti fi cial in fec tion of
lines with wheat/Thinopyrum translocation ranged from sus cep ti ble to very sus cep ti ble, ex cept
two win ter wheat lines men tioned above.

Semi-quan ti ta tive ELISA was done and absorbances av er age was counted for se lected ge no -
types with and with out wheat/Thinopyrum translocation. Mea sured val ues were very vari able be -
tween rep e ti tions and there was not pos si ble to se lect in di vid ual ge no types ac cord ing to low or
high ELISA absorbance. Absorbance of group with wheat/Thinopyrum translocation was in av er -
age lower than in group with out. This showed some ef fect of wheat/Thinopyrum translocation on
rel a tive vi rus quan tity in plant tis sue (Fig.1).

Fig.1: Absorbance av er age (11 days af ter in fec tion, odi 405 nm) 
counted for ge no types with and with out Bdv2 marker

Pres ence of wheat/Thinopyrum translocation was tested by de tec tion of three mo lec u lar
mark ers. Full pos i tive marker re sults (Bdv2 and Bdv3 genes) were found at 13 lines: P29 (USA),
CIM 0220, CIM 0221, CIM 0222, CIM 0223, CIM 0224, CIM 0225, CIM 0226, CIM 0227, CIM
0228, CIM 0230, CIM 0231 and CIM 0233 (all from CIMMYT). There was not found clear cor re -
la tion be tween pres ence of mark ers and field re sis tance. Our sur vey is not in ac cord with re sults
from Ayala et al. 2001 and other au thors. Wheat/Thinopyrum translocation ef fect was found pos i -
tive for field re sis tance to BYDV by them. These re sults were achieved with BYDV-PAV iso lates 
from Mex ico or Aus tra lia. BYDV iso late used in this study BYDV-PAV (Czech) could be dif fer -
ent and we have not knowl edge about its con for mity at this mo ment.

Con clu sions

Lower vi rus titers were ap proved at Bdv2+ ge no types. There was not found cor re la tion be -
tween field tol er ance and pres ence of Bdv2 gene or low rel a tive amount of vi rus. Dif fer ence be -
tween Czech and Aus tra lian or Mex i can BYDV-PAV could be re spon si ble for these re sults.
DNA anal y sis of Czech BYDV-PAV is ob ject of further studies.
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Yield com po nents in wheat ex posed to high con cen tra tions of soil bo ron
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Ab stract

Bo ron is an es sen tial plant micronutrient; how ever, high con cen tra tions of soil bo ron may
in ter rupt wheat growth and de vel op ment and cause sub stan tial yield losses. The con sid er able ge -
netic vari a tion that has been found among wheat ge no types in re sponse to high bo ron con cen tra -
tions makes it pos si ble to breed tol er ant cultivars. The pres ent study was un der taken in or der to
ex am ine the re sponse of a group of wheat cultivars to ex cess bo ron in terms of yield com po nents
(grain weight, num ber of grains per spike, num ber of spikes per m2) and yield. Ten wheat
cultivars of lo cal or i gin were in cluded in a two-year field trial that was con ducted at the Rimski
[an~evi Ex per i men tal Field of the In sti tute of Field and Veg e ta ble Crops in Novi Sad. The
cultivars were cho sen on the ba sis of bo ron tol er ance es ti mated in lab o ra tory con di tions. The
trial in cluded a con trol and three bo ron treat ments (3.3, 6.7 and 13.3 g H3BO3/m2). Sig nif i cant dif -
fer ences in re sponse to ex cess bo ron oc curred among the cultivars. Yields in the treat ments dif -
fered by -11.7% to 4.6% from those in the con trol (100%), and they cor re lated well with num ber
of spikes per m2. Num ber of grains per spike was af fected the most by high bo ron con cen tra tions,
with an av er age re duc tion of 8.2%. Out of the ten an a lyzed cultivars, six were more bo ron tol er -
ant in the field com pared to lab o ra tory con di tions.

Key words: bo ron tol er ance, field con di tions, wheat

In tro duc tion

When pres ent in ex ces sive amounts, micronutrient bo ron (B) may cause sub stan tial yield
losses in wheat. Bo ron tox ic ity was for the first time rec og nized as prob lem in Aus tra lian
field-grown bar ley; where a yield re duc tion of up to 17% ap peared to be a con se quence of high
soil bo ron con cen tra tions (Cart wright et al., 1984).

Bo ron laden soils oc cur in many re gions of the world, with South Aus tra lia, Tur key, Mex -
ico, Iraq and Syria be ing prob a bly among the most af fected. The for mer Yu go sla via and Hun gary 
were also men tioned as re gions char ac ter ized by high soil bo ron (Miljkovi}, 1960; Nable et al.,
1997). In a study that in cluded 1,600 ag ri cul tural soil sam ples probed in the Vojvodina Prov ince,
the max i mum bo ron con cen tra tion was found to be 15.9 ppm (Ubavi} et al., 1993), which is far
above the rec om mended max i mum for wheat. Soil bo ron con cen tra tions of only a few ppm can
cause bo ron tox ic ity in wheat plants (Yau and Saxena, 1997). Fur ther more, sa line soils and
semi-arid grow ing con di tions, which are com mon in Vojvodina, ag gra vate the neg a tive im pact of
the el e ment on ag ri cul tural plants, es pe cially wheat (Miljkovi}, 1960; Wimmer et al., 2003).

Great vari abil ity in bo ron sus cep ti bil ity that has been found among wheat ge no types
makes pos si ble the breed ing of tol er ant cultivars. It is the best ap proach for solv ing the prob lem,
be cause soil ame lio ra tion is dif fi cult, ex pen sive and a short-term so lu tion (Nable et al., 1997;
Torun et al., 2006).

How ever, it is ex tremely dif fi cult to pre dict wheat growth and yield on bo ron laden soils.
Dis crep an cies be tween the re sults ob tained in field and lab o ra tory con di tions, the sig nif i cant ge -
no type x en vi ron ment in ter ac tion in terms of yield com po nents and yield that oc curs in field con -
di tions re gard less of soil bo ron con cen tra tion (Kalayci et al., 1998; Brennan and Adcock, 2004),
the high pos si bil ity for ex per i men tal er ror in small-plot tri als due to un even ver ti cal and hor i zon -
tal dis tri bu tion of the el e ment in the soil (Avci and Akar, 2005), and the fact that the bo ron tol er -
ance mech a nism still re mains to be clar i fied (Roessner et al., 2006) are some of the rea sons that
make pre dict ing wheat growth and yield on bo ron laden soils ex tremely dif fi cult.
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The main aim of the study was to in ves ti gate the re sponse to ex cess bo ron in terms of yield
com po nents and yield in a group of wheat cultivars of lo cal or i gin in field con di tions. The sec ond
aim was to com pare field bo ron tol er ance with bo ron tol er ance es ti mated pre vi ously in lab o ra -
tory con di tions.

Ma te ri als and Meth ods

Ten wheat cultivars of lo cal or i gin were in cluded in a two-year (2005/06, 2006/07) field trial
that was con ducted at the Rimski [an~evi Ex per i men tal Field of the In sti tute of Field and Veg e -
ta ble Crops in Novi Sad (45o 20’ N, 19o 51’ E, 84 m above sea level). The cultivars were cho sen on
the ba sis of bo ron tol er ance es ti mated pre vi ously in a lab o ra tory as say con ducted us ing the fil -
ter-pa per method sug gested by Chantachume et al. (1995). The cultivars Nevesinjka, Rapsodija,
Milijana and Hel ena were clas si fied as bo ron tol er ant, whereas Pesma, Balerina, Sofija, Kantata,
Simonida and Ko{uta were sen si tive to ex cess bo ron (Brdar et al., 2008).

The field trial was con ducted in ran dom ized blocks with a con trol and three bo ron treat -
ments (3.3, 6.7 and 13.3 g H3BO3/m2) in three rep li ca tions. The di men sion of the main plot was 1.2 
m2. Stan dard agrotechnical pro ce dures were ap plied. Treat ments were im posed im me di ately af -
ter sow ing in the form of bo ric acid so lu tions.

The se lec tion cri te rion for bo ron tol er ance was the av er age yield re duc tion (YR – %) in a
treat ment rel a tive to con trol (con trol=100%). Ge no types with YR be low 5% were con sid ered bo -
ron tol er ant, those at 5 – 10% me dium tol er ant, and those above 10% bo ron sen si tive. The av er age
re duc tions/in creases in treat ments rel a tive to con trol were cal cu lated for the yield com po nents as
well (grain weight – GW, num ber of grains per spike – NG and num ber of spikes per m2 – NS)

All cal cu la tions (ANOVA, cor re la tion co ef fi cients, mean val ues and stan dard er rors of
mean) were per formed us ing the STATISTICA 8.0 soft ware package.

Re sults and Dis cus sion

Anal y sis of vari ance dem on strated sig nif i cant dif fer ences among the stud ied wheat
cultivars in yield com po nents and yield in con di tions of nor mal bo ron sup ply (Ta ble 1.). On a
two-year av er age, the high est yield was re corded for the cultivar Milijana (1.220 kg/m2) and the
low est for Sofija (0.977 kg/m2). The heavi est grains were mea sured in Simonida and the light est in 
Kantata. Num ber of grains per spike var ied be tween 56.4 (Nevesinjka) and 40.1 (Sofija), whereas
num ber of spikes per m2 ranged from 693 (Hel ena) to 518 (Simonida).

Ta ble 1. Yield (Y) and yield com po nents (GW ‡ grain weight, NG ‡ num ber of grains per spike and NS ‡
num ber of spikes per m2) in ten wheat cultivars grown in con di tions of nor mal B sup ply (con trol)

Cultivar Y (kg/m2) GW (g) NG NS

Rapsodija 1.133 44.3 50.8 548

Simonida 1.141 48.0 48.4 518

Kantata 1.043 37.6 53.3 523

Pesma 1.067 38.6 54.0 536

Balerina 1.026 42.4 45.6 536

Sofija 0.977 38.5 40.1 654

Nevesinjka 1.156 39.6 56.4 542

Ko{uta 1.122 44.1 52.5 524

Milijana 1.220 41.0 47.1 612

Helena 1.182 44.0 40.2 693

mean 1.107 41.8 48.9 568

SE of mean 0.015 0.6 0.9 11.2

F – values from ANOVA

3.29** 4.55* 8.85** 4.76**

** – sig nif i cant at the 0.01 level of prob a bil ity
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Sig nif i cant dif fer ences that were found among the cultivars in yield re duc tion by bo ron
treat ments rel a tive to con trol made pos si ble their clas si fi ca tion on the ba sis of bo ron tol er ance
level (Ta ble 2.). Yield vari a tion in the treat ments ranged from -11.7 (bo ron sen si tive Hel ena) to
4.6% (tol er ant Rapsodija) com pared to the con trol (100%). Yield re duc tions that were ob served
in the most sen si tive cultivars were in a sim i lar range as those re ported by Camp bell et al. (1993).
There was no sig nif i cant re la tion ship be tween yield in the con trol and yield in the bo ron treat -
ments (r=-0.29). There fore, yield re duc tion in bo ron treat ments com pared with the con trol can
be used as a se lec tion cri te rion for bo ron tol er ance in field con di tions.

Num ber of grains per spike was the com po nent most af fected by high bo ron con cen tra -
tions, with an av er age re duc tion of -8.2% (Ta ble 2). This is in dis agree ment with the re ported
high est re duc tion of num ber of spikes per m2 in bo ron treat ments in a green house trial (Yau and
Saxena 1997). The dis agree ment is prob a bly a re sult of the dif fer ent ex per i men tal con di tions.

Ta ble 2. Av er age yield (YR), grain weight (GWR), num ber of grains per spike (NGR) and num ber 
of spikes per m2 (NSR) re duc tions (‡) / in creases (+) in bo ron treat ments (%) rel a tive to con trol
(con trol=0%) for 5 bo ron tol er ant (T), 3 me dium tol er ant (MT) and 2 sen si tive (S) wheat cultivars

Cultivar B tolerance YR GWR NGR NSR

Rapsodija T 4.6 -2.1 -6.1 2.7

Simonida T 1.6 -4.1 -10.2 9.8

Kantata T 1.0 0.1 -15.2 13.7

Pesma T -2.0 1.4 -11.2 3.6

Balerina T -3.9 2.9 -13.9 7.6

mean 0.2 -0.4 -11.3 7.5

SE of mean 1.2 1.1 1.3 1.7

F – values from ANOVA (within group of B tolerant cultivars)

1.96 ns 1.75 ns 1.71 ns 2.32 ns

Sofija MT -5.1 4.7 0.6 -9.3

Nevesinjka MT -7.1 -1.7 -7.3 -0.8

Ko{uta MT -7.5 -5.0 -11.3 0.6

mean -6.6 -0.7 -6.0 -3.2

SE of mean 0.9 1.7 2.3 1.7

F – values from ANOVA (within group of B medium tolerant cultivars)

0.73 ns 3.76* 3.25 ns 4.00*

Milijana S -11.4 1.9 -4.5 -5.7

Helena S -11.7 -5.8 -2.5 -10.6

mean -11.5 -1.9 -3.5 -8.1

SE of mean 1.1 2.0 3.5 3.5

F – values from ANOVA (within group of B sensitive cultivars)

0.00 ns 5.07* 0.08 ns 0.16 ns

mean -4.2 -0.8 -8.2 1.2

SE of mean 0.9 0.8 1.3 1.5

F – values from ANOVA (among groups)

24.87** 0.36 ns 4.47* 16.15**

ns, *, ** – in sig nif i cant, sig nif i cant at the 0.05 and 0.01 lev els of prob a bil ity, re spec tively

Yields in the treat ments cor re lated well with num ber of spikes per m2 (r=0.73*). Num ber of 
spikes per m2 and num ber of grains per spike in the treat ments were neg a tively cor re lated
(r=-0.90**), and this was the most ap par ent in the group of bo ron tol er ant ge no types (Ta ble 2.).
There fore, the high est re duc tion in num ber of grains per spike that was found in the group of tol -
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er ant ge no types in com par i son with the other groups (-11.3%) might rep re sent a con se quence of
the sig nif i cant in crease in num ber of spikes per m2 in the bo ron treat ments com pared to the con -
trol (7.5%).

Out of ten cultivars, six were more tol er ant in field com par ing to lab o ra tory con di tions.
Two cultivars that had been clas si fied as tol er ant in the lab o ra tory as say (Milijana and Hel ena)
were sen si tive in field con di tions. Dif fer ences be tween bo ron tol er ance in field and lab o ra tory
con di tions have been also re ported by Kalayci et al. (1998).

Con sid er ing the vast in ter val of vari a tion be tween the min i mum (0 ppm) and max i mum
(15.9 ppm) bo ron con cen tra tions that has been found in ag ri cul tural soils of Vojvodina (Ubavi}
et al. 1993), bo ron de fi ciency may also be a prob lem in ad di tion to bo ron tox ic ity. Cultivars that
had higher yields in the bo ron treat ments than in the con trol, such as Rapsodija (Ta ble 2.), may
be bo ron in ef fi cient. There fore, the best start ing ma te rial for breed ing should be cultivars hav ing
yields that are as sta ble as pos si ble across a wide range of soil bo ron con cen tra tions, such as
Simonida, Kantata and Pesma.

Con clu sions

Sig nif i cant dif fer ences in re sponse to ex cess bo ron in field con di tions oc curred among the
stud ied wheat cultivars. Yield in the treat ments ranged from -11.7 to 4.6% rel a tive to the con trol
(100%) and it cor re lated with num ber of spikes per m2. Be cause bo ron de fi ciency as well as tox ic -
ity may oc cur in Vojvodina, the best start ing ma te rial for breed ing should be cultivars with yields
that are sta ble across a wide range of soil bo ron con cen tra tions.
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EFFECTS OF FHB TOLERANT WINTER WHEAT VARIETIES 
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Ab stract

Win ter wheat is the most im por tant crop in the Czech Re pub lic; it is grown in one half of
the area of ce re als. Fusarium head blight (FHB) causes se vere yield losses and de creases bak ing
and food qual ity. Most of reg is tered win ter wheat va ri et ies are mid dle or high sus cep ti ble to
FHB. Many re sults show that it is dif fi cult to reach high re sis tance level and si mul ta neously high
yield and nec es sary food qual ity. Six win ter wheat va ri et ies were used in three years 2005-2007
and dif fered into 2 groups: a) tol er ant group (with me dium re sis tant va ri et ies – Sakura, Simila,
Petrus), b) sus cep ti ble group (Dar win, Mladka, Sulamit). Symp tom atic eval u a tion, yield re duc -
tion and deoxynivalenol (DON) ac cu mu la tion is dis cussed both from the view of sus cep ti ble and
me dium re sis tant va ri et ies and by ap pli ca tion of dif fer ent fun gi cide treat ment. Tol er ant va ri et ies
have with strong in fec tious pres sure sig nif i cantly (P < 0.05) lower oc cur rence of patho gen and
less DON con tain then sus cep ti ble va ri et ies. Tar geted fun gi cidal treat ment sig nif i cantly (P <
0.05) in flu enced mycotoxin ac cu mu la tion and yield es pe cially in sus cep ti ble va ri et ies. These re -
sults clearly ad vert to im por tance of de vel op ing re sis tant va ri et ies. 

Key words: Fusarium head blight, deoxynivalenol, fun gi cide, yield, qual ity

Indtroduction

Food safety is now a days the pri or ity for ce real pro duc ers and grain-pro cess ing in dus try.
Fusarium head blight causes se vere yield losses and de creases bak ing and food qual ity
(Mesterházy, 2003). The most fre quent spe cies in Eu rope are now F. graminearum and F.
culmorum (Logrieco et Bottalico, 2001; Mesterházy, 2003), both of which pro duce myco toxins
(Joffé 1986, Abramson 1998, Chelkowski 1998). The ba sic tox ins are deoxynivalenol (DON),
zearalenone and nivalenol (Logrieco et al., 2003).

Most of reg is tered win ter wheat va ri et ies are mid dle or high sus cep ti ble to FHB. The re -
sults of many re searches show us that it is dif fi cult to reach high re sis tance level and si mul ta -
neously high yield and nec es sary food qual ity (Mesterházy, 2003).

The ob ject of this work is to as sess Fusarium Head Blight (FHB) im pact on win ter wheat
symp tom atic eval u a tion, yield re duc tion and deoxynivalenol (DON) ac cu mu la tion. These pa -
ram e ters are dis cussed both from the view of sus cep ti ble and me dium re sis tant va ri et ies and by
ap pli ca tion of dif fer ent fun gi cide treat ment.

Ma te ri als and meth ods

The small-par cel ex per i ment was based in the breed ing sta tion Stupice in years 2005-2007
and Uhretice in 2007. The ex per i ment used com plete ran dom ized blocks in 3 rep li ca tions; each
par cel area was 10m2. Six win ter wheat va ri et ies was used and dif fered into 2 groups: a) sus cep ti -
ble va ri et ies (Dar win, Mladka, Sulamit), b) me dium re sis tant va ri et ies (Sakura, Simila, Petrus).
Part of the pro ject was 4 var i ous fun gi cide treat ments: 1) con trol – with out ar ti fi cial in fec tion and
fun gi cidal treat ment, 2) in fec tion – with ar ti fi cial in fec tion of F. graminearum and F. culmorum,
with out fun gi cidal treat ment, 3) fun gi cide - in grow ing stage DC 37 – 39 spray ing with Tango
Super (1l/ha, ac tive sub stances epoxiconazole 84g/ha and fenpropimorph 250g/ha), ar ti fi cial in -
fec tion in the flow er ing pe riod. Tango Super is com monly used prep a ra tion with out the tar get of
Fusarium sup pres sion. 4) tar geted treat ment - in DC 37-39 Tango Super, 24 hours be fore Fusarium 
in fec tion was used tar geted fun gi cide Caramba (1l/ha, ac tive sub stance metconazole 60g/ha).
Caramba was the most ap plied fun gi cide against Fusarium.
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Inoculum with spore con cen tra tions of 6-7 x 106 spores/ml was pre pared and each par cel
was in fected with 1 li ter of inoculum. In fec tions run up in full flow er ing pe riod ac cord ing to each
va ri ety term. Symp tom atic eval u a tion was car ried in 21st day af ter the in fec tion. The ex per i ment
was har vested by plot har vester. The grain was an a lyzed; mycotoxin was de ter mined im mu no -
chemi cal ly us ing ELISA.

Re sults and dis cus sion

Symp tom atic eval u a tion - Head blight symp toms were eval u ated on a 1-9 scale (9 - with out
symp toms, 1 - 100% dis ease de vel op ment) (Ta ble 1). The dif fer ence be tween in fec tion and
non-tar geted fun gi cide is not sig nif i cant, while tar geted fun gi cide lead to sig nif i cantly (P < 0.05)
less pres ence of symp toms. Me dium re sis tant va ri et ies have with strong in fec tious pres sure sig nif -
i cantly (P < 0.05) lower oc cur rence of patho gen then sus cep ti ble va ri et ies. The best symp tom
score of in fec tion vari ant was eval u ated at va ri ety Sakura (7,5).

Ta ble 1: Head blight symp toms on a 1-9 scale (9 - with out symp toms, 1 - 100% dis ease de vel op ment), va -
ri et ies com par i son

SYMPTOMATIC susceptible varieties medium resistant var.

EVALUATION MLADKA DARWIN SULAMIT SIMILA PETRUS SAKURA

CONTROL q 8,09 a 8,55 ab 8,50 ab 8,93 b 8,91 b 8,73 b

TARGETED T. q 5,45 a 5,73 a 6,27 ab 7,21 bc 7,86 c 8,14 c

FUNGICIDE q 4,36 a 4,77 ab 5,36 b 7,14 c 7,45 c 7,77 c

INFECTION q 4,00 a 4,14 a 5,18 b 6,79 c 7,41 c 7,50 c

Yield re duc tion – The dif fer ence be tween in fec tion and non-tar geted fun gi cide is not sig nif i -
cant. Tar geted treat ment was sig nif i cantly (P < 0.05) ef fec tive in sus cep ti ble va ri et ies and in -
creased their yield about 13 % com pared to in fec tion vari ant. In me dium re sis tant va ri et ies there
is not sig nif i cant dif fer ence be tween tar geted, non-tar geted treat ment and in fec tion vari ant; but
their yield (com pared to sus cep ti ble va ri et ies) was about 5 % higher (P < 0.05) with tar geted
treat ment, about 11 % in fun gi cide vari ant and about 15 % in in fec tion vari ant (Fig 1). Yield re -
duc tion in the sus cep ti ble va ri et ies was 17 % in the tar geted treat ment, 26 % in the fun gi cide vari -
ant and 30 % in the in fec tion vari ant. Yield re duc tion in me dium re sis tant va ri et ies was 14 % on
the av er age ir re spec tive of the treat ment (Ta ble 2). Petrus and Sakura have sig nif i cantly (P <
0.05) higher yield than sus cep ti ble va ri et ies, how ever Simila was some where be tween these two
groups (Fig 2).

Ta ble 2: Yield re duc tion (%, t/ha), treat ment and ge no types com par i son

 CONTROL Ø TARGETED T. Ø FUNGICIDE Ø INFECTION Ø

 % t/ha  % t/ha  % t/ha  % t/ha  

SUSCEPTIBLE V. 100 9.43 a 83 7.81 b 74 6.93 c 70 6.64 c

M. RESISTANT V. 100 9.77 a 88 8.57 b 85 8.31 b 85 8.30 b

MEAN 100 9.59  85 8.17  79 7.57  77 7.42  

DON con tent – Me dium re sis tant va ri et ies con tain about 3/4 less (P < 0.05) DON than sus -
cep ti ble ones (Ta ble 3). Tar geted fun gi cide treat ment takes pos i tive ef fect both in tol er ant and
sus cep ti ble va ri et ies and re duces the DON con tent about 2/3. Sakura and Simila have the low est
DON con tent, Petrus ranges be tween Sakura and Simila and sus cep ti ble va ri et ies (Fig. 3).
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Fig. 1: The yield dif fer ence be tween sus cep ti ble and me dium re sis tant va ri et ies in in fec tion vari ant.

Fig. 2: Yields af ter ar ti fi cial in fec tion (with out fun gi cide treat ment)

Ta ble 3: DON con tend (%, ppm), treat ment and ge no types com par i son

 INFECTION Ø FUNGICIDE Ø TARGETED T. Ø CONTROL Ø

 % ppm  % ppm  % ppm  % ppm  

SUSCEPTIBLE V. 100 13.4 a 70 9.35 a 25 3.34 b 4 0.48 b

M. RESISTANT V. 100 2.35 a 103 2.42 a 29 0.69 b 0 0.00 b

MEAN 100 8.03  75 5.98  26 2.05  3 0.24  

Fig 3: DON con tent af ter ar ti fi cial in fec tion (with out fun gi cide treat ment)

Con clu sions

De vel op ment of tol er ant va ri et ies is the most ef fec tive pro tec tion against FHB in fec tion
and mycotoxin ac cu mu la tion. Tar geted fun gi cidal treat ment highly in flu ences mycotoxin ac cu -
mu la tion and yield in sus cep ti ble va ri et ies. How ever the ap pli ca tion date in this work was ac cu -
rately de ter mined (24 hours be fore in fec tion), es ti ma tion of the ap pli ca tion time is doubt ful in
prac tice. Non-tar geted fun gi cidal treat ment is not ex plicit. Va ri et ies Petrus, Simila and Sakura
ap prove me dium tol er ance to FHB, Sakura was found the best in all parameters.

Ac knowl edge ments
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POSSIBILITIE STRATEGY FOR DURABLE RESISTANCE 
TO Puccinia recondita tritici OF WHEAT
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1Faculty of ag ri cul ture, Novi Sad
2Megatrend uni ver sity Bel grade, Fac ulty of biofarming , Ba~ka Topola, Ser bia
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Ab stract

The new ap proach in in ter na tional patho ge nic ity sur vey of Puccinia recondita tritici was to
pro vide ge net i cally di verse sources of re sis tance to be used in a sur vey of wheat leaf rust patho gen 
in Eu ro pean-Med i ter ra nean re gions and to search for patho ge nic ity of P. recondita tritici cul tures
use ful in dif fer en ti at ing sources of re sis tance. New meth ods have been ap plied con tain ing Cen -
tral Field Nurs ery, Cen tral Seed ling Tests, Co op er a tive Seed ling Tests and Re gional Field Nurs -
eries (ELRWN). The re sults have been re ported from one year of in ves ti ga tions. ELRWN con -
tained 20 win ter wheat hy brid lines with pyr a mid ing re sis tant genes in clud ing strong ones Lr9,
Lr19 and Lr24. Also, 16 spring wheat lines were in cluded, as con trol lines. In that year ELRWN
have been re al ized in 13 coun tries and co op er a tive seed ling test in 8 coun tries us ing 22
pathotypes of P. recondita tritici. The best re sults ob tained by the win ter wheat lines
NS-66/5´Lr24, NS-77/2´Lr19, NS-37/2´Lr19 and spring wheat lines 647-CMA-14793 and
26TH-ESWYT-10.

Key words: Puccinia recondita tritici, In ter na tional sur vey, hy brid lines, re sis tant hy brid
wheat lines.

In tro duc tion

Leaf or brown rust caused by Puccinia recondita Roberge ex Desmaz. f. sp. tritici (Eriks. &
E. Henn.) is prob a bly the most im por tant dis ease on the world wide ba sis and yield losses may
reach 40% in sus cep ti ble cultivars (Kolmer, 1996). Strat egy for du ra bil ity of leaf rust re sis tance in 
cultivars af ter the are re leased in ag ri cul ture is per haps more im por tant than achiev ing re sis tance
in the first in stance. The ob jec tive of cultivar man age ment, re gard less of ep i demic prob a bil ity, is
to max i mize the po ten tial du ra bil ity of de ployed re sis tance. The global leaf rust pop u la tion var ies 
in vir u lence and this vari a tion may re sult from one or more fac tors. The es sen tial ori en ta tion for
the in ter na tional stud ies of the rust patho gens where their long dis tance dis sem i na tion as well es -
tab lished phe nom e non. Wind is a great un con trolled car rier of inoculum and urediospores of rust 
fungi are rec og nized as in ter na tional trav el ers (Roelfs, 1985; Bo{kovi} and Bo{kovi} Jelena,
2007). This was the mean rea son why the best method of rust patho gen con trol was a net work of
in ter na tional co op er a tive stud ies which would cover large ep i de mi o log i cal ar eas (Bo{kovi}
Jelena et. al., 2001; Mesterházy et al, 2000).

The im por tance and ne ces sity of co op er a tive in ter na tional in ves ti ga tions of the wheat rusts 
was es pe cially em pha sized by the Eu ro pean and Med i ter ra nean Ce real Rusts Foun da tion. That
was in cluded first time in res o lu tions of Ce real Rust Con fer ences in Cambrige, 1964 and later on
the oth ers.Co op er a tive re search of yel low rust of wheat for Eu rope had been or ga nized in Neth -
er lands, for stem rust in Por tu gal and It aly, and for leaf rust in Yu go sla via. The Eu ro pean Pro ject
of Wheat Leaf Rust Re search had been started in Novi Sad deal ing pri mar ily with patho ge nic ity
sur veys of Puccinia recondita tritici in Eu ro pean-Med i ter ra nean re gions and breed ing for re sis -
tance (Bo{kovi}, 1966). From that time in In ter na tional sur veys for Eu ro pean-Med i ter ra nean re -
gions dif fer ent sets of Lr lines have been used (Bo{kovi} Jelena et. al., 2001). The same Lr lines
used had n’t any value for Eu ro pean-Med i ter ra nean re gions. It was clear, even years ago, that
these re gions needed new more ef fi cient re sis tance genes and large test ing and cross ing pro gram
started in that time. The most of these lines had not shown sat is fac tory ef fi ciency for the sur veys.
A com par i son of patho ge nic ity of Puccinia recondita in Eu rope, The United States and Can ada
has shown big dif fer ences (Bo{kovi} and Browder, 1976). At the be gin ning 18 do nors of re sis -
tance had been se lected af ter an ex ten sive screen ing tests of sev eral In ter na tional rusts nurs er ies,
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for cross ing with va ri et ies Princ and Starke. Later on, eight of these hy brid lines with the most in -
ter est ing do nor, 66, 77, 26, 32, 46, 94 and 146, have been crossed with only ef fec tive genes Lr9,
Lr19 and Lr24 (Bo{kovi} Jelena et al., 2008).

The main ob jec tive within new ap proach in in ter na tional patogenicity sur vey of Puccinia
recondita tritici was to pro vide ge net i cally di verse sources of re sis tance (wheat lines with pyr a mid -
ing re sis tant genes) to be used in a sur vey of wheat leaf rust patho gen in Eu ro pean-Med i ter ra -
nean re gions and to search for and doc u ment patho ge nic ity of P. recondita tritici cul tures use ful in
dif fer en ti at ing sources of re sis tance. Em pha sis is placed on sources of re sis tance and their use ful -
ness rather than on de scrip tion of fun gus pop u la tions.

Ma te ri als and Meth ods

The meth ods are ap plied ac cord ing to the fol low ing ap proaches and pro ce dure:
Cen tral Field Nurs ery Each year in this field nurs ery nu mer ous field ma te ri als from In ter -

na tional rust nurs er ies as well as nu mer ous breed ing wheat lines from our pro gram have been
tested in the con di tion of ar ti fi cial inoculations.

Cen tral Seeding Test P. recondita tritici col lec tions from re gional nurs er ies (ELRWN) have
been sent to Novi Sad where has been cul tured and there vir u lence to the source lines con firmed.
When vir u lence to a given line is found and con firmed by green house tests, that line should be re -
moved from the field nurs ery and re placed by an other line with po ten tial value. This pro ce dure is
based on the con cept of max i miz ing the num ber of sources of re sis tance to be stud ied. It is as -
sumed that once vir u lent cul tures are avail able, these cul tures can be used to sep a rate that line
from other sources of re sis tance. Anal y sis of in fec tion-type data has been done to dis tin guish be -
tween sources of re sis tance and to eval u ate the use ful ness of dif fer ent sources of re sis tance in var -
i ous places of the Eu ro pean-Med i ter ra nean re gions.

Co op er a tive Seed ing Tests Uni form sets in Eu ro pean Leaf Rust Wheat Nurs ery
(ELRWN) and pos si bly some other po ten tially use ful sources of re sis tance, should be in oc u lated
with sev eral prev a lent cul tures by 6-8 co op er a tors in sev eral coun tries well-dis posed on Eu ro -
pean-Med i ter ra nean territory.

Re gional Field Nurs eries (ELRWN) This ap proach should involvee test ing of a uni form set 
of wheat lines to nat u rally occuring P. recondita tritici pop u la tions at 20-30 sites in Eu rope and
Med i ter ra nean re gions. The ma te ri als in cluded should em pha size only wheat lines pre vi ously
tested and shown to be highly re sis tant, and for which there is in di ca tion of di verse re sis tance ge -
no type. Ob ser va tions of leaf rust se ver ity should be made by co op er a tors and sent to Novi Sad for 
as sem bling and sum ma ri za tion. The ma te ri als in these nurs er ies will also pro vide a ba sis for col -
lect ing uredial cul tures which are vir u lent to some or all of the wheat lines. These cul tures are
used in fur ther green house and lab o ra tory stud ies for differentation sources of re sis tance. The
seed lings in the green house where scored for in fec tion type ac cord ing to a scale 0-9 and vari a tions 
were clas si fied for eas ier com put er iza tion. Re ac tion classes (R, I and S) comprized the fol low ing
vari a tion of inffections types »R« - 1, 2, 3, 4, (0, 0; 1, 2) »I« – 5, 6, (X-, X+) and »S« - 7, 8, and 9 (3-,
3+, 4). Since the seg re ga tion was very fre quent in the seed lings and in the field, that was des ig -
nated by »,« For leaf rust and ather rusts the re ac tions are re corded by se ver ity (0-99) and re -
sponse (VR-S). In the field are re corded desease se ver ity, the par ent age of the sur face of the
plant till ers and leavs af fected, us ing the mod i fied Cobb scale (Pe ter son et al, 1984). Host re -
sponse, the type of in fec tions ob served (R - re sis tant, I - all in ter me di ate types and S – sus cep ti -
ble).

Se ver ity is re duced to a sin gle digit as fol lows: 0=0; 10=1; 11-25=2; 26-35=3; 36-45=4;
46-55=5; 56-65=6; 66-75=7; 76-85=8; 86-100=9. Host re sponse is changed from R, I and S to 0-9
scale to com put er iza tion and de riv ing co ef fi cient of in fec tion. R= 0-3 or 2; I=4-6 or 5; S=7-9 or 8.

As a ma te rial have been used our hy brid lines with pyr a mid ing re sis tant genes and other
highly re sis tant wheat ge no types in ELRWN se lected ac cord ing to above ex plained pro ce dures.
In Cen tral Field Nurs ery are in cluded com plete In ter na tional Rust Nurs er ies and nu mer ous of
our breeding lines.
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Re sults and Dis cus sion

In Cen tral Field Nurs ery have been tested in the field eight In ter na tional Rust Nurs eries
with to tal of 410 en tries and seven spring wheat – CIMMYT Nurs eries with 708 en tries. In ad di -
tion to Cen tral Nurs ery have been tested hy brid prog e nies from the breed ing pro gram of ac cu -
mu la tion, or pyr a mid ing re sis tant genes. In breed ing ma te rial were in cluded 834 hy brid lines.
Some se lected of all these ma te rial have been tested in the green house (seed ling stage) to
twenty-two in ter na tional cul tures of P. recondita tritici from Re gional Field Nurs eries (ELRWN).
Co op er a tive Seed ling Tests in the sec ond year in cluded se lected 36 win ter and spring wheat en -
tries in ELRWN. Seed ling tests to par tic u lar pathotypes of P. recondita tritici have been re al ized
in the fol low ing coun tries: Ger many (one pathotype), Czecho slo va kia (two pathotypes), Swe den
(one path.), China (three path.), France (four path.), It aly (two path.), Bul garia (four path.) and
Is rael (five path.) – in to tal 22 pathotypes.

A Re gional Field Nurs ery (ELRWN) com prised in sec ond year twenty of win ter wheat hy -
brid lines with pyr a mid ing re sis tant genes from our breed ing pro gram and six teen highly re sis tant 
spring wheat lines, again se lected from tested and an a lyzed In ter na tional Wheat Rust Nurs eries.
Field ELRWN nurs er ies with 36 en tries have been re al ized in 13 coun tries and eval u ated to P.
recondita tritici and some other wheat patho gens: Ger many (3 sites), Aus tria, Hol land, Bul garia,
Is rael, Swe den, Swit zer land, It aly, Po land, Czecho slo va kia, Spain, France and Chile.

All win ter wheat hy brid lines with ac cu mu la tion of re sis tant genes con tain ing strong re sis -
tant genes Lr9, Lr 19 and Lr24 have shown very good re sults. But, there is a very slight dif fer ence
be tween them in de gree of re sis tance. The best were the lines NS-66/5´Lr24, NS-77/2´Lr19,
NS-37/2´Lr19, then NS-66/2´Lr19, NS-77/3´Lr24, NS-66/4´Lr19, NS-26/2´Lr19, and NS-26/1´Lr9,
NS-32/2´Lr19, NS-94/4´Lr19. These hy brid lines have had a lit tle better com bin ing abil ity from
the genes of the do nors and strong re sis tant genes Lr9, Lr19 and Lr24, which re sulted, with some
higher de gree of re sis tance. Within spring wheat lines in ELRWN, the best re sults ob tained were
the lines 647-CMA-14793 and 26TH-ESWYT-10. Less re sis tance have had 26TH-ESWYT-36,
11TH-ESWYT-20 and 26TH-ESWYT-3. For these spring lines it can be sup posed that they con -
tain sev eral re sis tant genes. Other spring lines have had in suf fi cient re sis tance or quite sus cep ti -
ble re ac tions. The most typ i cal were the lines Lr9, Lr19 and Lr24 which had been used in our
breed ing pro gram for ac cu mu la tion of re sis tant genes. It is clear that these lines loosed al most
com plete re sis tance as Lr9 and Lr24, but much less Lr19. It is im por tant to com pare these re sults
of twenty wheat lines con tain ing ac cu mu lated re sis tant genes with the same lines where have
been re ported the seg re ga tion ra tios of F2 gen er a tions (Bo{kovi} Jelena et al, 2001; 2008). The
num ber of re sis tant genes of these twenty lines in the ta ble is very good cor re lated with re sults ob -
tained in the seed lings and adult plants in ELRWN nurs er ies in Ta ble 1. That means, cor re la tion
of de gree of re sis tance of co op er a tive seed ling tests to par tic u larly pathotypes of P. recondita
tritici, as well as to de gree of re sis tance in the field of the ELRWN in cor re spond ing coun tries to
the num ber of re sis tant genes in F2 gen er a tions of each breed ing com bi na tion. Re cently has been
re ported that patho ge nic ity stud ies of Eu ro pean pop u la tions of Puccinia recondita tritici us ing
patho ge nic ity and mo lec u lar mark ers re sulted in 35 pathotypes iden ti fied from 68 iso lates ex am -
ined, all of which were avirulent for the genes Lr9, Lr19 and Lr24, as well as to the other Lr’s -
Lr21, Lr25 an Lr29 (Park et al, 1996; Lukasz et al., 2003; Hysing, 2007; Pathan and Park, 2006).

Con clu sions

It is well known in the last time that com bin ing or pyr a mid ing of re sis tance genes into in di -
vid ual cultivars has had con sid er able suc cess in re duc ing the rate of evo lu tion of patho gens par -
tic u larly in the sit u a tions where the patho gen does not re pro duce sex u ally, as in the case of P.
recondita tritici. Con sid er able ar gu ments for du ra bil ity of cultivars with pyr a mided race-spe cific
re sis tance genes have been al ready re ported Samedifferences in F2 gen er a tion con cern ing the
num ber of re sis tance genes re lated to par tic u lar pathotypes of P. recondita tritici was al ready re -
ported by other au thors stat ing that dif fer ences can de pend from dif fer ent do nors and pathotypes 
used.
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In the time when we used the lines with strong genes Lr9, Lr19 and Lr24 in our breed ing
pro gram that lines have had very high re sis tance on the large ep i de mi o log i cal ter ri tory, mean -
while, these lines loosed al most com plete re sis tance, as Lr9 and Lr24 and much less Lr19.

Ac knowl edge ments

The au thors are grate ful for fi nan cial sup port by ineternational and na tional pro jects and
co op er a tors in projects.
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Abstract

Folial fungal pathogens of Puccinia species cause the rust diseases in wheat and their man-
agement continues to be a major challenge to the wheat breeders Worldwide. Thus, knowledge
about the types of resistance genes within the vast number of wheat collections available to
breeders becomes the major factor in the application and success of durable resistance breeding
programmes. Recent emergence of new stem rust pathogen race, Ug99, has alarmed all wheat
growing countries. For this, 41 selected wheat germplasm collections majorly from (ARI) Agri-
cultural Research Institutes in Eskisehir and Ankara and 13 wild relative species (covering 80 ac-
cessions) were screened by PCR-based molecular markers linked to resistance genes. Total of 19
resistance loci (8 Lr loci, 7 Sr loci and 4 Yr loci) covering for all Puccinia species have been tar-
geted. Results have shown that 56% of all wheat germplasm were positive for all screened loci
when Lr35, Sr2 and Sr39 loci were excluded. Among the wild relatives majority of them were pos-
itive for Lr29, 37, 50, Sr2, 22, 26, 38, and Yr15, 17, 26 loci.

Key words: STS-PCR markers, rust disease resistance, wheat, wheat wild relatives

Introduction

Wheat is the most consumed (604 million metric tons) and the most grown (217 million
hectare) food grain worldwide than any other crop (FAO, 2006). Major challenge in manage-
ment of wheat production is the continuous battle against the wheat fungal pathogens mainly the
rust diseases caused by Puccinia species (Kolmer, 2005). During epidemy, the loss of yield can
reach up to 40% in susceptible cultivar plantation (Kosina et al., 2007,). Recently such outbreak
alarm has emerged for stem rust race Ug99, initially detected in Uganda in 1999 but the
wind-borne fungus spores have managed to spread to Kenya and Ethiopia in 2004, Yemen in
2007 and countries expected on its path are Egypt, Syria, Turkey and Iran (BGRI, 2008; Macken-
zie, 2007). To combat with the wheat rust fungus and in hope to reduce the estimated 1-2 billion
US$ damage cost in Asia alone, the Borlaug Global Rust Initiative has been established in 2005
with the objective to maximize the potential durability of deployed resistance in plants by breed-
ing strategies using resistant varieties and wild relatives. Highly accepted approach is to develop
wheat varieties carrying combination of several resistance genes against various pathogen races.
Several researchers have indicated the importance of combination of certain stem rust resistance
genes such as Sr2, 22, 24, 36, 39 to achieve effective resistance to stem rust (Singh et al., 2006; Jin et

al., 2007). The lack of prior knowledge about the types of resistance genes within wheat collec-
tions available to breeders becomes the major limiting factor in the application and success of du-
rable breeding programmes. However, continuously developed PCR-based molecular markers,
highly linked to resistance genes, can facilitate genotyping in less time and more cost effectively
(Reynolds et al., 2007; Sorrells 2007). Therefore, this study was aimed to screen 19 rust disease re-
sistance loci by putting special emphasis on those effective for Ug99 race on wheat germplasm
collection and wild relatives from Turkey to evaluate their resistance genotype diversity for fu-
ture durable resistance breeding programmes.

Materials and Methods

Wild accessions of Triticeae used in this study cover the South-Southeast and Central Ana-
tolian Regions of Turkey (Table 1). The wheat germplasm collected from ARI contains wheat
cultivars (no. 1-17), advanced stage breeding lines (no. 48-59) and undescribed rust resistant ge-
netic source wheat stock (no.18-33) (Table 2). From all the plant material, 3 seeds were selected
and germinated until they reached to tiller stage in 20ml germination trays containing
sand:torf:soil mixture in 1:1:1 ratio. During this period, all plants were kept in temperature and
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light controlled growth chamber. For DNA extraction, leaf samples of 3mg were collected and
grinded in mortar/pestle containing liquid nitrogen.

Table 1. The origin and the number of accessions for the wild species

Wild species Acc*. Origin
Ae. mutica 2 Haymana
Ae. triuncialis 4 Haymana/ Hatay/K.maras/Cankiri
Ae. Triaristata 2 D.bakir/Adiyaman
Ae.speltoides var. speltoides 20 S.urfa/Mardin/Adiyaman/G.antep/K.maras/Adana
Ae.speltoides var. liguistica 5 S.urfa/ G.antep
Ae.ovata 2 S.urfa/ K.maraþ

Ae.caudata 3 Haymana/S.urfa/ G.antep
Ae. kotschyi 1 Hatay
T. turgidum var. Dicoccoides 17 D.bakir/S.urfa/Kars/G.antep/K.maras
T.urartu 4 G.antep/S.urfa
T.araraticum 3 G.antep
T. monococcum var. Aegilopoides 15 G.antep/Hatay/S.urfa/G.Antep/D.bakir
T. turgidum var. diccocon 2 Sinop/kastamonu
*: Number of accessions for each wild species

Table 2. The wheat germplasm collections from Agricultural Reseach Centers of Turkey

No. Wheat germplasm Origin No. Wheat germplasm Origin
1 Yakar 99 Ankara 25 Bdk 2004 Ankara
2 Bayraktar 2000 Ankara 26 Bdk 2004 Ankara
3 Mizrak Ankara 27 Bdk 2004 Ankara
4 Demir 2000 Ankara 28 Bdk 2004 Ankara
5 Aksel 2000 Ankara 29 Bdk 2004 Ankara
6 Seval Ankara 30 Bdk 2004 Ankara
7 Yayla 305 Eskisehir 32 Bdk 2004 Ankara
8 Altay 2000 Eskisehir 33 Bdk 2004 Ankara

10 Alpu 2001 Eskisehir 48 Es00-ke3 Eskisehir
11 Kinaci 97 Konya 49 Es03-ke12 Eskisehir
12 Goksu 99 Konya 50 Es03-se18 Eskisehir
14 Yildirim Erzurum 51 Eskiþehir-04kvd-20 Eskisehir
15 Bezostaya 1 Sakarya 52 Eskiþehir-04kvd-26-05bvd13 Eskisehir
16 Pamukova 97 Sakarya 53 Eskiþehir-04kvd33-05bvd14 Eskisehir
17 Tahir ova Sakarya 54 Eskiþehir-04kvd49 Eskisehir
18 Bdk 2004 Ankara 55 Eskiþehir-04kvd62-05bvd4 Eskisehir
19 Bdk 2004 Ankara 56 Eskiþehir-04kvd109-05bvd8 Eskisehir
21 Bdk 2004 Ankara 57 Eskiþehir-04svd13-05sbvd-b2 Eskisehir
22 Bdk 2004 Ankara 58 Eskiþehir-04svd34-05sbvd-k3 Eskisehir
23 Bdk 2004 Ankara 59 Eskiþehir-04svd47-05sbvd-k8 Eskisehir
24 Bdk 2004 Ankara 59 Eskiþehir-04svd47-05sbvd-k8 Eskisehir

Powdered leaf extracts were kept in deep freezers (-70oC) prior to DNA isolation. DNAeasy
Plant Kit (Qiagen) were used to isolate DNA from frozen leaf extracts using instructions in the kit
manual. Nineteen rust disease resistance loci which include stem rust (Sr), leaf rust (Lr and yellow
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rust (Yr) PCR-based molecular markers used were given in the Table 3. PCR reactions and cycles
were optimized for each primer sets (Table 3) according to the suggestions of the literature. PCR
cycles were performed in C1000 Thermal cycler (BioRad). PCR results were run at 1.5% agarose
gel containing 0.5�g/ml EtBr and visualised under UV illumination. For the analysis of PCR re-
sults, a binary data matrix was created by scoring the presence (1) and the absence (0) of the bands
on agarose gels. For wild species covering more than four accessions, the percentage of the positive
scores were calculated and graded from 0-4 for each 20% interval (Table 5).

Table 3. List of PCR-based molecular marker primers linked to resistance genes

Primer Name resistance gene References
SCS73719 F/R Lr24 Gupta et al. 2005
Lr28-01/Lr280-2 Lr28 Naik et al. 1998
Lr29 F/R Lr29 Procunier et al. 1995
Sr39 F/R Lr35, Sr39 Gold et al. 1999
VENTRIUP-LN2 Lr37, Yr17, Sr38 Helguera et al. 2003
SC Yr15 F/R Yr15 Robert et al. 1999, 2000
WMS382 F/R Lr50 Brown-Guedira et al. 2003
GWM533 F/R Sr2 Spielmeyer et al. 2003
CFA2019 F/R Sr22 Sourdille et al. 2001
Sr24#12 F/R Sr24 Mago et al. 2005
Sr26#43 F/R Sr26 Mago et al. 2005
WMS319 F/R Sr36 Tsilo et al. 2007
WE210 F/R Yr26 Wang et al. 2008
WMC44 F/R Yr29/Lr46 Singh et al. 2005
Lr21 F/R Lr21 Fritz et al. 2001

Results and Discussion

Among 41 wheat materials listed in Table 2, 56% were positive for resistance markers for all
19 resistance loci except Lr35, Sr2 and Sr39. The cultivars Yakar, Mizrak, Demir, Seval and Altay
had the lowest marker coverage (52-68%) especially for Lr and Yr gene loci, did not show any am-
plification products for Lr21, 29, 35, 50, Sr38, 39, Yr15,17 and 26 markers (data not shown). It is
very promising to observe the presence of marker for Lr46/Yr29 loci in all of the samples which
were considered to be highly linked genes that provide slow rusting, non-race specific-adult plant
resistance (Rosewarne et al., 2006) similar to Sr2 and Lr34/Yr18 loci (Lagudah et al.,2006; Jin et al.

2007) that also considered slow rusting genes. Combination of such slow rusting genes in wheat
cultivars during breeding were considered to be the best approach to obtain durable, broad-spec-
trum resistance worldwide (Singh et al., 2000). Moreover, currently accepted strategy for Ug99
threat was to create boosting effect collectively by stacking such slow rusting gene complexes (Sr
complex) in the same genetic background. In this study, lack of Sr2 locus marker in 34% of wheat
material majorly covering the wheat cultivar and the advance breeding line group was alarming.
When the wild accessions were examined, markers for Lr50, Sr22, 26, 38, Yr15, 17 and 26 were de-
tected in almost all of them. Among all accessions of Lr loci, except Lr50, also Sr24 and Yr29 loci
markers (except T. turgidum var. dicoccon and T. turgidum var. dicoccoides) were missing (Table 5).
Despite low sample number, those accessions unique to Hatay region (Ae. kotschyi) and Central
Anatolia region (Ae. mutica) (Dr. A. Karagoz pers. Comm.) contained valuable Ug99 effective Sr2,
26 and 38 gene markers (Table 4). Presence of Sr loci markers (T. turgidum var. dicoccon, T. turgidum

var. dicoccoides, T. urartu, T.monococcum var aegilopoides) and Yr29 locus marker (T. turgidum var.
dicoccon, T. turgidum var. dicoccoides ) in the evolutionary ancestor species of the wheat are valuable
knowledge for future durable resistance breeding programmes.
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Conclusions

Despite the geographical advantages of Turkey as a member of Fertile Crescent Region in
terms of its diverse genetic sources, our results indicate that these genetic sources can still be un-
der great danger for new pathogen races such as Ug99, due to lack of gene combinations espe-
cially for non-race specific, durable resistance genes. Together with field responses of cultivated
wheats, the results of the molecular markers should be integrated quickly in future breeding
strategies.

Acknowledgement

This study has been supported by Bogazici University Scientific Research Projects Fund
(BAP 07 HB108).

References:

BGRI (2008): The Borlaug Global Rust Initiative, Cornell University Ithaca, NY 14853 USA, http://www.globalrust.org
Brown-Guedira GL, Singh S, Fritz AK (2003) Performance and mapping of leaf rust resistance transferred to wheat

from Triticum timopheevii ssp. Armeniacum Phytopathology, 93, 7, 784-789
FAO (2006): Food, Agriculture Organization of the United Nations FAOSTAT Production Statistics. FAO, Rome, It-

aly, http://www.fao.org/
Gold J., Harder D., Townley-Smith F., Aung T., Procunier J. (1999): Development of a molecular marker for rust resis-

tance genes Sr39 and Lr35 in wheat breeding lines. Electronic Journal of Biotechnology, 2 (1).
Gupta S.K., Charpe A., Koul S., Prablu K.V. Haq Q.M.R. (2005): Development and validation of molecular markers

linked to an Ae. Umbellulata derived leaf rust resistance Lr9 for marker-assisted selection in bread wheat. Ge-
nome, 48, 823-830.

Helguera M., Khan, I. A., Kolmer J., Lijavetzky D., Zhong-qi L., Dubcovsky J. (2003): PCR Assays for the
Lr37-Yr17-Sr38 Cluster of Rust Resistance Genes and Their Use to Develop Isogenic Hard Red Spring Wheat
Lines Crop Science, 43, 1839–1847.

Jin Y., Pretorius Z., Singh, R. (2007): New virulens within race TTKS (Ug99) of the stem rust pathogen and effective
resistance genes. Phytopathology, 97, S137

Kolmer J.A. (2005): Tracking wheat rust on a continental scale. Current Opinion in Plant Biology, 8,441–449
Kosina P., Reynolds M., Dixon J., Joshi A. (2007): Stakeholder perception of wheat production constraints, capacity

building needs, and research partnerships in developing countries. Euphytica, 157, 475–483
Lagudah E. S., Mcfadden H., Singh R. P., Huerta-Espino J., Bariana H. S., Spielmeyer W. (2006): Molecular genetic

characterization of the Lr34/Yr18 slow rusting resistance gene region in wheat. Theoretical and Applied Genet-
ics, 114, 1, 21-30

Mackenzie D. (2007): Billions at risk from wheat super-blight. New Scientist Magazine, 2598, 6-7
Mago R., Bariana H. S., Dundas I. S., Spielmeyer W., Lawrence G. J., Pryor A. J., Ellis J. G. (2005): Development of

PCR markers for the selection of wheat stem rust resistance genes Sr24 and Sr26 in diverse wheat germplasm.
Theoretical and Applied Genetics, 111, 3.

Naik S., Gil K.S., Prakasa R.V.S., Gupta V.S., Tamhankar S.A., Pujar S., Gill B.S., Ranlekar, P.K. (1998): Identifica-
tion of a STS marker linked to the Aegilops speltoides–derived leaf rust resistance gene Lr28 in wheat. Theoret-
ical Applied Genetics, 97, 535-540.

Procunier J.D., Townley-Smith T.F., Fox S., Prashar S., Gray M., Kim WK., Czarnecki E., Dyck P.L. (1995):
PCR-based RAPD/DGGE markers linked to leaf rust resistance genes Lr29 and Lr25 in wheat (Triticum
aestivum L.). Journal of Genetics and Breeding, 49, 87-92.

Reynolds M. P., Braun H. J., Pietragalla J., Ortiz R. (2007): Challenges to international wheat breeding Euphytica, 157,
281–285

Robert O., Abelard C., Dedryver F. (1999): Identification of molecular markers for the detection of the yellow rust re-
sistance gene Yr17 in wheat. Molecular Breeding, 5, 167–175.

Robert, O., Dedryver F., Leconte M., Rolland B., De Vallavie Pope C. (2000): Combination of resistance tests and mo-
lecular resistance to postulate the yellow rust resistance gene Yr17 in bread wheat. Plant Breeding, 119,
467–472.

Rosewarne G. M., Singh R. P., Huerta-Espino J., William H. M., Bouchet S., Cloutier S., McFadden H., Lagudah E.
S.(2006): Leaf tip necrosis, molecular markers and â1-proteasome subunits associated with the slow rusting re-
sistance genes Lr46/Yr29. Theoretical and Applied Genetics, 112, 3, 500-508

Singh R. P., Huerta-Espino J., Rajaram S. (2000): Achieving near-immunity to leaf and stripe rusts in wheat by combin-
ing slow rusting resistance genes. Acta Phytopathologica et Entomologica Hungarica, 35, 133—139.

Singh R. P., Huerta-Espino J., William H. M. (2005): Genetics and Breeding for Durable Resistance to Leaf and Stripe
Rusts in Wheat. Turkish Journal of Agriculture and Forestry, 29, 121-127.

Singh R.P., Hodson D.P., Jin Y., Huerta-Espino J., Kinyua M., Wanyera R., Njau P., Ward R.W. (2006): Current status,
likely migration and strategies to mitigate the threat to wheat production from race Ug99 (TTKS) of stem rust
pathogen CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources 1,
054.

268

Self-pollinated crops

Breeding for Resistance to Biotic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Sorrells M.E. (2007): Application of new knowledge, technologies and strategies to wheat improvement. Euphytica,
157, 299-306

Sourdille P., Guyomarc’h H., Baron C., Gandon B., Chiquet V., Artiguenave F., Edwards K., Foisset N., Dufour P.,
(2001): Improvement of the Genetic maps of wheat using new microsatellite markers. Plant & Animal Genome
IX, Final Abstracts Guide. Applied Biosystems Press, Foster City, CA, 167

Spielmeyer W., Sharp P.J.,Lagudah E.S. (2003): Identification and validation of markers linked to broad spectrum
stem rust resistance gene Sr2 in wheat. Crop Science, 43,333-336

Talbert L.E., Blake N.K., Chee P.W., Blake T.K., Magyar G.M. (1994) Evaluation of “sequence-tagged-site” PCR
products as molecular markers in wheat. Theoretical and Applied Genetics, 87(7), 789-794.

Tsilo T. J., Jin Y., Anderson J. A. (2008): Diagnostic microsatellite markers for the detection of stem rust resistance
gene sr36 in diverse genetic backgrounds of wheat. Crop Science 48, 253-261.

Wang C., Zhang Y., Han D., Kang Z., Li G., Cao A., Chen P. (2008): SSR and STS markers for wheat stripe rust resis-
tance gene Yr26. Euphytica, 159,3. BGRI (2008): The Borlaug Global Rust Initiative, Cornell University
Ithaca, NY 14853 USA, http://www.globalrust.org

269

Self-pollinated crops

Breeding for Resistance to Biotic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



EVALUATION OF COMMON WHEAT CULTIVARS OF DIFFERENT GEOGRAPHIC
ORIGIN FOR RESISTANCE TO LEAF RUST AND POWDERY MILDEW IN THE

CONDITIONS OF NON-CHERNOZEM ZONE OF RUSSIA

Inna Lapochkina1, Maria Rudenko1, Nail Gajnullin, Irina Makarova1, Vasiliy Kuzlasov1, Irina
Iordanskaya1, Elizavetta Kovalenko2, Albina Zemchuzhina2, Har old Bockelman3

1Agriculture Re search In sti tute of Non-Cher nozem Zone, Mos cow Re gion, Rus sia; 
e-mail: inna-lapochkina@yandex.ru

2All-Rus sian In sti tute of Phytopathology, Mos cow Re gion, Rus sia; 
e-mail: kovalenko@vniif.rosmail.com

3U.S. De part ment of Ag ri cul ture - Ag ri cul tural Re search Ser vice, Aberdeen, Idaho, USA;
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Ab stract

More than 600 spring wheat cultivars and breed ing lines and 580 win ter wheat cultivars and
breed ing lines from dif fer ent geo graphic zones of the world were eval u ated for re ac tion to leaf
rust and pow dery mil dew in the Non-Cher nozem Zone of Rus sia (Mos cow Re gion). These lines
were re ceived from Na tional Small Grains Col lec tion (USDA-ARS, Idaho, USA). The po ten tial
do nors of re sis tance to these dan ger ous patho gens were se lected based on the re sults of
three-year tests. Sixty-six lines of spring and 43 lines of win ter wheat were iden ti fied with re sis -
tance to pow dery mil dew, and 100 lines of spring and 48 lines of win ter wheat were iden ti fied with 
re sis tance to leaf rust. The lines with com plex re sis tance to both patho gens and oth ers eco nomic
char ac ter is tics (early date of head ing, shot stem and height pro duc tiv ity) are valu able for breed -
ing. Some lines were tested with the use of STS and SSR mark ers to genes of re sis tance to leaf rust 
and pow dery mil dew. The lines with one to sev eral ef fec tive genes of re sis tance to leaf rust and
pow dery mil dew in the Non-Cher nozem Zone were se lected: Cltr 14465, Cltr 15586, PI 519658,
PI 519705 (USA), PI 547266 (Eng land), PI 337156, PI 422299 (Ar gen tina), PI 345461 (Bosnia).

Key words: com mon wheat, leaf rust, Lr genes, pow dery mil dew, Pm genes, STS and SSR
mark ers

In tro duc tion

Wheat is the main food crop in Rus sia. It makes up more than 40% of the to tal grain pro -
duc tion. Most losses in wheat pro duc tion are due to dis eases. Among nu mer ous harm ful wheat
dis eases, the most im por tant are leaf rust, Septoria leaf spot dis eases, and pow dery mil dew. The
suc cess of breed ing of cultivars re sis tance to dis eases en tirely de pends on ini tial ma te rial and do -
nors. Such ge no types can be se lected at study of world germplasm of wheat.

Ma te ri als and Meth ods

More than 600 spring wheat cultivars and breed ing lines and 580 win ter wheat cultivars and
breed ing lines from dif fer ent geo graphic zones of the world were eval u ated for re ac tion to leaf
rust and pow dery mil dew in the Non-Cher nozem Zone of Rus sia (Mos cow Re gion). These lines
were re ceived from Na tional Small Grains Col lec tion (USDA-ARS, Idaho, USA).

The in ten sity of pow dery mil dew was es ti mated in pro voc a tive en vi ron ment. In the case of
leaf rust, plants were in fected with a pop u la tion in clud ing the to tal spec trum of races char ac ter is -
tic of Mos cow Re gion. Es ti mates were ob tained ac cord ing to Pe ter son et al. (1948).

To iden tify the re sis tance genes, we used mo lec u lar mark ers linked to the known leaf rust
re sis tance genes Lr1, lr9, Lr10, Lr21, Lr24, Lr28, Lr35, Lr37, Lr39, Lr50 and Pm2, Pm13, Pm4b, Pm16
genes. PCR anal y sis was con ducted ac cord ing to the primer pro to col. The am pli fi ca tion prod ucts
were electrophoretically sep a rated in 2% agarose gel in Tris-bo rate.

The main ag ro nomic char ac ter is tics such as plant height (cm), pro duc tiv ity of ear (g), thou -
sand seed mass (g) and date of head ing were take into con sid er ation.

Re sults

Sixty-six lines of spring and 43 lines of win ter wheat were iden ti fied with re sis tance to pow -
dery mil dew, and 100 lines of spring and 48 lines of win ter wheat were iden ti fied with re sis tance to 
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leaf rust. The lines with com plex re sis tance to both patho gens and with other eco nomic char ac -
ter is tics (early date of head ing, shot stem and height pro duc tiv ity) are valu able for breed ing. The
de scrip tion of spring and win ter wheat lines with the best com plex of eco nom i cally valu able fea -
tures is given in Ta bles 1 and 2.

Ta ble 1. The de scrip tion of the best sam ples of spring com mon wheat with com plex re sis tance to dis eases

sample country

affection, %
height,

cm
date of
heading

grain per
ear,

g

thousand
seed mass,

g
powdery
mildew

leaf rust

PI 282900 Argentina 0 20/1 99.33 15.06 1.47 43.00

PI 337156 Argentina 5 10/2 82.33 10.06 0.67 34.70

C1tr 15852 Mexico 5 1/1 61.33 7.06 1.00 38.30

PI 519304 Mexico 1 10/1 66.33 19.06 1.90 40.30

PI 520375 Mexico 5 10/2 57.33 10.06 1.60 46.70

S1tr 15777 USA(N.D) 5 1/1 85.67 13.06 1.33 45.70

S1tr 15810 USA(N.D) 5 15/2 62.67 13.06 1.20 40.30

PI 519425 USA(N.D) 1 10/2 80.00 7.06 1.23 43.30

PI 518658 USA(N.D) 0 20/2 81.67 11.06 1.13 39.30

PI 520284 USA(N.D) 0 40/2 79.67 14.06 1.70 43.70

PI 520527 USA(N.D) 1 0 72.00 12.06 1.17 39.70

PI 520528 USA(N.D) 5 0 66.33 10.06 1.73 45.70

PI 520529 USA(N.D) 5 0 73.33 9.06 1.53 41.30

S1tr 15716 USA(MS) 5 5/1 83.33 13.06 1.13 41.30

PI 519699 USA(MS) 5 10/1 59.33 10.06 1.03 48.70

PI 532150 USA(MS) 5 10/1 72.00 16.06 1.40 42.00

PI 346811 Yugoslavia 5 0 58.67 14.06 1.00 45.00

Rodina (St) Russia 60 80 77.33 10.06 1.40 41.30

LSD P<0.05 6.94 - 0.26 3.51

Ta ble 2. The de scrip tion of the best sam ples of win ter com mon wheat with com plex re sis tance to dis eases

sample country

affection, %
height,

cm
date of
heading

grain per
ear,

g

thousand
seed mass,

g
powdery
mildew

leaf rust

PI 564291 Bulgaria 5 10/2 71.6 06.06 2.26 51.0

PI 476772 Bulgaria 10 0 77.3 10.06 1.67 44.5

PI 547266 UK, England 0-5 0 66.9 15.06 1.95 42.5

PI 547264 UK, England 0 5/2 65.4 14.06 2.33 50.0

PI 592133 UK, England 10 5/2 75.8 14.06 2.0 47.0

PI 278222 UK, England 5 1/2 131.0 13.06 2.8 44.0

Cltr 15586 USA(KS) 10 0 102.8 12.06 1.40 43.0

PI 604225 USA(KS) 0 0 67.1 03.06 1.35 41.0

PI 14465 USA(KS) 10 5/2 103.4 11.06 1.68 42.8

PI 519254 Chroatia 15 0 66.0 08.06 1.66 42.0

Inna (St) Russia 15 40 93.5 10.06 1.97 43.5

LSD P<0.05 31.1 - 0.82 5.9
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Some lines were tested with the use of STS and SSR mark ers to genes of re sis tance to leaf
rust and pow dery mil dew. The lines with one to sev eral ef fec tive genes of re sis tance to leaf rust
and pow dery mil dew in the Non-Cher nozem Zone were se lected. These are sam ples of win ter
wheat: Cltr 14465 (Lr10, Lr21, Lr46; Pm2, Pm4b), Cltr 15586 (Lr10, Lr21, Lr46; Pm2, Pm4b) (USA), 
PI 547266 (Lr10, Lr37, Lr39, Lr46; Pm2, Pm3c, Pm4b)( UK, Eng land), PI 476772 (Lr10, Lr26, Lr46;
Pm2, Pm4b) Bul garia and spring wheat: PI 519705 (Pm2, Pm16), PI 519658 (Pm2, Pm4b, Pm3c,
Pm16) (USA), PI 337156 (Lr21; PmPm2, Pm4b, Pm16), PI 422299 (Pm2, Pm4b, Pm3c, Pm13, Pm16)
(Ar gen tina), PI 345461 (Pm2, Pm4b, Pm16) (Bosnia). The sam ples of win ter wheat PI 476772
(Bul garia) and PI 547266 (UK, Eng land) were crossed with com mer cial win ter cultivar
Nemchinovskaya 24 and Moskovskaya 39 for trans fer ring genes of re sis tance to leaf rust. Con trol
of genes of re sis tance trans fer will be car ried out with the use of mo lec u lar mark ers.

Con clu sions

The prom is ing sam ples from Na tional Small Grains Col lec tion (USDA-ARS) with eco -
nom i cally valu able fea tures were se lected for the im prove ment of com mon wheat in the
Non-Cher nozem Zone of Rus sia. The do nor prop er ties of se lected sam ples are being studied.

This work was sup ported by the In ter na tional Sci ence and Tech nol ogy Cen ter (pro ject no.
3352).

Ref er ences
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IDENTIFICATION OF WHEAT GERMPLASM RESISTANT TO 
Puccinia recondita USING GENETIC AND MOLECULAR MARKERS

Alma Kokhmetova1, Shymbolat Rsaliev2

1Institute of Plant Bi ol ogy and Bio tech nol ogy of Na tional Bio tech no log i cal Cen ter, 
Lab o ra tory of Ge net ics and Plant Breed ing, 45 Timityazev Street, 050040, Almaty, Kazakhstan;
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Ab stract

Puccinia triticina Eriks. which causes wheat leaf rust is one of the most im por tant fun gal
dis eases of wheat world wide. Leaf rust has his tor i cally been a ma jor prob lem for North
Kazakhstan and most widely grown spring wheat cultivars had losses up to 20-75%. Dur ing 2007
the most widely grown high wheat cultivars had se vere leaf rust. Use of ge netic host re sis tance is
the most ef fec tive, eco nom i cal and en vi ron men tally safe method of con trol ling leaf rust that al -
low to elim i nate the use of fun gi cides and min i mize crop losses from this dis ease. The aim of this
study is the screen ing and iden ti fi ca tion wheat germplasm for leaf rust re sis tance. Seed lings of
win ter wheat cultivars and ad vanced breed ing lines were tested for re sis tance to the prev a lent in
Cen tral Asia race of Puccinia recondita and 22 re sis tant en tries were iden ti fied. Based on seed ling
tests and field re sponse, cultivars Bermet, Knyazhna, Almaly and BWKLDN-33 had all-stage re -
sis tance. Screen ing of dif fer ent wheat ge no types to leaf rust re sis tance in green house and field
con di tions has been car ried out and car ri ers of ef fec tive re sis tance genes were iden ti fied. Us ing
com plex of mor pho log i cal and mo lec u lar mark ers, as so ci ated to Lr34 gene, 49 car ri ers of wheat
leaf re sis tance genes were iden ti fied. The use of microsatellite marker Xgwm130 and mor pho log i -
cal marker leaf tip ne cro sis (Ltn) are the re li able ap proach to iden ti fi ca tion of car ri ers for ef fec -
tive slow rust ing Lr34 gene.

Key words: adult plant re sis tance, leaf rust re sis tance genes, seed ling re sis tance, wheat

In tro duc tion

The re gion of Cen tral Asia is one of the most im por tant wheat pro duc ers in the world. The
wheat is grown on 15 mil lion ha, in clud ing 5 mil lion ha of win ter or fac ul ta tive wheat and 10 mil -
lion ha of spring wheat. In this area Puccinia triticina Eriks., which causes leaf rust, is one of the
most im por tant fun gal dis eases of wheat. In last ten years most widely grown spring wheat
cultivars suf fered se verely from dis ease and grain yield losses were up to 20-75% (Koishibayev,
2002). Use of ge netic host re sis tance is the most ef fec tive, eco nom i cal and en vi ron men tally safe
method of con trol ling leaf rust that al low to elim i nate the use of fun gi cides and min i mize crop
losses from this dis ease (Bimb & John son, 1997). More than 60 leaf rust re sis tance genes and
QTLs have been de scribed in wheat (McIntosh et al., 2006). Many of them are race-spe cific
genes, and sev eral are cur rently used by breed ers to de velop new cultivars. Ef fec tive ness of the
most known Lr-genes has bro ken down due to changes of patho gen race com po si tion. It is there -
fore nec es sary to choose new sources of re sis tance to leaf rust. Con ven tional breed ing meth ods
are not al ways ef fec tive, es pe cially for such polygenic traits like non-race-spe cific re sis tance. The
phe nom e non of the loss of ef fec tive ness of race-spe cific type of re sis tance led sci en tists to look
for al ter na tive ap proaches to re sis tance man age ment (Singh et al., 2003). It was shown that du ra -
ble re sis tance to leaf rust of sev eral cultivars is based on slow rust ing genes hav ing ad di tive ef fects
(John son, 1988). In or der to more re li ably se lect and de ploy dis ease re sis tance it is very im por tant 
to use mo lec u lar-ge netic mark ers tightly linked to this trait. In this study slow rust ing Lr34 re sis -
tance genes was iden ti fied us ing mo lec u lar mark ers that have been de vel oped for ef fec tive slow
rust ing leaf rust re sis tance genes. The aim of this study is the screen ing and iden ti fi ca tion wheat
germplasm for leaf rust re sis tance.

Ma te ri als and Meth ods

The to tal of 36 wheat ge no types were in cluded in the tests, num ber of which will de rived
from in ter na tional and Kazakhstan nurs er ies, which com prised en tries from all coun tries of the
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re gion of Cen tral Asia and Si be ria. The breed ing ma te ri als of wheat were screened for leaf rust
re sis tance in 2006-2007.

The col lec tion of P. recondita iso lates in cluded the most ag gres sive and pre vail ing iso lates
from Kazakhstan such as ac ces sion 15, pathotype TNT/L, which is vir u lent to re sis tance genes Lr
1, 2a, 2c, 3, 16, 26, 3ka, 11, 17, 30, 19 and was pre dom i nant pathotype in Kazakhstan un til 2006.
The race 77, pathotype TKT/H, is also pre dom i nant in Cen tral Asia and vir u lent to re sis tance
genes Lr 1, 2a, 2c, 3, 16, 24, 26, 3ka, 11, 17, 30, 20, 29. The seed ling re ac tions of plants were eval u -
ated at the two-leaf stage us ing method de scribed by Chen and Line, 1992. For each plant, the IT
based on 0-5 ba sic scale was re corded. Field dis ease se ver ity and plant re sponse were re corded
fol low ing McIntosh et al., 1995. Inoculum used in the field tests was a mix ture of iden ti fied iso -
lates main tained on sus cep ti ble va ri et ies. Cultivars Mo rocco and Moro were used as sus cep ti ble
checks for mul ti pli ca tion of the patho gen in the green house and as the spread ers in the field tests.
DNA was ex tracted from leaf pow der fol low ing the pro to col de scribed by Riede and An der son,
1996. The PCR pro to col de scribed by Schnurbusch et al., 2004 was used for de tec tion of Lr34
genes.

Re sults and dis cus sion

Re sults of study of re sis tance of 36 wheats us ing race 77, field col lec tion of Puccinia
recondita and field eval u a tion to the nat u rally oc curred dis ease are pre sented in the Ta ble 1. In
the tests with race 77 only ad vanced line L-152 had im mune re ac tion to dis ease with IT 0 (no vis i -
ble symp tom). 22 en tries of wheat were re sis tant to the race 77 with IT 1 (tiny ne crotic or chlorotic 
flecks), among them cultivars/lines Kupava, Bermet, Knyazhna, Oktyabrina, Almaly, Umanka,
Nairy, Karlygash, Arap, Adir, Sapaly and other ge no types. Low level of re sis tance with IT 3 was
ob served in Steklovidnaya-24 and MK-3732.

Seed ling tests to the field col lec tion of Puccinia recondita in di cated that 11 en tries of all 36
wheats (Kupava, Bermet, Knyazhna, Naz, Almaly, MK-3732, MK-3796, MK-3797, Yuzhnaya-12,
MK-3832 and MK-3750) dem on strated high level of re sis tance. The high est sus cep ti bil ity to
patho gen was ob served in the cultivars Mo rocco, Zhetisu and Taza, which were sus cep ti ble with
in fec tion type IT 4. Mod er ate-resistantce and mod er ate-sus cep ti ble in fec tion type (IT 2-3) had
ge no types Ulugbek-600, Kupava, Besostaya-1, Oktyabrina, Anza and oth ers. Anza showed seed -
ling re sis tance with IT 1, and had mod er ate re sis tant and mod er ate sus cep ti ble level of re sis tance
in the field. The en tries Bermet, Knyazhna, Almaly, MK-3750, BWKLDN-33, Arap and Sharora
ap peared to have high est field re sponse. Anal y sis of field re sponse to field col lec tion has shown
that in adult plant stage, as a role, the en tries had al most the same level as at the seed ling stage.
But cultivars Ulugbek-600 and Besostaya-1 showed mod er ate re sis tance and mod er ate sus cep ti -
bil ity at the seed ling stage (IT 2-3), and were sus cep ti ble in the field (30-60S). Highly sus cep ti ble
to the dis ease were also cultivars Moro and Mo rocco (50S i 80S, re spec tively). Anza showed race
spe cific seed ling re sis tance (IT 1), but char ac ter ised by mod er ate re sis tant and mod er ate sus cep -
ti ble level of re sis tance in the field. The en tries Bermet, Knyazhna, Almaly, MK-3750,
BWKLDN-33, Arap and Sharora ap peared to have high est field re sponse. Bermet, Knyazhna
and Almaly, were re sis tant in all three ex per i ments: to the race 77 at the seed ling stage, to the
field col lec tion (the mix ture of patho gen spores from field) at seed ling stage and to the field col -
lec tion in adult plant stage.

The gene Lr34, leaf rust re sis tance gene is known as “slow rust ing gene” which pro vides du -
ra ble and non-spe cific APR and lo cated on the short arm of chro mo some 7D. The re sis tance phe -
no type in cludes lon ger la tent pe riod, fewer uredina and smaller uredina size. Lr34 is tightly linked 
to the leaf tip ne cro sis (Ltn) lo cus, and Ltn phe no type could be a pleiotropic ef fect of Lr34 it self
(Shnurbush et al., 2004, Singh, 2003).

In or der to iden tify the lines which are car ri ers Lr34 gene ge netic study of re sis tance to leaf
rust was car ried out us ing pop u la tion of 113 re com bi nant in bred lines F6 Prog ress h Anza.
Cultivar Anza was used as a car rier of Lr34 gene. The most of RILs had in fec tion type of re sis -
tance ranged from mod er ate-re sis tant to mod er ate-sus cep ti ble (30MR-50MS). In our study we
ob served that num ber of lines char ac ter ized as a car ri ers of trait Ltn. Screening of seg re gat ing
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pop u la tion RILs Prog ress x Anza us ing Ltn marker al lowed se lect ing 57 lines as po ten tial car ri ers 
of Lr34 of all 113 lines.

Ta ble 1. Re sis tance of wheat en tries to the race and field col lec tion of Puccinia recondita 
Rob ex Desm f. sp. Tritici

Wheat entries, origin

Infection type of wheat genotypes produced by Puccinia
recondita Rob ex Desm f. sp. Tritici from Kazakhstan

Race 77, seedling
test

Field collection,
seedling test

Field response

Kupava, RU 1 1 5MS

Bermet, KG 1 1 0

Knyazhna, RU 1 1 0

Steklovidnaya-24 , KZ 3 4 60S

Zhetisu, KZ 2 4 10MS

Ulugbek-600, UZ 2 2 30S

Besostaya-1, RU 2 3 60S

Oktyabrina, KZ 1 3 10MS

MK-3732, CIMMYT 3 1 20MS

Naz, KZ 2 1 10MS

Almaly, KZ 1 1 0

Krasnovodopadskaya 25, KZ 2 3 15MS

Umanka, RU 1 2 5MR

Nairy, ARM 1 3 5R

Sanzar 8, UZ 2 2 15MS

Morocco, check 2 4 80S

Karlygash, KZ 1 3 5MR

MK-3796, CIMMYT 2 2 20MS

MK-3797, CIMMYT 2 1 5MR

MK-3732-1, CIMMYT 2 1 5R

MK-3750, CIMMYT 2 1 0

Moro, FR 1 3 50S

Yuzhnaya 12, KZ 2 1 10MR

BWKLDN-33, ICARDA 1 0 0

MK-3832, CIMMYT 1 1 20MS

Arap, KZ 1 2 0

Sharora, TJ 2 2 0

Adir, KG 1 2 15MS

Sapaly, KZ 1 3 20MS

Anza, USA 1 3 20MR-30MS

Taza, KZ 1 4 10MS

Progress, KZ 1 3 5MR

L-152, KZ 0 2 15MS

L-153, KZ 1 3 10MR

L-157, KZ 1 3 20MS

5fth FAWWON-35, CIMMYT 1 2 15MS
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Genomic DNA sam ples were ex tracted from the leaf pow der of the pa ren tal cultivars Prog -
ress, Anza and tree groups of RILs (to tal 113 RILs), one of which was re sis tant, one sus cep ti ble
and one mod er ate-sus cep ti ble based on F6 RILS seg re ga tion data and were used for screen ing
prim ers (Ta ble 2).

Ta ble 2. Iden ti fi ca tion of re sis tant wheat lines among RILs Prog ress x Anza us ing mor pho log i cal and mo -
lec u lar mark ers

Pa ren tal en tries and
groups of RILs 

Num ber 
of lines

Field re sponse 
to leaf rust

Number of lines with 
presence of markers

Ltn morphological
genetic marker 

Amplified fragment 
of microsatellite
marker Xgwm130

Progress 10 25-30MS 0 0

Anza 10 20MR-40MS 10 10

Resistant RILs 26 5R-10MR 0 0

Moderate-resistant RILs 57 30MR-40MS 57 49

Susceptible RILs 30 50MS-60S 0 0

Microsatellite lo cus Xgwm130 is closely linked to each other at the cen ter of the slow rust ing 
QTL and to Lr34 (Suenaga et al., 2003). In our ex per i ments the microsatellite marker Xgwm130
showed poly mor phism be tween par ents Prog ress and Anza. Out of 57 RILs Prog ress h Anza,
hav ing Ltn marker, am pli fi ca tion prod ucts in 49 lines was ob served (Ta ble 2). Thus, in or der to
ob tain wheat germplasms with ef fec tive genes that can pro vide good lev els of pro tec tion un der
high leaf rust pres sure, Lr34 ‘slow rust ing” gene could be used. The use of microsatellite marker
Xgwm130 and Ltn mor pho log i cal marker are the re li able ap proach to iden ti fi ca tion of car ri ers of
Lr34 gene.

Con clu sions

Seed lings of win ter wheat cultivars and ad vanced breed ing lines from Cen tral Asia, Rus sia,
CIMMYT and ICARDA were tested for re sis tance to the prev a lent in Cen tral Asia race 77 of
Puccinia recondita Rob ex Desm f. sp. Tritici and 22 en tries of wheat were re sis tant to this race,
among them cultivars/lines Kupava, Bermet, Knyazhna, Oktyabrina, Almaly, Umanka and oth -
ers. The most sus cep ti ble were Steklovidnaya-24 and MK-3732. Based on seed ling tests and field
re sponse, cultivars Bermet, Knyazhna, Almaly and BWKLDN-33 have all-stage (also called
seed ling) re sis tance. The use of microsatellite marker Xgwm130 and leaf tip ne cro sis (Ltn) mor -
pho log i cal marker are the re li able ap proach to iden ti fi ca tion of car ri ers of Lr34 gene.

Ref er ences

Bimb H.P., Jonson R. 1997. Breed ing Re sis tance to Yel low (Stripe) Rust in Wheat. CIMMYT, WPSR, 41, 20.

John son, R. 1998. Du ra ble re sis tance to yel low (stripe) rust in wheat and its implifications in plant breed ing. In: Breed -
ing strat e gies for re sis tance to the rust of wheat. N.W.Simmonds and Rajaram (eds.). Mex ico, D.F.: CIMMYT.
Pp.63-75.

Koishibayev M.K. 2005. The dis eases of the ce re als. Almaty, Kazakhstan, 368.

McIntosh R.A., Wellings C.R., Park R.F. Wheat Rusts: An at las of Re sis tance Genes. CSIRO. - Aus tra lia, 1995.

McIntosh RA, Yamazaki Y, .Devos KM, Dubcovsky J, Rog ers R, Appels R. 2007 Cat a logue of gene sym bols for
wheat. In: KOMUGI, In te grated wheat Sci ence Da ta base: www.shigen.nig.ac.jp.wheat

Riede, C.R., and An der son, J.A. 1996. Link age of RFLP mark ers to an alu mi num tol er ance gene in wheat. Crop Sci.,
36, 905-909.

Schnurbusch T, Paillard S, Schori A, Messmer M, Schachermayr G, Winzeler M, Keller B., 2004. Dis sec tion of quan ti -

ta tive and du ra ble leaf rust re sis tance in Swiss win ter wheat re veals a ma jor re sis tance QTL in the Lr34 chro mo -
somal re gion. The o ret i cal and Ap plied Ge net ics, 108, 477-484.

Singh RP, Huerta-Espino J., 2003. Ef fect of leaf rust re sis tance gene Lr34 on com po nents of slow rust ing at seven
growth stages in wheat. Euphytica, 129, 371-376.

276

Self-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



VARIETY-SPECIFIC MODEL OF PARASITE DEVELOPMENT AND 
EFFECTS OF WHEAT PARASITES IN SEMIARID REGIONS

Zoran Jerkovi}
In sti tute of Field and Veg e ta ble Crops, Novi Sad

Ab stract

De vel op men tal in ter ac tions be tween wheat par a sites have been ob served. The max i mal in -
ten sity of leaf rust agent, es ti mated via field in fec tion se ver ity in 2002, when fac ul ta tive par a sites
did not ap pear, la tency pe riod (LP), in fec tion ef fi ciency (IF), re ac tion type (RT) and the sum of
the stem and first leaf length di vided with sec ond leaf length of un in fected (ST) and in fected
seed lings grown at 20°C (STZ) and field in ten si ties of the fac ul ta tive par a sites Pyrenophora tritici
repentis (Ipytr) and Septoria tritici (Ist) on the mid dle leaf in late May were used for fore cast of the
av er age at tack of the for mer ob li gate par a site on the last two leaves: LR1.2=(LPxIFxRT):
/ª(1.35-ST)x2 + 1.35º – ªIpytr x (1.5+ STZ –ST) + Ist : 2º. The data used were from 2005, when
Septoria tritici oc curred in com bi na tion with Erysiphe graminis on lower leaves, and from 2008,
when Septoria tritici was in com bi na tion with Pyrenophora tritici repentis. The yield loss in the five
in ves ti gated va ri et ies ranged from 5-16,5%. In the case of the va ri ety Rapsodija, the loss did not
ex ceed 10%, as a re sult of a sin gle fun gi cide treat ment per formed in the last third of May and
trans mit tance of fac ul ta tive par a sites to up per leaves. The av er age in fec tion in ten sity on the last
three leaves was as so ci ated with the ra tio grain yield : dam age per cent age = LR 1.2 x 0.4 + in fec -
tion in ten sity of the mid dle leaf x 0.1. Most ap pro pri ate con di tions for leaf rust pus tule ap pear -
ance on up per leaves were in the last third of May si mul ta neous with time for the fun gi cide treat -
ment ac cord ing to in fec tion in ten sity ob served on the va ri ety Novosadska rana 2. Sub se quent oc -
cur rences of the patho gen on the other va ri et ies were as so ci ated with toxin trans port into grains
and photosynthetic in ac tiv ity of lower leaves fol lowed by fruc tifi ca tion of fac ul ta tive par a sites.

Key words: wheat par a sites, forescasting

In tro duc tion

The seed ling stage test ing re sults of re sis tance to ob li gate par a site of dif fer ent wheat ge no -
types and the fore casted field in fec tion rates ob tained in the last de cade were in dis agree ment
with the re sults ob tained ear lier (Jerkovi}, 1996; Jerkovi} and Jevti}, 1997a and b; Jerkovi} et al.,
1997; Jerkovi} et al., 2005, Putnik, 2006). Oc cur rence (Jevti}, 1997) and con tin ual pres ence
(Jevti}, 2001) of Pyrenophora tritici repentis were de scribed. Re sis tance to the par a site was char ac -
ter ized by rel a tively small in ju ries at the seed ling stage and a less con spic u ous toxin trans mit tance 
(Strelkov, 2003). Sev eral pa pers pub lished so far have been fo cused on in ter ac tions be tween fac -
ul ta tive par a sites and the host (An der son et al., 1999; Di Zinno et al., 1998; Fernandez, 2001;
Friesen et al, 2003; Ciuffetti and Tuori, 1999; Lamari and Bernier, 1994). Com pet i tive abil i ties of
the agents of tan spot and leaf rust were stud ied by Al-Naimi et al. (2005). A log i cal con clu sion
was drawn that Pyrenophora tritici repentis does not pro duce tox ins when the car bo hy drate con -
tent in leaves is suit able for the de vel op ment of the ob li gate par a site. The agent of tan spot
tended to sup press the de vel op ment of ob li gate par a sites; high toxin lev els in wheat grains (yel -
low) tended to re duce the num ber of fusarious grains, which was in versely pro por tional to the
Fusarium in fec tion of the glumes (Putnik-Deli} and Jerkovi}, 2006). Prod ucts of Septoria spp. me -
tab o lism fa cil i tate the trans port of tox ins from other fungi as well as those de vel op ing in de cay ing
plant parts (Stargiopoulos, 2003). All par a sites re duce the amount of sol u ble car bo hy drates, as
dem on strated by the oc cur rence of empty grains (Bo{kovi} et al., 1985; Bo{kovi} et al., 1989;
Kosti} et al., 1988; Mom~ilovi} et al., 1985). A short la tency pe riod (LP) on re moval of the sec ond
leaf of wheat seed lings is an in di ca tion of pseudoresistence to Puccinia triticina (Jerkovi} and
Todorova, 1999; Putnik-Deli}, 2006). The ge no types pos sess ing this fea ture achieve par tial re sis -
tance ex clu sively due to an ef fi cient trans port of sug ars and wa ter from lower leaves and rel a -
tively quick growth of up per leaves at in creased tem per a tures. The trait in ten sity was de fined as a 
dif fer ence in the sum of the stem and first leaf length di vided with sec ond leaf length be tween in -
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fected and un in fected seed lings grown at 20°C ten days af ter the in fec tion (ST). Va ri eties with ex -
tremely low val ues of the pre vi ous char ac ter ex hib ited low in fec tion ef fi ciency (IF) and re ac tion
type (Jerkovi} and Priji}, 2008).

The ob jec tive of this study was to de fine for mu las that reg u late re la tion ships of all fac tors
known to af fect the de vel op ment of par a sites and the ex tent of grain dam age, on the ba sis of the
re sults ob tained so far from va ri et ies that dif fer in the ex am ined characteristics.

Ma te ri als and Meth ods

The pa ram e ters LP, IF, RT, ST and STZ were de ter mined by the method de scribed by
Putnik-Deli} (2006) and they were used in the for mula for cal cu la tion of max i mal in ten si ties of
the leaf rust agent on the two last leaves to gether with the 1994 and 2002 data, when the nurs ery
was free from the other par a sites (Jerkovi} et al., 1997, Jerkovi} et al., 1996; Putnik-Deli}, 2006).
The percentual dif fer ence in the grain yield of the in fected crop and the fun gi cide-treated crop
(Folicur EC 250, ap plied in the last third of May 2008 to all va ri et ies ex cept Pobeda, which was
treated two times on May 8 and 28) was de ter mined us ing the 2005 and 2008 data from ex per i -
ments es tab lished ac cord ing to a method of Jerkovi} (1997). In fec tion in ten sity read ings
(Iyptr=Pyrenophora tritici repentis, Ist=Septoria tritici), in per cent age for the area of the last three
leaves, were done from mid-May to the be gin ning of June and from mid-June to the end of June,
re spec tively. In other words, we used data from in di vid ual years only, those needed for com par i -
son with data from the for mula, to cal cu late the av er age in ten si ties of in fec tion by ob li gate par a -
sites on the last two leaves, (LR 1,2) and the ex tents of dam age in flicted on IP 1,2 and 3, de ter -
mined across the re sults of two fun gi cide treat ments.

Re sults and Dis cus sion

In 2008, the mid dle leaf in fec tion by fac ul ta tive par a sites was re duced by ap prox i mately
10% per ge no type com pared with 2006, while the oc cur rence of leaf rust pus tules on up per leaves 
was later (1 June) com pared with the years with out the oc cur rence of Pyrenophora tritici repentis
(2005, 2002, 1994). These oc cur rences were as so ci ated with the trans port of a por tion of tox ins to
the grains and a re duced pro duc tion of new tox ins due to the in ac ti va tion of lower leaves (Ta ble
1). Flowering and the be gin ning of grain fill oc curred be tween 10 and 20 May. The pre sented
dam age rates, com pared against the 2008 yield of the va ri ety Novosadska rana 2 (NSR 2), were
cal cu lated by the for mula and they were in agree ment with the re sults of Bo{kovi} et al. (1989).
The larg est dif fer ence (38%) and in fec tion in ten sity rate (90%) ever achieved in this re gion on a
ge no type in tended for cake pro duc tion (Jerkovi}, 1997) were also in agree ment with the above
re sults.

Early de vel op ment of Puccinia triticina on the mid dle leaf was mi nor (up to 20%), ex cept in
1994 and 2002. Sit u a tion was sim i lar in 2008 re gard ing the oc cur rence of the fac ul ta tive par a sites
on the two up per leaves of the va ri et ies Pobeda and Rapsodija, which had the larg est dif fer ence
STZ-ST (up to 10%). These re sults were in good cor re spon dence with the dam age caused by the
symp toms on the up per leaves in 2007 (Jerkovi} and Priji}, 2007). The rea son for the in ten si fied
oc cur rence of fac ul ta tive par a sites on the other ge no types was ob vi ously the phys i cal prox im ity
of these two va ri et ies in the tri als. Most ex ten sive yield re duc tions caused by the leaf rust agent
alone were reg is tered in 1994. In 2005, such re duc tion was caused by leaf rust and Septoria ssp.
The in ten sity of at tack by scab did not ex ceed 2% and the in ten sity of Erysiphe graminis on mid dle 
leaves did not ex ceed 25% in the year when Septoria tritici oc curred with out Pyrenophora tritici
repentis. Taking in ac count the 1989 data, the in ten sity of in fec tion by this ob li gate par a site may
be in cluded into the for mula for cal cu la tion of av er age at tack by Puccinia triticina. The above
men tioned ex plains why in Simonida, which was planted next to Pobeda and Rapsodija in 2007,
there was no oc cur rence of leaf rust when the com bined in ten sity of in fec tion by the fac ul ta tive
par a sites reached 50%. Such re ac tion was spe cific for the most sen si tive ge no type (short LP),
which had a lower pseudoresistance ef fect (ST-STZ = 0.08) ex hib ited through a mi nor re duc tion
of IF and no changes of RT in the seed ling stage at 20oC (Jerkovi} et al., 2007).
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Ta ble 1 - Re sults of ap pli ca tion of LR 1,2 and KL for mu las to five wheat va ri et ies

Variety/
Year

Formula Lr 1,2
Yield damage

(LPxIFxRT): / ª(1,35-ST)x2 + 1,35º – ªIpytr x (1,5+ STZ –ST) + Ist : 2º =

Pobeda 0.8x9x10

2008
0.18

ª53º
ª20 x (1.5 + 1.44-1.26) + 15:2º

ª44º

LR1.2 =9

9x0.35=3.15%

35x0.1=3.5%

2005 40:2=

ª20º

= 39

3.9x0.35=13.6%

40x0.1=4%

1994

20
53x0.35 =19%

20x0.1 = 2%

Pesma

0.7x6x8
-0.1

ª25º

2008 ª10 x(1.5 + 1.35-1.40) + 15:2º

22.5

= 2.5

2.5x0.35=1%

25x0.1=2.5%

2005 25

25x0.35=8.75%

Simonida

1x9x10
0.34

ª52º

2008 ª15 x (1.5 + 1.35-1.3) + 20:2º

34

=18

18x0.35=6.3%

35x0.1=3.5%

2005
40:2=20

=32

32x0.35=11.2%

40x0.1=4%

NSR 2

1x10x10
0.02

ª75º

2008 ª10 x 1.37 + 7.5º

21

=54

54x0.35=18.9%

17.5x0.1=1.75%

Rapsodija

2008

(1x9x10): (1.35-0.7)x2 + 1.35 ª30 x 2.65 + 20:2º

ª34º
-90

=-56

10x0.35=3.5%

40x0.1=4%

2005

ª34º
30:2=15

= 19

19x0.35=6.65%

30x0.1=3%

It was ob vi ous that an in creased dif fer ence be tween ST and STZ en cour ages the de vel op -
ment of fac ul ta tive par a sites while re duc ing the ob li gate ones via RT and IF, as well as that the va -
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ri et ies with the ST val ues above 1.35 and the dif fer ence be tween the ST and STZ val ues lower
than 0.05 were jeop ar dized by the prox im ity of op po site ge no types. It was proved that ge no types
with sim i lar ST and STZ val ues are dis sim i lar ac cord ing to the in di ca tors of leaf rust re sis tance at
the seedling stage (Jerkovi} 2008, in press).

Equal in ten si ties of a com bined at tack by Septoria tritici and Pyrenophora tritici repentis and
an at tack by Septoria tritici alone did not re sult in iden ti cal de vel op ment of Puccinia triticina,
which proved that the tox ins pro duced by the agent of the tan spot af fect di rectly the ob li gate par -
a sites. Iden ti cal ef fects of all three par a sites on yield were proved via the three up per leaves.

Con clu sions

It was proved that tox ins pro duced by Pyrenophora tritici repentis serve pri mar ily to sup -
press the de vel op ment of other fungi. Equal in ten si ties of in fec tion, ir re spec tive of the fun gus,
caused equal re duc tions of grain yield.

In ten sities of in fec tion ev i dent on mid dle leave dur ing mid-May, ir re spec tive of the fun gus,
were re lated to av er age at tack by Puccinia triticina on the last two leaves. The for mula gives al -
most ab so lutely ac cu rate es ti mates of the av er age at tack and the ex tent of yield loss.

Over the last 30 years, con di tions were per ma nently fa vor able for the max i mal late de vel -
op ment of leaf rust. For Pyrenophora tritici repentis and Septoria tritici, the con di tions were fa vor -
able in more than half of the years.

A de layed fruc tifi ca tion of fac ul ta tive par a sites was achieved when ST - STZ < 0.1.
Con di tions un fa vor able for the oc cur rence of fac ul ta tive par a sites per mit the to tal loss in

grain yield to ex ceed 20%. That could hap pen in the case of va ri et ies that ex hibit min i mum
ST-STZ difference.
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EVALUATION OF MUTANT LINES AND VARIETIES OF COMMON 
WINTER WHEAT REGARDING THEIR DROUGHT TOLERANCE

G. Rachovska, R. Chipilski
In sti tute of Plant Ge netic Resourses, Sadovo, Druzba 2, 2144 Sadovo, Bul garia

E-mail: grachovska@ya hoo.com

Ab stract

The study was con ducted in the pe riod 2005-2007 at the In sti tute of Plant Ge netic Re -
sources (IPGR) – Sadovo, Bul garia.

A col lec tion of 13 mu tant- and hy brid-mu tant lines and 5 cultivars was char ac ter ized by the
traits: wa ter re ten tion abil ity and rel a tive wa ter con tent of the flag leaf cells as drought tol er ance
in dexes.

The re sult show that cultivars Guinneess, Avangard and mu tant lines M 342, M 639, M 181,
MX 199/10, M 431 and M 375 com bined high pro duc tiv ity and drought tol er ance. These ma te ri als 
can be used in breed ing for drought re sis tance.

Key words: Drought tol er ance, mu ta gen e sis, so dium azide, wheat

In tro duc tion

The drought tol er ance of the wheat cul tures is ge net i cally de ter mined and is con trolled by
com plex polygenic sys tem (Trofimovskaya, 1971).

The strat egy of plant breed ing in this course is a dis put able is sue (Tsenov et al., 1999;
Reynolds et al., 2001). It is re lated with con crete con di tions of the en vi ron ment and de pends on
the es tab lish ment of ef fec tive se lec tion cri te ria in the ear lier breed ing gen er a tions (Boyadjieva,
1996; Araus et al., 2002).

The re search of a lot of au thors show that the wa ter ex change pro cesses of the leaves in the
im por tant stage phases of the wheat de vel op ment (head ing, grain feel ing) are cer tain cri te ria for
breed ing of drought-re sis tant ge no types (Kadrev, Stankova, 1980; 1980; Shmatko, 1990; Kolev,
1993; Rachovska and etc.,1995; Chipilski, Stankova, 2005; Valchev, Valchev, 2005; Blaha, 1990;
Cseuz, 1990).

The pur pose of the cur rent study is to ex am ine the drought tol er ance of highly-pro duc tive
mu tant lines and cultivars of com mon win ter wheat, through the wa ter ex change pro cesses of the
leaves.

Ma te ri als and Meth ods

The study is car ried out in IPGR “K. Malkov”, Sadovo in the pe riod 2005-2007. Five
cultivars and 13 con sol i dated lines of com mon win ter wheat with mu tant and hy brid-mu tant or i -
gin were used as ma te rial for the ex per i ments. The tested cultivars and lines were cre ated by us in
a way that was de scribed ear lier ( Rachovska, 1999).

In dexes of the wa ter ex change were tested: Wa ter re ten tion abil ity of the leaves
(Udovenko, 1988), a B b

A1 100= ×- , a1 – quan tity of evap o rated wa ter, com pared to all wa ter in the
flag leaf a B b

C2 100= ×- ,  a2 – quan tity of evap o rated wa ter, com pared to dry mass the flag leaf
where: B-ini tial weight of the leaves (g); b-weight of the leaves af ter wilt (3h -25°C), (g); A-wa ter
con tent in the leaves be fore wilt (g); V – dry weight of the leaves (8h -105°C), (g). 

2. Rel e vant tourgoscencse (Turner et al., 1978) OT W W

W W
O= ×-

-
1

2 3
100, W1 – ini tial leaves weight

(g), W2- leaves weight at full turgor (g), W3- dry weight of the leaves (8h -105°C) (g)
Flag leaves of the stud ied lines, that were in cluded in tests ac cord ing to a block pat tern with

four rep e ti tions were used for the anal y ses, 10 m2 re ported sur face of plots. As a com par i son were 
used stan dard cultivars Katya and Sadovo 1.

Re sults and Dis cus sion

The tested mu tant and hy brid-mu tant cultivars and lines are highly pro duc tive. For a pe -
riod of three years, av er age, 6 ge no types of them ex ceed the stan dard cultivar Sadovo 1 in terms
of yield up to 5%, 3 from 5 to 10%, 5 from 10 to 15%, 2 from 15 to 20 % and 2 above 20%. It is in -
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ter est ing, that the drought-re sis tant cultivar Katya (Stankova, 1987), that we have taken as a stan -
dard, ex ceeds the yield of Sadovo 1 with 11,9%.

Guinnees is graded first place for these im por tant ag ri cul tural in dexes out of the tested mu -
tant and hy brid-mu tant cultivars. It again proves its yield po ten tial that was es tab lished by us in
pre vi ous tests (Rachovska, Rachovski 2005). 

The quan tity of evap o rated wa ter of the cells of the flag leaf dur ing the head ing pe riod of
the cultivar Katya was only 20.53% of the en tire quan tity of wa ter (ta ble 1). None of the tested
cultivars suc ceeded in hold ing more wa ter than the one that showed its high tol er ance to wards
drought (Stankova, 1987). How ever, out of the mu tant lines tested, three of them (M 342, M431 i
MH 199/10) ex cess it in this de vel op ment phase of the wheat.

Ta ble 1. Wa ter re ten tion abil ity of the mu tant and hy brid mu tant cultivars and lines com mon win ter wheat

Variety

Stage
Average

Heading Grain feeling

A1 A2 A1 A2 A1 A2

Katya 20,53 42,73 44,60 74,13 32,41 58,43

Sadovo1 27,60 54,76 46,90 74,46 37,25 64,61

Guinneess 23,60 45,50 41,66 60,03 32,45 52,76

Ioana 28,00 51,46 37,93 61,56 32,96 56,51

Slaven 30,16 53,46 50,80 78,06 40,48 65,76

Niki 30,90 50,36 40,70 65,03 35,80 57,69

Avangard 25,70 54,83 41,25 60,35 33,47 57,59

M 342 20,30 38,50 39,80 67,70 30,05 53,10

M 181 21,40 41,93 39,20 69,85 30,30 55,89

M 376 28,16 50,66 54,66 87,20 41,42 68,93

MX 96/33 31,66 60,36 43,80 65,03 37,88 62,69

M 509 28,56 55,46 45,50 70,10 37,03 62,78

MX 199/73 28,65 49,00 50,55 79,70 39,60 64,35

MX 199/10 19,70 37,53 41,66 68,46 30,68 52,99

M639 22,60 45,70 40,56 66,20 31,58 55,95

M 618 26,40 46,65 44,43 72,03 35,41 59,34

M 378 29,66 61,13 41,56 68,56 35,61 64,84

M 375 20,53 43,23 44,80 55,65 32,66 49,44

M 431 18,66 35,93 41,43 59,50 30,04 47,71

MX 113/1 26,60 48,23 46,60 76,10 36,60 62,16

Dur ing the sec ond phase of the test (grain feel ing), the cultivars Guinnees, Avangard, Niki, 
Ioanna and 6 lines change their po si tions com pared to wards the stan dard cultivar by evap o rat ing
less quan tity of wa ter, com pared to it. Ac cord ing to Chipilski et al, (2006) this is an ex pres sion of
drought-re sis tance po ten tial and is due to more ac tive me tab o lism.

Av er age, for the two phases of the study, better ad ap ta tion was shown by cultivars
Guinness and the lines M 342, M 181, MH 199/10, M 375 and M 431, that are at and above the
level of cultivar Katya.

The abil ity of the dif fer ent ge no types of wheat to gain more dry mass in the leaves is ac -
cepted as es sen tial in dex of their tol er ance to wards drought (Babenko, 1990). Out of here co mes
out the im por tance of “A2” cri te rion that shows si mul ta neously both in di ca tions: The per cent of
evap o rated wa ter and dry mass gained in the flag leaf in the wheat.

The clas si fi ca tion of the tested ma te ri als dur ing the two phases of study of A2 is sim i lar to
the one es tab lished in A1. Only the higher quan tity of dry mass of flag leaf in cultivar Guinness
(phase “head ing”) gives it an ad van tage, by get ting it close to the value of cultivar Katya.
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Av er age for the re port pe riod of A2 is with better re sults of the cultivars Guinness,
Avangard, Ioana and Niki, and M 639 can be added to the lines that showed in A1.

The rel a tive turgor of the flag leaves, (tabl.2) is im por tant in dex for the con di tion of the wa -
ter re gime, for the in di vid ual or gans, as well as for the en tire plant. It shows the abil ity of the
cultivar to keep wa ter in met a bol i cally ac tive green parts. 

Ta ble 2. Rel a tive turgor of the flag leaves of wheat mu tant and hy brid-mu tant va ri et ies and lines

Variety
Stage

Average
Heading Grain feeling

Katya 82,60 90,15 86,30

Sadovo1 81,20 86,75 83,97

Guinneess 81,30 91,70 86,50

Ioana 75,26 86,70 80,98

Slaven 71,60 86,70 79,15

Niki 73,73 86,35 80,04

Avangard 81,40 83,20 82,30

M 342 85,70 89,80 87,75

M 181 79,63 88,70 84,16

M 376 79,43 85,15 82,29

MX 96/33 75,10 88,40 81,75

M 509 81,53 88,85 85,19

MX 199/73 76,10 85,20 81,75

MX 199/10 83,10 87,30 85,20

M639 86,00 87,20 86,60

M 618 85,26 89,50 87,38

M 378 85,13 84,50 84,80

M 375 86,76 89,20 87,98

M 431 83,70 88,65 86,17

MX 113/1 79,96 87,35 83,65

The se lected ma te ri als stud ied vary in value of their rel a tive tourgor dur ing the head ing of
the wheat. The lines M 342, MH 199/10, M 618, M 378, M 375 and M 431 gain more wa ter. Dur ing
the grain feel ing only Guinness ex ceeds Katya. Such re sults give cultivar Katya an ad van tage in
the grain feel ing phase in re gards of the rel a tive tourgescence, as re ported by Chipilski and others 
(2006).

Con clu sions

The high est ad ap ta tion to wards the grow ing con di tions, ex pressed comp lexly by the wa ter
ex change in dexes in the leaves were shown by the cultivars Guinnes, Avangard and lines M 342,
M 639, M 181, MH 199/10, M 431 and M 375. The given cultivars and lines com bine high pro duc -
tiv ity and tol er ance to wards drought, and be cause of this rea son are of cer tain in ter est for the
breed ing of drought resistance cultivars.
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HERITABILITY OF SOME AGRONOMIC TRAITS IN DIALLEL CROSSING 
OF DURUM WHEAT UNDER TWO DIFFERENT WATER REGIMES
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1Cotton and Durum Wheat Re search In sti tute, 6200 Chirpan, Bul garia
2AgroBioInstitute, Dragan Tzankov 8, 1164 So fia, Bul garia
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Ab stract

The in her i tance of head ing date, plant height, peduncle length, peduncle length/plant
height ra tio, spike length, gen eral and pro duc tive till er ing, 1000 ker nel weight was stud ied un der
two dif fer ent wa ter re gimes. Five Bul gar ian durum wheat ge no types – 4 cultivars and 1 breed ing
line with di verse lev els of tol er ance to os motic stress were in volved in diallel cross Model 1,
Method 4 (Greefing, 1956). Hy brid plants from the ten crosses were grown in a green house in
pots with 3 rep li ca tions for each wa ter re gime. The mean val ues of all stud ied traits at all hy brid
com bi na tions were re duced un der the wa ter def i cit. The drought stress af fected largely the traits:
gen eral and pro duc tive till er ing, ker nel num ber per spike, grain yield per spike and plant height.
The most tol er ant hy brid com bi na tions were A-233 x Beloslava and Beloslava x Vazhod. On the
grounds of gen eral com bin ing abil ity (GCA) and spe cific com bin ing abil ity (SCA) vari ances it
was found that the additivity /nonadditivity ra tio was mod i fied with en vi ron ment al ter ation (wa -
ter com fort - mod er ate wa ter stress) in 5 of the stud ied traits. Ef fec tive se lec tion in ear lier seg re -
ga tion gen er a tions by the traits peduncle length/ plant height ra tio and 1000 ker nel weight, can be 
con ducted in wa ter def i cit, whereas by the traits head ing date and plant height – in com fort wa ter
con di tions.

Key words: durum wheat, in her i tance, diallel cross, ag ro nomic traits, wa ter def i cit

In tro duc tion

The im prove ment of drought-re sis tance is a dif fi cult breed ing task due to the great va ri ety
of fac tors char ac ter iz ing the drought and the re lated dif fer ent tol er ance strat egy de vel oped by
the plants. In spite of the con tin u ous prog ress in clar i fy ing the fun da men tal mech a nisms of the re -
sis tance to this im por tant abiotic stress fac tor at phys i o log i cal, ge netic and mo lec u lar level
(Cattiveli et al., 2002, Cattiveli et all., 2008), there is still great dif fer ence be tween the yield re al -
ized by the mod ern ce real va ri et ies cul ti vated in op ti mal con di tions and in wa ter def i cit. The dif fi -
cul ties re lated to iden ti fy ing phys i o log i cal traits as re li able in di ca tors of yield in dry con di tions
im pose the im por tant for prac ti cal breed ing con clu sion that yield per for mance at var i ous en vi -
ron ment should be used as a main in di ca tor for drought tol er ance (Voltas et all., 2005). Some au -
thors con sider that se lec tion by traits re lated to high yield help reach an in crease of yield un der
dry con di tions (Slafer et al., 1994, Araus et al., 2002). Lat est re search in the field of marker se lec -
tion and QTL – anal y ses on rice even show that fa vor able al leles for yield com po nents are lo cal -
ized in a spec i fied re gion of 1 chro mo some where are also iden ti fied loci of al leles cor re spond ing
to phys i o log i cal traits re lated to drought-re sis tance (Lanceras et al., 2004, Zhang et al., 2001).

This re search was un der taken to elab o rate on an ad e quate breed ing strat egy for
drought-tol er ance im prove ment. Heritability of some im por tant ag ro nomic traits re lated to pro -
duc tiv ity in diallel cross ing of durum wheat un der two dif fer ent wa ter re gimes was stud ied.

Ma te ri als and Meth ods

Five durum wheat ge no types - the old Bul gar ian va ri ety A-233, va ri et ies Gergana, Vazhod
and Beloslava and breed ing line D-6189, pre vi ously man i fested vari abil ity of the trait tol er ance
to os motic stress (Bozhanova et al., 2007) were in cluded in the in ves ti ga tion. A diallel cross ing
scheme– Model 1, Method 4 (Greefing, 1956) was ap plied.

Ten F1 hy brids were sown in a green house in pots un der two wa ter re gimes – con trolled
con di tions with nor mal wa ter sup ply and mod er ate drought in the head ing stage (the plants were
wa tered with half of the wa ter amount used for the con trolled vari ant) The ex per i ment was ran -
dom ized block de sign with three rep li ca tions for each ge no type and three plants for each rep li ca -
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tion. The heritability of the fol low ing traits 1. Plant height 2. Spike length 3. Peduncle length 4.
Peduncle length/plant height ra tio 5. Head ing date (days since 1 April) 6.Gen eral till er ing 7. Pro -
duc tive till er ing 8. 1000 ker nel weight. un der two wa ter re gimes was stud ied.

The re sults were pro cessed via one-fac tor anal y sis of vari ance to prove ge no type dif fer -
ences at stud ied traits by means of a pro gram pack age Statistica-7.0 (2004).

A diallel anal y sis of gen eral (GCA) and spe cific (SCA) com bi na tion abil ity was car ried out
by Griffing, 1956 with com puter pro gram DIALLEL, kindly pro vided to us by the au thors Bur -
row and Coors, 1994.

Re sults and dis cus sion

The de hy dra tion ap plied af ter the end of the stem ex ten sion stage un til rip en ing stage re -
sulted in de crease of the val ues of all stud ied agronomically im por tant traits which as a whole
char ac ter ize the growth and pro duc tiv ity of the hy brid plants (Table 1).

Ta ble 1. Means of agronomically im por tant traits for the ge no types of diallel cross un der two dif fer ent
wa ter re gimes

Genotype
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Water comfort

233 h Gergana 99.70 38.30 12.00 12.00 39.50 50.70 50.80 7.40 43.00 1.70

233 h Beloslava 97.00 34.30 9.70 9.70 40.30 49.70 51.20 7.60 52.10 2.10

233 h Vuzhod 83.00 36.30 12.70 11.30 44.50 48.00 57.60 5.50 38.20 1.70

233 h 6189 98.70 34.00 13.70 13.70 49.10 54.00 54.70 5.90 48.80 2.40

Gergana x Beloslava 87.30 48.30 12.30 12.00 53.60 42.00 48.10 8.90 44.80 2.40

Gergana x Vuzhod 90.70 45.30 16.00 15.30 59.20 51.00 56.20 6.70 33.10 1.96

Gergana h 6189 93.30 36.30 17.70 17.30 53.60 50.00 53.70 7.00 37.30 2.00

Beloslava x Vuzhod 72.70 37.00 15.00 13.30 38.50 36.00 49.40 7.60 31.20 1.20

Beloslava x 6189 76.70 33.00 16.30 16.30 44.40 50.70 48.50 7.70 47.30 2.10

Vuzhod x 6189 78.30 34.00 15.70 15.70 51.00 38.70 49.30 6.80 39.20 2.00

Mean for the crosses 87.74 37.68 14.11 13.66 47.37 47.08 51.95 7.11 41.50 1.96

Water deficite

233 h Gergana 69.0 42.0 7.0 6.7 33.3 39.3 57.2 6.4 33.0 1.1

233 h Beloslava 88.7 40.0 8.3 8.3 49.9 47.0 52.9 6.4 44.1 2.2

233 h Vuzhod 73.0 32.0 7.3 7.3 48.6 44.0 60.3 5.7 23.4 1.0

233 h 6189 90.0 32.7 8.7 8.7 47.9 48.0 53.4 6.4 39.6 1.9

Gergana x Beloslava 67.3 31.0 10.7 10.7 48.9 36.3 53.9 8.1 32.7 1.6

Gergana x Vuzhod 66.7 33.3 14.7 14.7 42.5 40.0 59.9 6.7 30.6 1.3

Gergana h 6189 74.0 30.0 11.7 11.7 53.3 41.0 55.4 6.7 31.9 1.7

Beloslava x Vuzhod 66.3 28.3 10.0 10.0 44.4 31.0 46.8 8.3 31.5 1.4

Beloslava x 6189 68.7 34.3 12.0 12.0 51.4 32.7 47.7 7.9 38.1 2.0

Vuzhod x 6189 66.3 32.7 14.0 14.0 49.3 35.0 52.8 6.4 28.4 1.4

Mean for the crosses 73.0 33.6 10.4 10.4 47.0 39.4 54.0 6.9 33.3 1.6
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The plants ex posed to drought re mained 14.7 cm lower in av er age for all hy brid com bi na -
tions and had 0.2 cm shorter spike and 7.6 cm smaller peduncle, the head ing was faster. They
formed about 4 gen eral tiller less; 3.3 pro duc tive tiller less; 8.2 ker nels in a spike less, which were
0.4 g lighter and had 1.2 g smaller 1000 ker nel weight as com pared to the con trols hy brid plants.
At the stressed plants in creased the peduncle length/plant height ra tio and the num ber of pro duc -
tive till ers be came equal with the gen eral till er ing. Un der the in flu ence of de hy dra tion de creased
to the great est ex tent: gen eral and pro duc tive till er ing – with 26.2 % and 23.9 % re spec tively, the
weight of ker nels in a spike - with 20.4 %, the ker nels num ber in a spike – with 19.8 % and the
height – with 16.8 %. The drought in flu enced to a smaller ex tent the traits spike length – the
spikes de creased their length with 2.8 % and 1000 ker nel weight – the stressed plants had 2.5 %
smaller 1000 ker nel weight. The anal y sis of vari ance ap plied sep a rately for each trait re veals the
pres ence of sta tis ti cally sig nif i cant ge no type dif fer ences in the de gree of value de crease at all
stud ied traits un der the in flu ence of de hy dra tion (Ta ble 2). The plants of the hy brid com bi na -
tions 233 h Beloslava and Beloslava h Vazhod re spond most weakly to wa ter stress. By these hy -
brids at some of the stud ied traits the per cent age of val ues de crease was low est. Fur ther more at
the traits: 1000 ker nel weight, weight of ker nels in a spike and ker nels num ber in a spike no val ues 
de crease un der the in flu ence of de hy dra tion was seen.

Ta ble 2. ANOVA of quan ti ta tive traits in diallel cross at two re gime of wa ter sup ply

Traits

Source of variation, % from the total variation

Genotype Environment Interaction

G % E % G x E %

Plant height *** 37.70 *** 44.20 *** 10.60

Spike length *** 59.80 NS 1.00 NS 8.00

Peduncle length *** 36.70 *** 20.40 NS 7.00

Peduncle length/height * 4.70 *** 53.00 NS 8.60

Heading date *** 92.20 ** 1.00 *** 3.70

General tillering *** 22.20 ** 33.40 NS 5.60

Productive tillering *** 18.90 ** 37.10 NS 5.60

1000 kernel weight ** 26.99 NS 0.70 ** 30.60

*, **, *** - sig nif i cant at 5 %, 1 %, 0,1 %
NS – not sig nif i cant 

Ta ble 3. Sig nif i cance of GCA (Gen eral com bin ing abil ity) and SCA (spe cific com bin ing abil ity) vari -
ances and GCA/SCA ra tio

Traits
GCA SCA

GCA/SCA 
GCA SCA

GCA/SCA 

Water comfort Water deficit

Plant height *** NS ³1 *** *** £1

Spike length *** NS ³1 *** NS ³1

Peduncle length NS NS ³1 *** *** £1

Peduncle length/height ** * ³1 ** NS ³1

Heading date *** *** £1 *** *** £1

General tillering * NS ³1 ** NS ³1

Productive tillering ** NS ³1 ** NS ³1

1000 kernel weight *** ** £1 NS NS ³1

The con ducted diallel anal y sis of combinative abil ity by Griffing, 1956 on ag ro nomic im -
por tant traits showed sta tis ti cally sig nif i cant val ues for the ef fects of GCA for all traits ex cept for
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peduncle length at nor mal wa ter sup ply and 1000 ker nel weight in wa ter def i cit. (Ta ble 3). The
SCA ef fects were sig nif i cant for three of stud ied traits at nor mal wa ter sup ply and three – in wa ter 
def i cit. Only at the trait head ing date the SCA ef fect was sig nif i cant in both cul ti vat ing en vi ron -
ments. Each sig nif i cant value of GCA sug gests that the sig nif i cant ad di tive ef fects in the in her i -
tance of the traits are avail able, while the sig nif i cant SCA ef fects re veal sig nif i cant in flu ence of
the non-ad di tive gene ef fects (dom i nance and epistasis). From a ge netic and breed ing point of
view it is im por tant to study the ra tio of GCA/SCA ef fects whence con clu sions may be drawn re -
gard ing the breed ing ef fi ciency in the seg re ga tion gen er a tions. In case of pre vail ing ad di tive gene
ef fects over the non-ad di tive ones, ef fi cient se lec tion by traits may be done in some of the ear lier
seg re ga tion generations (F2, F3), while in the reverse case the effective selection is moved to the
later generations.

In five of the eight stud ied traits with the al ter ation of en vi ron ment the additivity/non-addi -
tivity ra tio was changed. The ef fi cient breed ing in the ear lier gen er a tions at the traits:
peduncle/plant height ra tio and 1000 ker nel weight should be per formed in wa ter def i cit, while at
the traits: head ing date and plant height – at nor mal wa ter sup ply, due to pre vail ing of ad di tive
gene ef fects. At the other traits ef fec tive breed ing may be con ducted at both environments.

Con clu sions 

Hy brid com bi na tions were iden ti fied where no sig nif i cant de crease was no ticed in the val -
ues of the traits, re lated to pro duc tiv ity un der wa ter def i cit con di tions. Un der con di tions of wa ter
def i cit the ef fi cient breed ing in ear lier gen er a tions should be con ducted only at the trait 1000 ker -
nel weight. For the traits head ing date and plant height it is more rel e vant to se lect in com fort wa -
ter con di tions, while for the traits length of spike, gen eral and pro duc tive till er ing, the early se lec -
tion may be equally efficient in both environments.
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RESISTANCE TO POWDERY MILDEW IN SOME WINTER WHEAT VARIETIES
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Ab stract

Par tial re sis tance to pow dery mil dew (Blumeria graminis f.sp. tritici) of 20 win ter wheat va ri -
et ies and a sus cep ti ble con trol va ri ety Barbee was tested un der con trolled con di tions. To asses
the va ri et ies for par tial re sis tance, la tent pe riod (LP50) and in fec tion fre quency (num ber of col o -
nies per unit leaf area) were used. The va ri ety Dragana showed the high est de gree of par tial re sis -
tance that in volved a long la tent pe riod and low in fec tion fre quency. The va ri et ies Angelina,
Barbara and NS 27/03 had a some what shorter LP50, but a sim i lar in fec tion fre quency; there fore,
it seems likely that they also pos sess a high de gree of par tial re sis tance. Sig nif i cantly high neg a tive 
cor re la tions were found be tween LP50 and in fec tion fre quency (r= - 0.755).

Key words: in fec tion fre quency, la tent pe riod, par tial re sis tance, pow dery mil dew, win ter
wheat.

In tro duc tion

Pow dery mil dew caused by Blumeria graminis DC. f.sp. tritici Speer. is an im por tant fo liar
dis ease in our coun try and world wide, ev ery where where wheat is grown. It is most se vere un der
hu mid con di tions and in ir ri gated ar eas un der in ten sive pro duc tion, the grain yield loss rang ing
from5 to 34% (Conner et al., 2003; Griffey et al., 1993; Lipps & Mad den, 1988). De vel op ment of
wheat va ri et ies re sis tant to pow dery mil dew is eco nom i cally ac cept able and en vi ron men tally safe 
means of con trol ling pow dery mil dew (Bennett, 1984). Race-spe cific re sis tance of ten pro vides
com plete pro tec tion, but most race-spe cific genes be gin to lose ef fec tive ness within 2-4 years
(Jrrgensen, 1993). On the other hand, non-race-spe cific re sis tance is in com plete, but du ra ble. As
it tends to di min ish the rate of dis ease de vel op ment, it is also called par tial re sis tance. Par tial re -
sis tance to pow dery mil dew may in volve one or sev eral of the fol low ing com po nents (Kinane &
Jones, 2000): in creased in cu ba tion or la tent pe riod (from in oc u la tion to the oc cur rence of symp -
toms), re duced in fec tion fre quency (num ber of col o nies per unit leaf area), re duced in fec tious
pe riod (length of time the col ony pro duces vi a ble spores), re duced in fec tion le sion size (col ony
size), and re duced spore pro duc tion (num ber of spores pro duced per unit leaf area over a par tic u -
lar length of time).

Ma te rial and Method 

The wheat va ri ety Barbee, which is highly sus cep ti ble on pow dery mil dew, was in fected
with a lo cal pop u la tion of pow dery mil dew and its heavily in fected leaves were used as a source of 
inoculum. Barbee was also used as the sus cep ti ble con trol.

Twenty win ter wheat va ri et ies were sown in 7-cm-diametar pots in a green house. When
seed lings were seven days old, leaf seg ments of 5 cm in length were de tached from the healthy,
fully-ex panded pri mary leaves. Five leaf seg ments of each va ri ety (rep li cated four times) were
aligned hor i zon tally, with the adaxial side up per most, in petri dishes (9-cm-diametar) con tain ing
20ml of agar (15g/l) amended with 150 ppm of benzimidazole. In oc u la tion was per formed in a set -
tling tower. Open petri dishes with leaf seg ments were placed in the bot tom part of the tower.
Heavily in fected leaf seg ments of Barbee were placed on the plat form of the tower. The spores of
pow dery mil dew were de tached from the leaf and blown (with a vac uum pump) through open ings 
in the top, and al lowed to set tle for 30 min. The petri dishes with in oc u lated leaves were then
placed in a cli mate cham ber un der ar ti fi cial light (pro vid ing a day-night cy cle of 12 hours in the
light and 12 hours in the dark) at 19±1oC.
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In oc u la tion den sity was ex am ined by plac ing the mi cro scope slides smeared with Vas e line
be side the petri dishes in the bot tom of the tower and by count ing the spores in the mi cro scope
viewfield. The in oc u la tion den sity was around 40-50 spores per mm2.

Num ber of pus tules per va ri ety was counted daily af ter their pres ence has been con firmed.
La tent pe riod (LP50) was de ter mined as a time in days be tween in oc u la tion and the oc cur rence of 
50% of a max i mum num ber of pus tules. A lin ear in ter po la tion was used to es ti mate this time. In -
fec tion fre quency was counted as a num ber of pus tules per unit leaf area (0.3x5.0cm2). The re sults 
were pro cessed by the anal y sis of vari ance (ANOVA) with the Duncan’s test ap plied, us ing the
com puter soft ware MSTAT-C. Sim ple cor re la tion co ef fi cient (r) be tween la tent pe riod and in -
fec tion fre quency was also cal cu lated.

Re sults and Dis cus sion

In fec tion fre quency. The num bers of pus tules that de vel oped on de tached leaf seg ments of
the stud ied wheat va ri et ies are shown in Ta ble 1. Sig nif i cant dif fer ences in in fec tion fre quency
were found at both 0.05 and 0.01 lev els among the ex am ined va ri et ies. The larg est av er age num -
ber of pus tules per unit leaf area was found in Barbee (47.0), the small est av er age num ber in
Angelina (0.15). The va ri et ies Srma, Angelina, Barbara, Dragana and NS 27/03 had low in fec tion
fre quen cies rang ing from 0.15 to 0.6 pus tules per unit leaf area. Most va ri et ies had in ter me di ate
in fec tion fre quency, be tween 1.6 and 7.0. The va ri et ies Cajeme-71, Norin 10 and Rapsodija had
high in fec tion fre quen cies rang ing from 11.4 to 20.2. Ac cord ing to the in fec tion fre quen cies, the
va ri et ies NS Rana 2, Sava, Skopljanka and the sus cep ti ble con trol Barbee were highly sus cep ti -
ble.

Ta ble 1. Av er age val ues for the num ber of pus tules per 0.3x5.0cm2 leaf area in the win ter wheat va ri et ies

Variety Number of pustules 
Duncan’s test

P < 0.05 P < 0.01

NS Rana 2 45.0 A A

Balkan 5.5 CD D

Jugoslavija 2.7 CD D

Lasta 4.1 CD D

Sava 43.0 A A

Cajeme-71 18.7 B BC

Jubilejnaja 50 5.7 CD D

Skopljanka 38.7 A A

Norin 10 20.2 B B

MV Magdalena 3.8 CD D

Soissons 7.0 CD CD

Srma 0.4 D D

Ljiljana 1.6 CD D

Angelina 0.15 D D

Barbara 0.6 D D

Helena 3.8 CD D

Dragana 0.2 D D

Rapsodija 11.4 BC BCD

Talent 5.2 CD D

NS 27/03 0.4 D D

Barbee 47.0 A A

LSD 8.609 11.44
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La tent pe riod. LP50 du ra tion var ied from 6 to 13 days with sig nif i cant dif fer ences at both 0.05 
and 0.01 lev els (Ta ble 2). Dragana had the lon gest la tent pe riod (13 days), while the va ri et ies NS
Rana 2, Sava, Cajeme-71, Skopljanka’and the sus cep ti ble con trol Barbee had short est LP50 pe ri -
ods (6 to 7 days). Most va ri et ies had LP50 be tween 9.2 and 10.2 days. These va ri et ies did not dif fer
sig nif i cantly at 0.01 level. Also, there were no sig nif i cant dif fer ences among the va ri et ies Srma,
Jugoslavija, Bal kan, Norin 10, MV Magdalena and Jubilejnaja-50, whose LP50 ranged be tween
8.3 and 9.1 days.

Ta ble 2. Av er age val ues for the la tent pe riod (LP50) in the win ter wheat va ri et ies

Variety LP50
Duncan’s test

P < 0.05 P < 0.01

NS Rana 2 6.0 J G

Balkan 8.5 FGH DEF

Jugoslavija 8.6 EFGH DEF

Lasta 9.3 CDE BCDEF

Sava 6.0 J G

Cajeme-71 7.0 I G

Jubilejnaja 50 8.3 H F

Skopljanka 6.6 IJ G

Norin 10 8.4 GH EF

MV Magdalena 8.4 GH EF 

Soissons 9.2 CDEF BCDEF

Srma 9.1 DEFG CDEF

Ljiljana 9.4 CDE BCDE

Angelina 9.5 BCD BCD

Barbara 10.2 B B

Helena 10.0 BC BC

Dragana 13.0 A A

Rapsodija 10.0 BC BC

Talent 10.0 BC BC

NS 27/03 10.0 BC BC

Barbee 6.0 J G

LSD 0,6994 0,9297

A high de gree of par tial re sis tance in volves a long la tent pe riod and low in fec tion fre -
quency. Such char ac ter is tics were found in the va ri ety Dragana. The va ri et ies Angelina, Barbara
and NS 27/03 had some what shorter LP50 but sim i lar in fec tion fre quency, there fore, it was likely
that they pos sessed a high de gree of par tial re sis tance. The va ri ety Srma also had a low in fec tion
fre quency, but a short LP50. Fur ther more, ac cord ing to LP50 and in fec tion fre quency, the va ri et -
ies NS Rana 2, Sava, Cajeme-71, Skopljanka and the sus cep ti ble con trol Barbee were highly sus -
cep ti ble to pow dery mil dew. Al though it showed a high level of in fec tion fre quency, the va ri ety
Norin 10 showed a long LP50.

There was a sig nif i cantly high neg a tive cor re la tion be tween LP50 and in fec tion fre quency
(r= -0.755). A sim i lar cor re la tion was found in the pa pers on bar ley pow dery mil dew (Asher &
Thomas, 1984) and oat pow dery mil dew (Jones, 1978).
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Con clu sions

Iden ti fi ca tion of wheat va ri et ies with par tial re sis tance is of great im por tance for wheat
breed ing pro grams, be cause this type of re sis tance has pro vided du ra ble con trol of pow dery mil -
dew in ce re als in sev eral coun tries (Yu et al., 2001). Our re sults showed that la tent pe riod and in -
fec tion fre quency are im por tant pa ram e ters for iden ti fy ing par tially re sis tant va ri et ies. How ever,
be fore draw ing de fin i tive con clu sions about such va ri et ies, their re sis tance should be tested un -
der field con di tions.
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STUDY OF SOME PREPARATIONS FOR PRESOWING TREATMENT OF THE SEEDS 
OF SPRING FORAGE PEA (Pisum arvense) FOR CONTROLLING INSECT PESTS
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Ab stract

Ef fect of some prep a ra tions for presowing treat ment of the seeds of spring for age pea on
ger mi na tion abil ity, in sect pest den sity and nodulation was stud ied dur ing the 2007-2008 pe riod.
Dur ing the pe riod of emer gence and stem for ma tion of the spring for age pea the spe cies of or der
Coleoptera: Sitona sp. (39.0%), Opatrum sabulosum (37.8%), Tanymecus dilaticollis (11.0%) and the 
lar vae of wire worms (Agriotes sp. – 10.2%) were dan ger ous and had high abun dance for the for -
age pea. The prep a ra tions Gau cho and Furadan ap plied at doses of 1 l and 2.5 l /100kg seeds re -
spec tively had a rapid ini tial ef fect and a long re sid ual ef fect. Their com bined use with Atonic in -
creased their ef fi cacy by 4.4 and 6.1% in Gau cho and by 5.5% and 4.3% in Furadan, as com pared
to their ap pli ca tion alone. The in sec ti cides did not de crease the lab o ra tory ger mi na tion abil ity of
seeds and their joint use with Atonic in creased the ger mi na tion abil ity by 1.7 to 2.6%. The grain
yield was high est in the vari ants with com bined use of Furadan and Gau cho with Atonic where
there was an in crease of 15.4 and 17.7% re spec tively, as com pared to the con trol. The use of
imidacloprid and carbofuran alone pro vided good plant pro tec tion from the spe cies of ge nus
Sitona, but the ad di tion of the growth stim u lant Atonic fa voured the nodulation and cre ated
better con di tions for growth and de vel op ment.

Key words: spring pea, carbofuran, imidacloprid, growth stim u lant, ger mi na tion abil ity,
nodulation

In tro duc tion

The use of bi o log i cally ac tive sub stances stim u lates the phys i o log i cal de vel op ment of
plants, con trib utes to for ma tion and de vel op ment of their gen er a tive or gans, nu tri ent up take and 
trans por ta tion (Akeson et al., 1981; Yeh & Bingham, 1969). Their ap pli ca tion in com bi na tion
with chem i cal means of plant pro tec tion in creases their ef fi cacy, helps the plants to over come the
abiotic and bi otic stress (El-Guindy, 1983; Paulson et al., 2004). Tsibulko et al. (2000) found that
the best tech no log i cal method for treat ment with growth reg u la tors is their joint ap pli ca tion to -
gether with in sec ti cides.

The ob jec tive of this study was to deternine the ef fi cacy of the in sec ti cides Gau cho and
Furadan ap plied alone and com bined with the growth stim u lant Atonic through presowing treat -
ment of the seeds of spring for age pea against in sect pests dur ing the pe riod of emer gence and
stem for ma tion, as well as their ef fect on ger mi na tion abil ity and nodulation.

The ob jec tive of this study was to deternine the ef fi cacy of the in sec ti cides Gau cho and
Furadan ap plied alone and com bined with the growth stim u lant Atonic through presowing treat -
ment of the seeds of spring for age pea against in sect pests dur ing the pe riod of emer gence and
stem for ma tion, as well as their ef fect on ger mi na tion abil ity and nodulation.

Ma te ri als and meth ods

The study was con ducted dur ing the 2007-2008 pe riod in the ex per i men tal field of IFC,
Pleven, Bul garia by the block method. Spring for age pea va ri ety Pleven 6 was used with out ir ri ga -
tion, with an interrow spac ing of 12 cm and a sow ing rate of 120 g.s. m-2. The fol low ing prep a ra -
tions were used to treat 100 kg seeds: Atonic – growth reg u la tor (0.2% so dium orthonitro-phe no -
late; 0.3% so dium-paranitro-phenolate; 0.1% so dium-5-nitroguaicol) at the dose of 0.1%;
Furadan 35 ST (carbofuran), tested at the dose of 2.5 l alone and com bined with Atonic and Gau -
cho FS 600 (imidacloprid) at 1 l tested alone and com bined with Atonic. The ef fi cacy of the in sec -
ti cides was re corded two times per week from the stage of seed ger mi na tion and plant emer gence
to the 7-8 leaf stage. The lab o ra tory ger mi na tion abil ity was de ter mined by the gen er ally ac -
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cepted meth ods 7 days af ter seed treat ment. At the flow er ing stage soil cores (20/30/40 cm) were
taken and num ber of healthy and dam aged nod ules was re corded.

Re sults and dis cus sion

Dur ing the years of study at the stage of stem for ma tion the pop u la tion den sity of in sect
pests was 19.8 and 6.9 in sects m-2 (in 2007 and 2008, re spec tively). On av er age for the two years in
the pe riod of emer gence and stem for ma tion the spe cies of or der Coleoptera: Sitona sp. (39.0%),
Opatrum sabulosum (37.8%), Tanymecus dilaticollis (11.0%) and the lar vae of wire worms (Agriotes
sp. – 10.2%) were dan ger ous and had high abun dance for the for age pea. The other coleopterous
spe cies rep re sented only 2.0% of to tal pop u la tion den sity.

The tested in sec ti cides had a rapid ini tial ef fect im me di ately af ter plant emer gence vary ing
within the range of 84.2 – 100.0% (Table1). The same prep a ra tions had also a long re sid ual ef fect,
which was most pro nounced in the vari ant with Gau cho and the com bi na tion be tween Gau cho
and Atonic where the ef fi cacy reached 88.4 and 89.3% in 2007 and 81.3 and 87.4% in 2008. The
re sults were sat is fac tory in the variants with Furadan.

Ta ble 1. Ef fi cacy of some in sec ti cidal prep a ra tions for presowing treat ment of seeds of spring for age pea
against the to tal pop u la tion of the in sect pest com plex

Preparation and dose 100 kg seeds-1 Efficacy, % - 2007 Efficacy, % - 2008

27.04 02.05 8.05 8.04 17.04 22.04

Furadan 35 ST - 2.5 l 87.2 76.7 73.6 84.2 80.0 74.2

Gaucho FS 600 - 1 l 95.6 90.2 88.4 90.1 86.4 81.3

Furadan 35 ST - 2.5 l + Atonic - 0.1% 92.7 85.4 73.1 88.5 82.7 75.6

Gaucho FS 600 - 1 l + Atonic – 0.1 % 100.0 93.5 89.3 97.0 90.5 87.4

It should be no ticed that the com bined ap pli ca tion of Gau cho and Furadan with the growth 
stim u lant Atonic in creased the ini tial ef fect of the prep a ra tions, as com pared to their ap pli ca tion
alone. For in stance, in the first year the ef fi cacy of Gau cho was 95.6 %, whereas when mix ing it
with Atonic it in creased and reached 100.0% (an in crease of 4.4%). The trend was the same in the 
sec ond year where there was an in crease of 6.1%. This pos i tive synegism was also ob served when
treat ing the seeds with Furadan and Atonic, the ef fi cacy in creas ing by 5.5% and 4.3% (in 2007
and 2008, re spec tively).

Dur ing re cord ing of the lab o ra tory ger mi na tion abil ity some de lay of ger mi na tion of the
treated seeds with in sec ti cides was ob served, as com pared to the con trol at the fourth day af ter
their set ting. This was more pro nounced in the vari ants with par tic i pa tion of Furadan and Gau -
cho alone, the de crease of the ger mi na tion abil ity be ing 28.3 and 18.2% re spec tively, as against
the con trol on av er age for 2007-2008 (Ta ble 2). At the sev enth day the ger mi na tion abil ity of the
seeds ex ceeded 90.0% and was close to that of the con trol, which showed that the tmporary sup -
pres sive ef fect of the prep a ra tions was over come. There was a slight de vi a tion for the use of
Furadan alone (88.7%), but in the dif fer ent years a trend to in crease of ger mi na tion abil ity on av -
er age by 3.6% for the joint ap pli ca tion of the in sec ti cide with Atonic was ob served, as com pared
to its use alone. The re sults con cern ing the vari ant with Gau cho and Atonic were sim i lar where
the ger mi na tion abil ity in creased on av er age by 1.7%, as against the treat ment with the men -
tioned insectide alone. The seed treat ment with Atonic in creased the ger mi na tion abil ity by
1.1%, as com pared to the con trol. Prob a bly the in creased ger mi na tion abil ity when treat ing the
seeds with the growth reg u la tor (alone or com bined with the in sec ti cides) was due to the ac tive
ingrediends contained in it, phenolic compounds that are natural substances and particpate
naturally in plant cells.

The com bined use of Atonic with the in sec ti cides for presowing treat ment of seeds in -
creased their ef fi cacy and stim u lated seed ger mi na tion.
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Ta ble 2. Ef fect of some prep a ra tions for presowing treat ment of seeds of spring for age pea on the 
ger mi na tion abil ity

Preparation and dose
100 kg seeds-1

Laboratory germination ability, % Field germination
ability, %

Average 
yield, 

kg da-1

4th day 7th day

2007 2008 Average 2007 2008 Average 2007 2008 Average

Control 78.4 59.0 68.7 95.3 97.0 96.2 82.0 88.7 85.3 106.1

Atonic – 0.1% 79.0 58.5 68.8 97.6 97.0 97.3 84.0 89.0 86.5 109.3

Furadan 35 ST - 2.5 l 64.8 16.0 40.4 90.0 87.3 88.7 80.2 83.3 81.8 115.9

Gaucho FS 600 - 1 l 67.0 34.0 50.5 92.3 94.0 93.2 81.1 84.0 82.6 121.9

Furadan 35 ST - 2.5 l
+ Atonic - 0.1%

77.5 30.5 54.0 94.6 88.0 91.3 80.8 84.0 82.4 122.5

Gaucho FS 600 - 1 l 
+ Atonic – 0.1 %

76.8 33.0 54.9 95.5 94.3 94.9 82.6 90.0 86.3 124.9

LSD 0.05% 16.23

The tested prep a ra tions did not de crease the field ger mi na tion abil ity that was within the
range of 81.8- 86.5%.

On av er age for the pe riod, the grain yield was sta tis ti cally sig nif i cantly high est in the vari -
ants with com bined use of Furadan and Gau cho with Atonic where the ob served in crease was
15.4 and 17.7% re spec tively, as against the con trol. This was con di tioned by the greater plant
num ber m-2 and pro tec tion of the sown seeds and plants at the sus cep ti ble stages of their de vel -
op ment from attack by insect pests.

Fig ure 1. Ef fect of presowing treat ment of seeds of spring for age pea with in sec ti cides on the
nodulation and rate of de stroyed bac te rial nod ules by spe cies of Sitona ge nus

The pro tec tive ef fect of the in sec ti cides against the spe cies of ge nus Sitona re flected on the
pop u la tion den sity of the lar vae, i.e. on the rate of the bac te rial nod ules de stroyed by them (Fig.
1). On av er age for the pe riod of study the val ues of this trait were 24.7% and 21.8% in the con trol
and the vari ant with Atonic re spec tively, whereas the other vari ants had signficantly lower per -
cent age of dam aged nod ules within the range of 4.8 – 7.7%. The lower den sity of Sitona sp., as well 
as the more pro nounced nodulation in the cli mat i cally fa vour able year 2008 for the plants con di -
tioned also the low per cent age of dam age (0.5 to 2.3%), as com pared to the dry spring of 2007
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(the per cent age of dam aged nod ules was within the range of 9.0-47.2%). Atonic did not pro tect
the bac te rial nod ules from the at tack by lar vae, but helped the plant to re store from the caused
dam ages by stim u lat ing the ac tiv ity of soil mi cro or gan isms and con trib ut ing to for ma tion of a
greater nod ule num ber. The val ues of nodulation for the con trol and use of the in sec ti cides alone
were close and within the range of 46 - 51 nod ules plant-1. The ap pli ca tion of Atonic to gether with 
the used in sec ti cides stim u lated this proces by 31.2 to 34.9%. This ef fect of the growth reg u la tor
could also ex plain the lower per cent age of de stroyed nod ules in its mixed ap pli ca tion with Gau -
cho and Furadan, as com pared to their use alone. A lower per cent age of de stroyed nod ules was
re corded in the vari ants with Gau cho (4.8% - in the vari ant with Gau cho; 6.3% - for the com bined 
use of Gau cho with Atonic).

The use of imidacloprid and carbofuran alone pro vided good pro tec tion of the plants from
soil in sect pests, but the ad di tion of the growth stim u lant fa voured nodulation and cre ated better
con di tion for growth and de vel op ment.

Con clu sions

Dur ing the pe riod of emer gence and stem for ma tion of the spring for age pea the spe cies of
or der Coleoptera: Sitona sp. (39.0%), Opatrum sabulosum (37.8%), Tanymecus dilaticollis (11.0%)
and the lar vae of wire worms (Agriotes sp. – 10.2%) were dan ger ous and had high abun dance for
the for age pea.

The prep a ra tions Gau cho and Furadan ap plied at doses of 1 l and 2.5 l 100kg seeds-1 re spec -
tively had a rapid ini tial ef fect and a long re sid ual ef fect.

The com bined use of Atonic with the in sec ti cides for presowing treat ment of seeds in -
creased their ef fi cacy by 4.4 and 6.1% in Gau cho and by 5.5% and 4.3% in Furadan, as com pared
to their ap pli ca tion alone.

The in sec ti cides Gau cho and Furadan did not de crease the lab o ra tory ger mi na tion abil ity
of seeds and their joint use with Atonic in creased the ger mi na tion abil ity by 1.7 to 2.6%.

The grain yield was high est in the vari ants with com bined use of Furadan and Gau cho with
Atonic where there were an in crease of 15.4 and 17.7% re spec tively, as com pared to the con trol.

The use of imidacloprid and carbofuran alone pro vided good plant pro tec tion from the
spe cies of ge nus Sitona, but the ad di tion of the growth stim u lant Atonic fa voured the nodulation
and cre ated better con di tions for growth and de vel op ment.
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INVESTIGATION ON SOME FUNGAL DISEASES OF PEPPER

Rossitza Rodeva, Rumiana Pandeva, Zornitza Stoyanova
In sti tute of Ge net ics, Bul gar ian Acad emy of Sci ences, 1113 So fia, Bul garia

E-mail: r.rodeva@abv.bg

Ab stract

Pep per (Cap si cum annuum) is the sec ond most im por tant veg e ta ble in Bul garia, grown in
open fields and in green houses. Three scle ro tial fungi (Bo try tis cinerea, Sclerotinia sclerotiorum
and Verti cilli um dahliae) are among the most im por tant fun gal patho gens on pep per. The dis eases 
caused by them re sult in se ri ous crop losses and low pro duc tion qual ity. B. cinerea and S.
sclerotiorum af fect both seed lings and ma ture plants, lead ing to stem and fruit rot, re spec tively. V.
dahliae is re spon si ble for wilt dis ease of many im por tant crops in clud ing pep per. Lately,
Colletotrichum spp. and Phomopsis capsici have been found caus ing dis eases on both im ma ture
and ripe fruits. One of the most im por tant ap proaches for con trol of fun gal dis ease of pep per is
search ing for re sis tance sources in Cap si cum ac ces sions. A part of the ex ist ing col lec tion of C.
annuum cultivars at the In sti tute of Ge net ics, So fia, in clud ing lo cal and for eign cultivars was eval -
u ated for its re ac tion to above-men tioned fungi.

Key words: Bo try tis cinerea, Cap si cum annuum, Colletotrichum spp., fun gal dis eases, pep per,
Phomopsis capsici, Sclerotinia sclerotiorum, Verti cilli um dahliae

In tro duc tion

Pep per (Cap si cum annuum L.) is the sec ond most im por tant veg e ta ble in Bul garia, grown in
open fields and in green houses. Bul garia, due to its unique cli mate con di tions and breed ing tra di -
tions, is ap peared as a sec ond cen ter of or i gin for this crop. Three scle ro tial fungi (Bo try tis cinerea
Pers: Fr., Sclerotinia sclerotiorum (Lib.) de Bary and Verti cilli um dahliae Kleb.) are among the
most im por tant fun gal patho gens on pep per in Bul garia. The dis eases caused by them re sult in se -
ri ous crop losses and low pro duc tion qual ity. B. cinerea and S. sclerotiorum af fect both seed lings
and ma ture plants, lead ing to stem and fruit rot, re spec tively. V. dahliae is re spon si ble for wilt dis -
ease of many eco nom i cally im por tant crops in clud ing pep per. All three fungi are soil-borne, have 
com mon host plants, sim i lar re quire ments for re sources and other niche over laps. An other neg a -
tive con se quence is the form ing of long-last ing struc tures – sclerotia, in de bris fol lowed by an en -
rich ment of inoculum den sity in the soil. Lately, Colletotrichum spp. and Phomopsis capsici
(Magnaghi) Sacc. have been found caus ing dis eases on both im ma ture and ripe fruits.

The pur pose of the in ves ti ga tion was to eval u ate the re ac tion of a part of pep per col lec tion
avail able at the In sti tute of Ge net ics, So fia, to above-men tioned fungi un der nat u ral and ar ti fi cial 
in fec tion in or der to iden tify po ten tial sources of dis ease re sis tance.

Ma te ri als and Meth ods

A to tal of 23 C. annuum cultivars (17 Bul gar ian, 4 Ser bian and 2 Hun gar ian) was in volved in
the study. The ex per i men tal work was car ried out at the In sti tute of Ge net ics, So fia, from 2005 to
2008. Screening for fun gal dis eases in cluded field eval u a tion for their nat u ral oc cur rence and pot
and lab o ra tory ex per i ments with ar ti fi cial in oc u la tion. The re ac tion of cultivars to nat u ral in fec -
tion was de ter mined as a per cent of dis eased plants for B. cinerea, S. sclerotiorum and V. dahliae. A 
di a gram matic 0-8 scale was used for eval u a tion of anthracnose se ver ity caused by Colletotrichum
spp. on pep per fruits un der field con di tions (Azevedo et al., 2007).

An at tached stem as say was used to screen for re sis tance/sus cep ti bil ity to B. cinerea and S.
sclerotiorum. Whole pot ted plants rep re sent ing 23 cultivars were used for the study. In oc u la tion
pro ce dure was de scribed else where (Rodeva et al., 2007).

De tached fruits were eval u ated in sep a rated tri als for their re ac tion to B. cinerea and S.
sclerotiorum. They were punc tured with ster ile thin nee dle and in oc u lated with agar plugs con -
tain ing my ce lia of the re spec tive fungi. Re sis tance/sus cep ti bil ity was mea sured by com par i son of
fruit le sion lengths 6 days af ter in oc u la tion (Rodeva et al., 2007). Six im ma ture and six ma ture
fruits were pin pricked and then in oc u lated with agar disc con tain ing my ce lium of C. acutatum
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Simmonds ex Simmonds. Fruits of C. baccatum var. pen du lum (ac ces sion No 4) pre vi ously re -
ported to be re sis tant to Colletotrichum spp. un der field con di tions were used as a con trol (Rodeva 
et al., 2008b). All fruits were in cu bated for 7 days at 25 oC un der 100% rel a tive hu mid ity. The ex -
per i ment was re peated twice. A 0-4 scale was used for le sion de vel op ment, where 0 de noted fruits 
with out symp toms and 4 – le sions sunken, dark, with di am e ter more than 3 cm and in ten sive
sporulation (Andrade et al., 2007).

Re sults and Dis cus sion

Un der field con di tion B. cinerea symp toms on pep per stems and shoots when no
sporulation ap peared were sim i lar to those caused by S. sclerotiorum and isolations were nec es -
sary to iden tify the spe cies. The for mer one was prev a lent in the years of the study and the lat ter
one was spo rad i cally found. V. dahliae oc curred in dif fer ent de gree ev ery one year and grad u ally
led to the dead of the at tacked plants. The high est field re sis tance to B. cinerea and V. dahliae was
ob served for Fitostop, Sivriya, Albena, Zlaten medal, Oranzheva kapiya and Duga bela.

The at tached stem as say used to screen for re sis tance/sus cep ti bil ity to B. cinerea and S.
sclerotiorum showed that both fungi pro duced el lip ti cal wa ter-soaked ne crotic le sions on the in oc -
u lated pep per stems, which pro gres sively in creased in size. The gen eral ten dency was that the lat -
ter one caused de vel op ment of larger le sions. Un der wet con di tion B. cinerea pro duced grey mass
of conidia on the le sion and S. sclerotiorum formed sclerotia in side the stem. For B. cinerea stem le -
sion length var ied from about 24 mm in re sis tant cultivars to about 143 mm in sus cep ti ble ones.
For S. sclerotiorum stem le sions ranged in length from about 59 mm to about 217 mm. Re sis tance
to B. cinerea showed Palana~ka babura, Gorogled, Vibo, Fitostop, @upska rana and Sivriya. The
most sus cep ti ble were Striama and Kalinkov. Re sis tance to S. sclerotiorum was ex pressed by
Fitostop, Oranzheva kapiya, Bul gar ian ratund and Fehërëson syn thetic. The most sus cep ti ble
were Striama, Kalinkov and Duga bela. Cultivars that were re sis tant to one patho gen were not
nec es sar ily re sis tant to the other.

The symp toms caused by B. cinerea and S. sclerotiorum on the de tached fruits af ter ar ti fi cial
in oc u la tion dif fered sig nif i cantly. B. cinerea led to ne cro sis de vel op ment, sunken tis sue un der the
le sion and ap pear ance of gray mass of conidia out side and tightly ad hered to the fruit tis sue
sclerotia in side the fruits. The in fec tion of S. sclerotiorum caused quicker rot of fruits and fruit
stalks fol lowed by de vel op ment of white my ce lium and later then easy de tached large sclerotia
in side and out side the fruits. A de gree of re sis tance to both patho gens showed Pazardzishka
kapiya, Kurtovska kapiya, Biala kapiya, Oranzheva kapiya and Gorogled.

Ta ble 1. Field re ac tion of Cap si cum ac ces sions to anthracnose caused by Colletotrichum spp. on pep per fruits

Diseased
area

Class1 Cultivars

0 0

1-20% 1-4
Hebar, Fitostop, Zlaten medal, Albena, Pazardzishka kapiya, Kurtovska
kapiya, Biala kapiya, Sofiiska kapiya, Oranzheva kapiya, Kalinkov, Vibo, 
Gorogled, Sivriya, Palana~ka babura, Duga bela, @upska rana

More than
20%

5-8
Pirin, Bul gar ian ratund, Fehërëson, Fehërëson syn thetic, Striama,
Ma~vanka, Pazardzishki edar

1Based on a 0-8 scale (Azevedo et al., 2007)

Fruit symp toms caused by Colletotrichum spp. ini tially be gan as wa ter-soaked le sions that
be came soft and slightly sunken. Le sions pro gres sively in creased in num ber on the fruit, co -
alesced and quickly cov ered most of the fruit sur face. Fully ex panded le sions were usu ally round
and sunken and ranged in color from dark red to tan to black. The le sion sur face be came cov ered
with wet, ge lat i nous conidia from fun gal fruit ing bod ies (acervuli). Small dark microsclerotia
were ob served on and in side the pep per fruits at tacked by C. coccodes. The di a gram matic scale
used for field eval u a tion of anthracnose al lowed to di vide the ac ces sions into three groups by the
dis eased area: 1) fruits ap par ently sound, symptomless (0% dis eased area); 2) fruits with 1 to 5 le -
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sions, with dis eased area rang ing from 1% to 20%, and le sion di am e ter <0.5cm; 3) fruits with
more than 20% of dis eased area, with one or more le sions with >0.5cm of di am e ter. Anthracnose
in ci dence and in ten sity dif fered among the ac ces sions. No one cultivar got into the first group.
The most of cultivars un der study were added to the sec ond group. Among them Hebar, Fitostop, 
Zlaten medal, Oranzheva kapiya and Albena, showed the high est field re sis tance to anthracnose.
The most sus cep ti ble were the cultivars Pazardzishki edar and Ma~vanka (Ta ble 1).

Ta ble 2. De tached fruit as say of C. annuum cultivars to Colletotrichum acutatum

Cultivars
Class1

immature fruits mature fruits average

Bulgarian cultivars

Sivriya 0.33±0.02 0.17±0.02 0.25

Zlaten medal 1.50±0.05 2.50±0.05 2.00

Albena 1.50±0.07 2.00±0.07 1.75

Pazardzishka kapiya 0.17±0.02 0.50±0.02 0.34

Kurtovska kapiya 0.50±0.02 0.33±0.03 0.42

Biala kapiya 1.83±0.05 1.67±0.05 1.75

Sofiiska kapiya 1.67±0.07 0.83±0.03 1.25

Kalinkov 1.17±0.04 1.17±0.05 1.17

Gorogled 0.33±0.02 0.67±0.04 0.50

Vibo 0.33±0.02 2.33±0.54 1.33

Pazardzishki edar 2.00±0.07 3.17±0.03 2.59

Oranzheva kapiya 1.17±0.05 0.33±0.02 0.75

Bulgarian ratund 1.33±0.05 2.17±0.05 1.75

Striama 0.83±0.03 3.33±0.05 2.08

Fitostop 1.50±0.05 2.50±0.07 2.00

Pirin 1.50±0.05 2.33±0.05 1.92

Hebar 0.67±0.05 1.67±0.07 1.17

Serbian cultivars

Palana~ka babura 0.83±0.03 1.50±0.05 1.17

Duga bela 0.83±0.03 1.67±0.05 1.25

@upska rana 1.67±0.05 2.00±0.06 1.84

Ma~vanka 1.50±0.06 1.67±0.05 1.59

Hungarian cultivars

Fehërëson 1.42±0.05 2.00±0.06 1.71

Fehërëson synthetic 1.83±0.05 3.25±0.01 2.54

Resistant control

C. baccatum var. pendulum (No 4) 0 0 0

Average 1.10 1.66

LSD 5% LSD 1% LSD 0.1%

Factor A 0.84 1.10 1.42

Factor B 0.24 0.32 0.40

A x B 1.18 1.56 2.00
1Based on a 0-4 scale (Andrade et al., 2007). The data pre sented were av er age of two ex per i ments in clud ing 6 im ma -
ture and 6 ma ture fruits in ev ery one rep e ti tion
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Round and sunken le sions de vel oped on the fruits ar ti fi cially in oc u lated by C. acutatum.
Their size dif fered de pend ing of the cultivar re sis tance/sus cep ti bil ity. A slimy mass con tain ing
conidia cov ered the le sions of the sus cep ti ble cultivars. The most re sis tant to anthracnose were
cvs. Sivriya, Pazardzishka kapiya, Kurtovska kapiya, Gorogled and Oranzheva kapiya. The
great est sus cep ti bil ity showed cvs. Pazardzishki edar, Fehërëson syn thetic, Striama, Zlaten
medal and Fitostop. A ten dency was ob served that the in oc u la tion of ma ture fruits led to more
se vere in fec tion in com par i son with the im ma ture ones (Ta ble 2).

P. capsici is the causal agent of a pep per fruit dis ease newly found in Bul garia (Rodeva et al., 
2008a). Methods for eval u a tion of re sis tance/sus cep ti bil ity ought to be de vel oped.

Searching for re sis tance in the field is a com par a tively cheap method for test ing but the ex -
pres sion of re sis tance could be af fected by the en vi ron men tal con di tions, the na ture of the
inoculum avail able in the area and in ter ac tions with other or gan isms. There is also some risk of
con fus ing es cape with re sis tance. The pot and lab o ra tory meth ods used in pres ent in ves ti ga tion
seem to be re li able for eval u a tion of stem and fruit re sponse to ar ti fi cial in oc u la tion by B. cinerea,
S. sclerotiorum and Colletotrichum spp.

Con clu sions

The pres ent in ves ti ga tion on some fun gal dis eases of pep per re vealed that Bul gar ian
cultivars Fitostop, Oranzheva kapiya, Sivriya, Albena and Zlaten medal ex pressed field re sis -
tance to B. cinerea and V. dahliae. They were rel a tively re sis tant to B. cinerea and S. sclerotiorum in
at tached stem as say. The eval u a tion of de tached fruits re vealed re sis tance to B. cinerea, S.
sclerotiorum and C. acutatum in cvs. Pazardzishka kapiya, Kurtovska kapiya, Biala kapiya,
Oranzheva kapiya and Gorogled.

Among the Ser bian cultivars field re sis tance to B. cinerea and V. dahliae showed cv. Duga
bela but this cultivar was sus cep ti ble to S. sclerotiorum in at tached stem as say. Cv. Palana~ka
babura was re sis tant to anthracnose caused by C. acutatum.

The stems of Hun gar ian cultivars were re sis tant to B. cinerea and S. sclerotiorum in va sion
but the fruits of both of them were se verely dis eased by B. cinerea and Colletotrichum spp. in field
and lab o ra tory as say.

Ac knowl edge ments. Fi nan cial sup port by the Bul gar ian Na tional Sci ence Fund (pro ject
B-1515) is grate fully ac knowl edged.
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ECOPHYSIOLOGY OF HEMP (Can na bis sativa L.)

Anne-Michelle Faux, Pi erre Ber tin
Unité d’Ecophysiologie et d’Amélioration végétale, Université catholique de Louvain, 

Croix du Sud, 2, 1348 Louvain-la-Neuve, Bel gium
E-mail: anne-michelle.faux@uclouvain.be

Ab stract

Hemp (Can na bis sativa L.) is a quan ti ta tive short-day plant. Max i mum stem yield seems to
oc cur shortly af ter flow er ing. There fore, photoperiodic con di tions have a key in flu ence on the
yield po ten tial of the crop.

Five va ri et ies of dif fer ent pre coci ties were cul ti vated dur ing five cul ture pe ri ods in two sites 
with dif fer ent edapho-cli ma tic con di tions in Bel gium. The first cul ture pe riod ran from
Mid-April to end of Sep tem ber and the last one from end of June to Mid-November.

Growth rhythm and bio mass pro duc tion ap peared to be cor re lated with flo ral de vel op -
ment rhythm. A base tem per a ture of 1.3°C was found for growth. Three phases of growth were
de ter mined. The ef fect of tem per a ture on growth was pointed out only dur ing the sec ond (lin ear) 
phase of growth. The high est yields were ob tained for the first cul ture pe riod and the low est ones
for the lat est cul ture pe riod, which could be due to the decreasing daylength.

Key words: crop breed ing, ecophysiology, flow er ing, hemp, photoperiodic re sponse.

In tro duc tion

In re cent times there has been a re vival of in ter est for hemp (Can na bis sativa L.) (Lisson et
al., 2000a). Hemp pro vides mul ti ple in no va tive ap pli ca tions in re new able raw ma te ri als. Its cul ti -
va tion pres ents more over dif fer ent ag ro nomic in ter ests (Ranalli & Venturi, 2004).

How ever, hemp pres ents phys i o log i cal fea tures which con sti tute es sen tial con straints for
its cul ti va tion (Struik et al., 2000). Firstly, hemp is usu ally dioecious. The sex ual di mor phism is
partly re spon si ble for a high de gree of het er o ge ne ity that af fects the qual ity of fi bre and makes
mecha ni sa tion of har vest dif fi cult. Sec ondly, hemp is a short-day plant. There fore, photoperiodic
con di tions af fect its phenological de vel op ment, length of the biological cycle and yield (Ranalli,
2004).

The ob jec tive of this study is to ap proach the ef fect of en vi ron men tal fac tors, namely
photoperiod and tem per a ture, and va ri etal pre coc ity on hemp de vel op ment, growth and bio mass 
production.

Ma te ri als and Meth ods

Plant ma te rial. Five monoecious va ri et ies (FNPC, France) were cho sen in or der to rep re -
sent the avail able gra da tion of pre coc ity: USO 31 (very early), Fe dora 17 (early), Santhica 27 and
Felina 32 (mid pre coc ity), and fi nally, Ep si lon 68 (late).

De sign and treat ments. A field ex per i ment was car ried out in 2007 in two sites with dis tinct
edapho-cli ma tic con di tions in Bel gium: Corroy-le-Grand (50°40’N, 120 m el e va tion) and
Michamps (50°01’N, 510 m el e va tion). Five cul ture pe ri ods were es tab lished so that the long days
con di tions de creased with the cul ture pe riod (Ta ble 1). In both sites the ex per i men tal de sign was
a split-plot with three rep li ca tions. The main plots cor re sponded to the five cul ture pe ri ods and
the sub plots to the five va ri et ies. 

Ta ble 1. Cul ture pe ri ods (CP) ap plied in Corroy-le-Grand and Michamps in 2007.

CP1 CP2 CP3 CP4 CP5

Corroy-le-Grand 16/04 – 25/09 15/05 – 09/10 29/05 – 16/10 11/06 – 30/10 27/06 – 05/11

Michamps 23/04 – 03/10 12/05 – 10/10 30/05 – 31/10 12/06 – 12/11 16/07 – No harvested

Trial man age ment. The seed den sity was 55 kg ha-1 for USO 31, Fe dora 17 and Santhica 27
and 65 kg ha-1 for Felina 32 and Ep si lon 68. Plot size was 7 x 6 m2. The plots were fer til ized with
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120-0-160 and 120-100-190 (NPK) kg ha-1 in Corroy-le-Grand and Michamps, re spec tively. No
pes ti cides were ap plied.

Data col lec tion.

Cli ma tic data. Av er age tem per a ture (°C), pre cip i ta tions (mm) and global ra di a tion (W m-2)
were re corded hourly in both sites. Ther mal time units (°Cd) were used and a com mon base tem -
per a ture of 1°C was ap plied (Lisson et al., 2000a).

De vel op ment. Nine stages of de vel op ment were de ter mined: three veg e ta tive stages (emer -
gence, can opy clo sure and flo ral tran si tion) and six flow er ing stages (start of flow er ing, full flow -
er ing and end of flow er ing for both male and fe male flow ers). A stage is achieved when it is ob -
served on 50% of the plants of a plot.

Growth. Av er age height of the plants of each plot was mea sured at four times.
Bio mass pro duc tion. Three sur faces of 1 m2 were har vested in each plot. The fresh weight of

stems was de ter mined for each har vested sur face and the dry weight of stems was ob tained by
dry ing a sam ple of 1 kg of fresh mat ter at 70°C dur ing 72 hours.

Sta tis ti cal anal y sis. Sta tis ti cal anal y sis was run with the SAS 9.1 soft ware. Anal y sis of vari -
ance tests were con ducted to as sess the ef fect of cul ture pe ri ods and va ri et ies on the time to reach
the dif fer ent stages of de vel op ment (de vel op ment), on the height of the plants (growth) and on the 
dry mat ter stem yield (bio mass pro duc tion). As growth and bio mass pro duc tion are dy namic pro -
cesses, the ef fect of time, ex pressed in ther mal time units, was added in the vari ance anal y sis as a
con tin u ous ex pli ca tive fac tor of these pro cesses. For bio mass pro duc tion anal y sis, since the time
be tween sow ing and the date of ob ser va tion is equal to the du ra tion of crop cy cle, the du ra tion of
crop cy cle sub sti tutes for the fac tor “cul ture pe riod” in the vari ance anal y sis of bio mass pro duc -
tion.

Re sults and Dis cus sion

Cli ma tic data. Av er age monthly tem per a tures were higher in Corroy-le-Grand (13.5°C)
then in Michamps (11.3°C) whereas monthly pre cip i ta tions and global so lar ra di a tion were on av -
er age higher in Michamps (71.9 and 86.3 mm and 13.0 and 14.3 MJ m-2 d-1 in Corroy-le-Grand and 
Michamps, re spec tively). The ex per i mented cli ma tic con di tions seemed rel a tively fa vour able for
hemp cul ti va tion (Bocsa & Karus, 1998).

De vel op ment. The du ra tions from sow ing to emer gence and to can opy clo sure were com pa -
ra ble to the val ues cal cu lated by Van der Werf et al. (1995) (Ta ble 2). Flo ral tran si tion was
reached 802°Cd af ter emer gence. This du ra tion com piles both the du ra tions of the tem per a -
ture-de pend ent ba sic veg e ta tive phase (BVP) and the photoperiod-in duced phase (PIP) (Lisson
et al., 2000b). Flow er ing stages were on av er age ear lier for male flow ers than for fe male flow ers,
al though not sig nif i cant. Start of flow er ing was ob served 105 and 229°Cd af ter flo ral tran si tion for 
male and fe male flow ers, re spec tively. These re sults were sim i lar to those of Amaducci et al.
(2008) who com puted ther mal times com prised be tween 102 and 125°Cd from flo ral tran si tion to
start of flow er ing with out dis tin guish ing male from fe male flo ral de vel op ment.

Ta ble 2. Mean ther mal time (°Cd) from sow ing to a stage of de vel op ment and stan dard de vi a tion for both
sites (11: emer gence, 12: can opy clo sure, 13: flo ral tran si tion, 21 and 31: start of flow er ing male
and fe male re spec tively, 22 and 32: full flow er ing male and fe male, 23 and 33: end of flow er ing
male and fe male).

Code of stage of
development

11 12 13 21 31 22 32 23 33

Mean time (°Cd) 93.1 356.9 895.6 1000.8 1124.4 1234.9 1247.7 1560.8 1664.0

Standard deviation (°Cd) 22.5 45.9 194.4 222.0 228.5 167.7 131.6 274.1 228.8

The time to reach a stage of de vel op ment ap peared to be shorter when the cul ture pe riod
was de layed. This ef fect of sow ing date was sig nif i cant (p-value < 0.0001) for start of male flow er -
ing. On the op po site, no sig nif i cant ef fect of the va ri ety was ob served.
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Growth. The evo lu tion of height as a func tion of ther mal time (Fig ure 1) fol lowed the typ i -
cal sig moid curve de scribed by Goudriaan & van Laar (1994) with three phases: a first ac cel er at -
ing phase be fore 500°Cd, a lin ear phase be tween 500 and 1500°Cd and a sat u rat ing phase af ter
1500°Cd. Growth rate reached a max i mum at 500°Cd ap prox i mately and then di min ished pro -
gres sively (Fig ure 2). A pos i tive re la tion be tween growth rate and tem per a ture was pointed out
dur ing a pe riod com prised be tween 500 and 1000°Cd (Fig ure 3) and the dim i nu tion of growth
rate ob served in this pe riod could then be ex plained by a dim i nu tion of air tem per a ture. Flo ral
tran si tion oc curred dur ing this pe riod. No ef fect of tem per a ture on growth rate be fore 500°Cd
and af ter 1000°Cd was ob served. The ab sence of an ef fect of tem per a ture be fore 500°Cd seemed
sur pris ing ac cord ing to the re sults of Lisson et al. (2000a). The stage of de vel op ment reached af -
ter 1000°Cd (start, full and end of flow er ing, suc ces sively) could ex plain the dim i nu tion of growth 
rate.

Fig ure 1. Height of plants vs. ther mal time. 

Fig ure 2. Growth rate vs. ther mal time.

A base tem per a ture of 1.3°C was found for growth by ex trap o lat ing the re la tion be tween
growth rate and tem per a ture for the pe riod com prised be tween 500 and 1000°Cd.

Dur ing the lin ear phase of growth, the growth rate seemed to in crease with the de lay ing of
the cul ture pe riod. Once again, no ef fect of va ri ety on growth was ob served.

Bio mass pro duc tion. Dry mat ter yields from 4.2 to 14.7 t ha-1 were ob tained. Higher tem per -
a ture and lon ger du ra tion of crop cy cle ap peared to in flu ence fa vour ably the dry mat ter stem
yield. The high est yields were reached for the ear li est cul ture pe riod and the low est ones for the
lat est cul ture pe riod. The first cul ture pe riod was char ac ter ized by a lon ger time from sow ing to
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flo ral tran si tion and flow er ing. Then, the long days con di tions ex per i mented by the first cul ture
pe riod could be re spon si ble for the lower de vel op ment rate and the con se quent later end of
growth ob served. Van der Werf et al. (1994) noted that the al lo ca tion of dry mat ter to flo ral parts
was greatly re duced by the long days.

Fig ure 3. Growth rate vs. tem per a ture (+ : ob ser va tions made be fore 500°Cd, n: be tween 500 and
1000°Cd, x : be tween 1000 and 1500°Cd and ¨: af ter 1500°Cd).

Con clu sions

This study showed that hemp cul ti va tion could be readily adapted to the agroecological
con di tions of our coun try. Our first re sults con firmed those found in the lit er a ture and high -
lighted the im por tance of un der stand ing the flow er ing sys tem of hemp and the in flu ence of en vi -
ron men tal fac tors to sup port spe cies breeding and cultivation.
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Ab stract

The ob jec tives of our study were: (1) to ob tain homozygote lines by in vi tro cul ture of un fer -
til ized ovule; (2) to test the tol er ance of the prog eny us ing a bioassay in vi tro and by her bi cide
treat ment in vivo, and (3) to ver ify if the prim ers p-AHAS 18 and p-AHAS 19 which pro duce frag -
ments with dif fer ent lengths for sus cep ti ble (313 bp) and re sis tant (328bp) ge no type could be
used as marker for this trait. 14 out of the 21 ge no types tested showed a gynogenetic re sponse.
The rate of ovule re sponse re corded for three lines was sig nif i cantly higher in com par i son to ex -
per i men tal av er age. A few plants de vel oped and set seeds. The prog e nies of five plants were
tested for her bi cide tol er ance. The data from the mo lec u lar anal y ses sup port the re sults ob tained
us ing the screen ing for her bi cide re sis tance test. Our re sults sug gests that the prim ers p-AHAS 18 
and p-AHAS 19 can be used for iden ti fi ca tion of tol er ant ge no types.

Key words: gynogenetic dou bled hap loids, mo lec u lar marker, sulfonylurea tol er ance 

In tro duc tion

Sulfonylurea is a acetohydroxyacid synthase (AHAS) - in hib it ing her bi cide. AHAS is a
crit i cal en zyme for the biosynthesis of branched chain amino ac ids in plants. Com mon sun flower
(Helianthus annuus) has three AHAS genes: AHAS1, AHAS2, and AHAS3 (Kolkman et al.,
2004). Spon ta ne ous mu ta tions con fer ring re sis tance to AHAS - in hib it ing her bi cides were dis -
cov ered in com mon sun flower pop u la tions in fields that have been rep e ti tiously treated with her -
bi cides for 7-8 years (Heap, 2003). AHSA1 was iden ti fied as the prime can di date gene for her bi -
cide - re sis tant phe no type orig i nat ing in these wild pop u la tions (Kolkman et al., 2004). This trait
has been used to de velop sulfonylurea-tol er ant sun flower us ing con ven tional plant breed ing
tech nique. Re sis tance to AHAS-in hib it ing her bi cide has greatly in creased the spec trum of her bi -
cide for con trol ling broadleaf weeds in sun flower (http://www.pi o neer.com/web/site). The
AHAS genes con fer ring her bi cide re sis tance from sun flower were iden tify, cloned and se -
quenced and sin gle-nu cle o tide polymorphisms (SNPs) and sin gle-strand conformational poly -
mor phism mark ers were de vel oped and ge net i cally mapped (Kolkman et al., 2004). To fa cil i tate
breed ing and marker as sisted se lec tion for her bi cide re sis tance genes in sun flower, a PCR based
as say was de vel oped to de tect allelic length vari ants in the sim ple se quence re peat (SSR) in
AHAS1. Thus, p-AHAS 18 is a spe cific primer up stream of the SSR and p-AHAS 19 is a down -
stream primer pro duc ing a 313  328 bp frag ment (Kolkman et al., 2004).

One of the most im por tant ad van tages of the use of hap loids is to re duce the time re quired
to de velop and re lease new va ri et ies. There are sev eral stud ies on the use of in vi tro tech niques for 
pro duc tion of hap loid and dou bled hap loid plants in cul ti vated sun flower, such as an ther cul ture,
pol len cul ture and ovule cul ture (re viewed by Ivanov et al., 2002). How ever, none of these tech -
niques can be suc cess fully ap plied to breed ing pro grams of sun flower due to its low re gen er a tion
fre quency. In sun flower (Helianthus annuus L.) pol li na tion with ir ra di ated pol len in com bi na tion
with em bryo cul ture has proved to be the only ef fi cient method for pro duc tion of hap loid and
dou bled hap loid forms (Todorova et al., 1997).

The ob jec tives of our study were: (1) to ob tain homozygote lines by in vi tro cul ture of un fer -
til ized ovule sam pled from breed ing ma te ri als used in cre at ing hy brids tol er ant to sulfonylurea
her bi cides; (2) to test the tol er ance of the prog eny us ing a bioassay in vi tro and by her bi cide treat -
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ment in vivo, and (3) to ver ify if the prim ers p-AHAS 18 and p-AHAS 19 which pro duce frag -
ments with dif fer ent lengths for sus cep ti ble (313 bp) and re sis tant (328bp) ge no type could be
used as marker for this trait. We tested this SSR marker to de ter mine the pres ence or ab sence for
the mu ta tion con fer ring sulfonylurea re sis tance.

Ma te ri als and meth ods 

Plant ma te rial and ovule cul ture. As do nor plants for ova ries/ovules cul ture hy brids and lines
in dif fer ent back-cross ing gen er a tions grown in the field were used. For plant re gen er a tion by in
vi tro ova ries/ovules cul ture the pro to col de scribe by Gelebart & Han Sun, 1987, were used. The
cul tures were in cu bated at 26 oC un der dark for 3 weeks and then the ovules were dis sected and
the em bryos were trans ferred for plant re gen er a tion un der a 16-h photoperiod.

All em bryos with grow ing roots were trans ferred in plas tic pots and were main tained at
high hu mid ity un til first leaves were grow ing. Then the plants were ac cli ma tized and sub se -
quently main tained in the green house. Un der these con di tions the plants were self-pol li nated
and grown till ma tu rity. Five spon ta ne ous dip loids lines were iden ti fied, and selfed seeds were
ob tained. Data on in duc tion of gynogenetic de vel op ment was sub jected to statistical significance.

Screen ing for her bi cide re sis tance. For re sis tance eval u a tion to sulphonylurea, the prog e nies
of gynogenetic lines were sprayed with Primstar her bi cide, in six - leaves stages. With the same
ob jec tive, a bioassay was per formed. The cot y le don ary explants sam pled from the plants ob -
tained by ger mi na tion of seeds in asep tic con di tions were cul tured on Murashige & Skoog, 1962,
me dium sup ple mented with vary ing con cen tra tions of clorsulphuron (5,5; 275 and 550 nM) and
the growth reg u la tors BA (0,5 mg/l) and NAA (0,5 mg/l). For each con cen tra tion, cot y le dons
from ten plants were used.

SSR marker anal y sis. The R2 prog e nies of the R1 re sis tant plant, the R1 prog e nies de rived
from R0 dip loid gynogenetic lines, and Ro lines were ana lysed. Sam ples for DNA anal y ses were
taken also from the pa ren tal lines of hy brid as well as from the hy brid it self. DNA was iso lated
from the leaves of the plants at stage fifth - sixth pair. Sam ples were taken from nine R2 prog eny
of each of the in ves ti gated R1 plants.

DNA from 50 mg of leaf tis sue was ex tracted us ing Au to mated DNA pu ri fi ca tion  Maxwell
16 Sys tem (Promega). The DNA ex tracted from each plant was am pli fied us ing AHAS 18
(TTCCTCCCCGTTTCGCATTAC) and AHAS 19 prim ers(CGCCGCCCTGTTCGTGAC )

For PCR am pli fi ca tion the kit Go Taq Green Mas ter Mix from Promega was used. The am pli -

fi ca tion re ac tions were car ried out in a fi nal vol ume of 25 ml with the fol low ing com po si tion: 200

ng-DNA; 0.2 mM  prim ers, 200 mM-dNTPs, 0.5 U-Taq poly mer ase, 2.4 mM MgCl2, 1 x Taq buffer,

nucle a se free wa ter up to 25 ml.The am pli fi ca tion steps were as fol lows: De na tur ing 95 oC - 3 min,
40 cy cles of am pli fi ca tion (95 oC - 1 min., 60 oC - 1 min., 72 oC - 1 min) and a fi nal ex ten sion step at
72oC  for 3 min. The am pli fi ca tion prod ucts were run in 2,5 % agarose gel (Tris-acetat-buffer).
The bands were vi su al ized by UV light, in ethidium bro mide pres ence.

Com par i son was made be tween the am pli fied pro files of the plant ob tained through in -
duced par the no gen e sis, the pro files of the prog e nies of this plants and the pro file of do nor of the
ovules and his parental lines.

Re sults and Dis cus sion

Plant re gen er a tion by in vi tro ovule cul ture. Out of the 21 ge no types, for 14 ge no types tested
em bryos have been ob tained with a rate that var ied be tween 0,29 and 6,64 (ta ble 1). The rate of
ovules with em bryos has shown to be sig nif i cantly higher than the ex per i men tal mean only for
two ge no types. For all other ge no types (with ex cep tion of 67R) the rates of ovules with em bryos
have been sig nif i cantly smaller than the ex per i men tal mean.

By in vi tro cul ti va tion of 7175 ovules 126 em bryos were ob tained. Most of the em bryos had
redused size, mophologycal ab er ra tions (one or more cot y le dons, ab sence of one or both
meristemes) and failed to de velop af ter have been trans ferred on a grow ing me dium. Pro longed
cul ture on MS me dium which was used for the fur ther growth caused both in creased cal lus for -
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ma tion and vit ri fi ca tion of the em bryos. We were able to over come this prob lem by trans fer ring
em bryos with small-sized roots in the soil.

The rate of plant re gen er a tion was extremelly low (6%) be cause many regenerants died

dur ing plantule stage. The same re sults was ob tained by uti li sa tion of g-in duced par the no gen e sis
(data not shown). Pre lim i nary ex per i ments had shown low sur vival and dou bling fre quen cies of
in vi tro hap loid plants af ter colchicine treat ment (500 mg/l colchicine in liq uid me dium for 24 h)
(Badea et al., 1989). About 10% of the gynogenetic plants re cov ered were spon ta ne ous dip loids.
Five fer tile lines were iden ti fied, and selfed seeds were ob tained for eval u at ing her bi cide re sis -
tance.

Ta ble 1. The sig nif i cance of dif fer ences be tween lines con cern ing the rate of re spon sive ovules to in vi tro
cul ture

Variant Mean
% compared to

the control

Difference
compared to the

control 
Significance

Experimental mean 1,65 100,00 0,00 control

7675 5,08 307,88 3,43 ***

7565 0,29 17,58 -1,36 000

64R 0,55 33,33 -1,10 00

67R 2,55 154,55 0,90 *

68R 1,11 67,27 -0,54 -

69R 6,64 402,42 4,99 ***

60 0,91 55,15 -0,74 0

48 0,72 43,64 -0,93 0

19 0,64 38,79 -1,01 00

25 0,77 46,67 -0,88 0

33 0,67 40,61 -0,98 0

32 0,45 27,27 -1,20 00

34 0,71 43,03 -0,94 0

10 1,96 118,79 0,31 -

DL 5% - 0,730; DL 1% - 0,985; DL 0.1% - 1,313

Screening for her bi cide re sis tance. The re sults of in vi tro cul ture of sun flower ovules re vealed
that both re sis tance and sen si tive lines can be ob tained. Out of the five fer tile lines tested, only
one showed her bi cide re sis tance. Two con sec u tive self-pol li nated gen er a tions were screened
con firm ing that the se lected trait is ho mo zy gous. The re sults of in vivo tests were confimed us ing
bioassay car ried out on the cot y le don explants sam pled from R1 plants ob tained from seed ger -
mi nated in asep tic con di tions. While explants orig i nat ing from sen si tive lines did not sur vive on
the me dia with dif fer ent con cen tra tions of clorsulfuron, the explants ob tained from the prog eny
of re sis tant lines prolifereated gen er at ing calus.

Fig ure. 1 The am pli fi ca tion prod ucts gen er ated by AHAS 18 and AHAS 19 prim ers, an a lyzed by 2,5%
agarose gel elec tro pho re sis.Lane 1- R0 plant; Lane 2 - R1 plant ob tained by self pol li na tion of R0;

Lanes 3 -11 R2 plants ob tained by self pol li na tion of the R1; Lane 12  sen si tive mother pa ren tal line;
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Lane 13 - re sis tant fa ther pa ren tal line; Lane 14 - Hy brid with a re sis tant par ent used for ovule cul -
ture; Lane 15 - marker PCR

Re sults of SSR marker anal y sis. The am pli fi ca tion prod ucts us ing AHAS 18 and AHAS 19
prim ers sep a rated by agarose gel elec tro pho re sis are pre sented in Fig ure 1. The frag ments am pli -
fied for the re sis tant (328 bp) and the sen si tive (313 bp) par ent were dif fer ent. The hy brid had
both al leles  from the re sis tant par ent (328 bp) and from the sen si tive one (313 bp). The
gynogenetic plant and her de scen dants were ho mo zy gous for the re sis tant al lele (328 bp).

The al lele spe cific for the sen si tive par ent was not ob served in the in ves ti gated line. This is
an in di ca tion that in ovule cul ture the in duc tion of embryogenesis was un der taken by a hap loid
cell and the plant is a spon ta ne ous dip loid. This fig ure also il lus trates that the prog e nies are ho -
mo zy gous for the an a lyzed lo cus con firm ing the dou bled hap loid na ture of the in ves ti gated line.

Con clu sions

A few spon ta ne ous dip loids were re gen er ated by in vi tro un fer til ized ovule cul ture for
breed ing ma te ri als used. The prog e nies of a line were ho mo zy gous for sulfonylurea re sis tance
trait. The data from the mo lec u lar anal y ses sup port the re sults ob tained us ing the screen ing for
her bi cide re sis tance test. It turned out that the mo lec u lar anal y sis us ing p-AHAS 18 and
p-AHAS 19 prim ers is a im por tant method for marker as sisted se lec tion. It is easy to dis tin guish
be tween the homozygote and heterozygote plants and also be tween re sis tant and sus cep ti ble
plants.

Ref er ences
Badea E., Prisecaru M., Anghelutã R. (1989): Re searches re gard ing gynogenesis in vi tro and interspecific hy brids of the 

ge nus Helianthus. Cercet. Genet. Veg. Anim., I, 177-183
Kolkman J.M., Slabaugh M.B.,Bruniard J.M., Berry S., Bushman B.S., Olungu C., Maes N., Abratti G., Zambelli A.,

Miller J.F., Leoan A., Knapp S.J. (2004): Acetohydroxyacid synthase mu ta tions con fer ring re sis tance to
imidazolinone or sulfonylurea her bi cides in sun flower.Ther.Appl.Genet.,109,1147-1159

Gelebart P., Han Sun L. (1987): Obtention des plantes haploides par cul ture in vi tro d  ovare and d ovule non fecondes
des tournesol (Helianthus annuus L). Agronomie, 7, 2, 81-86

Heap I., (2003): In ter na tional sur vey of her bi cide re sis tant weeds. http://www.weedscience.org
Ivanov P., Encheva J., Nenova N., Todorova M.. (2002): Ap pli ca tion of some bio tech no log i cal achieve ments in sun -

flower breed ing. HELIA, 25,37, 9-18
Murashige T., Skoog F. (1962): A re vised me dium for rapid growth and bioassays with to bacco tis sue cul tures. Physiol.

Plant., 15, 473- 497
Todorova M., Ivanov P., Nenova N., Encheva J. (2004): Ef fect of fe male ge no type on the ef fi ciency of ã-in duced par -

the no gen e sis in sun flower (Helianthus annuus L.) HELIA, 27, 41, 67-74
Todorova M., Ivanov P., Shindrova P., Christov M., Ivanova I. (1997): Dou bled hap loid pro duc tion of sun flower

(Helianthus annuus L.) through ir ra di ated pol len-in duced par the no gen e sis Euphytica, 97, 249-254

310

Cross-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Oral Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



EVALUATION OF MOLECULAR MARKERS FOR 
DOWNY MILDEW RESISTANCE IN SUNFLOWER

Dejana Safti}-Pankovi}, Nata{a Radovanovi}, Vladi mir Mikli~, Sini{a Joci}
In sti tute of Field and Veg e ta ble Crops, Oil Crops De part ment, Maksima Gorkog 30, 21000 Novi Sad, Ser bia

E-mail: dejanapa@ifvcns.ns.ac.yu

Ab stract

Downy mil dew is a sun flower dis ease caused by the oomycetes of Plasmopara halstedii, with 
at least 15 races re ported so far. The dis ease is con trolled by ma jor Pl genes.

Re sis tance gene Pl6, in tro duced from wild Helianthus, con fers re sis tance to four races (100,
300, 700 and 730) of P. halstedii. It is grouped into clus ters with re sis tance genes Pl1, Pl2, and Pl7
on link age group 8 of the SSR map. Sev eral dom i nant and co-dom i nant mark ers for downy mil -
dew re sis tance were po si tioned in this re gion. The ob jec tive of this study was to eval u ate mo lec u -
lar mark ers for iden ti fi ca tion of re sis tant plants across sev eral re sis tant and sus cep ti ble in bred
lines, as well as near isogenic and re com bi nant in bred lines de rived from dif fer ent crosses. The re -
sis tance of plant ma te rial to downy mil dew was eval u ated by the whole seed ling in oc u la tion tech -
nique. Mo lec u lar anal y sis was done with sev eral PCR and two CAPS mark ers for re sis tance gene
an a logues (RGAs) at Pl6 lo cus. Our re sults in di cate that co-dom i nant CAPS mark ers are in for -
ma tive in a di verse range of sun flower germplasm, i.e. that they can be used for ef fi cient iden ti fi -
ca tion of plants re sis tant to downy mil dew in a breed ing pro gram.

Key words: Helianthus annuus L., marker-as sisted se lec tion (MAS), cleaved am pli fied poly -
mor phic se quences (CAPS).

In tro duc tion

Sun flower breed ing for downy mil dew re sis tance is a dif fi cult task due to fast changes of
Plasmopara halstedii races. The re sis tance to at least 15 races re ported so far (Roeckel-Drevet,
2003) is con trolled by ma jor Pl genes (Bouzidi et al., 2002). The cur rent ap proach to cre ate more
du ra ble re sis tance is the pyr a mid ing of dif fer ent Pl genes in com bi na tion with quan ti ta tive
non-race spe cific re sis tance (Vear et al., 2008).

The first genes, Pl1 and Pl2, con fer ring re sis tance to race 100 and races 100 and 300, re spec -
tively, were in tro duced from cul ti vated sun flower (Vear et al., 2008). How ever, Pl6, Pl7 and Pl8,
in tro duced from wild Helianthus, con fer re sis tance to four races (100, 300, 700 and 730) of P.
halstedii (Miller and Gulya 1991). Pl1, Pl2, Pl6 and Pl7 were shown to be grouped into clus ters on
link age group 8 of the SSR map (Gedil et al., 2001). Pl2/Pl6 clus ter was an a lyzed by a can di -
date-gene ap proach and sev eral TIR-NBS-LRR RGA mark ers were mapped (Bouzidi et al.,
2002). As in the case of SSR mark ers mapped in this re gion (Slabaugh et al., 2003), these RGA
mark ers were dom i nant in some map ping pop u la tions, there fore co-dom i nant CAPS mark ers for 
sun flower re sis tance to race 730 were de fined (Pankovi} et al., 2007).

In this pa per we have eval u ated RGA and CAPS mark ers for downy mil dew re sis tance
over sev eral sun flower pop u la tions, orig i nat ing from crosses with dif fer ent re sis tant and sus cep ti -
ble back grounds. This in ves ti ga tion was in the course of the de vel op ment of new re sis tant lines. It 
seems that NBS do mains of dis ease re sis tance (R) genes in the fam ily Asteraceae may evolve by
slow mu ta tion but rapid gene du pli ca tion and loss (Plocik et al., 2004). There fore, the ob jec tive of
this work was also to in ves ti gate the changes of R genes in ad vanced prog eny gen er a tions of
crosses from our breed ing pro gram by the use of RGA and CAPS mark ers.

Ma te ri als and Meth ods

Plant ma te ri als
Sun flower pop u la tions used in this in ves ti ga tion are in gen eral the re sults of four main

crosses (Ta ble 1). The first is the cross of two NIL’s, where the re sis tant NIL was pro duced from
the ini tial cross of a sus cep ti ble NIL, and Ha336 - the source of Pl6 gene. The other two are the
crosses with the same sus cep ti ble line and two dif fer ent re sis tant pa ren tal lines: JM8 and Ha338,
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sources of “Pl6+” and Pl7. The last ex am ined pop u la tion is a set of 37 RILs, pro duced from a
cross with a dif fer ent sus cep ti ble line (Ha19) and a re sis tant line JM8, a source of “Pl6+” gene.

Re sis tance tests
The re sis tance to downy mil dew race 730 was de ter mined us ing the whole seed ling in oc u la -

tion tech nique. The de tails of the re sis tance test pro ce dure and plant growth are given in Pankovi}
et al. (2007). At least 50 seed lings were ex am ined for each line or F3 fam ily. Sus cep ti ble line L1 was
sown in each tray as a con trol. When the first pair of true leaves emerged on plants, they were trans -
ferred to an in cu ba tion cham ber with 100% rel a tive hu mid ity for 48 h in the dark to in duce
sporulation on the cot y le dons of sus cep ti ble seed lings. Re sis tant seed lings showed no symp toms.

Mo lec u lar mark ers
The de tails on sam pling, DNA ex trac tion, primer se quences for RGA, PCR con di tions,

and con di tions for re stric tion di ges tions for CAPS mark ers, and elec tro pho retic sep a ra tion of
PCR prod ucts are the same as in Pankovi} et al. (2007). Gel im ages were stored with the
BIO-Print sys tem (Vilber Lourmat, France), and frag ment size was de ter mined with the
BIO-CAPT V.97 pro gram (Vilber Lourmat, France).

Re sults and Dis cus sion

Sev eral lines that are sources of Pl6 and Pl7 re sis tance genes are avail able. Among them,
Ha336 is the do nor of Pl6 gene in tro duced from wild H. annuus and Ha338 is the do nor of Pl7
gene in tro duced from H. praecox (Miller and Gulya, 1991). Al though Pl6 and Pl7 dif fer in their
or i gin and IFLP haplotype (Slabaugh et al., 2003), it is dif fi cult to dis tin guish them by their re sis -
tance to dif fer ent races and map po si tion (Vear et al., 2008; Safti}-Pankovi} et al., 2008). Line JM8 
was re sis tant to a wider range of races than con ferred by Pl6 gene, there fore it was des ig nated as
“Pl6+” (re sults not pub lished).

The seg re ga tion of sev eral RGA mark ers (HAP1, HAP2 and HAP3), i.e. haplotypes in
cou pling (R) or re pul sion phase with re sis tance and two CAPS mark ers (HhaI and RsaI) in three
map ping pop u la tions (F3 gen er a tion ) are rep re sented in Ta ble 2. Only in the case of the map ping
pop u la tion with “Pl6+” con tain ing sun flower line, one of the dom i nant RGA mark ers (HAP1R)
did not seg re gate in a 3:1 ra tio. All the other dom i nant mark ers i.e. re sis tance to race 730 and
RGA mark ers, seg re gated in a 3:1 ra tio, in map ping pop u la tions ob tained with lines-sources of
Pl6, “Pl6+” or Pl7 gene. CAPS mark ers al ways seg re gated in a 1:2:1 ra tio.

Ta ble 1. Sun flower pop u la tions, prog eny of crosses be tween dif fer ent sus cep ti ble and re sis tant pa ren tal
lines, con ferred by Pl genes from dif fer ent sources i.e. or i gin (- if not known), used for the eval u a -
tion of mark ers for downy mil dew re sis tance. 

Origin Gene
Source line/ 

Resistant
parent

Susceptible 
parent

Plant material Publication
New

haplotypes

wild
H. annuus Pl6

Ha336/
Ha26Pr

Ha26 IMI 85 F3 families Pankovi} et al.,
2007

-

10 individuals/ 19
F3 families

- -

173 F5 families - 1

39 F6 individuals - -

128 F7 individuals - 5

- “Pl6+”
-/

JM8
Ha26 76 F3 families

Safti}-Pankovi} 
et al., 2008

2

H. praecox Pl7 Ha338 Ha26 76 F3 families
Safti}-Pankovi} 

et al., 2008-
1

- “Pl6+”
-/

JM8
Ha19 37 RILs - 6
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Ta ble 2. Good ness of fit to ex pected ra tios of dom i nant re sis tant gene an a logues in cou pling (R) or re pul -
sion (S) phase with a gene con fer ring re sis tance to sun flower downy mil dew race 730, as well as
Co-dom i nant CAPS mark ers, in three sun flower map ping pop u la tions. 

F3 progeny of cross
Ha26Pr x Ha26IMI

    

DNA marker
(Haplotype)

Observed ratio Expected ratio c2 P–value

HAP1S 56 : 26 3 : 1 1,97 0,16

HAP1R 59 : 23 3 : 1 0,41 0,52

HAP2S 62 : 20 3 : 1 0,02 0,90

HAP2R 61 : 21 3 : 1 0,02 0,90

HAP3 61 : 21 3 : 1 0,02 0,90

HhaI 27 : 34 : 21 1 : 2 : 1 1,68 0,50

RsaI 26 : 34 : 21 1 : 2 : 1 1,28 0,50

RACE 730 54 : 19 3 : 1 0,04 0,84

F3 progeny of cross
JM8 x Ha26

    

DNA marker
(Haplotype)

Observed ratio Expected ratio c2 P–value

HAP1S 54 : 19 3 : 1 0,04 0,90

HAP1R 48 : 25 3 : 1 3.33 0,05

HAP2S 52 : 21 3 : 1 0,55 0,50

HAP2R 51 : 22 3 : 1 1,03 0,25

HAP3 52 : 21 3 : 1 0,55 0,50

HhaI 22 : 32 : 19 1 : 2 : 1 1,36 0,50

RsaI 22 : 32 : 19 1 : 2 : 1 1,36 0,50

RACE 730 52 : 21 3 : 1 0,55 0,50

F3 progeny of cross
 Ha338 x Ha26

    

DNA marker
(Haplotype)

Observed ratio Expected ratio c2 P–value

HAP1S 58 : 17 3 : 1 0,22 0,75

HAP1R 56 : 19 3 : 1 0,004 0,95

HAP2S 53 : 22 3 : 1 0,75 0,50

HAP2R 56 : 19 3 : 1 0,004 0,95

HAP3 56 : 19 3 : 1 0,004 0,95

HhaI 19 : 38 :18 1 : 2 : 1 0,04 0,97

RsaI 19 : 38 :18 1 : 2 : 1 0,04 0,97

RACE 730 56 : 19 3 : 1 0,004 0,95

Dom i nant haplotype pat terns re vealed af ter am pli fi ca tion with HAP1, HAP2 and HAP3
prim ers, in cou pling (R) or re pul sion (S) phase with re sis tance, as well as co-dom i nant CAPS
mark ers (HhaI, RsaI), in all three map ping pop u la tions (Ta ble 2.) com pletely re sem bled the ones 
re ported by Pankovi} et al. (2007). The oc cur rence of new haplotypes, i.e. those that are dif fer ent
from the ones re sem bling the re sis tant or sus cep ti ble par ent, in di cates the change in the Pl
genomic re gion. In the F3 gen er a tion these changes were rare (1 to 2 per 76 F3 fam i lies) (Ta ble 1).
The fre quency of new haplotypes in creased in ad vanced prog eny gen er a tions. In the case of the
prog eny from the cross Ha26Pr x Ha26 IMI, there were 5 new haplotypes per 128 F7 in di vid u als.
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New haplotypes can fur ther be come fixed that are more than 10 gen er a tions away from the ini tial
cross, as in the case of RILs (JM8xHa19). Re sults ob tained with RGA and CAPS mark ers in di -
cate that new haplotypes, which were fixed in six out of the 37 RILs, kept in the breed ing pro gram 
(Ta ble 1.), re flect sev eral changes in the Pl genomic re gion (Ta ble 3).

Fig ure 1. HAP3 haplotype in re sis tant (R) and sus cep ti ble (S) par ent and new haplotypes (1, 2 and 3)
oc cur ring in ad vanced gen er a tion (> F10) of the ini tial cross (JM8 x Ha19).

Ta ble 3. Seg re ga tion of re sis tance to race 730, dom i nant marker haplotypes in cou pling (R) or re pul sion
(S) phase with the re sis tance, and codominant (HhaI) marker and the appereance of new
haplotypes in the pop u la tion of 37 RILs from the ini tial JM8xHa19 cross.

R H S atypical profile

HAP1 16 - 13 7

HAP2 20 - 9 7

HAP3 19 - 12 5

HhaI 19 4 11 2

RACE 730 25 - 11 -

Con clu sion

Our re sults in di cate that al though the fre quency of changes in the genomic Pl re gion in -
creases in the ad vanced gen er a tions in the course of the breed ing pro cess, codominant CAPS
mark ers for the re sis tance of sun flower to downy mil dew race 730 are in for ma tive in a di verse
range of sun flower germplasm.
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EFFECTS OF DROUGHT STRESS ON GENE EXPRESSION IN 
THE APICAL AND BASAL PARTS OF MAIZE KERNEL

Violeta Andjelkovic, Snezana Mladenovic Drinic and M.Babic
Maize Re search In sti tute Zemun Polje, S.Bajica 1, 11185 Bel grade, Ser bia

E-mail: avioleta@mrizp.co.rs

Ab stract

Con sid er ing the most im por tant ce re als drought has the big gest in flu ence in maize pro duc -
tion.

Pol li na tion and early post-pol li na tion in maize is the most sen si tive phase for fi nal maize
grain yield. Re cent de vel op ment of maize cDNA li brar ies and bioinformatics tools en abled sys -
tem atic anal y sis the ex pres sion level for thou sands of genes si mul ta neously. Here we used
macroarray of .2400 maize cDNAs for de ter mi na tion changes in ex pres sion level in re sponse to
heat, wa ter and com bi na tion of those two stresses at 15 DAP (days af ter pol li na tion) in api cal and 
basal part of ker nel. Ex po sure to stresses in duced dif fer ent re sponses in api cal and basal halves of 
maize ker nel: 4% of ex am ined se quences were up-reg u lated in the api cal part and 6.7% in the
basal half. Ap pli ca tion of clus ter anal y sis, as ad di tional tool, al lowed group ing of data due to ex -
pres sion pat tern and could help in better understanding of maize response to environmental
stresses.

Key words: clus ter, drought, ex pres sion, macroarray, maize

In tro duc tion

Wa ter def i cit in plants oc curs when wa ter loss by tran spi ra tion and evapotranspiration ex -
ceeds wa ter up take from the soil and that pro voke com pe ti tion for wa ter among tis sues. It af fects
cell ex ten sion, size, growth rate, leaf ex pan sion and stomata clo sure, re sulted in low to tal as sim i -
la tion (Hsiao et al., 1976). Fur ther com pe ti tion within plant is re lated to growth stage and de vel -
op ment and in ma jor ity of plants the most critical is reproductive phase.

De crease in cell di vi sion af fects the later phase-endoreduplication, less sen si tive to wa ter
stress, and in deed re duce stor age ca pac ity of the ker nel (Set ter and Flannigan, 2001). Better un -
der stand ing of mo lec u lar mech a nisms dur ing stress may im prove breed ing by min i miz ing im por -
tance of en vi ron ment. In the pres ent study, macroarray tech nique was used to iden tify gene tran -
scripts ex pressed in different parts of maize kernel.

Ma te rial and meth ods 

Maize plants (Zea mays L. cv A 188) were grown un der green-house con di tions with 16-h

light pe riod (300mE m-2 s-1, 21-25oC) and 8-h dark pe riod (15oC). Dif fer ent forms of abiotic
stresses were ap plied at 5 DAP: a) Heat stress (HS) – plants were moved to the conviron growth
cham ber and from 5-15 DAP ex posed to 35 oC /25 oC day/night cy cle of 16/8 h and 60 % rel a tive
hu mid ity. b) Wa ter stress (WS) – plants were kept un der the same green-house con di tions with
with hold ing wa ter from 5-15 DAP. c) Com bined stress (CS) – maize plants were grown in the
growth cham ber and heat and wa ter stress (as de scribed for a) and b)) were ap plied si mul ta -
neously from 5-15 DAP. d) Con trol – plants were grow at the green house con di tions and har -
vested at 15 DAP.

Ker nels were col lected and dis sected to the api cal and basal halves. All ex per i ments were
per formed in trip li cates and re peated three times. To tal RNA iso la tion and probe prep a ra tion, li -
brary am pli fi ca tion, prep a ra tion of DNA macroarrays, hy brid iza tion, data anal y sis and RNA
gel-blot anal y sis were per formed as de scribed (Andjelkovic and Thomp son, 2005). In or der to
com pare ex pres sion pro file in more de tails the sim i lar i ties be tween tran scripts pro files were mea -
sured us ing clus ter ing and vi su al ized by tree view soft ware (Eisen et al., 1998; up dated by De
Hoon, 2003)..Each col umn in the clus ter rep re sents sin gle ex per i ment and each row represents
the expression level of particular gene.
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Re sults and Dis cus sion

Ap pli ca tion of 10-days stress in duces ex pres sion of large num ber of tran scripts in the api cal 
half of the ker nel (Fig 1 a)). The pro file of tran script within cho sen ra tio was dif fer ent: a very
large num ber of tran scripts in the api cal half were in duced but al most half of af fected genes in the
basal part were down-reg u lated in re sponse to all treatments.

Fig 1. Ex pres sion pro files of genes in re sponse to dif fer ent stresses: 
a) api cal part and b) basal part of ker nel. Up-reg u la tion (or sup pres sion) ranges 

from black (no ex pres sion changes) to sat u rated red (or green).

Small group I con sist of 7 strongly sup pressed genes in volved in pho to syn the sis, trans port
and tran scrip tion fac tors, and some of them were with no ex pres sion dur ing heat stress. Genes in -
volved in trans port pro cesses, mem bers of zein and tubulin fam i lies are strongly in duced by HS
and in less de gree with other two stresses and be long to clus ter group II. In ter est ingly, this is the
only ex per i ment that grouped to gether con di tions of HS and WS. In this ex per i ment genes in the
groups III and V have sim i lar level and ex pres sion pat tern in re sponse to all ap plied stresses but
tran scripts in volved in de tox i fi ca tion and plant pro tec tion from abiotic and bi otic stresses were
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down-reg u lated by CS and partly by HS and be long to group IV. Large num ber of tran scripts in
the group III is clus tered in few sub-groups with in com mon in duc tion by those two stresses.
Group ing to gether tran scripts that en code few pyruvate-ortophosphate dikinasis, ri bo somal pro teins
or zein pro teins of dif fer ent sizes is an other con fir ma tion that clus ter anal y sis could be used as an
ad di tional tool in microarray study. Pyruvate-ortophosphate dikinase is a key en zyme of
Crassulacean acid me tab o lism, which pro vides the ac cep tor mol e cule for the pri mary CO2 fix a -
tion, en abling pho to syn the sis with min i mum wa ter loss. Ex pres sion level of this gene var ies in re -
sponse to dif fer ent stresses (Rizhsky et al. 2002). Ri bo somal pro teins (40S and 60S) were up-reg u -
lated in the api cal part of the ker nel in re sponse to all stresses and sim i lar ex pres sion pat tern was
in re sponse to UV-B light (Casati and Walbot, 2003) and in ini tial phase of salt stress in rice
(Kawasaki et al. 2001). In duc tion of ri bo somal pro teins was de tected in salt-stressed leaf of bar ley 
af ter 24 h of stress ap pli ca tion, but af ter shorter ex po sure of 6 h and 10 h they were sup pressed or
with out ex pres sion (Ozturk et al. 2002). Zeins were in duced in re sponse to all ap plied stresses and
few mem bers of zein fam ily showed very high level of in duc tion in re sponse to tree stresses in a
group V. Among genes sig nif i cantly in duced by all treat ments in this group two are mem bers of
serine kinase/pro te ase fam ily. Up-reg u la tion of their fam ily is also de tected in re sponse to drought
stress in wheat and in ABA-treated em bryos (Anderberg et al. 1992). Tran scripts in basal half of
ker nel were sig nif i cantly sup pressed by wa ter stress (Fig 1 b), I and II). Rab pro teins, Na+/H+

antiporter and some tran scripts with out clear func tion in stress re sponse in the group I were
slightly in duced by CS con di tion. Down-reg u la tion by WS and no ex pres sion dur ing CS are char -
ac ter is tic of group II: genes are in volved in car bo hy drate me tab o lism or with pro tec tive func tion,
like ferritin. Strong in duc tions by HS and CS of zeins, protectans (small HSPs, suproxide dismutase,
cytochrome P450 monooxigenase, serine/threonine kinase, catalase 3) and in less de gree by WS were
in com mon for mem bers of clus ter group III. Catalase 3 is an an ti ox i dant that re move H2O2 and
pre vent the for ma tion of re ac tive ox y gen spe cies in re sponse to en vi ron men tal fac tors, like cold
in maize (Granger, 1998) or cold and drought in Arabidopsis (Seki et al. 2001). Tran scripts in -
volved in car bo hy drate me tab o lism, like su crose synthase and starch branch ing en zyme are slightly
in duced by all treat ments and be long to group IV. Very strong in duc tion in re sponse to CS, HS
and WS grouped to gether (V) tran scripts in basal half of maize ker nel, pre dom i nantly re lated to
plant stress pro tec tion and num ber of zein pro teins. 

Con clu sions

We have shown that wa ter and heat stress elic ited ex pres sion of dif fer ent tran scripts and
that up-reg u la tion of stress-re spon sive and genes with pro tec tive func tion are pre dom i nant in re -
sponse to com bi na tion of those two fac tors. Down-reg u la tion of tran scripts in volved in car bo hy -
drate and fat me tab o lism in di cated their func tion in first sens ing and sig nal ing in re sponse to
stress. Ten days of non-op ti mal con di tions in creased the num ber of tran scripts with pro tec tive
func tion. Strong in duc tion of stor age pro tein and genes in volved in res pi ra tion in both, api cal and 
basal halves of the ker nel could be im por tant in better un der stand ing of seed de vel op ment dur ing 
stress. Coordinately ex pressed genes can help to understand biochemical and regulatory
networks.
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STUDY ON TOLERANCE OF UKRAINIAN PEA VARIETIES TO 
ATTACK BY PEA WEEVIL Bruchus pisi L. (Coleoptera: Bruchidae)
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Ab stract

Dur ing the 2006-2008 pe riod in the ex per i men tal field of the In sti tute of For age Crops,
Pleven, Bul garia, a study was con ducted on tol er ance of 8 Ukrai nian va ri et ies of spring for age
pea to at tack by Bruchus pisi L. (Coleoptera: Bruchidae). De gree of B. pisi dam aged seeds was
found af ter pea har vest ing. Usatyi 90 - 20.6%, Harkovskii Etalonnyi - – 22.3% and Harkovskii
376 – 24.3% had the low est per cent age of seeds dam aged by the in sect pest. They were dis tin -
guished for the high est 1000-seed weight (271.7; 292.2 and 290.8g, re spec tively) and a low co ef fi -
cient of harm ful ness (4.1; 3.3 and 5.5%). Strong neg a tive re la tion (r= - 0.82) was found be tween
the 1000-seed weight and de gree of dam aged seeds. The small-seeded va ri et ies Harkivskii 74 and
Pleven 4 (stan dard) were char ac ter ized by the high est per cent age of B. pisi dam aged seeds (46.4
and 38.1%) and they had the lon gest pe riod of flow er ing and pod for ma tion. Me dium pos i tive re -
la tion was found be tween the de gree of dam aged seeds and con sid ered du ra tion. The de gree of
at tack was as so ci ated with plant height and there was me dium pos i tive cor re la tion be tween that
trait and per cent age of dam aged seeds (r= +0.446). The Ukrai nian va ri et ies Usatyi 90, Harkov -
skii Etalonnyi and Harkovskii 376 are tol er ant to B. pisi in fes ta tion and can be used as sources of
germplasm for breed ing pur poses.

Key words: pea, va ri et ies, Bruchus pisi, tol er ance

In tro duc tion

One of the ma jor and most im por tant spe cial ized in sect pests of pea is pea wee vil Bruchus
pisi L. Its con trol is dif fi cult and is mainly con ducted through chem i cal means. De vel op ment of
re sis tant or tol er ant va ri et ies would solve that prob lem to a great ex tent. Many au thors con -
ducted stud ies in that di rec tion (Naneva & Donchev, 1981; Paris & Govoni, 1998; Zatyamina,
1993).

The ob jec tive of this study was to de ter mine the tol er ance of Ukrai nian pea va ri et ies to at -
tack by Bruchus pisi.

Ma te ri als and Meth ods

Dur ing the 2006-2008 pe riod in the ex per i men tal field of the In sti tute of For age Crops,
Pleven, Bul garia, a study was con ducted on tol er ance of 8 Ukrai nian va ri et ies of spring for age
pea to at tack by Bruchus pisi L. (Coleoptera: Bruchidae). Va ri ety Pleven 4 (Bul gar ian va ri ety) was
used as a stan dard. The trial was laid out by the block method with a sow ing rate of 120 g.s. m-2,
size of har vest plot of 10 m2, three rep li ca tions and the Ukrai nian va ri et ies: Harkivskii 74,
Rezonator, Usatyi 90, Intensivnyi 92, Harkovskii 376, Harkovskii 302, Harkivyanin, Harkovskii
Etalonnyi and Pleven 4 (stan dard). No chem i cal con trol of in sect pests was con ducted dur ing
grow ing sea son. The de gree of Bruchus pisi dam aged seeds was de ter mined af ter pea har vest ing.
Bulk sam ples con tain ing 1500 seeds were taken for each vari ant. Harm ful ness co ef fi cient (q, %)
was cal cu lated by the fol low ing for mula: q = (a-b) / a x 100 (a – weight of 1000 healthy seeds; b –
weight of 1000 seeds dam aged by B. pisi).

Re sults and Dis cus sion

The cli ma tic con di tions in the au tumn-win ter pe riod of 2006/2007 with scanty pre cip i ta tion
and higher tem per a ture as against 2005/2006 and 2007/2008, as well as the warm and dry spring of
2007 fa voured the de vel op ment of pea wee vil and re sulted in high ac tiv ity and fer til ity of the
adult, which con di tioned also the con sid er ably higher de gree of dam age to grains, as com pared to 
2006 and 2008 (Fig ure 1).
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Fig ure 1. Me te o ro log i cal char ac ter is tics for the re gion of Pleven, Bul garia

Ta ble 1. De gree of at tack by in sect pests and eco nomic qual i ties of seeds in pea va ri et ies

Varieties
Bruchus pisi, % damaged seeds

Tychius quinquepunctatus, 
% nibbled seeds

2006 2007 2008 Average 2006 2007 2008 Average

Harkivskii 74 30.0 83.3 25.9 46.4 6.12 12.7 2.5 7.1

Rezonator 12.5 55.9 7.8 25.4 1.40 5.5 0.8 2.6

Usatyi 90 5.7 49.7 6.4 20.6 0.48 5.1 0.7 2.1

Intensivnyi 92 15.7 71.5 14.2 33.8 0.80 1.2 1.3 1.1

Harkovskii 376 6.2 60.9 5.8 24.3 0.83 1.4 0.7 1.0

Harkovskii 302 10.5 63.6 9.9 28.0 0.45 1.6 0.6 0.9

Harkivyanin 12.3 71.5 17.1 33.6 0.72 1.7 0.4 1.0

Harkovskii
Etalonnyi

13.21 47.8 5.9 22.3 0.87 2.0 0.7 1.2

Pleven 4 23.2 73.0 18.0 38.1 3.74 5.4 2.3 3.8

x 14.4 64.1 12.3 30.3 1.7 4.1 1.1 2.3

Varieties
1000-seed weight, g Harmfulness coefficient, q

2006 2007 2008 Average 2006 2007 2008 Average

Harkivskii 74 223.0 147.2 162.5 177.6 14.8 11.3 6.6 10.9

Rezonator 299.1 194.6 294.4 262.7 6.3 9.5 3.0 6.3

Usatyi 90 340.2 264.1 210.7 271.7 4.7 5.0 2.5 4.1

Intensivnyi 92 293.7 213.0 287.6 264.8 6.5 1.0 3.4 3.6

Harkovskii 376 336.2 257.2 279.1 290.8 7.3 7.3 1.9 5.5

Harkovskii 302 301.6 234.2 254.5 263.4 8.4 11.7 3.5 7.9

Harkivyanin 271.0 238.9 203.3 237.7 9.4 13.3 3.7 8.8

Harkovskii
Etalonnyi

335.5 260.1 280.9 292.2 5.7 3.4 0.8 3.3

Pleven 4 151.4 124.9 133.9 136.7 14.9 13.1 4.3 10.8

x 283.5 191.2 234.1 236.3 8.7 8.4 3.3 6.8

On av er age for the pe riod of study, among the stud ied pea va ri et ies, Usatyi 90 - 20.6%,,
Harkovskii Etalonnyi - – 22.3% and Harkovskii 376 – 24.3% had the low est per cent age of
Bruchus pisi dam aged seeds (Rezonator - 25.4% and Harkovskii 302 – 28.0% had a lower value
than the trial av er age) (Ta ble 1). That trend re mained dur ing the dif fer ent years ir re spec tive of
the con sid er able vari a tion of the de gree of at tack by the wee vil de pend ing on the cli ma tic con di -
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tions (the year 2007 was dis tin guished for the high est per cent age of dam aged seeds, the av er age
value of dam age (x) reach ing to 64.1%, fol lowed by 14.4% - for 2006 and 12.3% - for 2008). The
va ri et ies were char ac ter ized by the high est 1000-seed weight that var ied on av er age from 271.7 to
292.2g. The in suf fi cient pre cip i ta tion amount and high air tem per a ture in 2007 at the stages of
pod for ma tion and seed fill ing con di tioned the low 1000-seed weight.

The small-seeded va ri et ies Harkivskii 74 and Pleven 4 (46.4 and 38.1%), were dis tin guished 
for the high est per cent age of B. pisi dam aged seeds, the larva de stroy ing most of grain con tent for
its feed ing. They had the low est 1000-seed weight (177.6 and 136.7g, re spec tively). The re la tion
be tween the 1000-seed weight and de gree of dam aged seeds was strongly neg a tive on av er age for
the pe riod: r= - 0.820 (r= - 0.814 for 2006; r= - 0.709 for 2007; r= - 0.720 for 2008). Other au thors
also re ported sim i lar re sults con cern ing the pref er ence of the pea wee vil for small-seeded pea va -
ri et ies (Danileyko, 1959; Poryazov, 1990).

When com par ing the stud ied va ri et ies ac cord ing to the de gree of at tack by the in sect pest,
the harm ful ness co ef fi cient is also of im por tance that can not cor re late al ways with the dam age
per cent age. The slightly in fested va ri et ies Harkovskii Etalonnyi and Usatyi 90 were dis tin -
guished also for a low harm ful ness co ef fi cient, 3.3 and 4.1%, re spec tively, fol lowed by Harkovskii 
376 and Rezonator (5.5 and 6.3%, re spec tively). Intensivnyi 92 was an ex cep tion, be ing char ac -
ter ized by a low harm ful ness co ef fi cient (3.6%), in spite of the high de gree of dam aged seeds
(33.8%). That could re sult from antibiosis in ter re la tions be tween the host plants and wee vil, due
to antinutrients in the seeds and the ac tiv i ties as so ci ated with them, such as high death rate of the
ini tially set tled larva. The pos i tive value of the harm ful ness co ef fi cient was re lated to the lower
weight of 1000 dam aged seeds.

It was found that the small-seeded va ri et ies (Harkivskii 74 and Pleven 4) were pre ferred
and showed con sid er ably higher in fes ta tion by Tychius quinquepunctatus L. (7.1 and 3.8% on av er -
age, re spec tively), as com pared to the other stud ied va ri et ies. There was strong neg a tive re la tion
be tween the de gree of at tack by tychius and 1000-seed weight: r= - 0.739 (r= - 0.750 for 2006; r= -
0.659 for 2007; r= - 0.690 for 2008).

Ta ble 2. Du ra tion of flow er ing pe riod in dif fer ent va ri et ies of spring pea

Varieties
Duration in days: beginning of flowering- pod formation

2006 2007 2008 Average

Harkivskii 74 30 26 36 31

Rezonator 24 16 23 21

Usatyi 90 12 11 23 15

Intensivnyi 92 15 11 27 18

Harkovskii 376 12 8 22 14

Harkovskii 302 12 8 27 16

Harkivyanin 15 10 26 17

Harkovskii Etalonnyi 15 11 23 16

Pleven 4 33 22 34 30

r 0.856 0.579 0.915 0.820

One of the rea sons for the high de gree of at tack in Harkivskii 74 and Pleven 4 was the du ra -
tion of the pe ri ods of flow er ing and pod for ma tion (31 and 30 days, re spec tively – Ta ble 2), which
fa voured the feed ing and oviposition of the pea wee vil. That du ra tion was con sid er ably shorter in 
Usatyi 90 and Harkovskii 376 (15 and 14 days, re spec tively), char ac ter ized by a shorter and in ten -
sive flow er ing pe riod. Due to the high tem per a tures and small pre cip i ta tion amount in 2007 the
dif fer ent stages of pea de vel op ment had shorter du ra tion, as com pared to 2006 and 2008 and as a
whole, there was no sig nif i cant dif fer ence in the large-seeded va ri et ies with a 1000-seed weight
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over 200 g. There was strong pos i tive re la tion be tween the de gree of dam aged seeds and con sid -
ered du ra tion (r= +0.820). The re la tion found by Glushtenko (1961) who rec om mended us ing
pea va ri et ies with shorter pe ri ods of flow er ing and pod for ma tion was sim i lar.

Ta ble 3. Mor pho log i cal char ac ter is tics of spring pea va ri et ies

Varieties Plant height, cm Color of seed coat Seed shape and size Seed coat surface

Harkivskii 74 101.2 light beige plump small-sized smooth

Rezonator 74.8 light beige plump large-sized smooth

Usatyi 90 76.7 green plump large-sized rough

Intensivnyi 92 52.6 beige plump large-sized rough

Harkovskii 376 75.6 beige plump large-sized rough

Harkovskii 302 63.6 beige plump large-sized smooth

Harkivyanin 47.1 beige plump large-sized smooth

Harkovskii
Etalonnyi

45.5 beige
oval oblong
large-sized

smooth

Pleven 4 82.2 light beige plump small-sized smooth

r 0.446

Prob a bly the de gree of at tack by the pea wee vil was as so ci ated with the plant height. The
re sults in Ta ble 3 show that Harkivskii 74 and Pleven 4 had the great est height on av er age for
2006-2008, as com pared to the other va ri et ies (101.2 and 82.2cm, re spec tively) and me dium pos i -
tive cor re la tion ex isted be tween that trait and dam aged seed per cent age (r= +0.446). Danileyko
(1959) also re ported such re la tion con cern ing the at tack by the wee vil and plant height. With re -
gard to seed coat col our the stud ied va ri et ies are beige col oured with slight vari a tion in in ten sity.
Usatyi 90 with its green coat and low est dam age per cent age (20.6%) was an ex cep tion. Such ten -
dency to slight at tack on green-seeded va ri et ies by the in sect pest was re ported also by Kirichek
(1969). Prob a bly the seeds with such colouration con tain antinutrients that de ter mined also the
low de gree of at tack by the pea wee vil. With re gard to the traits of shape and seed sur face there
was no re la tion to the de gree of dam aged seeds, whereas the seed size in flu enced the at tack by
the in sect pest. The small-seeded pea va ri et ies (1000-seed weight up to 200 g) were much more
strongly dam aged by B. pisi, as com pared to the large-seeded ones (1000-seed weight over 200 g).

Con clu sions

Va ri eties Usatyi 90 - 20.6%,, Harkovskii Etalonnyi - – 22.3% and Harkovskii 376 – 24.3%
had the low est per cent age of seeds dam aged by the in sect pest. They were dis tin guished for the
high est 1000-seed weight (271.7; 292.2 and 290.8g, re spec tively) and a low co ef fi cient of harm ful -
ness (4.1; 3.3 and 5.5%). The small-seeded va ri et ies Harkivskii 74 and Pleven 4 were char ac ter -
ized by the high est per cent age of seeds dam aged by B. pisi (46.4 and 38.1%).

Strong neg a tive re la tion (r= - 0.820) was found be tween the 1000-seed weight and de gree of 
dam aged seeds.

The small-seeded va ri et ies Harkivskii 74 and Pleven 4 had the high est at tack by Tychius
quinquepunctatus L.

Harkivskii 74 and Pleven 4 had the lon gest pe ri ods of flow er ing and pod for ma tion. Me -
dium pos i tive re la tion was found be tween the de gree of dam aged seeds and con sid ered duration. 

The de gree of at tack by the pea wee vil was re lated to plant height and there was me dium
pos i tive cor re la tion be tween that trait and per cent age of dam aged seeds (r= +0.446). 

The Ukrai nian va ri et ies Usatyi 90, Harkovskii Etalonnyi and Harkovskii 376 are tol er ant
to at tack by B. pisi and can be used as sources of germplasm for breed ing pur poses.
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Ab stract

Drought is one of the yield lim it ing fac tors in many re gions across the world. Breed ing egg -
plant va ri et ies tol er ant to drought stress is an im por tant aim of the breed ing pro grams in Bul -
garia. The pur pose of this study was to ex am ine the calli, de rived from cot y le don of egg plant
(Solanum melongena) cultivars China-A2, Larga Negra, Black Beauty for tol er ance to PEG-in -
duced drought stress.

Cultivars China-A2 and Larga Negra gave the high est mean val ues for all cal lus traits at 3% 
PEG and had the high est cal lus sur vival at high con cen tra tion of 8% PEG. The calli of cvs.
China-A2 and Larga Negra ac cu mu lated lower MDA, H2O2 and proline than cv. Black Beauty.
Re sults in di cated that pre sented in vi tro sys tem in the cho sen cri te ria could be used in pre lim i -
nary quick es ti ma tion of dif fer ent ge no types tol er ance to drought con di tions. Con cen tra tion of
8% PEG could be ap pro pri ate in drought tol er ance se lec tion in vi tro of this crop.

Key words: abiotic stress, drought stress, egg plant, in vi tro breed ing, in vi tro mod el ing
Ab bre vi a tions: H2O2 - hy dro gen per ox ide, Kin – kinetin, MDA – malondyaldehyde, MS -

Murashige and Skoog, NAA - a-naphtalene ace tic acid, PEG – poly eth yl ene gly col

In tro duc tion

The egg plant (Solanum melongena L.) is an agronomically im por tant solanaceous crop
grown pri mar ily for its fruits. It is a plant com monly used as a veg e ta ble crop. Egg plant has in suf -
fi cient lev els of re sis tance to bi otic (dis eases and pests) and abiotic (high sa lin ity and drought)
stress that cause se ri ous crop losses. This prob lem has been ad dressed by hy brid iz ing S. melongena
L. with wild re sis tant Solanum spe cies, which pres ent a wide ge netic di ver sity and are a source of
use ful ag ro nomic traits (Ano, 1991; Kalloo, 1993; Anisuzzaman et al., 1993; Blestos et al.,1998).
How ever, this ap proach is lim ited by sex ual in com pat i bil ity (Collonier et al., 2001a) and dif fi cul -
ties in ob tain ing fer tile prog e nies (Gleddie et al., 1986b). There fore, main fo cus will em pha size
in for ma tion on the bio tech no log i cal as pects of egg plant im prove ment with only, brief in for ma -
tion in cluded on breed ing as pects. The ap pli ca tion of in vi tro meth ods to egg plant cul ti va tion has
re sulted in con sid er able suc cess (Collonier et al., 2001b; Kashyap et al., 2002; Kantharajah &
Golegaonkar, 2004; Magioli & Mansur, 2005). Egg plant tis sues pres ent a high morphogenetic po -
ten tial that makes egg plant a com plete model for stud ies on dif fer ent ar eas of plant sci ence.

In the pres ent study calli from cot y le dons of three egg plant ge no types grown on MS me -
dium (Murashige & Skoog, 1962) with out and with PEG were stud ied with the ob jec tive to de -
velop in vi tro screen ing method for drought tol er ance.

Ma te ri als and Meth ods

Three egg plant ge no types cvs. China-A2, Larga Negra and Black Beauty were used for the
study. For ob tain ing of the in vi tro grown seed lings, the seeds were ster il ized with 70 % eth a nol
for 1 min fol low ing by 15 % com mer cial bleach so lu tion for 10 min and rinsed three times with
ster ile dis tilled wa ter dur ing 15 min to re move bleach. The ster il ized seeds were placed onto MS
basal me dium sup ple mented with su crose 30 (g/l-1) and agar (7 g/l-1). They were grown in 16 h
photoperiod and 25±1o C. Cot y le don explants from about one month old seed lings were placed
on MS nu tri ent me dium sup ple mented with 2.0 mg/l NAA + 0.5 mg/l Kin for cal lus in duc tion.
One month grow ing calli were trans ferred to MS me dium with PEG as drought stress fac tor with
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in con cen tra tions 3%, 5%, 8% and 10 % sim u lat ing 30 days drought stress pe riod. Cal lus fresh
weight was mea sured be fore and af ter this treat ment.

Some bio chem i cal in di ces were also used which char ac ter ize the cal lus tol er ance to drought 
stress. The proline con tent was mea sured ac cord ing to the method of Bates et al. (1973) and
MDA, and H2O2 was de ter mined by the method of Heath & Packer (1968).

Re sults and Dis cus sion

The cot y le don explants from 30-day old seed lings were the best explants for cal lus in duc -
tion in three egg plant cultivars: China-A2, Larga Negra and Black Beauty (Fig ure 1). The MS
me dium sup ple mented with NAA-2.0mg/l and KIN - 0.5mg/l proved very suit able for cal lus
formation.

Fig ure 1. One month old seed lings from cv. Larga Negra

PEG was added in var i ous con cen tra tions into the cal lus in duc tion me dia in or der to sim u -
late dif fer ent lev els of drought. The ef fect of 3%, 5%, 8% and 10 % PEG on the pro cess of
callusogenesis was stud ied. PEG in con cen tra tion 3% had no neg a tive ef fect on cal lus growth but
higher PEG lev els de creased mark edly this pro cess. Cal lus for ma tion was in hib ited by 8% PEG
and the con cen tra tion of 10% PEG had le thal ef fect. The fresh weight of cal lus treated with in -
creased PEG con cen tra tions and of the con trol are shown in Fig ure 2. Cal lus fresh weight es ti -
mated af ter four weeks of cul tur ing showed difference among the three eggplant genotypes.

Fig ure 2. Ef fect of PEG on the cal lus fresh weight 

Some bio chem i cal in di ces which char ac ter ize the cal lus tol er ance to drought stress were
also used (Fig ures 3, 4, 5, 6).Our re sults dem on strated that drought stress con di tions lead to in -
creased peroxidase ac tiv ity, showed higher ac cu mu la tion of MDA, H2O2 and proline in egg plant
calli treated with PEG com pared with un treated con trol.
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Fig ure 3. The amount of MDA in calli

Fig ure 4. Ac cu mu la tion of H2O2 in calli

Fig ure 5. Proline ac cu mu la tion in calli 

Fig ure 6. Peroxidase ac tiv ity in calli
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Con clu sion

The pres ent pa per re ports that the drought con di tion in flu ence on the bio mass ac cu mu la -
tion and bio chem i cal pa ram e ters of S. melongena calli. Sig nif i cant dif fer ences were found among
three cultivars stud ied in re spect with cal lus fresh weight, peroxidase, MDA, H2O2 and proline
con tents. Cv. Larga Negra had the high est cal lus weight, while Black Beauty had the low est one
un der drought con di tions dur ing the in cu ba tion pe riod. High cal lus weight cor re lated with low
peroxidase, MDA, H2O2 and proline con tent. The pres ent re sults dem on strated that the re -
sponse of cul tured egg plant calli to drought stress was clearly ge no type spe cific. The re sults in di -
cate that pre sented in vi tro mod el ing in the cho sen cri te ria could be used in pre lim i nary quick es -
ti ma tion of dif fer ent ge no types to drought con di tion. Con cen tra tion of 8 % PEG could be ap pro -
pri ate in drought tol er ance se lec tion in vi tro of egg plant.
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NEW SUNFLOWER FORMS AND HYBRIDS, RESISTANT TO HERBICIDES

Michail Christov, Georgi Sabev, Daniela Valkova and Miroslava Hristova-Cherbadzi
Dobroudja Ag ri cul tural In sti tute, Gen eral Toshevo 9520, Bul garia

E-mail: michailhristov@ya hoo.com

Ab stract

For de vel op ing the new sun flower hy brids and forms re sis tant to her bi cides were used
three sources for re sis tance to imidazolines – two from the wild sun flower forms and one R-line.
These three sources were with or i gin from the USA. The re sis tance was trans ferred into dif fer ent
cul ti vated sun flower lines. As a re sult of the re al ized stud ies the new sun flower forms, lines and
hy brids were ob tained. They showed full re sis tance to the com bi na tion of the her bi cides Pul -
sar+Stomp.

Key words: her bi cides re sis tance, imidazolines, R-line, sun flower.

In tro duc tion

Now a days solv ing the prob lem with weed con trol at sun flower pro duc tion was very im por -
tant re gard ing some weeds as Xan thium, Abutilon, Cirsium, Con vol vu lus and etc. Among the
well-known tra di tional her bi cides used in sun flower noone is suit able for the men tioned weeds.
That was a real in con ve nient rea son for ob tain ing the higher sun flower seed yield.

The breed ing was in cluded in seek ing of ways and means for sun flower weed con trol. Dur -
ing the last years some cultivars and hy brids were dis played, re sis tant to the her bi cides such as
Granstar and Granstar Ex press Sun (50 and 75 % ac tive tribenuron), Pul sar 40 + Stomp 330 EK
(40 g/l imazamox + 330 g/l pendimethaline), Pul sar 40 + Ar se nal 250 SL or intervix (40 g/l
imazamox + 250 g/l imazapir) and etc. Us ing of these her bi cides for hy brids Rimisol and Ar mada
of com pany Limagrain; hy brid PR64E83 of Pi o neer led to de cid ing the prob lems with the men -
tioned above weeds. Use of these her bi cides for the men tioned hy brids did not lead to ap pear -
ance of phyto toxic char ac ters and al lowed pu rity at cul ti va tion and har vest ing of the crop. Use of
these her bi cides was pos si ble only for imidazoline and sulphonilurea re sis tant hy brids such as the
men tioned above ones. The aim of these in ves ti ga tions was to ob tain and eval u ate in Dobroudja
Ag ri cul tural In sti tute the ini tial breed ing meterial re sis tant to imidazolinone and sulphonilurea
her bi cides and to de velop hy brids re sis tant to them.

In this pa per are pre sented the re sults of in ves ti ga tion of three groups of breed ing ma te rial
for re sis tance to the her bi cides com bi na tion Pul sar 40 + Stomp 330 EK.

Ma te ri als and Meth ods

The se lec tion of ini tial sun flower ma te ri als, re sis tant to her bi cides be gan in 1996 in
Dobroudja Ag ri cul tural In sti tute, Gen eral Toshevo. In 2001 to the group of tested ma te ri als were 
added the hy brid forms, ob tained from the crosses be tween cul ti vated sun flower and four ac ces -
sions of wild Helianthus annuus with or i gin from North Dacota and Minnessota, the USA. In 2005
were treated five plants from 180 ac ces sions and one to five re sis tant plants per ac ces sion were se -
lected.

In 2006 was made an eval u a tion of 19 ac ces sions and as stan dards were used cultivar
Favorit from DAI and line RHA 426 from the USA /Miller and Al-Khatib, 2004/. In 2007 an eval -
u a tion of 153 ac ces sions was made /forms and F1 hy brids/, which or i gin was the same like those,
ob tained as re sis tant in 2006. The num ber of eval u ated ma te ri als in 2008 was 398. All the ob -
tained ma te ri als were orig i nated from three sources from the USA: two ac ces sions from the wild
Helianthus annuus and line RHA 426. The sun flower plant ing was per formed by hand at the op ti -
mum for this re gion pe riod of time by two seed in a place. Af ter ger mi na tion and for ma tion of
first pair of true leaves the ad di tional plants per place were re moved. At phase sec ond-third pair
of sun flower leaves the treat ment was car ried out with her bi cides com bi na tion Pul sar 40 (40 g/l
imazamox) in dose 120 ml/dka + Stopm 330 EK(330 g/l pendimetalin) in dose 230 ml/dka with the
ver te bral spray ing ma chine SOLO 425 s 40 l/dka work ing so lu tion. Checks with out weeds and un -
treated with her bi cides were used for de ter min ing the phytotoxic symp toms. Af ter her bi cides
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treat ment dayly ob ser va tions were car ried out till 12 th day. Next ob ser va tions on each plant were 
car ried out weekly and changes ob served were de scribed in de tails. From 4 to 6 plants, from the
fully re sis tant ac ces sions were iso lated sep a rately. The re sis tant plants found in other ac ces sions
were also iso lated.

From 2005 till now the crosses have been made be tween A/V sun flower lines and some ac -
ces sions with re sis tance to the her bi cides com bi na tion. Af ter the har vest fin ish ing the seeds of the 
iso lated plants and ob tained crosses were col lected. The col lected seeds were planted treated and 
eval u ated for their her bi cides re sis tance. The plants from the ob tained hy brid com bi na tions were 
eval u ated for their re sis tance to her bi cides and dis eases, and their seed yield, seed oil content
were deretmined too.

Re sults

In 2005 were treated five plants from 130 ac ces sions with dif fer ent or i gin.Eight ac ces sions
with or i gin from the wild spe cies were se lected Helianthus annuus (6 ac ces sions) and Helianthus
argophyllus (2 ac ces sions) and line RHA 426. Eight crosses be tween ster ile plants from 6 lines and 
emas cu lated plants from 2 lines with RHA 426 and one cross be tween the ster ile line A123 with
ac ces sions 54/3 and ND 29 were car ried out.

As a re sult of test ing in 2006 of 19 sun flower forms and 2 stan dards was es tab lished that full
re sis tant was found in 13 ac ces sions - line RHA 426, No 54/3, No ND 29 and hy brids A58 h RHA
426, A123 h RHA 426, A125 h RHA 426, A114/3 h RHA 426, A134 h RHA 426, A334 h RHA
426, 2607A h RHA 426, A123 h No 54/3, 4472 (emas cu lated) h RHA 426 and 4474 (emas cu lated)
h RHA 426. High per cent age of re sis tant plants were ob tained from the cross A123 h No ND 29.
Re sis tant plants, about 20 %, were ob tained from No ND 18 and Arg 132. All ob tained plants
from the stan dard cultivar Favorit and the other 4 ac ces sions were dam aged by the her bi cides.
The rest plants, used as checks, with out treat ment, growed nor mally.

In 2007 were ob tained 153 ac ces sions. On the ba sis of the ob tained re sults the tested ac ces -
sions were di vided into three main groups - with full re sis tance, with dif fer ent level of re sis tance
and sus cep ti ble ones /Table 1/.

Ta ble 1.Re sults from the eval u a tion of the stud ied ma te rial in 2007.

Studied material

Numer of plants

with 100 %
resistance

with different
level of

resistance

susceptible
plants

with more than
45% seed oil

content

with other
characters

Forms 34 58 17 52 84

Lines 19 0 0 14 9

Hybrid combinations 16 9 0 20 16

The re sults of in ves ti ga tion for the her bi cides com bi na tion Pul sar 40 + Stopm 330 EK re sis -
tance in 2008 were pre sented in ta ble 2. From the to tal num ber of 398 ac ces sions, full re sis tance
showed 130 ac ces sions and 24 lines among them.

Ta ble 2.Re sults from the eval u a tion of the stud ied ma te rial in 2008.

Studied material

Numer of plants

with 100 %
resistance

with different
level of

resistance

susceptible
plants

with more than
45% seed oil

content

with other
characters

Forms 67 235 29 296

Lines 24 0 0 24

Hybrid combinations 39 4 0 42
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Af ter the eval u a tion of ob tained forms, lines and hy brids it was es tab lished that some of
them were dis tin guished with higher seed oil con tent and re sis tance to dis eases. Part of the ob -
tained forms and hy brid com bi na tions showed re sis tance to the par a site broom rape.This was due 
to the fact that some of the A/V lines were re sis tant to that par a site. The hy brid com bi na tions
A58 h RHA 426, A114/3 h RHA 426, A134 h RHA 426, A334 h RHA 426, 2607A h RHA 426,
A123 h No 54/3 and A123 h No ND 29 were dis tin guished with higher seed yield.

Con clu sions

As a re sult of the purposefull re search work and the col lected in for ma tion for the ma te rial
in cluded in this in ves ti ga tion were al ready col lected groups of forms, lines and hy brids, re sis tant
to the hy brid com bi na tion Pul sar 40 + Stopm 330 EK. The ob tained forms, lines and hy brids were
dis tin guished with some other possitive agronomic characters.

Ref er ences
Miller, J.F. and K. Al-Khatib, 2002. Reg is tra tion of Imidazolinone Her bi cide-Re sis tant Sun flower Maintainer (HA

425) and Fer til ity Re storer (RHA 426 and RHA 427) Germplasms. Crop Sci ence 42, pp. 988-989.
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PHYSIOLOGICAL PARAMETERS AS INDICATORS OF 
DROUGHT TOLERANCE IN SUGAR BEET

Ma rina Putnik-Deli}1, Ivana Maksimovi}1,2, Nevena Nagl2, Ivana Gani1, La zar Kova~ev2

1University of Novi Sad, Fac ulty of Ag ri cul ture, De part ment of Field and Veg e ta ble Crops, 
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2Institute of Field and Veg e ta ble Crops, Sugar Beet De part ment, Maksima Gorkog 30, 21000 Novi Sad, Ser bia
E-mail: putnikdelic@polj.ns.ac.yu

Ab stract

Wa ter de fi ciency is the ma jor abiotic fac tor lim it ing sugar beet pro duc tion in Ser bia. In -
creas ing drought tol er ance through breed ing is one of the ways to re duce losses due to in suf fi -
cient wa ter sup ply. Eleven sugar beet ge no types were grown in soil/send mix ture in a glass house
un der semi-controled con di tions, and wa tered daily. Af ter 90 days, 5 days long pro gres sive
drought stress was im posed by in ter rup tion of wa ter ing. Ef fects of the treat ment were eval u ated
vi su ally, by de ter mi na tion of wa ter con tent in dif fer ent plant parts and sol u ble proline con cen tra -
tion in leaves. Al though in comparision to the con trol, only three ge no types wilted, RWC
dropped sig nif i cantly in six of them. Proline in creased to a very diferent exent de pend ing on a ge -
no type. One of the ge no types might be con sid ered as po ten tial source of in creased tol er ance to
drought.

Key words: drought, RWC, sol u ble proline, sugar beet, wa ter re gime.

In tro duc tion

Drought is the most yield-lim it ing abiotic fac tor world wide, our coun try in cluded, and it of -
ten re duces crop qual ity. There fore, sugar beet breed ing with the aim to im prove drought tol er -
ance, is one of the most prom is ing ways to re duce yield losses due to drought. The im pact of
drought is com plex, as there is no pro cess in plant me tab o lism that re mains un af fected by wa ter
de fi ciency. In ad di tion to var i ous lev els of wa ter re quire ment, plant spe cies and ge no types dif fer
in their abil ity to adapt their me tab o lism to wa ter de fi ciency. The prob lem in drought in ves ti ga -
tion is that there is no sin gle in di ca tor of drought tol er ance which could serve as a re li able cri te -
rion for eval u a tion of ge no types. Wa ter de fi ciency pro vokes var i ous phys i o log i cal, bio chem i cal
and mo lec u lar changes in sugar beet. These changes in clude al ter ation of stomatal func tion ing,
de creased in ten sity of pho to syn the sis, changes in genes ex pres sion, re duced growth, and, as a re -
sult, re duced or ganic mat ter pro duc tion (Arsenijevi}-Maksimovi} et al., 2002; Maksimovi} et al.,
2003; Ober et al., 2005).

The aim of our stud ies is to find phys i o log i cal pa ram e ters that are the most sig nif i cant with
re spect to drought tol er ance, the most vari able be tween se lected ge no types and the eas i est to
mea sure. Such char ac ter is tics may be usefull cri te ria in eval u at ing tol er ance of sugar beet breed -
ing ma te rial to pro gres sive drought.

Ma te ri als and Meth ods

Eleven dif fer ent sugar beet ge no types (Beta vulgaris ssp. vulgaris), part of breed ing ma te rial
from In sti tute of Field and Veg e ta ble Crops, Novi Sad which pre vi ously showed dif fer ent de gree of 
tol er ance to drought in the field, were used in this study. Plants were grown and drought stress was
im posed as de scribed by Per~i} et al. (2007). RWC was de ter mined by dry ing and remoistering leaf
discs. Free proline concentrarion in leaves was de ter mined as de scribed by Bates et al. (1973).
Chloroplast pig ment’s con tent was de ter mined in wa tered plants (con trol), ac cord ing to Hoagland
& Arnon (1950), to as sess genotypic spec i fic ity with re spect to this char ac ter.

Sta tis ti cal anal y sis was done by t-test (to com pare con trol and stressed plants of each ge no -
type) and by anal y ses of vari ance and Duncan’s test (to com pare dif fer ent ge no types and treat -
ments), by com puter pro gram Statistica for Win dows 8.

Re sults and Dis cus sion

Vi sual dif fer ences be tween ge no types, with re spect to turgor, were clearly ev i dent upon
im po si tion of short-term pro gres sive drought. Ge no type 6 wilted the most, and turgor loss was
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ob vi ous in ge no types 5 and 8 in com par i son with re spec tive con trols. In spite of that, RWC
dropped sig nif i cantly in six ge no types (1, 5, 6, 7, 8 and 9, Ta ble 1), as shown by t-tests (Ta ble 1).
Ac cord ing to ANOVA and Duncan’s test, there is an in di ca tion that ana lysed ge no types can be
as signed into three groups: ge no types that have high RWC in wa tered plants (8, 9 and 10,
RWC1), ge no types that have me dium RWC (5, 7 and 11, RWC2) and ge no types with lower RWC 
(1, 2, 3, 4 and 6, RWC3). Higher RWC is usu ally linked to in creased tol er ance to wa ter de fi ciency
(Araghi et al., 1998, 1998; Keles et al., 2004) and this stands for our re sults as well.

Ta ble 1. Rel a tive wa ter con tent (RWC, %). The val ues marked with the same let ter do not dif fer sig nif i -
cantly at P < 0.05 (Duncan’s mul ti ple range test).

Treatment
Genotypes

1 2 3 4 5 6 7 8 9 10 11

Control 73,52c 65,70c 71,56c 68,76c 74,87bc 70,19c 76,20b 79,33a 78,86a 79,18a 74,34bc

Drought 71,50c 66,55c 74,43bc 72,16c 66,82c 53,14e 62,23d 63,07d 69,46c 79,37a 74,24bc

t-test + - - - + + + + + - -

Ta ble 2. Wa ter con tent in dif fer ent plant parts and in the soil the plants were grown on. The val ues
marked with the same let ter do not dif fer sig nif i cantly at P < 0.05 (Duncan’s mul ti ple range test).

Treat -
ment

Genotypes

1 2 3 4 5 6 7 8 9 10 11

Water content in leaves (%)

Control 86.64bc 87.56ab 88.16ab 87.02ab 86.85bc 88.67ab 87.22ab 89.67ab 88.83ab 87.90ab 86.76bc

Drought 88.52ab 87.42ab 88.39ab 87.37ab 82.84c 78.97d 85.55bc 86.47bc 89.05ab 87.42ab 87.13ab

t-test - - - - + + + + - - -

Water content in petioles (%)

Control 88.08cd 91.51ab 89.88abc 89.36abc 89.12abc 91.24ab 89.52abc 92.89a 92.25ab 90.30ab 91.75ab

Drought 89.42abc 90.56ab 89.92abc 90.20abc 89.06bc 85.07d 88.34bc 89.44abc 92.15ab 89.83abc 89.82abc

t-test - + - - - + + + - - +

Water content in roots (%)

Control 82.37ab 83.40ab 78.07ef 79.34bcdef 78.20def 81.96bcd 80.12bcde 85.03a 82.10ab 79.76bcdef 83.05ab

Drought 77.80ef 78.86def 78.43def 77.96ef 75.94g 76.76fg 78.78def 81.28bcd 80.92bcde 77.69ef 80.01bcde

t-test - + - - - + - + + + +

Water content in the soil (%)

Control 47.93ef 57.50b 62.14a 53.02bcd 57.30b 53.73bc 53.76bc 48.06ef 56.43bc 52.46cde 49.13def

Drought 29.98h 38.37g 38.28g 44.92f 23.52i 21.76i 25.60hi 23.07i 26.24hi 30.85h 25.12i

t-test + + + + + + + + + + +

Witholding of wa ter ing pro voked sta tis ti cally sig nif i cant re duc tion of wa ter con tent in soil
on which each ge no type was grown (Ta ble 2). How ever, the re duc tion of wa ter con tent in all
plant parts and ge no types var ied. There are ex per i men tal data that vari abil ity in drought tol er -
ance among sugar beet ge no types can be found (Sadeghian et al., 2000; Ober & Luterbacher,
2002; Per~i} et al. 2005, 2007). Dif fer ences that ex ist also be tween comercial sugar beet ge no types
may be the re sult of dif fer ently de vel oped root sys tem in deeper soil lay ers (Ober & Luterbacher, 
2002). Nev er the less, the first symp toms pro voked by drought ap pear on plant leaves. In the ex -
per i ment de scribed here, the high est wa ter con tent was in pet i oles, than in leaves and the low est
in the roots (Ta ble 2). Sig nif i cant re duc tion in leaf wa ter con tent was found in ge no types 5, 6, 7
and 8. In pet i oles, wa ter con tent was sig nif i cantly re duced in ge no types 2, 6, 7, 8 and 11 and in root 
in ge no types 2, 6, 8, 9, 10 and 11. Anal y ses of vari ance be tween dif fer ent treat ments and ge no -
types showed that wa ter con tent in leaves and pet i oles of ge no type 6 dropped significanly more
that all the oth ers. Al ready small re duc tion of leaf wa ter po ten tial can sig nif i cantly im pair de vel -
op ment of to tal leaf area. Low wa ter po ten tial stim u lates de vel op ment of new leaves with con -
com i tant stim u la tion of se nes cence of the older leaves. Wa ter con tent in roots was the low est in
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ge no types 5, 6 and 7, but dif fer ences be tween ge no types with re spect to root wa ter con tent were
in gen eral lower that in the other tis sues. In con trol plants, the higher root wa ter con tent was
found in ge no types 8, 11, 1 and 9, while it was the low est in ge no types 3, 5 and 4.

Sol u ble proline con cen tra tion in creased in leaves of stressed plants, but to a very diferent
exent de pend ing on a ge no type. This in crease was sta tis ti cally sig nif i cant in each case ex cept for
ge no type 1 (Ta ble 3). Free proline con cen tra tion in creased less than twice in ge no types 1, 2 and 3, 
be tween two and three times in ge no types 4, 7, 9 and 11, and over 4 times in ge no types 10, 8, 5 and
6. Par tic u larly high in crease in proline con cen tra tion was found in ge no types 5 and 6 (11 and 26
times, re spec tively). Apart from proline, wa ter stress in sugar beat in duces ac cu mu la tion of
osmoregulatory sub stances, such as betaine and fructans. This fenomenon is in cor re la tion with
the re duc tion of wa ter po ten tial of cells. It is not clear, how ever, whether plants that ac cu mu late
those sub stances tol er ate the lack of wa ter better or not (Ghoulam et al., 2002; Per~i} et al., 2005).
None the less, in chikpea drought tol er ant cultivars ac cu mu lated more proline than sus cep ti ble
cultivars (Gunes et al., 2008).

Ta ble 3. Free proline con tent in leaves (mg g-1 DW). The val ues marked with the same let ter do not dif fer
sig nif i cantly at P < 0.05 (Duncan’s mul ti ple range test).

Treatment
Genotypes

1 2 3 4 5 6 7 8 9 10 11

Control 231.5fg 131.7h 117.1hi 116.3hi 73.79i 145.3h 224.5fg 101.2hi 232.2fg 108.2hi 203.4g

Drought 256.7f 212.8fg 171.1gh 256.1f 810.7b 3831.2a 673.3c 456.0e 615.1d 428.5e 615.7d

t-test - + + + + + + + + + +

Con cen tra tion of photosynthetic pig ments var ies sig nif i cantly be tween ge no types (Ta ble
4). In gen eral, chlo ro phyll con cen tra tion was the high est in ge no type 1 and the low est in ge no -
types 2, 3, 4 and 5. Con cen tra tion of ca rot en oids was the high est in ge no type 1 as well, but it was
the low est in ge no types 3, 4, 6, 9 and 5. Ra tio be tween Chl. A and b was al most the same for each
ge no type, which can be ex plained by the same light in ten sity all the plants were ex posed to. On
the con trary, ra tio be tween con cen tra tions of chloro phylls and ca rot en oids was vari able. It was
be tween 3.5 and 3.7 for ge no types 1, 2, 3, 4 and 5 and be tween 3.9 and 4.3 in ge no types 6, 7, 8, 9, 10
and 11. Con cen tra tion of chloroplast pig ments may ef fect the quan tity of light that is ab sorbed by
leaves and as a con se quence leaf tem per a ture and tran spi ra tion in ten sity. Be sides, ca rot en oids
also act as antioxidative com pounds and it would be worth while to ana lyse posible changes in
their con cen tra tion upon im po si tion of stress and its ge netic spec i fic ity. Here we were not able to
es tab lish re la tion ship be tween the ra tio Chl a+b/Car as genotypic fea ture and drought tol er ance.

Ta ble 4. Con cen tra tion of chloroplast pig ments (mg g-1 DW) and their ra tios in dif fer ent ge no types. The val -
ues marked with the same let ter do not dif fer sig nif i cantly at P < 0.05 (Duncan’s mul ti ple range test).

Treatment
Genotypes

1 2 3 4 5 6 7 8 9 10 11

Chl. a 11.70a 6.87ef 6.37f 6.74ef 5.74g 7.34de 7.90cd 9.01b 7.64cd 8.03c 8.19c

Chl. b 3.68a 2.20cd 2.04cd 2.02cd 1.77d 2.37bc 2.59bc 2.91b 2.61bc 2.47bc 2.59bc

Chl. a+b 15.38a 9.07e 8.40f 8.75ef 7.50g 9.71d 10.49c 11.92b 10.25cd 10.51c 10.78c

Car. 4.39a 2.59b 2.43bc 2.38bc 2.09c 2.42bc 2.52b 2.77b 2.36bc 2.59b 2.70b

Chl a/b 3.18 3.12 3.12 3.34 3.24 3.10 3.05 3.10 2.93 3.25 3.16

(a+b) / Car 3.50 3.50 3.46 3.68 3.59 4.01 4.16 4.30 4.34 4.06 3.89

Con clu sions

Ana lysed sugar beet ge no types re acted dif fer ently to wa ter de fi ciency, with re spect to the
RWC, wa ter con tent in dif fer ent plant parts and sol u ble proline con cen tra tion. Over all, ge no type 
11 and than 2 might be des ig nated as the most tol er ant un der our ex per i men tal con di tions, while
ge no type 6, fol lowed by ge no type 5, were far the most sus cep ti ble. In ves ti ga tions of some other
phys i o log i cal pa ram e ters and anal y sis of their re la tion ships are un der way, with the aim to un der -
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stand some adap tive mech a nisms de vel oped by sugar beet and con trib ute to identify usefull traits 
for sugar beet breeding program.
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RESISTANCE OF INTERSPECIFIC SUNFLOWER PROGENIES TO 
HEAD ROT CAUSED BY Sclerotinia sclerotiorum (Lib.) de Bary

Bo{ko Dedi}, Sreten Terzi}, Jovanka Atlagi}
In sti tute of Field and Veg e ta ble Crops, Oil Crops De part ment, Maksima Gorkog 30, 21000 Novi Sad, Ser bia
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Ab stract

Sun flower head rot caused by Sclerotinia sclerotiorum (Lib.) de Bary is one of the main sun -
flower dis eases world wide. A widely adopted method for test ing Sclerotinia head re sis tance is by
spray ing with an ascospore sus pen sion. A to tal of 44 interspecific sun flower prog e nies were
tested, all of which were ob tained af ter crosses be tween cul ti vated lines and wild an nual spe cies.
The ba sic fac tors of dis ease de vel op ment were noted dur ing the trial, such as in cu ba tion pe riod
and prog ress per head.

The first symp toms of head rot ap peared 17 days af ter in oc u la tion. At the end of the trial
af ter 40 days, 13 out of the 44 prog e nies tested con tained 8.69-72.72% of plants with no symp toms 
of head rot. Among the prog e nies with healthy plants, a ma jor ity had been de rived from crosses
with Helianthus annuus, fol lowed by H. petiolaris and one prog eny per spe cies for H. debilis, H.
neglectus and H. argophyllus.

Key words: ascospore sus pen sion, head re sis tance, Sclerotinia sclerotiorum, sun flower

In tro duc tion

White rot caused by the necrotrophic fun gus Sclerotinia sclerotiorum (Lib.) de Bary is a ma -
jor sun flower dis ease that has the po ten tial of caus ing to tal yield losses (Ma{irevi} and Dedi},
2006). The host range cov ers over 400 spe cies, in clud ing sev eral im por tant crops (Boland and
Hall, 1994). Dif fer ent forms of the dis ease can be seen on the root, stem, leaves, ter mi nal buds
and head. Com plete re sis tance has not been de tected. Ge netic con trol is quan ti ta tive and dif fers
by dis ease form (Serre et al., 2004; Vear and Tourvieille, 1988). Breed ing for tol er ance de mands
tests on plant parts in the field. As a re sult of high de pend ence on cli ma tic con di tions for dis ease
de vel op ment ar ti fi cial in oc u la tions are re quired (Gulya et al., 1998). Dif fer ent meth ods for sun -
flower head rot eval u a tion us ing as co spores are used in breed ing pro grams. Cov er ing heads with
bags to ob tain high hu mid ity and use of ir ri ga tion sys tem in crease the num ber of suc cess fully in -
oc u lated plants (Becelaere and Miller, 2004). Thanks to such op ti mized con di tions, re peat able
re sults are ob tained when screen ing com mer cial hy brids, lines and wild sun flower spe cies (Serre
et al., 2004; Rashid and Seiler, 2004). Wild sun flower spe cies have been used con tin u ously as an
im por tant gene pool for re sis tance to agents of nu mer ous dis eases (Seiler, 1992).

The aim of this pa per was to ex am ine the re sponse of interspecific sun flower prog e nies to
sclerotinia head rot us ing ar ti fi cial in oc u la tion with as co spores.

Ma te ri als and Meth ods

The test ing ma te rial were crosses be tween an nual sun flower spe cies (H. annuus, H.
argophyllus, H. debilis, H. neglectus, H. petiolaris, H. praecox) and the ster ile sun flower in bred lines
HA-89A and HA-26A. The interspecific F1 gen er a tion was back crossed with the line HA-26A. A 
to tal of 44 prog e nies of var i ous backcross gen er a tions were sub jected to ar ti fi cial in oc u la tion with 
as co spores. The ex per i ment was run in 2007 at Rimski [an~evi. The rows were 70 cm apart, with
25 cm be tween the plants. Sclerotia of the fun gus were pro duced us ing a method de scribed by
Feereira-Pinta and de Barros (1988). The pro duced sclerotia were used for apo the cia pro duc tion
af ter a 14-day pe riod in a freezer at -20oC. A con stant tem per a ture of 18oC, high RH and ar ti fi cial
light were used for apo the cia pro duc tion. The de vel oped apo the cia were har vested and kept in
Petri dishes turned up side down at room tem per a ture for 24 h. Af ter that, the Petri dishes were
sealed with parafilm and stored at -20oC un til the be gin ning of field in oc u la tions.

A sus pen sion of as co spores with a con cen tra tion of 5,000 spores/ml was used for head in oc -
u la tion. The dor sal side of the head was sprayed with 5 ml of the sus pen sion. The head was
treated at the point when the first disc flow ers fin ished flow er ing. Im me di ately af ter in oc u la tion,
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the heads were cov ered with brown pa per bags. The field was ir ri gated three times per week at a
rate of 15 dm3/m2. The in cu ba tion pe riod and dis ease prog ress were used to de ter mine the tol er -
ance of the ex am ined ma te rial.

Re sults and Dis cus sion

Plants with symp toms of head rot were pres ent in al most all the tested ac ces sions. Le sions are 
ex pressed as per cent age of the head at phys i o log i cal ma tu rity (Fig ure 2). The head of the sus cep ti -
ble line OCMS-44 was com pletely de stroyed with the low est av er age in cu ba tion time (Fig ure 1).
Four of the ac ces sions had no symp toms of the dis ease, but they con sisted of one plant each, so
these re sults are not con clu sive enough. In the other ac ces sions, the per cent age of healthy plants
var ied from 8.69 to 72.72% (data is shown as a rep re sen ta tive sam ple of 10 prog e nies) (Ta ble 2).
Ac ces sion BC3 PET2167 had less then 15% of the head dor sal sur face cov ered with le sions and the
high est av er age in cu ba tion pe riod of 39 days (Fig ure 1). Ac ces sions BC3 PET2167, BC3 PRA1145
and BC2 ARG1812 were found to be most prom is ing for fu ture work, be cause they ex hib ited the
high est in cu ba tion pe ri ods com bined with the low est head le sion means.

Fig ure 1. Means of in cu ba tion pe riod in days

Fig ure 2. Means of head le sions (% of head with symp toms)
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Ta ble 2. Per cent age of healthy plants in rep re sen ta tive ex am ined ac ces sions

Genotype Healthy plants (%)

OCMS44 0

HA-26 OR 0

BC3 PET2167 72,72

BC3 PRA1145 21,74

BC2 ARG1812 66.67

BC5 ANN2141 45.45

BC3 ANN2137 66.67

BC3 ANN2174 26.09

BC3 DEB1810 40.91

BC4 NEG1181 38.09

BC2 ANN2188 38.09

BC4 PET2167 8.69

Plants from the next backcross gen er a tion in the same ex per i men tal con di tions showed the
high est sus cep ti bil ity, with mean dis ease se ver ity of more then 90% and an av er age in cu ba tion
pe riod of 22 days. Sig nif i cant cor re la tions (r = -0.3454) were found be tween dis ease se ver ity and
in cu ba tion pe riod (Fig ure 3). High vari a tions in in cu ba tion pe riod (BC5 ANN2141) and head le -
sions (BC2 ARG 1812; BC3 ANN2137) were ob served.

Fig ure 3. Cor re la tion be tween in cu ba tion pe riod and dis ease area

Ac cord ing to Christov (2008), sources of tol er ance to Sclerotinia head rot could be found in 
ac ces sions of the spe cies Helianthus. praecox, H. argophyllus, H. annuus, H.petiolaris, H. eggertii, H.
paciflorus, and H. smithii. Wild sun flower spe cies and interspecific hy brids were pre vi ously suc -
cess fully screened for tol er ance us ing ar ti fi cial in oc u la tions (Rashid and Seiler, 2004; Rönicke et
al., 2004). This study dem on strated the ex is tence of ac ces sions with sig nif i cant lev els of tol er ance
to Sc. sclerotiorum. Three ac ces sions showed high lev els of tol er ance with a long in cu ba tion pe riod 
and slow dis ease prog ress.
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Con clu sions

It can be con cluded that a cer tain amount of vari abil ity con sid er ing the re sis tance to
Sclerotinia head rot ex ists in an nual wild sun flower spe cies. The ob tained re sults pointed to the
most prom is ing prog e nies on which fur ther tests and crosses will be done.
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ESTIMATION OF ADAPTIVE ABILITY AND STABILITY OF PERENNIAL RYEGRASS
(Lolium perenne L.) GENOTYPES AND DIFFERENTIATIVE ABILITY OF ENVIRONMENT

Aneliya Katova
In sti tute of For age Crops, 89, Gen. Vladi mir Vazov, Str., 5800 Pleven, Bul garia
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Ab stract

A com par a tive field trial, in clud ing eight (8) va ri et ies and pop u la tions of pe ren nial
ryegrass in six (6) dif fer ent en vi ron men tal com plexes was car ried out in the In sti tute of For age
Crops, Pleven, Bul garia dur ing the 2002-2004 pe riod. The en vi ron ments were dif fer en ti ated by
grow ing tech nol ogy means (un der ir ri ga tion and rain-fed con di tions at two plant den sity lev els -
125000 and 62500 plants per ha in 2003 and 2004). Dry for age mass pro duc tiv ity (g/plant) was
stud ied and af ter Two - way ANOVA, the method of es ti ma tion of gen eral (GAA) and spe cific
adap tive abil ity (SAA) of ge no types and their sta bil ity (af ter Eberhart and Rus sell, 1966 and Tai,
1971) was ap plied and the en vi ron ments were com pared ac cord ing to their differentiative abil ity
to wards the ge no types (DAE) (af ter Kilchevsku and Khotyleva, 1985 a,b). The Se lec tion value of 
the ge no types (SVG) for se lec tion of highly pro duc tive and sta ble forms at the same time was de -
ter mined.

Key words: gen eral and spe cific adap tive abil ity, ge no types, differentiative abil ity of en vi -
ron ment, dry mass pro duc tiv ity, pe ren nial ryegrass

In tro duc tion

The in crease of plant pro duc tiv ity is not the only im por tant is sue for plant breed ers, but it is 
nec es sary to be com bined with high re sis tance to bi otic and abiotic en vi ron men tal fac tors. In pro -
duc tion just 10-30% of pro duc tiv ity po ten tial of in ten sive va ri et ies is re al ized, which is con nected
with in suf fi cient eco log i cal sta bil ity (Juchenko, 1980).

The most stud ied for age grass in the world is pe ren nial ryegrass (Peeters, 2004). The prob -
lem of pe ren nial ryegrass ad ap ta tion and de vel op ment of va ri et ies with max i mum yield sta bil ity
and for age qual ity for re gional eco log i cal con di tions take the cen tral place in pres ent breed ing
pro grams (Maxwell et al., 2006). It is of great im por tance to pe ren nial ryegrass breed ing in Bul -
garia to com bine high pro duc tiv ity with eco log i cal sta bil ity un der lim it ing en vi ron men tal con di -
tions (e.g. drought and cold) (Katova, 2005, Katova et al., 2006, 2007).

The aim of this study is to de ter mine gen eral (GAA) and spe cific adap tive abil ity (SAA) of
ge no types and their sta bil ity in a com plex of en vi ron ments and to es tab lish differentiative abil ity
of the en vi ron ments (DAE) as the se lec tive back ground for high pro duc tive and sta ble pe ren nial
ryegrass ge no types.

Ma te ri als and meth ods

A com par a tive field trial, in clud ing eight (8) va ri et ies and pop u la tions of pe ren nial
ryegrass dis tin guished by ploidy – 4 tetraploids and 4 dip loids, ma tu rity – 3 early, 3 in ter me di ate
and 2 late, and or i gin – from Bel gium and Bul garia in six (6) dif fer ent en vi ron men tal com plexes
was car ried out in the In sti tute of For age Crops, Pleven, Bul garia dur ing the 2002-2004 pe riod.
The en vi ron ments were dif fer en ti ated by grow ing tech nol ogy means (un der ir ri ga tion and
rain-fed con di tions at two plant den sity lev els - 125000 and 62500 plants per ha in 2003 and 2004 as 
fol lows: 1- un der ir ri ga tion and high plant den sity, 2003, 2- un der ir ri ga tion and low plant den sity,
2003, 3 – rain-fed con di tions and high plant den sity, 2003, 4- rain-fed con di tions and low plant
den sity, 2003, 5- un der ir ri ga tion and high plant den sity, 2004, 6- un der ir ri ga tion and low plant
den sity, 2004. Dry for age mass pro duc tiv ity (g/plant) was stud ied for a to tal of 80 in di vid ual
plants per va ri ety and af ter Two - way ANOVA, the method of es ti ma tion of gen eral (GAA) and
spe cific adap tive abil ity (SAA) of ge no types (af ter Kilchevsku and Khotyleva, 1985 a,b) and their 
sta bil ity (af ter Eberhart and Rus sell, 1966 and Tai, 1971) was ap plied. The en vi ron ments were
com pared ac cord ing to their differentiative abil ity to wards the ge no types (DAE) (af ter
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Kilchevsku and Khotyleva, 1985 a,b). The Se lec tion value of the ge no types (SVG) for se lec tion
of highly pro duc tive and sta ble forms was de ter mined at the same time. 

Re sults and dis cus sion 

The for age dry mass pro duc tiv ity (g/plant) of pe ren nial ryegrass ge no types in 6 en vi ron -
ments was de ter mined for 2003-2004 pe riod and data is pre sented in Ta ble 1.

Ta ble 1. Dry mat ter pro duc tiv ity (g/plant) of pe ren nial ryegrass (2003-2004)

N Genotype
Environment

1 2 3 4 5 6 Xi. Rank

1 Pandora 24.46 31.19 29.77 47.04 90.52 173.12 66.02 2

2 Roy 30.18 39.09 31.17 52.00 73.87 188.19 69.08 1

3 Ernesto 30.47 40.06 42.65 47.94 77.54 100.92 56.60 3

4 Ritz 26.42 28.54 28.78 42.23 27.55 122.19 45.95 6

5 Vigor 18.12 26.10 25.50 32.05 80.41 142.97 54.19 4

6 Syn IV 16.45 15.72 18.50 27.06 39.91 51.86 28.25 8

7 Syn III 22.63 32.94 23.49 30.05 46.03 84.74 39.98 7

8 Svishtov 18.54 20.62 29.92 23.78 63.00 130.26 47.69 5

Xk 23.41 29.28 28.72 37.77 62.36 124.28 50.97

Rank 6 4 5 3 2 1

The dis per sion anal y sis (ANOVA) showed high sig nif i cance of the dif fer ences be tween ef -
fects of ge no types, en vi ron ments and their in ter ac tions which al lows to pass to a next stage of
anal y sis (Table 2). 

Ta ble 2. Two –way ANOVA anal y sis of dry mat ter pro duc tiv ity of pe ren nial ryegrass (g/plant) of pe ren -
nial ryegrass – ecologo-ge netic test in IFC, Pleven (2003-2004)

Model I Model II

Source of variation FG MS Ffakt F05 F01 Ffakt F05 F01

Environments 5 23690.50 165.88 2.41 3.14 13.11 2.49 3.6

Genotypes 7 2176.48 15.24 2.21 2.76 5.48 2.29 3.19

Environments x
Genotypes

35 681.43 4.77 1.67 1.78 6.38 1.5 1.78

Error deviations 48 142.82

var(ik)=s2= 71.41

Ef fects of ge no types and en vi ron ments and ef fects and vari ances of their in ter ac tions are
pre sented in Table 3.

Gen er al ized es ti ma tion of the ge no types by pa ram e ters de ter min ing the adap tive abil ity
and sta bil ity is pre sented in Ta ble 4. Sta bil ity pa ram e ters of ge no types de ter mined by the meth -
ods of Eberhart and Rus sell, 1966 and Tai, 1971 were given for com par i son. The data anal y ses in
Ta ble 4 showed that the ge no types Pan dora, Roy, Ernesto and Vigor had the high est ef fects of
GAA. Strains 1, 2 and 8 were the most un sta ble. The co ef fi cient of com pen sa tion Kgi var ied from
0.13 for vari ant 6 to 2.51 for vari ant 2. For the half of the ge no types this co ef fi cient had val ues
above 1, which means pre dom i na tion of the ef fect of destabilization. The rel a tive sta bil ity of ge -
no types sgi var ied from 46.62 to 90.79%. Ac cord ing to bi val ues, the ge no types 2, 1, 5 and 8 had
the high est re sponse to the en vi ron ments and ge no types 6, 7, 3 and 4 the low est one.

341

Cross-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Ta ble 3. Ef fects of ge no types and en vi ron ments and ef fects and vari ances of their in ter ac tions

Genotype
Environment

1 2 3 4 5 6 Vi S2(GxE)gi

Pandora -13.99 -13.14 -14.00 -5.77 13.12 33.79 15.05 356.36

Roy -11.34 -8.31 -15.67 -3.88 -6.60 45.79 18.11 493.71

Ernesto 1.43 5.15 8.30 4.54 9.56 -28.98 5.63 183.87

Ritz 8.03 4.27 5.08 9.48 -29.78 2.92 -5.02 192.73

Vigor -8.51 -6.41 -6.44 -8.95 14.83 15.47 3.22 112.83

Syn IV 15.76 9.16 12.49 12.01 0.28 -49.70 -22.72 594.61

Syn III 10.21 14.65 5.76 3.27 -5.33 -28.55 -10.99 215.21

SvishtovR -1.58 -5.38 4.48 -10.70 3.92 9.26 -3.28 27.41

dk -27.56 -21.69 -22.25 -13.20 11.39 73.31

S(GxE)ek 90.95 67.49 86.38 46.59 182.24 1073.72

The se lec tion value of the ge no types (SVG) for se lec tion of highly pro duc tive and sta ble
forms at the same time was de ter mined. The ge no type 3 – Ernesto was the best one, com bined
high pro duc tiv ity and sta bil ity (SVG = 38.67).

Ta ble 4. Pa ram e ters of the adap tive abil ity of pe ren nial ryegrass ge no types

Geno -
type

u+vi vi S2(GxE)gi s2
SAA SSAAi Lg1 sgi SVG Kgi bi s2

di ai li

1 66.02 15.05 356.36 3307.34 57.51 0.11 87.11 26.94 2.28 1.68 135.75 1.30 -22.44

2 69.08 18.11 493.71 3640.45 60.34 0.14 87.34 28.08 2.51 1.75 191.11 1.44 -26.77

3 56.60 5.63 183.88 696.09 26.38 0.26 46.62 38.67 0.48 0.76 88.57 -0.55 -1.12

4 45.95 -5.02 192.73 1398.97 37.40 0.14 81.40 20.53 0.96 1.02 303.00 -0.02 13.40

5 54.19 3.22 112.83 2364.95 48.63 0.05 89.74 21.15 1.63 1.41 129.23 0.77 -4.31

6 28.25 -22.72 594.61 187.48 13.69 3.17 48.47 18.94 0.13 0.41 33.15 -1.24 -24.51

7 39.98 -10.99 215.21 522.47 22.86 0.41 57.17 24.45 0.36 0.68 32.21 -0.70 -6.91

8 47.69 -3.28 27.41 1874.46 43.30 0.01 90.79 18.27 1.29 1.26 104.40 0.46 0.97

The es ti ma tion of the en vi ron ments as back ground for se lec tion is pre sented in Table 5.
The max i mum pro duc tiv ity was found at the en vi ron ment 6 and min i mum one at 1. The

high est differentiative abil ity was pre sented at the en vi ron ments 6, 5 and 1. Three types of back -
grounds were determined:

Ta ble 5. Pa ram e ters of the en vi ron ment as se lec tive back ground

Environ-
ments

u+dk dk S2(GxE)ek S2
DAE k SDAE k Lek sek Background

1 23.41 -27.56 90.95 -1.73 - -52.57 - Analyzing

2 29.28 -21.69 67.49 40.05 6.33 1.69 21.61 Leveling

3 28.72 -22.25 86.38 18.00 4.24 4.80 14.77 Stabilizing

4 37.77 -13.20 46.59 85.12 9.23 0.55 24.43 Stabilizing

5 62.36 11.39 182.24 463.65 21.53 0.39 34.53 Analyzing

6 124.28 73.31 1073.72 1999.27 44.71 0.54 35.98 Analyzing

sta bi liz ing in which the poly mor phism of the pop u la tion is not pres ent and it is suit able for mul ti -
pli ca tion of the prom is ing strains, the struc ture of the pop u la tion be ing pre served; an a lyz ing,
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which con trib utes to man i fes ta tion of dif fer ent bio types and it is the most in for ma tive one; and
lev el ing, in which the vi a bil ity of dif fer ent bio types is op pressed and dif fer ences be tween them are 
lev eled.

Con clu sions 

The mean re ac tion of pe ren nial ryegrass ge no types for dry mat ter pro duc tiv ity in a com -
plex of en vi ron ments (GAA) and spe cific re ac tion in def i nite en vi ron ment (SAA), their sta bil ity
and diferentiative abil ity of en vi ron ments were determined.

The se lec tion value of the ge no types (SVG) for se lec tion of highly pro duc tive and sta ble
forms at the same time was de ter mined. The ge no type 3 – Ernesto was the best one, com bin ing
high pro duc tiv ity and sta bil ity (SVG = 38.67).
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Ab stract

The treat ment of sun flower seeds with in sec ti cides has be gun only a few years ago. That is
why the ef fect of in sec ti cides on sun flower seed is not well stud ied. The aim of this work was to
test the ef fect of in sec ti cides on ger mi na tion and en ergy of ger mi na tion of sun flower seeds.

The ef fect of in sec ti cides con tain ing ei ther tiametoxam or imidakloprid as the ac tive in gre -
di ent on ger mi na tion and en ergy of ger mi na tion of three com mer cial sun flower hy brids de vel -
oped at the In sti tute of Field and Veg e ta ble Crops in Novi Sad was tested nine months af ter their
ap pli ca tion in the Na tional Lab o ra tory for Seed Test ing, Novi Sad.

The en ergy of ger mi na tion was the high est in the seeds treated with the tiametoxam in sec ti -
cide (94.58%). Seeds in the nontreated con trol had higher en ergy of ger mi na tion (94.50%) than
the seeds treated with the imidakloprid in sec ti cide (91.75%). On av er age, the hy brid Sremac had
the high est (96.50%) and the hy brid Rimi the low est en ergy of seed ger mi na tion (88.67%).

Seed ger mi na tion in the tiametoxam in sec ti cide treat ment was 95.00%, which was sig nif i -
cantly higher than seed ger mi na tion in seeds treated with the imidakloprid in sec ti cide.

Key words: en ergy of ger mi na tion, in sec ti cides, seed ger mi na tion, sun flower seed

In tro duc tion

Sun flower (Helianthus annuus L.) is one of the four most im por tant oil crops and is cul ti -
vated be cause of its seed. It is cul ti vated on 21 mil lion hect ares in more than 40 coun tries all over
the world (Balali} et al., 2008). Sun flower is the most im por tant oil crop in Ser bia and is cul ti vated 
on 150-220,000 ha. Sun flower-sown ar eas de pend on the year, yield and eco nomic po si tion of this
im por tant crop (Mikli~ et al., 2004).

For the pro duc ers, yield level and yield sta bil ity are equally im por tant. Yield level de pends
on a large num ber of fac tors, and the most im por tant one is plant num ber per area. Plant num ber
is af fected by polyphagous in sects, which can be soil pests or in sects that can harm ver nal leaves.
Dam ages like that can di rectly in flu ence crop den sity and can have side ef fects in the form of yield 
losses. For these rea sons, sun flower seed is treated with in sec ti cides.

The treat ment of sun flower seeds with in sec ti cides has be gun only a few years ago, which is
why the ef fect of in sec ti cides on sun flower seed is not well stud ied. The In sti tute of Field and
Veg e ta ble Crops in Novi Sad uses fun gi cides of the high est qual ity for treat ing hy brid sun flower
seed, in clud ing a.c. metalaxil for de stroy ing downy mil dew (Plasmopara halstedi) and a.c. benomil
for sys temic treat ments (Mikli~ et al., 2008).

Fif teen years ago the In sti tute be gan us ing encrustation for seed treat ment. Ad van tages of
this sys tem are better qual ity of seed dust ing, better en vi ron ment pro tec tion (dur ing seed treat -
ment and sow ing), and better outer ap pear ance (\ilvesi, 1992). Af ter ten years a new rec ipe for
the incrusting mix ture was made, which im proved seed even more than be fore (\ilvesi at al.,
2002). Be fore the in tro duc tion of the mix ture into pro duc tion, en ergy of ger mi na tion and seed
ger mi na tion were in ves ti gated.

The new di rec tion in seed qual ity im prove ment is seed treat ment with in sec ti cides. De -
tailed anal y ses of in sec ti cide ef fects were pro vided by Sekuli} et al. (1998).

Ac cord ing to Sekuli} et al. (1999), chem i cal mea sures for crop pro tec tion are very im por -
tant for pest con trol. The same au thors quote that eco nomic stan dards and stan dards in en vi ron -
ment pro tec tion put upon de mands for pay able meth ods like seed treat ments dur ing the seed
pro cess ing or be fore sow ing. Sekuli} (1991, 1993, 1998) and Senn et al. (1998) per formed in ves ti -
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ga tions with prep a ra tions which con tain a.c. tiametoxam and imidakloprid and found them to be
highly ef fec tive in pest con trol.

The seed it self is one of the most im por tant fac tors for life du ra bil ity of a plant and the us -
age of high-qual ity qual ity, healthy, big, du ra ble seed is ex tremely im por tant to keep the op ti -
mum com plex of plants (Ahmad, 2001).

The aim of this work was to test the ef fect of in sec ti cides con tain ing ei ther tiametoxam or
imidakloprid as the ac tive in gre di ent on ger mi na tion en ergy and ger mi na tion of sunflower seeds.

Ma te ri als and Meth ods

For this study, seeds of three sun flower hy brids were cho sen, namely NS-H-111, SREMAC
and RIMI.

The study was con ducted dur ing 2007/08 at the Na tional Lab o ra tory for Seed Test ing in
Novi Sad. The trial had four rep li ca tions. For de ter min ing seed ger mi na tion, we used the stan -
dard method pre scribed by the Ser bian Law on Seed, pub lished in the Of fi cial Ga zette of RS No.
45/05 (in Serbian).

The seed was treated with prep a ra tions con tain ing a.c. tiametham and imidakloprid. The
amounts were 1000ml/100kg seed and the study was con ducted nine months af ter the ap pli ca tion.

The re sults were sta tis ti cally pro cessed by two-way ANOVA (fac tor A – treat ments, fac tor
B – hy brids) us ing the sta tis tics pack age GENSTAT. The sig nif i cance of the re sults was de ter -
mined by the LSD test, and the val ues of sig nif i cance were 1 and 5%.

Re sults and Dis cus sion

Vari ance anal y ses showed the ex is tence of sig nif i cant treat ment in flu ence (F=6.09; p=0.036)
on seed ger mi na tion (Ta ble 1) as well as a highly sig nif i cant in flu ence of hy brid (F=63.80;
p<0.001) and treat ment x hy brid in ter ac tion.

On av er age for all three hy brids in ves ti gated, ger mi na tion en ergy of un treated seed was
94.50 %. Seeds treated with tiametoxam in sec ti cide had (nine months af ter treat ment) al most the 
same ger mi na tion en ergy as the con trol treat ment, so it can be con cluded that the us age of this in -
sec ti cide had no neg a tive ef fects on seed ger mi na tion. Treat ment of the hy brids NS-H-111 and
RIMI in creased seed ger mi na tion, but the in creases were not statistically significant.

Ta ble 1. Ger mi na tion en ergy (%) in re la tion to ap plied in sec ti cide and hy brid

Treatments
(A)

Hybrids (B) Average
(A)NS-H-111 SREMAC RIMI

Control 96.00 96.75 90.75 94.50

Tiametoxam 96.25 96.25 91.25 94.58

Imidakloprid 94.75 96.50 84.00 91.75

Average (B) 95.67 96.50 88.67 93.61

LSD A B A x B B x A

0.01 3.43 2.19 4.02 3.80

0.05 2.26 1.60 2.95 2.77

On av er age for all three hy brids, treat ment with in sec ti cides con tain ing imidakloprid had a
neg a tive ef fect on seed ger mi na tion. Seed ger mi na tion per cent age was 2.75% smaller rel a tive to
the con trol and 2.83% lower rel a tive to the tiametham treat ment. In both cases, the dif fer ences
were sta tis ti cally sig nif i cant, the sig nif i cance be ing 5%. If we look closer at each hy brid, we can
see sig nif i cant dif fer ences among them. In the hy brids NS-H-111 and SREMAC, dif fer ences in
seed ger mi na tion in re la tion to the nontreated seed (-1.25, -0.25%) were not sta tis ti cally sig nif i -
cant. A highly sig nif i cantly neg a tive re ac tion (-6.75%) was found for the hy brid RIMI. This re ac -
tion of RIMI can be a re sult of the hy brid’s spe cific prop er ties (per haps related to hull traits, such
as thickness or hygroscopic properties).
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The hy brid SREMAC had the high est (96.50%) and RIMI the low est ger mi na tion en ergy
(88.67%).

Seed ger mi na tion in the trial (Ta ble 2) de pended on treat ment (F=7.37; p=0.024) and treat -
ment x hy brid in ter ac tion, fol lowed by hy brid (53.17; p<0.001). The high est seed ger mi na tion was
found in the treat ment with tiametoxam (95 %), but sta tis ti cally it was at the level of the con trol
treat ment. Seed treat ment with in sec ti cides con tain ing imidakloprid re sulted in re duced seed
ger mi na tion (92%), al though the ef fect was sta tis ti cally sig nif i cant only in the hy brid RIMI,
wheareas in NS-H-111 and SREMAC the differencess were not significant.

Ta ble 2. Seed ger mi na tion (%) in re la tion to ap plied in sec ti cide and hy brid

Treatments
(A)

Hybrids (B) Average
(A)NS-H-111 SREMAC RIMI

Control 96.25 96.75 91.25 94.75

Tiametoxam 97.00 96.50 91.50 95.00

Imidakloprid 95.25 96.50 84.25 92.00

Average (B) 96.17 96.58 89.00 93.92

LSD A B A x B B x A

0.01 3.21 2.38 4.09 4.12

0.05 2.12 1.74 3.01 3.01

Con clu sions

Based on the re sults of this in ves ti ga tion we can con clude that:
· The use of prep a ra tions based on a.c. tiametoxam did not pro duce any neg a tive ef fects on

ger mi na tion en ergy and seed ger mi na tion in the three hy brids in ves ti gated.
· A highly sig nif i cant neg a tive re ac tion to the prep a ra tion con tain ing a.c imidakloprid was

found only in hy brid RIMI, so for more ef fi cient pest con trol we rec om mend that prep a ra -
tions based on a.c. tiametoxam be used with this hy brid.

Ref er ences
Ahmad, S. (2001): En vi ron men tal ef fects on seed char ac ter is tics of sun flower (Helianthus annuus L.). Jour nal Agron -

omy & Crop Sci ence 187, 213-216.
Balali}, I., Mikli~, V., Joci}, S., Hladni, N., Marinkovi}, R., Gvozdenovi}, S. (2008): Rezultati mikroogleda NS hibrida

suncokreta i preporuka sortimenta za 2008. godinu. Zbornik radova, Vol. 45, No II, 111-124, Institut za
ratarstvo i povrtarstvo, Novi Sad.

\ilvesi, K. (1992): Uporedna analiza uticaja sredstava i tehnologije zapra{ivanja prilikom dorade na klijavost semen -
skog suncokreta. XXVI sem i nar agronoma, Zbornik radova, 427-432, Institut za ratarstvo i povrtarstvo, Novi
Sad.

\ilvesi, K., Mikli~, V., Prole, S. (2002): Uticaj inkrust mase nove formulacije na kvalitet semena suncokreta. Zbornik
radova, sveska 37, 35-44, Institut za ratarstvo i povrtarstvo, Novi Sad.

Mikli~, V., Du{ani}, N., [kori}, D., Joksimovi}, J. (2004): Proizvodnja semena suncokreta. Semenarstvo (monografija),
Vol. II, str. 453-498.

Mikli~, V., Radi}, V., \ilvesi, K., Popov, S., Prole, S., Ostoji}, B., Mr|a, J. (2008): Tretiranje semena suncokreta
(Helianthus annuus L.) i efekti primene insekticida. Zbornik radova, Vol. 45, No II, 125-131, Institut za ratarstvo
i povrtarstvo, Novi Sad.

Sekuli}, R., Kere{i, T., In|i}, D., Talo{i, B. (1991): Mogu}nost suzbijanja nekih {teto~ina strnih `ita i kukuruza
tretiranjem semena insekticidima. Apoteoza semena, IV monografija MRAZ-a, 100-106.

Sekuli}, R., Kere{i, T., Talo{i, B. (1993): Mogu}nost suzbijanja nekih {teto~ina {e}erne repe tretiranjem semena
insekticidima. Semenska {e}erna repa, VI monografija MRAZ-a, 122-133.

Sekuli}, R., [trbac, P, Kere{i, T., (1998): Suzbijanje {teto~ina tretiranjem semena insekticidima- zna~ajan prilog
integralnoj za{titi bilja. XXXII sem i nar agronoma, Zbornik radova, sv. 30, 15-30, Institut za ratarstvo i
povrtarstvo, Novi Sad.

Sekuli}, R., Ma{irevi}, S., P, Kere{i, T., (1999): Mogu}nost suzbijanja {tetnih organizama suncokreta tretiranjem
semena insekticidima.. XXXIII sem i nar agronoma, Zbornik radova, sv. 31, 467-478, Institut za ratarstvo i
povrtarstvo, Novi Sad.

Senn, R., Hofer, D., Hoppe, T., Angst, M., Wyss, P., Brandl, F., Meienfisch, P., Zong, L., White, S. (1998): A novel
broad-spec trum in sec ti cide sup port ing, sus tain able ag ri cul ture world wide. Pro ceed ings of an in ter na tional con -
fer ence- Pests and Dis eases, 16-19 No vem ber, vol.1, 27-36, Brigh ton.

346

Cross-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



STRESS FACTORS AND THEIR EFFECTS ON SEED GERMINATION
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Ana Marjanovi} Jeromela, Radovan Marinkovi}

In sti tute of Field and Veg e ta ble Crops, Maksima Gorkog 30, 21000 Novi Sad, Ser bia
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Ab stract

At the time of sow ing, cer tain stress con di tions can ap pear that may cause the slow ing down 
of ger mi na tion and emer gence, the for ma tion of poorly de vel oped seed lings, and in some cases,
the loss of seed vi a bil ity. These stress con di tions may be a lack or ex cess of soil mois ture or rel a -
tively low soil tem per a tures at the time of plant ing, frost, and so on.

Due to the great de mand for raw ma te ri als in the pro cess ing in dus try, cer tain crops, such as
maize, are not grown only high-qual ity types of soil (cher nozem, etc.) but on sa line soils, soils that 
are acidic or al ka line, etc.

In the pres ent study, we de ter mined the PEG and NaCl con cen tra tions at which maize ger -
mi na tion be gins to de crease as well as those at which it com pletely ceases.

Key words: maize seed, seed ger mi na tion, drought, soil sa lin ity

In tro duc tion

Since maize is grown in cli mat i cally di verse re gions and un der dif fer ent pro duc tion con di -
tions, maize seed is in ev i ta bly sub ject to var i ous stress con di tions. These stress con di tions af fect
seed germinability, re sult ing in poor crop emer gence, re duc tion of plant stand be low the op ti -
mum, in creased pres ence of weeds and, ul ti mately, re duced yield and quality of commercial
maize.

Stress con di tions may be due to soil hu mid ity short age or ex cess dur ing plant ing, rel a tively
low air tem per a ture, acid or al ka line soil re ac tion, short age of macro- or micro nut ri ents, etc.

Seeds of var i ous maize hy brids re act dif fer ently to such stress con di tions.
The ob jec tive of this study was to as sess the ef fects of drought and in creased salt con cen tra -

tion on seed germinability of sev eral maize hy brids un der lab o ra tory conditions.
Drought af fects all stages of plant growth and de vel op ment in clud ing ger mi na tion (Hadas,

1976). Drought poses prob lems in most food-pro duc ing re gions. That is why this prob lem has
been stud ied by nu mer ous re search ers and in a large num ber of crops such as to mato (Tay lor et
al., 1982), rice (Singh and Singh, 1983), wheat (Kerepesi and Galiba, 2000), var i ous grass mix tures 
(Emmerich and Hardegree, (1990, 1991, 1993), etc.

The prob lem of drought in maize has been ex ten sively stud ied by Parmar and Moore
(1965), Heydecker (1977) and Van der Venter (1988).

Nu mer ous au thors have found that drought neg a tively af fects seed germability in var i ous
crops as well the growth of the rad i cle and hypocotyl in seed lings. Poly eth yl ene gly col (PEG) has
been used in lab o ra tory stud ies for sim u la tion of drought conditions.

Seed re sis tance to in creased sa lin ity dur ing ger mi na tion is es sen tial for a plant’s sur vival in
the field and thus for its fur ther de vel op ment and high yield per for mance. Seed re sis tance in
maize has been stud ied by Kaddah and Gowail (1964) Maranon et al. (1989), Grieve and Francois 
(1992), etc. This prob lem has been stud ied in other crops too: soy bean (Abel and McKenzie,
1964), al falfa and red clo ver (Rog ers et al., 1995), bar ley (Bliss et al., 1986), and wheat (Hamson
and Simpson, 1990). These stud ies con firmed that in creased sa lin ity tends to re duce seed
germinability. In con trast, Scialabba et al. (1999) con cluded that seed sen si tiv ity to NaCl dif fers
among crops and that it de pends on ge no type and seed qual ity. Bliss et al. (1986), Smith and
Dobrenz (1987) and Rog ers et al. (1995) main tained that re duced seed vi a bil ity and there fore re -
duced germinability are brought about by the neg a tive os motic po ten tial of salt, i.e., by toxic
effects of Na and Cl ions.

Ma te ri als and Meth ods

Ex per i ments were con ducted at the Na tional Lab o ra tory for Seed Test ing in Novi Sad.
They in cluded maize hy brids from dif fer ent ma tu rity groups. Two tests were ap plied: ef fect of
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poly eth yl ene gly col and high sa lin ity in the sub strate. The tests were con ducted in ac cor dance
with the Hand book of Vig our Test Meth ods (1995), which pro vides de tails of these tests.

Poly eth yl ene gly col ap pli ca tion (os motic stress) - Seeds were in cu bated on fil ter pa per in
Petri dishes at 25°C. Fil ter pa per was pre vi ously treated with poly eth yl ene gly col, with the mo lec -
u lar mass of 6000, dif fer ing in the os motic po ten tial: -0.1 MPa, -0.3 MPa, -0.6 MPa, -0.9 MPa. Fil -
ter pa per treated with dis tilled wa ter served as con trol. Germinability was as sessed 7 days af ter
treat ment. The tests were done in 4 rep li ca tions, with 50 seeds per rep li ca tion.

NaCl ap pli ca tion (sa lin ity) - Seeds were wrapped in fil ter pa per pre vi ously treated with the
mo lar con cen tra tions of NaCl of 0.02, 0.07, 0.12, 0.17, 0.20 and 0.22 and then placed in a ger mi na -
tion cham ber (tem per a ture 25°C, rel a tive air hu mid ity 95%). Dis tilled wa ter was used as con trol,
as in the pre vi ous test. The os motic po ten tial of the so lu tion was -0.1 MPa. Ger mi na tion was as -
sessed af ter 7 days. The tests were done in 4 rep li ca tions, with 50 seeds per rep li ca tion.

The ob tained data were pro cessed by two-way ANOVA. Sta tis ti cal anal y ses were per -
formed with the MSTAT com puter pro gram.

Re sults and Dis cus sion

In creas ing PEG con cen tra tions re duced the av er age ger mi na tion val ues in all the maize hy -
brids tested, and the de crease started with the low est con cen tra tion (Graph 1). Dif fer ences be -
tween the con cen tra tions were sig nif i cant. Parmar and Moore (1965), Heydecker (1977) and Van
der Venter (1988) re ported sim i lar find ings for maize, while Tay lor et al. (1982), Singh and Singh
(1983) and Emmerich and Hardegree, (1990, 1991, 1993) ob tained sim i lar re sults for seed
germinability in var i ous plant spe cies.

Graph 1. In flu ence of PEG on seed ger mi na tion

In the case of salt tol er ance and ger mi na tion, there were no sig nif i cant dif fer ences be tween
the con trol and first two con cen tra tions. Sig nif i cant dif fer ences be tween the treat ment and the
con trol were ob served at the third and forth con cen tra tions, while the fifth and sixth pro duced
highly sig nif i cant dif fer ences.

Similary to the re ac tion to drought, our re sults showed that the in creased con cen tra tions of
NaCl neg a tively af fected seed ger mi na tion (Graph 2.). Sim i lar re sults were ob tained by Hamson
and Simpson (1990) for wheat, Bliss et al. (1986) for bar ley, Abel and McKenzie (1964) for soy -
bean, and so on. Kaddah and Gowail, (1964) found that salt had a greater neg a tive im pact on
seed ling growth than on field germinability. These au thors also de ter mined claimed that the
weight of maize seeds does not af fect their tol er ance to NaCl. Maranon et al. (1989) and Grieve
and Francois (1992), on the other hand, ar gue that larger maize seeds have greater vigor and
hence higher re sis tance to in creased NaCl con cen tra tions than smaller ones. 
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Graph 2. In flu ence of NaCl on seed ger mi na tion

Con clu sion

· Our study of PEG and NaCl in soil ap pli ca tions in di cates that maize seed is sen si tive to
abiotic stresses oc cur ring un der nat u ral con di tions.

· In the study, drought tended to re duce maize seed vi a bil ity. Neg a tive ef fects were also ev i -
dent re gard ing seed ling growth and de vel op ment. The os motic po ten tial at which seed
qual ity pa ram e ters dropped down was 0.1 MPa.

· In creas ing NaCl con tent in the sub strate was in versely pro por tional to the germinability
rate. Dif fer ences oc cur ring with low NaCl con cen tra tions were smaller than those oc cur -
ring with high ones. A sig nif i cant drop in germinability oc curred with the con cen tra tion of
0.20 mol NaCl.
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Ab stract

Corn red den ing (CR) has been one of the main fac tors of corn yield de crease in the Banat
re gion in the last sev eral years. Al though each hy brid grown in the re gion was af fected, an in ter -
est ing dif fer ence in tol er ance to CR among breed ing ma te ri als has been iden ti fied. One source
(pop u la tion NS 1-257 CRS) among those tested was se lected as be ing of par tic u lar in ter est, be -
cause all fam i lies de vel oped from it have shown no CR sus cep ti ble plants.

This study was de signed to es ti mate the mean per for mance and ge netic vari ance in NS
1-257 CRS af ter one cy cle of com bined HS-S1 prog eny se lec tion. Field ex per i ments with 80 S1
fam i lies were ar ranged ac cord ing to an in com plete block de sign with rep li cates in sets in 2006 and 
2007. Grain yield, stay green, anthesis-silk ing in ter val, root lodg ing, stalk lodg ing, stalk wa ter
con tent, grain mois ture, and CR sus cep ti bil ity were eval u ated. No sus cep ti ble plants among the
S1 prog e nies were iden ti fied. Mean per for mance for other traits gen er ally showed fa vor able re -
sponse to se lec tion. Anthesis-silk ing in ter val had the high est vari a tion, fol lowed by stalk lodg ing.
High heritability es ti mates sug gest that fur ther im prove ment in pop u la tion means should be
achieved. The high est cor re la tions with grain yield were de ter mined for anthesis-silk ing in ter val
and stay green.

Key words: breed ing, corn red den ing, tol er ance.

In tro duc tion

Corn red den ing has been one of the main fac tors of corn yield de crease in the Banat re gion
(Ser bia) in the last sev eral years. The last out break on a large scale was reg is tered in 2002 and
2003. The ex tent of red den ing and plant wilt ing ranged from 10% to 90% in some fields. The ini -
tial symp toms were the oc cur rence of red color on the leaves, leaf sheaths, husks and the bare
por tion of internodes. Leaf red den ing was at its most in ten sive along the main vein and leaf
edges, spread ing across the en tire leaf. The dis col or ation then pro ceeded down to the old leaves
un til the en tire plant be came red in color. In late Au gust, the af fected plants wilted, the red pig -
men ta tion dis ap peared for the most part, and the leaf can opy of the af fected plants dried rap idly.
The ears were also af fected – they looked gummy and poorly de vel oped and had shriv eled, un -
filled grains that were loose and bent eas ily (Bekavac et al., 2007). Many field tri als and lab anal y -
ses have been con ducted, but the causal agent of CR re mains un dis cov ered. The con tro versy on
the bi otic or abiotic na ture of CR seemed to have been set tled by the re cent dis cov ery of a pos si -
ble phytoplasma eti ol ogy (Duduk and Bertaccini, 2007), but the au thors ar gued that more bi o log -
i cal data was needed to con firm the eti ol ogy of CR by ful fill ing Koch’s pos tu lates. What ever the
cause, an in ter est ing source of tol er ance to CR was iden ti fied in a lo cally bred pop u la tion
(Bekavac et al., 2007). Such ma te ri als could be use ful in breed ing for adapt abil ity or tol er ance to
some dis eases or pests but very of ten need some im prove ment in terms of ba sic ag ro nomic traits
or com bin ing abil i ties. Re cur rent se lec tion is a breed ing pro ce dure used widely in corn breed ing
pro grams to im prove the mean val ues of the traits of in ter est through in crease in the fre quency of
fa vor able al leles and to main tain an ad e quate level of ge netic vari abil ity in the im proved pop u la -
tion for fur ther ge netic en hance ment. Com bined HS-S1 fam ily se lec tion seems to be among the
most fre quently uti lized meth ods, be cause it re sults in ge no types with less than av er age in breed -
ing de pres sion and an av er age or better heterotic re sponse (Goulas and Lonnquist, 1977).

This study was de signed to es ti mate the mean per for mance and ge netic vari ance in the CR
tol er ant pop u la tion af ter one cy cle of com bined HS-S1 fam ily se lec tion. To meet this chal lenge,
we stud ied (i) CR oc cur rence among S1 fam i lies; (ii) ge netic vari ance com po nent es ti mates and
heritability es ti mates; and (iii) ge netic cor re la tions for some ag ro nomic traits among S1 lines.
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Ma te ri als and Meth ods

The base pop u la tion used in the study (NS 1-257 CRS) was de vel oped at the In sti tute of
Field and Veg e ta ble Crops in Novi Sad, Ser bia. NS 1-257 CRS is a me dium late pop u la tion (FAO
450) de vel oped by cross ing (B14 x 103/II) x NS 257. The in bred line B14 is de rived from the Iowa
Stiff Stalk Syn thetic (BSSSC0), while the line 103/II is a do mes tic one de rived from the
broad-based pop u la tion SG 77-A, de vel oped at the In sti tute of Field and Veg e ta ble Crops, Novi
Sad. The in bred line NS 257 has been de vel oped from a lo cal pop u la tion called Rumski Zuban,
which pos sesses good adapt abil ity but has some what poorer com bin ing abil ity. One cy cle of
HS-S1 fam ily se lec tion was ap plied and 20 fam i lies were se lected for re com bi na tion. Grain yield
was the pri mary trait un der se lec tion, while the sec ond ary cri te rion was to main tain or in crease
stay green and tol er ance to root and stalk lodg ing. All fam i lies used for re com bi na tion were CR
tol er ant. The Cy cle 1 pop u la tion of NS 1-257 CRS was des ig nated NS 1-257 CRS-C1.

The S1 prog e nies from the new pop u la tion (NS 1-257 CRS-C1) were de vel oped in the
2005/2006 win ter nurs ery by selfing ran dom S0 plants. A to tal of 80 S1 prog e nies were used as en -
tries in an in com plete block de sign ar ranged as rep li cates in sets as de scribed by Hallauer and
Miranda (1988). There were two rep li cates within each of four sets, and each set in cluded 20 lines. 
The ex per i ments were con ducted in four en vi ron ments (Samos and Uzdin, Ser bia in 2006 and
2007). Ag ro nomic prac tices were used that pro moted good plant growth for the cli ma tic con di -
tions of the Banat re gion. All plots were ma chine-planted to a den sity of 55,600 plant ha-1. A plot
con sisted of two rows 6.5 m long with 0.75 m in be tween. Ex per i ments were ma chine-cul ti vated
and sprayed with her bi cide as nec es sary for proper weed con trol. Each lo ca tion-year com bi na -
tion was con sid ered a dif fer ent en vi ron ment.

Data were col lected for CR sus cep ti bil ity (% of plants with typ i cal CR symp toms); grain
yield (t ha-1, hand-har vested and ad justed to 140 g kg-1 of mois ture); anthesis-silk ing in ter val
(ASI, in days, cal cu lated as the dif fer ence be tween days to mid-silk ing and days to mid-pol li na -
tion); root lodg ing (% of plants lean ing more than 300 from the ver ti cal); stalk lodg ing (% of
stalks bro ken be low the up per ear prior to har vest); stalk wa ter con tent (% of wa ter in the stalk at 
har vest); stay green (the 1 to 10 rat ing scale based on the es ti mated por tion of green leaf area in
the to tal plant area, where 1 rep re sents a ge no type with less than 10% of green plant tis sue area
and 10 one with 90%-100%, Walulu et al., 1994); grain mois ture (%) was de ter mined with a mois -
ture me ter at har vest.

Anal y ses for all the traits were per formed on the ba sis of plot mean data com bined over
four en vi ron ments. Es ti mates of ge netic vari ance for each trait were cal cu lated from the com -
bined anal y sis of vari ance (Hallauer and Miranda, 1988; Steel and Torie, 1980). Heritabilities
were es ti mated as the ra tio of ge netic vari ance within a pop u la tion to the phenotypic vari ances on 
a prog eny-mean ba sis. Ge netic cor re la tions for a set of ag ro nomic traits were cal cu lated as the ra -
tio of ap pro pri ate covariance-vari ance components (Falconer, 1981).

Re sults and Dis cus sion

Anal y sis of vari ance (not shown) com bined across four en vi ron ments in di cated sig nif i cant
dif fer ences among the en tries for all the traits ex cept CR sus cep ti bil ity. The av er age mean value
for CR oc cur rence was 0%, which showed the high tol er ance of the tested ma te rial to CR. This
was ex pected be cause all 20 lines used for re com bi na tion were CR tol er ant. The main pur pose of
this study was to ex am ine the pop u la tion re sponse to com bined HS-S1 fam ily se lec tion. The data
were com bined across years de spite quite big dif fer ences in rain fall and tem per a ture in 2006 and
2007. Mean grain yield across all en vi ron ments was 5.57 t ha-1, rang ing from 3.17 t ha-1 to 7.48 t
ha-1 t ha-1. Root and stalk lodg ing av er aged 2.93 and 4.76 %, re spec tively, and ASI was 1.57 days,
stay green 4.84 and grain mois ture 25.37%. Sig nif i cant ge netic vari a tion ex isted among the S1
lines for all the traits ex cept CR. The high est vari a tion was de ter mined for ASI (37.11%) and the
low est for grain mois ture (4.26%). Heritability es ti mates for all the traits ranged from 0.48 (root
lodg ing) to 0.82 (grain mois ture) (Ta ble 1). Some re sults ob tained in this study are in ac cor dance
with the re sults pub lished by Walters et al. (1991), \or|evi} and Ivanovi} (1996), and Mihaljevic
et al. (2005).
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Ta ble 1. S1 fam ily es ti mates of means, com po nents of vari ance and heritability es ti mates eval u ated
across four en vi ron ments in NS 1-257 CRS-C1

Trait Mean s2
g† CVg(%)‡ h2

CR (%) 0.00 - - -

Grain yield (t ha-1) 5.57 ± 0.04 § 0.61 ± 0.12 12.88 0.71

ASI (days) 1.57 ± 0.04 0.63 ± 0.08 37.11 0.67

Root lodging (%) 2.93 ± 0.02 4.03 ± 1.73 26.29 0.48

Stalk lodging (%) 4.76 ± 0.04 6.88 ± 2.19 30.92 0.65

Stalk water content (%) 58.87 ± 0.35 25.32 ± 4.61 10.55 0.70

Stay green 4.84 ± 0.13 0.41 ± 0.08 19.67 0.76

Grain moisture (%) 25.37 ± 0.08 0.77 ± 0.14 4.26 0.82

† Es ti mate of ge netic vari ance us ing mean squares from the anal y sis of vari ance.

‡ Co ef fi cient of vari a tion based on ge netic vari ance and cor re spond ing mean. 

§ Stan dard er ror.

Sig nif i cant ge netic cor re la tions with grain yield were found for ASI. Sim i lar re la tion ships
be tween the same traits were re ported by Guei and Wassom (1992). Syn chro nised pol li na tion
and silk ing is es pe cially im por tant in droughty sea sons, when lack of wa ter and high tem per a tures 
can de lay silk ap pear ance for sev eral years. A pos i tive cor re la tion be tween grain yield and stay
green (Ta ble 2) has con firmed that good plant health (Crosbie, 1982) and in creased photosyn -
thetic ac tiv ity in the later stages of veg e ta tion (Thomas and Smart, 1993) determine grain yield.

Ta ble 2. Es ti mates of ge netic cor re la tions among traits of 80 S1 fam i lies in NS 1-257 CRS-C1 eval u ated in 
four en vi ron ments.

Traits ASI RL SL SW SG GM

GY (t ha-1) -0.278* -0.152 -0.203 -0.238 0.295* -0.227

ASI (days) -0.047 -0.065 0.203 0.275* -0.173

RL (%) 0.248 -0.167 -0.347** -0.332*

SL (%) -0.688** -0.641** -0.426**

SW (%) 0.697** 0.663**

SG (1-10) 0.527**

*, ** Sig nif i cant at P=0.05 and 0.01, re spec tively.

GY-grain yield, ASI-anthesis-silk ing in ter val, RL-root lodg ing, SL-stalk lodg ing, SW-stalk wa ter con tent, SG-stay

green, GM-grain mois ture.

Strong neg a tive cor re la tions ex ist be tween stalk lodg ing on the one hand and stalk wa ter
con tent, stay green and grain mois ture on the other. As ex pected, stay green was in flu enced by
stalk wa ter con tent sig nif i cantly. The strong pos i tive cor re la tion be tween stay green and grain
mois ture (0.527**) in di cates that breed ing for better stay green can also bring an un de sir able
change in maturity (Table 2).

Con clu sions

The re sults from our study showed that the pop u la tion NS 1-257 CRS-C1 is an in ter est ing
source of CR tol er ance. The mean per for mance of traits gen er ally showed fa vour able re sponse to 
se lec tion and the mag ni tude of ge netic vari abil ity and the rel a tively high heritability of the ex am -
ined traits proved this pop u la tion could be a good source for breed ing. Some in ter re la tion ships
be tween stud ied traits must be taken into con sid er ation in or der to avoid un de sir able cor re la tive
re sponses. Per haps a kind of se lec tion indices could be helpful in this regard.
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Ab stract

Corn red den ing (CR) was ob served for the first time in Ser bia in 1957. Af ter a 30-year
pause, an ex ten sive CR out break oc curred in late July/early Au gust of 2002. The ini tial symp toms 
of CR were the oc cur rence of red-vi o let color on the leaves, leaf sheaths, husks and the bare por -
tion of internodes. The symp toms ap peared at the milk ma tu rity stage and the dis col or ation was
the most in ten sive on the top leaves, around the main vein and along the edges, from leaf base to
tip. Af ter the oc cur rence of the symp toms, the af fected plants wilted and dried rap idly, the red
pig men ta tion dis ap peared for the most part, and the plants fi nally died off. The ears were also af -
fected and were un de vel oped and gum mous with shriv eled and un filled ker nels. The main cause
of corn red den ing is still un dis cov ered. Some re search ers ar gue that the red den ing is due to ex -
treme weather con di tions, but some oth ers state that CR is caused by patho genic or gan isms. The
CR-af fected plants were neg a tive to corn stunt spiroplasma and CR was not trans mis si ble by
seed. Some in ter est ing re la tion ships be tween plant ing date and CR oc cur rence as well as in sec ti -
cide treat ment and CR in ci dence were iden ti fied. It seems that bi otic fac tors might be in volved.

Key words: causes, corn red den ing, symp toms.

In tro duc tion

Corn red den ing (CR) was ob served for the first time in Ser bia in 1957 on a lim ited acre age
in the vi cin ity of the town of Vr{ac (Mari} and Kosovac, 1959). Af ter a 30-year pause, it oc curred
again in the Banat re gion in 2002 and 2003. The ex tent of red den ing and plant wilt ing ranged from 
10 to 90%, which caused a se ri ous con cern among corn grow ers. By the end of July (shortly af ter
flow er ing and pol li na tion), red-vi o let color could be seen on mid- and top leaves of in di vid ual
corn plants. Leaf red den ing was the most in ten sive along the main vein and leaf edges, spread ing
across the en tire blade. The dis col or ation then pro ceeded down to the old leaves, un til the en tire
plant ac quired a red dish tinge. In late Au gust, the af fected plants wilted, the red pig men ta tion
dis ap peared for the most part, and the leaf can opy of the af fected plants dried rap idly.

It seems that this phe nom e non is con nected with en vi ron men tal fac tors (Jasni}, 2003), be -
cause a se vere drought and high air tem per a tures oc curred in the re gion, es pe cially dur ing July,
2002 and 2003. In 2004, which was fa vor able for corn pro duc tion in terms of weather con di tions,
the in ten sity of CR was much lower (1-5%). Just a few fields had more than 10% of plants with
CR symp toms.

In 2005, the CR oc curred spo rad i cally. Typ i cal symp toms (the term ‘typ i cal’ means the oc -
cur rence of red color of plant can opy and the char ac ter is tic symp toms on the ear) could be seen
only on in di vid ual plants. How ever, dif fer ent symp toms of corn red den ing were ob served on a
num ber of plants in 2005. Most of the dis col ored plants had a nor mally de vel oped, firm ear with
well-filled grains. Con trary to the typ i cal CR, which started on the top leaves, some plants in 2005
had dis col ored leaves be low the ear, while their top leaves re mained green. Other plants had in -
ten sively tinged leaves around the ear and nor mal green-col ored top and basal leaves, and yet
there were some in di vid ual plants with dis col or ation oc cur ring only on the top leaves. In terms of
CR oc cur rence, 2006 and 2007 were quite sim i lar to 2005.

The name “corn red den ing” or “red dis col or ation” dates back from the 1960s. It does not
de scribe all symp toms oc cur ring on the plant can opy but only the most strik ing one - the red tinge
that can be readily per ceived. The na ture of CR has not been fully ex plained. In ten sive corn red -
den ing first oc curred in Ser bia in the 1957 and then again in 2002, when only the re gion of Banat
was af fected. The cli mate in the Banat re gion is mod er ately con ti nen tal, with long, cold win ters
with snow and very hot sum mers. The cold est month is Jan u ary with the mean tem per a ture of
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about 1oC. The warm est is July, with the mean tem per a ture of over 22oC. The re gion has the low -
est rain fall in the coun try, about 650 mm. A spe cial fea ture of this re gion is the oc cur rence of
strong winds through out the year.

The anal y sis of weather con di tions in the 1957-1961 pe riod showed that CR oc curred
mostly in arid re gions and in re gions with fre quent and strong winds. In some years, how ever,
drought and high tem per a ture were not the de ci sive fac tors for the oc cur rence and de vel op ment
of CR. For ex am ple, the year 1959 had high rain fall and the most in ten sive oc cur rence of CR
(group of au thors, 1971). Red dis col or ation may be caused by a num ber of bi otic (Mari} and
Kosovac 1959; Mari} 1971; [uti} 1987; [uti} et al. 2002, 2003) and abiotic (Kere~ki 2003; Rosi} et
al. 1973) fac tors. The lat ter in clude the short age of some nu tri ents, re stricted as sim i late trans port
from leaves to the ear, plant in fer til ity, tem per a ture variation shock, mechanical damage, etc.

Ma te ri als and Meth ods

Ex per i ment 1. Ex per i ment with in sec ti cides
The field tri als for this ex per i ment were planted in 2006 and 2007 at Samo{ (Kova~ica mu -

nic i pal ity). Three seed treat ments were tested as main plots and two plant treat ments as sub plots
in a split-plot ex per i ment. One com mer cial hy brid (check) with mod er ate sus cep ti bil ity to CR
was cho sen for test ing. In sec ti cides used in seed treat ment were: Furadan 35-ST (at a dose of 1.5
litres/100 kg of seed), Gau cho 600 FS (600 ml/100 kg of seed) and Cruiser 350 FS (1 l/100 kg of
seed). For the fo liar treat ment Cimogal (1.5 l ha-1) and Confidor 200-SL (0.6 l ha-1) were used.
Treat ment with fo liar in sec ti cides was com pleted on 24/06/2006 and 22/06/2007, re spec tively.
Har vest was done by hand by the end of Sep tem ber each year and data were col lected for grain
yield and grain mois ture (not shown) and for CR oc cur rence (% of plants with typ i cal symp toms
of CR). The es ti ma tion of corn red den ing was done sev eral times – first two weeks af ter pol li na -
tion and then at weekly in ter vals un til in creases in the num ber of new plants af fected by CR
stopped. The oc cur rence of red color of the plant can opy and the char ac ter is tic symp toms on the
ear were con sid ered as typ i cal in di ca tors of corn red den ing. Plants hav ing both symp toms were
taken for cal cu la tions of hy brid sus cep ti bil ity to CR.

Ex per i ment 2. Ex per i ment with hy brids and plant ing time
Twenty hy brids of dif fer ent ma tu rity groups were planted in the same lo ca tion as the Ex -

per i ment 1 and tested for CR sus cep ti bil ity. For each hy brid, the per cent age of plants with typ i cal 
CR symp toms was cal cu lated. The tri als were planted on two plant ing dates: the first one (I) was
in mid-April and the sec ond (II) was three weeks later. The ex per i ment was ar ranged as RCB de -
sign with three rep li ca tions. Two hun dred plants per four-row plot were grown at an ap prox i mate 
den sity of 58,000 plants h-1. Har vest was done by hand and data were col lected for RP (% of
plants with symp toms of corn red den ing), RE (% of ears with symp toms of CR), and GY (grain
yield, t ha-1). Spearman Rank cor re la tions were cal cu lated for each plant ing date sep a rately.

Re sults and Dis cus sion

Ex am i na tion of the na ture of corn red den ing is still in prog ress, and our as sump tion is that
there are two or more fac tors of both bi otic and/or abiotic na ture that cause CR. CR af fected
plants were neg a tive to corn stunt spiroplasma and CR was not trans mis si ble by seed (data not
shown). Since some in sect spe cies could trans mit cer tain bi otic agents with a po ten tial role in CR
eti ol ogy, the ex per i ment with in sec ti cides for seed and fo liar treat ment dur ing veg e ta tion was
con ducted to check a pos si ble con nec tion be tween CR ap pear ance and in sects as di rect causal
agents or pos si ble vec tors of bi o log i cal agents. For this ex per i ment, one do mes tic com mer cial hy -
brid (do mes tic check) with mod er ate sus cep ti bil ity to CR was cho sen. The mean squares (data
not shown) were not sig nif i cant for seed treat ments but sig nif i cant for plant treat ments. The
mean val ues for CR oc cur rence in the seed and plant treat ments ex per i ment are shown in Ta ble
1. There were no sig nif i cant dif fer ences in the mean val ues of the seed treat ments. Among plant
treat ments, sig nif i cant dif fer ences be tween the un treated con trol and the treated vari ants were
found. Dif fer ences between the plant treatments themselves (Cimogal and Confidor) were not
significant (Table 1).
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Ta ble 1 Mean val ues (%) for CR oc cur rence in seed and plant in sec ti cidal treat ments

 A – Seed Treatment
Mean B LSD 0.05 LSD 0.01

Furadan Cruiser Gaucho

B – Plant
treatment

Untreated 8.25 6.93 9.58 8.25 0.29 0.40

Cimogal 7.25 9.25 7.17 7.89

Confidor 7.92 7.35 7.58 7.62

Mean A 7.81 7.84 8.11

LSD 0.05 0.31

LSD 0.01 0.52

The high est per cent age of plants with the symp toms of corn red den ing was ob served in the
un treated con trol, which in di cated that some in sects may have ef fects on CR oc cur rence or may
trans mit some bi o log i cal agents re lated to CR. Re sults re ported by [uti} et al. (2002) and Jovi} et
al. (2007) may be in ter preted as sup port ing the view that in sect spe cies play an im por tant role in
CR. How ever, the dif fer ences in mean val ues among the plant treat ments in this study may be too 
small to con firm the above state ment and should be interpreted carefully.

The ex per i ment with hy brids and plant ing time was de signed to de ter mine if the plant ing
date had any re la tion to CR oc cur rence in terms of co in ci dence of phase of corn de vel op ment and 
the pres ence of cer tain in sect spe cies in the corn field. Twenty hy brids (of do mes tic and for eign
or i gin) of dif fer ent ma tu rity group were tested for CR sus cep ti bil ity on two plant ing dates. Mean
val ues for all three traits (grain yield and per cent age of plants and ears with symp toms of CR) de -
creased on the sec ond plant ing date (Ta ble 2). It is in ter est ing that the per cent age of plants with
symp toms of CR de creased more than two times, but the per cent age of ears with symptoms of
CR decreased just slightly.

Ta ble 2 Mean val ues and rank cor re la tions be tween traits on two plant ing dates

Planting date
Mean values Spearman rank correlations

GY (t/ha) RP (%) RE (%) GY-RP GY-RE RP-RE

I 9.57 14.08 3.79 -0.17 -0.47* 0.69**

II 8.24 6.21 3.25 -0.46* -0.70** 0.92**

*, ** Sig nif i cant at P=0.05 and 0.01, re spec tively.

Some in ter est ing re la tion ships were ob tained in this ex per i ment. As ex pected, cor re la tions
be tween GY and RP were neg a tive on both plant ing dates, but they were higher and sig nif i cant
on the sec ond. The in ter re la tion ship be tween GY and RE was neg a tive and much stron ger than
that be tween GY and RP. Al though cor re la tions clearly in di cated that the yield re duc tion was
de ter mined by CR, es pe cially on the sec ond plant ing date, we should not over es ti mate the role of
CR, be cause later plantings in the re gion are al ways less pro duc tive. Very high cor re la tions be -
tween RP and RE on both the first and sec ond plant ing dates dis closed a high prob a bil ity that on
each plant hav ing clear CR symp toms the ear will also be affected, especially in later plantings
(Table 2).

Con clu sions

The re sults from our study showed that none of the stud ied treat ments is tightly con nected
to CR. Late plant ing seems to have less af fected plants, but the per cent age of af fected ears con -
flicts with the state ment that we can se cure good yields with post poned plant ing time. It seems
that a cer tain bi o log i cal fac tor ex ists, but we should not un der es ti mate the role of the en vi ron -
ment. Al though there were no tol er ant com mer cial hy brids, some dif fer ences in tol er ance among 
them did ex ist. In or der to solve this prob lem, breed ing for tol er ance may be the most pow er ful
tool. Some ad di tional so phis ti cated meth ods should be ap plied to dis close the main cause of CR
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and to help in breed ing ac tiv i ties. In our opin ion, at least two fac tors are in volved, and due to the
cli ma tic spec i fic ity of the Banat re gion, the en vi ron ment plays quite an important role in CR
occurrence. The work on this is ongoing.
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RESPONSE OF MAIZE INBRED LINES TO SULFONYLUREA HERBICIDES 
IN THE FIELD AND GREENHOUSE CONDITIONS

Goran Malid`a, Goran Bekavac, Aleksandra Nastasi}
In sti tute of Field and Veg e ta ble Crops, Maize De part ment, Maksima Gorkog 30, 21000 Novi Sad, Ser bia

E-mail: malidza@ifvcns.ns.ac.yu

Ab stract

The se lec tiv ity of primisulfuron-methyl, rimsulfuron, and nicosulfuron to wards 11 maize
inbreds was stud ied in a three-year field trial. A green house ex per i ment was con ducted to in ves ti -
gate the se lec tiv ity of nicosulfuron to wards three maize inbreds with dif fer ent suceptibility lev els. 
Of the 11 inbreds tested, seven were found to be tol er ant, three me dium sus cep ti ble, and one sus -
cep ti ble in the field tri als. The her bi cides were found to have dif fer ent de grees of se lec tiv ity, with
nicosulfuron be ing more se lec tive than the other two com pounds tested. The in bred line 568 NS
proved very tol er ant of nicosulfuron in the green house and the ED50 value of this line (the
nicosulfuron dose in hib it ing 50% of the above-ground dry mat ter weight of the plant) was 6 and
2.3 times higher than the ED50 val ues of the lines F-2 and 123/II NS, re spec tively.

Key words: sulfonylurea her bi cides, maize, se lec tiv ity, in bred lines

In tro duc tion

Primisulfuron-methyl, rimsulfuron and nicosulfuron are post-emer gence sulfonylurea her -
bi cides in tended for weed con trol in maize. Many re search ers have ob served that maize inbreds
are usu ally more sen si tive to sulfonylurea her bi cides than maize hy brids (Green and Ulrich, 1993, 
1994; Kang, 1993). In view of this di ver sity in the her bi cide re sponses of dif fer ent maize ge no -
types, the aim of our field and green house tri als was to test the most im por tant pa ren tal com po -
nents of NS maize hy brids for their re sponse to the post-emer gence ap pli ca tion of primisul -
furon-methyl, rimsulfuron and nicosulfuron.

Ma te ri als and Meth ods

Field stud ies were con ducted dur ing 1995-1997 at Rimski [an~evi lo ca tion in Ser bia in or -
der to study the re sponse of 11 maize in bred lines to the post-emer gence ap pli ca tion of sin gle and
dou ble rates of the sulfonylurea her bi cides primisulfuron-methyl (30 and 60 g ha-1), rimsulfuron
(15 and 30 g ha-1), and nicosulfuron (50 and 100 g ha-1). A ran dom ized block de sign with four rep -
li ca tions was used and the ba sic plot size was 14 m2. The her bi cides were ap plied at the 5-6-leaf
growth stage of maize us ing a knap sack sprayer with TeeJet XR 11003 noz zles and 300 L ha-1 of
wa ter. Shoot fresh weight of ten plants and her bi cide phytotoxicity (vi sual plant in jury on a scale
from 0 to 100%) were es ti mated two weeks af ter the her bi cide ap pli ca tion. Grain yield with 14%
mois ture was de ter mined us ing two mid dle rows of the ba sic plot (7 m2). The study re sults were
pro cessed by anal y sis of vari ance with the LSD test ap plied us ing the Mstat-C soft ware pack age.
Three maize inbreds were se lected for green house stud ies. Eight seeds were planted in pots (8775 
cm3 filled with air-dried cher nozem soil) and thinned af ter emer gence to four plants. Air tem per -
a ture in the green house was main tained at 25 ± 2 oC dur ing the day (16 h) and 18 ± 2 oC at night (8
h) and photosynthetically ac tive ra di a tion was 600-800 mE m-2s-1. Pots were sub-ir ri gated as
needed. A ran dom ized block de sign with four rep li ca tions was used and nicosulfuron (20, 30, 50,
100, 200 and 400 g ha-1) was ap plied at the five-leaf stage of growth. Shoot dry weight per pot was
de ter mined two weeks af ter her bi cide ap pli ca tion. Re gres sion with log-lo gis tic pro ce dure cal cu -
lated the 50% growth-in hi bi tion rates (ED50) (Streibig et al., 1993).

Results and Dis cus sion

Sus cep ti bil ity of in bred lines to primisulfuron-methyl, rimsulfuron and nicosulfuron in field con di -
tions. In the field tri als, the in bred lines stud ied re sponded dif fer ently to the nicosulfuron,
primisulfuron-methyl and rimsulfuron ap pli ca tions. Of the 11 inbreds tested, seven were found to 
be tol er ant (116/II NS, 21 NS-A, 199 A, 568 NS, 20 NS-D, 20 NS-R and 41NS), three me dium sus -
cep ti ble (701/V NS, 123/II NS and 346 A-NS), and one sus cep ti ble (F-2). The her bi cides were
found to have dif fer ent de grees of se lec tiv ity, with nicosulfuron be ing more se lec tive than the
other two com pounds tested (Ta ble 1).
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Ta ble 1. Av er age her bi cide phytotoxicity two weeks af ter her bi cide ap pli ca tion (%)

Inbred
lines

Untreated
check

Primisulfuron
(30 g ha-1)

Primisulfuron
(60 g ha-1)

Nicosulfuron
(50 g ha-1)

Nicosulfuron
(100 g ha-1)

Rimsulfuron
(15 g ha-1)

Rimsulfuron
(30 g ha-1)

LSD
5%

115/II NS 0.0 2.1 6.0 0.6 3.2 2.2 6.9 1.1

701/V NS 0.0 3.8 10.5 1.1 5.3 6.2 13.4 1.7

123/II NS 0.0 3.2 10.5 1.2 6.3 4.6 13.2 1.2

346 A-NS 0.0 3.2 9.9 0.8 4.3 3.3 10.3 1.5

21 NS-A 0.0 1.0 5.7 0.2 3.0 1.3 6.0 1.2

199 A 0.0 0.3 2.8 0.0 0.7 0.3 4.1 0.9

568 NS 0.0 0.2 2.8 0.0 1.3 0.2 3.8 0.7

20 NS-D 0.0 0.4 3.6 0.0 0.8 0.5 4.7 0.9

20 NS-R 0.0 0.4 2.7 0.0 1.4 0.4 4.1 0.8

41 NS 0.0 0.2 3.5 0.0 1.5 0.2 3.9 0.8

F-2 0.0 91.8 96.9 87.8 96.9 96.6 98.8 2.4

Ta ble 2. Av er age shoot fresh weight two weeks af ter her bi cide ap pli ca tion (g)

Inbred
lines

Untreated
check

Primisulfuron
(30 g ha-1)

Primisulfuron
(60 g ha-1)

Nicosulfuron
(50 g ha-1)

Nicosulfuron
(100 g ha-1)

Rimsulfuron
(15 g ha-1)

Rimsulfuron
(30 g ha-1)

LSD
5%

115/II NS 109.9 97.8 103.5 110.0 106.2 113.8 105.8 11.7

701/V NS 74.1 67.7 65.4 74.0 74.2 67.0 64.8 7.8

123/II NS 154.8 152.1 134.2 162.1 162.7 151.3 147.8 11.5

346 A-NS 135.2 131.0 126.8 136.1 142.0 137.8 135.0 9.1

21 NS-A 106.8 99.6 102.9 102.5 107.3 110.1 105.1 15.1

199 A 130.7 142.3 126.0 123.2 130.4 132.3 136.6 10.7

568 NS 120.0 123.9 123.9 111.4 120.3 118.5 119.4 14.3

20 NS-D 90.1 88.1 89.6 90.5 90.6 98.4 91.5 7.9

20 NS-R 107.5 102.3 102.5 112.1 107.9 107.4 113.8 11.3

41 NS 160.9 145.2 147.5 151.7 146.8 153.9 152.4 17.5

F-2 85.0 12.9 5.2 15.9 8.3 8.3 6.9 4.5

Ta ble 3. Grain yield (t ha-1)

Inbred
line

Untreated
check

Primisulfuron
(30 g ha-1)

Primisulfuron
(60 g ha-1)

Nicosulfuron
(50 g ha-1)

Nicosulfuron
(100 g ha-1)

Rimsulfuron
(15 g ha-1)

Rimsulfuron
(30 g ha-1)

LSD
5%

115/II NS 4.52 4.35 4.36 4.43 4.39 4.41 4.32 0.31

701/V NS 3.61 3.41 3.07 3.47 3.50 3.33 3.18 0.32

123/II NS 4.89 4.97 4.65 4.74 4.67 4.64 4.59 0.46

346 A-NS 5.83 5.61 5.77 5.66 5.86 5.81 5.63 0.31

21 NS-A 3.44 3.37 3.29 3.26 3.25 3.49 3.29 0.39

199 A 5.75 5.80 5.92 5.58 5.84 5.69 5.71 0.45

568 NS 6.40 6.47 6.14 6.14 6.17 6.34 6.37 0.47

20 NS-D 5.31 5.45 5.04 5.24 5.21 5.19 5.13 0.44

20 NS-R 5.29 5.08 5.32 5.13 5.45 5.12 5.39 0.44

41 NS 6.14 6.26 6.03 6.32 6.16 6.15 6.15 0.46

F-2 1.55 0.06 0.04 0.02 0.00 0.04 0.00 0.10

The sus cep ti ble in bred line F-2 had sig nif i cant de creases in shoot fresh weight two weeks
af ter her bi cide ap pli ca tion and grain yield in com par i son with the un treated check. The use of the 
dou ble rates of primisulfuron-methyl and rimsulfuron in the me dium sus cep ti ble in bred line
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701/V NS re sulted in sig nif i cant plant in jury and de creases of the above-ground plant weight and
grain yield (Ta bles 2 and 3).

Sig nif i cant cor re la tions be tween grain yield and phytotoxicity or shoot fresh weight in the
sus cep ti ble in bred line F-2 and the me dium sus cep ti ble line 701/V NS in di cate that both rat ing
meth ods were ef fec tive in eval u at ing the maize treated with the tested her bi cides for yield losses
(Ta ble 4).

Ta ble 4. Cor re la tion be tween grain yield and phytotoxicity and shoot fresh weight of 12 maize in bred
lines

Inbred lines Phytotoxicity (%) Plant weight (g)

115/II NS -0.807* 0.585

701/V NS -0.892** 0.883**

123/II NS -0.711 0.242 

346 A-NS -0.204 0.416 

21 NS-A -0.475 0.440 

199 A 0.296 0.156 

568 NS -0.171 0.357 

20 NS-D -0.694 -0.302

20 NS-R 0.648 0.248 

41 NS -0.624 -0.092

F-2 -0.995** 0.992**

* and ** in di cates a sig nif i cant cor re la tion be tween yield and rat ing or mea sure ment at the 5 and 1% level, re spec -
tively

Fig. 1. Nicosulfuron dose re sponse curves for green house bioassay with in bred lines 
568 NS, 123/II NS and F-2

Sus cep ti bil ity of se lected in bred lines to nicosulfuron in the green house. The in bred line 568 NS
proved very tol er ant, 123/II NS me dium sus cep ti ble, and F-2 sus cep ti ble to nicosulfuron in the
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green house (Fig. 1). The ED50 value of the line 568 NS (the nicosulfuron rate in hib it ing 50% of
the above-ground dry mat ter weight of the plant) was 6 and 2.3 times higher than the ED50 val ues
of the lines F-2 and 123/II NS, re spec tively (Ta ble 5).

Ta ble. 5. Com par i son of ED50 rates of nicosulfuron for tested in bred lines

Inbred lines ED5 0 Standard error

568 NS 242.07 33.45

123/II NS 104.86 25.67

F-2  40.65  5.31

Con clu sions

· The ex per i ments in the field and green house both dem on strated dif fer ences in her bi cide
tol er ance of the in bred lines tested.

· Of the 11 inbreds tested in the field tri als, seven were found to be tol er ant, three me dium
sus cep ti ble, and one sus cep ti ble. The her bi cides were found to have dif fer ent de grees of se -
lec tiv ity, with nicosulfuron be ing more se lec tive than primisulfuron-methyl and
rimsulfuron.

· The in bred line 568 NS proved very tol er ant of her bi cide nicosulfuron in the green house.
The ED50 value of this tol er ant line was 6 and 2.3 times higher than the ED50 val ues of the
lines F-2 and 123/II NS, re spec tively.

· The screen ing of maize in bred lines for her bi cide tol er ance in the field and green house is
ad vis able in or der to avoid crop in jury af ter com mer cial iza tion. The green house bioassay
proved to be an easy and time-sav ing method that can aid in the elim i na tion of her bi cide
sus cep ti bil ity in in bred lines and hy brids.
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IN VITRO ANTAGONISTIC EFFECT OF SERRATIA 
LIQUEFACIENS TO MAIZE PATHOGENIC FUNGI
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Ab stract

Bac te rial strain Serratia liquefaciens, iso lated from sun flower rhizosphere, have been
screened for an tag o nis tic be hav iour against six maize fun gal patho gens. In vi tro S.liquefaciens in -
duced growth re duc tions of all in ves ti gated fungi. The great est an tag o nist ef fect was achieved in
the dual cul ture of bac te rial iso lates with the fun gus Exseroxillum turcicum on both me dia and with 
the ap pli ca tion of both stated meth ods. The low est an tag o nis tic ef fect was ob tained in in ter ac -
tions with the fun gus Fusarium oxysporum. The mech a nism of in hib i tory ac tion may be some
antifungal com pounds that bac te rium pro duces, or com pe ti tion for nu tri ents (with Ph.ambiguum)
or phys i cal con tact be tween bac te rium and fun gus (F.oxysporum).

Key words: fungi, an tag o nism, mech a nism of ac tion, Serratia liquefaciens

In tro duc tion

The most im por tant maize dis eases are caused by phytopathogenic fungi. Apart from re -
duc ing yield and seed qual ity, they can also pro duce mycotoxines. Syn thetic fun gi cides are pri -
mary agents used for de stroy ing fungi in or der to con trol dis eases. Dur ing last de cade in ter est in
the de vel op ment of more ef fi cient and eco nom i cally jus ti fi able al ter na tives have been in creased.
The unique abil ity of endophytic bac te ria, that can be found in seeds (Ad ams and Kloepper,
1996; McInroy and Kloepper, 1995, Mladenovic et al., 1993), veg e ta tive plant ma te rial,
rhizosphere (Halmann et al., 1997), to sur vive within plants with lit tle or no com pe ti tion for nu tri -
ents, makes these bac te ria po ten tial agents for bi o log i cal con trol. Iso lates of the gram neg a tive
bac te rial ge nus Serratia, fre quently found as so ci ated with plant roots, pos sess antifungal prop er -
ties (McInroy and Kloepper, 1995; White man and Stew art, 1998). S. liquefaciens from car na tion
rhizosphere is used to pro tect root cut tings (Sneh et al., 1985), while Serratia plumitica ex hib its an
antifungal ef fect against Pythium ultimum (Benhamou et al., 2000), F.oxysporum and F. culmorum
(Kalbe et al.,1996). White man and Stew art (1998) screened a range of bac te ria as po ten tial an tag -
o nists against Bo try tis cinerea and found that sporulation of B.cinerea was re duced by
S.liquefaciens. Iso lates of gram neg a tive bac te rial strain, from sun flower rhizospher, S.liquefaciens
exibit antifugal ef fects against Sclerotinia. Cer tain bac te ria may in duce re sis tance through de
novo syn the sis of com pounds, an ti bi ot ics, in hi bi tion of fun gal pen e tra tion, com pe ti tion for nu tri -
ents. In the pres ent study, the po ten tial of bac te rial iso late S. liquefaciens, iso lated from the sun -
flower rhizosphere for con trol ling maize patho genic fungi as well as pos si ble mech a nism of an -
tag o nism, was eval u ated in vi tro.

Ma te ri als and Meth ods

Bac te ria iso lates and preparaion of inoculum. The bac te rial strain used in this ex per i ment was
pro vided by Dr. I.Kiryakov. S. liquefaciens was iso lated from sun flower rhisosphera. The bac te rial 
strain was de ter mined by the ap pli ca tion of the API (BioMerieux, France) and the Mycolog 1 sys -
tem. The bac te rial inoculum was grown on the me dium by trans fer ring one col ony of bac te ria to
100-ml LB me dium and by their in cu ba tion at 30oC in shake cul tures for 24h. The stock cul ture
was used to pre pare inocula of Ph.ambiguum, F.oxysporum, Bipolaris zeicola, Exseroxillum turcicum,
Microdohia bolleyi, Nigrospora oryzae. Fun gal inoculum was pre pared by grow ing the fungi three
week on fresh po tato dex trose agar (PDA) at 25°C. An an ti bi otic was added to pre vent bac te rial
con tam i na tion.
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In vi tro screen ing of endophytic bac te ria for an tag o nism. The dual cul tures of fungi and bac te -
rium, as well as, sep a rated cul tures of fungi (con trol), were in cu bated on the PDA me dium, op ti -
mal for fungi cul ture and on the LB me dium, op ti mal for the bac te rial cul ture at 30°C dur ing
seven days (Guterson et al. 1986., Siepmann, 1987). Fungy col ony ra dius was av er aged over five
rep li ca tions and mea sured af ter 7 days. All ex per i ments were re peated three times. Pro duc tion of
an ti bi otic. An ti bi otic pro duc tion was tested by method of Hsu and Lock wood (1969), and com pe -
ti tion for nu tri ents as pos si ble mech a nism of ac tion by method of Mohamed and Coun ter (1995)
and pro tein anal y sis by method of Laemmli (Laemmli, 1970).

Re sults and Dis cus sion

The most in ten sive an tag o nis tic ef fect was ob tained in dual cul tures of bac te rial strain
S.liquefaciens on the patho genic fun gus E.turcicum, i.e. F.oxysporum, re spec tively, by both meth -
ods on both me dia (Ta ble 1). The low est an tag o nis tic ef fect was ob tained in in ter ac tions with the
fun gus F. oxysporum

Ta ble 1. Mean di am e ter of fungi and per cent age of re duc tion of fungi growth in in ter ac tion with bac te ria
S.liquefaciens in re la tion to con trol

fungi

Meth ods

Guterson Sieppman

medium RC* % reduc. RC* % reduc.

B. zeicola
PDA
LB

3,0±0,10
0,7±0,10

56,6
91,3

5,8±0,10
0,5±0,00

35,5
94,1

E. turcicum
PDA
LB

1,2±0,10
0,5±0,00

86,1
92,6

1,1±0,10
0,7±0,10

86,7
88,8

F. oxysporm
PDA
LB

4,4±0,26
3,4±0,10

43,8
52,1

5,5±0,10
5,0±0,10

25,6
29,6

Ph. ambiguum
PDA
LB

1,1±0,06
0,5±0,00

87,7
94,1

5,9±0,00
0,8±0,10

34,5
90,7

M. bolleyi
PDA
LB

1,7±0,10
0,6±0,10

69,1
90,6

3,7±0,10
1,0±0,10

33,9
81,3

N. oryzae
PDA
LB

2,2±0,10
0,5±0,00

75,5
94,4

4,7±0,10
5,1±0,10

47,7
43,3

*RC- ra dius of fungi col ony in in ter ac tion (cm), % per cent age of re duc tion 

An tag o nis tic ef fect of the bac te rial strain S. liquefaciens against iso lates of maize par a sitic
fungi were de ter mined. Gen erally, higher re duc tion of mycelial growth of all fungi on PDA was
ob tained by the method of Guterson et al. (1986) than by the method of Siepmman (1987).
S.liquefaciens in in ter ac tion with M.bolleyi showed low an tag o nism on PDA by method of
Siepman (1987), but high an tag o nism by meth ods of Guterson (1986). Sim i lar re sults were ob -
tained in in ter ac tion with F.oxysporum: me dium an tag o nism ac cord ing Guterson (1986) was low
an tag o nism ac cord ing to Siepmman (1987).

The in hi bi tion of growth of Ph. ambiguum and B. zeicola was al most max i mum on both me -
dia. Based on the ob tained re sults it is ob vi ous that meth ods of Guterson et al. (1986), give more
re li able data of the de gree of patho genic fungi in hi bi tion by S. liquefaciens. The co ef fi cient of cor -
re la tion of fun gal growth in hi bi tion ob tained by these two meth ods was high and sig nif i cant and
amounted to r =0.65. My ce lium growth in hi bi tion of all in ves ti gated fungi oc curred with out any
phys i cal con tact be tween fun gus and bac te rium, ex cept in dual cul ture with F.oxysporum on PDA
me dium. There is a neg a tive cor re la tion of an tag o nis tic ef fect be tween and Ph. ambiguume the an -
tag o nis tic ef fect and the glu cose con cen tra tion in crease. %. The most pro nounced an tag o nis tic
ef fect of S. liquefaciens against the iso late Ph. ambiguum was de tected at the glu cose con cen tra tion
of 1% which is in agree ment with the re sults re ported by Kne`evi} (1999). An ti bi otic pro duc tion

364

Cross-pollinated crops
Breed ing for Re sis tance to Bi otic and Abiotic Stresses

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



has not been de ter mined as cause of fungy growth in hi bi tion by S. liquefaciens. In or der to de ter -
mine whether a pro tein com plex of bac te ria in the in ter ac tion with phytopathogenic fungi is al -
tered, this pro tein com plex was com pared with a pro tein com plex of a bac te rium used as a con -
trol. It has been de ter mined de novo syn the sis of high mo lec u lar weight polipeptide frac tion.
When electrophoregrams of pro teins iso lated from bac te rium in in ter ac tion with F.oxysporum are 
com pared with electrophoregrams of bac te rial pro teins in con trol cul ture it can be seen that the
low mo lec u lar weight pro tein frac tion is miss ing. Ob tained re sults dem on strate that bac te rial
strain S.liquefaciens iso lated from sun flower rhizosphere has fungistatic ef fect on maize
phytopathogenic fungi in vi tro. Fur ther work is needed to clar ify the mech a nism by which
S.liquefaciens re duce fun gal growth.

Fig.1 Dual cul ture of S.liquefaciens with N.oryzae and F.oxysporum on PDA me dium by method of
Guterson (a, c) and Sieppman (b, d)
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Ab stract

Le gumes serve as an im por tant ro ta tion crop in ce real-based crop ping sys tems world wide.
Pro duc tion of cool sea son le gumes has tra di tion ally in volved va ri et ies with a spring growth habit;
how ever, va ri et ies of pea and len til which can be sown in the fall and sur vive rel a tively se vere
win ter con di tions at north ern lat i tudes have been de vel oped in Eu rope and North Amer ica.
These va ri et ies pro vide an at trac tive op tion in the crop ro ta tion for pro duc ers. De spite the ad -
van tages they pro vide there are sig nif i cant pro duc tion con straints that need to be ad dressed.
These in clude im proved win ter har di ness, in creased seed size (for pea), mul ti ple dis ease re sis -
tance and im proved yield po ten tial. Re search ef forts in North Amer ica have fo cused on iden ti fy -
ing germplasm with im proved yield po ten tial, seed and for age qual ity, and win ter har di ness. The
win ter le gumes have also been shown to be well suited to pro duc tion in di rect seed crop ping sys -
tems and con trib ute to sus tain able crop pro duc tion.

Key words: ag ro nomic ad ap ta tion, le gumes, win ter har di ness, win ter len til, win ter pea

In tro duc tion

The vast ma jor ity of world pea pro duc tion is as a spring an nual type. How ever, pro duc tion
of pea as a true win ter an nual in Eu rope has been eval u ated and a mod est av er age an nual pro duc -
tion of 10,200 ha of Aus trian win ter pea is pro duced in the United States (USADPLC, 2007).
Win ter len tils are not pro duced at any re port able level in the world; how ever, re lease of the va ri -
ety  orton in the US has re sulted in ap prox i mately 1000 ha of pro duc tion in the north west ern
USA (Muehlbauer and McPhee, 2005). Win ter le gumes pro vide many ag ro nomic ad van tages to
ce real-based crop ping sys tems and ex panded pro duc tion is ex pected with the de vel op ment of
cultivars with im proved seed qual ity char ac ters sim i lar to spring types. Fall-sown le gumes with
suf fi cient win ter har di ness to sur vive harsh win ter con di tions of fer pro duc ers the op por tu nity to
di ver sify their crop ping sys tems while en hanc ing the ro ta tional ben e fit of a le gume. Fall-sown le -
gumes also pro vide pro duc ers with ad di tional op tions for for age pro duc tion and green ma nure
ground cover in or ganic crop ping sys tems.

Aus trian win ter pea, of ten re ferred to as  lack peas  have been pro duced in the US in land
Pa cific North west as a green ma nure and for ma ture dry seed pro duc tion since the 1930s
(Slinkard and Murray, 1979). The USDA-ARS Grain Le gume Ge net ics and Phys i ol ogy Re -
search Unit at Pull man has been de vel op ing im proved breed ing lines with greater win ter har di -
ness for sev eral years. Aus trian win ter pea is un de sir able for hu man con sump tion due to small
seed size and pig men ta tion from tan nin pre cur sors in the seed coat that give a bit ter fla vor to the
cooked seed. In the early 1990s crosses were made be tween high qual ity, highly adapted tra di -
tional spring pea types and avail able Aus trian win ter pea. Se lec tion within seg re gat ing bulk pop -
u la tions has yielded sev eral win ter hardy, white-flow ered breed ing lines with win ter har di ness
com pa ra ble to the Aus trian win ter pea. Two white-flow ered win ter feed peas,  pecter and 
indham  were re leased in 2005 and 2006, re spec tively (McPhee et al. 2007; McPhee and
Muehlbauer 2007).

Win ter le gumes are adapted to di rect seed ing which is crit i cal to crop sur vival and suc cess -
ful adop tion by pro duc ers. Sev eral is sues have been stud ied in clud ing seed bed prep a ra tion (stub -
ble height), sow ing depth, date, and den sity; how ever, weed con trol con tin ues to be a lim it ing fac -
tor. Fall-sown le gumes ide ally form a small ro sette ap prox i mately 5 to 8 cm in height prior to en -
ter ing a dor mant state over the win ter pe riod. Due to the small plant size it is rec om mended that
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they be sown di rectly into stand ing ce real stub ble. The stub ble pro vides pro tec tion from cold,
des ic cat ing winds, cap tures snow and pro tects the soil from both wind and wa ter ero sion, all of
which ben e fit the crop and the ag ro nomic sys tem. Snow cap tured within the stub ble in su lates
from cold tem per a tures and tends to melt more slowly al low ing greater soil in ter ca la tion. A study 
con ducted in Wash ing ton and Montana eval u ated many of these fac tors and dem on strated that
win ter pea has suf fi cient win ter har di ness and ag ro nomic ad ap ta tion to the intermountain re gion
to war rant fur ther re search and field pro duc tion (Chen et al. 2006).

The goal of breed ing pro grams is to de velop win ter le gume va ri et ies with seed qual ity char -
ac ter is tics sim i lar to spring le gume va ri et ies. The cur rent white-flow ered win ter pea cultivars,
Spec ter and Windham, do not meet the elite re quire ments of tra di tional spring pea hu man food
mar kets due to small seed size and pres ence of sub tle seed coat mark ings. Se lec tion against these
un de sir able char ac ters over time is ex pected to yield high qual ity seed which will be suit able for
tra di tional mar kets. De spite un de sir able vi sual qual ity pa ram e ters of cur rent win ter pea va ri et -
ies, they are well suited to use in an i mal feed ra tions, for age pro duc tion, green ma nure and bird -
seed. Cur rent win ter pea cultivars are suit able for hu man con sump tion in soup mixes if
decorticated and split, and pro cessed seed com po nents such as starch, pro tein or fi ber can be
used in in dus trial or other ap pli ca tions. Future varieties will not require decortication prior to use 
for food.

Ma te ri als and Meth ods

Breed ing and Germplasm en hance ment
Aus trian win ter pea ge no types and elite, high yield ing spring ge no types were hy brid ized to

de velop pop u la tions where win ter har di ness of the win ter types and the ed ible qual ity traits of
the spring types were com bined. F1 and F2 were sown in the spring to min i mize loss and al low
max i mum seg re ga tion while F3 and more ad vanced pop u la tions were sown in the fall to se lect for
win ter har di ness. Be gin ning in the F4, in di vid ual plants were grown in the green house or sin gle
plants were se lected in the field to es tab lish true breed ing lines that could be eval u ated for seed
qual ity and ag ro nomic per for mance.

Ag ro nomic ad ap ta tion
Elite breed ing lines from the USDA-ARS Grain Le gume Ge net ics and Phys i ol ogy Re -

search Unit have been grown across a di verse set of en vi ron ments. Crop hus bandry prac tices
were con sis tent with lo cal pro duc tion prac tices. Plot size var ied among lo ca tions and ran dom ized 
com plete block de signs with three or four rep li ca tions were used. Data col lected in cluded seed
yield, bloom date, ma tu rity, vine length, lodging and seed size.

Cold har di ness eval u a tion
Twelve ge no types of win ter pea were grown in con trolled con di tions and al lowed to ac cli -

mate to 4C for 0-4 weeks be fore be ing treated with freez ing con di tions ramping down to -8C. The
freez ing treat ment was fol lowed by a 24 hour re cov ery pe riod at 4C and trans fer to 25C green -
house con di tions. Regrowth over a 5-wk pe riod was re corded on a scale of 1-5, where 1 = healthy
regrowth and 5 = plant death. Sub se quent eval u a tion of re com bi nant in bred lines and elite breed -
ing lines us ing a 4-wk ac cli ma tion pe riod was con ducted using the same -8C freezing treatment.

Re sults and Dis cus sion

Se lec tion of white-flow ered, clear-seeded win ter pea with im proved win ter har di ness and
ed ible qual ity seed traits has been suc cess ful. Elite breed ing lines with both green and yel low cot -
y le dons are be ing eval u ated for seed yield and ag ro nomic ad ap ta tion across north ern U.S. en vi -
ron ments. Many of these breed ing lines are able to sur vive in the milder cli mates of the U.S. Pa -
cific North west and cen tral Montana, but lack suf fi cient win ter har di ness to sur vive the harsh
win ter con di tions in the north ern Plains en vi ron ments of North Da kota. How ever, eval u a tion in
ex treme en vi ron ments is nec es sary to make se lec tion progress toward increased levels of winter
hardiness.
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Though win ter pulses are able to sur vive in the con ti nen tal cli mate of the intermountain re -
gion of Montana, they of ten do not com pete well with spring-sown crops for crop ma tu rity and
yield pro duc tion due to low har vest in dex. The lack of clear yield ad van tage to win ter pulses over
spring pulses must be over come through breed ing and se lec tion to give pro duc ers in cen tive to
pro duce the win ter pulses. This may be pos si ble through se lec tion for in creased har vest in dex and 
a more determinant growth habit.

The USDA-ARS win ter le gume breed ing pro gram is lo cated in the U.S. Pa cific North west
where win ter con di tions are rel a tively mild and cold stress over the win ter is of ten in suf fi cient to
pro vide ad e quate sep a ra tion be tween hardy and non-hardy ge no types. As a re sult ge netic ad -
vance ment is lim ited. In an ef fort to over come this lim i ta tion, broad test ing of ad vanced se lec -
tions is con ducted in colder en vi ron ments, but se lec tion in early gen er a tions re mains a chal lenge.
Use of ar ti fi cial, con trolled en vi ron ments is one means by which ge netic gain can be achieved if
cold stress con di tions re flect ing those of the nat u ral en vi ron ment can be rep li cated. So phis ti cated 
meth ods that du pli cate the crop de vel op ment stages of seed ling es tab lish ment, ac cli ma tion, cold
stress, re cov ery and regrowth have been de vel oped for win ter wheat have been adapted to the le -
gumes in an ef fort to pro vide ad di tional screen ing for im proved ge no types. Re sults in di cate that
an ac cli ma tion pe riod of 3 or 4 wk is ad e quate to pro vide suf fi cient sep a ra tion among ge no types
con trast ing in win ter sur vival and that a sig nif i cant re sponse to freez ing can be ob served af ter as
few as 48 hr of ac cli ma tion. Data for six win ter pea cultivars sub jected to freez ing stress fol low ing
0 and 4 wk of ac cli ma tion are pre sented in Fig ure 1 and cor rob o rate ob ser va tions from field sur -
vival rat ings in PNW field trials. This indicates that the method may be a viable indication of
overall winter hardiness that can then be verified in the field.

Fur ther work on dis ease re sis tance among the win ter pulses is re quired since they are ex -
posed to cold, wet soil con di tions in the spring that are con du cive to fun gal patho gen growth and
sub se quent dis ease de vel op ment. Patho gens ex pected to be of great est im por tance are
Mycosphaerella pinodes, Phoma medicaginis var. pinodella, Ascochyta pisi, Sclerotinia sclerotiorum,
and root rot patho gens such as Aphanomyces euteiches and Fusarium solani. Ge netic re sis tance to
many of the patho gens af fect ing the crops is avail able; how ever, it is not pres ent in many win ter
hardy back grounds. This is an area that must be ad dressed in ear nest for the long term suc cess of
the win ter pulses.

Fig ure 1. Sur vival scores for six win ter pea ge no types sub jected to freez ing 
stress at -8C fol low ing 0 and 4 wk of ac cli ma tion.

Con clu sion

Over all, win ter pea has great po ten tial to pro vide a vi a ble al ter na tive for crop ro ta tion to
pro duc ers fol low ing con ven tional or or ganic prac tices. Sig nif i cant prog ress has been made
through plant breed ing to se lect im proved white-flow ered win ter pea with seed qual ity char ac -
ters suited to the ed ible mar kets tra di tion ally ser viced by spring types. The new win ter pulse va ri -
et ies have many pos i tive at trib utes; how ever, many ag ro nomic and qual ity at trib utes need to be
im proved prior to full ac cep tance by pro duc ers and in the mar ket place. The char ac ters of great -
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est im por tance are im proved win ter har di ness, har vest in dex, seed qual ity and dis ease re sis tance.
Ad e quate se lec tion for im proved win ter har di ness is of ten dif fi cult in re gions where breed ing is
con ducted. There fore, use of re mote lo ca tions with con sis tent an nual win ter con di tions or ar ti fi -
cial con trolled en vi ron ments is nec es sary to en sure se lec tion gain to ward im proved win ter hardy
types. Pulses pro vide ag ri cul tural sys tems with re sid ual ni tro gen. Quantitation of the ni tro gen
ben e fit to soils and sub se quent crops from pulses is an ad di tional area of re search that will ben e fit 
win ter pulse adop tion and pro duc tion. The fu ture of win ter pulse pro duc tion is bright, but
continued effort on a broad scale addressing specific production constraints will be necessary to
ensure continued adoption.

Ref er ences
Chen, C., P. Miller, F. Muehlbauer, K. Neill, D. Wichman and K. McPhee. 2006. Win ter pea and len til re sponse to seed -

ing date and mi cro- and macro-en vi ron ments. Agron omy Jour nal, 98:1655-1663.
McPhee, K.E., C. Chen, D.M. Wichman and F.J. Muehlbauer. 2007. Reg is tra tion of  indham win ter feed pea. Jour nal of 

Plant Reg is tra tions, 1(2):117-118. 
McPhee, K.E. and F.J. Muehlbauer. 2007. Reg is tra tion of  pecter win ter feed pea. Jour nal of Plant Reg is tra tions,

1(2):118-119.
Muehlbauer, F.J. and K.E. McPhee. 2006. Reg is tra tion of  orton win ter len til. Crop Sci ence, 47(1):438.
Slinkard, A.E. and G.A. Murray. 1979. Aus trian win ter field pea in dus try in Idaho. Eco nomic Bot any, 33:280-283. 

371

Self-pollinated crops
Breed ing for Yield and Qual ity

Oral Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



FIELD PEA GENETIC IMPROVEMENT AT THE UNIVERSITY OF SASKATCHEWAN 

Tom Warkentin, Al bert Vandenberg, Bunyamin Tar’an, Sabine Banniza, and Kirstin Bett
Crop De vel op ment Cen tre/De part ment of Plant Sci ences, Uni ver sity of Sas katch e wan, 

51 Cam pus Drive, Saskatoon, SK, Can ada S7N 5A8
E-mail: tom.warkentin@usask.ca

Ab stract

Field pea pro duc tion in west ern Can ada has in creased steadily for the past two de cades
from 410,000 tonnes on 198,000 ha in 1991 to 2,935,000 tonnes on 1,470,000 ha in 2007. Pulse crops 
(field pea, len til, chick pea, dry bean and fababean) have be come well in te grated in crop ping sys -
tems due to their eco nomic at trac tive ness and crop ro ta tional ben e fits. The pulse crop breed ing
pro gram at the Crop De vel op ment Cen tre (CDC) op er ates within a long-term agree ment with
the Sas katch e wan Pulse Grow ers (SPG), a farmer op er ated as so ci a tion. SPG pro vides long-term
fund ing for pulse crop breed ing in ex change for dis tri bu tion rights to the re sult ing cultivars
through an ef fi cient ‘va ri ety re lease’ pro gram. The mar ket share of CDC field pea cultivars in
Sas katch e wan has risen from <5% in 2000 to 45% in 2007.

The ob jec tive of the CDC field pea breed ing pro gram is the de vel op ment of early ma tur -
ing, high yield ing cultivars with re sis tance to pow dery mil dew and im proved re sis tance to
ascochyta blight and lodg ing with ac cept able qual ity for ex port and do mes tic food and feed mar -
kets. Re cent re leases in clude yel low cot y le don va ri et ies CDC Golden, Cut lass, CDC Bronco,
CDC Meadow and CDC Cen ten nial, as well as green cot y le don va ri et ies CDC Striker and CDC
Sage (see ref er ence list).

The ge netic con trol of lodg ing in pea was in ves ti gated and mark ers as so ci ated with this trait 
were de vel oped (Tar’an et al. 2003; Zhang et al. 2006). The as so ci a tion of lodg ing with
mycosphaerella blight re sis tance and pea stem anat omy was de scribed (Banniza et al. 2005). The
macro-nu tri ent den sity of pea seed sam ples is be ing eval u ated us ing near in fra red spec tros copy
(Arganosa et al. 2006). Ge netic di ver sity in pea cultivars and wild ac ces sions was de scribed
(Tar’an et al. 2005). Re search pro jects are in prog ress on the ge netic con trol of as pects of vi sual
seed qual ity, ge netic con trol of phytate con cen tra tion, anal y sis of al lele di ver sity for im prove -
ment of nu tri tional pro file and dis ease re sis tance, char ac ter iza tion of fla vour prop er ties, and de -
vel op ment of EST and SNP genomic re sources.

Key words: field pea, breed ing, ge net ics, genomics, qual ity
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NEW ACHIEVEMENTS OF COTTON BREEDING IN BULGARIA

Ana Stoilova, Neli Valkova
Cot ton and Durum Wheat Re search In sti tute, Chirpan, Bul garia

E-mail: saldzhieva@abv.bg; iptp@abv.bg

Ab stract

The cot ton breed ing in Bul garia is fo cused on the cre ation of early cot ton va ri et ies pos sess -
ing high ge netic po ten tial for yield and im proved fi ber qual ity. As a re sult of suc cess ful breed ing
work five new cot ton va ri et ies were cre ated – Trakia, Helius (early and pro duc tive), Colorit,
Darmi and Natalia, dis tin guished by higher fi ber qual ity. Trakia and Helius were cre ated by us ing 
the ex per i men tal mu ta gen e sis, Colorit, Darmi and Natalia were ob tained from the crosses of G.
hirsutum and bred lines of interspecific or i gin G. hirsutum L. x G. barbadense L. Within the state
cultivar test ing Helius ex ceeded the stan dard va ri ety Chirpan-539 by 8.4 % and Trakia sur passed
it by 3.6 %. Colorit, Darmi and Natalia in ear li ness and pro duc tiv ity were equal to Chirpan-539,
in fi ber length – to Avangard-264 (stan dard for fi ber qual ity). Darmi and Natalia dis tin guished by 
higher lint per cent age of fi ber than Avangard -264. In the state cultivar test ing Natalia ex ceeded
Chirpan- 539 by 3.5 %, Avangard-264 – by 4.5 %, Darmi – by 2.0 and 6.8 %, re spec tively.

Key words: ag ro nomic traits, cot ton, Gossypium hirsutum, new cultivars

In tro duc tion

The cot ton pro duc tion in Bul garia is based solely on Bul gar ian cot ton cultivars. Bul gar ian
cot ton con sti tutes a spe cific eco log i cal group of the Gossypium hirsutum L. spe cies Proles
Bulgaricum and in the world range the Bul gar ian cultivars are dis tin guished with ex cep tional ear -
li ness (Bozhinov, Dimitrova, 1974). Bul garia is on the north ern bor der for cot ton dis tri bu tion
and for that rea son ear li ness is of prime im por tance.

Cre at ing early cultivars with high ge netic po ten tial for yield over 4500-5000 kg/ha and
cultivars with high fi ber qual ity are pri or ity di rec tions of the breed ing pro grams.

Intraspecific hy brid iza tion within the G. hirsutum L. spe cies and ex per i men tal mu ta gen e sis
are the prin ci pal breed ing meth ods in the breed ing of early cot ton cultivars with high ge netic po -
ten tial for yield. Sig nif i cant prog ress in this di rec tion was achieved with the cre ation and in tro -
duc tion of cultivars Beli izvor, Garant and Ogosta (Bozhinov, 1979). New achieve ments are
cultivars Chirpan-539, Chirpan-603, Beli Iskar and Beli Lom (Bozhinov et al., 1996, 2004).

For breed ing cultivars of im proved fi ber qual ity is used interspecific hy brid iza tion of the
spe cies G. hirsutum L. × G. barbadense L. By this method was ob tained the cultivar Avangard -264,
reg is tered in 1994 with 3 mm lon ger fi ber than cultivar Beli izvor (stan dard) (Koynov, Stoilova,
1996). New achieve ments are cultivars Perla-267 (1999) and Vega (2003) (Stoilova, Saldzhiev,
2000, 2004).

As a re sult of suc cess ful breed ing five new cot ton cultivars Trakia, Helius, Natalia, Darmi
and Kolorit were cre ated.

The aim of this study was to es tab lish the pro duc tive po ten tial and qual ity fi ber in dexes of
the new cot ton cultivars in com par i son with the stan dard cultivars, as well as the com bi na tion of
other valu able prop er ties.

Ma te ri als and Meth ods

The cultivars Trakia and Helius were ob tained by means of ex per i men tal mu ta gen e sis,
Trakia – by ir ra di at ing seeds of the intraspecific hy brid Ogosta h 76223 with gamma rays (100
Gy), Helius – by ir ra di at ing seeds of cultivar S-6530 with gamma rays (150 Gy). The cultivars
Natalia, Darmi and Kolorit were ob tained from crosses of breed ing lines of interspecific or i gin G.
hirsutum L. x G. barbadense L. with promissing cultivars of G. hirsutum L., Natalia – line 65 h T-073, 
Darmi – line 268 h S-9070, Colorit – line 266 h Bal kan. In 2000 they were in cluded in com pet i tive
cultivar tri als set up by the stan dard method in four rep li ca tions with a har vest plot of 20 m2, and
sow ing space 60 h 10 h 1. The cultivars were eval u ated on the base of the ob tained data for the
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most sig nif i cant ag ro nomic traits – Sep tem ber and to tal yield, boll weight, fi ber length and lint
per cent age. For man age ment of data sta tis ti cal pro gram ANOVA was used.

Colorit was in cluded in a state cultivars test ing in the pe riod 2001-2003, Trakia and Darmi –
2002-2004, Helius – 2004-2006, Natalia – 2004-2007.

The pe riod of study (2000-2007) in cluded years of var i ous tem per a ture and rain fall sup ply.
Ex cep tion ally un fa vor able in re gard to the rain fall sup ply was 2001 (very dry). Very fa vor able for
cot ton were 2002 and 2003 (warm and moderately wet).

Re sults and Dis cus sion

Ta ble 1 shows the re sults from the test ing of Trakia and Helius for a seven-year pe riod.
Both cultivars sig nif i cantly ex ceeded the stan dard Chirpan-539 by 8.5 and 14.2 % in to tal yield.
Helius ex ceeded it in Sep tem ber yield, too. Trakia was equal to the stan dard in boll weight, while
Helius had by 0.3 g larger bolls. In terms of fi ber length and lint per cent age, and height of first
fruit ing branch the two cultivars give lower val ues than Chirpan -539, but they are sta tis ti cally
insignificant. 

Ta ble 1. Ag ro nomic traits of Trakia and Helius for a seven year pe riod (2000-2006)

Cultivars

Seed
cotton
yield
kg/ha

In % to
Chirpan–539

September
Yield
kg/ha

In % to
Chirpan–539

Boll
weight

g

Lint
percentage

%

Fiber
length

mm

Height 
of first
fruiting
branch

cm

Chirpan-539 2048 100.0 1618 100.0 4.9 37.1 25.9 18.7

Trakia 2213 108.5 1702 105.2 5.0 36.8 25.6 18.3

Helius 2339 114.2 1779 109.9 5.2 36.7 25.2 18.3

GD 5 % 125 8.2 68 7.0 0.2 0.7 0.5 1.1

GD 1 % 176 11.5 96 9.8 0.3 0.8 0.7 1.5

GD 0.1 % 249 16.2 13.5 13.8 0.4 1.2 1.0 2.0

The re sults from the test ing of the other three cultivars are given in Ta ble 2. Av er age for a
pe riod of eight years Natalia and Darmi in sig nif i cantly ex ceeded the stan dard for ear li ness and
pro duc tiv ity Chirpan-539 by 3.2-3.3 %, while Colorit av er age for seven years got equal with it, the 
dif fer ence be ing sta tis ti cally in sig nif i cant. In terms of Sep tem ber yield which is used as a cri te rion
of ear li ness, Darmi was equal to Chirpan-539 while Natalia in sig nif i cantly stays be hind by 2.4 %,
Colorit – by 1.5 %. As for the boll weight no dif fer ences were ob served. The most valu able prop -
erty of the three cultivars was their lon ger fi ber. Cultivar Natalia was with 0.7 mm lon ger fi ber
than cultivar Avangard-264 (stan dard of fi ber qual ity), the other two cultivars – Darmi and
Kolorit had 0.4 and 0.5 mm lon ger fi ber, re spec tively. In fi ber length (28.3-28.5 mm) they sur -
passed Chirpan-539 by 2.6–2.8 mm. With Natalia and Darmi the lon ger fi ber was com bined with a 
high lint per cent age – 39.1-39.2 %, and by this trait they ap prox i mated Chirpan -539 (40.1 %),
and sur passed Avangard-264 by 2.5-2.6 %. Cultivar Colorit had lower lint per cent age and was
about equal with Avangard-264. The lon ger fi ber with it was com bined with higher first fruit ing
branch – 20.5 cm at 18.9 cm for Chirpan-539 and 18.3 cm for Avangard which makes it very suit -
able for mech a nized cot ton har vest ing.

Data for the seed cot ton yield and lint yield ob tained from the state cultivar test ing of the
new cultivars is pre sented in Ta ble 3. 

Cultivar Trakia ex ceeded the stan dard Chirpan-539 in seed cot ton yield by 3.6 %, while in
lint yield it was equal to it. Cultivar Helius ex ceeded Chirpan-539 in seed cot ton yield and lint
yield by 8.5 % and 4.3 %, re spec tively. The two cultivars ex ceeded Avangard-264 in to tal yield by
8.1-8.5 %, while in lint yield they sur passed it by 9.6-13.4 %.
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Ta ble 2. Ag ro nomic traits of Natalia, Darmi and Colorit for a many year pe riod (2000-2006, 2000-2007)

Cultivars

Seed
cotton
yield
kg/ha

In % to
Chirpan-539

September
yield
kg/ha

In % to
Chirpan–

539

Boll
weight

g

Lint
percentage

%

Fiber
length

mm

Height
of first
fruiting
branch

cm

2000-2007

Chirpan-539 2006 100.0 1538 100.0 5.3 40.1 25.7 18.1

Avangard-264 2049 102.1 1595 103.7 5.4 36.6000 27.8+++ 17.6

Natalia 2073 103.3 1502 97.6 5.4 39.2 28.5+++ 18.0

Darmi 2070 103.2 1539 100.1 5.3 39.1 28.3+++ 18.7

GD 5 % 187 9.3 166 10.8 0.2 1.2 0.5 0.9

GD 1 % 255 12.7 225 14.6 0.2 1.6 0.7 1.2

GD 0.1 % 344 17.1 304 19.8 0.3 2.2 0.9 1.7

2000-2006

Chirpan-539 2071 100.0 1600 100.0 5.4 40.1 25.5 18.9

Avangard-264 2022 97.6 1621 101.3 5.4 36.7000 27.9+++ 18.3

Colorit 2049 98.9 1576 98.5 5.5 37.1000 28.3+++ 20.5++

GD 5 % 90 4.3 118 7.4 0.2 0.6 0.6 1.0

GD 1 % 126 6.1 165 10.3 0.3 0.8 0.8 1.4

GD 0.1 % 178 8.6 234 14.6 0.5 1.1 1.1 2.1

Ta ble 3. Re sults from the state test ing of the new cot ton va ri et ies (data of the IASAS)

Cultivars
Seed cotton yield Lint yield

kg/ha In % to the standards kg/ha In % to the standards

2004-2006

Helius 2810 1082

Chirpan-539-st. 2590 108.4 1037 104.3

Avangard-264-st. 2590 108.4 954 113.3

2002-2004

Trakia 2530 949

Chirpan-539-st. 2450 103.6 941 100.9

Avangard-264-st. 2340 108.3 866 109.6

2004-2007

Natalia 2330 876

Chirpan-539-st. 2250 103.5 897 97.6

Avangard-264-st. 2230 104.5 818 107.1

2002-2004

Darmi 2500 930

Chirpan-539-st. 2450 102.0 941 98.8

Avangard-264-st. 2340 106.8 866 107.4

2001-2003

Colorit 2260 822

Chirpan-539-st. 2240 100.9 853 96.4

Avangard-264-st. 2170 104.1 786 104.6

The cultivars Darmi and Natalia ex ceeded Chirpan-539 (stan dard for ear li ness and pro duc -
tive ness) in seed cot ton yield by 2.0 % and 3.5 %, but gave way with 1.2 % and 2.4 % in lint yield.
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Cultivar Colorit was equal with Chirpan-539 in seed cot ton yield, but gave way in lint yield by 3.6
%. Darmi ex ceeded Avangard-264 (stan dard for fi ber qual ity) in to tal yield by 6.8 % and Natalia
ex ceeded it by 4.5 %, Kolorit - by 4.1 %, while in lint yield the three cultivars ex ceeded it re spec -
tively by 7.4 %, 7.1 % and 4.6 %. In the state cultivar test ing Natalia and Darmi were equal to
Avangard-264 in modal and sta ple fi ber length, Colorit had lon ger fi ber by 0.6 mm than it (data
are not given here).

The main cultivars for the coun try are Chirpan-539 and Avangard-264. Grow ing the two
cultivars at the Cot ton and Durum Wheat Re search In sti tute in Chirpan in the last six years av er -
age yields of 2400-2500 kg/ha (with out ir ri ga tion) had been obtained.

At the in ter na tional cultivar test ing in Bul garia (2002-2003) Chirpan-539 oc cu pied the first
po si tion in seed cot ton yield - 3300 kg/ha av er age for the two years, fol lowed by Avangard-264 -
3150 kg/ha. The for eign cultivars yielded 37.7-89.2 % from the yield of Chirpan-539 (Stoilova,
Valkova, 2005).

At an argotechnical trial in North ern Greece (city of Orestiada), Chirpan-539 and
Avangard-264 ripen about one month ear lier than the Amer i can cultivar Alpina which is grown
on a mass scale in the re gion and ex ceed it strongly in seed cot ton yield. The seed cot ton yield av -
er age for four years (2000-2002-2004 with out 2003) was 3730 kg/ha for Chirpan-539, 3400 kg/ha
for Avangard-264 and 2340 kg/ha (63 %) for Alpina (Stoilova et al., 2005).

Con clu sions

The cultivars Trakia and Helius are new achieve ments in the ear li ness and pro duc tiv ity
breed ing, while the cultivars Natalia, Darmi and Colorit – in the fi ber qual ity breed ing. With
them is achieved a pro duc tion in crease of 8.4 %, and fi ber length of 0.6 mm.

The cultivars Trakia and Helius are dis tin guished with high pro duc tiv ity which they com -
bine with other valu able traits.

The cultivars Natalia, Darmi and Kolorit have high fi ber qual ity and com bine it with ear li -
ness and pro duc tiv ity. With Natalia and Darmi the lon ger fi ber is com bined with high yield, for
Colorit – with high first fruit ing branch which dis tin guish them from Avangard-264.
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RESULTS OF HALF A CENTURY OF WHEAT BREEDING AT 
INSTITUTE OF FIELD AND VEGETABLE CROPS IN NOVI SAD

Srbislav Den~i} and Borislav Kobiljski
In sti tute of Field and Veg e ta ble Crops, Small Grains De part ment, Maksim Gorki St. 30, 21000 Novi Sad, Ser bia

E-mail: dencic@ifvcns.ns.ac.yu

Ab stract

Ever since its es tab lish ment in 1938, a pri mary ob jec tive of In sti tute of Field and Veg e ta ble
Crops in Novi Sad was the de vel op ment of new wheat cultivars. From 1938 to 2008, 265 wheat
cultivars were de vel oped of which 28 were reg is tered and ap proved in 13 for eign coun tries. Yield
and qual ity were main tar gets in wheat breed ing, which ren dered no ta ble re sults. Great est con tri -
bu tions to ge netic yield po ten tial im prove ment were made by in tro duc ing genes for semidwarf
stat ure Rht8 (allelic vari ant 192bp) and Pp D1. The dom i nant role in qual ity im prove ment was
played by the HMW glutenin sub unit 5+10. Ge netic vari abil ity, a ma jor pre req ui site for se lec tion
of new cultivars, was cre ated through ar ti fi cial hy brid iza tion of a large num ber of ge no types orig -
i nat ing from dif fer ent parts of the world. The va ri ety most fre quently used in cross ing pro grams
was Bezostaia 1. The ped i gree se lec tion method pro duced the larg est num ber of new cultivars,
while the main av e nue to cultivar de vel op ment was va ri ety ideotype.

Key words: wheat, breed ing, cultivar, yield, qual ity, Rht genes, HMW glutenin sub units.

In tro duc tion

Ever since its es tab lish ment in 1938, de vel op ment of wheat cultivars was a pri mary ob jec -
tive of In sti tute of Field and Veg e ta ble Crops. This ac tiv ity has passed through sev eral cy cles or
pe ri ods. The first pe riod, un til 1956, in volved the col lec tion of germplasm, es tab lish ment of col -
lec tions and eval u a tion of ex ist ing wheat pop u la tions. Breed ing had been based on mass and in di -
vid ual se lec tion from do mes tic and in tro duced pop u la tions while ar ti fi cial hy brid iza tion was ap -
plied on a lim ited scale (Stojkovi}, 1963). In 1956, wheat breed ing was based on sci en tific prin ci -
ples. Ob jec tives and pro ce dures for de vel op ment of new cultivars were de fined and cross ing
method be com ing the ma jor method for de vel op ment of ge netic vari abil ity. These de ci sions re -
sulted in the de vel op ment of high-yield ing cultivars such as Sava, Drina, NSR 2, etc. The
large-scale  in tro duc tion of these cultivars in com mer cial pro duc tion in creased the coun try’s av er -
age wheat yield by more than 2 t/ha (Den~i}, 2006). These cultivars had a great im pact on wheat
pro duc tion in the for mer Yu go sla via as well as in other coun tries (Hun gary, ex-Czecho slo va kia,
Ro ma nia, etc.). Un til to day, 265 wheat cultivars have been de vel oped at the In sti tute, of which 28
have been re leased and grown in 13 coun tries on three con ti nents.

De fin ing Breed ing Ob jec tives

Ob jec tives for the de vel op ment of new wheat cultivars have been de fined in mid-1950s.
The de vel op ment pro gram fore saw cultivars with a yield ing po ten tial of 10 t/ha, which, in com bi -
na tion with ap pro pri ate cul ti va tion prac tices, would al low to ob tain com mer cial yields of 6–7 t/ha
(Borojevi} et al., 1963). To at tain the lat ter ob jec tive, new cultivars were ex pected to have a short
stem re sis tant to lodg ing and low tem per a tures, up to –20oC.

Mladenov et al. (2007) an a lyzed the yield per for mance of wheat cultivars grown in our
coun try from 1950s un til to day. The an a lyzed long-term data showed that the yield ing ca pac ity
in crease, es ti mated on the ba sis of the per for mance of lead ing cultivars in the var i ous pe ri ods,
ranged from 32 to 43 kg per year-1 (Graph 1). Later on, in the course of the 1980s and 1990s, yield
per for mance re mained in the fo cus of at ten tion but ap proaches to breed ing ob jec tives started to
di ver sify. Borojevi} (1990) placed em pha sis on well-bal anced yield com po nents and in creased
adapt abil ity, while Den~i} (1994) saw fur ther ad vance ments in yield po ten tial in a changed ar chi -
tec ture of wheat spike. 

The anal y sis of the cultivars that se quen tially sub sti tuted each other in the com mer cial pro -
duc tion over the last 60 years in di cated that key fac tors for high yield po ten tial were short straw
and ear li ness (Borojevi}, 1990; Den~i}, 2001). These traits are con trolled by two ma jor genes, Rht 
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8 and Pp D1. These genes con trib uted to a sig nif i cant re duc tion of straw length, which im proved
the ef fi ciency of as sim i late translocation from leaves and straws to grain. On the other hand, the
short straw al lowed in creases in stand den sity and in ten sity of min eral fer til iza tion. The com -
bined ef fect of these im prove ments was in creased po ten tial for grain yield.

Fig ure 1. Lin ear re gres sion for yield in wheat

Screen ing a group of the In sti tute’s wheat cultivars and ad vanced lines for Rht genes,
Kobiljski et al. (2006) found that 73.6% of a to tal of 269 ge no types an a lyzed con tained the al lele
192 bp, which is con sid ered as di ag nos tic for the gene Rht 8. The fre quen cies of the allelic vari ants 
174 bp, 165 bp and 200 bp were much lower.

In the mean time, the breed ing ob jec tives have been ex tended to in clude other traits, pri -
mar ily qual ity and re sis tance to bi otic and abiotic lim it ing factors.

Ta ble 1. Pro por tion of high mo lec u lar weight glutenin sub units (HMW-GS) in NS wheat cultivars

Locus Subunit
Proportion

No. %

Glu A1

N 85 41.3

1 41 19.9

2* 80 38.8

Glu B1

7 15 7.7

6+8 8 4.4

7+8 24 11.6

7+9 154 74.8

14+15 1 0.5

20 1 0.5

21 1 0.5

Glu D1
2+12 62 30.1

5+10 144 69.9

From the mid-1970s to 2008, 24 high-qual ity cultivars were de vel oped at the In sti tute. The
key mo ment in the breed ing for qual ity was the in tro duc tion of the cultivar Bezostaia 1 from Rus -
sia (then the USSR). This cultivar was in the com mer cial pro duc tion from the mid-1960s to
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mid-1970 and it was the only high qual ity cultivar in the for mer Yu go sla via at that time
(Borojevi}, 1989, Den~i}, 2003). Be cause of its ex cel lent qual ity and good adapt abil ity, Bezostaia
1 was ex ten sively used in breed ing pro grams un til the early 1980s. Bezostaia 1 is a di rect or in di -
rect par ent of most of the Novi Sad win ter wheat cultivars. The first do mes tic high-qual ity
cultivar was Partizanka, made by cross ing Bezostaia 1 to the line NS 116. The ma jor cri te ria in the
breed ing for qual ity were: pro tein con tent, wet glu ten con tent, and the pa ram e ters mea sured by
clas sic lab o ra tory equip ment, extensographs and farinographs. Later on, the cri te ria have been
ex tended to in clude alveograph pa ram e ters, Hagberg fall ing num ber and con tent of HMW
glutenin sub units. Re gard ing the last pa ram e ter, do mes tic cultivars have been found (Den~i} et
al., 2006) to con tain three al leles in the Glu A1 lo cus, which code for sub units N, 1 and 2*, with sub -
unit N be ing some what more fre quent than the other two. The Glu B1 lo cus is most poly mor phic,
con tain ing 7 al leles. The most dom i nant al lele in Novi Sad cultivars is the one that codes for sub -
unit 7+9 (Ta ble 7). The Glu D1 lo cus con tains only two al leles, those cod ing for sub units 2+12 and
5+10. Al most 70% of the Novi Sad cultivars con tain sub unit 5+10 (Ta ble 7), which is well-known
to be as so ci ated with ex cel lent tech no log i cal qual ity in wheat.

A ma jor ity of the In sti tute’s wheat cultivars pos sess the glutenin com po si tion N, 7+9, 5+10.
Such com po si tion is quite fa vor able for tech no log i cal qual ity. Its Glu-1 score (Payne, 1987) is 8 on 
the scale of 10.

In tro duc tion of ge netic vari a tion

Re gard less of breed ing ob jec tive, a crit i cal step in meet ing this ob jec tive is iden ti fy ing suf fi -
cient ge netic vari a tion. Ge netic vari a tion must ex ist in or der to achieve ge netic im prove ment.
Over the last 50 years, ar ti fi cial hy brid iza tion in volv ing two or more ge no types has been the most
fre quent method of de vel op ing ge netic vari abil ity in wheat. Novosadska 1439/3 and Novosadska
1446, the first of fi cially re leased do mes tic cultivars (in 1953) were crosses be tween Banatka, a do -
mes tic land race, and a Ca na dian cultivar Man i toba (Mar quis) (Mi{i}, 1988). Since the mid-1950s,
Ital ian cultivars such as San Pastore, Mara, Le o nardo, etc. were an ideotype for de sired cultivars
and they were most fre quently used as par ents. As they also pos sessed some neg a tive traits, such
as poor qual ity and in suf fi cient re sis tance to low tem per a ture, they were crossed to ge no types
from the USA, Ger many and Can ada (Ta ble 2). These cross ings pro duced high-yield ing cultivars 
such as Sava, Biserka and Drina. The next pe riod (1973-1980) of wheat breed ing at the In sti tute
was marked by the cultivar Bezostaia 1. It has prob a bly been the most ex ten sively crossed and
stud ied cultivar in the world, on ac count of its ex traor di nary adapt abil ity and ex cel lent qual ity.
Be sides Bezostaia1, an other cultivar, Mironovska 808, has been ex ten sively used in cross ing pro -
grams, on ac count of its ex cep tional re sis tance to low tem per a ture. These two cultivars were
crossed to do mes tic cultivars and lines de vel oped in the pre vi ous cy cle. For ex am ple, the cultivar
Partizanka was made by cross ing Bezostaia 1 to the line NS 116. Partizanka, to gether with several
other cultivars, predominated the wheat production in the former Yugoslavia in the 1970s
(Borojevi}, 1989).

Tab. 2. The ge no types used most fre quently as par ents in NS wheat cultivars

Period Most frequent parent NS cultivar

1939-1955 Banatka, Manitoba Novosad. 1439/4, Novosad. 1446

1956-1972
Fortunato, San Pastore, Heine 7,
Mara, Selkirk, 129 Genus,

Sava, Biserka, Drina, Novosadska crvena,
Crvena zvezda, Dunav, etc.

1973-1980
Bezostaja 1, Mironovska 808, 
NS-262, NS-116, NS-646 

Partizanka, Sremica, Fru{kogorka, Balkan,
Dobro polje, NSR 1, NSR 2, Banija, etc.

1981-1990
Kavkaz, Aurora, Partizanka,
Bezostaja 1, Balkan, NSR 1

Jugoslavija, Li~anka, Zvezda, Partiz. niska,
Somborka, Tanjugovka, Nova rana, etc.

1991-2007
Partizanka, Balkan, Sremica, NSR
2, Fundulea 4, Florida, Obriy, NS
55-25

Pobeda, NSR 5, Evropa 90, Rusija, Mina,
Milica, Pesma, Stamena, Oda, Ciovka,
Dragana, Rapsodija, etc.
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In the course of the 1980s, an enor mous num ber of ge no types from all over the world were
used in the In sti tute’s wheat breed ing pro gram. Still, the cultivars Kavkaz, Au rora and Bezostaia
1 from the for mer USSR and the do mes tic cultivar Partizanka were the most fre quent par ents. A
to tal of 74 wheat cultivars from the In sti tute were of fi cially re leased in the pe riod 1981-1990. By
us ing Kavkaz and Au rora as par ents, a 1B/1R wheat-rye translocation was in tro duced into a
num ber of do mes tic cultivars. This translocation pre sum ably in creases the yield po ten tial and
dis ease re sis tance in wheat.

Af ter 1990, a large num ber of ge no types were used in the In sti tute’s wheat breed ing pro -
gram. Crosses were made be tween for eign ge no types, for eign and do mes tic ones but, since large
vari abil ity had al ready been in cor po rated into the do mes tic germplasm, crosses be tween do mes tic
ge no types pre dom i nated in the pro gram. Do mes tic va ri et ies de vel oped in pre vi ous cy cles, such as
Partizanka, Bal kan, Sremica, NSR 2, etc., turned out to be most suc cess ful par ents (Ta ble 2).

Iden ti fy ing su pe rior new ge no types

Once a breeder has clearly de fined ob jec tives and has de vel oped ap pro pri ate ge netic vari -
abil ity, than the ac tual se lec tion work be gins. There are two ba sic steps in this pro cess. First, se -
lec tion units must be de vel oped, which in clude gen er a tions of se lec tion. Sec ond, cri te ria and
meth ods for choos ing the best among these units must be determined.

Se lec tion units. This phrase de scribes in di vid ual plants or groups of plants which are be ing
eval u ated and which are the ob ject of se lec tion. In early gen er a tions, in which the seg re ga tion is
in ten sive, se lec tion of in di vid ual plants (or spikes) is pref er a ble. Later, when breed ing ma te rial
be comes more ho mo zy gous, i.e., more ho mo ge neous, it is pref er a ble to se lect a group of plants,
be they prog e nies of one or sev eral phenotypically sim i lar plants.

Gen er a tion of se lec tion. When to start se lec tion has al ways been an in trigu ing ques tion for
breed ers. There seems to be no all-en com pass ing an swer and it must be con sid ered from case to
case, i.e., from one cross to an other. Our breed ing pro grams re sorted al most ex clu sively to the
ped i gree method, which im plied that in di vid ual plants were se lected in early gen er a tions, F2, F3,
F4, some times even F5. Start ing from F5 and in later gen er a tions, se lec tion is done from plant
prog e nies or ga nized into in di vid ual rows or small plots. A line is con sid ered to be formed when it
reaches max i mum ho mo ge ne ity, i.e., when it is ho mo zy gous for all phenotypically ob serv able
traits. When this stage will be reached de pends first of all on the num ber of traits/genes that its
par ents di verged in. If a line has sev eral par ents, which are in ad di tion genotypically and
phenotypically dis tant, it is log i cal to ex pect the breed ing ma te rial to re main non-ho mo ge neous,
i.e., het ero zy gous for a long time and the pe riod needed to form a line will be pro longed ac cord -
ingly. Con versely, if two ge net i cally close par ents are crossed, the breed ing ma te rial will be come
uni form soon and a line may be formed al ready in the F4 gen er a tion. Re cently, the in vi tro cul ture 
method has greatly ac cel er ated the pro cess of de vel op ing ho mo zy gous lines. By ap ply ing an ther
cul ture, dou bled hap loids (DH) may be ob tained from the F1 gen er a tion, which are ab so lutely
ho mo zy gous and which may be mul ti plied to pro duce lines. This method has been used in our
breed ing pro gram and it pro duced sev eral pro spec tive lines which were reg is tered for of fi cial
test ing ([esek and Den~i}, 1996).

Se lec tion cri te ria. Most breed ers con sider the cri te ria for choos ing se lec tion units the key
fac tor in the de vel op ment of new cultivars. Vol umes have been writ ten on meth ods for se lec tion
ef fi ciency im prove ment, ge netic gain, se lec tion in di ces, etc. Nu mer ous sta tis ti cal meth ods have
been de signed to es tab lish and mea sure ef fects of the en vi ron men tal and ge no type/en vi ron ment
in ter ac tion on the phe no type, all in or der to re duce eco log i cal vari ance and in crease heritability
and ge netic gain. Study ing the traits that de fine wheat tech no log i cal qual ity, Mladenov et al.
(2001) found high eco log i cal vari ance in 1000-grain weight, pro tein con tent, sed i men ta tion value
and wet glu ten con tent.

There are sev eral meth ods for in creas ing se lec tion ef fi ciency. One of these is multilocation
test ing. The idea of this method is to as sess ge no types un der dif fer ent agroecological con di tions,
which dif fer also in se lec tion pres sure. Such tests are par tic u larly ef fec tive when test ing re ac tions
to dis eases or low tem per a ture and yield sta bil ity. At the In sti tute, such tests are con ducted at two 
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lev els. The first in volves elite lines, can di dates for of fi cial reg is tra tion, which are tested in 4 lo ca -
tions for the ma jor ag ro nomic traits in clud ing yield per for mance. Re sults of these tests de ter mine 
fu ture sta tus of the lines. Sim i lar tests are also con ducted in coun tries in which the In sti tute’s
cultivars are al ready grown or are in tended to be grown, such as Hun gary, Czech Re pub lic,
Slovakia, Spain, Tur key, Can ada, Croatia, Kazakhstan, etc. The sec ond level in volves a net work
of large-plot tri als or ga nized at over 30 lo ca tions in all parts of Ser bia. In these tests, new cultivars
are com pared against stan dard cultivars, which typ i cally are cultivars that are most wide spread in
com mer cial pro duc tion. These tests pro vide re li able re sults on yield sta bil ity of new cultivars and
their re sis tance to var i ous lim it ing factors under heterogeneous environmental conditions
(Den~i} et al., 2000; Mladenov et al., 2001).

A world-known wheat ideotype has been de signed by Don ald (1968) who de fined a num -
ber of traits which were sup posed to in crease the yield po ten tial of wheat cultivars. In our coun -
try, this method had started to be used in wheat breed ing long ago. Al ready in the mid-1950s,
start ing the first Yu go slav pro gram of wheat breed ing, traits were de fined which had been ex -
pected to en sure wheat yield of 7 t/ha (Borojevi}, 1958). Later on, prac ti cally all lead ing small
grain breed ers de fined cultivar ideotypes for their breed ing pro grams. Borojevi} (1978) de fined
his lat est wheat ideotype, tar geted at a yield po ten tial of 15 t/ha, at the time when yields of 10 t/ha
were al ready ob tained in the com mer cial pro duc tion. A con cept that com bined high yield and ex -
cel lent qual ity was de signed by Mi{i} (Mi{i} and Miki}, 1976).

In the past de cade, the marker-as sisted se lec tion (MAS) has come in the fo cus of plant
breed ers. Mo lec u lar mark ers have be come a pow er ful tool in the hands of plant breed ers. It will
prob a bly be pos si ble, in near fu ture, to de ter mine ex act po si tions of genes that con trol spe cific
traits in clud ing even yield per for mance. In Small Grains De part ment of In sti tute of Field and
Veg e ta ble Crops, a mo lec u lar marker lab o ra tory was es tab lished in 2002. Stud ies of ge netic vari -
abil ity and de tec tion of allelic poly mor phism for traits such as plant height, bo ron tol er ance, re -
sis tance to preharvest ger mi na tion and seed dor mancy, bread-mak ing qual ity pa ram e ters, etc.
have greatly fa cil i tated iden ti fi ca tion of ge netic con trol of the above traits in the do mes tic and
for eign cultivars used in breed ing pro grams. Us ing 13 microsatellite mark ers, Kobiljski et al.
(2007) iden ti fied which al leles con trib ute to high yield per for mance in 96 cultivars (do mes tic and
for eign). Ac cord ing to these re sults, larg est num bers of al leles for high yield were present in the
cultivar Pobeda (14), followed by Renesansa and line NS 66/92 (10).
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A COMPARISON OF BREEDING EFFECTIVENESS FOR PRODUCTIVITY IN 
HYBRID AND HYBRID-MUTANT POPULATION OF COMMON BREAD WHEAT
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In sti tute of Plant Ge netic Re sources, Sadovo

Druzba 2, 2144 Sadovo, Bul garia
E-mail: grachovska@ya hoo.com

Ab stract

Two pop u la tions of com mon win ter bread wheat were formed by cross ing Furnie to
Momchil and NSR-5 to Momchil. The half from F2 seeds of each pop u la tion were treated with
chem i cal mutagen so dium azide at con cen tra tion of 1 mM. Ap prox i mately 10% of the F2/M1
plants from pop u la tion were se lected for high and low lev els of num ber of till ers per plant, num -
ber of grains per spike, mass of grains per spike, num ber of grains per plant and grain yield from
plant. In F2/M1 gen er a tion the same char ac ter is tics for se lec tion were mea sured. Re al ized
heritability, in di rect yield to yield com po nent se lec tion and di rect re sponse to se lec tion for grain
yield were es ti mated.

So dium azide treat ment en hances the ge netic vari abil ity of F3/M2 pop u la tions. The high est
vari abil ity for mass of grains was es tab lished. The re al ized heritability for F2/M1 to F3/M2 also
were high est for mass of grain per spike, there fore this com po nent should be con trol in breed ing
yield in this gen er a tion.

Key words: hy brid iza tion, mu ta gen e sis, so dium azide, wheat

In tro duc tion

The ef fi ciency of the plant se lec tion de pends mainly on the pres ence of enough bio-di ver -
sity and re li able cri te ria for se lec tion in the ear lier gen er a tions.

The ex per i men tal mu ta gen e sis is one of the se lec tion meth ods that help for the en rich ment
of the ge netic di ver sity in the com mon bread wheat, as well as to sin gle or com plex eco nomic in di -
ca tions (Varshney, Siddiqui, 1997; Rachovska, Mangova 2001; Mauszynski et al. 2001). Si mul ta -
neously, the ques tion of the ap pli ca tion of the mu tant-gen e sis in the hy brid pop u la tions is not
well stud ied (Mauszynski et al. 2001). Ac cord ing to Savov (1982), the com bi na tion of hy brid and
mu tant vari abil ity is a per spec tive se lec tion method for wheat, be cause it helps for the de vel op -
ment of richer form for ma tion pro cess. With this method, he cre ated the first Bul gar ian hy -
brid-mu tant va ri ety of com mon wheat.

The aim of the study is to set the ef fi ciency of the mod ern uti li za tion of the hy brid iza tion
and mu tant-gen e sis of the wheat, as well as to set the cri te ria for se lec tion in the ear lier hy -
brid-mu tant gen er a tions.

Ma te rial and Meth ods

The re search is part of the mu tant breed ing pro gram of IPGR – Sadovo. The cross-fer til iza -
tion of Furnie x Momchil and Novi Sad NSR-5 x Momchil was car ried out in 2002, and the F1 gen -
er a tion was breaded in 2003. F2 grains that were pro duced from ev ery hy brid com bi na tions were
di vided into two halves. One of the halves is used for con trol and the other was treated with so -
dium azide in con cen tra tion of 1 mM. The so dium azide treat ment was car ried out ac cord ing to
the gen er ally ac cepted meth od ol ogy (Man ual of Mu ta tion Breeding, 1977). In ev ery M1/F2 pop u -
la tion, based on plant, the in di ca tions till er ing, grain weight from a spike, num ber of grains in a
spike, num ber of grains per plant and grain weight per plant were mea sured, and the 10 plants
show ing the high est in di ca tion val ues (H-group), as well as the 10 plants show ing the low est in di -
ca tion of the in di ca tion value (L-group) were sep a rated. The prog eny of the sep a rated plants of
the next M2/F3 gen er a tion were planted in sin gle row plots in fully ran dom ized tract (2 rep e ti -
tions), (Barov, 1982). The se lec tion ef fi ciency in M1/F2 and M2/F3 was es tab lished ac cord ing to
the for mula (H-L/H).100 (Al ex an der et al., 1984). The re al ized he red ity of M1/F2 for M2/F3 is cal -
cu lated ac cord ing to the for mula:

H2 – (HM2/F3 - LM2/F3)/(HM1/F2 - LM1/F2) (Fal coner, 1960)
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The an swer of the di rect se lec tion in pro duc tion and the in di rect se lec tion ac cord ing to its
com po nents was es tab lished through com par i son of the achieved av er age pro duc tion of grain out 
of the se lected groups ac cord ing to their in di ca tions.

Re sults and Dis cus sion

Av er age value – The av er age val ues of the se lected plants and lines, that form H and L
groups, based on vari ant and gen er a tions and the an swer of se lec tion F2/M1 for F3/M2 for cross ing 
MX 190 are pre sented in ta ble 1 and the data for cross ing MX 191 in ta ble 2.

Ta ble 1. Breeding ef fec tive ness in F2/M1 and F3/M2 gen er a tion for cross ing MX 190

Character Generation

Average value 
for groups (H-L/H).100

H2

 in F3/M2
from F2/M1H L

Tillering control
F2/M1 4,20 2,00 52,38 0,22

F3/M2 8,48 7,98 5,89

Tillering trated
F2/M1 4,00 2,00 50,00 0,56

F3/M2 8,30 7,18 13,49

Grain weight from a
spike-control

F2/M1 2,91 0,86 70,45 0,28

F3/M2 2,46 2,05 16,16

Grain weight from a
spike - treated

F2/M1 2,93 0,89 69,42 0,73

F3/M2 2,51 2,16 13,94

Number of grains in
a spike - cotrol

F2/M1 58,60 25,40 56,65 0,44

F3/M2 54,71 49,57 9,39

Number of grains in
a spike - treated

F2/M1 64,00 29,20 54,37 0,52

F3/M2 52,28 48,62 7,00

Number of grains
per plant - control

F2/M1 157,20 60,40 61,57 0,20

F3/M2 443,20 400,60 7,53

Number of grains
per plant - treated

F2/M1 166,80 78,60 52,87 0,17

F3/M2 376,9 330,76 12,23

Grain weight per
plant - control

F2/M1 7,08 2,20 68,92 0,15

F3/M2 20,32 18,74 7,77

Grain weight per
plant -treated

F2/M1 7,60 2,00 73,68 0,14

F3/M2 21,93 17,85 32,28

The data show, that the se lec tion ef fi ciency in F2/M1 is con sid er ably higher than the one es -
tab lished in F2/M3 in re la tion to all in di ca tions in both cross ings. Ac cord ing to our re searches
(Rachovska, Dimova 2002), as well as ac cord ing to a lot of other au thors (Al ex an der et al., 1984,
Saadalla 1994) this is due to the fact, that in F2 gen er a tion, the val ues are re ported based on in di -
vid ual plants, and in F3 out of rows-tracts with fused sur face. The dif fer ence be tween H and L
groups re lated to the weight H group in F2/M1 gen er a tion in cross-fer til iza tion MX 190 (ta ble 1)
vary from 73.68 % for the weight of grain from a plant to 50% in till er ing – treated vari ant. The
vari a tion swing of the in di ca tions in the con trolled vari ants and the so dium aside treat ment does
not vary too much. This phe nom e non is ab so lutely nat u ral, be cause most of the mu ta tions in
hexaploid wheat are re ces sive and the ex pan sion of the vari a tion at the ex pres sion of mu ta tion
change should be ex pected in F3/M2 gen er a tion at ear li est.

The se lec tion ef fec tive ness for MX 191 (ta ble 2) in F2/M1 gen er a tion fol lows the ten dency
showed in cross-fer til iza tion MX 190 but var ies in higher range from 70.02% for the weight of
grain of the plant – treated vari ant up to 37.5 for the num ber of till ers.

385

Self-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Ta ble 2. Breeding ef fec tive ness in F2/M1 and F3/M2 gen er a tion for cross ing MX 191

Character Generation

Average value 
for groups (H-L/H).100

H2
 in F3/M2

from F2/M1H L

Tillering control
F2/M1 3,20 2,00 37,50 0,00

F3/M2 6,60 6,60 0,00

Tillering trated
F2/M1 3,20 2,00 37,50 0,25

F3/M2 6,50 6,20 4,61

Grain weight from
a spike-control

F2/M1 2,36 1,24 47,23 0,37

F3/M2 2,46 2,30 6,50

Grain weight from
a spike - treated

F2/M1 3,54 1,69 52,25 0,22

F3/M2 2,51 2,32 7,17

Number of grains
in a spike - cotrol

F2/M1 59,2 36,00 39,18 0,51

F3/M2 56,3 55,67 1,11

Number of grains
in a spike - treated

F2/M1 75,60 31,80 57,93 0,10

F3/M2 59,50 57,33 3,74

Number of grains
per plant - control

F2/M1 168,20 84,40 49,82 0,14

F3/M2 364,90 322,05 11,75

Number of grains
per plant - treated

F2/M1 221,80 82,40 61,49 0,10

F3/M2 364,30 350,11 3,89

Grain weight per
plant - control

F2/M1 6,70 3,18 52,81 0,03

F3/M2 14,30 15,63 0,09

Grain weight per
plant -treated

F2/M1 9,90 2,98 70,02 0,05

F3/M2 15,60 14,14 9,87

In F3/M2 gen er a tion, the av er age val ues of the se lec tion ef fec tive ness in both cross-fer til iza -
tions are sig nif i cantly lower. How ever, the data anal y sis showed that for the most of the in di ca -
tions, the dif fer ence be tween formed H and L groups, re lated to H group are higher for the
treated vari ants, which gives us ground to sug gest that the in crease is due to the in duced vari abil -
ity of the so dium aside.

For cross ing MX 190 in crease of the se lec tion ef fec tive ness in till er ing is mon i tored (7.6%),
the num ber of grains per plant (4.7%) and the weight of a grain from a plant (24.5%), and for MX
191 for all in di ca tions with ex cep tion of the num ber of grains in a plant. This in crease is high est
for both cross-fer til iza tions for the in di ca tion of weight of a grain in a plant.

Re al ized he red ity – The data for the re al ized he red ity from F2/M1 for F3/M2 in re la tion to the
pro duc tion and its com po nents in cross ing MX 190 (ta ble 1) show that it is low for weight of grain
per plant and num ber of grains in a plant and av er age for the num ber of grains in a spike in the
con trolled and treated vari ants. In the till er ing, and es pe cially in the weight of a grain from a
spike has re al ized high he red ity in the vari ants treated with so dium aside. For cross ing MX 191
(ta ble 2), this in di ca tion is with lower value than the es tab lished in MX 190. The high est he red ity
is re al ized in the num ber of grains per spike – con trolled vari ant (0.51%). More sta ble he red ity of
the vari abil ity in the hy brid and mu tant-hy brid pop u la tions and in this cross-fer til iza tion can be
seen in the in di ca tion mass of the grain per class.

An swer to the di rect and in di rect se lec tion per pro duc tion – The achieved val ues for the pro duc -
tion of grain from and di rect se lec tion and in di rect se lec tion, ac cord ing to its com po nents is
shown in ta ble 3.
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Ta ble 3.Av er age yield per prog eny of the se lected groups and an swer to di rect and in di rect se lec tion in
F3/M2 gen er a tion

Character
MX 190 MX191

H L D H L D

Tillering – control 150,21 171,48 -21,27 165,53 139,48 26,05

Tillering – trated 146,10 157,26 -11,16 142,28 164,33 -22,05

Grain weight from
a spike-control

166,98 148,96 18,02 164,58 122,84 41,74

Grain weight from
a spike- treated

192,49 134,71 57,78 106,32 139,47 -33,15

Number of grains
in a spike-cotrol

169,43 147,94 21,49 168,17 140,50 27,67

Number of grains
in a spike-treated

184,04 156,25 27,79 140,90 129,46 11,44

Number of grains
per plant-control

161,90 160,57 1,33 159,58 140,14 19,44

Number of grains
per plant-treated

160,78 145,35 15,43 119,55 143,22 -23,67

Grain weight per
plant- control

162,45 152,37 10,08 167,24 150,91 16,33

Grain weight per
plant-treated

172,33 126,35 45,98 156,18 145,22 10,96

In cross ing MX 190, the H groups give higher av er age pro duc tion in F2/M2, com pared to
the L groups, in re la tion the weight of grain per plant, as well as for the mon i tored com po nents.
The only ex cep tion is the till er ing, where the dif fer ences are even in neg a tive di rec tion. The data
ac quired show that in MX 190 the best op tion is to con trol di rectly the weight of the grain per
plant in the hy brid mu tants F2/M1 pop u la tions and the mass of a grain in a spike in the se lec tion
pro cess.

In cross ing MX 191, the se lec tion from mass of grain per spike – con trolled vari ant gives the 
high est an swer in F3/M2, fol lowed by the num ber of grains per class and the till er ing of the con -
trolled vari ants. Sim i larly to MX 190, the dif fer ence in the av er age val ues of F3/M2 the pos ter ity
of the di rec tion se lec tion in terms of pro duc tion are pos i tive and both vari ants, which is an in di ca -
tion of its ef fi ciency.

Con clu sions

The so dium aside treat ment in creases the vari abil ity in the hy brid-mu tant F3/M2 pop u la -
tions, which is a pre req ui site for ef fec tive se lec tion for yield and the el e ments of yield. The high -
est in crease is mon i tored in the in di ca tion weight of grain per spike in both crosses.

The re al ized he red ity of F2/M1 for F3/M2 shows that out of the pro voked, mainly hy brid
vari abil ity in re gards to the yield and its com po nents in MX 190 in high est ex tend are in her ited
the changes in the mass of the grain per spike and the num ber of till ers. The mass of a grain per
class is steadily in her ited in both vari ants of MX 191, based on which we con sider that this is the
in di ca tion that should be mainly con trolled in the se lec tion of the pro duc tion in F2/M2 gen er a -
tion.

The ac quired data for the an swer of the di rect and in di rect se lec tion do not give us base for
def i nite con clu sions in re la tion of its ef fi ciency. It is re quired to mon i tor the be hav ior of the in di -
ca tion in later hy brid-mu tant pop u la tions, when most of the mu ta tions ap pear in the hexapolid
wheat.
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Ab stract

In this pa per the re sults of the in ves ti ga tions on tech no log i cal qual ity of new do mes tic va ri -
et ies by anal y sis of vari ance are sta tis ti cally worked out, in or der dif fer ences among the ana lysed
pa ram e ters per va ri et ies and per year to be de ter mined, as well as to find out the cor re la tions be -
tween the di rect and in di rect in di ca tors of mill ing and bak ing, as the de ter min ing fac tors for de -
ter mi na tion the be long ing of the wheat va ri et ies to a cer tain group.

The aim of the study was the lev els of pa ram e ter val ues which de fine tech no log i cal qual ity
and the be long ing of va ri et ies to a cer tain tech no log i cal group sta tis ti cally to check out and ac -
cord ing to need to be cor rected. By the anal y sis of vari ance it was con firmed that the specifity of
the grow ing year has great in flu ence on the ma jor qual ity pa ram e ters, i.e. for the use of the clas si -
fi ca tion scheme can be used only those pa ram e ters, for which was proved to have greater lin ear
in ter de pen dence. A pro posal is, in the clas si fi ca tion scheme the di rect in di ca tors of bak ing, sed i -
men ta tion value and the cho sen rhe o log i cal pa ram e ters to be kept.

Key words: Wheat ker nel, tech no log i cal qual ity pa ram e ters, bak ing, cor re la tion co ef fi cient, 
anal y sis of vari ance

In tro duc tion

Es tab lish ing of an op ti mal re la tion of a group va ri et ies in the pro duc tion, and es pe cially in
the pro cess ing, for the main te nance of the bread qual ity level, it could be achieved only by the
con cen tra tion of the va ri et ies with a sim i lar tech no log i cal qual ity into groups, and than by mak -
ing mix ing com bi na tions hav ing dif fer ent ra tio of these groups (1). Such group ing can not be per -
formed with out any an a lyt i cal in ves ti ga tions. In the frame of these in ves ti ga tions, the most im -
por tant place have the di rect in di ca tors of mill ing and bak ing, while the in di rect in di ca tors of
these qual ity prop er ties are for fa mil iar iz ing with par tic u lar com po nents of the pro cess ing qual ity 
(2,3). By de ter mi na tion of the in ter de pen dence be tween the par tic u lar in di rect com po nents and
di rect bak ing in di ca tors, as well as an interdependance among the own in di rect in di ca tors, a sug -
ges tion was brought in the 70-es, which was based on the prin ci ple of the va ri et ies guar an tee and
the min i mal val ues of pro tein con tent and sed i men ta tion value. The re sults for these two in di ca -
tors were in the higher cor re la tion with bak ing, and the meth ods are fast and stan dard ized, and
can be ap plied at the re cep tion point. In the sug ges tion sub mit ted to the Fed eral Gov ern ment (in
1977), the wheat was clas si fied into four classes, and a pro posal was fol lowed the list of va ri et ies in 
which class they can be clas si fied.

It was shown as un ac cept able in prac tice, on the ba sis of only these two in di rect in di ca tors,
va ri et ies to be clas si fied, be cause it is known that in di rect in di ca tors with out va ri etal dec la ra tion
can not com pletely de fine wheat tech no log i cal qual ity.

On the other hand, it is known that wheat clas si fi ca tion, ac cord ing to the tech no log i cal
value for bread and baked goods pro duc tion, it is based first of all on the di rect in di ca tors of mill -
ing and bak ing, but in this case, the pa ram e ters of that time valu able clas si fi ca tion could not be
omit ted. Be cause of that, in the 80-es, a sta tis ti cal con fir ma tion of the five-year re sults ob tained
from the va ri etal in ves ti ga tions at macro-ex per i ments in SFRJ was made. It was con cluded that
the eval u a tion of the va ri etal be long ing to a cer tain tech no log i cal group can be de ter mined on the 
ba sis of 6 pa ram e ters (two in di rect and four di rect).

On the ba sis of these re sults, the au thors of the first sug ges tion for clas si fi ca tion (8, 9) have
an nounced (in 1986) the com pleted scheme of va ri ety clas si fi ca tion into tech no log i cal groups on
the ba sis of the six in di ca tors of tech no log i cal qual ity, two le gal in di rect (pro tein con tent and sed -
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i men ta tion value) and four di rect in di ca tors (flour yield, I1, bread yield, bread vol ume yield and
valu able num ber of bread crumb

The aim of this study was the level and val ues of the pa ram e ters which de fine the tech no -
log i cal qual ity and the va ri etal be long ing to a tech no log i cal group, sta tis ti cally to be an a lyzed,
checked, and ac cord ing to need to be corrected.

Ma te ri als and Meth ods

Around 90 sam ples of new do mes tic wheat lines from the mi cro-ex per i ments from two lo -
cal ity were an a lyzed, i.e. ac cord ing to tech no log i cal groups, 30 sam ples were an a lyzed of the I
group, 15 of the II, 11 sam ples of the I/II, 22 sam ples of the III, and 13 were out of group. The
tech no log i cal qual ity of the new lines was in ves ti gated by stan dard methods of analysis (10).

In the leg end some of the in di ca tors of technologycal qual ity are pre sented, which are re -
sults in the ta bles pre sented.

Leg end of the in di ca tors of technologycal qual ity*

TW-Test weight of wheat (kg/hl)
M1000- 1000 kernel weight (g/db)
Wit..-Vitreousness (%)
% 2,8-Kernel size on sieve of 2.8 mm (%)
CPC-Crude Protein Content (%/db)
SV-Sedimentation value
WGC-Wet gluten content (%)
DGC-Dry gluten content (%)
I1-Flour yield (%)
Iu-Total Flour yield (%)
HN-Hagberg falling number (s)

FWA- Farinograph water absorption (%/ 13 % flour base)
DDT -Dough Development Time (min)
DDS-Dough Degree of Softening (FJU)
FQN-Farinograph Quality Number
E-Ekstenzogram Energy (cm2)
El-Elasticity (mm)
R/N –Ratio number
BY-Bread Yield (g/100 g flour)
BVY-Bread Volume (ml/100 g flour)
VNBC-Valuable number of bread crumb

For sta tis ti cal anal y sis of the in di ca tors of technologycal qual ity, the in di ca tors of de scrip -
tive sta tis tics were cho sen meen value, the renge, stan dard deviacion and co ef fi cient of vari a tion
(11, 12,13).

Re sults of the In ves ti ga tions 

Ta ble 1. Cor re la tion co ef fi cients of bak ing in di ca tors with the di rect and in di rect pa ram e ters of tech no -
log i cal qual ity dur ing of two-year pe riod

Qual ity in di ca tors Ex per i men tal bak ing

Chemical-biochem
ical properties

BY BVY VNBC

Year I II I II I II

CPC (%/db) - - 0.50* - 0.43* -

SV 0.70* 0.35* 0.75* 0.71* 0.76* 0.70*

WGC (%) 0.42* - 0.49* - 0.43* -

DGC (%) 0.47* - 0.61* 0.26* 0.56* -

Among the pro tein con tent, wet glu ten and dry glu ten con tent, and di rect bak ing in di ca -
tors, high sig nif i cant lin ear re la tions were reg is tered dur ing the first year, i.e. for the pro tein con -
tent only with the bread vol ume yield and with the bread crumb valu able num ber. For the sed i -
men ta tion value, high sig nif i cant lin ear re la tions were de ter mined dur ing the both years, with the
all three bak ing in di ca tors. It was con firmed again why this in di ca tor dur ing the 30-year pe riod
was re mained into the varietal classification scheme.

Very sig nif i cant interdependance among wa ter ab sorp tion and soft en ing de gree ac cord ing
to farinograph, as well as for the all three bak ing pa ram e ters was stated dur ing the both
investogation years, with a re mark that for the soft en ing de gree was neg a tive. As for the
farinograph qual ity num ber, dur ing the both in ves ti ga tion years, a high lin ear interdependance
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was de ter mined be tween the bread vol ume yield and the bread valu able qual ity num ber, and
with the bread yield only dur ing the first year.

Ta ble 2. Cor re la tion co ef fi cients of bak ing and dough rhe o log i cal qual ity

Qual ity
in di ca tors

Ex per i men tal bak ing

Farinogram BY BVY VNBC

Year I II I II I II

FWA (%, 13 %
flour moisture)

0.86* 0.36* 0.54* 0.37* 0.54* 0.34*

DDT (min) 0.50* - 0.60* 0.27* 0.51* -

DDS (FU) -0.47* -0.37* -0.59* -0.46* -0.58* -0.50*

FQN 0.52* - 0.66* 0.46* 0.62* 0.45*

Ta ble 3. Cor re la tion co ef fi cients of mu tual bak ing in di ca tors and with dough rhe o log i cal qual ity ac cord -
ing to extenzograph

Qual ity in di ca tors Ex per i men tal bak ing

Extenzogram BY BVY VNBC

Year I II I II I II

E (cm2) - 0.32* 0.39* 0.41* 0.44* 0.46*

El (mm) - - 0.44* 0.38* 0.48* 0.41*

Experimental baking

BY ( g/100 g flour) 1.00 1.00 0.52* - 0.54* 0.25*

BVY ( ml/100 g flour) 0.52* - 1.00 1.00 0.93* 0.94*

 VNBC 0.54* - 0.93* 0.94* 1.00 1.00

A sig nif i cant lin ear interdependance dur ing the both in ves ti ga tion years it was reg is tered
among the extensograph en ergy and the bread vol ume yield and the valu able bread crumb num -
ber, i.e. only dur ing the sec ond year of the in ves ti ga tion the bread yield.

As for the bak ing in di ca tors there were de ter mined mu tual high interdependances of the
bread vol ume yield with the valu able bread crumb num ber and in the op po site way. These both
bak ing in di ca tors only dur ing the first year they had sig nif i cant lin ear cor re la tions with the bread
yield.

Con clu sions

By ap ply ing sta tis ti cal-math e mat i cal meth ods it can be achieved a pos i tive for ma tion of a
cri te rion for qual ity eval u a tion of Triticum aestivum ssp. Vulgare:
· The high lin ear interdependance of the sed i men ta tion value with the bak ing in di ca tors has

pointed out to that, that this in di ca tor should be kept in the clas si fi ca tion scheme.
· In the pro ce dure for the com plet ing the clas si fi ca tion scheme ac cord ing to tech no log i cal

groups, for the va ri et ies which should be adopted, but also at the mar ket, ac cord ing to the
in ves ti gated in di rect pa ram e ters, i.e. rhe o log i cal pa ram e ters, it should be con sider the in -
tro duc tion of the wa ter ab sorp tion and the farinograph qual ity num ber, as well as of the
extenzograph en ergy.
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GRAIN YIELD RESPONSE TO SELECTION FROM F6 TO F7 GENERATION IN PEA
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2Agricultural In sti tute Osijek, Ju`no predgra|e 17, 31000 Osijek, Croatia

E-mail: ranko.gantner@pfos.hr

Ab stract

In the pea breed ing pro cess at the Ag ri cul tural in sti tute Osijek and Fac ulty of Ag ri cul ture
in Osijek a new vari abil ity is be ing cre ated by cross ing pea lines. Cre ated prog e nies are af ter -
wards sub jected to se lec tion in seg re gat ing gen er a tions. Aim of this re search is to de ter mine the
achieved re sponse to se lec tion from F6 to F7 gen er a tion af ter hy brid iza tion in seven dif fer ent F6
pop u la tions in 2007 year. Plants of seven F6 pop u la tions were sam pled in 2006 year and these
were sub jected to se lec tion. Prog enies of se lected plants were mea sured for yield per unit area in
plots along side with plots of non-se lected prog e nies in 2007 year. Av er age grain yield of se lected
prog e nies in 2007 year was 2,57 tha-1 while the av er age yield of prog e nies of orig i nal F6 pop u la -
tion was 2,18 tha-1. Es ti ma tion of av er age re sponse to se lec tion was 0,39 tha-1 or 17,89 %.

Key words: field pea, grain yield, re sponse to se lec tion.

In tro duc tion

Field pea crop pro vides a valu able pro tein and en ergy rich grain for hu man con sump tion
and live stock feed (McPhee, 2003). Fur ther more, field pea is con sid ered as en vi ron ment-friendly
crop be cause of many rea sons (Baumgartner et al., 2008.). There fore, there are many var i ous ef -
forts de voted to im prove the pro duc tion of this crop in the world. Breed ing new va ri et ies is cer -
tainly one of them. Ag ri cul tural In sti tute Osijek and Fac ulty of Ag ri cul ture in Osijek con tin u -
ously con duct the field pea breed ing since the year 1997. Main ob jec tives are high yield and qual -
ity of grain and herb age and re sis tance to bi otic and abiotic stress. A new vari abil ity is be ing cre -
ated by hy brid iza tion of pref er a ble pea lines. Cre ated prog eny is be ing sub jected to a se lec tion
for de sir able traits in seg re gat ing gen er a tions.

Many re search ers re port on weak gain of di rect se lec tion for grain yield in early gen er a -
tions (F2 and F3) af ter hy brid iza tion (Hucl and Baker, 1991., Goldringer et al., 1994., Knott,
1994.). Se lec tion in these gen er a tions is of lower suc cess due to the ef fects of heterozis, wide spac -
ing and alocompetition (Borojevi}, 1981.). Pop u la tions in later gen er a tions (F5 and F6) usu ally
reach high level of homozigocity (Muehlbauer et.al., 1981.). Con se quently, if there was high in -
ten sity of se lec tion ap plied to F5 gen er a tion one can ex pect low ge netic vari abil ity in F6 gen er a -
tion and low se lec tion gain in fur ther gen er a tions. The im por tant is sue is: un til which gen er a tion
the se lec tion is prof it able?

Aim of this re search is to de ter mine the re sponse to se lec tion for the grain yield in 7 as sayed 
pea pop u la tions from F6 to F7 gen er a tion af ter hy brid iza tion.

Ma te ri als and meth ods

As sayed pop u la tions (Ta ble 1.) are prod uct of pea lines hy brid iza tion and ped i gree se lec -
tion till F5 gen er a tion. Se lec tion has had been car ry ing out for the yield com po nents: grain yield
per plant, num ber of pods per plant, num ber of grains per plant, weight of 1000 grains and plant
height, with aim of im prov ing and mak ing more uni form these traits. Thus pro duced pop u la tions
were seeded in F6 gen er a tion in a va ri ety trial in 3 rep e ti tions (ran dom block de sign) in plots of 5
m2 in the year 2006. At the end of veg e ta tion there was 30 to 69 plants ran domly sam pled from
each pop u la tion. Sam pled plants were an a lyzed for yield com po nents. These plants were sub se -
quently sub jected to se lec tion dif fer en tial S and in ten sity i (Fal coner and Mackay, 1996.) for the
grain yield per plant cor re spond ing to the Ta ble 1. Seeds of se lected plants (F7 gen er a tion) were
seeded in small plots of 1,2 m2 in 2007 year, along side with F7 prog eny of orig i nal F6 pop u la tions
which were seeded in 2007 in the same man ner as 2006 (plots of 5 m2 in 3 rep e ti tions, ran dom
block de sign). In 2007 year the grain yield per unit area (tha-1) of se lected and non-se lected prog -
eny was mea sured. The con fi dence in ter vals of the es ti ma tions of av er age yields of non-se lected
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prog e nies were de ter mined by Stu dent’s t-test ([o{i}, 2004.) and com pared with yields of se lected 
prog e nies. Re sponse to se lec tion (R) in 2007 year was cal cu lated as a dif fer ence be tween the yield 
of se lected and non-se lected prog e nies of orig i nal pop u la tions.

Re sults and dis cus sion

Av er age grain yields per plant of sam pled pop u la tions in 2006 (in fur ther text as orig i nal
pop u la tions) were 3,35 to 5,98 g per plant, in ref er ence to pop u la tion, and in av er age 4,48 g (Ta ble 
1.). Av er age grain yields per plant of se lected plants were 5,97 to 11,7 g per plant, in av er age 8,02 g 
(Ta ble 1.). Ap plied se lec tion dif fer en tials S in 2006 year were 0,92 do 6,68 g per plant, in ref er ence 
to pop u la tion, and in av er age 3,54 g (Ta ble 1.). Se lec tion in ten si ties i (i = S/dPhen) were from 0,371
to 2,323, and in av er age 1,484 (Ta ble 1.).

Ta ble 1.: Av er age grain yield per sam pled plant of orig i nal F6 pop u la tions, av er age grain yield of se -
lected plants, se lec tion dif fer en tial S and se lec tion in ten sity i in 2006 year

Population
Average

grain yield
(g per plant)

Sampled
plants 

(n)

Average yield of
selected plants 

(g per plant)

Selected
plants 

(n)

S
(g per plant)

i

P1 5,98 69 6,90 4 0,92 0,371

P2 3,57 30 6,90 2 3,33 1,753

P3 3,91 30 9,23 3 5,32 2,323

P4 3,35 42 5,97 3 2,62 1,569

P5 5,56 42 7,45 4 1,89 0,744

P6 5,02 41 11,70 3 6,68 2,219

P7 3,94 43 7,98 4 4,04 1,408

Average 4,48 8,02 3,54 1,484

Among 296 sam pled and an a lyzed plants there were 23 se lected, or 7,8 %.
Av er age grain yields of non-se lected prog eny of orig i nal pop u la tions in 2007 year were1,86

to 2,43 tha-1, in av er age 2,18 tha-1 (Ta ble 2.). Gen erally low yields in 2007 were the con se quence of 
ex treme drought and high tem per a tures dur ing the crit i cal pea de vel op ment phases (Gantner i
sur., 2008). For non-se lected prog eny there were de ter mined in ter vals of con fi dence (95%) of av -
er age yield es ti ma tion (Ta ble 2.).

Yields of se lected prog e nies in 2007 were 1,85 to 3,16 t ha-1, in av er age 2,57 tha-1 (Ta ble 2.).

Ta ble 2.: Av er age yields of non-se lected prog e nies in 2007, con fi dence in ter vals (95%), yield of se lected
prog e nies in 2007 and re al ized re sponse to se lec tion R

Population

Average yield of
non-selected

progeny in 2007
(tha-1)

Confidence 
interval (95%)

(tha-1)

Yield of selected
progeny in 2007

(tha-1)

Response to
selection R

(tha-1)

Response 
to selection

(%)

P1 2,20 1,47 2,93 3,02 0,82 37,27

P2 1,86 1,61 2,10 1,85 -0,01 -0,54

P3 2,02 0,87 3,16 2,45 0,43 21,29

P4 2,38 2,11 2,66 2,11 -0,27 -11,34

P5 2,43 2,19 2,66 2,85 0,42 17,28

P6 2,23 1,89 2,57 3,16 0,93 41,70

P7 2,14 1,89 2,39 2,53 0,39 18,22

Average 2,18 2,57 0,39 17,89
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Re al ized re sponses to se lec tion were -0,27 to 0,93 tha-1, in ref er ence to each pop u la tion, in
av er age 0,39 tha-1, or rel a tively -11,34 do 41,7 %, in av er age 17,89 % (Ta ble 2.).

Av er age re sponse to se lec tion from F6 to F7 gen er a tion was higher then re sults of Pandey
and Gritton (1976) in early gen er a tions (F2 to F3 and F3 to F4). They ob served the yield per plant
re sponse to se lec tion of 3,22 to 12,53 % when there was ap plied se lec tion in ten sity of 10 % in a
pos i tive di rec tion and re sponse of -1,93 to -17,25 % when ap plied the se lec tion in ten sity of 10 %
in neg a tive di rec tion.

The greater re sponses to se lec tion in this re search, when com pared to those of Pandey and
Gritton (1976) could be at trib uted to the greater se lec tion in ten sity ap plied, of i be ing 0,37 to 2,32
times the stan dard phenotypic de vi a tion of plants sam pled from orig i nal pop u la tions, while
Pandey i Gritton (1976) were ap plied se lec tion in ten sity of 10 % or 0,1 times the stan dard
phenotypic de vi a tion of orig i nal pop u la tions. Thus low se lec tion in ten sity is very com mon in
early gen er a tions in plant breed ing with pur pose of keep ing as greater ge netic vari abil ity for se -
lec tion in higher gen er a tions when heterozis dis ap pears and when there is enough mul ti plied
seed for more in ten sive se lec tion and test ing in stands sim i lar to crop pro duc tion ones.

Se lected prog eny of P1, P5, P6 and P7 had higher grain yields than up per con fi dence lim its
of re spec tive non-se lected prog e nies av er age yield es ti ma tions in 2007 (Table 2.).

Se lec tion in 2 as sayed F6 pop u la tions (P2 i P4, Ta ble 2.) gave neg a tive re sponse to the se lec -
tion (-0,54 and -11,34 %, re spec tively) de spite the pos i tive se lec tion dif fer en tial. This in di cates to
the large en vi ron men tal ef fects on phe no type ex pres sion, namely, that phenotypic value was not
a re li able re flec tion of it’s genotypic value.

High re sponse to se lec tion was achieved in P1 and P6 pop u la tions (Ta ble 2.), of 37,27 and
41,70 % re spec tively. This in di cates that se lected plants were re li able re flec tion of their genotypic 
value which they trans mit ted to their prog eny. Prog eny of se lected plants of P6 pop u la tion gave
the grain yield of 3,16 tha-1 in ex tremely un fa vor able year 2007. There fore this prog eny is con -
cerned to be a good po ten tial can di date for a new va ri ety.

Con clu sions

There were in ves ti gated the ef fects of se lec tion in 7 field pea pop u la tions of F6 gen er a tions
af ter hy brid iza tion and prior se lec tion till F5 gen er a tion. Ap plied se lec tion in ten si ties in 2006
ranged from 0,371 to 2,323 with re spect to orig i nal pop u la tion, in av er age 1,484. Re al ized re -
sponse to se lec tion was in range from -11,34 to 41,70 % what im plies that se lected phe no types
var ied in their re li abil ity of rep re sent ing their genotypic value. Av er age re sponse to se lec tion was 
17,76 %.
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Ab stract

High mo lec u lar weight (HMW) glutenin sub units and mixographic eval u a tion be long to
the meth ods used for the pre dic tion of qual ity po ten tial in wheat breed ing programmes.
Mixographic parametres and HMW glutenin com po si tion were ana lysed in 88 F7 prog eny de -
rived from the cross be tween win ter wheat va ri et ies Sulamit and Clever hav ing dif fer ent HMW
glutenin sub units. PCR based method was used to de ter mi na tion of HMW glutenin sub units
coded by genes at the Glu-A1, Glu-B1, and Glu-D1 loci on the group 1 of homeologous chro mo -
somes. Mixographic eval u a tion was per formed on ReoMixer in stru ment. 16 mix ing char ac ter is -
tics were ob tained for each sam ple. Multifactor anal y sis of vari ance was used to de ter mine in flu -
ence of HMW al leles on ob tained mixographic pa ram e ters. The re sults of this work con firmed
sta tis ti cally sigificant ef fects of par tic u lar al leles for HMW glutenin sub units. Ax1, Bx17+By18 and 
Dx5+Dy10 had for the most cases posifive ef fect, but it was found also their neg a tive ef fects for
some mixographic parametres. The data pre sented in this work sug gest that het ero zy gous con sti -
tu tion may also have pos i tive ef fect on rhe o log i cal prop er ties of the wheat dough.

Key words: breed ing, glutenin, MAS, rhe ol ogy, wheat

In tro duc tion

Sim ple, rapid and re li able pro ce dures are used in breed ing for im proved bread-mak ing
qual ity. Marker as sisted se lec tion with us ing PCR mark ers be long also to this pro ce dures. Es pe -
cially, the high mo lec u lar weight (HMW) glutenin sub units are con sid ered to be sig nif i cantly re -
lated to the tech no log i cal qual ity of com mon wheat (Payne et al. 1979; Ahmad 2000; Schwarz et al.
2004). Wheat breed ers have been se lect ing wheat va ri et ies with su pe rior bread-mak ing qual ity
us ing SDS and Zeleny sed i men ta tion tests, mixographic eval u a tion, bak ing test and other meth -
ods. How ever, these meth ods are not use ful in very early gen er a tions, be cause they re quire large
amount of ker nels and they are de struc tive to tested sam ples. It is ad van ta geous that the de vel -
oped PCR based mark ers of HMW glutenin sub units may give quick char ac ter is tics of
bread-mak ing qual ity al ready in the early gen er a tions (Gale 2005). The aim of this study was to
de scribe HMW glutenin alelic com po si tion us ing PCR based as say and to re veal the ef fects of dif -
fer ent HMW glutenin com po si tion on dough mix ing prop er ties de ter mined by mixograph which
is used in breed ing programmes for wheat qual ity im prove ment.

Ma te ri als and Meth ods

Plant ma te rial ob tained from the cross be tween win ter wheat va ri et ies Sulamit and Clever,
dif fer ing in com po si tion of HMW glutenin sub units, was used to these anal y ses. The pa ren tal va ri -
ety Sulamit (AxNull/Bx17+By18/Dx5+Dy10) and the va ri ety Clever (Ax1/Bx6+By8/Dx2+Dy12) were
crossed. The PCR anal y ses were car ried out on 70 F7 in di vid u als. Mixographic eval u a tion was
car ried out on 36 F7 lines.

Genomic DNA was iso lated from 100 mg of leaf tis sues of sin gle plants by iso la tion kit
GenElute Plant Genomic DNA Kit (Sigma). PCR mark ers spe cific for HMW glutenin sub units
al leles were used ac cord ing to Lafiandra et al. 1997, Smith et al. 1994 and Ma et al. 2003. The hor i -
zon tal elec tro pho re sis from Bio-Rad with a 2% agarose gel in 1x TBE buffer was used for the
con fir ma tion of am pli fied DNA.

Mixograph pa ram e ters were ob tained from mixographic eval u a tion us ing Reomixer in -
stru ment (ReoLogica In stru ments AB). Mix ing prop er ties of dough ac cord ing to stan dard
AACC 54-40A (1995) were ob tained from 10 g of flour. Each anal y sis was car ried out at least
twice.
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Re sults and Dis cus sion

Three allelic vari a tions were ob served at Glu-1A lo cus (AxNull, Null/1 and Ax1), two at
Glu-1B lo cus (Bx6+By8 and Bx17+By18) and three at Glu-1D lo cus (Dx2+Dy12, 5+10/2+12 and
Dx5+Dy10).

To re veal the ef fects of HMW glutenin al leles on qual ity pa ram e ters mul ti ple fac tor anal y -
sis of vari ance was per formed (Ta ble 1). Fur ther more, the Mul ti ple Range Test was used to de -
tect sig nif i cant dif fer ences. It was con firmed that allelic vari a tion at all stud ied loci gen er ally
showed ef fects on eval u ated mix ing pa ram e ters. The re sults in Ta ble 2 show that in di vid ual
mixographic pa ram e ters are af fected by HMW glutenin com po si tion dif fer ently. The data pre -
sented in this work sug gest that het ero zy gous con sti tu tion may also have pos i tive ef fect on rhe o -
log i cal prop er ties of the dough and bread-mak ing qual ity. Pena et al. 2005 in study about re la tion -
ship of glu ten pro teins and rhe o log i cal prop er ties of dough also found use ful ness of meth ods
com bi na tion for de ter min ing wheat dough qual ity.

Con clu sions

The role of the HMW glutenin sub units in de ter min ing mix ing prop er ties of the dough has
been doc u mented in this work. Marker as sisted se lec tion can be used as ef fec tive method to im -
prove the rhe o log i cal prop er ties of the dough.
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Ta ble 1. Re sults of mul ti ple fac tor anal y sis of vari ance for four mix ing pa ram e ters show ing the ef fects of
in di vid ual al leles 

Mixing
parameter

Locus F P
Mixing

parameter
Locus F P

IHTP

Glu-1A 3.61 0.033

iniwidth

Glu-1A 4.34 0.017

Glu-1B 0.96 0.330 Glu-1B 13.78 0.000

Glu-1D 23.29 0.000 Glu-1D 0.84 0.435

areabelow

Glu-1A 18.73 0.000

peakangle

Glu-1A 0.76 0.473

Glu-1B 57.34 0.000 Glu-1B 5.83 0.019

Glu-1D 0.42 0.662 Glu-1D 13.93 0.000

areawithin

Glu-1A 4.62 0.013

peakheight

Glu-1A 19.04 0.000

Glu-1B 7.40 0.008 Glu-1B 62.73 0.000

Glu-1D 16.43 0.000 Glu-1D 15.22 0.000

breakdown

Glu-1A 6.18 0.004

peaktime

Glu-1A 1.03 0.365

Glu-1B 22.21 0.000 Glu-1B 0.49 0.487

Glu-1D 27.02 0.000 Glu-1D 27.31 0.000

buildup

Glu-1A 0.02 0.956

peakwidth

Glu-1A 19.86 0.000

Glu-1B 9.55 0.003 Glu-1B 63.29 0.000

Glu-1D 2.78 0.070 Glu-1D 7.16 0.002

endwith

Glu-1A 11.26 0.000

time1_2

Glu-1A 1.07 0.349

Glu-1B 14.53 0.000 Glu-1B 0.51 0.477

Glu-1D 12.00 0.000 Glu-1D 27.12 0.000

initbuild

Glu-1A 0.83 0.440

wdthinibld

Glu-1A 3.18 0.048

Glu-1B 0.30 0.584 Glu-1B 24.66 0.000

Glu-1D 2.46 0.093 Glu-1D 4.12 0.021

initslope

Glu-1A 1.37 0.261

widthbuild

Glu-1A 15.46 0.000

Glu-1B 21.49 0.000 Glu-1B 16.37 0.000

Glu-1D 4.65 0.013 Glu-1D 2.61 0.082
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STUDY ING IN HER I TANCE OF QUAN TI TA TIVE IN DI CES
 OF GROUP OF VA RI ET IES WIN TER COM MON WHEAT

Elena Nikolova, Ivan Panayotov, Emil Penchev
Dobroudja Ag ri cul tural In sti tute, Grain Ce re als breed ing De part ment, BG-9520, Gen eral Toshevo, Bul garia

E-mail: nikolova_e@ya hoo.com

Ab stract

In the pe riod 2005-2008 the in her i tance of seven quan ti ta tive traits of 11 cultivars and lines
win ter com mon wheat was in ves ti gated at field con di tions. The ex per i ment was car ried out on
com plete top-cross method. Inheritability was cal cu lated by ra tio-d/a in gen er a tion F1 by the co -
ef fi cient of Mather and Jinks (1971). On the ba sis of the com bin ing abil ity and in her it ing in the
early crossed gen er a tions the con clu sions about the cost li ness of the used sorts and the type of in -
her i tance in the an a lyzed traits were made. It was dis cov ered that high Gen eral Com bin ing Abil -
ity and breed ing value had Chi nese cultivars Zheng 8761, Xinong Da Shui, and par tially ac ces -
sions V8164 and Enola. Us ing these cultivars in hy brid com bi na tions could in crease the wheat
pro duc tive ness, by in creas ing the pro duc tive till er ing, the num ber of grains in a main spike and
the mass of 1000 grains of these cultivars. In creas ing the wheat yield by grow ing big ger length of
the spike, num ber of spike lets in a spike and the larger of grain size is dif fi cult to re al ize in these
crosses. The com bin ing abil ity and breed ing value of the other an a lyzed va ri et ies and lines was
au then tic ity low for the quan ti ta tive char ac ters, im por tant for the pro duc tive ness, e.g. as num ber
of grains per spike and a mass on 1000 grains. The re sults of the held ex plo ra tion showed that in -
her i tance of quan ti ta tive char ac ters was con trolled by an ad di tive-dom i nant ge netic sys tem. It
was dis cov ered that hy brids from the first gen er a tion had in ter me di ate type of in her i tance, with
stron ger ex pressed char ac ters of the par ent with higher val ues.

Key words: wheat, in her i tance, com bin ing abil ity, quan ti ta tive char ac ters.

In tro duc tion

One way to in crease pro duc tiv ity in wheat is through the ef fec tive se lec tion (Worland and
Snape, 2001). Ac cord ing to au thors such as (Rich ards et al., 2002, Cerana et al., 2002), this might
be done by us ing dif fer ent con trols on ge net i cally sources, the com bi na tion of which would have
in creased the ef fi ciency of se lec tion in this re gard. In her i tance of quan ti ta tive signs in
mezhdusortovi hy brid wheat in ear lier gen er a tions is sub ject to ex am i na tion by many au thors
(Ra~inski, 1971, 1981; Aual i En~ev, 1985; Boÿd`ieva, 1987; Cenov, 2004; Kostov, 2001;
Panayotov, 2000; Singh, 2001; Panayotov, 2002; Joshi, 2002; Zuo, 2007; Nikolova i Panayotov, 
2008; Nikolova and Panayotov, 2008). Stud ies con ducted so far con firmed poligenniya na ture of
in her i tance of quan ti ta tive signs jus ti fy ing the pro duc tiv ity of wheat. In the cross ing of spring and
win ter forms, al low ing di verse com bi na tion, re com bi na tion and transgresii have se lected the
most pro duc tive ge no types (Panayotov, 2000).

The pur pose of this study is to es tab lish in her i tance of a group of signs jus ti fy ing pro duc tiv -
ity in the new F1 hy brids of Triticum aestivum L. As sources of pro duc tiv ity are se lected cul tural
lines, ob tained by hy brid iza tion with spring va ri et ies, and also fin ished va ri et ies from China. The
pur pose of hibridizatsiyata in this study was to es tab lish the ex tent of the in her i tance of the main
signs in F1 hy brids and the pos si bil ity of trans fer ring these in di ca tors in the or di nary win ter
wheat.

Ma te ri als and Meth ods

The sur vey was con ducted in the ex per i men tal field in Dobrudzha ag ri cul tural in sti tute - G. 
Toshevo dur ing the years 2005-2007 in hibridizatsiyata in cluded do mes tic and for eign va ri et ies
and lines orig i nat ing in China, en shrined in the method top-cross (MasÓkova, 1979) (Ta ble 1).
This method gives good op por tu ni ties for ex plor ing com bin ing abil ity and in her i tance of a large
num ber of va ri et ies and lines. For fathernally com po nents Crys tal va ri et ies are used, Todora and
Enola, with high pro duc tiv ity and good zimo-and cold re sis tance. As ma ter nally de rived com po -
nents are in cluded Chi nese va ri et ies Zheng 8761, Xinong Da Shui, V 8164, and the Bul gar ian
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lines 256/95-402, 250/96-12, 167/96-113-49, 179/98-3, 359/99-1-4. The va ri et ies are char ac ter ized
by long pro duc tive mid dle spike and high stem, with a line - high till er ing. In the first year of the
study were made hy brid com bi na tions of the va ri et ies and lines in cluded in breed ing source ma te -
rial, in scheme top-cross. The same crosses were re peated again in 2006. Cre ated 24 F1 hy brids
and their par ents were raised in the Pol ish con di tions in 2007. Any com bi na tion of hy brid is
marked and an a lyzed in di vid ual plants in the clas si cal scheme, with the aim of ex am in ing the in -
her i tance of char ac ter is tics in com par a tive terms, and their com bi na tion. An a lyzed are char ac -
ters: height of the stems (HOS); num ber of pro duc tive tiller (NPT), length of the spike (LOS);
spike lets spike num ber (NSS) and grain spike num ber (NGS), weight of grains from the main
spike (WGS) and mass of 1000 grains (MTG). For breed ing-ge netic eval u a tion is used the level of 
dom i nance in F1 gen er a tion (d/a), de ter mined by the rate of Mather and Jinks, (1971, 1977). De -
ter min ing the com bin ing abil ity used Model I, Method 2 of Griffing, (1956), as they ex am ined
only make crosses and has made a pre lim i nary se lec tion of sin gle plant va ri et ies from cus tody.
The model for the eval u a tion of gen eral com bin ing abil ity (GCA) and spe cific com bin ing abil ity
(SCA) sub ject to the amounts are equal to 0. The sta tis ti cal treat ment is car ried out with the help
of the pro gram ming prod uct STATISTICA, ver sion 5.0 and 7.0 for Win dows 95 and the sta tis ti cal 
pack age BIOSTAT® ver.5.0 and 7.0

Table1. Scheme top-cross.

Zheng
8761

Xinong
DaShui

V 8164 167/96-113-49 179/98-3 250/96-12 256/95-402 359/99-1-4

Kristal + + + + + + + +

Todora + + + + + + + +

Enola + + + + + + + +

Re sults and Dis cus sion

Used in the study va ri et ies dif fer sig nif i cantly in fea tures re lated to pro duc tiv ity. Vari a tion
in the height of the stem is 30cm, as the high est line is 167/96-113-49, and the low est - va ri ety
Zheng 8761. Is a sig nif i cant dif fer ence with other signs, as most no tice able when it is high mass of
1000 grains - 32g and in the num ber of grains in the main spike - 29 pcs. (Ta ble 2). Com bin ing as
valu able to cut a stem va ri et ies are Chi nese Zheng 8761 and Xinong da Shui. The va ri ety with the
lower stem - Zheng 8761 has the ef fect of higher SCA. These val ues com bin ing his abil ity show
that it can be used as a source of low stem in a lim ited num ber of com bi na tions. High est rates of
GCA by years have 256/95-402 lines, and a va ri ety 167/96-113-49 Enola where aditive ef fects of
genes are the most strongly ex pressed. The ef fects of SCA show rad i cally dif fer ent ar range ment
of in di vid ual com po nents to pa ren tal GCA. High est rates of the ef fects of SKS have line 179/98-3
and va ri et ies Zheng 8761 and V8164, which im plies that the pos si bil ity of ob tain ing prom is ing hy -
brids with their par tic i pa tion is greater. Most many tiller formed va ri ety Enola and on line
256/95-402 (Ta ble 3), and the least is the va ri ety tiller Zheng 8761, the dif fer ence be ing ex pressed
by 4 tiller. Re gard ing the num ber of grains in class used the dif fer ence be tween par ents is very im -
por tant. Un like 29-30 grains in spike in about 67 av er ages means about 50% vari a tion. As a whole 
va ri ety of more grains in the class have a higher breed ing value, con firmed in Bul gar ian va ri et ies
and lines, whereas in the Chi nese model is ex actly the op po site. Sig nif i cant ge netic dif fer ences
there are in the grounds of mass grains 1000. Most whole sale grain is in line 250/96-12 and in va ri -
et ies Kristal, Zheng 8761 and Xinong da Shui. Com bin ing abil ity of each va ri ety in terms of pro -
duc tiv ity is re lated to in her i tance of the com po nents of pro duc tiv ity. The re sults of the sur vey on
the ex tent of dom i nance (d/a), show that in F1 in her i tance study of signs is dif fer ent (fig.1). In one
case, is in terim, and in other dom i nates par tial or super-dom i nance (heterosis) more strongly ex -
pressed signs of the par ent with higher val ues only in the num ber of pro duc tive grounds tiller in -
her i tance is in ter me di ary in the di rec tion of lower re search sign. In her i tance of the height of the
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stem and the num ber of spike lets chief in spike when tested hy brid com bi na tions is super-dom i -
nance in the di rec tion of the higher par ent. Char ac ters are suc ceeded in sta ble hy brid gen er a -
tions. High rates are cal cu lated on this in di ca tor in crosses when her fa ther used in the high par -
ent. The length of the main spike and the num ber of grains in it, and the mass of grains 1000 in ter -
me di ary in her i tance is in the di rec tion of the par ent with higher lev els of signs, re gard less of
grow ing con di tions. The av er age value of these signs in the study crosses ad di tive con trolled by
mul ti ple genes con trol ling the size of the spike. With the high est rates of GCA on grounds length
of a spike lines are 179/98-3, 250/96-12, 359/99-1-4 and va ri ety Enola. In a small de gree as gen eral
com bin ing can be used va ri et ies Xinong Da Shui and V8164, while va ri et ies Kristal, Todora,
Zheng 8761, and the lines 167/96-113-49, 256/95-402 is ir rel e vant. Va ri ety Zheng 8761 and line
256/95-402 pos sess ing rel a tively long spikes, but showed low neg a tive ef fects of GCA, sug gest ing
that the high est man i fes ta tion of fenotipna grounds is de ter mined by not-ad di tive gene ef fects
(Table3). In par tic u lar com bi na tions 167/96-113-49 line is in ap pro pri ate, al though high lev els of
SKS, as was the win ner of dom i nance genes for short spike. Better per spec tive give 256/95-402
line in com bi na tion with a va ri ety Kristal. To note is that in her i tance in hy brid com bi na tions in -
volv ing va ri et ies Enola and Todora and 179/98-3 line are very high proven to in crease the size of
classes and the num ber of spike lets and grains in the main spike. Va ri ety V8164 and Xinong Da
Shui, hold ing a large num ber spike lets have shown a low neg a tive ef fects of GCA, sug gest ing that 
the high est man i fes ta tion of fenotipna grounds is de ter mined by notaditive gene ef fects. In par -
tic u lar com bi na tions va ri ety Zheng 8761 is in ad e quate, al though high lev els of SCA, as was the
win ner of dom i nance genes for a small num ber spike lets chief in spike. Fathernally com po nents
of the data ac cord ing to GCA re search sign the best va ri et ies are com bin ing Todora and Enola,
and since ma ter nally com po nents - 359/99-1-4 lines, 250/96-12 and va ri ety V8164. High ad min is -
tra tion SCA been es tab lished in al most all com bi na tions in volv ing a va ri ety Todora. Re gard less
of the in her i tance grounds of the num ber of grains in the main spike of in ter est are hy brid com bi -
na tions 179/98-3/Todora, 179/98-3/Kristal, 250/96-12/Todora, V8164/Todora, 179/98-3/Enola and 
250/96-12/Enola, where in her i tance of quan ti ta tive signs as a whole is in ter me di ary in rais ing av -
er age in F1. In her i tance is dom i nant in the grounds weight of grains in the di rec tion of in creas ing
the val ues of grounds. Line 179/98-3 has a high weight of grains from the main spike of 3.99 ± 0.1g, 
but in com bi na tion with its study in her i tance par tic i pa tion in F1 is in the di rec tion of lower val ues
grounds.

Ta ble 2. Means of the char ac ters of par ents stud ied

Varieties and
lines

Height of
the stems,

cm

Tiller
number

Length of
the spike,

cm

Spikelets
spike

number

Grain
spike

number

Weight of
the grain

in spike, g

Mass of
1000

grains, g

Kristal 69 6 12 20 65 3.56 50.22

Todora 79 7 10 21 73 2.34 44.42

Enola 67 8 14 23 63 2.31 43.88

Zheng 8761 55 4 14 19 53 3.99 55.21

Xinong da Shui 66 4 16 22 68 3.69 58.49

V 8164 82 7 15 24 76 3.76 48.96

167/96-113-49 85 5 13 21 54 2.39 30.16

179/98-3 75 5 18 23 82 3.99 40.72

250/96-12 67 7 17 23 72 1.89 32.51

256/95-402 74 8 14 24 57 1.41 60.42

359/99-1-4 67 7 16 23 66 1.50 28.42

Difference 30 4 7 5 29 2.58 32

MsG 1793.65*** 42.13*** 191.33*** 61.43*** 1669.49** 3.63** 3222.57***

LSD0.05 2.45 1.01 1.23 1.07 2.94 0.82 2.30
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Fig. 1 In her i tance of quan ti ta tive char ac ters in F1 win ter wheat hy brids.

Ta ble 3. Ef fects of GCA and SCA

167/96-
113-49

179/98-3
Zheng
8761

Xinong
Da Shui

V 8164
250/96-

12
256/95-

402
359/99-

1-4
GCA

Effects of SCA

HOS F1

Kristal 0,65 0,16 -0,28 -0,13 -0,53 0,17 -0,28 0,24 -1,18

Todora -0,71 0,09 -0,23 -0,09 0,34 0,37 -0,05 0,28 2,16

Enola 0,06 -0,25 0,51 0,22 0,19 -0,54 0,33 -0,52 -0,98

GCA 3,22 4,61 -8,88 -3,58 4,74 -1,67 1,62 -0,06

HPT F1

Kristal 0,02 -0,04 0,16 0,01 -0,11 -0,07 0,09 -0,06 -0,17

Todora -0,02 0,12 -0,07 0,07 -0,01 0,03 -0,15 0,03 -0,32

Enola 0,00 -0,08 -0,09 -0,08 0,12 0,04 0,06 0,03 0,49

GCA 0,97 -0,53 -0,67 -0,63 -0,07 -0,02 1,24 -0,29

LOS F1

Kristal -0,11 -0,15 0,01 0,15 -0,08 0,21 0,02 -0,07 -0,05

Todora -0,08 0,16 0,17 -0,11 0,14 -0,13 -0,06 -0,09 -0,81

Enola 0,18 -0,03 -0,18 -0,04 -0,06 -0,08 0,04 0,16 0,86

GCA -2,01 1,40 -0,95 0,31 0,20 0,94 -0,87 0,98

NSS F1

Kristal -0,10 0,01 -0,35 -0,36 0,59 0,18 -0,08 0,11 0,15

Todora -0,03 0,35 0,00 0,06 -0,39 -0,10 0,13 -0,02 -0,67

Enola 0,13 -0,36 0,35 0,30 -0,20 -0,08 -0,05 -0,09 -0,52

GCA -0,35 0,81 -1,31 -0,31 -0,12 0,19 0,67 0,42

NGS F1

Kristal 1,13 0,08 0,09 0,38 -1,04 -0,43 -0,42 0,21 -2,67

Todora -2,26 0,41 -0,14 -0,16 0,80 0,98 0,35 0,02 1,64

Enola 1,13 -0,49 0,05 -0,22 0,24 -0,55 0,07 -0,23 1,03

GCA -6,12 2,58 -6,95 -2,83 3,91 5,04 -2,57 6,94

WGS F1

Kristal -0,18 0,19 0,18 -0,14 0,15 -0,10 -0,01 -0,09 0,02

Todora 0,06 -0,11 -0,10 0,03 -0,06 0,05 -0,01 0,14 -0,13

Enola 0,12 -0,08 -0,08 0,11 -0,09 0,05 0,02 -0,05 0,12

GCA -0,37 0,19 -0,01 0,27 0,28 -0,07 -0,21 -0,08

MTG F1

Kristal -1,50 2,06 1,99 -0,89 -1,90 -1,90 1,57 0,57 0,20

Todora 0,44 -2,79 -0,49 1,49 1,20 0,98 -0,59 -0,24 -1,45

Enola 1,06 0,73 -1,50 -0,60 0,70 0,92 -0,98 -0,33 1,25

GCA -6,29 -1,18 4,67 5,85 2,88 -1,69 -1,31 -2,92

Con clu sions

In her i tance study of signs is to in ter me di ary super-dom i nance in the ac tion of genes in a
dif fer ent di rec tion. When signs stem height, length of a spike, num ber spike lets and grains in
main spike of grains by weight spike and the, main mass of 1000 grains in the di rec tion of the
higher val ues in a num ber of pro duc tive tiller to the low er ing of val ues, con trol ling aditive -
dominant genetic system.

GCA high value and se lec tion have va ri ety Zheng 8761, Xinong da Shui, V8164, Enola and
line 179/98-3, 250/96-12, 359/99-1-4. Chi nese va ri ety Zheng 8761 can be used as a source of low
stem, va ri ety Xinong da Shui and V 8164 to in crease the grain spike num ber and mass of grains
1000. Line 179/98-3, 250/96-12, 359/99-1-4to in crease the length of the main spike. The use of Chi -
nese hy brid va ri et ies and com bi na tions could in crease pro duc tiv ity by short en ing the height of
the stem or by in creas ing the length of the main spike, the num ber of grains in class and the mass
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of grains 1000. Pro duc tiv ity inerease through till er ing and larger, grain size is dif fi cult to realize in
these crosses.
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Ab stract

This pa per com pares the anal y ses of wet glu ten rhe o log i cal prop er ties made by the sen sory
method ICC 106/2 and us ing the Instron Model ”4301” uni ver sal ma chine for sam ple tex ture de -
ter mi na tion. We an a lyzed wet glu ten sam ples of eight win ter wheat cultivars grown un der dif fer -
ent N rates. Quan ti ta tive and rhe o log i cal changes in wet glu ten were found among cultivars and
N ap pli ca tion vari ants. The val ues ob tained by the in stru men tal method Instron ”4301” at 90%
wet glu ten com pres sion var ied widely (0.002 to 0.041kN) and did not show any clear dif fer ence
among the rhe o log i cal glu ten prop er ties of the dif fer ent cultivars.

Key words: Instron ”4301”, rhe o log i cal prop er ties, wet glu ten, N nu tri tion, wheat.

In tro duc tion

Rhe o log i cal prop er ties of wet glu ten pro vide in for ma tion on the be hav iour of bread dough
dur ing pro cess ing. Glu ten is de scribed as a viscoelastic mass that re mains af ter starch is fully
washed out from the dough. The viscoelastic prop er ties of this com plex poly mer re sult from in -
ter ac tions among the glu ten frac tions gliadin and glutenin and other glu ten com po nents such as
lipids, car bo hy drates, and sol u ble pro teins (Pomeranz, 1968). The rhe o log i cal prop er ties of wet
glu ten in clude ex ten si bil ity, re sis tance to ex ten sion, elas tic ity, ad he sive ness, firm ness, etc.
Gliadin mono mers give the dough its elas tic ity and glutenin poly mers its re sis tance (Mul ler &
Wieser, 1997; An der son et al., 2001). Treat ment with N-fer til izer in creases the to tal pro tein con -
tent which has a sig nif i cant pos i tive cor re la tion with the to tal amount of gliadins and glutenins
(Mangova & Yanchev, 2002). Glu ten strength is neg a tively cor re lated with to tal amounts of
gliadins, but pos i tively cor re lated with to tal amount of glutenins (Doekes & Wennekes, 1982).
Al though sen sory tests are ir re place able for the un der stand ing of rhe o log i cal prop er ties of a
prod uct, they are be ing sub sti tuted at an in creas ing rate with mod ern in stru ments which pro vide
more ob jec tive re sults (Radovanovi} & Popov-Ralji}, 2001; Popov-Ralji} et al., 1998; Brennan,
1980). To ob tain in stru men tal data, it is nec es sary to make con tact be tween the probe of the in -
stru ment and the sam ple us ing an ap pro pri ate amount of force un til de for ma tion oc curs
(Popov-Ralji}, 1999). The pres ent pa per dis cusses the pos si bil ity of in stru men tal mea sure ment of 
wet glu ten rhe o log i cal properties.

Ma te ri als and Meth ods

The anal y sis in cluded eight bi o log i cally and tech no log i cally dif fer ent wheat cultivars;
Libellula (LI), Drina (DR), Somborka (SO), and Lasta (La) from a group of cultivars ge net i cally
poor in glu ten, and Sremica (SR), NSR-2, Jugoslavija (JU) and Pobeda (PO), from a group ge net -
i cally high in glu ten. All the cultivars were grown us ing dif fer ent N rates at Rimski [an~evi Ex -
per i ment Field of the In sti tute. The N treat ments were 0, 60, 90, 120, 150 and 180 kg N ha-1, as
shown in Ta ble 1. Wet glu ten con tents (WG) were rated as fol lows: be low 21% - low (1); 21-24% - 
sat is fac tory (2); 24-27% - good (3); 27-30% very good (4); over 30% - ex cel lent (5). Sen sory anal -
y sis of wet glu ten rhe o log i cal prop er ties was two fold, per formed by the ICC 106/2 method and
the rest test (GOST R, 1963), to de ter mine glu ten ex ten si bil ity. When the lat ter method was ap -
plied, dough was made from 25 g of flour, and left to sit for 20 min at 18 ± 2 oC be fore wash ing. Af -
ter that, wet glu ten was shaped into a ball and im mersed in wa ter for 15 min at 18 ± 2 oC. The glu -
ten sam ples were then ex tended on a ruler for 10 sec. and graded de scrip tively as fol lows. Ex ten si -
bil ity (E): (+) ex ten si ble up to 10 cm (short); (± ) mod er ately ex ten si ble, 10-20 cm; and (–) weak,
very ex ten si ble, over 20 cm. Ad he sive ness (A): (+) poorly ad he sive; (±) ad he sive; and (–) very ad -
he sive. In stru men tal de ter mi na tion of the tex ture of wet glu ten which was ob tained by ap ply ing
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the ICC 106/2 method was per formed on the Instron Model ”4301”, uni ver sal test ing ma chine
with a com pres sion at tach ment 90% (Popov-Ralji}, 1999). The op er at ing con di tions were as fol -
lows: wet glu ten sam ple weight - 1.5 g; work ing tem per a ture - 18-20 °C; com pres sion force - 0.25
kN; speed - 100 mm/min.

Re sults and Dis cus sion

The in crease in N rate led to in creased wet glu ten con tents in all cultivars (Ta ble 1). Sta tis ti -
cally sig nif i cant dif fer ences in wet glu ten con tent were found be tween N rates of 0, 90 and 180 kg
N ha-1 with all low qual ity cultivars, and N rates of 0, 90 and 150 kg N ha-1 with all high qual ity
cultivars. The high est wet glu ten con tent at all N rates was found in the cultivar Sremica.

Ta ble 1. Wet glu ten con tent of wheat cultivars at dif fer ent N rates

kg N ha-1

Wet glu ten con tent (%) 
Cultivar 

Low qual ity High qual ity 

LI DR SO LA SR NSR2 JU PO

0 20.3 18.7 18.7 14.3 22.0 21.0 20.3 20.0

60 22.3 20.0 20.0 16.7 24.7 22.0 21.3 20.7

90 25.0 23.3 23.7 18.3 27.3 25.7 25.7 25.0

120 26.7 25.0 25.0 21.0 30.0 28.0 27.3 27.7

150 27.0 26.7 27.7 22.0 30.3 30.3 29.7 28.0

180 30.0 28.7 30.0 23.3 32.0 30.3 31.7 28.7
aLeast sig nif i cant dif fer ence (P<0.05) for dif fer ent N treat ments = 3.0; for dif fer ent cultivars = 4.0; for dif fer ent
cultivars at dif fer ent N treat ments = 9.0

Rhe o log i cal glu ten prop er ties de scribed in this pa per us ing the sen sory method en com -
passed ex ten si bil ity and ad he sive ness for each N treat ment by cultivar (Tables 2 and 3).

Ta ble 2. Sen sory eval u a tion of wet glu ten rhe o log i cal prop er ties in low qual ity wheat cultivars at dif fer -
ent N rates

kg N ha-1

Cultivar

Libellula Drina Somborka Lasta

WG
(%)

E
(cm)

A
WG
(%)

E
(cm)

A
WG
(%)

E
(cm)

A
WG
(%)

E
(cm)

A

0 1 – – 1 – – 1 – – 1 + ±

60 2 – – 1 ± ± 1 ± ± 1 + ±

90 2 – – 1 ± ± 2 + ± 1 ± ±

120 3 – – 3 ± ± 3 + ± 2 + ±

150 3 – – 3 + – 4 + + 2 + ±

180 4 – – 4 ± ± 4 + + 2 + +

Wet glu ten con tents (WG) were graded as fol lows: be low 21% – low (1), 21-24% – sat is fac tory (2);
24-27% – good (3); 27-30% – very good (4), over 30% – ex cel lent (5)
E) Ex ten si bil ity: (+) up to 10 cm – inextensible (short); (±) 10-20 cm – mod er ately ex ten si ble; 
(–) over 20 cm – highly ex ten si ble (weak).
A) Ad he sive ness: (+) poorly ad he sive, (±) ad he sive; (–) very ad he sive

Char ac ter is tics of wet glu ten sam ples of low qual ity cultivars are pre sented in Ta ble 2. At
180 kg N ha-1, the cultivar Libellula had a sig nif i cantly high level of wet glu ten (4) and very weak
com pres sion re sis tance. In the cultivar Drina, min eral nu tri tion had more ef fect on rhe o log i cal
prop er ties than on wet glu ten con tent. At 60 kg N ha-1, wet glu ten be came me dium strong, suf fi -
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ciently elas tic, mod er ately ex ten si ble and ad he sive. With the next rate, 90 kg Nha-1, glu ten of the
cultivar Somborka was found to be strong. As the N rate in creased, glu ten be came pro gres sively
firmer and more elas tic, un til it even tu ally reached the state of be ing very strong when its con tent
peaked (4), at the N rates of 150 and 180 kg ha-1. At the N rates be low 120 kgha-1, wet glu ten of the 
cultivar Lasta changed lit tle, and it was inextensible and poorly ad he sive. Add ing more than 120
kg N ha-1 in creased the level of wet glu ten (2), which be came firmer (me dium strong). At 180
kgNha-1, glu ten was strong, elas tic and ex ten si ble.

Ta ble 3. Sen sory eval u a tion of wet glu ten rhe o log i cal prop er ties in high qual ity wheat cultivars at dif fer -
ent N rates

kg N ha-1

Cultivar

Sremica NSR-2 Jugoslavija Pobeda

WG
(%)

E
(cm)

A
WG
(%)

E
(cm)

A
WG
(%)

E
(cm)

A
WG
(%)

E
(%)

A

0 2 + + 1 – ± 1 ± – 1 ± ±

60 2 + + 2 – ± 2 ± – 1 ± ±

90 4 + + 3 ± ± 3 ± – 3 ± ±

120 4 ± ± 4 ± – 4 ± ± 4 ± ±

150 5 – ± 5 + ± 4 ± ± 4 + +

180 5 – – 5 + ± 5 ± ± 4 + +

Wet glu ten con tents (WG) were graded as fol lows: be low 21% – low (1), 21-24% – sat is fac tory (2);
24-27% – good (3); 27-30% – very good (4), over 30% – ex cel lent (5)
E) Ex ten si bil ity: ( + ) up to 10 cm – inextensible (short); ( ± ) 10-20 cm – mod er ately ex ten si ble; 
( – ) over 20 cm – highly ex ten si ble (weak).
A) Ad he sive ness: ( + ) poorly ad he sive, ( ± ) ad he sive; ( – ) very ad he sive

Char ac ter is tics of wet glu ten sam ples of high qual ity cultivars are pre sented in Ta ble 3. The
cultivar Sremica had the high est wet glu ten con tent, by a sig nif i cant mar gin (5), at 180 kg N ha-1

(Ta ble 1). How ever, the rhe o log i cal prop er ties of this cultivar’s glu ten were better with the lower
N rates. As the N rates in creased, glu ten be came looser and weaker and it at tained greater ex ten -
si bil ity and ad he sive ness. Glu ten of the cultivar NSR-2, which had the high est wet glu ten con tent, 
by a sig nif i cant mar gin (5), at 150 and 180 kg N ha-1, had the most fa vor able rhe o log i cal prop er -
ties. Al ready at 90 kg N ha-1, me dium strong glu ten was formed that had mod er ate ex ten si bil ity.
Each fur ther in crease of N, in creased ex ten sion re sis tance and ad he sive ness. Wet glu ten rhe o log -
i cal prop er ties of the cultivar Jugoslavija were dis tinct. Right af ter wash ing, at all N rates, glu ten
was ad he sive and weak. When more than 120 kg N ha-1 were used, glu ten be came me dium strong. 
With the cultivar Pobeda, a sig nif i cantly high wet glu ten con tent (4) was achieved with 180 kg N
ha-1. Up to 120 kg N ha-1, glu ten had lit tle ex ten si bil ity and was less ad he sive as well as plas tic
(me dium strong). At 150 and 180 kg N ha-1, it turned less ex ten si ble and ad he sive and be came
elas tic (strong). The dif fer ent prop er ties of the glu ten sam ples an a lyzed in di cate dif fer ent qual ity
of the glu ten pro teins (Czuchajowska, & Paszczynskais, 1996).

Ta ble 4 shows the re sults ob tained on Instron ”4301” at 90% wet glu ten com pres sion.
The poor est cultivars in terms of tech no log i cal qual ity, Libellula, Drina and Lasta, had dif -

fer ent val ues of glu ten com pres sion re sis tance at 0 kg N ha-1 (0.003; 0.009 and 0.008 kN, re spec -
tively), while the other cultivars had val ues from 0.007 to 0.008 kN (Ta ble 4). The high est-qual ity
cultivar, Sremica, had mar gin ally higher glu ten re sis tance to com pres sion at 0 and 60 kgNha-1

com pared with the other N rates. Glu ten of the cultivars NSR-2, Somborka and Pobeda had the
great est re sis tance (0.010 and 0.041kN) at 150 and 180 kg N ha-1. With the cultivar Jugoslavija, the 
sit u a tion was re versed, as greater re sis tance was ob served at the low N rates.
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Ta ble 4. Re sults of in stru men tal de ter mi na tion of wet glu ten com pres sion un der ni tro gen nu tri tion con di -
tions in wheat

kgNha-1

Wet glu ten com pres sion (kN)

Wheat cultivars 

Lower qual ity Better qual ity

LI DR SO LA SR NSR-2 JU PO

0 0.003 0.009 0.008 0.008 0.007 0.008 0.007 0.008

60 0.003 0.008 0.009 0.008 0.007 0.006 0.008 0.007

90 0.004 0.010 0.009 0.040 0.006 0.007 0.008 0.009

120 0.005 0.009 0.009 0.040 0.005 0.009 0.008 0.040

150 0.003 0.012 0.010 0.010 0.006 0.010 0.005 0.041

180 0.002 0.010 0.010 0.010 0.004 0.009 0.004 0.041

The val ues ob tained at 90% com pres sion ranged be tween 0.002 and 0.041 kN, and they did
not show any clear dif fer ence among the glu ten rhe o log i cal prop er ties of the dif fer ent cultivars.
Three cultivars dif fer ing in glu ten qual ity (Libellula, Sremica and Jugoslavija) had rel a tively
small com pres sion re sis tance val ues at the high est N rates of 150 and 180 kgha-1. In the rest of the
cultivars, wet glu ten rhe o log i cal prop er ties at the high N rates showed a link be tween glu ten con -
tent and the val ues mea sured un der com pres sion on the Instron ma chine.

Con clu sions

The rhe o log i cal wet glu ten prop er ties changed as the wet glu ten con tents in creased un der
N nu tri tion con di tions, and the changes were cultivar-spe cific. The re sults ob tained by wet glu ten
com pres sion mea sure ment did not show clear dif fer ences among wet glu ten rhe o log i cal prop er -
ties that could be linked to wet gluten quality.
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ON WHEAT YIELD AND SEED QUALITY 
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Ab stract

An in ves ti ga tion has been or ga nized to study the ef fect of wheat seed in oc u la tion (the
cultivars Renesansa, Pesma) with A. chroococcum, strain 86 (5x CFU 108 ml-1). Ex per i ments were
con ducted un der field con di tions, on a cher nozem soil. The ef fec tive ness of in oc u la tion on wheat
seed qual ity (ger mi na tion en ergy and per cent age), yield and 1000-grain weight was shown to de -
pend on the amount of ap plied urea (50, 100 and 200 kg ha-1 and nonfertilized con trol) and wheat
cultivar. A. chroococcum in oc u la tion in creased the yield of seed in the vari ant with out urea ap pli -
ca tion (by 16 to 26%) and in the case of the cultivar Pesma (from 20%, with 50 kg/ha urea, to
27%, with 100 kg/ha urea). A. chroococcum treat ment in creased the en ergy of ger mi na tion by
2-3% and seed vi a bil ity by 1-6% in both cultivars, in the vari ant with out fer til izer ap pli ca tion and
in the vari ant with the low est urea dose (50 kg ha-1) in the case of the cultivar Pesma. Low est ef -
fects on seed ger mi na tion en ergy and per cent age were found in the vari ant with 100kg urea ha-1.
The ef fects were par tic u larly low in the case of the cultivar Pesma.

Key words: Azotobacter chroococcum, in oc u la tion, seed, wheat

In tro duc tion

Ni tro gen is the most lim it ing nu tri ent for in creas ing crop pro duc tiv ity. Bi o log i cal ni tro gen
fix a tion (BNF) plays an im por tant role in main tain ing soil fer til ity (Vance & Gra ham, 1995).

Azotobacter is a free-liv ing ni tro gen-fix ing bac te rium, which is used as a biofertilizer in the
cul ti va tion of most crops. In oc u la tion with Azotobacter can in crease yield by 5–28% (Govedarica
et al., 1995; Ken nedy et al., 2004; Milosevic & Jarak, 2005) as a re sult of BNF, and the pro duc tion
of an ti bac te rial and antifungal com pounds, growth reg u la tors and siderophores ().

Ef fect of wheat in oc u la tion with Azotobacter var ies in de pend ence of the spe cies and strain
of N-fix ing bac te ria, physico-chamical soil prop er ties, N fer til iz ers ap plied, cli ma tic con di tions
and wheat cultivar (Milo{evi} & Govedarica 2001; Milo{evi} & Jarak, 2005). Ac cord ing to  et al.
(1995) and in oc u la tion with Azotobacter re placed up to 50% of the urea-N for wheat in green -
house tri als un der asep tic con di tions.

The ob jec tives of this study were to as sess the ef fects of in oc u la tion with Azotobacter
chroococcum and quan tity of urea on seed qual ity and grain yield of wheat.

Ma te ri als and Meth ods

This study was un der taken in or der to as sess the ef fects of in oc u la tion with Azotobacter
chroococcum and urea ap pli ca tion on seed qual ity and grain yield of wheat cultivars Renesansa
and Pesma.

Ex per i ments were con ducted un der field con di tions, on a cher nozem soil. The field trial
was es tab lished in a ran dom ized block de sign with four ive rep li ca tions. The chem i cal soil prop er -
ties were: pH (in H2O) 7.47; CaCO3 15.27%; hu mus 3.81 %; P2O5 32.70 mg/100g soil and K2O
16.00 mg/100g soil. The size of ex per i men tal plots was 48x50 m.

Test vari ants: 1. con trol (with out urea ap pli ca tion); 2. 50 kg ha-1 urea; 3. 100 kg ha-1 urea; 4.
200 kg ha-1 urea, with and with out in oc u la tion with A. chroococcum.

Wheat seed was in oc u lated with A. chroococcum, strain 86 (72 hrs old, den sity about 108

cfu/ml). Biotests were con ducted to mon i tor the ef fect of in oc u la tion with A. chroococcum, strain
86 (de pend ing on the amount of ap plied urea) on seed vi a bil ity and ger mi na tion en ergy of wheat
cultivars Renesansa and Pesma. Sub se quently, 1000-grain weight and grain yield were mea sured
and shown per ha-1 of land. The pre sented re sults are 2-year av er ages (2003 and 2004).
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Re sults and Dis cus sion

The global an nual vol ume of BNF is es ti mated at about 175 mil lion tons of ni tro gen, 79%
of which are be ing fixed in plant-soil sys tems. In oc u la tion with diazotrophs may have a pos i tive
ef fect on plant growth parametersm, which may but need not man i fest it self on the yield of field
crops. Namely, the ef fect of in oc u la tion has been found to de pend on cul tural prac tices ap plied,
plant spe cies, hy brid, bac te rial spe cies and strain, in oc u la tion tech nique and the method of ap pli -
ca tion of bac te rial prep a ra tions (Milo{evi} & Jarak, 2005; Ken nedy et al., 2004).

The ef fec tive ness of in oc u la tion and its ef fect on wheat seed qual ity (ger mi na tion en ergy
and per cent age), yield and 1000-grain weight were shown to de pend on the amount of ap plied
urea (50, 100 and 200 kg ha-1 and nonfertilized con trol) and wheat cultivar.

Ta ble 1. Ef fect of in oc u la tion with A. chroococcum on ger mi na tion en ergy of wheat seed (%)

In oc u la tion

Cultivar

LSD
5%

Renesansa Pesma

Urea (kg ha-1)

0 50 100 200 0 50 100 200

Uninoculated 84.00 86.00 88.00 85.00 86.00 80.00 89.00 87.00 1.6673

In oc u lated 86.00 88.00 88.00 88.00 88.00 86.00 88.00 89.00

In crease over
uninoculated
con trol (%)

2 2 - 4 2 7 - 2

A. chroococcum treat ment in creased the en ergy of ger mi na tion by 2-3% and seed vi a bil ity
by 1-6% in both cultivars in the vari ant with out fer til izer ap pli ca tion, and in the vari ant with the
low est urea dose (50 kg ha-1) in the case of the cultivar Pesma (Ta bles 1 and 2). Low est ef fects on
seed ger mi na tion en ergy and per cent age were found in the vari ant with 100 kg urea ha-1. Ac cord -
ing to Burns (1995), in oc u la tion with Azotobacter may sig nif i cantly af fect plant ger mi na tion and
growth, i.e., it may in di rectly af fect the yield.

Ta ble 2. Ef fect of in oc u la tion with A. chroococcum on vi a bil ity of wheat seed (%)

In oc u la tion

Cultivar

LSD
5%

Renesansa Pesma

Urea (kg ha-1)

0 50 100 200 0 50 100 200

Uninoculated 86.00 86.00 88.00 89.00 86.00 82.00 90.00 89.00

2.0841
In oc u lated 92.00 88.00 88.00 91.00 90.00 88.00 90.00 90.00

In crease over
uninoculated
con trol (%)

7 3 - 2 5 7 - 1

Av er age long-term re sults (Milo{evic & Govedarica, 2001) have shown mostly pos i tive ef -
fects of in oc u la tion with A. chroococcum on wheat grain yield (up to 3%) and plant height (up to
6%). The later pa ram e ter may be im por tant in wheat breed ing for re sis tance to lodg ing.

The larg est in crease in 1000-grin weight was ob tained in the vari ant with out N ap pli ca tion
and with 50 kg urea ha-1 (Ta ble 3). Ac cord ing to Govedarica et al. (1995) in oc u la tion of wheat
seed with diazotrophs in creased the 1000-grain weight from 2 to 14% un der con di tions of a green -
house.
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Ta ble 3. Ef fect of in oc u la tion with A. chroococcum on 1000-grain weight (g)

In oc u la tion

Cultivar

LSD
5%

Renesansa Pesma

Urea (kg ha-1)

0 50 100 200 0 50 100 200

Uninoculated 31.00 33.00 36.00 34.00 30.00 33.00 34.00 32.00

1.6673
In oc u lated 36.00 37.00 36.00 34.00 34.00 35.00 31.00 33.00

In crease over
uninoculated
con trol (%)

16 12 - - 13 6 - 3

A. chroococcum in oc u la tion in creased the yield of seed in the vari ant with out urea ap pli ca -
tion (by 16 to 26%) and in the case of the cultivar Pesma (from 20%, with 50 kg ha-1 urea, to 27%,
with 100 kg ha-1 urea) (Ta ble 4). Ac cord ing to Ken nedy et al. (2004), in oc u la tion with Azotobacter
spp. in creased the yield of wheat by 0.65 g per plant un der con di tions of a green house.

Ta ble 4. Ef fect of in oc u la tion with A. chroococcum on grain yield (kg ha-1)

In oc u la tion

Cultivar

LSD
5%

Renesansa Pesma

Urea (kg ha-1)

0 50 100 200 0 50 100 200

Uninoculated 2291.67 2250.00 2333.33 3125.00 2333.33 1041.67 1666.67 2583.33

2.5211
In oc u lated 2666.67 2502.00 2666.67 2708.00 2958.33 1250.00 2125.00 2458.33

In crease over
uninoculated
con trol (%)

16 12 14 - 27 20 28 -

Bac te rial inoculant biofertilizers can, in prin ci ple, be used to sup ple ment the use of urea-N.
The es ti mated amount of BNF by wheat–bac te rial as so ci a tions was be tween 10 and 30 kg N ha!1
for the crop or about 10% of the to tal N re quire ment (Ken nedy et al., 2004).

Con clu sions

The ef fec tive ness of bac te rial in oc u la tion on wheat seed qual ity (ger mi na tion en ergy and
per cent age), yield and 1000-grain weight was shown to de pend on the amount of ap plied urea and 
wheat cultivar.

Wheat seed in oc u la tion with A. chroococcum affecte dpositively all pa ram e ters un der study, 
es pe cially in the vari ants with out urea ap pli ca tion and the low est dose of urea.

Tak ing in con sid er ation the eco log i cal and eco nomic im por tance of diazotroph ap pli ca -
tion, the ap pli ca tion of bifertilizers is a fu ture imperative.
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Ab stract

It is known that the in flu ence of en vi ron men tal fac tors on tech no log i cal qual ity of wheat is
rather com plex. There fore it is im por tant to ex am ine the sta bil ity of the most im por tant wheat
qual ity char ac ter is tics in or der to pre dict bread qual ity. Cipovka had the high est av er age re sis -
tance to ex ten sion of flour dough (426 EJ). Ac cord ing to the Eberhart and Rus sell model used in
the study the most sta ble ge no types for re sis tance to ex ten sion of flour dough was Balada (bi =
1.11) which had the low est value (304 EJ) for that pa ram e ter. Sit u a tion for extensograph ex ten si -
bil ity as pa ram e ter is op po site. Cipovka had the low est av er age ex ten si bil ity of 141 mm and
Balada had the high est value (152 mm). Extensograph area as a re sult of re sis tance ex ten sion of
flour dough and ex ten si bil ity showed the high est eco log i cal sta bil ity in the cultivar Balada.
Balada had co ef fi cient of re gres sion (bi = 0.90), but also the low est value of extensograph area
(82cm2). Sec ond on the list of sta bil ity was Cipovka (bi = 0.75), with av er age extensograph area of
111 cm2.

Key words: wheat va ri et ies, en ergy, sta bil ity

In tro duc tion

The qual ity of bread, bak ery goods and other kinds of bak ery prod ucts pri mar ily de pends
on the qual ity of the flour used as ba sic raw ma te rial, i.e. tech no log i cal qual ity of wheat cultivar as 
ini tial raw ma te rial. The extensograph is a de vice for mea sur ing and re cord ing the ex ten si bil ity
and re sis tance to ex ten sion of flour dough. The height of the extnsograph curve in di cates the
dough’s re sis tance to ex ten sion and the length of the curve as mea sured on the hor i zon tal axis in -
di cates its ex ten si bil ity. The extensograph curve is ex pected to show the de gree of mat u ra tion of
the flour used in the dough, as well as its machinability and be hav iour dur ing fer men ta tion
(Auerman, 1988). The qual ity of wheat de pends on ge no type, agroecological con di tions, but also
on the in ter ac tion of ge no type and outer en vi ron ment. As the in flu ence of ge no type on the qual -
ity of wheat is strong, we per form the clas si fi ca tion of cultivars into dif fer ent cat e go ries also on
the ba sis of ge netic po ten tial (Uhlen et al., 1988). If we speak of the pro duc tion con di tions that
vary sig nif i cantly, like it is the case in our coun try, it is very dif fi cult to cre ate cultivars with good
adapt abil ity and sta bil ity (Mladenov, 1999).

The aim of this pa per is to in ves ti gate the eco log i cal sta bil ity of the new wheat cultivars
grown in our con di tions to the extensograph pa ram e ter – en ergy.

Ma te ri als and Meth ods

Grain sam ples were ob tained from seven wheat cultivars grown in 2005 and 2006 at 12 lo ca -
tions in Vojvodina prov ince which are grouped into four re gions. Tak ing into con sid er ation cli -
ma tic and edafic char ac ter is tics, looked upon the as pect of wheat pro duc tion it has been per -
formed the group ing of lo cal i ties in Vojvodina into four re gions. The first re gion con sists of lo cal -
i ties Novi Sad and Sombor, the sec ond re gion con sists of lo cal i ties Subotica, Ba~ka Topola and
Senta, the third re gion con sists of lo cal i ties Kikinda, Zrenjanin and Vr{ac, while the fourth re gion 
con sists of lo cal i ties Ruma, Sremska Mitrovica and Pancevo. The eval u a tion of new cultivars was
per formed in com par i son with the cultivar Pobeda.

The re sults were sta tis ti cally pro cessed ac cord ing to the model of anal y sis of three-fac tor
ex per i ment (cultivar, year, re gion), where the lo cal i ties were taken as rep e ti tions. The pur poses
of the in ves ti ga tion of sta bil ity were pre sented by re gres sion co ef fi cient (b1) and the av er age stan -
dard de vi a tion from re gres sion (S2d1) per formed ac cord ing to the model of Eberhard and Rus sel
(1966).
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Re sults and Dis cus sion

A cultivar´s value de pends not only on its ge netic potentional for par tic u lar char ac ters but
also on its abil ity to re al ize this potentional in ac tual pro duc tion and un der dif fer ent en vi ron men -
tal con di tion (Mladenov 1999).

The dough’s re sis tance on extensograph ex pressed in extensograph units de pends sig nif i -
cantly on both the cultivar of which the flour was pro duced and also on the year of grow ing. The
in flu ence of the re gion of grow ing in the av er age of all the cultivars showed no sta tis ti cally sig nif i -
cant dif fer ences. Cipovka had the high est (426 EJ) av er age re sis tance to ex ten sion of flour dough
(Table 1).

Ta ble 1. Dough re sis tance to ex ten sion (EJ) for the ex per i men tal cultivar, year and re gion

Cultivar
(C)

Region (R)
Average E

G
N

A
R

I region II region III region IV region

Year (Y) Year (Y) Year (Y) Year (Y) Year (Y) Ave -
rage2005 2006 2005 2006 2005 2006 2005 2006 2005 2006

Pobeda 217 403 287 410 307 357 313 410 267 407 338 BC

Cipovka 330 463 350 423 318 520 430 570 319 405 426 A

Simonida 323 423 346 415 291 463 343 423 293 425 379 AB

Balada 198 340 293 370 253 360 195 421 320 456 304 C

Average 267 407 319 405 292 425 320 456 300 423 362  

Average 337 362 359 388 362 361  

 C Y R C/Y C/R Y/R C/Y/R

LSD 0.05 37,32 26,39 52,77 32,24 74,63 52,77 99,52

LSD 0.01 49,61 35,08 70,16 49,61 99,22 70,16 140,32

The dif fer ence in dough ex ten sion as an extensograph pa ram e ter in var i ous cultivars is sig -
nif i cantly im por tant and ranged from 141 mm in Cipovka to 152 mm in Balada (Ta ble 2). The in -
flu ence of re gion on extensograph ex ten sion had no sta tis ti cally sig nif i cant ef fect, but the in flu -
ence of the year in av er age of all the cultivars from 2005 (151 mm) and 2006 (142 mm) is highly
significant.

Ta ble 2. Ex ten si bil ity (mm) for the ex per i men tal cultivar, year and re gion

Cultivar
(C)

Region (R)
Average E

G
N

A
R

I region II region III region IV region

Year (Y) Year (Y) Year (Y) Year (Y) Year (Y) Avera
ge2005 2006 2005 2006 2005 2006 2005 2006 2005 2006

Pobeda 148 145 148 147 151 151 141 152 147 149 148 AB

Cipovka 147 146 144 140 150 133 144 123 146 136 141 B

Simonida 146 141 143 147 162 135 146 136 149 140 144 AB

Balada 176 144 146 144 162 143 163 136 161 142 152 A

Average 154 144 145 145 156 141 149 137 151 142 146  

Average 149 145 148 143 146 146  

 C Y R C/Y C/R Y/R C/Y/R

LSD 0.05 6,82 5,73 8,1 11,46 14,32 11,46 22,92

LSD 0.01 10,77 7,62 10,77 15,24 21,55 15,24 30,47
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Extensograph area as a re sult of re sis tance and ex ten si bil ity of dough did not show sig nif i cant 
sta tis ti cal dif fer ence when we speak of the grow ing re gion, but what was highly sig nif i cant was the
dif fer ence among cer tain cultivars and the year of grow ing. Extensograph area had the high est val -
ues in the cultivar Cipovka (111cm2), and the low est in cultivar Balada (82cm2) (Ta ble 3).

The re sults are in agree ment with the find ings Mladenov et al. (2001) where year had a
greater ef fect on qual ity pa ram e ters than cultivar.

Ta ble 3. Extensograph area (cm2) for the ex per i men tal cultivar, year and re gion

Cultivar
(C)

Region (R)
Average E

G
N

A
R

I region II region III region IV region

Year (Y) Year (Y) Year (Y) Year (Y) Year (Y) Avera
ge2005 2006 2005 2006 2005 2006 2005 2006 2005 2006

Pobeda 57 114 78 117 90 109 81 121 77 115 96 B

Cipovka 90 126 94 112 117 121 116 115 104 118 111 A

Simonida 84 110 94 111 100 109 88 100 92 108 100 B

Balada 70 89 72 95 82 91 61 102 71 94 82 C

Average 75 110 85 109 97 108 87 110 86 109 97  

Average 93 97 102 98 97 97  

 C Y R C/Y C/R Y/R C/Y/R

LSD 0.05  7.42 6,02 8,51 12,03 17,01 12,03 24,06

LSD 0.01 11,31 7,99 11,31 15,99 22,62 15,99 31,99

Ac cord ing to Eberhard and Rus sell (1966) the bi – value pa ram e ter of sta bil ity is the liner
re gres sion of a ge no type rel a tive to the mean value of all ge no types in a given en vi ron ment. The
other sta bil ity pa ram e ter of a ge no type (S2

d) is its de vi a tion from lin ear re gres sion. The ideal
cultivar would have a high mean per for mance over a range of en vi ron ments, a re gres sion co ef fi -
cient of one, and zero de vi a tion mean square from re gres sion. Balada had the high est co ef fi cient
of re gres sion (bi = 0.90), but also the low est value of extensograph area (83cm2). Sec ond on the
list of sta bil ity was Cipovka (bi = 0.75), with av er age extensograph area of 111 cm2 (Ta ble 4).

Ta ble 4. Re gres sion co ef fi cients and de vi a tions from re gres sion for dough re sis tance to ex ten sion, ex ten -
si bil ity and extensograph area

Cultivar 

dought resistance to
extension (EJ)

Extensibility (mm) Extensograph area (cm2)

bi S2d bi S2d bi S2d

Pobeda 0,90 -180,23 -0,10 -22,88 1,65 -18,62

Cipovka 1,19 334,89 1,15 -11,65 0,75 29,68

Simonida 0,79 -564,5 1,09 -13,70 0,69 -17,70

Balada 1,10 -16,28 1,85 7,09 0,90 13,23

Average 1,00  1,00  1,00  

Con clu sions

On the ba sis of the re sults of the in ves ti gat ing of extensograph pa ram e ters of the flour qual -
ity of four cultivars from four Vojvodina re gions, per formed in two pro duc tion years, as well as
on the ba sis of the in ves ti ga tion of sta bil ity, the fol low ing con clu sions can be drawn:
· The in flu ence of re gion in av er age of all the cultivars did not have any sig nif i cance for

extensograph pa ram e ters of flour qual ity, while the in flu ence of the year and cultivar was
very sig nif i cant.
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· The cultivar Cipovka has the high est val ues of dough re sis tance to ex ten sion, which re -
sulted also in the high est extensograph area (111cm2).

· The high est sta bil ity in the in ves ti ga tion of extensograph area pre sented in re gres sion co ef -
fi cient had the cultivars Balada (0.90), but also the low est mean value. Sec ond on the list of
sta bil ity was Cipovka (bi = 0.75).
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CULTIVAR X YEAR INTERACTION FOR WINTER 
MALTING BARLEY QUALITY TRAITS

Novo Pr`ulj, Vojislava Mom~ilovi}
Institute of Field and Veg e ta ble Crops, Maksima Gorkog 30, 21000 Novi Sad, Ser bia

E-mail:przulj@ifvcns.ns.ac.yu

Ab stract

In South east Eu rope, where wa ter def i cits and high tem per a ture stress oc cur fre quently in
the spring, win ter malt ing bar ley (WMB) is grown on a larger area than spring malt ing bar ley
(SMB). The aim of this work was to study qual ity traits of eight WMB va ri et ies in the lo ca tion of
Novi Sad (45°20’N, 15°51’E, 86m asl), which is sit u ated in South east Eu rope. Av er age yield var -
ied much more across years (4.77-11.45t ha-1) than across va ri et ies (8.26-9.31t ha-1). Thou -
sand-grain weight and test weight were rather sta ble across years with vari a tions from 40.4 to
46.7g and from 70.7 to 76.4kg hl-1, re spec tively. Across years, fine ex tract con tent and vis cos ity
were 77.4% and 1.583, re spec tively. Most of the vari a tion for all the tested traits was due to to the
in ter ac tion GxY and Y. Heritability was rather low for all the traits and ranged from 12.2% for
yield to 64.4% for pro tein con cen tra tion. Al though the year has a strong in flu ence on ag ro nomic
and qual ity traits, the re sults of in di vid ual va ri et ies in di cated that it is pos si ble to pro duce good
WMB in the re gion of South east Eu rope.

Key words: qual ity, yield, win ter malt ing bar ley (Hordeum vulgare L.)

In tro duc tion

Re gions with mod er ate tem per a ture and suf fi cient pre cip i ta tion are most suit able for the
pro duc tion of qual ity malt ing bar ley. How ever, malt ing bar ley is also pro duced in arid and
semiarid re gions in which cli ma tic con di tions are con sid er ably worse. In those re gions, win ter
malt ing bar ley has better malt qual ity and grain char ac ters (Baumer et al., 1994; Pr`ulj et al.,
1998). The aim of this study was to in ves ti gate the ge no type, en vi ron ment and GxE in ter ac tion
ef fects on yield and some grain and malt char ac ter is tics of win ter malt ing bar ley in the con di tions
of South east Eu rope, spe cif i cally the Pannonian Plain.

Ma te rial and Meth ods

Eight spring malt ing bar ley va ri et ies (Novosadski 293, Novosadski 183, Novosadski 519,
Novosadski 525, Novosadski 529, Novosadski 535, NS 543, and NS 545) were stud ied dur ing a
seven-year pe riod (1998-2004) in the lo ca tion of Novi Sad (45°20’N, 15°51’E, 86 m asl). A com -
plete ran dom ized block de sign with three rep li cates was used. Plots 5 m x 1 m in size with 10 cm
be tween the rows were sown at the rate of 350 vi a ble grains m-2. The cul tural prac tices ap plied
were those that are reg u larly used for large-scale win ter malt ing bar ley pro duc tion.

Anal y sis of grain and malt from each plot was con ducted four months af ter har vest ing us -
ing the EBC meth od ol ogy. Two-way anal y sis of vari ance was con ducted and es ti mates of the
com po nents of vari ance due to va ri ety, year, and va ri ety x year in ter ac tion were made. A mixed
model was used, with va ri ety con sid ered as fixed and years as ran dom ef fects (Zar, 1996). The
heritability of the ge no type mean over years was es ti mated by (Mg-Mgy)/Mg, where Mg is the
mean square of the ge no type and Mgy the mean square of ge no type x year in ter ac tion (DePauw
and McCaig, 1991).

Re sults

The year ac counted for 96% of grain yield vari a tion (Ta ble 1). Heritability for yield was
rather low, 12.5%. Grain qual ity traits, grain hec to li ter weight (GHW) and 1000-grain weight
(TGW) were mainly de ter mined by the year and spe cific be hav ior of va ri et ies in the year. The
broad sense heritability for GHW and TGW was 74.3 and 65.4, re spec tively. The high est par ti tion 
of vari a tion for grain pro tein con cen tra tion (GPC) in grain be longed to the non-ge netic com po -
nent, i.e., the year. Heritability for GPC was rel a tively high, which means that the ge no type vari a -
tion within the to tal vari a tion was rather high. Al though the vari a tion for fine ex tract con tent due
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to the year was sig nif i cant, it could be con cluded on the ba sis of ANOVA re sults that the per for -
mance of this trait de pended of spe cific be hav ior of the va ri ety un der spe cific con di tions of each
year. Year and GxY in ter ac tion were re spon si ble for vari a tion in vis cos ity.

Ta ble 1. Mean squares from the anal y sis of vari ance, per cent age of vari ance com po nents and heritability 
of pre-anthesis pe riod du ra tion (VP), grain fill ing pe riod du ra tion (GFP), grain yield, grain hec to -
li ter weight (GHW), 1000-grain weight (TGW), grain pro tein con cen tra tion (GPC), fine ex tract
con tent (FEC), and vis cos ity (VIS) in eight win ter bar ley va ri et ies over the seven-year pe riod
(1998-2004)

Source df
VP

(GDD, oC)
GFP

(GDD, oC)
Yield

(t ha-1)
GHM

(kg hl-1)
TGW

(g)
GPC

(dm, %)
FEC

(dm, %)

VIS
(mPas,
8.6%e)

Variety (G) 7 2643.26 2643.26 4.28 34.33* 20.61 2.88* 1.231 0.031

Year (Y) 6 346232.26** 70333.24** 102.93** 78.2** 100.30** 9.17** 6.074** 0.189**

G x Y 42 1331.41** 1331.41** 2.518** 7.96** 11.60** 0.88** 4.826** 0.010**

Pooled error 110 142.80 142.80 0.21 0.39 0.66 0.02 0.178 0.001

% of variance components

s2
G 0.4 1.8 0.4 17.7 5.1 12.7 0.0 8.0

s2
Y 96.0 82.7 96.0 41.3 43.8 46.2 2.9 59.9

s2
GY 2.7 11.4 2.7 35.6 43.2 37.9 87.1 24.1

s2
E 0.9 4.1 1.0 5.5 7.9 3.2 10.0 8.0

h2
b 2.9 13.0 12.5 74.3 43.6 65.4 0.0 47.5

*Sig nif i cant at the 0.05 prob a bil ity level, ** Sig nif i cant at the 0.01 prob a bil ity level

GHW was among the most sta ble traits. The dif fer ence be tween max i mum and min i mum
value was 3.2 across years and 5.7 kg across va ri et ies. The va ri et ies NS 525, NS 529 and NS 535
had the low est (72 kg hl-1) and the va ri ety NS 545 the high est GHW (76 kg hl-1) (data not shown
for GHW). The low est GHW across va ri et ies was in 1999, 71 kg hl-1, and the high est in 2000, 76
kg hl-1. Four va ri et ies had the low est GHW val ues in 1999 and seven had highest values in 2000.

The size of bar ley grains could also be ex pected to be fairly uni form across years, which im -
plies a sta bil ity of this trait. The va ri ety NS 453 had the small est (42.6g) and the va ri et ies NS 293
and NS 525 the larg est grain size (45.2 and 45.1g, re spec tively). The av er age TGW for the eight in -
ves ti gated va ri et ies was the low est in 1998 (40.4 g) and the high est in 2003 (46.7 g). Most of the va -
ri et ies had the small est grain size in 1998 and the largest in 2003.

Ta ble 2. Grain pro tein con cen tra tion (%, dm) in eight win ter bar ley va ri et ies over seven years

Variety
(A)

Year (B)
Average

1998 1999 2000 2001 2002 2003 2004

NS 293 12.0 12.8 13.1 11.6 13.2 13.5 12.7 12.7

NS 183 12.9 12.8 12.7 12.1 13.9 12.6 12.9 12.8

NS 519 11.6 11.7 12.1 10.9 12.2 12.4 11.8 11.8

NS 525 11.8 11.9 11.7 10.8 12.2 12.6 12.1 11.9

NS 529 11.8 12.1 11.9 10.7 14.5 13.9 11.8 12.4

NS 535 12.0 11.3 12.0 11.0 12.5 13.6 12.4 12.1

NS 543 11.7 11.8 13.1 11.3 13.6 11.5 12.1 12.2

NS 545 12.2 12.4 12.5 11.7 13.9 11.8 12.8 12.5

Average 12.0 12.1 12.4 11.3 13.3 12.7 12.3 12.3

A B AB A B AB

LSD 0.05 0.09 0.09 0.25 LSD 0.01 0.13 0.12 0.33
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The av er age yield across va ri et ies ranged from 4.77 t ha-1 in the highly un fa vor able year
2003 to 11.45 t ha-1 in the year 2000. Sig nif i cant dif fer ences (P<0.01) were found for all the va ri et -
ies among the years. All va ri et ies had the max i mum yield in 2000 and the min i mum yield in 2003.

Across years, NS 519 and NS 525 had the low est GPC, 11.8 and 11.9%, re spec tively (Ta ble
2). The low est GPC was in 2001 and the high est in 2002 (11.3 and 13.3%, re spec tively).

There was no sig nif i cant dif fer ence in FEC in malt among the va ri et ies across the years (Ta -
ble 3). The vari a tion across va ri et ies for this trait was 1.5%; the max i mum value was found in 1999 
and the min i mum one in 2004. Five va ri et ies had the high est ex tract in 1999 and three did so in
1998, 2000 and 2003 each. Four va ri et ies had the low est ex tracts in 2004 and four did so in 1998,
1999, 2001, and 2003 each. Di verse con di tions in the years suited dif fer ent va ri et ies, which re -
sulted in a very high GxY com po nent of vari ance (Ta ble 1).

Ta ble 3. Fine ex tract con tent (% dm) in eight win ter bar ley va ri et ies over seven years

Variety
(A)

Year (B)
Average

1998 1999 2000 2001 2002 2003 2004

NS 293 76.5 79.6 77.4 77.5 78.1 76.7 74.7 77.2

NS 183 77.4 79.0 77.1 77.7 77.8 77.8 76.6 77.6

NS 519 76.2 79.2 77.8 77.1 76.8 78.1 77.9 77.6

NS 525 77.4 78.7 77.3 77.6 77.6 76.7 77.8 77.6

NS 529 77.5 78.7 78.0 75.3 77.3 75.5 77.4 77.1

NS 535 77.6 78.5 78.9 76.7 78.6 77.2 75.5 77.6

NS 543 79.5 74.5 77.8 77.1 75.5 79.8 76.9 77.3

NS 545 79.3 75.3 77.6 77.2 76.6 78.1 75.1 77.0

Average 77.7 78.0 77.7 77.0 77.3 77.5 76.5 77.4

B AB B AB

LSD 0.05 0.24 0.68 LSD 0.01 0.32 0.90

Dis cus sion

Nu mer ous au thors have in ves ti gated the ef fect of tem per a ture and drought dur ing GF on
bar ley yield and qual ity (Fathi et al., 1997; Roxana and Nicolas, 1999). Very few au thors dis cussed 
the ef fect of en vi ron ment be fore anthesis on bar ley qual ity prop er ties, es pe cially win ter bar ley
(Beer et al., 1994). Pre-anthesis en vi ron ments have an in di rect ef fect on grain qual ity through the
min er al iza tion of har vest res i dues from the pre ced ing crop, crop den sity, ni tro gen up take, etc. In
South east Eu rope, the en vi ron men tal con di tions dur ing seed ling growth and till er ing gen er ally
fit plant growth re quire ments and en able good plant de vel op ment, the for ma tion of ap pro pri ate
den sity and grain set per spike. In nor mal grow ing sea sons, even higher soil ni tro gen (N) con tents 
left over from the pre ced ing crop do not have a neg a tive ef fect on grain qual ity. In deed, in fa vor -
able pre-anthesis con di tions, plants spend most of soil N be fore anthesis and dur ing grain fill ing
soil N is no lon ger avail able to plants. Ex tremely un fa vor able con di tions dur ing the pre-anthesis
pe riod in 2003 did not have neg a tive ef fects on grain quality, because plants were not able to
access N due to drought (Pr`ulj and Mom~ilovi}, 2001a).

High tem per a ture and drought are en vi ron men tal fac tors that fre quently oc cur dur ing
grain fill ing of bar ley. In South east Eu rope, mod er ately high tem per a ture and mod er ate drought
oc cur more fre quently than very high max i mum tem per a tures and se vere droughts. The ef fects of 
mod er ately high tem per a ture and drought on crop qual ity are dif fi cult to es ti mate. They are es -
pe cially dif fi cult to es ti mate for win ter ce re als, where win ter wa ter re serves are of cru cial im por -
tance in yield and quality determination (Mladenov and Pr`ulj, 1999) 

De creased grain qual ity can be a con se quence of in creased tem per a tures and drought dur -
ing win ter and early spring, as was the case in 2002. In such con di tions, sig nif i cant amounts of N
re main in the soil af ter stem elon ga tion and are po ten tially avail able to plants in the pe riod of GF. 
High pre cip i ta tion and el e vated tem per a tures dur ing GF en able N up take dur ing GF, which re -
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sults in in creased grain pro tein con cen tra tion and de creased fine ex tract con tent. In fa vor able
years when wa ter in not lim ited for bar ley de vel op ment and large veg e ta tive bulk is de vel oped,
high amounts of N can be translocated from veg e ta tive parts to grain. Pr`ulj and Mom~ilovi}
(2001b) found that in fa vor able grow ing sea sons translocated N is 2.3 time higher than in un fa vor -
able ones. The same au thors found that translocated N can par tic i pate in grain N with 42-85%.
This data sug gests that ad e quate ag ro nomic prac tices must be ap plied in malt ing bar ley pro duc -
tion. Con se quences of high tem per a tures and drought during GF are much more prominent in
decreasing yield than in decreasing quality.

Con clu sion

The en vi ron ments in South east Eu rope dur ing pre-anthesis pe riod are not re stric tive for
high yield and ac cept able qual ity of win ter malt ing bar ley. Cou pled with pro duc tion tech nol ogy,
the en vi ron ment dur ing grain fill ing de ter mines the ag ro nomic and qual ity prop er ties of win ter
malt ing bar ley. Se lec tion of va ri et ies adapted to the en vi ron ments of South east Eu rope and ap -
pli ca tion of an ap pro pri ate tech nol ogy make it pos si ble to have yields as high as 7-8 tons of grain
and a fine extract content of 78-80%.
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SPRING MALTING BARLEY QUALITY IN SEMIARID CONDITIONS 

Vojislava Mom~ilovi}, Novo Pr`ulj
1In sti tute of Field and Veg e ta ble Crops, 21000 Novi Sad, Ser bia

E-mail: momcilo@ifvcns.ns.ac.yu

Ab stract

High tem per a tures and wa ter def i cits dur ing the grow ing sea son have a neg a tive ef fect on

yield and qual ity of spring malt ing bar ley (SMB). The aim of this work was to eval u ate ag ro nomic 

and qual ity traits of SMB at the lo ca tion of Novi Sad (45°20’N, 15°51’E, 86m asl). Eight SMB va ri -

et ies were tested in small-plot tri als for seven years. Vari a tions of yield, thou sand-grain weight

(TGW), grain hec to li ter weight (GHW), grain pro tein con cen tra tion (GPC), fine ex tract con tent

(FEC) and vis cos ity are dis cussed. All the tested traits var ied more across years than across va ri -

et ies. The av er age yield, TGW and GHW were 6.23 tha-1, 43.3 g and 73 kg hl-1, re spec tively, while

GPC var ied from 11.5% to 14.6%. The av er age ex tract con tent across years and va ri et ies was

78.3% and the vis cos ity was 1.498. The high est vari a tions of all the traits were due to year and

GxY in ter ac tion. Ge netic vari abil ity of SMB en ables the se lec tion of va ri et ies pos sess ing ap pro -

pri ate ag ro nomic and qual ity traits for the given con di tions.

Key words: qual ity, spring malt ing bar ley (Hordeum vulgare L), yield 

In tro duc tion

Malt ing qual ity may vary on a re gional ba sis due to dif fer ences in grow ing con di tions and

from one year to an other as well. High tem per a tures and drought are two en vi ron men tal phe -

nom ena fre quently oc cur ring dur ing grain fill ing of spring bar ley in South east Eu rope. Heat

stress in the post-anthesis pe riod can sig nif i cantly de crease grain yield and qual ity in bar ley

(Savin et al., 1996; Wallwork et al., 1998). Starch con tent is more se verely af fected by heat stress

and drought than grain weight is. The amount of ni tro gen per grain was re duced when grains

were ex posed to ei ther heat stress or drought. The pres ent study was un der taken to eval u ate the

range of vari a tion in some ag ro nomic and quality traits in eight spring barley varieties.

Ma te rial and Meth ods

The eight two-rowed spring va ri et ies of malt ing bar ley were stud ied dur ing a seven-year

pe riod (1998-2004) in the lo ca tion of Novi Sad (45°20’N, 15°51’E, 86 m asl). A com plete ran dom -

ized block de sign with three rep li cates was used. The cul tural prac tices ap plied were those that

are reg u larly used for large-scale malt ing bar ley pro duc tion. Two-way anal y sis of vari ance and es -

ti mates of the com po nents of vari ance due to va ri ety, year, and va ri ety x year in ter ac tion were

made. A mixed model was used, with va ri ety con sid ered as fixed and year as random effects.

Re sults

Veg e ta tive pe riod (VP) was in flu enced mainly by year and va ri ety and, to a lesser ex tent,

by GxY in ter ac tion as well (Ta ble 1). The lon gest VP of 860 GDD across va ri et ies was re corded

in the year 2001, which was char ac ter ized by warm and wet weather dur ing the till er ing pe riod.

The grain fill ing pe riod (GFP) was mostly de ter mined by ge no type, where more than half of the

vari a tion was due to va ri ety and one fifth to GxY in ter ac tion (Ta ble 1). Year de ter mined about

one fifth of the GFP variation.

Year and GxY in ter ac tion de ter mined the grain yield of the tested va ri et ies. Yield var ied

more across years than across va ri et ies. Year de ter mined the high est vari a tion of grain hec to li ter

weight and 1000-grain weight. Pro tein con cen tra tion in bar ley grain was mainly de ter mined by

the spe cific be hav ior of the tested va ri et ies over the seven years, and 59% of the vari a tion was

due to GxY in ter ac tion (Ta ble 1). More than one half of the vari a tion of fine ex tract con tent was

caused by year. Vis cos ity de pended mostly on year and GxY in ter ac tion.
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Ta ble 1. Mean squares from ANOVA and per cent age of vari ance com po nents of yield, 1000-grain weight
(TGW), grain hec to li ter weight (GHW), grain pro tein con cen tra tion (GPC), fine ex tract con tent
(FEC), and vis cos ity in eight spring bar ley va ri et ies 

Source df
VP

(GDD, oC)

GFP 
(GDD,

oC)

Yield
(tha-1)

GHW
(kg hl-1)

TGW
(g)

Grain
protein
(dm, %)

Fine
extract

(dm, %)

VIS
(mPas,
8.6%e)

Variety (G) 7 36216.97** 36216.97** 3.81 30.37* 139.20** 8.17** 33.011** 0.056*

Year (Y) 6 136233.59** 16578.18** 37.03** 144.00** 462.70** 29.34** 76.757** 0.393**

G x Y 42 2024.57** 2024.57** 1.25** 7.73** 20.18** 1.40** 3.015** 0.017**

Pooled error 110 228.09 228.09 0.10 0.41 5.72 0.03 0.113 0.001

% of variance

20.2 53.2 5.8 11.2 16.4 2.0 25.6 7.8

69.5 19.8 71.1 59.1 53.2 16.4 55.1 65.7

7.4 19.6 18.3 25.4 13.9 59.0 17.3 22.4

2.8 7.5 4.9 4.3 16.5 23.1 2.0 4.2

*Sig nif i cant at the 0.05 prob a bil ity level, ** Sig nif i cant at the 0.01 prob a bil ity level, VP-pe riod till anthesis,

GFP-grain fill ing pe riod, GDD-grow ing de gree days, GHW-hec to li ter weight, TGW-1000-grain weight

Ta ble 2. Pro tein con cen tra tion (% dm) in eight spring bar ley va ri et ies (1998-2004)

Variety (A)
Year (B)

Average
1998 1999 2000 2001 2002 2003 2004

NS 294 13.6 14.5 15.1 12.9 12.0 13.1 13.6 13.6

Viktor 13.3 13.0 12.8 10.6 10.3 12.3 12.4 12.1

NS 450 15.3 12.8 15.3 13.1 14.6 13.2 14.3 14.1

NS 454 13.5 14.8 15.3 12.8 11.4 13.3 13.3 13.5

NS 456 13.4 13.8 14.3 11.2 10.1 12.4 12.5 12.5

NS 460 13.8 14.8 14.6 11.6 11.2 12.7 13.0 13.1

NS 462 12.8 14.8 14.6 11.4 10.7 13.2 12.7 12.9

NS 466 13.7 12.7 15.0 11.7 11.7 13.3 12.9 13.0

Average 13.7 13.9 14.6 11.9 11.5 12.9 13.1 13.1

A B AB

LSD 0.05 0.11 0.09 0.28

 0.01 0.14 0.13 0.37

Grain pro tein con cen tra tion is an im por tant re quire ment for the malt ing qual ity of bar ley.
Al though a very small part of vari ance was due to ge no type (Ta ble 1), the high pro por tion of
GxY vari a tion made it pos si ble to find ge no types with fa vor able pro tein con cen tra tions in cer tain 
years. Across years, the low est pro tein con cen tra tion was found in the va ri ety Viktor (Ta ble 2).
The low est grain pro tein con cen tra tion across va ri et ies (11.5% dm) was re corded in the 2002
grow ing sea son, which was very fa vor able for malt ing bar ley pro duc tion. The year 2000, on the
other hand, pro duced the poor est malting barley in terms of grain protein concentration.

The va ri et ies NS 456 and Viktor had the high est fine ex tract con tents, 80.3 and 79.6, re spec -
tively (Ta ble 3). The year 2002 was the most fa vor able one in the study for malt ing bar ley pro duc -
tion in Vojvodina, since the av er age fine ex tract con tent across va ri et ies was 80.9. In 2001 and
2004, fine ex tract con tent was also ac cept able, with av er ages of 79.8 and 79.2, re spec tively. In
1998, 2000, and 2003, fine ex tract con tent was very low, 76.1, 76.5, and 77.5 re spec tively. The GxY
in ter ac tion was sig nif i cant for all the va ri et ies. There were sig nif i cant dif fer ences (P<0.01) in vis -
cos ity across years, across va ri et ies and among va ri et ies in dif fer ent years. Across years, the va ri -
ety Viktor had the lowest and the variety NS 454 the highest viscosity.
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Ta ble 3. Fine ex tract con tent (% dm) in eight spring bar ley va ri et ies (1998-2004)

Variety (A)
Year (B)

Average
1998 1999 2000 2001 2002 2003 2004

NS 294 76.2 76.9 76.4 79.6 81.4 77.3 77.8 77.9

Viktor 75.7 79.3 78.9 81.6 81.3 80.3 80.4 79.6

NS 450 74.6 78.6 75.5 79.3 80.7 76.4 78.6 77.7

NS 454 73.7 75.5 73.8 77.1 78.7 74.6 80.6 76.3

NS 456 78.0 80.1 78.4 82.3 83.1 79.7 80.5 80.3

NS 460 75.6 77.5 76.2 79.0 80.7 77.9 76.5 77.6

NS 462 76.7 77.4 76.6 79.8 80.7 75.5 79.8 78.1

NS 466 78.2 78.2 76.0 79.9 81.0 78.2 79.5 78.1

Average 76.1 77.9 76.5 79.8 80.9 77.5 79.2 78.3

A B AB

LSD 0.05 0.2 0.2 0.5

0.01 0.3 0.3 0.7

Dis cus sion

Tem per a ture is re garded as the main fac tor de ter min ing the grain fill ing pe riod and grain
fill ing rate. When the grain fill ing pe riod is short ened as a con se quence of high tem per a tures,
drought stress, or both, the yield of bar ley is de creased (Savin et al., 1997). In 2003, tem per a tures
and pre cip i ta tion were ex tremely un fa vor able for bar ley de vel op ment and the yield across va ri et -
ies was 3.68 t ha-1, 41% be low the seven-year av er age. Chowdhury and Wardlaw (1978) es ti mated 
that the op ti mum mean daily tem per a ture dur ing grain fill ing of ce re als is be tween 15 and 18 °C.
Wardlaw et al. (1989) found that ev ery 1°C of in crease above the mean daily tem per a ture of 15°C
re duces the grain yield of wheat by 3-4%. The grain fill ing rate (GFR) is pos i tively cor re lated
with tem per a ture, and if tem per a ture is not that high, in creased GFR can com pen sate for the
neg a tive ef fect of de creased GFP (Pr`ulj, 2001). It is ob vi ous that neg a tive ef fects of high tem per -
a tures cou pled with wa ter def i cits could not be pre vented by in creased GFR.

Suf fi cient pre cip i ta tion dur ing grain fill ing seems to ex ert a stron ger ef fect on grain qual ity
than high tem per a ture and drought do. The main ef fect of suf fi cient rain fall dur ing grain fill ing is
a smaller grain. Thus, TGW in 1998 and 1999 was 37.7 and 39.2 g, re spec tively, which is much
lower than the 41.1 g from 2003. In ad di tion to de creas ing the av er age grain size, un fa vor able con -
di tions tend to in crease the screen ing per cent age, as the pro por tion of grains less than 2.5 mm in
size in creases by 15-20%. In Ger man con di tions, a grad ing per cent age of over 90% is achieved in
years in which the tem per a tures dur ing grain fill ing are be low 16°C (Schelling et al., 2003). Grain
weight sen si tiv ity to high tem per a tures is at its high est in the early stages of grain fill ing (about
10-15 days af ter anthesis), but as the grain fill ing pro gresses the sen si tiv ity di min ishes. Re duc tion
in the fi nal grain weight is lin early re lated to the re duc tion in starch con tent (Savin et al., 1997).
This means that the main ef fect of heat stress on grain mass is due to the changes in starch ac cu -
mu la tion and the for ma tion of smaller grains. In line with this, the starch con tent in bar ley grains
across va ri et ies was re duced in 2000 and 2003 due to high tem per a tures and drought. MacLeod
and Duffus (1988) found the en zymes in volved in starch syn the sis to be highly sus cep ti ble to el e -
vated tem per a ture, which leads to de creased starch syn the sis. Since en zymes in volved in pro tein
syn the sis are less af fected than those in volved in starch syn the sis, the amount of pro tein in grain is 
not changed but ap pears to be in creased in re la tion to the de creased starch (Jen ner, 1994).
Schelling et al. (2003) found that in the con di tions of Ger many a fa vor able pro tein con cen tra tion
of less than 10.5% re quired less than 17°C, at least 116 mm of rain fall, and a min i mum rel a tive air
hu mid ity of 75%. High ni tro gen per cent age forms a pro tein ma trix which can limit the ac tiv ity of

b-glucanases on the en do sperm cell walls and gen er ate lower b-glucan deg ra da tion (Savin et al.,
1997).
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Con clu sion

Grain yield and qual ity of bar ley are re duced by un fa vor able weather con di tions, such as
high tem per a ture and drought or cold tem per a ture and wa ter ex cess re duce. The scope of the
pres ent re sults is lim ited to a sin gle lo ca tion and a rather nar row ge netic base. To be more gen -
eral, the in ves ti ga tion should be ex tended to a broader range of en vi ron men tal con di tions and
larger ge netic vari abil ity. Still, this study pro vided in for ma tion that a suf fi ciently large ge netic
vari abil ity al lows to the se lec tion of va ri et ies with good ag ro nomic and qual ity performances in
the conditions of Southeast Europe. 
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STUDY OF PRODUCTIVE CAPACITIES OF UKRAINIAN CULTIVARS 
OF SPRING FORAGE PEA IN THE CONDITIONS OF BULGARIA

Ivan Pachev, Todor Kertikov, Daniela Kertikova
In sti tute of For age Crops, 5800 Pleven, Bul garia

E-mail: d_kertikova@abv.bg

Ab stract

In Bul garia for age pea for grain showed great est in crease (283.3%) in the sown ar eas in
2007, as against 2006. The last ing ten den cies to change in the cli mate on the planet re quire from
the new cultivars to pos sess tol er ance to abiotic and bi otic fac tors, i.e. to have good adap tive ness.
Eight Ukrai nian cultivars of spring for age pea were stud ied: Harkivskii 74, Rezonator, Usatyi 90,
Intensivnyi 92, Harkovskii 376, Harkovskii 302, Harkivyanin and Harkovskii Etalonnyi de vel -
oped at the In sti tute of Breed ing and Seed Sci ence “V.Ya. Yureva”, town of Harkov, the
Ukraine.

Cultivars Intensivnyi 92 and Harkivyanin showed good adap tive ness to the Bul gar ian con -
di tions. Un der fa vour able cli ma tic con di tions their grain yield reached to 4100 kg ha-1. They were
sig nif i cantly su pe rior to the stan dard cultivar Pleven 4 by 30.9 and 22.2 %.

On av er age for the pe riod of study (2005-2007), the high est plants were re corded in the
cultivars Usatyi 90 (113.4 cm), Rezonator (98.2 cm) and Pleven 4 (97.4 cm). These cultivars are
suit able as sources for the trait of height, par tic u larly when the pur pose is to de velop a cultivar
with high yield of green mass also in mixed cul ti va tion with ce re als. Cultivar Harkovskii
Etalonnyi was dis tin guished for the low est per cent age of lodged plants (3%), i.e. for the high est
lodg ing re sis tance.

Key words: grain yield, height, lodg ing, spring for age pea, Ukrai nian cultivars

In tro duc tion

In Bul garia the ar eas sown with for age pea for grain showed great est in crease (283.3%) in
2007, as against 2006 (MAF, 2008). This data in di cated the deeper in ter est of the ag ri cul tural pro -
duc ers and great de mand on the mar ket. The for age pea is one of the main sources of veg e ta ble
pro tein and from now on it will be of con sid er able im por tance to solve the pro tein prob lem. The
re corded av er age grain yields in our coun try in the last three years were very low and var ied be -
tween 1220 and 1860 kg ha-1. The last ing trends to change in the cli mate on the planet re quire
from the new cultivars to pos sess tol er ance to abiotic and bi otic fac tors, i.e. to have good adap -
tive ness. That ne ces si tates con tin u ous search for do nors of dif fer ent traits and their in clu sion in
com bin ing breed ing (Stoyanova et al., 1998).

The ob jec tive of this study was to in ves ti gate the pro duc tive po ten tial of Ukrai nian
cultivars of spring for age pea with a view to their pur pose ful use in breed ing pro cess.

Ma te ri als and Meth ods

The ex per i ment was con ducted in field con di tions in the Sec ond ex per i men tal field of the
In sti tute of For age Crops, Pleven dur ing the 2005-2007 pe ri ods. Eight Ukrai nian cultivars of
spring for age pea were stud ied: Harkivskii 74, Rezonator, Usatyi 90, Intensivnyi 92, Harkovskii
376, Harkovskii 302, Harkivyanin and Harkovskii Etalonnyi. The cultivars have been de vel oped
at the In sti tute of Breed ing and Seed Sci ence “V.Ya. Yureva”, Harkov, the Ukraine and were
pro vided un der a con tract of bi lat eral co op er a tion be tween the In sti tutes in Bul garia and the
Ukraine.

The Bul gar ian cultivar Pleven 4 was used as a stan dard; it has of fi cially been ap proved as
such one in the sys tem of state test ing in Bul garia. The trial was laid out in three rep li ca tions with
10 m2 size of re cord plot and 120 seeds per m2 sow ing rate. The em pha sis in this pa per is placed on
the fol low ing char ac ter is tics and traits: plant height (cm); 1000-seed weight (g); lodg ing re sis tance 
(score and %); grain yield (kg ha-1). The data was pro cessed through the sta tis ti cal pro grammed
Stat Graf.
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The soil sub type of the trial is slightly leached cher nozem (Haplic chernozems (Chha) hav -
ing the fol low ing agro chemi cal char ac ter is tics:

Humus
%

Nitrogen
mg/1000g soil

Phosphorus
g/100 g soil

Potassium
mg/100 g soil

pHKCl pHH2O

2, 48 0, 225 4, 29 31, 1 5, 87 6, 54

Re sults and dis cus sion

The agro-cli ma tic con di tions in the years of study dif fered con sid er ably, the third year
(2007) be ing the warm est in the last 120 years for the re gion of the ex per i ment. The main anom a -
lies were as fol lows: un usual dry weather dur ing the pe riod of 25.03. – 17.05.; rather in ten sive rain -
fall in the last two weeks of May and the first one of June; max i mum tem per a tures be tween 40
and 43 de grees about 27 June and in the pe riod of 17-26 July (Bachvarova et al., 2008). In prac tice, 
the test ing of the cultivars in con di tions of cli ma tic ex tremes pro vided a pos si bil ity for more com -
plete char ac ter iza tion of their productive potential and adaptiveness.

The re sults of main char ac ter is tics di rectly re lated to the yield showed that the stud ied
cultivars were dif fer ent one from an other (Ta ble 1). So for in stance, three cultivars were sig nif i -
cantly dis tin guished from the rest for plant height. These were cv. Usatyi 90 (113.4 cm),
Rezonator (98.2 cm) and cv. Pleven 4 (97.4 cm). The ob tained re sults in di cated that these
cultivars are suit able as sources for this trait, par tic u larly when the pur pose is to de velop a
cultivar with high yield of green mass also in mixed cultivation with cereals.

Ta ble 1. Main char ac ter is tics of Ukrai nian cultivars of spring for age pea, on av er age for 
the pe riod of study

Cultivar

Characteristics

Plant height
(cm)

Lodging 
score*

Lodging
resistance

(%)

1000-seed weight
(g)

Pleven 4 97.4 5 39 152.89

Harkivskii 74 71.7 7 16 193.68

Rezonator 98.2 3 57 233.72

Usatyi 90 113.4 3 53 302.75

Intensivnyi 92 65.0 5 33 254.46

Harkovskii 376 89.3 3 62 295.42

Harkovskii 302 77.8 3 58 258.39

Harkivyanin 60.0 7 24 247.12

Harkovskii Etalonnyi 36.6 9 3 293.41

LSD P £ 0.05 5 - - 13.1

*lodg ing re sis tance: over 75 % lodged plants –  score 1; very low
51 – 75 % lodged plants – score 3; low
25 – 50 % lodged plants – score 5; me dium
un der 25 % lodged plants – score 7; high
no lodg ing – score 9

One of the key pur poses in for age pea breed ing is to im prove the lodg ing re sis tance of the
plants in the time of har vest ing (Taran et al., 2003; Zhang et al., 2006). The data in di cated that the
stud ied Ukrai nian cultivars cov ered al most the whole scale con cern ing the per cent age of lodged
plants. Harkovskii Etalonnyi had score 9, i.e. it did not lodge. Cultivars Harkivskii 74 and
Harkivyanin were also char ac ter ized by high lodg ing re sis tance. The other cultivars had low re sis -
tance, only the stan dard hav ing me dium re sis tance, i.e. score 5. Al though cv. Harkovskii Etalo -
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nnyi had very high re sis tance, cv. Harkivyanin is more valu able in a breed ing as pect due to its bal -
ance be tween plant height be fore harvesting and % of lodged plants.

Ac cord ing to the trait of 1000-seed weight, the cultivars could be cat e go rized as me -
dium-seeded. Pleven 4, which is a typ i cal rep re sen ta tive of the small-seeded cultivars, i.e.
1000-seed weight of 153 g, as well as cultivars Usatyi 90, Harkovskii 376 and Harkovskii
Etalonnyi with 1000-seed weight of about 300 g, i.e. large-seeded ones, was an exception.

The grain yield as a re sul tant trait showed most clearly the cultivar po ten tial (Ta ble 2). De -
pend ing on the agro-cli ma tic con di tions it var ied ac cord ing to years. On av er age for all cultivars,
the trend was the same, the high est grain yield be ing ob tained in 2006 (3735 kg ha-1) and the low -
est one in 2007 (1336 kg ha-1). This was ex plained by the tem per a ture anom a lies men tioned
above. The more im por tant fact in this case was the cultivar re ac tion to the nat u rally caused
abiotic stress. The data anal y sis showed that in 2007, ex cept for cultivars Harkivskii 74 and
Harkovskii Etalonnyi, the Ukrai nian cultivars were con sid er ably su pe rior to cv. Pleven 4 in grain
yield, by 20 to 35%, re spec tively. There fore, as a whole they were dis tin guished for wide adap -
tive ness and in dis put ably they are an achieve ment in pea breed ing.

Ta ble 2. Grain yield (kg ha-1) of Ukrai nian cultivars of spring for age pea ac cord ing to years of study

Cultivars 2005 2006 2007

Deviation from
Pleven 4

 ±, %
as against 2007

Deviation from
Pleven 4

±, %
on average for

the period

Pleven 4 - standard 1958 3490 1208 0 0

Harkivskii 74 1400 4033 637 - 47.27 - 8.81 

Rezonator 2000 4133 1626 + 34.60 + 16.57

Usatyi 90 2530 2800 1450 + 20.03 + 1.86

Intensivnyi 92 3075 4100 1538 + 27.31 + 30.90

Harkovskii 376 2596 3400 1516 + 25.49 + 12.86

Harkovskii 302 2258 3833 1472 + 21.85 + 13.62

Harkivyanin 2583 4100 1457 + 20.61 + 22.29

Harkovskii Etalonnyi 2250 3733 1126 - 6.73 + 6.80 

Average 2294 3735 1336 - -

LSD P £ 0.05 200 350 120 8.9 9.1

On av er age for the pe riod of study, the high est yield was ob tained from cultivars
Intensivnyi 92 and Harkivyanin ex ceed ing sig nif i cantly cv. Pleven 4 by 30.9 and 22.2%. The anal -
y sis showed that these two cultivars were also dis tin guished for the best val ues of the other char -
ac ter is tics. Cultivar Harkivskii 74 had lower yield than the Bul gar ian cv. Pleven 4; cultivars Usatyi 
90 and Harkovskii Etalonnyi had the same val ues as the standard.

In con clu sion one might say that un der the con di tions of Cen tral North Bul garia as a whole
the stud ied Ukrai nian cultivars showed good pro duc tive po ten tial and could be valu able sources
for the stud ied traits in a breed ing aspect.

Con clu sions

The Ukrai nian cultivars of spring for age pea Intensivnyi 92 and Harkivyanin showed good
adap tive ness to the Bul gar ian con di tions. Un der fa vour able cli ma tic con di tions their grain yield
reached to 4100 kg ha-1. They were su pe rior to the stan dard cultivar Pleven 4 by 30.9 and 22.2 %.

Cultivar Harkovskii Etalonnyi was dis tin guished for the low est per cent age of lodged plants 
(3%), i.e. for the high est lodg ing re sis tance.
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The high est plants were re corded in the cultivars Usatyi 90 (113.4 cm), Rezonator (98.2 cm) 
and Pleven 4 (97.4 cm). These cultivars are suit able as sources for the trait of height with the pur -
pose of de vel op ing new cultivars for green mass also in mixed cul ti va tion with cereals.
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Ab stract

Bread-mak ing qual ity of win ter wheat was an a lyzed in a long-term ex per i ment at Rimski
[an~evi Ex per i ment Field of In sti tute of Field and Veg e ta ble Crops, Novi Sad, Ser bia. Dur ing
the ob served pe riod (2000-2003), wheat va ri ety Pesma was grown in dif fer ent crop ro ta tions, with 
and with out N ap pli ca tion. The study treat ments were as fol lows: fer til ized wheat mono cul ture;
fer til ized two-year ro ta tion (wheat-corn); fer til ized three-year ro ta tion (wheat-soy bean-corn);
un fer til ized two-year ro ta tion (wheat-corn) and un fer til ized tree-year ro ta tion (wheat-soy -
bean-corn). The ob jec tives of our study were to de ter mine ef fects of crop ro ta tion, N fer til iza tion
and year on wheat qual ity traits. Crop ro ta tion (C), year (Y) and their in ter ac tion (CxY) had sig -
nif i cantly in flu enced all qual ity traits. Treat ments with N ap pli ca tion showed higher val ues of the
ob served in di ca tors com pared with un fer til ized ro ta tions. Among the fer til ized treat ments,
higher val ues for the most bread-mak ing traits (ex cept for test weight and 1000-ker nel weight)
were found in wheat mono cul ture than in ro ta tional crop ping. The un fer til ized ro ta tions had sig -
nif i cantly dif fer ent val ues of qual ity traits re sult ing from the im pact of the var i ous crops ro tated
with wheat. Con tin u ous wheat mono cul ture had the high est grain pro tein con tent (13.2%) and
un fer til ized tree-year ro ta tion the low est (11.59 %).

Key words: bread-mak ing qual ity, crop ro ta tion, flour, N fer til iza tion, pro tein con tent,
wheat

In tro duc tion

Al though the main tar get of wheat pro duc tion is to achieve max i mum yields of ac cept able
qual ity, eco nom i cally and agronomically vi a ble wheat pro duc tion may be achieved only if in ten -
sive nu tri tion, ad e quate crop ro ta tion and soil cul ti va tion and ef fec tive crop pro tec tion are pro -
vided (Berzsenyi et al., 2000; Cassman, 1999; Liebig et al., 2004; Carlson et al., 2004). Nu mer ous
au thors have pointed out the im por tance of in ter ac tions be tween the cultivar and N fer til iza tion
in ten sity and of their ef fects on yield and qual ity of small grains (Coo per et al., 2001; Abeledo et
al., 2003; Ding et al., 2005). Wheat qual ity is af fected by a num ber of fac tors and their in ter ac -
tions, in clud ing the cultivar, soil type, cli ma tic con di tions and growth con di tions (Randall, 1997;
Zentner et al., 1990). En vi ron men tal fac tors play an im por tant role in the ex pres sion of ge netic
char ac ter is tics of wheat (Mladenov et al., 2001; Bas set et al., 1989; Lukow and Mc Vetty 1991).

Ma te ri als and Meth ods

The pres ent study was per formed within a long-term crop ro ta tion trial es tab lished at
Rimski [an~evi Ex per i ment Field of In sti tute of Field and Veg e ta ble Crops in Novi Sad. The
study treat ments were: fer til ized wheat mono cul ture - WWf, fer til ized two-year ro ta tion
(wheat-corn) - WMf, fer til ized three-year ro ta tion (wheat- soy bean-corn) - WSMf, un fer til ized
two-year ro ta tion (wheat-corn) - WMuf and un fer til ized tree-year ro ta tion (wheat- soy -
bean-corn) - WSMuf. The un fer til ized plots were es tab lished in 1946/47 and they did not re ceive
min eral fer til iz ers ever since. Fer til ized plots es tab lished in 1969/70 reg u larly re ceived min eral N
fer til iz ers at the rate of 100 kg ha-1 for wheat (50 kg ha-1 in the fall and 50 kg ha-1 for top dress ing).
The win ter wheat va ri ety Pesma was grown in the trial through out the ob served pe riod (four
years, 2000-2003). Sow ing was per formed be tween Oc to ber 20 and 30, in fields rang ing in size
from 250 to 300 m2 and with the seed ing rate of 250-270 kg ha-1.
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Three ran dom ized rep li cates (sam ples) per plot were taken for qual ity anal y sis. Test weight 
(TW) was de ter mined us ing a chondrometer with a 0.25 l con tainer (Schopper). Av er age
1000-ker nel weight (KW) was de ter mined by count ing and weigh ing two 100-ker nel sam ples. The 
Hagberg fall ing num ber (HFN), which serves to as sess á-am y lase ac tiv ity in grain, was mea sured
us ing an ap pa ra tus with au to matic stir ring (Perten Fall ing Num ber Sys tem). Grain pro tein con -
tent (GPC) (N X 5.7 db) in whole meal was de ter mined ac cord ing to Kjeldahl anal y sis (Tecator),
ICC method 105/2 (ICC 1994). Wet glu ten (WG) was de ter mined acording to ICC method 106/2.
Wheat sam ples were milled on a pneu matic mill (Bühler, MLU 202). Mill ing per for mance, re -
ported as flour ex trac tion rate (FE), was cal cu lated as the per cent age of to tal flour re cov ered af -
ter a sin gle mill ing run. Flours were tested for farinograph wa ter ab sorp tion (FWA) us ing a
Brabender farinograph and the ICC method 115/1. Bak ing score (BS) was as sessed on a scale 0-7,
af ter pi lot bak ing in the lab o ra tory done in ac cor dance with Kalu|erski & Filipovi} (1990).

Re sults and Dis cus sion 

ANOVA re sults, i.e., F-val ues shown in Ta ble 1, in di cated that all sources of vari a tion had
highly sig nif i cant ef fects on all qual ity pa ram e ters (P<0.001). The an a lyzed years, which var ied
con sid er ably in me te o ro log i cal con di tions, showed highly sig nif i cant ef fects on the an a lyzed pa -
ram e ters (re sults not shown). With the ex cep tion of FE, all an a lyzed pa ram e ters were highly sig -
nif i cantly af fected by the dif fer ent ro ta tions. The FE rate was less de pend ent on ro ta tion and it
was pre dom i nantly af fected by va ri etal char ac ter is tics (\uri} et al., 2004). The spe cific fea tures of 
the an a lyzed years am pli fied the ef fects of the dif fer ent rotations, causing significant interactions
between the two factors.

Ta ble 1. Vari ance anal y sis of F-val ues across crop ro ta tions in the 2000-2003 sea sons

Source of
variation

TW KW HFN GPC WG FE FWA BS

Crop
rotation (C)

108.66*** 166.16*** 183.72*** 44.51*** 94.64*** 5.70** 51.37*** 21.12***

Year (Y) 771.07*** 341.73*** 959.75*** 398.24*** 327.11*** 246.16*** 403.41*** 108.36***

Interaction
(CxY)

14.46*** 12.43*** 113*** 15.58*** 35.23*** 12.18*** 16.67*** 23.41***

Error 0.04 0.32 125.00 0.11 0.84 0.51 0.17 0.15

Pooled
variance

1.55 3.21 101.19 1.73 5.10 2.87 2.18 1.36

Grain qual ity in wheat is a com plex char ac ter is tic which is af fected by a large num ber of
fac tors whose con tri bu tion de pends on the re ac tion of cultivar to dif fer ent growth con di tions.
Bread-mak ing qual ity of the win ter wheat cultivar Pesma, grown in mono cul ture and dif fer ent
crop ro ta tions, is pre sented in Ta ble 2. Test weights (TW) were higher in WSMf (81.2 kghl-1) and
WMf (80.5 kghl-1) than in the unfertilizer treat ments, al though sig nif i cant dif fer ences ex isted also
among the N-fer til ized ro ta tions. López-Bellido et al. (2000) claimed that the sig nif i cant re duc -
tion of TW ac com pa ny ing the in creased N fer til iza tion re sulted from the in creased num ber of
grains per spike and the lower 1000-grain weight. In our study, the low est TW was ob tained in
mono cul ture (WWf, 79.4 kghl-1) and it was sig nif i cantly lower than the TW value ob tained in the
ro ta tion vari ants.

N fer til iza tion in creased the 1000-ker nel weight (KW). KW val ues were sig nif i cantly higher 
in the fer til ized than in un fer til ized ro ta tions (32.7 g and 29.5 g, re spec tively). Within the fer til izer 
ro ta tions, KW val ues were sig nif i cantly higher in the three-crop ro ta tion (WSMf) and the
two-crop ro ta tion (WMf) than in the mono cul ture (WWf) (33.8 g, 33.5 g and 30.9 g, re spec tively).
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HFN dif fered sig nif i cantly among the treat ments but gen er ally it was higher in the fer til -
ized (333 sec) than in the un fer til ized treat ments (282 sec). Webb and Bradley (1995) too found
that some cultivars sig nif i cantly in creased their HFN when their N nu tri tion was in ten si fied. The
wheat mono cul ture had the high est and WSMuf the low est value of HFN (368 sec and 277 sec, re -
spec tively). Gooding and Davies (1997) hy poth e sized that the lower HFN in the vari ant WSMf

com pared with WMf may be due to in ten si fied wheat lodg ing.
Grain pro tein con tent (GPC), the key com po nent for fi nal wheat qual ity, is ge net i cally con -

trolled but it is also re spon sive to in ter ac tions among cultivars, pre vail ing agroecological con di -
tions and cul ti va tion prac tices (Randall, 1997). Sta tis ti cally sig nif i cant dif fer ences in GPC were
found among the crop ro ta tions, with the high est value in WWf (13.2%) and the low est in WMSuf

(11.5%). The higher GPC in the treat ment WWf may be due to low grain yields and in creased
NO3-N con tent in the soil re sult ing from reg u lar an nual N fer til iza tion. Within the fer til ized treat -
ments, GPC was sig nif i cantly lower in WSMf than in WMf; re gard ing the un fer til ized treat ments,
there were no sta tis ti cally sig nif i cant dif fer ences among them.

Wet glu ten con tent (WG) in the grain was high est in the mono cul ture WWf (28.9%) and it
was sta tis ti cally sig nif i cant in re spect to the other treat ments. The un fer til ized vari ants WSMuf

and WMuf had re duced WG con tents which were not sig nif i cantly dif fer ent. Flour ex trac tion rate
(FE) has been found to be most de pend ent on the year, ro ta tion and fer til iza tion (Conrad et al.,
2005). In our study, the vari ant WWf had the high est FE rate (63.7%). FE val ues in the other ro ta -
tions, with and with out N fer til iza tion alike, were not sig nif i cantly dif fer ent among them selves.

Farinograph wa ter ab sorp tion (FWA) was sig nif i cantly higher in the fer til ized than in the
un fer til ized treat ments (57.2% and 55.6%, re spec tively). McNeal et al. (1963) also found a con -
nec tion be tween in creased FWA and in creased N fer til iza tion. The wheat mono cul ture (WWf)
had the high est FWA rate (57.5%), fol lowed by WSMf (57.2%). The low est value was found in
the un fer til ized ro ta tion WMuf (54.4%).

The high est bak ing score (BS), ob tained on the ba sis of pi lot bak ing in the lab o ra tory, was
found for the vari ant WWf (4.6). Gen er ally, BSs were higher for the fer til ized than for the un fer -
til ized treat ments (4.4 and 3.6, re spec tively). The fer til ized wheat mono cul ture (WWf) had the
high est val ues of HFN, GPC, WG, FE, FWA and BS, the val ues of FWA and BS not be ing sta tis -
ti cally sig nif i cant in re la tion to the vari ant WSMf. The fer til ized ro ta tion WSMf had the high est
val ues of TW and KW, as well as sig nif i cantly high val ues of FWA and BS.

Con clu sions

All sources of vari a tion (year, ro ta tion and their in ter ac tion) ex hib ited highly sig nif i cant ef -
fects on all qual ity in di ca tors under study.

The fer til ized treat ments (WWf, WMf and WSMf) had higher av er age val ues of all qual ity
in di ca tors than the un fer til ized treat ments (WMuf and WSMuf).

The long-term fer til ized mono cul ture (WWf) en sured better tech no log i cal prop er ties of
wheat than the fer til ized ro ta tions (WMf and WSMf), how ever, low yields and per ma nent risk in -
volved in such pro duc tion are main rea sons why long-term mono cul ture should be avoided.
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Ab stract

An in creas ing need is felt in field and veg e ta ble crops pro duc tion to study and use mi cro -
bial fer til iz ers in or der to stim u late the growth and yield per for mance of crops while re duc ing the
ap pli ca tion of min eral fer til iz ers.

The ob jec tive of the study was to as sess the ef fect of bean in oc u la tion (cv. Sremac) on the
ef fec tive ness of sym bi otic as so ci a tion. The ex per i ment was con ducted at the Ex per i men tal Field
of the In sti tute at Rimski [an~evi on a cher nozem soil. Im me di ately be fore plant ing, bean seeds
were in oc u lated with four strains of the bean nod ule bac te rium Rhizobium leguminosarum
bv.phaseoli. The trial had six treat ments: seed in oc u lated with Rhizobium leguminosarum bv.
phaseoli strain 1; seed in oc u lated with Rhizobium leguminosarum bv. phaseoli strain 2; seed in oc u -
lated with Rhizobium leguminosarum bv. phaseoli strain 3; seed in oc u lated with Rhizobium
leguminosarum bv. phaseoli strain 4; seed in oc u lated with a mix ture of the four strains (1,2,3,4);
and a con trol with uninoculated seeds. Sym bi otic as so ci a tion ef fec tive ness was tested by de ter -
min ing the height of the above-ground por tion of the plant, whole plant dry mat ter mass, ni tro -
gen con tent of above-ground plant parts, and num ber of nod ules formed on the root at flow er ing
and mea sur ing grain mass per plant at the end of the grow ing sea son. The re sults showed that the
in oc u la tion sig nif i cantly af fected the sym bi otic as so ci a tion pa ram e ters stud ied. Strain 4 and the
mix ture of the four strains sig nif i cantly in creased the above-ground plant height, ni tro gen con -
tent of the above-ground plant parts, whole plant mass, and the num ber of nod ules on the root.

Key words: bean, in oc u la tion, Rhizobium leguminosarum bv. phaseoli, sym bi otic as so ci a tion

In tro duc tion

The di ver sity of mi cro or gan isms that reg u late soil bi o log i cal fer til ity and nu tri tion of plants 
is par a mount in the uti li za tion of ag ri cul tural soils. Sym bi otic ni tro gen fix a tion is one of the most
stud ied and uti lized mi cro bi o log i cal pro cesses.

Ni tro gen is a lim it ing fac tor when try ing to in crease the yields of field crops, which is why
the use of ni tro gen fer til iz ers has in creased sig nif i cantly around the world. Min eral ni tro gen is not 
al ways fully avail able to plants, be cause it leaches into the deeper lay ers of the soil or ground wa -
ter due to its mo bil ity. Also, the man u fac ture of min eral fer til iz ers con sumes great amounts of en -
ergy , which is re flected in the price of these prod ucts. This ne ces si tates the study and use of mi -
cro or gan isms in the form of mi cro bial fer til iz ers that stim u late plant growth and yields, thus re -
duc ing the need for the use of min eral fer til iz ers.

Ser bia, and es pe cially the prov ince of Vojvodina, have very fa vor able soil and cli ma tic con -
di tions for bean grow ing. Ni tro gen is the lim it ing fac tor in the pro duc tion of bean, and the crop
re sponds well to fer til iza tion with readily avail able forms of ni tro gen (Vasi} and Bugarski, 1999).
Lately, plant breed ers in Ser bia have been work ing more and more on de vel op ing do mes tic bean
va ri et ies that will pro duce in creased yields and grain qual ity, which re quires the pres ence of the
right strains of nod ule bac te ria. Rhizobium leguminosarum bv. phaseoli is a fast-grow ing,
rod-shaped, gram neg a tive bac te rium that lives in as so ci a tion with and forms nod ules on bean
plants. The soil con tains quite a large num ber of in dig e nous strains of nod ule bac te ria that are
usu ally better at nod ule for ma tion on bean roots than the strains in tro duced by in oc u la tion
(Dowling and Broughton, 1986; Moxley et al., 1986) but that fix smaller amounts of ni tro gen than
them (Gra ham, 1981). It is there fore very im por tant for the cho sen strains of nod ule bac te ria to
be able to re main in a given soil type for as long as pos si ble, i.e. to be com pet i tive enough to sur -
vive among the abun dant soil microflora un til the mo ment of pen e tra tion into the root of the host 
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plant. Pre vi ous stud ies (Mili}, 1999, Mili} et al., 1999a, Mili} et al., 1999b) have shown that the ef -
fec tive ness of a sym bi otic as so ci a tion be tween bean and nod ule bac te ria de pends not only on the
bac te rial strain but also on the bean va ri ety used. The aim of this pa per was to iden tify the most
ef fec tive strain of Rhizobium leguminosarum bv. phaseoli for the bean va ri ety Sremac.

Ma te ri als and Meth ods

A trial on a cher nozem soil was set up at the Rimski [an~evi Ex per i ment Field of the In sti -
tute of Field and Veg e ta ble Crops in Novi Sad us ing a ran dom ized block de sign with four rep li ca -
tions. Four strains of Rhizobium leguminosarum bv. phaseoli and the bean va ri ety Sremac were
used. In or der to de ter mine the pre cise ef fects of each strain in di vid u ally and in a mix ture, six
treat ments were de signed as fol lows: 1) in oc u la tion with Strain 1; 2) in oc u la tion with Strain 2; 3)
in oc u la tion with Strain 3; 4) in oc u la tion with Strain 4; 5) in oc u la tion with a mix ture of the strains;
6) con trol treat ment with no in oc u la tion. The plant ing was done in early May and the seed was in -
oc u lated just be fore sow ing.

At flow er ing, the ef fec tive ness of the sym bi otic as so ci a tions was tested us ing the fol low ing
pa ram e ters: plant height above the ground; dry mat ter weight of whole plant; ni tro gen con tent of
above-ground plant parts; and num ber of nod ules form on the root. At phys i o log i cal ma tu rity,
sam ples of bean plants were taken and grain weight per plant was de ter mined. The re sults were
pro cessed using ANOVA and the LSD test.

Re sults and Dis cus sion

The re sults we ob tained at bean flow er ing (tab. 1) showed that in oc u la tion had a pos i tive
ef fect on the ef fec tive ness of the sym bi otic as so ci a tion. The best re sults were pro duced by
Treatments 4 and 5.

Ta ble 1. The ef fec tive ness of the sym bi otic as so ci a tions at flow er ing stage and at the end of the grow ing
sea son

Varijante
inokulacije

Bean flowering stage
End of the

growing season

Plant height
above the

ground (cm)

Dry matter
weight of the

whole plant (g)

Nitrogen content of
the above-ground

plant parts (mg/biljci)

Number of
nodules
/plant

Grain weight
/plant (g)

Strain 1 57,72 9,54 234,29 24,78 13,32

Strain 2 53,94 7,59 267,09 28,78 11,72

Strain 3 60,92 7,86 298,39 25,22 10,46

Strain 4 61,50 10,15 347,58 21,00 14,31

Mixture of
the strains 

60,22 11,78 305,80 28,93 10,72

Average 58,86 9,37 290,63 25,67 12,11

Æ 54,56 7,49 268,98 23,89 8,14

LSD 0,05 4,80 2,64 45,45 4,98 4,58

LSD 0,01 6,83 3,76 71,27 7,09 6,52

Plant height above the ground in creased sig nif i cantly in Treat ments 3, 4 and 5. The other
strains in creased this height as well, but the in creases were not sta tis ti cally sig nif i cant. Mili} et al.
(2003) have also re ported an in crease in above-ground plant height in the in oc u lated treat ments.

The dry mat ter weight of the whole plant also in creased in all of our in oc u lated treat ments rel a -
tive to the con trol, but the in crease was sig nif i cant only in Treat ments 4 and 5.

In oc u la tion in creased the ni tro gen con tent of the above-ground plant parts too, and the best re -
sults were ob tained with Strain 4.
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Com pared with the con trol treat ment, the num ber of nod ules was found to be higher in plants 
in oc u lated with ei ther Strain 2 or the mix ture of strains. In Treat ment 4, the nod ule num ber was
smaller than in the check plants, but the nod ules were larger and pre dom i nantly dis trib uted along 
the main root.

Grain weight was mea sured at the end of the grow ing sea son and found to be in creased in all
the in oc u lated treat ments. The larg est grain weight was re corded in Treat ment 4 (tab. 1).

The re sults of the pres ent study are in agree ment with the find ings of Pereira et al. (1989),
Pereira and Bliss (1989), Somasegaran et al. (1991), Mili} et al. (1999a), Mili} et al. (2003).

Ac cord ing to Plancquaret (1999), bean ob tains most of the 300 kg N/ha it needs for op ti mal
growth and de vel op ment from sym bi otic ni tro gen fix a tion. When ni tro gen fer til iz ers are added
to a bean crop, the num ber of nod ules formed by in oc u lated strains de creases, while nod ules de -
vel oped in as so ci a tion with strains in dig e nous to the soil in crease in num ber. (Vargas et al., 2000). 

These re sults con firm the ne ces sity of con tin u ing the re search on the se lec tion of Rhizobium

leguminosarum bv. phaseoli strains to be used for seed in oc u la tion, be cause these mi cro or gan isms
not only re duce the need for ni tro gen fer til izer use but also im prove soil qual ity and fer til ity
through the pro duc tion of plant hor mones and en zymes.

Con clu sions

In oc u la tion re sulted in in creased above-ground plant height, dry mat ter weight of whole
plant, ni tro gen con tent, and nod ule num ber at the flow er ing stage of the bean crop.

Over all, the best re sults were pro duced by us ing Strain 4 of Rhizobium leguminosarum bv.

phaseoli.
At the end of the grow ing sea son, all the in oc u lated treat ments had higher grain weight

than the noninoculated, con trol treat ment. The high est in crease in grain weight was pro duced by
Strain 4.
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FUTURE CHALLENGES IN BREEDING ANNUAL FORAGE LEGUMES AT THE
INSTITUTE OF FIELD AND VEGETABLE CROPS IN NOVI SAD, SERBIA

Vojislav Mihailovi}, Aleksandar Miki}, Slobodan Kati}, 
Sanja Vasiljevi}, Imre Pataki, Dragan Mili}, \ura Karagi}

In sti tute of Field and Veg e ta ble Crops, For age Crops De part ment, Maksima Gorkog 30, 21000 Novi Sad, Ser bia
E-mail: vojamih@ifvcns.ns.ac.yu

Ab stract

The breed ing programme on an nual for age le gumes at the In sti tute of Field and Veg e ta ble
Crops in Novi Sad has so far pro duced 28 cultivars of field pea (Pisum sativum L.), com mon vetch
(Vicia sativa L.), hairy vetch (Vicia villosa Roth), Hun gar ian vetch (Vicia pannonica Crantz) and
faba bean (Vicia faba L.). The fu ture breed ing of win ter an nual for age le gumes will be aimed at
the in crease of for age yields and qual ity and im proved seed yields. Be sides hav ing high,
good-qual ity yields, the win ter an nual le gumes grown for grain, es pe cially field pea, should also
have im proved ear li ness, mak ing them ready for har vest be fore small grains. One of the goals of
breed ing spring an nual le gumes is ear li ness with no de crease in yields and qual ity. The most im -
por tant is sues re lated to abiotic and bi otic stresses are the tol er ance to low tem per a tures in win ter 
cultivars, drought in spring cultivars, high al ka line soil re ac tion in lu pins (Lupinus spp.), and pea
wee vil in field pea.

Key words: an nual for age le gumes, breed ing, for age, grain, qual ity, yield.

In tro duc tion

An nual le gumes, es pe cially field pea (Pisum sativum L.) and com mon vetch (Vicia sativa L.), 
are one of the high est-qual ity and least ex pen sive so lu tions to the long-term de mand for plant
pro tein in an i mal hus bandry. They have a long and suc cess ful tra di tion of cul ti va tion in both Ser -
bia and the whole Bal kan pen in sula in gen eral.

The In sti tute of Field and Veg e ta ble Crops has been run ning breed ing programmes on an -
nual for age le gumes ever since it was founded in 1938. The most im por tant crops have been win -
ter- and spring-sown field pea and com mon vetch, which have made up a ma jor ity of all col lec -
tions of an nual for age le gumes through out the seven-de cade-long pe riod of for age crops breed -
ing at the In sti tute. To day, the An nual For age Le gume Col lec tion of the IFVC (AFLCNS) is
main tained by the For age Crops De part ment and uti lised as the main ba sis for all breed ing
programmes on these spe cies. In 2007, the AFLCNS con tained about 1,500 ac ces sions of 16 gen -
era and 67 spe cies (Mihailovi} et al., 2007e) and has most re cently in creased to a to tal of over
2,200 ac ces sions.

The main breed ing programmes on an nual for age le gumes at the IFVC fo cus on breed ing
for for age yield and qual ity, breed ing for grain yield and qual ity, breed ing for dual pur poses
(both for age and grain), and breed ing for tol er ance to var i ous abiotic and bi otic stresses
(Mihailovi} et al., 2007f).

Thus far, the IFVC has de vel oped and re leased in Ser bia five cultivars of win ter for age pea,
one of win ter dual-pur pose pea, one of spring for age pea, one of spring dual-pur pose pea, six of
spring pro tein pea, two of spring fod der faba bean (Vicia faba L.), five of win ter com mon vetch,
three of spring com mon vetch, two of win ter Hun gar ian vetch (Vicia pannonica Crantz) and two
of win ter hairy vetch (Vicia villosa Roth). In ad di tion, there are also two IFVC cultivars of spring
pro tein pea reg is tered in the Ukraine and one cultivar of win ter com mon vetch reg is tered in
Greece and FYR Mac e do nia each.

Im prove ment of yield and qual ity

A long-term eval u a tion of for age yields and for age yield com po nents shows that the ma jor -
ity of the an nual le gume spe cies have a con sid er able po ten tial for both green for age and for age
dry mat ter yields (Ta ble 1). Along with the widely cul ti vated spe cies, such as pea and vetch es,
grass pea (Lathyrus sativus L.) may also be given spe cial at ten tion in the fu ture. An other once
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well-known but now nearly for got ten crop in Ser bia is bit ter vetch (Vicia ervilia (L.) Willd.),
whose ad van tages are high tol er ance to low tem per a tures and uni for mity of the stand. Al though
usu ally not uti lised for for age, faba bean is char ac ter ised by high yields of both green for age and
for age dry mat ter and may also be used for bio mass due to a sig nif i cant lignificaton of the stem.

Ta ble 1 Se lected re sults of a long-term eval u a tion of for age yields in an nual le gumes (Mihailovi} et al.,
2005b; Mihailovi} et al., 2006b; Mihailovi} et al., 2006e; Mihailovi} et al., 2007g; Mihailovi} et
al., 2008b; Miki} et al., 2005; Miki} et al., 2007c)

Species Genotype
Green forage yield

(t ha-1)
Forage dry matter yield

(t ha-1)

Pea (winter) NS-Dunav 34.1 8.9

Pea (spring) Poneka 31.0 6.2

Grass pea (spring) Le Cambou 44.6 9.0

Faba bean (spring) Liber 46.7 9.3

Narbonne vetch (spring) Chicharo 28.3 8.2

Common vetch (winter) Neoplanta 31.9 9.2

Common vetch (spring) RCAT066401 33.0 7.7

Hungarian vetch (winter) NS Panonika 24.2 5.3

Hairy vetch (winter) NS Violeta 31.2 5.7

Bitter vetch (winter) Rodopi 30.7 6.9

Lentil (winter) MM 04/01 25.6 6.1

Crude pro tein con tent in for age dry mat ter re mains one of the most im por tant pa ram e ters
of qual ity in an nual le gumes. With an av er age value of nearly 210 g kg-1, com mon vetch is one of
the high est-qual ity an nual le gume crops (Miki}, 2008)

Be sides the programmes on typ i cal grain le gumes such as pea and faba bean, the IFVC has
also es tab lished a programme for the breed ing for grain of other, mostly ne glected and nearly for -

got ten spe cies, such as grass pea and len til (Lens culinaris Medik.). Al though com mon vetch is tra -
di tion ally used in Ser bia ex clu sively for for age, it is also pos si ble to de velop cultivars with rad i -
cally changed plant ar chi tec ture suit able for ad vanced grain pro duc tion (Ta ble 2). One of the

most prom is ing grain le gume spe cies that have been un known in Ser bia is white lu pin (Lupinus

albus L.), whose crude pro tein con tent in grain dry mat ter is com pa ra ble to that of soy bean. Due
to white lu pin’s spe cific plant ar chi tec ture com pared with other grain le gumes, the breed ing of
this crop has to take into ac count grain yield dis tri bu tion by or ders, with the pos si bil ity to de velop 
ge no types with ei ther the first or sec ond or der as the more pro duc tive one (]upina et al., 2007). 

Ta ble 2 Se lected re sults of a long-term eval u a tion of grain yield in spring an nual le gumes 
(Mihailovi} et al., 2006d; Mihailovi} et al., 2007c)

Species Genotype Grain yield (kg ha-1)

Pea Javor 5027

Grass pea SEL 455 4167

Faba bean PP 3 6150

Common vetch Morava 3140

Lentil Anicia 1850

Fur ther im prove ment of grain crude pro tein yields in an nual le gumes can be achieved by
in creas ing ei ther grain yield per unit area or crude pro tein con tent in grain dry mat ter. Thus, spe -
cies such as faba bean may yield more than 2,000 kg ha-1 of grain crude pro tein (Ta ble 3).
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Ta ble 3 Se lected re sults of a long-term eval u a tion of grain crude pro tein yield in spring an nual 
le gumes (Mihailovi} et al., 2005a; Mihailovi} et al., 2007d; Miki} et al., 2007a)

Species Genotype
Grain crude protein yield

(kg ha-1)

Pea Javor 1080

Grass pea Le Cambou 1711

Faba bean B-413 2230

Common vetch Armantes 898

When breed ing an nual le gumes for for age, one of most im por tant goals is for the newly de -
vel oped cultivars to have re li able seed yields. This char ac ter is tic is es pe cially sig nif i cant in vetch -
es, since low seed yields are of ten the main ob sta cle in the prop a ga tion of a new cultivar in the
mar ket. Due to the re mark able vari abil ity of most for age and grain yield com po nents, it is pos si -
ble to de velop cultivars that pos sess all of the de sir able char ac ter is tics, including reliable seed
yield (Table 4).

Ta ble 4 Se lected re sults of a long-term eval u a tion of seed yield and har vest in dex in Novi Sad win ter 
com mon vetch cultivars (Mihailovi} et al., 2007a)

Cultivar Seed yield (kg ha-1) Harvest index

NS Sirmium 1317 0.14

Novosadska Doma}a 1575 0.30

Novosadska 624 1650 0.40

Neoplanta 1527 0.18

Tara 1533 0.29

Morava 1583 0.23

Kadmos NS 1717 0.36

Among the var i ous an nual le gume spe cies, com mon vetch is char ac ter ised with a con sid er -
able po ten tial for high for age crude pro tein and high for age ni tro gen yields, of fer ing the pos si bil -
ity that one va ri ety may be uti lised for both for age and green ma nure. An eval u a tion of the ge no -
types of five anual le gume spe cies of di verse geo graphic or i gin has shown that all of them have the 
po ten tial for yield ing more than 200 kg ha-1 of for age ni tro gen (Ta ble 5).

Ta ble 5 Se lected re sults of a long-term eval u a tion of for age dry mat ter ni tro gen yield in an nual le gumes
(Mihailovi} et al., 2007b; Miki~ et al., 2008)

Species Potential forage nitrogen yield (kg ha-1)

Pea 245

Common vetch 273

Faba bean 260

Grass pea 233

White lupin 346

Im prove ment of the re sis tance to abiotic and bi otic stress

The de vel op ment of au tumn-sown cultivars of an nual le gumes may sig nif i cantly con trib ute 
to the in crease of the grow ing area of these spe cies and there fore spe cial at ten tion has been paid
to the tol er ance to low tem per a tures. All an nual le gume cultivars in tended for for age that have
been de vel oped at the In sti tute of Field and Veg e ta ble Crops have good tol er ance to low tem per -
a tures, but with those de vel oped for grain this still re mains a chal lenge. A long-term eval u a tion of 
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ag ro nomic char ac ter is tics in win ter pro tein pea cultivars has shown that it is pos si ble to com bine
good tol er ance to low tem per a tures, ear li ness and high grain yields (Ta ble 6). An other grain le -
gume with a good po ten tial for a sat is fy ing tolerance to low temperatures is faba bean (Mihailovi} 
et al., 2006c).

Ta ble 6 Se lected re sults of a long-term eval u a tion of ag ro nomic char ac ter is tics in win ter pro tein 
pea cultivars (Miki} et al., 2007b)

Cultivar
Date of beginning

of flowering
Date of harvest

Winter survival
coefficient

Grain yield 
(kg ha-1)

Champagne May 9 June 30 0.85 3515

Fril~ne April 23 June 14 0.23 1062

Frijaune April 23 June 14 0.37 1672

Dove April 22 June 17 0.93 6453

5105 April 16 June 11 0.93 3948

5174 April 19 June 19 0.87 6567

Vesela April 23 June 15 0.24 1597

No. 11 April 24 June 14 0.42 1641

Drujba April 27 June 23 0.57 2360

The main prob lem with the in tro duc tion of trop i cal and sub trop i cal an nual le gume spe cies,
such as pi geon pea (Cajanus cajan (L.) Millsp.), hy a cinth bean (Lab lab purpureus (L.) Sweet) and
cow pea (Vigna unguiculata (L.) Walp.), to re gions with tem per ate cli ma tic con di tions is the in ad e -
quate photoperiod, lead ing to a fre quent sit u a tion where one ge no type may eas ily pro duce high
for age yields with out the abil ity to en ter the gen er a tive stage and pro duce any seed yield
(Mihailovi} et al., 2005c; Mihailovi} et al., 2006f).

In re la tion to soil re ac tion, rather prom is ing re sults have been ob tained with white lu pins,
where the first Ser bian lines with high grain yields and in creased tol er ance to al ka line soil re ac -
tion have been de vel oped (Mihailovi} et al., 2006a). Nar row-leafed lu pin, on the other hand,
proved to be good for cul ti va tion on heavy acid soils such as pseudogley (Mihailovi} et al., 2008a).

Re cent achieve ments in the in crease of tol er ance to pea wee vil (Byrne, 2005) as the most
im por tant pest of pea in Ser bia have led to suc cess ful at tempts in hy bridi sa tion be tween pea and
its wild rel a tive Pisum fulvum Sm., the main goal of which is to de velop hy brid prog eny with high
grain yields and im proved tol er ance to pea wee vil.

Ac knowl edge ments

Pro ject 20083 of the Min is try of Sci ence and Tech no log i cal De vel op ment of the Re pub lic
of Ser bia (2008-2010).
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Ab stract

Mod ern programmes of pro tein pea breed ing are aimed at both fur ther im prove ment of
grain yield and qual ity and in creased tol er ance to var i ous bi otic and abiotic stresses, where the
de vel op ment of cultivars with the afila leaf type and cold tol er ance is of a great im por tance. A
small-plot trial was car ried out at the Ex per i ment Field of the In sti tute of Field and Veg e ta ble
Crops at Rimski [an~evi from the au tumn of 2004 to the sum mer of 2007. It in cluded 16 pro tein
pea cultivars, namely four win ter cultivars with the nor mal leaf type, four win ter cultivars with the 
afila leaf type, four spring cultivars with the nor mal leaf type, and four spring cultivars with the
afila leaf type. The high est av er age grain yield var ied from 2020 kg ha-1 in Druzhba, a win ter
cultivar with the nor mal leaf type, to 5939 kg ha-1 in Dove,a win ter cultivar with the afila leaf type.

Key words: cold tol er ance, cultivar, grain yield, leaf type, pro tein pea.

In tro duc tion

The term pro tein pea has its or i gin in the French lan guage as pois protéagineux and was in tro -
duced into many other lan guages as a con se quence of rapid growth of its im por tance in Eu ro pean 
ag ri cul ture dur ing the last sev eral de cades (Mihailovi} et al., 2005a). In a bo tan i cal sense, it de -
notes ge no types be long ing wholly or mostly to Pisum sativum L. ssp. sativum var. sativum
(Mihailovi} et al., 2004a), while, from an ag ro nomic point of view, it de notes the cultivars with
white flow ers, round grains, and yel low-white or blue-green testa (Carrouée, 1993).

Mod ern programmes of pro tein pea breed ing are aimed at both fur ther im prove ment of
grain yield and qual ity and in creased tol er ance to var i ous bi otic and abiotic stresses, where the
de vel op ment of cultivars with the afila leaf type and cold tol er ance is of a great im por tance
(Mihailovi} et al., 2007). The re ces sive al lele af, from the link age group I, is re spon si ble for the
phe no types with afila leaf types, with all leaf lets trans formed into ten drils (Ellis & Poyser, 2002).
The de vel op ment of win ter cultivars of di verse grain le gumes, pri mar ily pro tein pea and faba
bean (Vicia faba L.), could sig nif i cantly in crease the cul ti va tion area of these crops, es pe cially in
the tem per ate re gions (Duc, 1997). Such win ter cultivars are frost re sis tant due to a de layed flo ral
ini ti a tion (Etévé & Derieux, 1982; Lejeune-Hénaut et al., 1999), reach full ma tu rity win ter wheat
(Mihailovi} et al., 2004b) and have higher and more sta ble grain yields than the spring cultivars
(Lejeune-Hénaut, 2000).

The goal of the study was to asses the grain yield po ten tial in di verse pro tein pea types as af -
fected by leaf type and grow ing sea son in the con di tions of Ser bia.

Ma te ri als and meth ods

A small-plot trial was car ried out on a cher nozem soil at the Ex per i ment Field of the In sti -
tute of Field and Veg e ta ble Crops at Rimski [an~evi from the au tumn of 2004 to the sum mer of
2007. The trial in cluded 16 ac ces sions from the An nual For age Le gumes Col lec tion (AFLCNS)
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of the In sti tute of Field and Veg e ta ble Crops, spe cif i cally 16 pro tein pea cultivars with dif fer ent
leaf types and grow ing sea son du ra tion (Ta ble 1).

Ta ble 1. Pro tein pea cultivars at Rimski [an~evi from 2004 to 2007

Type Cultivar Country of origin
Accession no. in

AFLCNS

Winter, normal leaf
type

Champagne France PIS 016

Druzhba Bulgaria PIS 054 

Assas France PIS 518

Cer Serbia PIS 573

Winter, afila leaf type

Dove France PIS 519

5105 France PIS 520 

5174 France PIS 521

L-574 Serbia PIS 574

Spring, normal leaf
type

Javor Serbia PIS 024 

Miranda The Netherlands PIS 099

Granella Germany PIS 108

Nadezhyi Ukraine PIS 350

Spring, afila leaf type

Jezero Serbia PIS 021 

Terese France PIS 110

Solara The Netherlands PIS 112

Aksayskiy usatyy 10 Russia PIS 530

All six teen cultivars were sown by hand, with the eight win ter ones be ing planted in early
Oc to ber at a crop den sity of about 135 vi a ble seeds m-2 (Mihailovi} et al., 2005b) and the eight
spring ones be ing sown in early March with a crop den sity of about 110 vi a ble seeds m-2

(DuchLne & Chaillet, 1994).
The fol low ing traits were mon i tored for each cultivar and type: plant height (cm), num ber

of fer tile nodes (plant-1), num ber of pods (plant-1), num ber of grains (plant-1), thou sand grain
mass (g) and grain yield (kg ha-1). Plant sam ples for the anal y sis of grain yield com po nents were
taken shortly be fore the plots were har vested by the com bine har vester Wintersteiger
Nurserymaster. Har vest ing was done at a spe cific time for each of the cultivars, rang ing from 23
May 2007 for Dove to 15 July 2006 for Assas. Grain yield was mea sured af ter the har vest at the
mois ture level of 14%.

The re sults of the study were pro cessed by anal y sis of vari ance (ANOVA) with the Least
Sig nif i cant Dif fer ence (LSD) test ap plied and us ing the com puter soft ware MSTAT-C.

Re sults and dis cus sion

Cultivars. There were sig nif i cant dif fer ences at both lev els of sig nif i cance (0.05 and 0.01) in
all the mon i tored char ac ter is tics among the six teen cultivars tested (Ta ble 2). The av er age val ues
of plant height ranged from 44 cm in Miranda to 110 cm in Druzhba and Assas. The great est av er -
age num ber of fer tile nodes was found in Assas (both 11.7 plant-1), while the small est av er age
num ber of fer tile nodes was re corded in Terese and Solara (both 3.0 plant-1). The av er age num -
ber of num ber of pods var ied be tween 4.7 (Nadezhyi) and 13.3 plant-1 (Assas). Cham pagne had
the great est av er age num ber of grains (50.0 plant-1), while 5105 had the small est av er age num ber
of grains (17.6 plant-1). The larg est av er age thou sand grain mass was ob served in Miranda (263 g), 
while the small est av er age thou sand grain mass was found in Cham pagne (101 g). The high est av -
er age grain yield var ied from 2020 kg ha-1 in Druzhba to 5939 kg ha-1 in Dove. The cultivars with
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the afila leaf type con firmed their great po ten tial for grain yield as com pared to the cultivars with
the nor mal leaf type (Mihailovi} & Miki}, 2004).

Ta ble 2. Av er age val ues of grain yield com po nents and grain yield in the pro tein pea cultivars at Rimski
[an~evi from 2004 to 2007

Cultivar
Plant height

(cm)

Number of
fertile nodes

(plant-1)

Number of
pods

(plant-1)

Number of
grains

(plant-1)

Thousand
grain mass

(g)

Grain yield
(kg ha-1)

Champagne 107 6.0 9.3 50.0 101 3613

Druzhba 110 6.2 8.7 28.5 138 2020

Assas 110 11.7 13.3 38.3 126 4477

Cer 102 5.0 7.7 36.0 104 3283

Dove 62 4.6 7.2 30.3 186 5939

5105 43 3.2 4.9 17.6 189 3842

5174 47 3.2 7.9 31.8 243 5836

L-574 49 3.7 6.2 24.8 204 5329

Javor 55 3.7 7.0 20.0 239 5257

Miranda 44 4.7 6.7 21.3 263 5217

Granella 81 4.0 7.0 26.7 244 5617

Nadezhyi 77 3.3 4.7 22.0 200 4770

Jezero 61 4.0 7.7 27.3 248 5407

Terese 55 3.0 5.0 27.7 193 5563

Solara 48 3.0 5.0 19.0 248 5210

Aksaiskii
usatyi

78 4.3 6.3 28.7 242 4827

LSD0.05 7 0.7 0.9 5.5 20 750

LSD0.01 10 1.0 1.2 7.4 26 1001

Ta ble 3. Av er age val ues of grain yield com po nents and grain yield in the pro tein pea types at Rimski
[an~evi from 2004 to 2007

Type
Plant height

(cm)

Number of
fertile nodes

(plant-1)

Number of
pods

(plant-1)

Number of
grains

(plant-1)

Thousand
grains mass

(g)

Grain yield
(kg ha-1)

Winter, normal 
leaf type

107 7.2 9.8 38.2 117 3348

Winter, afila
leaf type

50 3.6 6.6 26.1 206 5236

Spring, normal
leaf type

59 3.9 6.3 22.5 236 5215

Spring, afila
leaf type

61 3.6 6.0 25.7 233 5252

LSD0.05 21 2.6 2.2 8.9 37 943

LSD0.01 30 3.6 3.0 12.3 52 1304

Types. There were sig nif i cant dif fer ences at both sig nif i cance lev els (0.05 and 0.01) in all the
mon i tored char ac ter is tics be tween the win ter cultivars with the nor mal leaf type on the one hand
and the other three types on the other (Ta ble 3). The win ter cultivars with the nor mal leaf type had
the high est av er age val ues of plant height (107 cm), num ber of fer tile nodes (7.2 plant-1), num ber of
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pods (9.8 plant-1) and num ber of grains (38.2 plant-1) as well as the low est thou sand grain mass (117
g). The win ter cultivars with the afila leaf type had the low est av er age val ues of plant height (50 cm)
and, to gether with the spring cultivars with afila leaf type, which had the small est av er age num ber
of pods (6.0 plant-1), the low est num ber of fer tile nodes as well (3.6 plant-1) . The spring cultivars
with the nor mal leaf type had the small est num ber of grains (22.5 plant-1) and the larg est thou sand
grain mass (236 g). The low est av er age grain yield was found in the win ter cultivars with the nor mal
leaf type (3348 kg ha-1), while the high est av er age grain yield was pro duced by the spring cultivars
with the nor mal leaf type (5252 kg ha-1). With no sig nif i cant dif fer ences in com par i son to the spring
cultivars with the nor mal and afila leaf types, the win ter cultivars with the afila leaf type have shown 
a con sid er able po ten tial for grain yield with 5236 kg ha-1 and thus con firmed the pre lim i nary re sults
of their test ing in a sim i lar en vi ron ment (Miki} et al., 2007).

Con clu sions

On the grounds of the ob tained re sults, it can be con cluded that the fur ther de vel op ment of
the cultivars of pro tein pea with the afila leaf type should re main one the most im por tant goals in
breed ing programmes. It is also pos si ble to com bine this highly im por tant ag ro nomic trait with
high tol er ance to low tem per a ture and thus in crease the area of the cul ti va tion of pro tein pea in
di verse temperate environments.
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Ab stract

The Ca na dian va ri et ies such as Tara and Cen tury played a sig nif i cant and suc cess ful role in
the in tro duc tion of dry pea into Ser bian ag ri cul ture three de cades ago and, es pe cially, in the es -
tab lish ment of the first Ser bian field pea breed ing programme at the In sti tute of Field and Veg e -
ta ble Crops in Novi Sad. A small-plot trial was car ried out at the Rimski [an~evi Ex per i ment
Field of the In sti tute of Field and Veg e ta ble Crops dur ing 2007 and 2008. The trial in cluded 18
dry pea va ri et ies. Nine were from Can ada, eight from Ser bia, and one was from the Re pub lic of
Srpska. The high est av er age grain yields were found in the Ser bian va ri ety Part ner (5,025 kg ha-1)
and the Ca na dian va ri ety Han del (5,013 kg ha-1), while the low est av er age grain yield was re -
corded in the Ser bian va ri ety NS-Lim (2,544 kg ha-1).

Key words: ag ro nomic char ac ter is tics, dry pea, grain yield, va ri ety.

In tro duc tion

Pea (Pisum sativum L.) is one of the most im por tant an nual le gume spe cies in the world. In
an i mal feed ing, it can be uti lised for green for age, for age dry mat ter, for age meal, si lage, haylage,
im ma ture grain, ma ture or dry grain and straw (Miki} et al., 2006a). With nearly 1,500,000 ha of
har vested area, Can ada has been the lead ing coun try in the dry pea pro duc tion, while the larg est
Eu ro pean Un ion dry pea pro ducer is France, with about 170,000 ha of har vested area (Mihailovi} 
et al., 2005a).

Dry pea had been un known in Ser bia un til three de cades ago, when the Ca na dian va ri et ies
such as Tara and Cen tury were in tro duced as a qual ity pro tein source for an i mal hus bandry
(Mihailovi} et al., 2003). Apart from its strong eco nomic ef fect, this had an es sen tial im pact on the 
es tab lish ment of the first Ser bian breed ing programme on this crop at the In sti tute of Field and
Veg e ta ble Crops in Novi Sad. To day, breed ing dry pea is one of the most im por tant programmes
in Novi Sad (Mihailovi} et al., 2004b), where cer tain char ac ter is tics, such as short internodes, de -
ter mi nate stem growth and afila leaf type play a sig nif i cant role in the de vel op ment of new va ri et -
ies (Miki} et al., 2006c).

Ma te ri als and Meth ods

A small-plot trial was car ried out at the Rimski [an~evi Ex per i ment Field of the In sti tute of 
Field and Veg e ta ble Crops dur ing 2007 and 2008. It in cluded 18 dry pea va ri et ies in to tal, with
nine from Can ada (Min uet, Mo zart, Han del, Golden, Bronco, Cut lass, Striker, sage and
Montego), eight from Ser bia (NS-Ju nior, NS-Lim, Moravac, Jezero, Javor, Part ner, Krsital and
Dukat) and one from the Re pub lic of Srpska in Bosnia and Herzegovina (Sa{a).

In both years the cultivars were sown in early March, with a sow ing rate of 110 vi a ble seeds
m-2 (DuchLne & Chaillet, 1994) and were har vested in the stages of full ma tu rity of the grains in
the first pods. The pre vail ing cli ma tic and soil con di tions dur ing the grow ing sea son of dry pea in
both years are given in Ta ble 1 and Ta ble 2.

The study mon i tored char ac ter is tics re lated to grain yield, such as plant height (cm), first
fer tile node height (cm), num ber of nodes (plant-1), num ber of fer tile nodes (plant-1), num ber of
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pods (plant-1), num ber of grains (plant-1) and thou sand grain mass (g). Grain yield per unit area
(kg ha-1) was de ter mined and har vest in dex was cal cu lated.

Ta ble 1 The av er age monthly tem per a tures and pre cip i ta tion sums dur ing the grow ing pe riod of dry pea
in 2007 and 2008 at Rimski [an~evi

Average monthly temperature (°C)

Year/Month March April May June July Average

2007 9 13 19

2008 8 13 18 22 22 17

Long-term average 6 11 17 20 21 15

Monthly precipitation sum (mm)

Year/Month March April May June July Sum

2007 78 0 101

2008 5 25 47 123 57 257

Long-term average 38 47 59 85 70 299

Ta ble 2 Chem i cal com po si tion of the cher nozem soil at Rimski [an~evi dur ing 2007 and 2008

pH
(H2O)

N
(%)

P2O5
(mg 100-1 g-1)

K2O
(mg 100-1 g-1)

CaCO3
(%)

Hu mus
(%)

7.92 0.196 17.99 21.00 5.61 2.970

The study re sults were pro cessed by anal y sis of vari ance (ANOVA) with the Least Sig nif i -
cant Dif fer ence (LSD) test ap plied and us ing the com puter soft ware MSTAT-C.

Re sults and Dis cus sion

There were sig nif i cant dif fer ences at both lev els of sig nif i cance (0.05 and 0.01) in the av er -
age plant height of the tested va ri et ies (Ta ble 3). The great est plant height was found in Sa{a (132
cm), NS-Ju nior (124 cm) and NS-Lim (102 cm), all three be ing dual-pur pose va ri et ies. The small -
est plant height was re corded in Mo zart (33 cm). The av er age first fer tile node height ranged from 
19 cm in Mo zart to 65 cm in NS-Ju nior. This range of vari a tion was wider than the one found in a
pre vi ous test ing of dry pea va ri et ies with nor mal and afila leaf types (Mihailovi} et al., 2005b).
Sa{a had the great est num ber of nodes (27.4 plant-1), while Mo zart had the small est (12.7 plant-1).
In both the Ca na dian and Ser bian va ri et ies, the av er age val ues of the num ber of nodes were com -
pa ra ble to those found in a study us ing Ser bian va ri et ies only (Mihailovi} & Miki}, 2004). The av -
er age num ber of fer tile nodes var ied be tween 1.8 plant-1 in Striker and Sage and 4.0 plant-1 in
Han del.

The great est pod num ber was re corded in Han del and Kristal (6.0 plant-1), while the small -
est num ber was found in Striker (2.5 plant-1), which was smaller in com par i son to the pre vi ously
ob tained re sults with Ser bian dry pea va ri et ies (Miki} et al., 2003). The av er age grain num ber
ranged from 10.7 plant-1 in Sage to 28.3 plant-1 in Han del. NS-Lim had the small est thou sand
grain mass (134 g), while Moravac had the larg est (295 g). Most of the Ca na dian va ri et ies had the
same seed size as when they were grown in their na tive con di tions, such as Bronco (Warkentin et
al., 2005).

At the level of 0.05, the av er age har vest in dex was sig nif i cantly lower in the three dual-pur -
pose pea va ri et ies (NS-Lim (0.29), Sa{a (0.31) and NS-Ju nior (0.32)) than in the true dry pea
cultivars, which for the most part had har vest in dex val ues of about 0.50 or higher (Mihailovi} et
al., 2004a).
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Ta ble 3 Av er age val ues of grain yield com po nents and other ag ro nomic char ac ter is tics in the Ca na dian
and Ser bian va ri et ies of dry pea in 2007 and 2008 at Rimski [an~evi

Variety
Plant
height
(cm)

First
fertile
node

height
(cm)

Number
of nodes
(plant-1)

Number
of fertile

nodes
(plant-1)

Number
of pods
(plant-1)

Number
of grains
(plant-1)

Thousand 
grain
mass
(g)

Harvest
index

Minuet 52 41 18.2 3.2 5.3 23.8 179 0.55

Mozart 33 19 12.7 3.0 4.3 18.2 188 0.67

Handel 43 29 19.2 4.0 6.0 28.3 197 0.63

Golden 46 35 21.2 2.7 4.2 18.2 201 0.50

Bronco 41 26 17.0 3.5 5.8 23.0 217 0.65

Cutlass 44 33 20.2 3.0 3.8 17.8 223 0.54

Striker 44 32 16.0 1.8 2.5 10.8 186 0.33

Sage 49 37 22.8 1.8 2.7 10.7 188 0.41

Montego 41 27 15.8 3.5 4.8 23.3 217 0.66

Average 44 31 18.1 2.9 4.4 19.3 199 0.55

NS-Junior 124 65 26.5 3.3 5.7 21.0 151 0.32

NS-Lim 102 49 24.2 2.5 4.2 18.1 134 0.29

Moravac 86 47 19.5 1.9 3.2 13.1 295 0.44

Jezero 61 45 15.6 2.4 4.1 17.9 244 0.51

Javor 58 41 16.4 2.7 4.6 19.5 231 0.49

Partner 49 35 14.9 3.4 5.9 20.6 212 0.50

Kristal 47 32 15.4 3.5 6.0 23.6 204 0.52

Dukat 50 34 14.9 2.9 5.0 20.5 208 0.49

Sa{a 132 52 27.4 2.3 4.0 16.6 175 0.31

Average 79 44 19.4 2.8 4.7 19.0 206 0.43

LSD0.05 8 4 1.8 1.2 1.9 7.2 10 0.08

LSD0.01 11 6 2.2 1.5 2.6 9.4 14 0.11

By year, the av er age grain yield ranged from 2,300 kg ha-1 in Striker and 2,325 kg ha-1 in
Sa{a in 2007 to 4,750 kg ha-1 in Han del in 2008. By va ri ety, the vari a tion was from 2,425 kg ha-1 in
Striker to 5,013 kg ha-1 and 5,025 kg ha-1 in Han del and Part ner, re spec tively (Ta ble 4). Both the
Ca na dian and Ser bian va ri et ies had higher an nual grain yields in 2008, with the Ser bian va ri et ies
be ing more pro duc tive than the Ca na dian ones, buth with no sig nif i cant dif fer ences at nei ther of
the lev els. The ma jor ity of the Ca na dian va ri et ies, es pe cially Han del (Mihailovi} et al., 2008) and
Golden (Warkentin et al., 2004), con firmed their great adapt abil ity and po ten tial for high grain
yields. It was also con firmed that dual-pur pose va ri et ies have lower grain yields than va ri et ies
grown ex clu sively for grain (Miki} et al., 2006b).
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Ta ble 4 Grain yield (kg ha-1) in the Ca na dian and Ser bian va ri et ies of dry pea in 2007 and 2008 at 
Rimski [an~evi

Variety / Year 2007 2008 Average 2007-2008

Minuet 3400 3550 3475

Mozart 4200 4125 4163

Handel 4750 5275 5013

Golden 3600 4350 3975

Bronco 3650 4125 3888

Cutlass 2400 3125 2763

Striker 2300 2800 2550

Sage 2400 2450 2425

Montego 3500 3700 3600

Average 3356 3722 3539

NS-Junior 2900 3150 3025

NS-Lim 2288 2800 2544

Moravac 4275 3700 3988

Jezero 4250 4450 4350

Javor 4500 4125 4313

Partner 4600 5450 5025

Kristal 4625 5225 4925

Dukat 4425 4950 4688

Sa{a 2325 3050 2688

Average 3799 4100 3949

LSD0.05 914

LSD0.01 1084

Con clu sions

The re sults ob tained show that prog ress has been made in the Ser bian dry pea breed ing
programme as well as that the Ca na dian dry pea va ri et ies are highly adapt able and may be suc -
cess fully cul ti vated in Serbia.

Ac knowl edge ments

Pro ject 20083 of the Min is try of Sci ence and Tech no log i cal De vel op ment of the Re pub lic
of Ser bia (2008-2010).
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FIRST SELECTION OF CULTIVAR 
Phaseolus coccinus var. nanus IN BOSNA AND HERCEGOVINA

Josip ]ota1, Mustafa \elilovi}1, Mirjana Vasi}2, Jelica Gvozdanovi}-Varga2

1Federal In sti tute for Ag ri cul ture, Butmirska cesta 40, Sarajevo, BiH
2Institute of Field and Veg e ta ble Crops, Maksima Gorkog 30, Novi Sad, Ser bia

E-mail: j.cota@fzzp.co.ba

Ab stract

There is large num ber of autochthonous pop u la tion of beans in Bosnia and Herzegovina.
Em ploy ers of Fed eral Ag ri cul tural In sti tute Sarajevo work ing on col lect ing and test ing
autochthonous pop u la tion veg e ta bles-beans. As re sult of such work came out new bean va ri ety
called Igman. This va ri ety is be come from do mes tic autochthonous pop u la tion, clonic se lec tion.
It is adopted by Fed eral Min is try of Ag ri cul ture, Wather Man age ment and For estry in 2007, and
reg is tered un der code UP-I-02-2-24-716/07. at 18.04.2007.

Igman be longs to Phaseolus coccinus var. nanus. That is va ri ety of short beans and it un nec -
es sary sup port ers for growth. It has white grapelike flow ers, flat large strings, seeds of white
color. Bosnia and Herzegovina has Med i ter ra nean, flat, hilly and moun tain re gions where crops
are grown. Re lated to spe cial agroecological con di tions, se lec tion of new plant spe cies/va ri et ies is 
above all con nected to the re gional spe cific cir cum stances. Grow ing of Igman va ri ety has in ten -
tion pri mar ily for hilly-moun tain ar eas and for flat re gions pro duc tion. This va ri ety has 28% higer 
yield of seeds com par ing to the stan dard va ri ety Galeb. Ab so lute weight of seeds is cca.830g.Con -
tent of pro tein 22,45%, cel lu los es 5,70%, fat 2,80%, and ash 3,79% are char ac ter is tics of this va ri -
ety.Same va ri ety is in tended es pe cially for boiled and sal ads. That is tra di tional meal of
bosnian-herzegovina peo ple.

Key words: Bosnia and Herzegovina, bean, se lec tion, yield

In tro duc tion

Bean is grown through out the world, and in the Bal kan pen in sula, bean grow ing has a long
tra di tion. Beans are grown in the Bal kans mostly in veg e ta ble gar dens and yards on a smaller
scale, with the short beans be ing cul ti vated in the fields on larger ar eas (]ota & Elezovi}, 2005).
Be fore the Sec ond World War, the for mer Yu go sla via was one of Eu rope’s larg est pro duc ers of
bean and had ad e quate av er age yields of this crop (Vulf et al., 1937). Beans were grown most of -
ten as an intercrop with maize, and the most com monly used seeds were those of do mes tic pop u -
la tions of twin ing pole beans (Rosi}, 1957, Vidovi}, 1964).

The fact that bean grow ers in the re gion have a habit of us ing do mes ti cated or pre ferred
pop u la tions, the seed of which they main tain them selves, re flects the need for a broader range of
bean va ri et ies to be de vel oped (Vasi}, 1986). Yield lev els are not the only mea sure of suc cess for a 
bean cultivar. An other cru cial fac tor is the abil ity of a cultivar to sat isfy con sumer tastes and pref -
er ences and do well in the mar ket (Vasi} et al., 2001). In the last few de cades, bean breed ing or ga -
ni za tions in the re gion, in clud ing the Fed eral In sti tute for Ag ri cul ture in Sarajevo (]ota and
Vasi} 2006), have mostly fo cused on us ing in dig e nous bean pop u la tions to de velop cultivars with
white or col ored grains that have a high po ten tial for yield and are suit able for cul ti va tion as a
pure crop and ma chine har vest ing (Vasi} et al., 2001).

The run ner bean, Phaseolus coccineus L., is sim i lar to the com mon bean, Phaseolus vulgaris
L.., and has orig i nated in Cen tral Amer ica. Its young pods and young or ma ture grains are used
for hu man con sump tion. Un like the com mon bean, the run ner bean is a cross-pol li nated spe cies
and hence has at trac tive flow ers and can be used as an or na men tal plant.

The ob jec tive of this pa per was to de scribe the most im por tant char ac ter is tics of the new
bean cultivar Igman based on the re sults of a se ries of small-plot tri als con ducted over a pe riod of
two years in dif fer ent grow ing con di tions.

Ma te ri als and Meth ods

The bean va ri ety Igman is a re sult of se lec tion from the lo cal pop u la tions. A num ber of
lines had been se lected and tested for dif fer ent traits (most im por tantly yield level) in dif fer ent
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lo ca tions, in clud ing Novi Sad (Fig ure 2). The line with the best per for mance was sub mit ted to the
Fed eral Va ri ety Com mis sion of Bosnia and Herzegovina for the pur poses of reg is tra tion. The
test ing of Igman was car ried out in 2005 and 2006 godini in two cli mat i cally dif fer ent lo ca tions -
the Butmir Ex per i men tal Field of the Fac ulty of Ag ri cul ture in Sarajevo and a pri vate farm at
Velika Brijesnica near Tuzla (Fig ure 1). While both sites have harsh win ters, the sum mers at
Butmir are fairly warm, while those at Velika Brijesnica are warm. The Butmir site has a brown
val ley soil, while Velika Brijesnica has a brown al lu vial one. The soil re ac tion at the sites is acid
and they are poorly sup plied with phos pho rus but well sup plied with po tas sium.

Fig ure 1. De ter mi nate cultivar Igman grown as a pure crop (Butmir, BiH)

The va ri ety Galeb was used as the stan dard in the tri als. The ex per i ment was set up us ing a
ran dom ized block de sign with five rep li ca tions. The ex per i men tal unit was 5 m in size, with 200
plants per plot. The fol low ing fac tors were mon i tored dur ing the grow ing sea son: plant ing date,
date of emer gence, plant height, start and end of flow er ing, start of pod for ma tion, start of tech -
no log i cal ma tu rity, oc cur rence of plant dis eases, pod color, pod shape, pod length, pod width, and 
yield. The yield data were pro cessed by ANOVA and the LSD test was used with sig nif i cance
levels of P=0.05 and P=0.01.

Re sults and Dis cus sion

At Butmir as well as Velika Brijesnica, fa vor able weather con di tions in 2005 and 2006 had a 
pos i tive ef fect on all the traits in both Igman and Galeb.

Igman is a short, de ter mi nate cultivar (Fig ures 1 and 2) that pro duces lux u ri ous plants with
an erect, well-branched stem and a dense can opy of dark green leaves. The flow ers are white and
clus tered in in flo res cen ces that are at trac tive to in sects. The cultivar has the same length of grow -
ing pe riod as the variety Galeb.

The mor pho log i cal char ac ter is tics of pods and seeds are an im por tant tool in de scrib ing
and de ter min ing a va ri ety. Ta ble 1 shows these char ac ter is tics in the va ri et ies Igman and Galeb.

Ta ble 1. Mor pho log i cal char ac ter is tics of pods and seeds

Characteristics Igman Galeb

Color of pods Green-yellow Green-yellow

Color of seeds White White

Shape of pods Sabre like Sabre like

Length of pods, cm 9.95 9.83

Width of pods,cm 1.25 1.31

1,000-grain weight, g 830 386
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The pods of Igman are flat and me dium-large (Tab.1), while the grains are white (Fig ure 3).
The weight of 1,000 grains is 830 g, which puts this cultivar into the group of cultivars with

large grains. Igman has larger grains than other de ter mi nate bean cultivars (Vasi} et al., 2001.)
This is in ac cor dance with the char ac ter is tics of the spe cies Phaseolus coccieus, to which Igman be -
longs, and the spe cies Phaseolus vulgaris, of which Galeb is part (Vulf, 1937; ]ota and Elezovi},
2005).

Fig ure 2. Cultivar Igman at full flow er ing (Rimski [an~evi, Ser bia)

Fig ure 3: Grains of Igman

The yields of Galeb and Igman were high and typ i cal (]ota and Elezovi}, 2005). The pres -
ent study re vealed a dif fer ence in the ge netic po ten tial for yield of the two cultivars re sult ing from 
the in flu ence of ge netic and en vi ron men tal fac tors. Igman outyielded Galeb by a highly sig nif i -
cant mar gin in both years (Ta ble 2).

Ta ble 2. Yields by cultivar, site and year

Variety
Yield t/ha 2005 Yield t/ha 2006. Two-year mean

Butmir Brijes. Aver. Butmir Brijes. aver. T/ha %

Igman 3.88 1.69 2.79 3.66 2.54 3.10 2.94 128

Galeb 2.87 1.38 2.12 2.97 1.96 2.47 2.30 100

LSD 5% 0.29 0.24 0.27 0.36 0.29 0.33 0.30

LSD 1% 0.40 0.34 0.37 0.51 0.41 0.46 0.42
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In the two years of the study, the va ri ety Igman pro duced an av er age yield of 2.94 t/ha, or
28% more than the stan dard.

Ta ble 3. Wa ter con tent and chem i cal com po si tion of bean grains (% of dry mat ter)

Va ri ety % wa ter ash pro teins cel lu lose Fats starch

Igman 11.35 3.79 22.45 5.70 2.80 48.0

Galeb 10.90 4.03 22.34 4.64 3.39 38.4

The grains of Igman are 22.45% pro tein, 5.70% cel lu lose, 48.0% starch, 2.80% fat, and
3.79% ash (Ta ble 3.). The cultivar is in tended pri mar ily for pre par ing cooked dishes or sal ads,
which are the tra di tional uses for bean in the cui sine of Bosnia and Herzegovina.

Con clu sion

Igman has been found to be a short, de ter mi nate cultivar that pro duces lux u ri ous plants
with an erect, well-branched stem and a dense can opy of dark green leaves. Its flow ers are white,
the pods are flat and me dium-large, and the grains are white and large.

The grain yield of Igman were 28% higher than those of Galeb. Higher grain yields were
pro duced at Butmir than at Brijesnica. The grains of the cultivar Igman are large and of high qual -
ity in terms of con sump tion.

The va ri ety Igman was reg is tered with the Fed eral Min is try of Ag ri cul ture, Wa ter Man age -
ment and For estry of Bosnia and Herzegovina in 2007. It is rec om mended for con sump tion in the
form of a cooked dish or salad.
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SEVENTY YEARS OF WHEAT BREEDING IN SERBIA: I. IMPROVEMENT OF YIELD

Novica Mladenov, Nikola Hristov, Srbislav Den~i}, Borislav Kobiljski
In sti tute of Field and Veg e ta ble Crops, M. Gorkog 30, 21000 Novi Sad, Ser bia

E-mail: mladenov@ifvcns.ns.ac.yu

Ab stract

Twenty-three wheat cultivars were stud ied to de ter mine the con tri bu tion of breed ing to
wheat yield in creases in the last 70 years. Cho sen for the study were cultivars re leased in a va ri ety
of dif fer ent years, each rep re sent ing a dif fer ent pe riod of breed ing. A trial last ing seven years
(2001-2007) was car ried out in a sin gle lo ca tion us ing a ran dom ized block de sign with three rep li -
cates. In creases in av er age yields of cultivars from dif fer ent breed ing pe ri ods were an a lyzed by
lin ear re gres sion. An in crease in yield of 40 kg/year (ex pressed as the re gres sion co ef fi cient) was
re corded be tween cultivars from dif fer ent pe ri ods of se lec tion. The cultivars tested dif fered sig -
nif i cantly with re spect to their mor pho log i cal char ac ter is tics (plant height) as well as yield com -
po nents (grain num ber per spike and 1,000-grain mass). In the newer cultivars, sig nif i cant in -
creases in grain num ber per spike and 1,000-grain mass were ob served. The re sults of our study
in di cate that breed ing has con trib uted sig nif i cantly to in creas ing the vol ume of wheat pro duc tion
in the coun try.

Key words: breed ing, re gres sion, wheat, yield.

In tro duc tion

Wheat yield in creases de pend for the most part on the cultivars grown, cli ma tic con di tions
and the grow ing tech nol o gies used. In creases in the ge netic po ten tial for yield of new cultivars
and the im prove ment of other ag ro nomic and tech no log i cal traits make it pos si ble to in crease the
con tri bu tion of ge netic yield po ten tials to at tain ing greater pro duc tion per unit area.

Up un til the mid-1950s, wheat cultivars grown in the for mer Yu go sla via were mostly those
orig i nat ing from the na tive pop u la tions. Dur ing that pe riod, breed ing was mostly con fined to
mass and in di vid ual se lec tion from the na tive pop u la tions. Mod ern wheat breed ing in our coun -
try be gan in the sec ond half of the 1950s (1956/57) (Borojevi}, 1990). The first tan gi ble re sults of
this ef fort ap peared soon af ter wards, in the mid-1960s (1964), when the first do mes tic cultivars of
win ter wheat were re leased (Borojevi}, 1990; Misic & Mladenov, 1998). That time marked the
start of the suc cess ful pe riod for the do mes tic or ga ni za tions work ing on wheat breed ing that has
con tin ued un til the pres ent day.

In Ser bia as well as in most other coun tries, av er age wheat yields are sig nif i cantly higher to -
day than 30-40 years ago. Be tween 1960 and 1991, com mer cial wheat yields in creased in Ser bia at
a rate of 80 kg/ha per year on av er age (Mladenov et al., 2002; Den~i} et al., 2007). Dur ing the
same pe riod, the av er age an nual rates of wheat yield in crease in the world and West ern Eu rope
were 44 and 105 kg/ha, re spec tively. Al though it is dif fi cult de ter mine pre cisely the rel a tive con -
tri bu tions of cultivar, cul tural prac tice and cli ma tic fac tors to the global in crease of wheat yields,
it is the first of the three fac tors that can be said to have played the dom i nant role in this re gard
(Ev ans, 1984; Borojevi}, 1986). In the last 15 years, how ever, wheat yields in Ser bia have been far
be low the ge netic po ten tials of the do mes tic cultivars and the pos si bil i ties of fered by the cli ma tic
and edaphic con di tions in the coun try. This has been partly due to un fa vor able weather con di -
tions be cause most of the years were ei ther droughty or char ac ter ized by an un fa vor able dis tri bu -
tion of pre cip i ta tion (Mladenov & Pr`ulj, 1999), but the most im por tant rea son by far have been
un fa vor able eco nomic fac tors (such as grow ers not hav ing suf fi cient eco nomic power).

In this study, our ob jec tive was to es ti mate the rates of change in grain yield and other ag ro -
nomic traits re sult ing from the ef forts of win ter wheat breed ing pro grams.

Ma te ri als and Meth ods

Twenty-three wheat cultivars were stud ied to de ter mine the con tri bu tion of breed ing to
wheat yield in creases in the last 70 years. Cho sen for the study were cultivars re leased in a va ri ety
of dif fer ent years, each rep re sent ing a dif fer ent pe riod of breed ing. All had di verse parentages
and rep re sented much of the cur rent elite and his tor i cal germplasm grown in the Re pub lic of Ser -
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bia. A trial last ing seven years (2001-2007) was car ried out in a sin gle lo ca tion (Novi Sad) us ing a
ran dom ized block de sign with three rep li cates. Each plot con sisted of 10 rows, 10 cm apart and 5
m long (5m2). Grain yields (YLD) were de ter mined on the har vested seed of each cultivar for
each rep li cate.

All the tri als were seeded in mid-Oc to ber and reached ma tu rity in late June or early July.
Plant height in cen ti me ters was mea sured from the soil sur face to the top of the spikes.

With each cultivar in each year, 15 sin gle plants from in side the plots were an a lyzed for the yield
com po nents num ber of ker nels per plant (KPP) and thou sand ker nel weight (TKW).

The co ef fi cient of re gres sion of cultivar mean on year-of-re lease was used as an es ti mate of
an nual ge netic prog ress for a trait.

Be cause of the many years that elapsed be tween the in tro duc tion of Banatka and Bankut
1205 and the first re lease of win ter wheat aris ing from breed ing pro grams, we used the year 1938
(dur ing the pe riod when win ter wheat breed ing pro grams were get ting un der way and 90% of the
wheat area was sown to na tive pop u la tions) as the value of the in de pend ent vari able for Banatka
and Bankut 1205 in regression analyses.

Re sults and Dis cus sion

In the pres ent study, all of the main ef fects and in ter ac tions were sig nif i cant for each of the four
traits stud ied (data not shown). Look ing at the en tire pe riod stud ied, there was a sig nif i cant in cre ase
in grain yield of 54 kg ha-1 year-1, which is at trib ut able to ge netic im prove ment (Tab. 1; Fig. 1).

Ta ble 1: Year of re lease and means over all years for four traits of 23 win ter wheat cultivars

Cultivar
Year Grain yield Height TKW

KPP 
released kg ha-1 cm g 

Banatka 1938 4388 118 38,9 32,2

Bankut 1205 1940 4540 117 38,0 39,0

San Pastore 1958 5797 88 36,0 51,4

Bezostaja 1 1959 4968 100 38,3 40,5

Libellula 1962 5256 86 39,1 57,5

Sava 1970 6248 77 34,4 54,3

Zl. Dolina 1970 6209 75 34,8 53,3

Partizanka 1973 6055 82 36,8 48,4

NS rana 2 1975 6520 82 38,7 51,5

KG 56 1975 6376 83 43,4 47,2

Balkan 1979 6205 81 44,7 44,8

Jugoslavija 1980 6708 86 41,9 50,2

Skopljanka 1982 6490 79 35,9 59,7

Lasta 1987 6594 76 39,1 59,2

Evropa 90 1990 6059 84 36,2 55,2

NS rana 5 1990 6594 78 40,0 58,5

Pobeda 1991 7422 82 40,8 58,2

Renesansa 1994 6880 78 40,4 58,5

Pesma 1995 7040 74 38.9 60.9

Ljiljana 2000 8343 82 41.1 59.8

Cipovka 2002 7623 79 35.5 57.0

Dragana 2002 8098 81 45.2 60.5

Simonida 2003 8348 79 41.5 61.3

LSD (0.05) 380 6 1.0 2.5

Change per year 54** -0,5* 0,05 0,4**
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Of the six high est yield ing cultivars, four were re leased in or af ter 2000, with the two ex cep -
tions be ing Pobeda (1991) and Pesma (1995). Change per year for ker nel num ber per plant (KPP) 
was sig nif i cant and pos i tive, while that for plant height was sig nif i cant and neg a tive. The change
for thou sand ker nel weight (TKW) was not sig nif i cant.

An in crease of yield has been re ported in all coun tries prac tic ing in ten sive wheat breed ing,
with an an nual rise of about 1%. (Cox et al., 1988; Sayre et al., 1997; Feil, 1992; Abbate et al., 1998; 
Mladenov et al., 2002; Brancourt-Hulmel et al., 2003). In our study, the in crease of yield re sult ing
from breed ing was ac com pa nied by a de crease of plant height and an in crease in ker nel num ber
per plant. The re duc tion of plant height was pro nounced dur ing the ini tial stages of the breed ing
ef fort, when dwarf ing genes (Rht) were in cor po rated into new cultivars (John son et al., 1966;
Sayre et al., 1997). This in cor po ra tion re duced plant height by about 25 cm rel a tive to
Bezostaja-1. In the sub se quent phases of the do mes tic wheat breed ing ef fort, the con sen sus re -
mained that the op ti mal plant height for the con di tions of south east ern Eu rope was 80-90 cm
(Borojevi}, 1986; Misic & Mladenov, 1998). The in crease of yield and the re duc tion of plant
height were ac com pa nied by changes in other wheat traits as well (Brancourt-Hulmel et al.,
2003). In the pres ent study, de spite the fact that sig nif i cant dif fer ences in thou sand-ker nel weight
were ob served among the cultivars, no in crease of this trait has been found to have oc curred. This 
leads to the con clu sion that the in crease of yield has mostly been a prod uct of in creased ker nel
num ber per plant. The de crease of plant height led to the re dis tri bu tion of nu tri ents in fa vor of
the spike, which re sulted in an in crease of the har vest index and hence an increase of yield
(Brancourt-Hulmel et al., 2003; Sayre et al., 1997).

Fig. 1. Grain yield, height, thou sand ker nel weight and ker nels per plant (7-yr mean) 
of twenty-three wheat cultivars as a func tion of year of re lease

How ever, the in creased pro duc tiv ity of the new cultivars can not be at trib uted ex clu sively
to or ganic mat ter re dis tri bu tion due to the in di rect ef fects of Rht genes, since the ef fects of sep a -
rate genes for ker nel num ber and weight per plant con trib uted to the in crease as well. The ker nel
num ber in creased be cause of the in creased num ber of flow ers, while nu tri ent re dis tri bu tion in fa -
vor of the spike fos tered more suc cess ful pol li na tion and nor mal em bryo de vel op ment, re sult ing
in an increased number of kernels per spike.

The sig nif i cant con tri bu tion of cultivar/en vi ron ment in ter ac tion to to tal vari abil ity con -
firms the fact that grain yield is a com plex char ac ter that de pends on a num ber of traits. The in di -
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vid ual con tri bu tion of each of these traits may vary in dif fer ent ge no types and dif fer ent en vi ron -
men tal con di tions. Ef fec tive se lec tion for a par tic u lar trait, there fore, re quires that agroeco -
logical con di tions be iden ti fied in which the trait will be ex pressed to a greater or lesser ex tent.
The main char ac ter is tic of the cli mate of south east ern Eu rope is a per ma nent pre cip i ta tion def i -
cit, as very few years (per haps no more than a lit tle over 5%) in the re gion have enough rain at the 
right time (Mladenov & Pr`ulj, 1999) . In such con di tions, wheat breed ing should fo cus on those
yield com po nents that form ear lier in the ontogenetic de vel op ment, such as spikelet number and
flower number per spike (the 4th and 5th stages of organogenesis).
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SEVENTY YEARS OF WHEAT BREEDING IN SERBIA: 
II. IMPROVEMENT OF QUALITY 
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Ab stract

Twenty three wheat va ri et ies were an a lyzed to as sess the con tri bu tion of breed ing to the
ad vance ment of wheat qual ity in the past 70 years. Va ri et ies re leased in dif fer ent years rep re sent -
ing the var i ous pe ri ods in do mes tic wheat breed ing were cho sen for the study. Only va ri et ies that
played a ma jor role in Ser bian wheat pro duc tion were used. A trial us ing a ran dom ized block de -
sign with three rep li ca tions was car ried out in a sin gle lo ca tion and lasted seven years (2001-2007). 
Changes of qual ity in di ca tors (pro tein con tent, farinograph ab sorp tion, dough en ergy, and loaf
vol ume) were an a lyzed in the va ri et ies from dif fer ent breed ing pe ri ods us ing lin ear re gres sion.

Sig nif i cant dif fer ences were found among the va ri et ies for most of the pa ram e ters an a -
lyzed. Changes of the ge netic po ten tial per year were as fol lows: -0.03% - pro tein con tent, 0.04% - 
farinograph ab sorp tion, 0.86cm2 – dough en ergy, and 2.75ml – loaf vol ume. A de crease of pro tein
con tent was com pen sated for by an im prove ment of pro tein qual ity through the right com bi na -
tion of glutenin sub units. Such an ap proach to breed ing en abled the im prove ment of the other
qual ity in di ca tors.

Key words: dough en ergy, farinograph ab sorp tion, loaf vol ume, pro tein con tent, qual ity,
wheat.

In tro duc tion

As the pri mary use of wheat in Ser bia is the pro duc tion of bread and bak ery prod ucts, i.e.
hu man nu tri tion, Ser bian wheat breed ers pay spe cial at ten tion to breed ing for qual ity in or der to
make bread pro duc tion as eco nom i cal as pos si ble and pro vide the pop u la tion with bak ing prod -
ucts of the high est pos si ble qual ity. The dif fi cult thing in wheat qual ity as sess ment is that this
qual ity can not be ex pressed with a sin gle pa ram e ter. The larg est us ers of wheat in the coun try are
the mill ing and bak ing in dus tries. The for mer in dus try em ploys vol ume weight, 1000-grain
weight, and flour ex trac tion rate as in di ca tors of qual ity, whereas the lat ter uses pro tein con tent,
wet glu ten con tent, farinograph ab sorp tion, en ergy, etc (Finney et al., 1987). The com mon in ter -
est of both these in dus tries is to en sure the sta bil ity of their pro duc tion and raw ma te ri als qual ity.
This re sults in eco nomic sta bil ity and uni for mity of the tech no log i cal pro ce dure with min i mal
losses dur ing pro cess ing and pro duc tion (Rob ert & Denis, 1996). Work on im prov ing wheat qual -
ity is fur ther com pli cated by the fact that in di ca tors of qual ity are greatly in flu enced by en vi ron -
men tal fac tors (Mladenov et al., 2001b).

The ob jec tive of this pa per was to as sess the prog ress of breed ing for wheat qual ity in Ser -
bia over the last 70 years.

Ma te ri als and Meth ods

Twenty three win ter wheat va ri et ies were stud ied for the pur pose of as sess ing the prog ress
of breed ing for wheat qual ity in the last 70 years. Va ri et ies re leased in dif fer ent years rep re sent -
ing all the var i ous pe ri ods in do mes tic wheat breed ing were cho sen for the study (Tab. 1). Only
va ri et ies that played a ma jor role in Ser bian wheat pro duc tion were se lected. A trial last ing seven
years (2001-2007) was car ried out at the Rimski [an~evi site near the city of Novi Sad us ing a ran -
dom ized block de sign with three rep li ca tions and a ba sic plot size of 5 m2. The fol low ing qual ity
pa ram e ters were an a lyzed: pro tein con tent – PC (%), farinograph ab sorp tion - FAB (%), dough
en ergy - E (cm2), and loaf vol ume – LV (ml). Changes of wheat qual ity in di ca tors oc cur ring in the
va ri et ies from the dif fer ent breed ing pe ri ods were an a lyzed by lin ear re gres sion.
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Re sults and Dis cus sion

All of the ma jor vari a tion fac tors and their in ter ac tions proved sig nif i cant for each of the
six traits stud ied (data not shown).

The high est PC av er age for the seven-year study pe riod was found in the va ri ety Bankut
1205 (15.7%) and the small est in Ljiljana (12.1%). Over the 70-year pe riod stud ied, no sig nif i cant
change in PC oc curred, as a de crease of only 0.03% per year was re corded for the pe riod (Tab.1;
Fig.1). A PC of around 13% placed a wheat va ri ety into the first class ac cord ing to the do mes tic
JUS Stan dard, so the de vel op ment of new va ri et ies was geared to wards that end (Den~i} et al.,
2007). It should be noted that at any point dur ing the stud ied 70-year pe riod there were va ri et ies
with a high PC de vel oped, but these were not grown on a wider scale.

Ta ble 1. Year of re lease and means over all years for four traits of 23 win ter wheat va ri et ies

Variety
Year 

released
Protein

content%
Farino. absorp.

%
Energy dough

cm2
Loaf volume

ml

1 Banatka 1938 15.2 57.1 57.3 1101

2 Bankut 1205 1940 15.7 62.0 51.8 1281

3 San Pastore 1958 12.9 55.4 42.4 1054

4 Bezostaja 1 1959 14.0 59.4 107.4 1490

5 Libellula 1962 13.1 57.7 53.2 1009

6 Zl. Dolina 1970 13.5 56.5 94.5 1041

7 Sava 1970 12.5 56.6 65.4 1030

8 Partizanka 1973 13.3 59.5 124.0 1447

9 NS rana 2 1975 12.8 57.8 104.0 1123

10 KG 56 1975 12.8 60.0 122.6 1379

11 Balkan 1979 13.1 60.2 90.8 1431

12 Jugoslavija 1980 13.6 61.2 68.7 1429

13 Skopljanka 1982 12.6 59.7 49.4 1103

14 Lasta 1987 12.3 57.9 111.2 1041

15 Evropa 90 1990 12.7 57.8 109.5 1210

16 NS rana 5 1990 12.7 58.1 128.9 1261

17 Pobeda 1991 13.0 60.1 109.0 1370

18 Renesansa 1994 12.5 57.5 95.9 1360

19 Pesma 1995 13.2 60.1 132.6 1470

20 Ljiljana 2000 12.1 59.3 94.9 1355

21 Cipovka 2002 13.1 60.5 123.9 1440

22 Dragana 2002 12.7 64.2 69.5 1135

23 Simonida 2003 12.6 61.4 112.1 1315

Mean 13.1 59.1 92.1 1255

LSD (0.05) 0.4 2.8 10.2 52

Change per year   -0.03 0.04 0.86**  2.75*

*, ** In di cate sig nif i cance by the t test at the 5% and 1% lev els of prob a bil ity, re spec tively.

The qual i ta tive po ten tial of wheat de pends to a great ex tent on pro tein quan tity and qual ity 
(Ng & Bushuk, 1988). Pro tein and glu ten con tents af fect the pro tein struc ture (resistence and ex -
ten sion) and vary from year to year (Dan iel & Triboi, 2002).
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Fig ure 1. Lin ear re gres sion for FAB (%) and PC(%)

Con trary to pro tein con tent, most of the pa ram e ters which are di rectly re flect ing qual ity
ac tu ally in creased. The E pa ram e ter in creased highly sig nif i cantly (0.86cm2 per year), the LV did
so sig nif i cantly (2.75 ml year-1, re spec tively), while the change of FAB of 0.04 % year-1 was not
sig nif i cant (Tab.1; Fig.2).

Fig ure 2. Lin ear re gres sion for LV (ml) and E (cm2)

The high est av er age FAB value was found in the va ri ety Dragana (64.2%) and the small est
in San Pastore (55.4%), tab.1. It is im por tant to note that the pa ram e ters ob tained us ing a
farinograph are the ba sis for choos ing the pro ce dure for dough pro duc tion, fer men ta tion, and
bak ing. This is why FAB is con sid ered an im por tant fac tor in the ob tain ment of LV (Baker et al,
1971), al though the find ings of Mladenov et al. (2001a) did not con firm this, as the cor re la tions
stud ied were found not be significant.

An in creased value of E, which is neg a tively de pend ent on amy lo lyt ic ac tiv ity, pro duces
doughs that are tol er ant and sta ble dur ing pro cess ing and fer men ta tion, which makes them suit -
able for the pro duc tion of high-qual ity bak ing prod ucts (\uri} & Kobiljski, 2006). The high est
mean value of E was found in the va ri ety Pesma (132.6cm2) and the low est in San Pastore
(42.4cm2), tab.1. Given that E is a mea sure of in te rior qual ity, pri mar ily of rhe o log i cal glu ten
prop er ties, the high av er age val ues of this trait found in the pres ent study are in dic a tive of the
good ad ap ta tion of most of the va ri et ies to dif fer ent agroecological con di tions (Hristov et al.,
2005). How ever, to ob tain a good qual ity end prod uct, a bal ance of all the pa ram e ters is needed.

The goal of ob tain ing a higher LV from the same amount of flour with out us ing ad di tives
has been achieved. The high est av er age LV value was re corded in the va ri ety Bezostaja 1
(1490ml) and the small est in Libelula (1009ml). The sig nif i cant in crease of LV achieved in the va -
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ri et ies re leased dur ing the 1975-1980 pe riod (KG 56, Bal kan and Jugoslavija) was fol lowed by a
de crease in the av er age value of this trait in the va ri et ies re leased in the late 1980s (Skopljanka,
Lasta, and Evropa 90). Sub se quently, the LV mean be gan to in crease again and has reached an
ad mi ra ble value of nearly 1400ml in the new est va ri et ies from the pres ent study (Tab.1). In view
of the great gen eral im por tance of en vi ron men tal ef fects, it should be noted that LV is one of the
few traits whose ex pres sion is gov erned more by the genetic factors (\uri} et al., 2006).

Va ri ety re sponse for LV ex pres sion is very sim i lar to that for pro tein con tent ex pres sion
(Hristov, 2004), so the LV/PC re la tion ship can be suc cess fully used for iden ti fy ing prom is ing ge -
no types qual ity-wise (Guttieri et al., 2000). Still, in di rect se lec tion for a trait as com plex as wheat
qual ity en tails many risks. As rel a tive in di ca tors of the re la tion ship be tween two vari ables, cor re -
la tions in di cate what di rec tion the changes of av er age values have taken as a result of selection.

The last 70 years of an in ten sive breed ing pro cess re sulted in a grad ual in crease of wheat
qual ity pa ram e ters, which sig nif i cantly in flu enced im prove ment of wheat pro duc tion in Serbia.
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Ab stract

The work on soy bean breed ing at the In sti tute of Field and Veg e ta ble Crops in Novi Sad
started in the mid-1970s. The pri mary ob jec tive was to cre ate the first do mes tic high-yield ing va ri -
et ies adapted to the lo cal grow ing con di tions and pos sess ing traits that will ful fill the de mands of
the pro duc ers and pro cess ing in dus try and sup plant for eign va ri et ies on the do mes tic mar ket.
Dur ing more than thirty years of in ten sive work, 92 va ri et ies have been reg is tered in the coun try
and 34 abroad. They dif fer in their grow ing sea son length and other ag ro nomic traits with re gard
to dif fer ent agroecological con di tions but are all char ac ter ized by a high po ten tial for yield and
high qual ity of the grain. Due to these char ac ter is tics, they have com pletely re placed for eign va ri -
et ies on our fields and now con sti tute the core of the soy bean cultivar as sort ment in the coun try.

Key words: breed ing, soy bean, va ri et ies.

In tro duc tion

Soy bean grow ing does not have a long tra di tion in Ser bia, de spite the fact that the coun try
has fa vor able con di tions for the cul ti va tion of this crop. Up un til the mid-1970s, soy bean was
grown in Ser bia on a small area rang ing from sev eral hun dred to sev eral thou sand hect ares. In the 
mid dle of the 1970s, how ever, the do mes tic acre age in soy bean rose sharply due to an in creased
need for this crop. Since there were no do mes tic soy bean va ri et ies in ex is tence at the time, the
grow ers had to make use of for eign cultivars, mostly US ones, and this prac tice re mained in place
for quite a num ber of years. How ever, be cause in ten sive crop pro duc tion can not be sus tained on
in tro duced va ri et ies, as they have been de vel oped for a dif fer ent set of grow ing con di tions, the
need arose in the coun try to de velop high-yield ing do mes tic cultivars of this spe cies. For this rea -
son, the In sti tute of Field and Veg e ta ble Crops made the de ci sion to es tab lish a de part ment for
soy bean, the goal of which was to be to de velop high-yield ing do mes tic va ri et ies that would be
better adapted to the Ser bian grow ing con di tions that the in tro duced cultivars were (Hrustic et
al., 1996).

Ge netic re sources

Soy bean is al most ex clu sively a self-pol li nated plant with a very small per cent age of cross
pol li na tion, so the start ing vari abil ity is ob tained by cross ing dif fer ent ge no types. Choos ing the
ge no types to be used in crosses, i.e. the pa ren tal pairs, is not an easy task in any crop, but this part
of the breed ing pro cess is es pe cially dif fi cult in the case of soy bean be cause of the ex tremely nar -
row ge netic ba sis of the crop. The mod ern US va ri et ies of soy bean, which ac count for more than
80% of the crop’s ge netic ba sis, have all orig i nated from only a dozen cultivars in tro duced from
China at the start of the 20th cen tury. Mod ern-day breed ing of soy bean be gan in the 1920s in the
U.S., and from there the new ge no types spread across South Amer ica, Eu rope, In dia, and even
the cen ter of the plant’s or i gin, China. Through out the world, these va ri et ies were then sub jected
to the pro cesses of in tro duc tion, hy brid iza tion, and se lec tion in breed ing pro grams.

From all this, it is ap par ent that soy bean breed ers are faced with the chal leng ing task of
hav ing to se lect their start ing ma te rial for breed ing from a large num ber of cultivars with sim i lar
ge netic back grounds, as transgressive seg re ga tion for agronomically im por tant traits will only oc -
cur when di ver gent ge no types are crossed. Germplasm col lec tions are there fore a vi tal re source
in the de vel op ment, ad vance ment and im prove ment of soy bean cultivars. At pres ent, the soy -
bean gene bank of the In sti tute of Field and Veg e ta ble Crops in Novi Sad has more than 800 ge -
no types and is the larg est col lec tion of soy bean germplasm in this part of Eu rope.

The ge netic ba sis of NS soy bean va ri et ies is com posed pre dom i nantly of US ge no types
form ing part of the north ern germplasm col lec tion. Gizlice et al. (1994) stud ied the ped i grees of
256 North Amer i can soy bean ge no types de vel oped be tween 1947 and 1988 and de ter mined that
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as few as 13 an ces tral ge no types made up 80% of the ge netic ba sis of US soy bean cultivars. It is
im por tant to note that the said au thor an a lyzed the full ped i gree of each cultivar (not just the pa -
ren tal com po nents) and iden ti fied a set of 35 an ces tral ge no types that ac count for over 95% of
the ge netic back ground of US soy bean cultivars. Know ing that some of the most com mon soy -
bean cultivars (Hodgson, Ev ans, S1347) are also the pa ren tal com po nents of the most widely
grown NS va ri et ies (Afrodita, Bal kan, Vojovo|anka) and that the co ef fi cient of par ent age be -
tween the va ri et ies Hodgson and Corsoy is 0.566 and that be tween Ev ans and Corsoy 0.484
(Allen and Bhardwaj, 1987), it be comes clear that the list of an ces tral ge no types of NS soy bean
va ri et ies must be much shorter. When NS soy bean cultivars were an a lyzed for their pa ren tal com -
po nents (the in ves ti ga tion did not in clude de tailed ped i gree anal y sis and de ter mi na tion of all an -
ces tral ge no types), 60 dif fer ent ge no types were iden ti fied in to tal. Of those 60, 18 were found to
make up about 70% of the ge netic ba sis, while the re main ing 42 were rep re sented with less than
1% each (Tab. 1). The larg est con tri bu tions to the ge netic back ground of NS soy bean cultivars
are those of the va ri et ies Hodgson, Ev ans, S-1346, and Corsoy. Eu ro pean va ri et ies, most no ta bly
Fiskeby and ISz10, are also rep re sented, al beit to a smaller extent.

Ta ble 1 Ma jor an ces tors of NS soy bean va ri et ies and their per cent age con tri bu tion to the ge netic base

no. Parent Descent Percentage
Cumulative
percentage

1. Hodgson USA 13.85 13.85

2. Evans USA 10.96 24.81

3. S1346 USA 10.00 34.80

4. Fiskeby SWE 4.04 38.84

5. ISz 10 HUN 3.84 42.69

6. Corsoy USA 3.46 46.14

7. Afrodita YUG 2.88 49.03

8. Vojvo|anka YUG 2.50 51.52

9. Balkan YUG 2.50 54.02

10. L-16 YUG 2.31 56.33

11. Krajina YUG 2.30 58.63

12. Gema USA 1.73 60.36

13. Wells USA 1.54 61.90

14. Weber USA 1.54 63.44

15. Resnik USA 1.54 64.98

16. NS-L-MM YUG 1.54 66.52

17. Hawkeye 66 USA 1.54 68.05

18. Gadir FRA 1.54 69.59

Meth ods and re sults of soy bean breed ing at the IFVC

The mod ern era of soy bean breed ing, marked by the in tro duc tion of hy brid iza tion, started
in the 1920s in the U.S. and China. Since that time, over 3,500 soy bean cultivars have been de vel -
oped world wide (Carter et al., 2004). Soy bean breed ing is a con tin ual pro cess that re sults in in -
creased yields and im proved re sis tance to bi otic and abiotic factors.

Which se lec tion method will be used in a soy bean pro gram will de pend on the breed ing
goal as well as on a num ber of other im por tant fac tors such as the ge netic vari abil ity and ag ri cul -
tural ma chin ery at the breeder’s dis posal, the avail abil ity of green house fa cil i ties, the num ber and 
ex per tise of the breed ing staff, and so on. Each breed ing method has its ad van tages and dis ad van -
tages, so the big chal lenge fac ing any breeder is to se lect the most ef fec tive method for the at tain -
ment of their breed ing goals. Com par i sons of the dif fer ent ap proaches to breed ing (Miladinovi},

465

Self-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



1999; Miladinovi} et al., 2000) have shown that the mod i fied ver sion of the sin gle-seed de scent
method that is used in the IFVC’s soy bean pro gram is more ef fec tive that the other meth ods, as
evidenced by the success of the program so far.

Thus far, 92 va ri et ies of dif fer ent ma tu rity groups (000 – III) have been reg is tered in Ser bia. 
They are char ac ter ized by a high po ten tial for yield and are well adapted to our agroecological
con di tions. Due to these char ac ter is tics, they have com pletely re placed for eign va ri et ies on our
fields and now con sti tute the core of the soy bean assortment in our country.

The reg is tra tion and re lease of a va ri ety is the ul ti mate re sult of the breed ing pro cess, so the 
num ber of va ri et ies re leased is an im por tant in di ca tor of how suc cess ful a breed ing pro gram is.
The re lease of a va ri ety abroad is an in di ca tion of wider, in ter na tional rec og ni tion and ev i dence
that one’s breed ing work has tran scended lo cal bound aries. The IFVC breed ing pro gram on soy -
bean has so far pro duced 34 va ri et ies that have been reg is tered abroad. Seven of these have been
re leased in Ukraine, six in Croatia and It aly each, five in Hun gary, four each in Ro ma nia and Bul -
garia, and two in Rus sia. As many as 11 of the va ri et ies were re leased in 2005 alone, and 30 were
reg is tered af ter the year 2001. This in di cates that the in ter na tional re lease of NS soy bean
cultivars is a fairly re cent trend and that there will be an even larger presence of NS soybean
varieties on foreign markets in the future.

Fu ture Pros pects

In its work so far, the soy bean breed ing pro gram of the IFVC has fo cused the most on in -
creas ing yields and im prov ing yield sta bil ity (Miladinovi} et al., 1997; 2000; Miladinovi}, 1999)
and on de vel op ing va ri et ies that are adapted to dif fer ent grow ing con di tions (Hrusti} et al., 2003;
2004; Miladinovi} et al., 2003; 2006). The pro gram is de signed in such a way as to be able to meet
the re quire ments of the soy bean grow ers and the pro cess ing in dus try and ad just to the de mands
of the mar ket. The most no ta ble among these are ef forts to in crease the pro tein con tent of soy -
bean grain by con duct ing stud ies in field (Miladinovi} et al., 1996a; 2001; 2004) and lab o ra tory
con di tions, study ing ni tro gen me tab o lism (Miladinovi} et al., 1996b; Malen~i} et al., 2005; Kere{i
et al., 2007), and im prov ing oil qual ity (Miladinovi} et al., 1996c; Hrusti} et al., 1998). In ad di tion,
the dis cern ing west ern mar kets re quire their soy bean cultivars to have a good bal ance be tween
pro tein con tent and oil con tent when be ing used to man u fac ture prod ucts for hu man con sump -
tion, cer tain lev els of sul fur-con tain ing amino ac ids, a bal anced ra tion be tween poly sac cha rides
and oli go sac cha rides in varieties used as fish food (Vuceli}-Radovi} et al., 2005; Hollung et al.,
2005), and so on.

The first high-pro tein NS va ri et ies of soy bean that have been re leased on the mar ket are
Novosa|anka and Proteinka. An other NS va ri ety, Fortuna, is ca pa ble of hav ing a grain pro tein
con tent of up to 44%. High pro tein con tent is es pe cially im por tant in soy bean pro cess ing, so
these va ri et ies can be used for a va ri ety of spe cific pur poses in the pro cess ing in dus try. In ad di tion 
to hav ing a high pro tein con tent, they also have a high ge netic po ten tial for yield, re sis tance to
lodg ing, and high field re sis tance to the eco nom i cally im por tant dis eases, so the area on which
they are grown will most likely be in creas ing over time. An other in di ca tion of that is the fact that
Novosa|anka and Proteinka have al ready been re leased in sev eral coun tries (both have been
reg is tered in Ro ma nia and Croatia, Proteinka is also reg is tered in Ukraine, while Novosa|anka
has been re leased in Hun gary and It aly as well). Soy bean breed ing for an in creased pro tein con -
tent of the grain is a com plex and de mand ing task. Be cause these va ri et ies must per form well with 
re gard to all the ma jor agronomically im por tant traits, most no ta bly yield, breed ing for a high
pro tein con tent is made more dif fi cult by the fact that yield and pro tein con tent are neg a tively
cor re lated with each other. The de vel op ment of va ri et ies with both a high protein content (>
45%) and yield levels of the commercial cultivars is even more difficult and uncertain. 

Con clu sions

The soy bean pro gram of the IFVC has completelly ful filled all expections by pro duc ing
high-yield ing do mes tic va ri et ies that are adapted to the lo cal grow ing con di tions and meet all the
re quire ments of the grow ers and the pro cess ing in dus try. As a re sult, for eign soy bean cultivars
have been forced out of the domestic market.
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Over the past 30 years of in ten sive soy bean breed ing at the IFVC, the larg est col lec tion of
soy bean germplasm in the re gion has been as sem bled; an orig i nal se lec tion method for ob tain ing
ho mo zy gous lines has been de vel oped; soy bean pro duc tion has been stud ied from all the rel e vant 
as pects; and op ti mum so lu tions have been found for ob tain ing the high est pos si ble yields in the
do mes tic grow ing con di tions. All these ef forts have been crowned by the re lease of 92 NS
cultivars in Ser bia and 34 abroad. NS soy bean va ri et ies dom i nate the do mes tic mar ket and are ex -
pected to have an in creas ing pres ence on for eign mar kets in the fu ture, as in di cated by the fact
that the vast ma jor ity of the for eign reg is tra tions of NS soybean has occurred in the last couple of
years.
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USE OF SRAP AND RAPD MARKERS IN SUGAR BEET 
DNA POLYMORPHISM ANALYSIS
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Ab stract

In marker as sisted se lec tion pro grams, the de ter mi na tion of ge nome poly mor phism and
the de vel op ment of mark ers linked to the genes of in ter est is of ut most im por tance. The aim of
this re search was the de vel op ment of RAPD and SRAP as marker sys tems in the anal y sis of ge -
nome poly mor phism in sugar beet. The se quence-re lated am pli fied poly mor phism (SRAP) tech -
nique is a rel a tively new and highly ef fi cient PCR-based tech nique based on am pli fi ca tion us ing
two prim ers. The prim ers are de signed to pref er en tially am plify exonic and intronic re gions and
cre ate polymorphisms that de pend on vari a tion of the length of introns, pro mot ers and spac ers.
The re search was con ducted on eight sugar beet ge no types that were se lected for their dif fer ent
re sponse to wa ter def i cit in the field and green house con di tions. The start ing ma te rial was prop a -
gated in in vi tro con di tions. For PCR, we used sin gle RAPD prim ers A05, A07, A08, A19 and A20 
as well as their com bi na tions A07/A08, A07/A19 and A08/A19. The Use of both sin gle and com -
bined mark ers re sulted in mul ti ple PCR prod ucts. All RAPD mark ers de tected DNA vari abil ity,
which was ex pressed as pres ence or ab sence of dif fer ent mul ti pli ca tion prod ucts. The use of
one-primer and two-primer SRAP re ac tions is pre sented as well.

Key words: sugar beet, RAPD, SRAP, prim ers, wa ter def i cit

In tro duc tion

The ran dom am pli fied poly mor phic DNA (RAPD; Wil liams et al., 1990) marker sys tem
has been used in many dif fer ent ap pli ca tions in volv ing the de tec tion of DNA se quence poly mor -
phism, map ping in dif fer ent types of pop u la tions, and iso la tion of mark ers linked to var i ous traits
(Hallden et al., 1996). RAPD anal y sis usu ally em ploys sin gle-primer PCR to am plify the set of
ran dom DNA frag ments. How ever, since there is no limit to the num ber of prim ers that can be
used in a sin gle RAPD re ac tion, us ing a mix ture of prim ers in a re ac tion pres ents it self as an al ter -
na tive strat egy for in creas ing the num ber of mark ers, es pe cially when there is a lim ited num ber of 
avail able prim ers (Welsh and McClelland, 1991). The two-primer mix tures are the most ef fi cient
and usu ally re sult in a 30% in crease of mul ti pli ca tion prod ucts, which makes them a fast, cheap
and sim ple tool in ge netic vari a tion anal y sis (Sall et al., 2000).

The se quence-re lated am pli fied poly mor phism (SRAP) tech nique is a rel a tively new and
highly ef fi cient PCR-based tech nique based on am pli fi ca tion us ing two prim ers. The prim ers are
de signed to pref er en tially am plify exonic and intronic re gions and cre ate polymorphisms that de -
pend on vari a tion of the length of introns, pro mot ers and spac ers (Li and Quiros, 2001). Due to
its good reproducibility, high ef fi ciency, and low cost, it is be com ing a very use ful method for ge -
netic di ver sity anal y sis (Ferriol et al., 2003; Zhang et al., 2005) as well as ge ne a log i cal anal y sis
(Sun et al., 2006).

In this re port we pres ent re sults of the de vel op ment of fast and in ex pen sive RAPD and
SRAP marker pro to cols and dis cuss their po ten tial use in de ter mi na tion of DNA poly mor phism
of sugar beet ge no types with dif fer ent lev els of tol er ance to short-term wa ter def i cits.

Ma te ri als and Meth ods

Anal y sis was done on eight sugar beet ge no types se lected for dif fer ent lev els of tol er ance to 
short-term wa ter def i cits in field and green house con di tions. Ge no types 2, 3, 5 and 6 had a com -
mon par ent, and so did ge no types 9, 10, 11 and 12. The sin gle RAPD prim ers A05
(5’AGGGGTCTTG3’), A07 (5’GAAACGGGTG3’), A08 (5’GTGACGTAGG3’), A19
(5’CAAACGTCGG3’) and A20 (5’GTTGCGATCC3’) and their com bi na tions A07/A08,
A07/A19 and A08/A19 were used. Am pli fi ca tions were car ried out in a thermocycler (Biometra
Tpersonal) un der the fol low ing pro gram: de na tur ation at 94°C for 3 min, fol lowed by 40 cy cles at
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94 °C for 1 min, 36 °C for 1 min, 72 °C for 2 min s, and fi nal ex ten sion was car ried out at 72 °C for
10 min.

For SRAP marker anal y sis, we used one for ward primer, ME2 (5’TGAGTCCA
AACCGGAGC3’), one re verse primer, EM2 (5’GACTGCGTACGAATTCTG3’), and the
TbvLTR5out primer (di rected to transposon) (5’ACCAAACACCTTCAAGGCAC3’). Am pli -
fi ca tions were done ac cord ing to the fol low ing mul ti pli ca tion pro to col: de na tur ation at 94°C for 5 
min, 5 cy cles at 94 °C for 1 min, 35 °C for 1 min, 72 °C for 2 min and then 35 cy cles at 94 °C for 1
min, 50 °C for 1 min, 72 °C for 2 min, with fi nal elon ga tion at 72 °C for 5 min,

The prod ucts of sin gle-primer RAPD re ac tions were sep a rated on 1.7% agarose gels, while 
prod ucts of SRAP re ac tions and two-RAPD primer com bi na tions were sep a rated on the gels of
the same con cen tra tion but with 50% higher res o lu tion agarose.

Re sults and Dis cus sion

Af ter mul ti pli ca tion with the A05 primer, six bands could be de tected, one of which, 1200
bp in size, was poly mor phic (Fig. 1A). Re ac tion with the A07 primer re sulted in six mul ti pli ca tion 
prod ucts, with two (900 bp and 2500 bp) oc cur ring only in ge no types 2, 5 and 6 (Fig. 1B). Mul ti pli -
ca tion with the A08 RAPD primer also re sulted in six re ac tion prod ucts, three of which (1200 bp,
500 bp and 1700 bp) were poly mor phic (Fig. 1C). The high level of poly mor phism was de tected in
frag ments be tween 300 bp and 1000 bp af ter re ac tion with the A19 primer (Fig. 1E). Re ac tion
with the A20 primer re sulted in nine am pli fi ca tion prod ucts, four of which were ex press ing frag -
ment length poly mor phism (1300 bp, 1000 bp, 1200 bp, and 800 bp) (Fig. 1D).

Fig ure 1. RAPD PCR re ac tions with prim ers A05 (A), A07 (B), A08 (C), A20 (D), and A19 (E) 
and primer com bi na tions A07/A08 (F), A07/A19 (G), and A08/A19 (H), * - 100 bp lad der

As a re sult of PCR re ac tion with the primer com bi na tion A07/A08, an av er age of ten bands
per sam ple was ob tained, with the sizes be ing up to 1800 bp (Fig. 1F). De spite the fact that in re ac -
tions with the sin gle prim ers A07 and A08 no bands of less than 500 bp were ob tained, their com -
bi na tion re sulted in sev eral bands rang ing from 250 bp to 500 bp, with one band, 400 bp, be ing
poly mor phic. The poly mor phism was also de tected in the 1200 bp band. Re ac tion with the primer 
com bi na tion A07/A19 re sulted in nine ma jor mul ti pli ca tion prod ucts rang ing from 400 bp to 3000 
bp (Fig. 1G). Sev eral of these showed poly mor phism. The re ac tion with the primer com bi na tion
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A08/A19 gave six to seven ma jor frag ments per sam ple, rang ing from 300 bp to 1500 bp in size
(Fig. 1H). Four of them expressed fragment length polymorphism.

Fig ure 2. SRAP PCR re ac tions with primer com bi na tions ME2/Tbv (A), ME2/EM2 (B), 
and Tbv/EM2 (C), * - 1 kb lad der

Af ter am pli fi ca tion with the SRAP primer com bi na tion ME2/Tbv (Fig. 2A), six frag ments,
rang ing from 100 bp to 800 bp in size, were iden ti fied. One frag ment, 230 bp in size, was poly mor -
phic. The primer com bi na tion ME2/EM2 re sulted in eleven frag ments, but no poly mor phism
could be de tected (Fig. 2B). Re ac tion with the prim ers Tbv/EM2 (Fig. 2C) re sulted in an av er age
of nine bands per sam ple rang ing in size from 130 bp to 700 bp, and there was one 500 bp
polymorphic band.

Both types of RAPD re ac tions, with one-primer and two-primer mix tures, gen er ated be -
tween 5 and 12 ran dom DNA frag ments, with an av er age of two poly mor phic bands per gel. The
poly mor phism could be de tected even be tween ge no types with a com mon par ent. Re ac tions with 
two-primer mix tures re sulted in a higher num ber of PCR prod ucts and poly mor phic bands. The
sin gle primer A19 and the primer com bi na tion A08/A19 gen er ated the high est num ber of PCR
products and polymorphic bands.

Due to the in creas ing num ber of cy cles in the sec ond part of mul ti pli ca tion, SRAP PCR
prod ucts were eas ily de tected by ethidium bro mide stain ing of agarose gels, which makes their
use much eas ier and more cost ef fi cient. The av er age num ber of bands was 8.2, with one poly mor -
phic band for re ac tions with the primer com bi na tions ME2/Tbv and Tbv/EM2. Al though the
pres ent level of in ves ti ga tion is not ex ten sive enough, is seems that primer com bi na tions with Tbv 
are more likely to de tect poly mor phism in the present genetic material.

Con clu sions

An in crease in the av er age num ber of frag ments in two-primer RAPD mix tures in creases
pos si bil ity of de tect ing a use ful marker. There fore, their use con sti tutes a sim ple but pow er ful im -
prove ment of RAPD anal y sis, gen er at ing many markers at low cost.

Both RAPD and SRAP mark ers were able to de tect DNA poly mor phism even be tween
ge no types with a com mon par ent, which showed them to be a marker sys tem suit able for ge netic
di ver sity anal y sis of breed ing ma te ri als with high lev els of homology and homozygosity.

In the fu ture, SRAP mark ers could be in most cases vi su al ized and screened on agarose
gels, with un re solved band clus ters sep a rated by more dis crim i nat ing and sen si tive acrylamide
alternatives.
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COMBINING ABILITIES FOR GRAIN YIELD OF Sev eral B73 x Mo17 MAIZE HYBRIDS
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Ab stract

Hy brid maize is pro duced us ing in bred lines that orig i nate from ge net i cally dif fer ent (di -
ver gent) sources (heterotic groups). In bred lines from at least two dif fer ent sources that pro duce
heterotic F1 prog eny cre ate a heterotic pair. Amang the many heterotic groups dis cov ered so far,
the BSSS x Lan cas ter heterotic pair is of ten used in the tem per ate zone to de velop me dium-late
to late maize hybrids.

In or der to de ter mine the con tri bu tion of breed ing to the in crease of grain yield in B73 x
Mo17 hy brids, 12 in bred lines were stud ied (nine B73- and three Mo17-type ones). The lines had
been in tro duced from Amer ica (the orig i nal ver sions of B73 and Mo17), or de vel oped at the In -
sti tute of Field and Veg e ta ble Crops in Novi Sad be tween 1980 and 2000. The B73- and
Mo17-type inbreds were crossed with one an other and their F1 prog e nies, 27 in all, were used to
study the com bin ing abil i ties for grain yield of the lines and hy brids. Among the lines, the best
gen eral combiner was L9 and the poor est L1. With the test ers, T3 was the best and T1 the poor est. 
Based on the co ef fi cient of lin ear re gres sion, the in crease of yield in the hy brids from the third se -
lec tion cy cle com pared with those from the first was found to be over 124kg-1cy cle with B73, and
677kg-1cy cle with Mo17 inbreds. Pos i tive SCA ef fects ap peared in crosses in which both par ents
had pos i tive GCA val ues (L6xT3 and L9xT3) as well as in crosses in which at least one par ent had
high GCA val ues (L2xT3, L4xT3, L6xT2 and L8xT2).

Key words: com bin ing abil i ties, grain, hy brid, maize, yield

In tro duc tion

It is iden ti fied and de scribed a to tal 280 maize races so far (Hallauer and Miranda, 1981).
Still, only a small pro por tion of this vast rich ness of form has found a prac ti cal ap pli ca tion in mod -
ern-day maize breed ing, which is based on the use of heterosis re sult ing from cross ing ge net i cally
di ver gent maize ge no types. In the mid-1950s, in or der to make the uti li za tion of heterosis eas ier
and more ef fi cient, maize breed ers be gan di vid ing the germplasm of this crop into dif fer ent
heterotic groups (Hallauer and Miranda 1981, Smith et al. 1999, Troyer 1999). Eu ro pean breed -
ers, be sides the heterotic knowl edge, make use of the pair ing be tween Eu ro pean flint and cen tral
Eu ro pean dent maize and the com bi na tion be tween US dent and Eu ro pean-type flint ge no types
(Malvar et al., 1996). Re cently, a new heterotic pair has also been found among the lo cal pop u la -
tions of Eu ro pean-type dents and flints grown in the maize belt of the former Yugoslavia
(Radovic and Jelovac, 1995).

From the mid 16th cen tury un til the 1960s, Ser bian maize grow ers used open-pol li nated va -
ri et ies, pop u la tions and ecotypes, mostly of the flint type. It was not un til much later, in the early
20th cen tury, that dent maize was in tro duced into the coun try from the U.S. The col lec tion and
study of maize land races be gan in the mid-20th cen tury. Af ter eval u a tion and char ac ter iza tion,
the land races were di vided into 16 ba sic, ge net i cally dif fer ent groups (Pavli~i} and Trifunovi},
1966).

The ob jec tive of this pa per was to asses the ef fect of com bin ing abil i ties for grain yield in
hy brids be tween B73- and Mo17-type in bred lines.

Ma te ri als and Meth ods

Twelve maize inbreds were cho sen from the ge netic col lec tion of the In sti tute of Field and
Veg e ta ble Crops in Novi Sad. Nine of those were B73-type lines (in clud ing B73), while three
were of the Mo17 type (Mo17 in cluded). The lines B73 and Mo17 be long to op po site heterotic
groups and to gether con sti tute one heterotic pair in the pro duc tion of com mer cial maize hy brids.
At one point or an other be tween 1980 and 2000, all these lines had been used as pa ren tal com po -
nents of com mer cial hy brids, and some still are. By their char ac ter is tics, year of de vel op ment,
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and ge netic back ground/pa ren tal ped i grees, the lines are rep re sen ta tive of three periods in
Serbian maize breeding.

The lines B73 and Mo17 had al ready been de vel oped in the U.S. by that time (Rus sell,
1972, Zuber, 1973), and they were in cor po rated into do mes tic maize breed ing pro grams soon
there af ter. From the early pe riod of se lec tion four lines were cho sen: L1, L2, L3 and T1. L1 is the
orig i nal B73, while L2 and L3 are slightly al tered ver sions of T1 is the orig i nal ver sion of Mo17.
The in bred lines L4, L5 and L6 were de vel oped by cross ing L2 with the BSSS line B68 fol low ing
two back cross es with B73. The sis ter lines L4, L5 and L6 are about 93% B73 germplasm, with the
re main ing 7% be ing adapted germplasm. At the same time, the Mo17 in bred was sub jected to in -
ten sive se lec tion for stalk and root firm ness. This im proved prog eny was la belled T2. The cross
L4 x (B84 B73) pro duced the lines L7, L8 and L9, while the com bi na tion (Mo17 x NSSC696) x T2
produced T3.

Dur ing 2004, F1 hy brids were pro duced by cross ing the lines L1 through L9 as the fe male
com po nent with the lines T1 through T3 as the pollinators (test ers). The hy brid prog eny was
grown in open-pol li nated con di tions on three spa tially iso lated plots.

Tri als were set up at two lo ca tions (Rimski [an~evi and Srbobran) in 2005 and three
(Rimski [an~evi, Srbobran and Ba~ki Petrovac) in 2006. The soil was a cal car e ous cher nozem
with 4.2% hu mus and a neu tral re ac tion (pH 7). The hy brids (27) and their pa ren tal com po nents
(12) were stud ied in a trial us ing a ran dom ized block de sign with three rep li ca tions and a stand
den sity of 57,000 plants/ha. The ex per i men tal units had four rows each, and the mea sure ments
were made on the two in side rows, which were 10m2 in area. Grain weight per plot and grain
mois ture per cent age were mea sured au to mat i cally dur ing har vest ing, which was per formed by
the com bine har vester HEGE 180. Grain yield (tha-1 at 14% mois ture) was de ter mined by the
fol low ing for mula: sam ple weight per plot (kg) x (100-mois ture per cent age/86) x (10000/plot
area).

The com bin ing abil i ties of the lines and hy brids were as sessed us ing the line x tester
method ac cord ing to Kempthorne (1957) and Singh and Chouduary (1976).

Re sults and Dis cus sion

The re sults of ANOVA showed sig nif i cant val ues of SQ (sum of squares) for grain yield of
the lines, in di cat ing that there were sig nif i cant dif fer ences in grain yield among the in bred lines
from the dif fer ent pe ri ods (cy cles) of breed ing. The av er age grain yield of the inbreds (lines and
test ers) ranged from 2.6 tha-1 in T3 to 3.8 tha-1 in L8. The in crease of grain yield was lin ear, i.e.
lines from the first se lec tion cy cles (av er age of L1, L2 and L3) had the low est grain yields and
those from the third (av er age of L7, L8 and L9) the high est (3.35 and 3.70 tha-1, re spec tively). A
sim i lar trend was ob served for the test ers too (T1 through T3). No sig nif i cant dif fer ences in grain
yield were found among the lines from the same se lec tion cy cle (Ta ble 1).

The LINE x TESTER ANOVA for grain yields of the inbreds and their crosses re vealed
highly sig nif i cant (P<0.01) SQ val ues for the treat ment ef fects and par ents (lines and test ers),
jointly, in di vid u ally, and in ter ac tively, as well as highly sig nif i cant ef fects of cross ing.

The lines and test ers in di vid u ally dif fered in their gen eral com bin ing abil ity (GCA) for
grain yield. The lines L1 through L4 had neg a tive GCA val ues, while L5 through L9 had pos i tive
ones. Among the lines, the best gen eral combiner was L9 and the poor est L1. With the test ers, T3
was the best and T1 the poor est (Ta ble 1).

In six of the 27 hy brids tested, we found sig nif i cant ef fects of the spe cific com bin ing abil ity
(SCA) for grain yield (P<0.05 or P<0.01) (Ta ble 2). Pos i tive SCA ef fects ap peared in crosses in
which both par ents had pos i tive GCA val ues (L6xT3 and L9xT3) as well as in crosses in which at
least one par ent had high GCA val ues (L2xT3, L4xT3, L6xT2 and L8xT2). Anal o gously, the neg -
a tive SCA val ues of L2xT2 could be at trib uted to the neg a tive GCA of the par ents. This in ter pre -
ta tion of the SCA ef fects can be ac cepted as valid for all of the crosses ex cept L8xT3. In that case,
both par ents (L8 and T3) had high mean val ues and high GCA ef fects for grain yield (0.415** and 
0.762**, re spec tively), but the SCA ef fects in the hy brids were low nev er the less(-0.70**). Dis -
cuss ing the im por tance of com bin ing abil i ties in plant breed ing, Smith et al. (1973) and Borojevi}
(1981) both ar gue that is not pos si ble to pre dict with cer tainty the SCA of a hy brid based on the
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GCA of the par ents. There is only a greater prob a bil ity that par ents with good GCA will pro duce
hy brids with good SCA. 

Ta ble 1. Sig nif i cance test of mean val ues for grain yield with 14% mois ture (tha-1) and gen eral com bin ing 
abil i ties (GCA) of inbreds and test ers.

Lines and testers Grain yield (tha-1) GCA

1 L1 B73 3.48 -0.506**

2 L2 (B73)3xH93 3.33 -0.212

3 L3 (B73)3xH94 3.25 -0.462**

4 L4 (L2xB68)xB732 3.41 -0.123

5 L5 (L2xB68)xB732 3.21 0.072

6 L6 (L2xB68)xB732 3.27 0.02

7 L7 L4x(B84xB73) 3.67 0.348**

8 L8 L4x(B84xB73) 3.80 0.415**

9 L9 L4x(B84xB73) 3.63 0.449**

LSD Lines 0.05 0.24 0.276

0.01 0.31 0.367

10 T1 Mo17 2.55 -0.590**

11 T2 Mo17Reselection 3.41 -0.171*

12 T3 (Mo17xNSSC696)xT22 3.37 0.762**

LSD Testers 0.05 0.22 0.166

0.01 0.28 0.234

*, P<0.05; **, P<0.01 level of sig nif i cance

Ta ble 2. Spe cific com bin ing abil i ties (SCA) of maize hy brids for grain yield with 14% mois ture (tha-1).

Lines
Testers

T1 T2 T3

1. L1 B73 0.33 -0.20 -0.13

2. L2 (B73)3xH93 0.15  -0.82**  0.67**

3. L3 (B73)3xH94 0.09 0.06 -0.15

4. L4 (L2xB68)xB732 -0.22 -0.40  0.62**

5. L5 (L2xB68)xB732 0.11 -0.29 0.18

6. L6 (L2xB68)xB732 -0.27  0.90**  0.63*

7. L7 L4x(B84xB73) -0.06  0.16 -0.10

8. L8 L4x(B84xB73) 0.25 0.45  - 0.70**

9. L9 L4x(B84xB73) -0.38 0.15 0.23

LSD 0.05 0.48

0.01 0.64

*, P<0.05; **, P<0.01 level of sig nif i cance

The com bin ing abil i ties of in bred lines are tested us ing ap pro pri ate test ers. The most com -
monly used test ers are ei ther pop u la tions with a broader or nar rower ge netic base or in bred lines. 
In bred test ers are suit able for test ing in bred lines in the pro cess of de vel op ing su pe rior hy brid
com bi na tions. The ad van tage of us ing in bred test ers in stead of pop u la tions is that pos i tive ef fects 
of heterosis in the hy brid prog eny can be used for prac ti cal pur poses (Hor ner et al., 1973;
Walejko and Rus sell, 1977; Zam bezi et al., 1986). The IFVC maize breed ing pro gram uses as test -
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ers in bred lines be long ing to op po site heterotic groups. Thus, lines orig i nat ing from the BSSS
heterotic group (L1-L9) were tested against lines from the Lan cas ter heterotic group (T1-T3),
and vice versa. The BSSS and Lan cas ter groups con sti tute a heterotic pair and are very fre quently 
used in maize breed ing to de velop hy brids (Hallauer and Miranda, 1981; Trojer, 1999; Stojakovic
et al., 2007). 

Ref er ences
Hallauer, A.R., Miranda, J.F.B.(1981): Quan ti ta tive ge net ics in maize breed ing. Iowa State Univ. Press, Ames.
Hor ner, E.S., Chap man, W.H., Lundy, H.W., Lutrick, M.C. (1973): Com par i son of three meth ods of re cur rent se lec tion 

in maize. Crop Sci., 13:485-489.
Kempthorne, O. (1957): An in tro duc tion to ge netic sta tis tics. John Wiley and sons, Inc. New York. 
Malvar, R.A., Ordas, A., Revilla, P., Cartea, M.E. (1996): Es ti mates of ge netic vari ances in two Span ish pop u la tions in

Maize. Crop Sci., 36:291-295.
Radovic, G., Jelovac, D. (1995): Iden ti fi ca tion of the heterotic pat tern in Yu go slav maize germ plasm. Maydica,

40:223-227.
Rus sell, W.A. (1972): Reg is tra tion of B70 and B73 pa ren tal lines of maize. Crop Sci ence, 12, 721.
Pavli~i}, J., Trifunovi}, V. (1966): Con tri bu tion to the Study of Some more Im por tant Eco log i cal Types of Maize

Grown in Yu go sla via and their Clas si fi ca tion. Arhiv za Poilj. Nauke, 19, 66:44-62.
Singh, R.K., and Chouduary, D. (1976): Biometrical meth ods in quan ti ta tive ge netic anal y sis. Kaliany Pub lish ers,

Ludhiana, New York.
Smith, J.S.C.,Duvick, D.N., Smith, O.S., Grunst, A., and S.J.Wall (1999): Ef fect of hy brid breed ing on ge netic di ver sity

in maize. P. 119-126. In J.G.Coors and S. Pandey ed. Ge net ics and Ex ploi ta tion of Heterosis in Crops. Amer i can 
So ci ety of Agron omy, Inc. Mad i son, Wis con sin.

Stojakovi}, M., Ivanovi}, M., Jockovi}, \., Vasi}, N. (2007): Char ac ter is tics of reselected Mo17 and B73 in bred lines of
maize. Maydica, 52:257-260.

Trifunovi}, V. (1986): ^etrdeset godina moderne selekcije kukuruza u Jugoslaviji. Genetika i oplemenjivanje
kukuruza, 5-46. Beograd, 11 i 12. XII.

Trojer, A.F. (1999): Re view and in ter pre ta tion: Back ground of U.S. hy brid corn. Crop Sci., 39:601-626.
Zam bezi, B.T., Hor ner, E.S., Mar tin, F.G. (1986): In bred lines as test ers for gen eral com bin ing abitity in maize. Crop

Sci., 26,5:908-910
Zuber,M.S. (1973): Reg is tra tion of 20 maize pa ren tal lines. Crop Sci. 13:779-780.
Walejko, R.N., Rus sell, W.A. (1977): Eval u a tion of re cur rent se lec tion for spe cific com bin ing abil ity in two open pol li -

nated maize cultivars. Crop Sci., 17:647-651.

476

Cross-pollinated crops
Breed ing for Yield and Qual ity

Oral Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008





CORRELATION ANALYSIS OF MORPHOLOGICAL TRAITS IN

ASSOCIATION TO HETEROSIS FOR YIELD AT Helianthus annuus L.

Maria Duca1, Alexei Levitchi1, Tudor Rotaru2

1
Laboratory of Molecular Biology, Plant Biology Department, Moldova State University,

Mateevici 60A, build. 3, MD-2009, Chisinau, Republic of Moldova
2
Centre of Scientific Research AMG MAGROSELECT SRL, Soroca, Republic of Moldova

Abstract

General yield is a complex trait, determined by several component characters, especially
seed parameters at sunflower. There was realized phenotypic assessment of five seed parameters,
both with correlation analysis to hybrid productivity. Correlative analysis of the parameters of
hybrid genotypes attested the strongest dependency of kernel weight (r=0,96) to hybrid productiv-
ity, also as seed length (r=0,83) and seed weight (r=0,80). A medium level of correlation was ob-
served between productivity with seed width and hull weight.

Key words: correlation analysis, heterosis, seed yield, sunflower

Introduction

General yield is a complex trait, determined by several component characters, their inter-
action to each other and to environment. All of these traits are coded by different genes with
weak individual effects. Though it is not always possible to determine the controlling genes, the
interaction between the traits during their development may be investigated. Utilization of these
parameters is highly determined by the level of trait inheritance and expression.

These characters are tied to the inflorescence and fruit structure, number of flowers per
row or inflorescence, number of flower rows, percent of fruitful flowers, number of full seeds per
row or inflorescence, seeds size and volume, 1000-grain weight (Desai, 1989; Patil et al., 1996;
Abdelgawad et al., 1987). For the last trait QTLs were described (Mestries E., et al., 1998;
Mokrani L., et al., 2002). From various seed characteristic direct positive influence on yield was
described for seed length and thickness (Marinkovi}, R., 1989), but negative effects had seed width
and hull content (Lakshmanrao, N.G., et al, 1985; Marinkovi}, R. & [kori}, D., 1988). The analy-
ses are realized at different plant ontogenetic stages, but more efficient and more relevant is utili-
zation of seeds, as they represents a fix ontogenetic phase (Ko`uhova, N.Ï., et al., 1998;
Konarev, V.G., 1995).

The accumulation of data will ensure a complete description of studied genotypes and for
their passportization (Chenuil, A., 2006; Henry, R.J., 2001; Komarova, G., 2000). Complex char-
acteristics of breeding material is apprized by the administration and processing of huge volume
of data, for this purpose being designed BIS (Duca, M., et al., 2006). The implementation of cut-
ting-edge methods of multivariational analysis ensures not just a simple evaluation of the results,
but also the discovery of new knowledges in researching of such biological phenomena as
heterosis.

Materials and methods

As object of study there were used 6 inbred lines and 3 hybrids of sunflower (Helianthus

annuus L.), as follows:
� Drofa hybrid and it’s parental forms;
� Valentino hybrid and it’s parental forms;
� Xenia hybrid and it’s parental forms.

The study of the parameters was realized on experimental fields of the CSR AMG
MAGROSELECT SRL near Nicoreni village, Rishkani, and in Laboratory of Biological Security,
Moldova State University.

In laboratory conditions there were searched next quantitative seed parameters: seed

weight, kernel weight, hull weight, seed length and seed width.
Statistical proceeding of the data was done by general methods. Student and Fisher tests

were implemented to determine the significance of the differences, and correlation analysis was
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applied to show the interdependencies between the parameters (Lakin, G.F., 1990; Dospehov,
B.A., 1985). Heterosis manifestation was expressed by MPH (Mid-Parent Heterozis) and BPH
(Best Parent Heterozis) (Smirÿev, A.V., et al., 1992):

Results and discussions

Phenotypic variability estimation at sunflower genotypes. Parental lines were clearly distin-
guished by the majority of the traits to F1 hybrids, which shows qualitative differences between
them. The combinations of parental forms manifested different levels of heterosis manifestation
in first generation, revealed through significant characteristics. (tab. 1).

Table 1. Estimation of heterosis effect on the base of seed parameters

Genotype
Seed weight,

mg
Seed length,

mm
Seed width,

mm
Hull Kernel

weight, mg % weight, mg %

DROFA

X±mx 75,47±2,28 10,55±0,12 6,30±0,13 22,59±0,87
30,04

52,62±1,80
69,96

� 11,64 0,59 0,66 4,44 9,14

X±mx 59,98±2,86 11,98±0,11 5,18±0,10 14,24±0,57
24,11

44,83±2,4
75,89

� 14,59 0,56 0,52 2,90 12,25

F1
X±mx 66,07±2,59 11,12±0,17 6,17±0,12 19,46±1,02

29,54
46,41±1,88

70,46
� 13,22 0,84 0,64 5,20 9,59

MPH -1,65 -0,15 0,43 1,04 2,47 -2,31 -2,47

BPH -9,40 -0,86 -0,13 -3,13 -0,50 -6,20 -5,44

VALENTINO

X±mx 64,45±2,33 10,76±0,10 5,03±0,09 12,70±0,52
19,41

52,72±1,76
80,59

� 11,91 0,53 0,46 2,63 8,82

X±mx 39,70±2,14 8,52±0,17 4,29±0,11 11,76±0,74
29,73

27,80±1,50
70,27

� 10,87 0,87 0,58 3,75 7,63

F1
X±mx 62,98±1,98 11,00±0,14 5,62±0,11 12,15±0,50

19,32
50,74±1,61

80,68
� 10,09 0,73 0,58 2,53 8,20

MPH 10,90 1,36 0,96 -0,08 -5,25 10,48 5,25

BPH -1,47 0,24 0,59 -0,55 -10,41 -1,98 0,09

XENIA

X±mx 42,50±1,80 9,39±0,14 4,87±0,13 8,61±0,41
20,56

33,25±1,53
79,44

� 9,11 0,73 0,67 2,08 7,71

X±mx 66,74±2,67 11,33±0,10 6,57±0,13 19,76±1,06
29,74

46,68±1,89
70,26

� 13,64 0,52 0,68 5,41 9,64

F1
X±mx 41,36±1,64 9,40±0,12 4,75±0,09 7,65±0,34

18,83
32,97±1,35

81,17
� 8,37 0,61 0,48 1,72 6,88

MPH -13,26 -0,96 -0,96 -6,53 -6,32 -6,99 6,32

BPH -25,38 -1,93 -1,81 -12,11 -10,91 -13,71 1,73

X – average value, mx – error of the average value, � - dispersion

Between all of hybrids, Valentino was characterized by the evidence heterosis effect for
more parameters. Heterosis effect was attested for two and, respectively, one parameter at Drofa
F1 and Xenia F1. These results ranked Valentino F1 with the most numbers of heterosis effects as
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most productive, being showed the association between the number of parameters with hybrid
vigor and higher productivity at first generation hybrids.

Comparative analysis of genotypes by the qualitative parameters of the seeds ground out
significant differences between them, with several exceptions. Thus, the least hull percentage of
hybrid seeds was estimated at Xenia F1 and Valentino F1, while at Drofa hybrid was observed the
development of this character, which is not suitable for the yield selection. At Valentino hybrid
genotype the augmentation of kernel percentage was caused by the kernel weight increase, but at
Xenia hybrid is happened as the result of hull percentage decrease. Though, the selection for hull
content decrease was successful for Xenia F1, Valentino F1 manifested higher values of seed
weight, being most productive combination of parental forms.

Correlative analysis. There were estimated specific correlations between the seed parame-
ters for maternal genotypes, the majority of them being weak (tab. 2):
� strong between seed weight - kernel weight;
� medium between hull weight - seed width and kernel weight hull weight;
� weak between seed weight - seed length, seed length seed width, hull weight seed length

and kernel weight - seed length.

Tabel 2. Correlative analysis between seed parameters at different genotypes

Sees weight Seed length Seed width Hull weight

F1 F1 F1 F1

DROFA

Sees weight

Seed length 0,08ns 0,11 0,38

Seed width 0,40 0,53 0,64 0,11ns 0,24* 0,30*

Hull weight 0,67 0,59 0,83 0,26** 0,33 0,48 0,55 0,67 0,70

Kernel weight 0,94 0,98 0,95 -0,01ns 0,04ns 0,27** 0,21* 0,43 0,51 0,39 0,43 0,62

VALENTINO

Sees weight

Seed length 0,06ns 0,39 0,27**

Seed width 0,70 0,53 0,43 0,02ns 0,22* -0,08ns

Hull weight 0,78 0,89 0,80 0,18ns 0,43 0,24* 0,68 0,56 0,52

Kernel weight 0,98 0,97 0,98 0,01ns 0,35 0,26** 0,65 0,48 0,38 0,64 0,77 0,68

XENIA

Sees weight

Seed length 0,25* 0,35 0,33

Seed width 0,20* 0,56 0,45 0,24* 0,43 0,29**

Hull weight 0,65 0,75 0,56 0,18ns 0,55 0,46 0,34 0,65 0,37

Kernel weight 0,98 0,91 0,89 0,23* 0,25* 0,24* 0,14ns 0,42 0,39 0,49 0,56 0,33

correlation coefficient significant at * - �=0,05, ** - �=0,01, ns- non-significant correlation coefficient; n=100

The results of comparison of correlation coefficients at paternal genotypes reveled that the
majority of them were medium (tab. 2):
� strong between seed weight - kernel weight;
� medium between seed weight - seed width, hull weight - seed length, hull weight - seed width and

kernel weight - seed width.
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The hybrids exhibited more medium correlations. (tab. 2). Three pares of parameters
showed various correlations, as in case of maternal lines. Thus, there were evidenced such corre-
lations as:
� strong between seed weight - kernel weight;
� medium between seed weight - seed width, hull weight - seed length, hull weight - seed width,

kernel weight - seed width and kernel weight - hull weight;
� weak between kernel weight - seed length.

Correlative analysis of the parameters of hybrid genotypes attested the strongest depend-
ency of kernel weight (r=0,96) to hybrid productivity (fig. 1). Seed length (r=0,83) and seed weight

(r=0,80), also, strongly positively correlated to the productivity. A medium level of correlation
was observed between productivity with seed width and hull weight (0,61 and, respectively, 0,38).

Figure 1. Correlation of seed parameters to the productivity of hybrids

Thus, the generalization of the results revealed strong positive correlations of kernel
weight to seed weight and medium correlations of seed width to hull weight at all genotypes.
These interdependencies can be used in selection process for productivity increase. Determined
correlations showed the dependencies of morphological parameters growth and development for
each of the genotypes. As the result, it is possible to elaborate different models of the seed yield
formation. Besides, stocking of such results in a database will facilitate modeling of yield
formation at sunflower.
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Ab stract

Sus tain able rape seed grow ing de pends on the achieve ment of uni form plant pop u la tion at
op ti mum stand den sity. The aim of this re search was to de ter mine the po ten tial for im prov ing
seed qual ity by as sess ing the ef fect that man age ment of the mother crop might have on seed ger -
mi na tion and seed ling per for mance. Anal y ses in volved seeds of 16 rape seed ge no types grown for 
seed at two sites, Sombor and Rimski [an~evi, in open field con di tions and un der iso la tion cages
dur ing 2006/07. Yield was de ter mined af ter har vest ing ex per i men tal units of 5 m2. Oil con tent
was de ter mined by the NMR method. Ger mi na tion was de ter mined fol low ing valid ISTA rules.
Based on the ob tained re sults, su pe rior lines were se lected that could be used in rape seed breed -
ing pro gram: the line NS-L-33 had the high est seed yield, the line NS-L-102 had the most sta ble
and high oil con tent and the line NS-L-136 had high seed ger mi na tion.

Key words: ge no type, ger mi na tion, rape seed

In tro duc tion

The rape seed is an im por tant oilcrop, in the third place in the world re gard ing pro duc tion
vol ume. To be grown suc cess fully, it re quires well aer ated and deep soils and fa vor able dis tri bu -
tion of rain fall since it has a long grow ing sea son (Marjanovi}-Jeromela et al., 2007). Rape seed
yield keeps grow ing, on ac count of the crop’s agrotechnical and eco nomic im por tance and in ten -
sive breed ing pro grams or ga nized in de vel oped coun tries. In Ser bia, rape seed yields keep grow -
ing, as well as the acre age, which grow at an an nual rate of 3.3% (Sta tis tics Bu reau of the Re pub -
lic of Ser bia, 2007). Seed yield of rape seed de pends on rain fall dis tri bu tion and amount, nu tri ent
level in soil and tem per a ture con di tions. Seed qual ity de pends to a large mea sure on cli ma tic con -
di tions, seed mois ture con tent and ge netic back ground (Soleimani et al., 2000). Rape seed is
grown for seed which con tain 40-48% of oil and 18-25% of pro teins, which are used for food, feed
and in dus trial pur poses (pro duc tion of biodiesel, in dus tries of lu bri cants, soaps, dyes, tex tiles,
etc.) (Marinkovi} et al., 2006). Be cause of di verse uses of rape seed, the de mand of pro cess ing in -
dus tries and rape seed acre age keep in creas ing. Seed pro duc tion of rape seed is ex pected to pro -
vide suf fi cient amounts of qual ity seed. The ob jec tives of this study were to asses the ef fects of
agroecological con di tions and ge no type on the yield, oil con tent and seed ger mi na tion of rape -
seed.

Ma te rial and Method

Ex per i men tal ma te rial in cluded 16 rape seed ge no types (the cultivar Bana}anka - stan dard
in the Va ri ety Com mis sion), of fi cially tested lines (NS-L-31, NS-L-33, NS-L-34, NS-L-35) and
pro spec tive lines (NS-L-126, NS-L 128, NS-L 129, NS-L 101, NS-L 132, NS-L-102, NS-L 134,
NS-L-136, NS-L-137, NS-L-138, NS-L-74)), de vel oped at Oilcrops De part ment of In sti tute of
Field and Veg e ta ble Crops in Novi Sad. Ex per i ments were es tab lished in the lo ca tions of Sombor 
and Rimski [an~evi. Plant ing was con ducted in mid-Sep tem ber 2006, har vest in June 2007, at the
stage of tech no log i cal ma tu rity. Rain fall and mean daily tem per a ture were mon i tored in the
course of grow ing sea son. The ex per i ment at Rimski [an~evi had two vari ants: cul ti va tion in
open field and in iso la tion – for con trolled pol li na tion.

Yield was de ter mined af ter har vest ing ex per i men tal units of 5 m2. Ger mi na tion was de ter -
mined fol low ing the stan dard lab o ra tory method (ISTA Rules, 2007).

The ob tained re sults were pro cessed by the two-di men sional anal y sis of vari ance
(Had`ivukovi}, 1991) and pre sented in a ta ble.
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Re sults and Dis cus sion

The grow ing sea son 2006/2007 was fa vor able for rape seed cul ti va tion. There were no dif -
fer ences be tween the lo ca tions Sombor and Rimski [an~evi re gard ing the mean daily tem per a -
tures in the pe riod Sep tem ber 2006 – June 2007 (Graph 1). Crit i cal pe ri ods, in which rape seed is
highly re spon sive to soil mois ture short age, are the phenostages of ger mi na tion and emer gence
and flow er ing and seed fill ing. In the grow ing sea son 2006/2007, these phenostages were pro vided 
with suf fi cient mois ture in both lo ca tions. A some what higher rain fall was reg is tered in the lo ca -
tion of Rimski [an~evi (Graph 1).

Graph 1. Rain falls and mean monthly tem per a tures in the 2006/2007 grow ing sea son 
in Sombor and Rimski [an~evi

Seed yields were higher in the lo ca tion of Sombor than at Rimski [an~evi, in both vari ants
(Ta ble 1). In the lo ca tion of Sombor, the line NS-L-74 had the high est seed yield and the line
NS-L-138 the low est (5383 kg/ha and 3308 kg/ha, re spec tively). In the lo ca tion of Rimski [an~evi,
the line NS-L-33 had the high est yield in the field and the line NS-L-132 in the iso la tion (2700
kg/ha and 3262 kg/ha, re spec tively). Low est yields in both vari ants were ob tained with the line
NS-L-137 (1667 kg/ha and 1758 kg/ha, respectively).

In the lo ca tion of Sombor, oil con tent ranged from 36.59% (NS-L-138) to 42.7%
(NS-L-126) (Ta ble 1). In the lo ca tion of Rimski [an~evi, all lines in both vari ants had higher oil
con tents than those ob tained in Sombor, from 43.11% (NS-L-138, open field) to 49.26%
(NS-l-102, open field). The line NS-L-102 had sta ble and high oil con tents in both lo ca tions. Oil
syn the sis was most de ci sively af fected by air tem per a ture, avail able soil mois ture at the stage of
grain fill ing and the du ra tion of grain fill ing (Vrebalov, 1968). Most fa vor able tem per a ture for oil
syn the sis ranges be tween 20 and 25oC. If the air tem per a ture ex ceeds 25oC, and es pe cially 30oC,
oil con tent is sig nif i cantly re duced (Vrebalov, 1978). Mean daily tem per a ture were sim i lar in the
two lo ca tions; how ever, the rain fall in May and June was higher at Rimski [an~evi, which fa vor -
ably af fected oil con tent. Pos i tive ef fect of rain fall on oil content was also reported by
Champolivier and Merrien (1996).

In the lo ca tion of Sombor, seed ger mi na tion ranged from 69.67 to 95.25% (Ta ble 1). In the
lo ca tion of Rimski [an~evi, some what higher val ues were reg is tered in iso la tion. High est val ues
of this pa ram e ter were ob tained with the line NS-L-136 in the lo ca tion of Sombor (95.25%) and
in iso la tion at Rimski [an~evi (97.25%). Low est yields were ob tained with the line NS-L-34 in
Sombor (69.67%), and at Rimski [an~evi in the open field (77.50%) and in iso la tion (79.00%).
Seed ger mi na tion de pended on ge no type, not on lo ca tion. Sadat-Noori et al. (2007) too claimed
that seed ger mi na tion of rape seed de pended on the ge no type. They found sta tis ti cally sig nif i cant
dif fer ences be tween seed pro duced un der ir ri ga tion and in rainfed con di tions. Dif fer ences in
seed ger mi na tion among rape seed cultivars were also re ported by Elias and Cope land (2001), but 
they also found that seed qual ity was sig nif i cantly af fected by pro duc tion con di tions and year.
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Con clu sion

Based on the ob tained re sults, su pe rior lines were se lected that could be used in rape seed
breed ing pro gram:
· The line NS-L-33 had the high est seed yield.
· The line NS-L-102 had the most sta ble and high oil con tent.
· The line NS-L-136 had high seed ger mi na tion.
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This study was con ducted within a pro ject of Min is try for Sci ence and Tech no log i cal De -
vel op ment of the Re pub lic of Ser bia, no. TR 20081.
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COMBINING ABILITY FOR STEM DIAMETER AND PLANT 
HEIGHT IN SUNFLOWER (Helianthus annuus L.)

Nada Hladni1, Sini{a Joci}1, Vladi mir Mikli~1, Marija Kraljevi}-Balali}2, Dragan [kori}3
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2Faculty of Ag ri cul ture, Dositeja Obradovi}a 8, 21000 Novi Sad, Ser bia
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Ab stract

One of the main di rec tions of sun flower breed ing both in Ser bia and else where is the de vel -
op ment of hy brids with high ge netic po ten tial for seed yield and al tered plant ar chi tec ture ca pa -
ble of adapt ing to the con di tions of the spe cific area in which they are be ing grown. Seven new di -
ver gent cy to plas mic male ster ile in bred lines (A) de vel oped by interspecific hy brid iza tion, three
Rf-re storer lines serv ing as test ers, and 21 F1 hy brids were used for line x tester anal y sis. Sig nif i -
cant dif fer ences were ob tained for all the traits stud ied. Highly sig nif i cant GCA and SCA val ues
were found for all the traits. Non-ad di tive ge netic vari ance played the main role in the in her i -
tance of stem di am e ter and plant height, as con firmed by the GCA/SCA ra tios in the F1 gen er a -
tion, which were in vari ably lower than 1.0. The fe male A lines had the high est con tri bu tion to the
ex pres sion of stem di am e ter (56.4%) and plant height (75.5%).

Key words: sun flower, stem di am e ter, plant height, com bin ing abil ity, gene ef fect

In tro duc tion

The sun flower is one of the most im por tant oil crops in the world and the most im por tant
cuiltivated oil crop in Ser bia (Hladni et al., 2007). NS sun flower hy brids are de vel oped pri mar ily
for Ser bian grow ing con di tions while tak ing into ac count the lim it ing fac tors pres ent in the do -
mes tic sun flower pro duc tion. They are the dom i nant brand on the Ser bian sun flower mar ket and
are also grown on over two mil lion hect ares in var i ous mar kets abroad (Mikli~ et al., 2007). Sun -
flower breed ing is fo cused on de vel op ing new hy brids with a changed plant ar chi tec ture that can
with stand dense sow ing in the con di tions of the mod ern pro duc tion tech nol ogy. De creas ing stem
height while in creas ing stem diametar with out chang ing to tal leaf num ber in creases plant sta bil -
ity. The cre ation of sun flower hy brids re sis tant to lodg ing re quires in for ma tion about in her i tance
and com bin ing abil i ties of the in bred lines for stem height and di am e ter. Plant height, head size,
form, and po si tion on the stem, and leaf num ber, size, du ra tion and dis tri bu tion on the plant all
play im por tant roles in de fin ing op ti mum plant ar chi tec ture for a sun flower hy brid ([kori} et
al.,1989; 2002). Shorter hy brids have a sim i lar yield po ten tial to stan dard-height hy brids
(Schneiter, 1992; Velasco et al., 2003). Semi-dwarf hy brids with a plant height of 120-150 cm are
much more tol er ant of a higher plant num ber per hect are than the stan dard hy brids, as re ported
by (Schneiter, 1988). To be able to de velop new high-oil sun flower hy brids by the method of
interspecific hy brid iza tion, it is nec es sary to have in for ma tion on the com bin ing abil i ties of the in -
bred lines used. Breed ing for morphophysiological yield com po nents and the cre ation of a new
sun flower ideotype re quire an in creased use of wild Helianthus spe cies in breed ing pro grams. One 
of the sure ways to in crease the ge netic vari abil ity of sun flower is by the use of interspecific hy -
brid iza tion ([kori} et al., 2007).

In the de vel op ment of sun flower hy brids with high ge netic po ten tials for seed and oil yields
by the method of interspecific hy brid iza tion, it is nec es sary to have in for ma tion on the GCA and
SCA for agronomically im por tant traits in the F1 gen er a tion (Hladni et al., 2006, 2008). The main
pre con di tion for de sign ing the model of a hy brid is to ob tain pa ren tal lines pos sess ing de sir able
genes, so as to be able to pair up as par ents lines that pro duce su pe rior F1 prog eny over the ex ist -
ing hy brids for the larg est num ber of ag ro nomic traits.

The ob jec tive of this study was to in ves ti gate GCA ef fects in new di ver gent in bred lines ob -
tained by interspecific hy brid iza tion, SCA ef fects of the F1 hy brids, gene ef fects, com po nents of
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ge netic vari ance, av er age per cent age con tri bu tions of the lines, test ers and their in ter ac tions to
the ex pres sion of stem di am e ter (SD) and plant height (PH).

Ma te ri als and Meth ods

Used in this study were seven new di ver gent cms in bred lines (A) lines, three Rf re stor ers
uti lized as test ers, and 21 F1 hy brids de vel oped at the In sti tute of Field and Veg e ta ble Crops in
Novi Sad. The fe male inbreds (NS-GS-1, NS-GS-2, NS-GS-3, NS-GS-4, NS-GS-5, NS-GS-6,
NS-GS-7) had been de vel oped by interspecific hy brid iza tion. The male re storer lines
(RHA-R-PL-2/1, RHA-N-49, RUS-RF-OL-168) with good com bin ing abil i ties were used as test -
ers in the form of fer til ity re stor ers. The F1 hy brids had been de vel oped by cross ing each tester
with each fe male in bred line. The trial was car ried out at the the In sti tute’s Ex per i ment Field at
Rimski [an~evi, there were three rep li ca tions, and the ex per i ment was de signed ac cord ing to the
line x tester method. The lines and hy brids were planted man u ally at an op ti mum time on a
well-pre pared soil. The plots con sisted of four rows with 12 plants in each. The row-to-row spac -
ing was 70 cm and the plants were spaced at 30 cm in ter vals within the rows. Each trait was an a -
lyzed on a sam ple con sist ing of 30 plants (10 per rep li cate) taken from the mid dle rows in each
block. Plant height (cm) and head di am e ter (cm) were mea sured at the stage of phys i o log i cal ma -
tu rity. Stem di am e ter (cm) was de ter mined in the lab o ra tory dur ing flow er ing by us ing a mea sur -
ing de vice. Mean val ues were cal cu lated ac cord ing to Had`ivukovi} (1991). The mean val ues of
the in bred lines and F1 hy brids were used to cal cu late the val ues of the com bin ing abil i ties and as -
sess the gene ef fects for morphophysiological traits us ing the line x tester method (Singh &
Choudhary, 1976).

Re sults and Dis cus sion

The sig nif i cant dif fer ences in SD and PH be tween the A lines and Rf test ers on the one
hand and their F1 hy brids on the other in di cate the pres ence of ge netic dif fer ences among the
stud ied ge no types. On the ba sis of mean val ues of the in bred lines and F1 hy brids, we cal cu lated
their com bin ing abil i ties in or der to as sess gene ef fects for the stud ied traits. The anal y sis of com -
bin ing abil ity showed that the A lines and Rf test ers dif fered sig nif i cantly in GCA val ues. The
low est neg a tive GCA val ues were found in the fe male line NS-GS-3 for SD and NS-GS-6 and
NS-GS-7 for PH. The high est pos i tive GCA val ues were found in the line NS-GS-7 and NS-GS-5
for SD and NS-GS-3 and NS-GS-4 for PH. Among the Rf test ers, the high est pos i tive GCA ef fect
for SD was found in the line RHA-R-PL-2/1. The low est neg a tive GCA ef fect for PH was found
in the Rf tester RUS-RF-OL-168 and the high est pos i tive one in the line RHA-N-49. The anal y sis 
of GCA for all traits in di cated that the line NS-GS-5 was the best gen eral combiner for all the
traits (Ta ble 1). Find ing lines with high GCA val ues is im por tant for the de vel op ment of new sun -
flower hy brids. Re gard ing SCA, highly sig nif i cant pos i tive val ues in the F1 gen er a tion were
found in the com bi na tions NS-GS-5 x RHA-R-PL-2/1(5x8), NS-GS-2 x RUS-RF-OL-168(2x10)
and NS-GS-1 x RHA-R-PL-2/1(1x8) for SD and in the com bi na tions NS-GS-6 x
RHA-R-PL-2/1(6x8) and NS-GS-1 x RHA-N-49(1x9) for PH. Highly sig nif i cant pos i tive val ues
of SD and PH were found in the hy brids NS-GS-3 x RHA-N-49(3x9) and NS-GS-7 x
RUS-RF-OL-168(7x10). The nonadditive ge netic vari ance played the main role in the in her i -
tance of SD and PH, as dem on strated by the anal y sis of vari ance of com bin ing abil ity and the
anal y sis of com po nents of ge netic vari ance. This was fur ther con firmed by the GCA/Sca ra tios
for SD (0.09) and PH (0.60) in the F1 gen er a tions, which were lower than 1.0 (Ta ble 1). Our re sults 
are in agree ment with those of Dua &Yadova (1985), Marinkovi} et al. (1993) for SD and [kori}
et al. (2000) and Farrokh et al. (2008) for PH. The fe male A lines had the high est av er age con tri -
bu tion to the ex pres sion of SD and PH (56.4%, 75.5%), re spec tively. The con tri bu tions of the Rf
test ers and the line by tester in ter ac tion were less im por tant (Ta ble 2).

If the goal is to change the ar chi tec ture of the sun flower plant, ge no types with a shorter PH
and an in creased SD are de sir able in the breed ing pro grams. Lines with a neg a tive GCA will be
cho sen for PH and those with a pos i tive GCA for SD (NS-GS-6, NS-GS-7). They will then be
used in the breed ing pro gram to cre ate hy brids with lower PH.
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Ta ble 1. GCA and SCA val ues of in bred lines and hy brids for stem di am e ter and plant height 

No.
Parents and hybrids

SD PH
GCA values

1 NS-GS-1 -1.20 -1.73

2 NS-GS-2 -1.38 -0.56

3 NS-GS-3 -2.67** 17.83**

4 NS-GS-4 -1.64 11.71**

5 NS-GS-5 2.59** 4.44**

6 NS-GS-6 1.38** -19.45**

7 NS-GS-7 2.93** -12.23**

8 RHA-R-PL-2/1 1.20** 1.63**

9 RHA-N-49 -0.85** 6.01**

10 RUS-RF-OL-168 -0.35 -7.64**

LSD (1-7) 5% 0.25 1.15

1% 0.38 1.73

LSD (8-10) 5% 0.17 0.75

1% 0.25 1.13

SCA values

1 1x8 1.87** -0.29

2 2x8 -2.46 3.37**

3 3x8 0.17 -0.35

4 4x8 -0.07 -1.74

5 5x8 3.54** -5.96**

6 6x8 -1.51 5.60**

7 7x8 -1.54 -0.63

8 1x9 -0.28 5.33**

9 2x9 0.20 -0.34

10 3x9 1.72** 4.10**

11 4x9 -0.12 -3.45

12 5x9 -2.91** 3.49**

13 6x9 1.41** -4.95

14 7x9 -0.02 -4.18

15 1x10 -1.58 -5.03**

16 2x10 2.26** -3.03

17 3x10 -1.88 -3.75

18 4x10 0.18 5.19**

19 5x10 -0.64 2.47

20 6x10 0.11 -0.64

21 7x10 1.55** 4.80**

LSD 5% 0.44 1.99**

1% 0.66 2.99**

GCA 0.42 14.42

SCA 4.47 23.87

GCA/SCA 0.09 0.60
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Ta ble 2. Av er age per cent age con tri bu tions of the fe male lines, test ers and their in ter ac tions to 
the ex pres sion of stem di am e ter and plant height

Average contribution 
SD PH

% %

Female line 56.41 75.53

Tester line 9.94 17.00

Line x tester 33.66 7.47

Con clu sion

The stud ied sun flower ge no types (in bred lines and hy brids) ex hib ited sig nif i cant dif fer -
ences in the mean val ues of the stud ied traits. The nonadditive ge netic vari ance played the main
role in the in her i tance of SD and PH, as in di cated by the anal y sis of vari ance of com bin ing abil ity
and the anal y sis of com po nents of ge netic vari ance. Fur ther con fir ma tion was pro vided by the
val ues of GCA/Sca in the F1 gen er a tion, which were smaller than 1.0 for all the traits. The fe male
A lines had the high est con tri bu tions to the ex pres sion of SD and PH, 56.41%, 75.53%, re spec -
tively. The eval u a tion of the com bin ing abil i ties jus ti fies fur ther use of the in bred lines as par ents
in sun flower breed ing pro grams for low ered plant height and in creased stem di am e ter.
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DIRECT AND INDIRECT EFFECTS OF MORPHOPHYSIOLOGICAL TRAITS ON OIL
YIELD OF SUNFLOWER (Helianthus annuus L.)
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Ab stract

Path co ef fi cient anal y sis was used to sep a rate di rect and in di rect ef fects of sev eral traits on
oil yield and to iden tify traits that could be used as se lec tion cri te ria in sun flower breed ing. A
two-year study was con ducted on 21 ex per i men tal sun flower hy brids pro duced in the breed ing
pro gram of the In sti tute of Field and Veg e ta ble Crops. Sig nif i cant or highly sig nif i cant cor re la -
tions were found among most of the traits stud ied. A strong pos i tive cor re la tion be tween oil yield
and seed yield, mass of 1,000 seeds, to tal leaf area and to tal seed num ber was de ter mined. A neg a -
tive cor re la tion be tween oil con tent and oil yield was also found. Seed yield and seed oil con tent
had the big gest highly sig nif i cant pos i tive ef fects on oil yield. To tal seed num ber, plant height,
mass of 1,000 seeds and head di am e ter had a high and in di rect pos i tive in flu ence through SY.

Key words: hy brid, oil yield, cor re la tion, path co ef fi cient

In tro duc tion

The ba sic di rec tion in sun flower breed ing at the In sti tute of Field and Veg e ta ble Crops in
Novi Sad is the cre ation of hy brids with high ge netic po ten tials for seed yield (above 5 t/ha) and
seed oil con tent (>50%) that will pro duce oil yields per hect are of over 2.5 t (Mikli~ et al., 2008).

Oil yield, the pri mary in di ca tor of any sun flower hy brid’s pro duc tiv ity ([kori} et al., 2005),
de pends on seed yield and seed oil con tent.

Oil yield, is a com plex trait in flu enced by ge netic fac tors, en vi ron men tal con di tions, and ge -
no type x en vi ron ment in ter ac tions (Fick & Miller, 1997). Se lec tion for oil yield and its com po -
nents and the de vel op ment of a new sun flower ideotype re quire an in creased use of the wild spe -
cies in sun flower breed ing pro grams. Interspecific hy brid iza tion is a prom is ing way to in crease
sun flower ge netic vari abil ity ([kori} et al., 2007).

In sun flower breed ing for pro duc tiv ity, it is im por tant to find morphophysiological traits
that are easy to score and have some causal con nec tion with oil yield, so that they can be used as
se lec tion cri te ria in the breed ing pro cess. Since sim ple cor re la tion anal y sis can not fully ex plain
the re la tion ships be tween char ac ters, path co ef fi cient anal y sis is in tro duced for a more suc cess ful
bread ing work. This type of anal y sis en ables the par ti tion of cor re la tion co ef fi cients to their com -
po nents, which in turn al lows the sep a ra tion of di rect ef fects of one vari able from the in di rect ef -
fects of the other vari ables, thus giv ing a clear pic ture of the in di vid ual con tri bu tion of each vari -
able to oil yield. In this pa per, we stud ied mu tual re la tion ships be tween sev eral morphophysi -
ological traits on the one hand and oil yield on the other as well as the di rect and in di rect ef fects of 
these com po nents on seed yield of new ex per i men tal sun flower hy brids

Ma te ri als and Meth ods

Twenty one ex per i men tal hy brids de vel oped us ing new di ver gent (A) cms in bred lines
were used in the study. The fe male in bred lines (NS-GS-1, NS-GS-2, NS-GS-3, NS-GS-4,
NS-GS-5, NS-GS-6, NS-GS-7), de vel oped by interspecies hy brid iza tion, and the re storer in bred
lines with good com bin ing char ac ter is tics (RHA-R-PL-2/1, RHA-N-49, RUS-RF-OL-168) were
all cre ated at the In sti tute of Field and Veg e ta ble Crops, Novi Sad.

The ex per i ment lasted two grow ing sea sons and was set up at an ex per i men tal field of the
In sti tute of Field and Veg e ta ble Crops at Rimski [an~evi us ing a ran dom ized com plete block sys -
tem with three rep li ca tions. The soil was char ac ter ized by a 2.8% hu mus con tent, mod er ate lev els 
of phos pho rus and po tas sium, and a pH of 6.92 (Vasin et al., 2002). The ba sic sam ple for anal y sis
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of the ex am ined trait con sisted of 30 plants (10 per rep li cate) sam pled from the mid dle rows of
each block.

Plants were trans ferred to the lab o ra tory at the flow er ing stage and to tal leaf num ber per
plant (TLN) and to tal leaf area per plant (TLA; cm2/plant) were mea sured on a leaf area me ter
(LI-300-LICOR). At the stage of phys i o log i cal ma tu rity, plant height (PH) and head diametar
(HD) were mea sured (cm) in the field. Af ter the har vest, seed yield (SY) pro duced in open pol li -
na tion con di tions was mea sured in each plant us ing a weigh ing scale in the lab o ra tory. The num -
ber of full seeds per head (to tal seed num ber-TSN) was de ter mined by count ing, while the weight
of 1,000 seeds (M1000S) was de ter mined (g) on a ran dom sam ple of com pletely pure and
air-dried seed,. The anal y sis of seed oil con tent (SOC) was car ried out non de struc tively on a nu -
clear mag netic res o nance (NMR) an a lyzer. Oil yield (OY, g/plant) was de ter mined us ing SY and
SOC. The de ter mi na tion of the main val ues and the corelation coeficients (r) was car ried out ac -
cord ing to Had`ivukovi} (1991). The strength and the di rec tion of the cor re la tion was de ter -
mined ac cord ing to the Roemer-Orphalov scale.

Mu tual re la tion ships of the ex am ined char ac ter is tics and di rect and in di rect ef fects on seed
yield were an a lyzed by path co ef fi cient anal y sis (Wright, 1921; Dewey & Lu, 1952; Ivanovi} &
Rosi}, 1985). Sta tis ti cal anal y sis was per formed us ing MSTAT C (1991) and SAS Sys tem Soft -
ware (2003) pro grams.

Re sults and Dis cus sion

The maintask of sun flower breed ing is to de velop new hy brids with a high ge netic po ten tial
for oil yield. More in for ma tion is needed to clar ify the re la tions be tween oil yield per plant and oil 
yield com po nents. Cor re la tions be tween dif fer ent char ac ters are an as pect that should be kept in
mind for better plan ning of breed ing pro grams in sun flower.

A pos i tive highly sig nif i cant in ter de pen dence was found be tween OY and SY (0.938**),
M1000S (0.623**), TLA (0.542**), and TSN (0.514**). A sig nif i cant pos i tive cor re la tion was ob -
served be tween OY and PH (0.321*) and HD (0.313*), as shown in (Ta ble 1). Sim i lar re sults of
highly sig nif i cant cor re la tions be tween OY and SY, M100S, PH, HD (Miji} et al., 2006) and TLA
(Teklewold et al., 2001) have been ob tained by other au thors as well.

Ta ble 1. Phenotypic co ef fi cients of cor re la tion among an a lyzed traits

Trait
Ph Hd TSN M1000S SY SOc Oy

X2 X3 X4 X5 X6 X7 y

Tla X1 -0.161ns 0.602** 0.253* 0.461** 0.623** -0.456** 0.542**

Ph X2 -0.544** 0.040ns 0.220* 0.199ns -0.011ns 0.267*

Hd X3 0.297* 0.291** 0.446** -0.589** 0.289*

TSN X4 -0.164ns 0.369** 0.090ns 0.514**

M1000S X5 0.791** -0.786** 0.623**

SY X6 -0.649** 0.938**

SOC X7 -0.376**

** F test sig nif i cance at level P<0.01; * F test sig nif i cance at level P< 0.05, ns- not sig nif i cantly dif fer ent
X1 to tal leaf area per plant (TLA) X5 mass of 1000 seed (M1000S)
X2 plant height (PH) X6 seed yield per plant (SY)
X3 head di am e ter (HD) X7 oil con tent (SOC)
X4 to tal seed num ber per head (TSN) Y oil yield per plant (OY)

Be tween OY and SOC, there was a highly sig nif i cant neg a tive ef fect re corded (-0.509**).
Dif fer ent re sults were re ported by Miji} et al. (2006), who found a pos i tive highly sig nif i cant
interdepedence be tween OY and SOC.

A pos i tive highly sig nif i cant in ter de pen dence be tween SY and M1000S (0.791**), TLA
(0.623**), HD (0.446**), and TSN (0.369**) is shown in Ta ble 1. Sim i lar re sults of highly sig nif i -
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cant cor re la tions be tween SY and M1000S and TSN (Du{ani} et al., 2004), TLA (Hladni et al.,
2001), and HD (Hladni et al., 2003; Miji} et al., 2006) have been re ported by other re search ers
too.

A highly sig nif i cant neg a tive in ter de pen dence was es tab lished be tween SY and OC
(-0.649**), which is in agree ment with the study by Doddamani et al. (1997) and in dis agree ment
with that by Chaudhary & Anand (1993).

Since the val ues of sim ple cor re la tion co ef fi cients did not pro vide clear con nec tions be -
tween the ex am ined char ac ter is tics on the one hand and OY on the other, the cor re la tion re la -
tions were fur ther an a lyzed us ing path co ef fi cient anal y sis, which in cluded the in volve ment of
corelation co ef fi cients in di rect and in di rect ef fects on a spe cific trait (Ta ble 2).

SY (1.1381**) and SOC (0.3965**) had the big gest pos i tive ef fect on OY, which con firms
that these two traits are im por tant com po nents of OY. These re sults are in agree ment with the
those of Miji} et al. (2006).

When sim ple cor re la tion co ef fi cient were con sid ered alone, it ap peared that SOC had a
neg a tive ef fect on sun flower Oy. The re la tion ship betwen the two char ac ter is tics was an a lyzed on 
the ba sis of di rect and in di rect ef fects, which showed sig nif i cant di rect in flu ences of SOC on OY
and a less neg a tive in di rect in flu ence through SY.

In ter de pen dence be tween TLA and OY ob served through the cor re la tion co ef fi cient was
pos i tive and highly sig nif i cant, while path anal y sis showed that the di rect in flu ence of TLA on
OY was neg a tive, nonsignificant and masked by the high in di rect in flu ence through SY (0.7090).

M1000S and TSN showed a pos i tive highly sig nif i cant in ter de pen dence with OY, while the
anal y sis of par tial cor re la tion co ef fi cients showed that the di rect in flu ence of TSN and M1000S
was pos i tive but not sig nif i cant. These two traits had a high in di rect in flu ence through SY (0.9002; 
0.4200)

TSN, PH, M100S, HD in the pres ent study had sig nif i cantly lower di rect in flu ences, which
means they had an in di rect in flu ence through other traits. Those traits had a high and in di rect
pos i tive in flu ence through SY.

Ta ble 2. Path co ef fi cient anal y sis of oil yield

Traits
Direct
effects

Indirect effects via r*

OYTla Ph Hd TSN M1000 SY SOC

Tla -0.029 - -0.007 0.016 0.016 0.019 0.709 -0.181 0.542

Ph 0.043 0.005 - -0.014 0.003 0.009 0.227 -0.004 0.267

Hd 0.026 -0.017 -0.023 - 0.019 0.012 0.508 -0.234 0.289

TSn 0.063 -0.007 0.002 0.008 - -0.007 0.420 0.036 0.514

M1000 0.041 -0.013 0.009 0.008 -0.010 - 0.900 -0.312 0.623

SY 1.138** -0.018 0.009 0.012 0.023 0.032 - -0.257 0.938

SOc 0.397** 0.013 -0.001 -0.015 0.006 -0.032 -0.739 - -0.376

r*- Cor re la tion co ef fi cient
De ter mi na tion co ef fi cient: R= 0.982

The dif fer ences in the re sults can be ex plained by the dif fer ent plant ma te ri als that the au -
thors used in their stud ies. In sun flower breed ing, at ten tion shoud be paid to the ways in which
the in crease of morphophysiological com po nents in flu ences the OY. In the pres ent study, the in -
crease of TLA, PH, HD, TSN, M1000S, and SY in creased OY but de creased OC. Sim i larly, the
in crease of HD leads to the in crease of TSN, M1000S, SY and OY and the de crease of OC. The
in crease in TSN and M1000S would cause an in crease of SY and OY. The in crease of TLN, PH,
HD, TSN, M1000S, and SY led to the in crease of OY. Path co ef fi cient anal y sis helped sep a rate
di rect and in di rect ef fects of in di vid ual traits on OY and iden tify traits such as SY and OC that
should be used as se lec tion cri te ria in sun flower breed ing.
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Con clu sion

Path co ef fi cient anal y sis pro vided a some what dif fer ent pic ture than cor re la tion anal y sis
did. It has par ti tioned the di rect and in di rect ef fects of the morphophysiological yield com po -
nents on seed yield of sun flower and al lowed us to de tect those com po nents which exibit the high -
est ef fect on yield ex pres sion. The data ob tained in this study as well as var i ous lit er a ture data in -
di cate that the morphophysiological char ac ters oil yield per plant and seed oil con tent are the
main oil yield com po nents that should be used as se lec tion cri te ria in sun flower breed ing . To tal
seed num ber per head, plant height, mass of 1000 seeds, and head di am e ter had a high and in di -
rect pos i tive in flu ence through SY. The co ef fi cient of de ter mi na tion (R) was 0.98, which in di -
cates that the in flu ence of all traits in volved in the study af fected 98% of the to tal vari abil ity of oil
yield per plant.
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GE NO TYPE X EN VI RON MENT IN FLU ENCE ON AFTERCROP DRY 
MAT TER YIELD STA BIL ITY OF AN NUAL RYEGRASS CULTIVARS

Kemesyte V., Kanapeckas J.
Lith u a nian in sti tute of Ag ri cul ture, Plant breed ing de part ment, Akademija, Lith u a nia

E-mail: vilma@lzi.lt

Ab stract

Aftercrop dry mat ter yield sta bil ity of 8 an nual ryegrass (Lolium multiflorum var.
westerwoldicum Lam.) va ri et ies was stud ied in three dif fer ent lo ca tions of Lith u a nia (Dotnuva,
Joniskelis, and Perloja) dur ing 2006 – 2007 on a light loam Endocalcari-Epihypogleyic Cambisol
(Dotnuva), Endocalcari-Epihypogleyic Cambisol (Joni{k�lis) and Hapli-Albic Arenosol
(Perloja). The weather con di tions var ied be tween the years. Es pe cially in May and June – these
months were droughty in 2006 and suf fi ciently wet in 2007 and on the op po site in Au gust.

A good va ri ety must not only give a high dry mat ter yield but also it has to be sta ble. i.e. the
yield must be high in dif fer ent grow ing en vi ron ments. Ge no type had sig nif i cant (P<0.05) ef fect
on dry mat ter yield un der all weather con di tions in dif fer ent lo ca tions.

The va ri et ies ‘Elunaria’, ‘Lifloria’ and ‘Rapid’ pro duced the high est dry mat ter yield of the
aftercrop in all three lo ca tions (2.79, 2.71 and 2.64 t ha-1) com pared to the stan dard Lith u a nian va -
ri ety ‘Varpe’. The va ri ety ‘Lirassand’ pro duced the low est dry mat ter yield (1.81 t ha-1). This re -
search showed low sta bil ity vari ance in dif fer ent lo ca tions of Lith u a nia for all va ri et ies in ves ti -
gated.

Key words: an nual ryegrass, dry mat ter yield, sta bil ity.

In tro duc tion 

Ryegrass is one of the most valu able for age grasses. There are 2 types of Ital ian ryegrass:
the westerwoldicum type, the Westerwold ryegrass that is an nual. The plants die af ter seed for -
ma tion (Nekro{as, Sliesaravi~ius, 2002; Lacefield et al., 2003).

An nual ryegrass is a high qual ity cat tle feed that is avail able through all sum mer un til late
au tumn. It can be grown in a pure crop and in mix tures for green for age. An nual ryegrass can also
be used for sow ing in places where pe ren nial grasses or win ter crops have been killed by frost.
An nual ryegrass grows rap idly, and un der fa vour able grow ing con di tions up to 3 yields can be ob -
tained. The first cut gives the best yield - up to 50 %, sec ond- 35 % and third – 15 % of the to tal an -
nual yield (Lazauskas, 1998; Truzina, 2003).

Ge no type - en vi ron ment in ter ac tion (GEI) in an nual ryegrass va ri et ies is the dif fer en tial
re sponse of ge no types to chang ing en vi ron men tal con di tions. Ideal va ri ety should have high
mean yield com bined with low de gree of fluc tu a tion, when grown over di verse en vi ron ments
(Bidinger et al., 1996). The level of pro duc tiv ity de pends on the ge netic po ten tial of the va ri ety,
which is con trolled by the re sponse lim its of the ge no type. Yield sta bil ity de pends on the abil ity
of a va ri ety to re spond to en vi ron men tal con di tions. There are va ri et ies with high adapt abil ity,
which give sta ble but lower yields un der dif fer ent en vi ron men tal con di tions, whereas va ri et ies
with a low adapt abil ity, yield high in fa vour able and low un der un fa vor able con di tions
(Borojevic, 1990).

The aim of our study was to in ves ti gate an nual ryegrass on aftercrop yield sta bil ity ac cord -
ing to ge no type x en vi ron ment” model.

Ma te ri als and meth ods

As ex per i men tal ma te rial we used eight an nual ryegrass (Lolium multiflorum var.
westerwoldicum Lam.) va ri et ies (dip loid - ‘Varpe’, ‘Druva’, ‘Lifloria’, ‘Im pe rial’, ‘Lirasand’; tetra -
ploid - ‘Rapid’, ‘Pollanum’, ‘Elunaria’). The ex per i ments were set up in three dif fer ent sites of
Lith u a nia (Dotnuva, Joni{k�lis, Perloja) dur ing the pe riod 2006 to 2007 on a light loam
Endocalcari-Epihypogleyic Cambisol (Dotnuva, N 55, 23o, E 23, 57o), Endocalcari-Epihypo -
gleyic Cambisol (Joni{k�lis, N 56, 07o, E 24, 10o) and Hapli-Albic Arenosol (Perloja, N 54, 13oE,
E 24, 25o). In each lo ca tion, 8 ge no types were planted in 6.25 m2 test plots us ing a ran dom ized
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com plete block de sign with four rep li ca tions, ac cord ing to ”ge no type x en vi ron ment” model
(Eberhart and Rus sel ). Sowing was per formed on May 2-5. Cut ting was per formed when an nual
ryegrass was in head ing stage of de vel op ment. The 2nd cut - 21 days af ter 1st cut, 3rd cut- 19 days af -
ter 2nd cut.

The weather con di tions in Dotnuva and Joni{k�lis were quite sim i lar, there fore a mean
value of weather con di tions for the two sites is pre sented. There was more rain fall in Perloja than
in Dotnuva and Joni{k�lis in year 2006. Weather con di tions var ied be tween the years. Es pe cially
in May, June and July – these months were droughty in 2006 and suf fi ciently wet in 2007 and on
the op po site in Au gust. (1 Ta ble).

Ta ble 1. Weather con di tions dur ing 2006-2007.

Month

Temperature(oC) Precipitation (mm)

Dotnuva, Joni{k�lis Perloja Dotnuva, Joni{k�lis Perloja

2006 yr. 2007 yr. 2006 yr. 2007 yr. 2006 yr. 2007 yr. 2006 yr. 2007 yr.

April 6.7 6.9 6.2 6.5 19 15.8 50 21

May 12.6 13.5 11.9 13.8 45 98.2 63 71

June 16.8 17.6 16.1 17.6 7 61.5 69 45

July 21.3 17.2 20.5 17.2 41 118.1 35 165

August 18.1 18.7 17.5 12.5 139 50.8 176 20

September 14.6 12.8 13.8 18.5 77 49.1 63 21

The sta bil ity anal y sis com puter soft ware ‘YIELDSTAB‘ de vel oped by P. Tarakanovas in
the Vi sual Ba sic of Ap pli ca tion as macro pro gram to run in the EXCEL was used. This pro gram
in cludes re gres sion (Brewbaker, 1995) and sta bil ity anal y sis (Kang, Magari, 1995).

Re sults and dis cus sion

An nual ryegrass dry mat ter yield is de ter mined by va ri ety char ac ter is tics, soil qual ity, ma -
nure sup ply and weather con di tions. Dur ing the in ves ti ga tion years weather con di tions, es pe -
cially pre cip i ta tion, had the big gest im pact. In ves ti ga tions show that dry mat ter yield on aftercrop 
in 2007 was sig nif i cantly (LSD01=0.48) higher than in 2006. (Fig. 1).

Ge no type had a sig nif i cant (P<0.05) ef fect on dry mat ter yield un der all weather con di tions 
in dif fer ent lo ca tions. In 2006 and 2007 yr. all va ri et ies in ves ti gated pro duced higher dry mat ter
yield than the stan dard va ri ety ‘Varpe’ (Fig. 1).

In 2006 yr. the va ri et ies ‘Pollanum’, ‘Elunaria’, ‘Lifloria’ and ‘Rapid’ pro duced the sig nif i -
cantly higher dry mat ter yield on aftercrop (1.83 t ha-1, 1.73 t ha-1, 1.26 t ha-1 and 1.2 t ha-1) in all
three lo ca tions (Fig. 1).

Fig. 1. An nual ryegrass dry mat ter yield (t ha-1) on aftercrop in 2006, 2007. *P<0.05
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In 2007 yr. the va ri et ies ‘Lifloria’, ‘Rapid’ and ‘Im pe rial’ pro duced the sig nif i cantly higher
dry mat ter yield (4.16 t ha-1, 4.07 t ha-1 and 4.03 t ha-1). The va ri et ies ‘Pollanum’ and ‘Elunaria’
gave in sig nif i cantly higher aftercrop dry mat ter yield (3.97 t ha-1 and 3.87 t ha-1). The va ri ety
‘Lirasand’ pro duced low er most dry mat ter yield (0.73 t ha-1and 2.89 t ha-1) in both years (Fig. 1).

Fig. 2. Mean dry mat ter yield of an nual ryegrass in 2006-2007. *P<0.05

In ves ti ga tions of en vi ron men tal in flu ence showed that dry mat ter yield on aftercrop in
2006-2007 yr. was sig nif i cantly higher (LSD05=0.31) in Dotnuva than in Perloja. The va ri et ies
‘Pollanum’, ‘Elunaria’, ‘Lifloria’ and ‘Rapid’ pro duced the high est dry mat ter yield (2.9 t ha-1, 2.79 t
ha-1, 2.71 t ha-1 and 2.64 t ha-1) in all three lo ca tions, com pared to the stan dard dip loid va ri ety
‘Varpe’. The va ri ety ‘Lirasand’ gave low er most dry mat ter yield (1.81 t ha-1). The va ri et ies ‘Rapid’,
‘Druva’, ‘Lifloria’, ‘Pollanum’ and ‘Lirasand’ pro duced quit high dry mat ter yield in Perloja due to
big ger rain fall amount. These va ri et ies can be grown in in fer tile soil if there is enough mois ture. Va -
ri et ies ‘Varpe’, ‘Elunaria’ and ‘Imperio’ are more tol er ant to drought. (Fig. 2).

Fig. 3 Scat tered di a gram for the dry mat ter yield on aftercrop of an nual 
ryegrass and vari ance of sta bil ity 2006-2007.

A good va ri ety must not only give a high dry mat ter yield but also it has to be sta ble. i.e. the
yield must be high in dif fer ent grow ing en vi ron ments. This re search showed low sta bil ity vari -
ance in dif fer ent lo ca tions of Lith u a nia for all va ri et ies in ves ti gated. The va ri et ies ‘Rapid’ and
‘Elunaria’ had low sta bil ity vari ance (-0.004 and 0.183) and sig nif i cantly higher dry mat ter yield in 
2006 – 2007. The va ri ety ‘Lifloria’ had the high est sta bil ity vari ance (0.622) and the sig nif i cantly
higher dry matter yield (Fig. 3).

Con clu sions

Ge no type had a sig nif i cant (P<0.05) in flu ence on dry mat ter yield un der all weather con di -
tions in dif fer ent lo ca tions. The va ri et ies ‘Pollanum’, ‘Elunaria’, ‘Lifloria’ and ‘Rapid’ gave the
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high est sta ble dry mat ter yield on aftercrop in all three lo ca tions. The va ri ety ‘Lirasand’ pro duced 
the low est, but most sta ble, dry mat ter yield un der dif fer ent en vi ron men tal con di tions. We did
not es tab lish sig nif i cant dif fer ences in dry mat ter yield be tween dip loid and tetraploid annual
ryegrass varieties.
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SPECTRAL NIR APPROACHES IN FORAGE PERENNIAL GRASS BREEDING

Yordanka Naydenova
In sti tute of For age Crops, 89 Gen. Vladi mir Vazov Str., 5800 Pleven, Bul garia

E-mail: y_naidenova@ya hoo.com

Ab stract

The scan ning Near In fra red Reflectance Spec tros copy (NIRS) ap proaches and its spec tral
ap pli ca tions for for age qual ity eval u a tion in pe ren nial grass breed ing were dem on strated. The
global and spe cific NIR calibrative mod els on the ba sis of a broad range of pa ram e ters of com po -
si tion, en zyme di gest ibil ity, en ergy and pro tein feed ing value al low quick de ter mi na tion and pre -
dic tion of the pa ram e ters with high sta tis ti cal sig nif i cance through di rect scan ning. The dif fer ent
re gres sion types (SML and MPLS), terms and math e mat i cal treat ments of spec tra to in crease
pre dic tion ac cu racy were in ves ti gated. The spec tral data base de vel oped made it pos si ble to es -
tab lish ref er ence val ues, their interpopulation vari a tion and sta tis ti cal sig nif i cance of pa ram e ters
at early stages of real breed ing pro cess of pe ren nial grasses Dactylis glomerata L., Fes tu ca
arundinacea Schreb., Bromus inermis Leyss., Lolium perenne L., Agropyron ssp. The qual ity ap pli ca -
tions of com put er ized NIR spec tra in eval u a tion of some spe cific com po nents were char ac ter -
ized. The NIR spec tral sys tem at i cal anal y sis in breed ing of pe ren nial ryegrass was de vel oped.
The Mahalanobis dis tance of spec tral data through anal y sis of the main com po nents in PCA
served as a method to find sim i lar i ties and dif fer ences be tween ge no types of the same spe cies and 
be tween dif fer ent plant spe cies. These ap proaches and sta tis ti cal ap pli ca tion of the re gres sion,
rang cor re la tion and prin ci pal com po nent anal y ses eval u ated and se lected elite ge no types with
the best ge netic and bi o log i cal po ten tial, which were in volved in the fol low ing stages of breed ing
pro cess.

Key words: breed ing, Mahalanobis dis tance, MPLS, NIR cal i bra tion, PCA, pe ren nial
grasses

In tro duc tion

Near in fra red spec tros copy was de fined as a mod ern method in ag ri cul ture by Wil liams,
Norris (1987), in for age anal y sis by Mar ten, Shenk and Barton (1989) and there is an arisen in ter -
est to im prove in stru men ta tion, data anal y sis and trans fer of NIR en ergy and in for ma tion. The
NIR re gion (0,780-2,5ìm) con tains ab sorp tion bands cor re spond ing to over tones and com bi na -
tions of fun da men tal C-H, O-H, N-H vi bra tions (Murray, Wil liams, 1987). It is rapid, re pro duc -
ible, pre cise, non de struc tive and low cost method for anal y sis of chem i cal and phys i cal com po -
nents and char ac ter is tics in plant ma te ri als. NIRS is ap plied in breed ing pro grams to eval u ate
large num bers of small quan ti ties of sam ples from sev eral spe cies, cuts and years by dif fer ent
qual ity pa ram e ters at stages of breed ing pro cess (Casler, Vogel, 1999; Fahey, Hussein, 1999). The
aim of study was to dem on strate gen eral and orig i nal ap proaches in spec tral NIR anal y sis in
breed ing pro cess of for age pe ren nial grasses.

Ma te ri als and Meth ods

The pe ren nial grass breed ing pro cess was de vel oped in the In sti tute of For age Crops,
Pleven in field crop ex per i ments with pe ren nial grasses Dactylis glomerata L., Fes tu ca arundinacea
Schreb., Bromus inermis Leyss., Lolium perenne L., Agropyron ssp. For age qual ity eval u a tion by
clas si cal chem i cal Weende and Van Soest de ter gent anal y ses (AOAC 1984), bi o log i cal anal y sis -
en zy matic in vi tro dry mat ter di gest ibil ity (Aufrere 1982), es ti ma tion of en ergy and pro tein feed -
ing value on the ba sis of chem i cal com po si tion by the New French, Bul gar ian and Dutch sys tems
and scan ning NIR Spec tros copy (ISI NIRS 3, ver. 4) was ef fec tu ated si mul ta neously from 1989
till now. The spec tral anal y ses were per formed in SHB, Bel gium.

Re sults and Dis cus sion

The spec tral data base de vel oped made it pos si ble to es tab lish ref er ence val ues, their
interpopulation vari a tion and sta tis ti cal sig nif i cance of pa ram e ters at early stages of real breed -
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ing pro cess of pe ren nial grasses Dactylis glomerata L., Fes tu ca arundinacea Schreb., Bromus inermis 
Leyss., Lolium perenne L. Dif fer ent calibrative mod els on the ba sis of a broad range of pa ram e ters
of com po si tion, en zyme di gest ibil ity, en ergy and pro tein feed ing value were de vel oped and cre -
ated: global, com mon for three spe cies orchardgrass, tall fes cue, smooth bromegrass and spe cific
for ev ery spe cies, nar row and large in dif fer ent spe cies with the best sta tis ti cal pa ram e ters of eval -
u a tion, which al lowed by NIRS rap idly to de ter mine and pre dict qual ity char ac ter is tics for breed -
ing and tech no log i cal pur poses with high sta tis ti cal sig nif i cance through di rect scan ning (Ta ble 1,
2; Fig ure 1) (Naydenova, Tomov, Dardenne, 1998).

Ta ble 1. Char ac ter is tics of the clone for age data bases and per for mance of the best pre dic tive mod els
among 60 global Mod i fied PLS equa tions tested for each pa ram e ter for the clones of three pe ren -
nial grasses orchardgrass, tall fes cue and smooth bromegrass

Parameter N Mean Min Max SD T R2C SEC SECV R2CV SD/SECV Scatter Math

NDF (%DM) 327 55.77 39.83 66.32 5.44 10 0.92 1.56 1.68 0.90 3.2 WMSC 2.10.5

ADF (%DM) 327 33.24 22.98 43.16 4.38 9 0.93 1.14 1.29 0.91 3.4 NSVD 2.5.5

ADL (%DM) 327 3.19 1.12 6.23 0.88 6 0.76 0.48 0.52 0.72 1.9 None 2.5.5

HEMI (%DM) 327 24.15 13.21 30.18 3.48 13 0.84 1.40 1.52 0.81 2.3 NSVD 1.10.5

CELLU%DM) 327 30.14 20.65 37.79 3.75 8 0.92 1.07 1.18 0.90 3.2 MSC 2.5.5

LIGNIF(rel%) 327 5.67 2.70 10.00 1.49 10 0.74 0.77 0.88 0.65 1.7 MSC 2.10.5

IVDMD (%) 418 64.58 46.17 84.06 7.11 14 0.87 2.60 2.89 0.84 2.5 NSVD 1.10.5

IVOMD (%) 418 62.21 43.94 81.61 7.15 14 0.87 2.60 2.85 0.84 2.5 NSVD 1.10.5

DDM (%) 327 62.94 55.28 71.00 3.42 9 0.93 0.92 1.00 0.91 3.4 NSV 2.10.5

DMI (%bw) 327 2.17 1.18 3.01 0.23 11 0.92 0.07 0.07 0.90 3.3 NSV 2.10.5

RFV (rel%) 327 106.51 79.60 165.16 16.38 11 0.93 4.25 4.71 0.92 3.5 MSC 2.15.5

Ta ble 2. Char ac ter is tics of the clone data bases and per for mance of the best pre dic tive mod els among 60
global Mod i fied PLS equa tions tested for each pa ram e ter for tall fes cue clones

Parameter N Mean Min Max SD T R2C SEC SECV R2CV SD/SECV Scatter Math

NDF (%DM) 179 53.81 39.83 64.88 4.97 8 0.91 1.46 1.62 0.89 3.0 NSVD 2.20.5

ADF (%DM) 179 32.96 23.34 41.52 4.18 5 0.93 1.10 1.61 0.92 3.4 NSVD 2.5.5

ADL (%DM) 179 2.81 1.12 5.76 0.78 7 0.70 0.43 0.49 0.61 1.6 NSVD 1.10.5

HEMI (%DM) 179 20.86 13.21 27.43 2.91 9 0.77 1.41 1.60 0.70 1.8 DET 2.15.5

CELLU%DM) 179 30.15 22.22 37.79 3.64 5 0.92 1.02 1.15 0.92 2.2 NSVD 2.5.5

LIGNIF(rel%) 179 5.19 3.00 10.00 1.30 4 0.62 0.80 0.89 0.54 1.5 DET 2.5.5

IVDMD (%) 228 62.24 46.47 81.51 6.97 6 0.86 2.63 2.96 0.82 2.4 WMSC 2.5.5

IVOMD (%) 228 59.87 43.94 77.68 7.02 6 0.87 2.55 2.86 0.83 2.4 WMSC 2.5.5

DDM (%) 179 63.23 56.56 70.72 3.26 5 0.93 0.86 0.94 0.92 3.5 NSVD 2.5.5

DMI (%bw) 179 2.25 1.85 3.01 0.22 8 0.92 0.06 0.07 0.90 3.1 WMSC 2.15.5

RFV (rel%) 179 110.75 83.96 165.16 16.30 8 0.91 3.96 4.39 0.93 3.7 MSC 2.20.5

By al go rithms the most suit able pop u la tions were se lected and de scribed for spec tral NIR
anal y sis of mor pho log i cal parts of the orchardgrass, tall fes cue, bromegrass spe cies. Com par ing
the two calibrative mod els of lin ear re gres sion Stepwise Mul ti ple Lin ear and Mod i fied Par tial
Least Squares re gres sions it was found that they could be ap plied with suf fi cient sta tis ti cal sig nif i -
cance for rapid and ac cu rate eval u a tion and pre dic tion of qual ity. MPLSR was more suit able
method of cal i bra tion be cause it in creased pre dic tion ac cu racy ow ing to ap pli ca tion of 3rd and
4th de riv a tives of NIR spectra differentiation (Naydenova et al. 1995).
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Fig ure 1. NIRS pre dicted vs ref er ence val ues for cell wall com po si tion, di gest ibil ity and feed ing 
value in global clone pop u la tion for orchardgrass, tall fes cue and smooth bromegrass

Rapid and easy meth ods for eval u a tion by ab sorp tion spec tra in the NIRS of elec tro mag -
netic spec trum were found with out per form ing chem i cal anal y sis. It was proved that the ap pli ca -
tion of Mahalanobis dis tance in the spec tral anal y sis in NIRS cal cu lated af ter spec tral data trans -
for ma tion by prin ci pal com po nent anal y sis, served as a method to find sim i lar i ties and dif fer -
ences be tween ge no types of the same spe cies and be tween dif fer ent plant spe cies (Figure 2)
(Naydenova, Tomov, Dardenne, 2001).

Qual ity ap pli ca tions of com put er ized NIR spec tra and their math e mat i cal processings
were char ac ter ized for eval u a tion of some spe cific grass com po nents such as: 1) De ter mi na tion of 
gen eral com po si tion of orchardgrass, tall fes cue and smooth bromegrass was pre sented by mean
broad ab sorp tion spec trum; 2) Four sub re gions char ac ter is tic of the main nu tri ents in dif fer en ti a -
tion of NIR spec tra by sec ond de riv a tive were pre sented; 3) The dif fer ence of spec tral ab sorp tion 
of lig ni fied part of stems at dif fer ent stan dard con cen tra tions was proved and in that way lignin
was iden ti fied and proved as a chem i cal com po nent; 4) The pres ence of si licium was proved, the
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ab sorp tion wa ter peaks were de ter mined; 5) The re gions of max i mum dif fer ence in com po si tion
of plant parts were found (Naydenova et al., 1995).

Fig ure 2. Scat ter plot of the ge no types of three spe cies in the first two com po nents in PCA

Sys tem at i cal course was de vel oped for NIR anal y sis of plant ma te ri als of pe ren nial
ryegrass breed ing pro cess by: 1) Sta tis ti cal se lec tion of sam ples with ex treme spec tral char ac ter is -
tics of the pa ram e ters of sig nif i cance to the breed ing for age qual ity; 2) Their lab o ra tory anal y sis;
3) De vel op ment of large calibrative lin ear math e mat i cal mod els in spec tral NIR anal y sis with a
large num ber of sam ples with a wide range of lab o ra tory pa ram e ters val ues as a ba sis for de vel op -
ment of en larged calibrative mod els, in clud ing the sam ples with ex treme val ues of their chem i cal
com po si tion and di gest ibil ity; 4) Com par i son of the enlarged models with the large ones
(Naydenova, Katova, Tomov, 2000).

Con clu sions

These NIR spec tral ap proaches and sta tis ti cal ap pli ca tion of the re gres sion, rang cor re la -
tion and prin ci pal com po nent anal y ses eval u ated and se lected elite ge no types with the best ge -
netic and bi o logic po ten tial which were in volved in the fol low ing stages of breed ing pro cess. In
that way the breed ing process was accelerated.
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EFFECT OF ENVIRONMENTS ON IN VITRO DRY MATTER DIGESTIBILITY
EVALUATION IN PERENNIAL RYEGRASS (Lolium perenne L.)

Yordanka Naydenova, Aneliya Katova
In sti tute of For age Crops, 89 Gen. Vladi mir Vazov Str., 5800 Pleven, Bul garia

E-mail: y_naidenova@ya hoo.com

Ab stract

Four com par a tive field va ri ety tri als, each of which in cluded forty-six va ri et ies and pop u la -
tions of pe ren nial ryegrass (Lolium perenne L.) dif fer ing in or i gin, ploidy level (dip loid vs.
tetraploid) and group of ma tu rity at dif fer ent en vi ron ment lim its – two lev els of den sity, with and
with out ir ri ga tion were car ried out dur ing the pe riod 2002-2004 in the In sti tute of For age Crops,
Pleven, Bul garia. The en zy matic in vi tro dry mat ter di gest ibil ity by Aufrere (1982) method was
the main char ac ter is tic for for age qual ity eval u a tion. Three ma tu rity groups (MG): Early MG –
20 strains; In ter me di ate MG – 21 strains and Late MG – 6 strains and two lev els of ploidy - dip -
loids – 28 strains and tetraploids – 18 strains were stud ied. The va ri et ies and pop u la tions in each
MG were ranged and com pared at dif fer ent en vi ron ment lim its and mean arith me tic, min i mum
and max i mum val ues, stan dard de vi a tion and co ef fi cient of vari a tion were cal cu lated. Com par -
ing co ef fi cients of vari a tion of all groups at dif fer ent en vi ron ment con di tions, it was es tab lished
that the Early MG with out ir ri ga tion and un der high den sity had the larg est range of vari a tion 5,0
– 22,8 %. In the same en vi ron ment and group the high est mean and the high est max i mum val ues
of di gest ibil ity were eval u ated (va ri ety Marta 69,20%).

Key words: breed ing, en vi ron ment, in vi tro di gest ibil ity, ma tu rity group, pe ren nial ryegrass

In tro duc tion

The pe ren nial ryegrass (Lolium perenne L.) is a pre ferred for age source for graz ing, hay, si -
lage be cause of good till er ing dur ing sward es tab lish ment, quick regrowths, ex cel lent ni tro gen as -
sim i la tion, tol er ance to in ten sive graz ing and tram pling or fre quent cuts and high nu tri tive value
(Hopkins 2000). The ad ap ta tion and de vel op ment of va ri et ies with max i mal yield sta bil ity and
for age qual ity un der cer tain re gional eco log i cal con di tions oc cupy a cen tral place in con tem po -
rary pe ren nial ryegrass breed ing (Reheul et al. 2003; Naydenova et al, 2003; Katova et al. 2007).
The ge netic con trol of the nu tri tive value pa ram e ters in pas ture spe cies and ge netic vari a tions for
spe cific traits and di gest ibil ity, gen er ally con sid ered to be the most im por tant grass nu tri tive trait, 
has been es tab lished (Casler and Vogel 1999; Cogan N.O.I. 2005). For se lec tion of su pe rior and
sta ble high-qual ity bio mass ge no types with out chang ing the gen er a tion and ac cel er ate the breed -
ing pro cess, the ap pli ca tion of di rec tion ally cre ated com plex of lim ited en vi ron men tal con di tions
on ge no type es tab lish ment is ap pro pri ate (Christov et al. 2002). The aim of the study was to eval -
u ate the ef fect of en vi ron ments on in vi tro dry mat ter di gest ibil ity of pe ren nial ryegrass and se lect
the ge no types with high est val ues of di gest ibil ity in dif fer ent en vi ron ment lim its to be in volved in
the next stages of breed ing pro cess.

Ma te ri als and Meth ods

Four com par a tive field va ri ety tri als, each of which in cluded forty-six va ri et ies and pop u la -
tions of pe ren nial ryegrass (Lolium perenne L.) dif fer ing in or i gin, ploidy level (dip loid vs.
tetraploid) and group of ma tu rity at dif fer ent en vi ron ment lim its – two lev els of den sity, with and
with out ir ri ga tion were car ried out dur ing the pe riod 2002-2004 in the In sti tute of For age Crops,
Pleven, Bul garia. The en zy matic in vi tro dry mat ter di gest ibil ity by Aufrere (1982) method was
the main char ac ter is tic for for age qual ity eval u a tion of the whole for age plants in 2003 – four cuts
and in 2004 two, to tal six cuts eval u ated in ir ri gated plots; for non ir ri gated plots two vs. one, to tal
three cuts eval u ated. Three ma tu rity groups (MG): Early MG – 20 strains; In ter me di ate MG – 21
strains and Late MG – 6 strains and two lev els of ploidy - dip loids – 28 strains and tetraploids – 18
strains were stud ied. A to tal of 616 ge no types at dif fer ent cuts, years and en vi ron ment lim its were 
eval u ated. The va ri et ies and pop u la tions in each MG were ranged ac cord ing to a 5 scale (1-5, 1 -
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the high est di gest ibil ity) and com pared at dif fer ent en vi ron ment lim its and mean arith me tic, min -
i mum and max i mum val ues, stan dard de vi a tion and co ef fi cient of vari a tion were cal cu lated.

Re sults and Dis cus sion

The anal y sis of av er age val ues and vari a tion for in vi tro dry mat ter di gest ibil ity of pe ren nial
ryegrass va ri et ies and pop u la tions from EARLY MG showed high di gest ibil ity, more than 60%
in non ir ri gated con di tions 64,48%, mean 25 higher than with ir ri ga tion 62 %, non con sid ered in
the sward den sity (Ta ble 1). The eval u a tion of di gest ibil ity as mean value, num ber of ge no types
ex ceed ing mean value and top five ge no types were as fol lows: ir ri gated-high den sity – 62,30%, 7
ge no types, top 5: An a conda, Merreti, Vabel, Abergold, Sredetch; ir ri gated-low den sity - 61,92%,
12 ge no types, top 5: Abergold, Vabel, Syn III, Sredetch, Syn IV; non ir ri gated-high den sity –
64,48%, 8 ge no types, top 5: Marta, Vabel, Syn III, Targovishte, Rebecca. The va ri et ies and pop u -
la tions iden ti cal by se lec tion cri te rion of di gest ibil ity in the three es ti mated en vi ron ment lim its
were Vabel in the three of lim its; Abergold, Syn III and Sredetch in two lim its. These four va ri et -
ies Vabel, Abergold, Syn III and Sredetch were in volved in the next stages of breed ing pro cess of
pe ren nial ryegrass.

Ta ble 1. The av er age val ues and vari a tion for in vi tro dry mat ter di gest ibil ity of pe ren nial ryegrass va ri -
et ies and pop u la tions from EARLY MG, %

Variety/
Population

Irrigated High density Irrigated Low density Non irrigatedHigh density

Mean SD CV Mean SD CV Mean SD CV

1 TargovishteSt 59,91 9,61 16,0 62,88 4,64 7,4 62,32 6,33 10,2

2 Anaconda 67,30 13,40 19,9 62,98 3,10 4,9 63,71 4,37 6,8

3 Labrador 58,65 12,26 20,9 62,94 3,80 6,0 63,37 9,23 14,6

4 Merretti 64,47 6,82 10,6 61,27 5,66 9,2 65,86 8,20 12,4

5 Tetramax 63,12 6,82 10,8 62,03 5,35 8,6 64,11 4,51 7,0

17 Moy 61,78 8,25 13,3 58,84 2,65 4,5 62,04 3,59 5,8

18 Rebecca 61,68 8,75 14,2 62,20 7,23 11,6 66,24 6,18 9,3

19 Targovishte 63,03 8,70 13,8 59,64 5,26 8,8 66,28 3,31 5,0

20 Abergold 64,26 5,04 7,8 65,62 5,45 8,3 65,41 0,28 0,4

33 Marta 61,58 8,61 14,0 64,38 6,94 10,8 69,20 4,02 5,8

34 Abereclair 61,67 9,90 16,1 58,83 4,21 7,2 64,68 11,53 17,8

36 Syn IV 60,99 9,93 16,3 64,90 7,49 11,5 64,10 14,60 22,8

39 Syn III 61,34 5,93 9,2 65,20 8,82 13,5 66,98 7,29 10,9

40 Sredetch 63,96 3,62 5,6 65,10 3,21 4,9 64,43 5,61 8,7

41 Balgarene 61,92 6,65 10,7 58,94 12,24 20,8 64,35 10,39 16,2

42 Vabel 64,43 9,96 15,5 65,23 6,76 10,4 67,64 9,45 14,0

43 Belene 61,10 6,17 10,1 56,14 9,50 16,9 63,80 9,04 14,2

44 Svishtov 61,08 6,47 10,6 62,54 8,72 13,9 60,96 11,91 19,5

45 Devnja 61,32 7,76 12,6 58,96 8,95 15,2 63,22 10,27 16,2

46 Varna 59,42 3,85 6,5 59,77 9,40 15,7 60,82 6,05 9,9

Mean 62,30 61,92 64,48

Min 58,65 56,14 60,82

Max 64,47 65,62 69,20

SD 2,06 2,75 2,16

CV 3,3 4,4 3,3
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Ta ble 2. The av er age val ues and vari a tion for in vi tro dry mat ter di gest ibil ity of pe ren nial ryegrass va ri -
et ies and pop u la tions from INTERMEDIATE MG, %

Variety/Population
Irrigated High density Irrigated Low density

Mean SD Mean SD Mean SD

6 Aubisque 64,92 4,28 6,6 61,85 8,42 13,6

7 Fetione 62,38 4,74 7,6 66,48 3,05 4,6

8 Merlinda 61,92 4,17 6,7 60,77 8,24 13,6

9 Pandora 62,94 5,88 9,3 64,18 4,24 6,6

10 Roy 66,68 7,50 11,2 61,51 4,30 7,0

11 Aubercraigs 62,53 10,40 16,6 66,10 2,48 3,8

12 Elgon 66,11 6,56 9,9 64,73 4,23 6,5

21 Isabel 60,20 6,69 11,1 61,36 4,17 6,8

22 Ritz 59,48 6,64 11,2 56,14 8,35 14,8

23 Cancan 64,36 5,28 8,2 60,84 5,16 8,5

24 Foxtrot 62,99 6,42 10,2 60,46 8,05 13,3

25 Lasso 62,40 4,84 7,7 61,63 6,73 10,9

26 Odessa 65,12 5,72 8,8 64,13 4,48 7,0

27 Plenty 61,64 5,23 8,5 63,38 4,02 6,3

30 Barfort 59,83 5,13 8,6 60,97 6,24 10,2

31 Barlet 63,29 4,40 6,9 64,22 8,53 13,3

32 Barmetria 61,67 5,32 8,6 61,95 5,57 9,0

35 Mira 61,28 5,04 8,2 63,66 3,48 5,5

37 Syn I 60,95 5,05 8,3 59,68 4,57 7,6

38 Syn II 61,34 9,69 15,8 62,69 4,92 7,8

47 Slavjani 59,31 10,15 17,1 60,20 6,13 10,2

Mean 62,44 62,23

Min 59,31 56,14

Max 66,68 66,48

SD 2,08 2,37

CV 3,3 3,8

In the INTERMEDIATE MG the eval u a tion of di gest ibil ity was per formed in ir ri gated
con di tions and two den sity lim its (Ta ble 2). The mean di gest ibil ity val ues in two den si ties were
nearly 62,42-62,2%. In high den sity limit, 7 of the ge no types ex ceeded mean value and in low den -
sity - 9. The top 5 ge no types were: in high den sity: Roy, Elgon, Odessa, Aubisque, Can can and in
low: Fetione, Aubercrest, Elgon, Barlet, Pan dora. The va ri ety Elgon was iden ti cal by se lec tion
cri te rion of di gest ibil ity in the two den sity lim its. The anal y sis of val ues and vari a tion for di gest -
ibil ity of va ri et ies from LATE MG eval u ated at the same man ner, but as top 3 ge no types showed: 
ir ri gated-high den sity – 61,93%, 3 ge no types, Ernesto, Vogor,

506

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



Ta ble 3. The av er age val ues and vari a tion for in vi tro dry mat ter di gest ibil ity of pe ren nial ryegrass va ri -
et ies and pop u la tions from LATE MG, %

Variety/
Population

Irrigated 
High density

Irrigated 
Low density

Non irrigated 
High density

Non irrigate
 Low density

Mean SD CV Mean SD CV Mean SD CV Mean SD CV

13 Ernesto 63,64 8,91 14,0 64,59 6,91 10,7 62.52 0.44 0.7 64.88 0.63 1.0

14 Merkator 60,81 10,59 17,4 63,83 5,98 9,4 57.95 3.18 5.5 63.70 6.33 9.9

15 Merkem 59,77 9,41 15,8 65,14 6,39 9,8 58.69 2.14 3.6 62.38 3.95 6.3

16 Pomerol 63,28 5,61 8,8 62,12 4,22 6,8 60.37 7.86 13.0 63.41 4.50 7.1

28 Veritas 60,36 7,58 12,6 61,22 7,45 12,2 62.38 4.32 6.9 64.11 0.61 1.0

29 Vigor 63,70 9,82 15,4 63,05 4,28 6,8 65.74 6.19 9.4 66.18 1.79 2.7

Mean 61,93 63,32 61.28 64.11

Min 59,77 61,22 57.95 62.38

Max 63,70 65,14 65.74 66.18

SD 1,80 1,49 2.87 1.31

CV 2,9 2,3 4.7 2.0

Ta ble 4. Com par a tive char ac ter is tic of pe ren nial ryegrass di gest ibil ity (IVDMD) by av er age and max i -
mal val ues and co ef fi cients of vari a tion in ma tu rity groups and en vi ron ment lim its,%

Maturity group Irrigation Density Mean Maximum CV

EARLY MG Irrigated High density 62,30 64,47 5,6 – 20,9

EARLY MG Irrigated Low density 61,92 65,62 4,5 – 20,8

EARLY MG Non irrigated High density 64,48 69,20 5,0 – 22,8

INTERMEDIATE MG Irrigated High density 62,44 66,68 6,6 – 17,1

INTERMEDIATE MG Irrigated Low density 62,23 66,48 3,8 – 14,8

LATE MG Irrigated High density 61,93 63,60 8,8 – 17,4

LATE MG Irrigated Low density 63,32 65,14 6,8 – 12,2

LATE MG Non irrigated High density 64,11 65,74 1,0 - 13,0

LATE MG Non irrigated Low density 61,28 66,18 1,0 – 9,9

Pomerol; ir ri gated-low den sity – 63,32%, 3 ge no types, Merkem, Ernesto, Merkator; non ir ri -
gated-high den sity – 61,29%, 3 ge no types, Vigor, Ernesto, Veri tas; non ir ri gated-low den sity – high -
est mean di gest ibil ity 64,11%, 3 ge no types, Vigor, Ernesto, Veri tas (Ta ble 3). The va ri ety
Ernesto in each of the four en vi ron ment lim its took sec ond place; va ri ety Vigor in three of the en -
vi ron ment lim its took first place and va ri ety Veri tas in two of the en vi ron ment lim its took third
place. The gen eral data for mean and max i mal di gest ibil ity val ues in the ma tu rity groups and the
en vi ron ment lim its is pre sented in Ta ble 4. The en vi ron ment limit non ir ri gated-high den sity in the
EARLY MG and LATE MG showed high est mean 64,48% and high est max i mal 69,20% di gest -
ibil ity val ues. The vari a tion in these con di tions was greater (CV 5,0-22,8%), which de ter mines
this en vi ron ment limit as suit able prov o ca tion back ground in breed ing pro cess of pe ren nial
ryegrass.

Con clu sions

1. The ef fect of the en vi ron ments on in vi tro dry mat ter di gest ibil ity for pe ren nial ryegrass
(Lolium perenne L.) af ter rang ing top 5 was es ti mated and ge no types with high est val ues of di gest -
ibil ity in dif fer ent en vi ron ment lim its were se lected for next stages in breed ing pro cess.
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2. The ge no types se lected with high est di gest ibil ity and sta bil ity of the pa ram e ter were as
fol lows: in EARLY MG: Vabel, Sredetch, Abergold and Syn III; in INTERMEDIATE MG:
Elgon; in LATE MG: Ernesto, Vigor, Veri tas with high and sta ble di gest ibil ity val ues in dif fer ent
en vi ron ment lim its. 3. Com par ing co ef fi cients of vari a tion of all groups at dif fer ent en vi ron ment
con di tions, it was es tab lished that the Early MG with out ir ri ga tion and un der high den sity had
the larg est range of vari a tion 5,0 – 22,8 %. In the same en vi ron ment and group the high est mean
and the high est max i mum val ues of digestibility were evaluated (variety Marta 69,20%).
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THE NEW EST ACHIEVE MENTS IN LU CERNE BREED ING IN BUL GARIA

Daniela Kertikova
In sti tute of For age Crops, 5800 Pleven, Bul garia

E-mail: d_kertikova@abv.bg

Ab stract

Lu cerne in Bul garia is an eco nom i cally im por tant ag ri cul tural crop and ranks fifth in its
spread af ter wheat, sun flower, maize and bar ley. The first lu cerne cultivars in our coun try were
de vel oped in the 1970s of the past cen tury in the In sti tute of For age Crops, Pleven. The new est lu -
cerne cultivars in Bul garia reg is tered in the Of fi cial Cultivar List are also property of the
Institute.

In 2005 cv. Dara was en tered in the cultivar list. It was de vel oped as a re sult of di rected se -
lec tion in con di tions of fre quent cut ting and has an all-pur pose char ac ter of use – for hay, graz ing
and pro duc tion of pro tein con cen trates. The cultivar is char ac ter ized by com plex re sis tance to
dis eases (fusarium) and in sect pests (lu cerne chal cid), quick rate of growth up, regrowth and
intensive autumn growth.

The first lu cerne cultivar (Dama) that had been de vel oped by us ing ini tial ma te rial ob -
tained through bio tech no log i cal meth ods was reg is tered in 2006. It is dis tin guished for high qual -
ity of for age mass (di gest ibil ity, con tent of pro tein and es sen tial amino ac ids). Char ac ter is tic mor -
pho log i cal fea tures of the cultivar are the lateral branches on the main stems.

This pa per pres ents data on traits re lated to cultivar de scrip tion of the new cultivars.
Key words: cultivar de scrip tion, lu cerne, mor phol ogy, new cultivars.

In tro duc tion

Lu cerne in Bul garia is an eco nom i cally im por tant ag ri cul tural crop and ranks fifth ac cord -
ing to spread af ter wheat, sun flower, maize and bar ley (MAF, 2008). In spite of the great re duc -
tion of the ar eas, as com pared to the 1980s, it re mains one of the main sources of veg e ta tive pro -
tein in an i mal pro duc tion. The lead ing role of lu cerne in the for age pro duc tion in Bul garia is in -
dis put able and it is con sid ered to be the crop with the great est con tri bu tion to achieve ment of
sus tain able ag ri cul ture. One of the con di tions for at tain ment of high-pro duc tive, sus tain able and
ef fi cient ag ri cul ture is to take strictly into ac count the soil-cli ma tic and eco log i cal con di tions for
farm man age ment (Bachvarova, 2006). Ex actly the fa vour able con di tions for lu cerne grow ing in
the re gion of Pleven and the im por tance of the crop were a pre req ui site al ready with the foun da -
tion of the In sti tute of For age Crops (IFC) that the lu cerne breed ing had a pri or ity. The first lu -
cerne cultivars (Pleven 1 and Pleven 6) in our coun try were de vel oped here in the 1970s of the
past cen tury. The new est lucerne cultivars in Bulgaria registered in the Official Cultivar List have
also been bred in IFC.

This pa per pres ents data on traits re lated to cultivar de scrip tion of the new lu cerne
cultivars Dara and Dama.

Ma te ri als and Meth ods

The breed ing pro cess in both cultivars be gan in 1988, the ap proach to the se lec tion be ing
dif fer ent and based mainly on achieve ment of the pre lim i nar ily cre ated “cultivar ideal”. Cultivar
Dara was bred in a di rec tion for in ten sive use, de hy dra tion and pro duc tion of hay meal and pro -
tein con cen trates. For that pur pose in di vid ual phenotypic char ac ter iza tion of 2000 lu cerne ge no -
types was per formed un der con di tions of fre quent cut ting. They be long to 40 lu cerne ac ces sions
(cultivars, fam i lies, hy brids, lines, etc.) of dif fer ent geo graph ical or i gin (Kertikova, 1995). Nine -
teen elite ge no types were se lected meet ing the breed ing cri te ria. Their prog eny was eval u ated in
con di tions of fre quent cut ting through the meth ods of: polycross, in breed ing and half-sibs ac -
cord ing to com bin ing abil ity and regrowth rate. Lu cerne cultivar Dara rep re sents a syn thetic pop -
u la tion through unit ing of the re pro duc tive prog eny of seven germplasms hav ing shown best val -
ues in all three types of progeny. The cultivar is also suitable for hay-cutting use (Kertikova &
Kertikov, 2007).
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Cv. Dama is the first cultivar in our coun try de vel oped through the use of an ini tial ma te rial 
ob tained by bio tech no log i cal meth ods, in clud ing cell breed ing for im prove ment of amino acid
bal ance; ge netic trans for ma tion with a nat u ral vec tor of Agrobacterium rhizogenes with out
marker and pro moter genes; somaclonal vari a tion. The plant ma te rial was pro vided by
AgroBioInstitute in So fia and the de vel oped cultivar is joint one. Three se lec tion cy cles were
con ducted, through line breed ing and a method of prog eny eval u a tion – in breed ing (Kertikova,
1998). Main cri te ria in the se lec tion were high vigor, pro duc tiv ity and qual ity of for age mass
(Kertikova et al., 2000). The cultivar rep re sents a syn thetic pop u la tion by unit ing the re pro duc -
tive prog eny of five lucerne lines (through open intercross in an isolated area)

Re sults and Dis cus sion

In IFC, Pleven the lu cerne breed ing is con ducted in dif fer ent di rec tions: for hay-cut ting
and graz ing use; for pro duc tion of pro tein con cen trates. How ever the se lec tion cri te ria and meth -
ods of ge netic im prove ment are dif fer ent for achieve ment of the cultivar ideal. In the first place in 
all cultivars the re quire ment is that they are high-yield ing and persistent.

Ta ble 1 pres ents data on main traits of cv. Dara that are di rectly re lated to the dis tinc tive
char ac ter is tics of the cultivar – per sis tency, fast regrowth rate and in ten sive au tumn growth.

Table1. Main char ac ter is tics of lu cerne cultivar Dara de vel oped in IFC and in cluded in the Cultivar List
of Bul garia and OECD list in 2005

Trait Units Mean Note

Dry matter yield t ha-1 53 Total for 4 years

Days of maturity N of days between 1st & 2nd harvest 25

Recovery after cut 1=very slow; 9=very rapid 9

Fall dormancy 1=dormant; 9=non dormant 7

Plant: natural height in the spring 3=short; 7=high 7

Stem: length of longest stem cm 75

Fusarium wilt 1=very low; 9=very high 9

Verticilium albo-atrum 1=very low; 9=very high 9

Bruchophagus roddi Guss % damaged seeds 8

Persistency N of plants per m2 168 The end of 4 years of uses

Seed yield kg ha-1 511 Average for 4 years

The men tioned val ues of the dif fer ent char ac ter is tics are for no ir ri gated con di tions and lu -
cerne har vest ing at the early flow er ing stage. These are con di tions, un der which the state test ing
of the lu cerne cultivars is con ducted in prac tice. Cv. Dara, as men tioned, was de vel oped un der
con di tions of fre quent cut ting and in the pro cess of se lec tion it was found that the fre quent har -
vest ing (7 cuts per year) placed the plants in a stress state ex pressed in mass dis ease, de lay in
growth and de vel op ment. For the short time be tween the cuts a great part of the plants can not re -
store their nu tri ent re serves in the root sys tem and be come weak. This state is graver un der un fa -
vor able win ter con di tions and the pro cess deep ens the next year. How ever it turns out that this is
a way to pro voke the plants to dis play their po ten tial in or der to sur vive. In prac tice, the fast
growth rate of the syn thetic cultivar is due to the cre ated stress con di tions and se lec tion of the
most vig or ous and pro duc tive ge no types.

The ef forts of the au thors’ team in the breed ing of cv. Dama were di rected to wards
achieve ment of the so de sired bal ance be tween quan tity and qual ity of the for age bio mass. The
main char ac ter is tics of cv. Dama af ter ad ap ta tion, eval u a tion of the ini tial lines, se lec tion and
syn the sis are presented in Table 2.
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Table2. Main char ac ter is tics of lu cerne cultivar Dama de vel oped in IFC and in cluded in the Cultivar List 
of Bul garia and OECD list in 2006

Trait Units Mean Note

Dry matter yield t ha-1 44 Total for 4 years

Days of maturity N of days between 1st & 2nd harvest 30

Recovery after cut 1=very slow; 9=very rapid 7

Leaf: ratio length/width 3.18

Leaf: length 4=short to medium; 6= medium to long 6

Leaf: width 4=narrow to medium; 6= medium to wide 4

Stems with branches % in total stem number by cuts 50;30;20;10 1st; 2nd;3rd;4th

Crude protein g kg-1 208.5 Average for 4 years-15 cuts

In vitro DMD % 67.64 Average for 4 years-15 cuts

Total amino acid (AA) g 100g protein 15.56 Average for 4 years-15 cuts

Essential AA g 100g protein 6.49 Average for 4 years-15 cuts

Persistency N of plants per m2 164 The end of 4 years of uses

Seed yield kg ha-1 357 Average for 3 years 

Ac cord ing to un pub lished data (the ex per i ment con tin ues for its third year), cv. Dama is
equal to cv. Dara in dry mat ter yield, which is ex plained by the pro cess of en ter ing of the syn thetic 
pop u la tion upon equi lib rium. With re gard to the qual ity of for age mass cv. Dama keeps its ad -
van tage mainly due to the lat eral branches on the stems and good leafiness.

The two new cultivars are dis tin guished for good seed pro duc tiv ity (Kertikova & Kertikov,
2004), which is an im por tant pre req ui site for their spread. The seeds of cv. Dara con tain higher
con tent of con densed tan nins (Dochkova et al., 2001), which is con sid ered to be one of the rea -
sons for lower in fes ta tion by lucerne chalcid.

Af ter ob tain ing of cer tif i cates of the two cultivars the pro duc tion of high-qual ity pre-ba sic
and ba sic seeds was or ga nized.

Con clu sions

In the pro cess of de vel op ment of the two new lu cerne cultivars the pro duc tiv ity and vigor
were lead ing se lec tion cri te ria and at the same time traits that are di rectly re lated to their rec og ni -
tion as new and dis tinc tive, were mod eled and main tained in the next gen er a tions. Lu cerne cv.
Dara as a re sult of di rected se lec tion un der con di tions of fre quent cut ting is suit able for pro duc -
tion of pro tein con cen trates and graz ing use. The fast growth rate in early spring, re cov ery af ter
cut ting and per sis tency make it suitable also for hay-cutting use.

Lu cerne cv. Dama is dis tin guished for high qual ity of for age mass. It is in tended for pro duc -
tion of for age, hay and silage.
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Ab stract

Sugar beet breed ing in Ser bia started in 1939 when part of se lec tion ma te rial was trans -
ferred from Belje to the In sti tute for Ag ri cul tural Re search in Krusevac. The same year, it was
de cided that sugar beet breed ing should be con tin ued in a co op er a tive in Aleksinac, which was
trans formed in 1943 into the In sti tute for Sugar Beet and Veg e ta ble Breed ing. As the need and
area un der sugar beet in creased, the Fed eral In sti tute for Sugar Beet Breed ing was founded in
Crvenka in 1946/47. Sugar beet breed ing in Ser bia mostly fol lowed Eu ro pean and other in ter na -
tional trends in de vel op ing va ri et ies that were able to com pete with lead ing va ri et ies of the time.
In the 70 years of sugar beet breed ing at Novi Sad and Aleksinac, 104 va ri et ies have been de vel -
oped in to tal. Eighty six of these were re leased in Ser bia and 18 abroad. Al though sugar beet
breed ing is now con ducted only at In sti tute of Field and Veg e ta ble Crops, the breed ing ma te rial
and mod ern bio tech no log i cal, cy to log i cal and breed ing meth ods will en able fur ther prog ress in
the de vel op ment of new, more pro duc tive sugar beet ge no types. 

Key words: anisoploid, breed ing, sugar beet, dip loid, hy brid va ri et ies, triploid.

In tro duc tion

Suc cess in breed ing of all crops in clud ing sugar beet is as so ci ated with the avail abil ity of ge -
netic vari abil ity in the ini tial breed ing ma te rial and ef fec tive breed ing tech niques for iden ti fi ca -
tion and se lec tion of su pe rior ge no types.

Sugar beet is rec og nized as the first crop whose de vel op ment has been based solely on a
mod ern un der stand ing of ge net ics. Its pres ent sta tus is the re sult of sci en tif i cally based se lec tion
dur ing the nine teenth and twen ti eth cen tu ries, an en deavor that has cap i tal ized on most of the
afore men tioned sci en tific ad vances (Biancardi, 2004; Kova~ev et al., 2008).

Re sults achieved in the fun da men tal ge net ics of sugar beet have con trib uted di rectly to the
im proved yield po ten tial and changed ge netic con sti tu tion of com mer cial cultivars. Changes in
the ge netic con sti tu tion of com mer cial cultivars and in creases in yield po ten tial over the last
seven de cades have been more fre quent in sugar beet than in the other crops (Ta ble 1).

Tab.1. Dis tri bu tion of sugar beet root yield in dif fer ent pe ri ods

Yield
 t/ha

1955-1964
diploid

multigerm

1965-1974
anisoploid
multigerm

1975-1984
monogerm

triploid

1985-1994
monogerm

triploid

1995-2004
monogerm

triploid

2005-2007
monogerm

diploid

10.1-20.0 +

20.1-30.0 ++++++ ++ ++++

30.1-40.0 +++ +++++++ +++ +++

40.1-50.0 +++
+++++++++

+
+++++ +++ ++

50.1-60.0 +

His tor i cal re view of sugar beet breed ing in Ser bia

Sugar beet breed ing started in Ser bia in 1939 when a part of breed ing ma te rial and mod est
lab o ra tory equip ment was trans ferred from Belje (pres ently in the Re pub lic of Croatia) to the
De part ment for Ag ri cul tural Re search in Kru{evac. In the same year, a de ci sion was made to for -
ward the sugar beet breed ing pro gram to Aleksinac. Fol low ing the in crease of the na tional sugar
beet acre age, the Fed eral De part ment for Sugar Beet Breed ing was es tab lished in Crvenka in
1946/47. The De part ment was closed down in 1959 and the breed ing ma te rial, staff and equip -
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ment were moved to the In sti tute of Ag ri cul tural Re search in Novi Sad. From that time on, ge -
netic and breed ing stud ies of sugar beet pro ceeded si mul ta neously and in de pend ently in two re -
search cen ters, Aleksinac and Novi Sad.

Sugar beet breed ing in Ser bia fol lowed in gen eral the trends of cultivar de vel op ment pur sued 
in Eu rope and else where in the world. Cultivars de vel oped in the two do mes tic breed ing cen ters
did not lag be hind the best for eign cultivars re gard ing their yield ca pac ity (Kova~ev, 1992). Timely
staff train ing and mon i tor ing of re search prog ress and achieve ments made in other coun tries re -
sulted in the ac cu mu la tion of knowl edge and rapid de vel op ment of do mes tic sugar beet cultivars
that were com pet i tive on the Ser bian and for eign mar kets (Kova~ev, 1996; Kova~ev et al., 2008).

The pres ence of healthy com pe ti tion, i.e. of lead ing Eu ro pean and mul ti na tional com pa -
nies on the do mes tic mar ket, has stim u lated the sugar beet breed ers in Ser bia. Co op er a tive work,
i.e. de vel op ment of joint cultivars and ex change of breed ing ma te rial with com pa nies from West
Eu rope and North Amer ica, has broad ened the ge netic ba sis of the adapted domestic material.

Fac tors that con trib uted to the changed ge netic con sti tu tion of the com mer cial cultivars 

Polyploidy

Knowl edge gath ered and en cour ag ing re sults achieved in the field of polyploidy with other
crops have led to the ap pli ca tion of polyploidy in sugar beets. Peto and Boys (1940), Smitrh et al.
(1979), and Kova~ev (1985) were first to dis cern that trip loids ob tained by cross ing dip loids and
tetraploids ex ceeded in their char ac ter is tics both par ents, which has re sulted in the in tro duc tion
in pro duc tion of anisoploid cultivars, which in turn in creased the pro duc tiv ity of sugar beet. In
Ser bia, de vel op ment of anisoploid cultivars of stan dard and sugar types has started si mul ta -
neously from the very beginning (Table 2).

Tab.2. Quan ti ta tive traits of multigrem anysoploid va ri et ies in two-year tri als

Variety
Root yield

t/ha

Sugar percentage

%

Sugar yield

t/ha

KW-Cercopoly

Hilleshog poly

Polanowici tri tetra

Maribo poly st.

Aleksinac poly-1

Novi Sad poly-2

55.5

59.4

57.9

57.4

56.5

56.2

17.25

15.89

17.35

16.71

17.14

17.33

9.56

9.45

10.05

9.82

9.68

9.75

Standard 51.0 16.94 8.64

Monogermity and male ste ril ity

Dis cov ery of monogermity in the USA led to the in tro duc tion of ge net i cally monogerm
cultivars of the anisoploid type in Ser bia in the late 1960s and the early 1970s. Af ter the dis cov ery
of cy to plas mic-nu clear male ste ril ity, these cultivars (Bosemark, 1977) were shortly sub sti tuted
by monogerm triploid hy brid cultivars (Table 3).

Tab.3. Quan ti ta tive traits of monogerm triploid sugar beet hy brid va ri et ies

Variety
Root yield Sugar content Sugar yield

t/ha rank % rank t/ha

Delta
Dana

Nomega
Al-trimona
Al-omona
NS-Hy-11

64.50
61.79
61.36
61.58
60.69
60.06

1
2
4
3
5
7

16.11
16.21
15.95
15.92
16.05
16.16

3
1
5
6
4
2

9.103
8.737
8.530
8.527
8.480
8.473

Standard 60.52 6 15.39 7 7.970
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Rhizomania

One in the im pres sive line of changes in ge netic con sti tu tion of sugar beet cultivars was
made be cause of the oc cur rence and rapid spread of rhizomania in all sugar beet-grow ing re -
gions. Among a num ber of re al is tic pos si bil i ties to con trol the dis ease, the most ef fi cient and eco -
nom i cally at trac tive one is the de vel op ment of tol er ant or re sis tant ge no types (Lewellen, 1995;
Kova~ev et al. 1997; Bioncaroli et al., 2002). In spite of their high pro duc tiv ity and ex cel lent quan -
ti ta tive char ac ter is tics, the monogerm triploid hy brid cultivars which had been de vel oped and
com mer cially grown in Ser bia had to be re placed by dip loid hy brid cultivars which were first tol -
er ant, and later on, resistant to the disease (Table 4).

Tab.4. Quan ti ta tive traits of monogerm va ri et ies tol er ant and re sis tant to rhizomania in three-year field tri als

Variety
Root yield

t/ha
Sugar content

%
Sugar yield

t/ha

Sara 77.0 14.7 11.3

Lara 75.6 15.1 11.4

Drena 77.6 14.8 11.5

Darija 76.9 14.5 11.2

Irina 81.3 14.1 11.5

Mara 67.3 13.6 9.2

St. susceptible (R) 75.8 14.5 10.9

St. resistant (S) 64.5 13.7 8.8

Re sults and fur ther ac tiv i ties 

The great est value and the re sult that makes a breeder proud is a newly de vel oped ge no -
type. The large num ber of sugar beet cultivars de vel oped in Ser bia and com mer cially grown in
the coun try and abroad is con sid ered as a sig nif i cant sci en tific achieve ment (Table 5).

Tab.5.Sugar beet hy brids and va ri et ies ap proved in Ser bia and abroad

Varieties

Approved varieties

Institute of Field and
Vegetable Crops

«Selekcija» Aleksinac

Serbia Abroad Serbia Abroad

Diploid multigerm population 2 - 1 -

Anizoploid multigerm varieties 4 - 3 -

Diploid monogerm population - - - -

Anizoploid monogerm varieties 1 - 4 -

Monogerm triploid hybrid varieties 20 6 42 1

Monogerm diploid hybrid varieties 6 11 3 -

Total 33 17 53 1

Al though the pro duc tion of sugar beet and sugar is pres ently pass ing through a dif fi cult pe -
riod in Eu rope, breed ing pro grams on this most in ten sive in dus trial crop are still in prog ress in
Ser bia, un for tu nately, only at In sti tute of Field and Veg e ta ble Crops in Novi Sad.

Monogerm hy brid cultivars pos sess ing a high ge netic yield po ten tial and tri ple re sis tance
(Cercospora, Rhizomania, Rhizoctonia) will be de vel oped, of fi cially ap proved and of fered to
grow ers in near fu ture. The new gen er a tion of hy brid cultivars will also pos sess ge netic re sis tance
to nematodes.
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Con clu sion

In the course of al most sev enty years of sugar beet breed ing in Ser bia, in spite of fre quent
changes in the ge netic con sti tu tion of the com mer cial cultivars, the achieved re search re sults have 
con trib uted to a steady in crease of yield ing potentials.

Since not a sin gle crop has achieved its max i mum ge netic yield po ten tial, and if we take in
con sid er ation the past his tor i cal reg u lar i ties and the re cent prog ress in fun da men tal re searches, it 
seems rea son able to ex pect fur ther im prove ments in yield po ten tials and ma jor qual i ta tive and
quantitative characteristics.

Ref er ences
Biancardi, E., R.T. Lewellen, M. De Biaggi, A.W. Ericsen, and P. Stevanato (2002): The or i gin of rhizomania re sis tance 

in sugar beet. Euphytica 127:383-397.
Biancardi E., Campbel L. G. l,. Skaracis G.N., De Biaggi M. (2005): Ge net ics and Breed ing of Sugar Beet. Pub lished by

Sci ence Pub lish ers Inc., Enfield, NH, USA. 367.
Bosemark N.O. (1977): Use of men de lian male steriles in triploid hy brid-seed pro duc tion. Pro ceed ing lut. Inst. For

Sugar Beet Res. 271-287.
Kova~ev L, (1992): Sorta kao faktor pove}anja prinosa {e}erne repe. Zbornik radova Poljoprivredni fakultet i Institut

za ratarstvo i povrtarstvo, Novi Sad. 20, 193-201.
Kova~ev L., ^a~i} N., Mezei Sne`ana (1996): Oplemenjivanje {e}erne repe, stanje i perspektive. Zbornik radova i

Institut za ratarstvo i povrtarstvo, Novi Sad, 25, 93-98.
Kova~ev L., ^a~i} N., Mezei Sne`ana (1997): Mogu}nosti genetike, oplemenjivanja i geneti~kog in`enjeringa u

stvaranju otpornih genotipova {e}erne repe prema Rizomaniji. Zbornik radova, Institut za ratarstvo i
povrtarstvo, Novi Sad, 29, 485-493.

Kova~ev L., ^a~i} N., Sne`ana Mezei (2008): Pola veka oplemenjivanja {e}erne repe u Institutu za ratarstvo i
povrtarstvo. Zbornik radova, Institut za ratarstvo i povrtarstvo, Novi Sad. 45. I, 103-112.

Kova~ev, L., 1985 :Ispitivanje kombinacionih sposobnosti rotiteljskih komponenata i osobine F1 generacije
monogermnih triploidnih hibrida {e}erne repe. Doktorska disertacija..Poljoprivredni fakultet Novi Sad.

Lewellen R.T. (1995).Per for mance of near-isolines of sugarbeet with re sis tance to rhizomania from dif fer ent sources.
Proceding of IIRB Con gress, Beaune, France.58, 83-89.

Peto F.H., Boyes J.W. (1940): Comparasion of dip loid and triploid sugar beets. Canod J. Res. 18, 273-282.
Smitrh G.A., Hecker R.J. Mar tin S.S. (1979): Ef fect of ploidy level on com po nents of sugarbeet. Crop Sci. 19:319-323.

516

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



FORAGE QUALITY OF A NEW WINTER VETCH VARIETY ASKO 1 
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Ab stract

Dur ing the 2001-2004 pe riod in IFC-Pleven a three-fac tor field trial was car ried out by the
split plot method. The ob jec tive of the study was to de ter mine for age qual ity of the new va ri ety of
win ter vetch Asko 1 un der two fold re gime of har vest ing de pend ing on sow ing date (20-25 Sep -
tem ber, 5-10 Oc to ber and 20-25 Oc to ber), sow ing rate (180, 220 and 260 g.s. m-2) and
phenological stage of har vest ing of the plants of first cut (early bud ding, bud ding, early flow er ing
and flow er ing). The sec ond cut was har vested at the phenological stage of pod for ma tion. The re -
sults showed that dy nam ics in crude pro tein con tent of first cut was strongly neg a tive from the
phenological stage of early bud ding to later har vest ing stages. There was a ten dency to a slight in -
crease in the crude pro tein val ues from first (254.2 g kg-1) to third sow ing date (256.3 g kg-1) and
from the low est sow ing rate (254.6 g kg-1) to the high est one (256.3 g kg-1). Al though the plants
from the sec ond ary growth were har vested at the same phenological stage (pod for ma tion), those 
of them, the first cut of which had been har vested at the stages of bud ding and flow er ing had 2.2
and 7.2% lower crude pro tein con tent, as com pared to those, the first cut of which had been har -
vested at the stage of early bud ding (179.7 g kg-1). Crude fi ber con tent in above-ground bio mass
of first cut was mainly de ter mined by the har vest ing stage and to a smaller de gree by the sow ing
date. The later sow ing dates were char ac ter ized on av er age by 2.3% lower crude fi ber con tent as
against first date. In com par i son with the har vest ing at the stage of early bud ding, the vetch cut -
ting at the later stages of bud ding and early flow er ing re sulted in higher crude fi ber con tent in the
plants from the sec ond cut ting at the stage of pod for ma tion on av er age by 1.0 and 4.3%.

Key words: for age, qual ity, two fold har vest ing, win ter vetch.

In tro duc tion

One of the un doubt edly sig nif i cant con tri bu tions of Bul gar ian breed ing in the past years
was the de vel op ment of the first va ri ety of win ter vetch Asko 1. It has been de vel oped by the
method of con tin u ous in di vid ual se lec tion from an ini tial pop u la tion that in cluded vetch es be -
long ing to dif fer ent spe cies: Vicia villosa Roth., Vicia pannonica var. typi, Vicia pannonica
var.pubescens and Vicia sativa L. Ac cord ing to sys tem atic be long ing, Asko 1 is re lated to spe cies V. 
villosa and is a typ i cal rep re sen ta tive of win ter vetch va ri et ies grown for green mass. Its high pro -
duc tiv ity (45-50 t ha-1 green mass) is also com bined with high crude pro tein con tent in veg e ta tive
mass (21-23%) and grain (30-33% ) (Tsvetkov et al., 2005.

Ac cord ing to data of Kostov & Pav lov (1999), win ter vetch of spe cies Vicia villosa (Roth.)
can form a sec ond cut when sown ear lier. The use of bi o log i cal po ten ti al i ties of win ter vetch for
sec ond ary growth af ter cut ting is of great im por tance to in crease the pro duc tion quan tity per unit
area from this crop (Kertikov, 2002). The re sults of a study in our coun try showed that two fold
har vest ing of win ter vetch for for age is a pos si ble cul tural mea sure (Kertikov & Georgieva, 2008). 
In ad di tion to the pro duced quan tity, the qual ity is also very im por tant (Orak, 2000), as well as
the ne ces sity to eval u ate this qual ity (Bux ton, 1996).

The ob jec tive of this study was to de ter mine the chem i cal com po si tion of for age un der two -
fold har vest ing re gime of win ter vetch sown at dif fer ent sow ing dates and rates.

Ma te ri als and Meth ods

The study was con ducted dur ing the 2001-2004 pe riod in IFC, Pleven by the split plot
method. Soil sub type is leached cher nozem and grow ing con di tions were nonirrigated. Win ter
vetch va ri ety Asko 1 was used. Phos pho rus and po tas sium fer til iz ers were ap plied be fore ba sic
soil cul ti va tion and ni tro gen in early spring at the dose of N80P60K40 kg ha-1. Sowing was con -
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ducted at three cal en dar dates: 20-25 Sep tem ber, 5-10 Oc to ber and 20-25 Oc to ber at three sow -
ing rates: 180, 220 and 260 g.s. m-2. The first cut was har vested at 15-cm height at the fol low ing
phenological stages of vetch de vel op ment: early bud ding, bud ding, early flow er ing and flow er -
ing. The sec ond cut was taken at the phenological stage of full pod for ma tion (formed grain in
lower pods). Sam ples of dry above-ground bio mass were an a lyzed by us ing an av er aged sam ple
af ter mix ing. Con tent of to tal ni tro gen was de ter mined by the Kjeldal method (the crude pro -
tein was cal cu lated by the for mula: CP = to tal N x 6.25); crude fi ber by the Weende method;
phos pho rus colorimetrically by a hydroquinone method and cal cium complexometrically
(Sandev, 1979).

Re sults and Dis cus sion

The re sult anal y sis in Ta ble 1 shows pro nounced dy nam ics in the crude pro tein con tent in
ab so lute dry mass de pend ing on phenological stage of har vest ing of first cut. At the stage of early
bud ding this con tent was high est - 272.7 g kg-1. The win ter vetch har vest ing at later stages of its
de vel op ment (bud ding, early flow er ing and flow er ing) re sulted in a de crease in crude pro tein
con tent by 4.0, 8.8 and 12.6%. The sow ing date and rate, as fac tors, also ex erted an in flu ence on
chem i cal com po si tion. There was a ten dency to a slight in crease in the crude pro tein val ues from
first (254.2 g kg-1) to third sow ing date (256.3 g kg-1) and from the low est sow ing rate (254.6 g kg-1) 
to the high est one (256.3 g kg-1). Other au thors also re ported an in creased pro tein con cen tra tion
in the bio mass of win ter ing pea sown at later sow ing dates (Petkova, 2005).

Sec ond ary plant growth was ob served only when cut ting at the stages of early bud ding,
bud ding and early flow er ing. When har vest ing at the flow er ing stage, sec ond ary growth was not
re corded, which was prob a bly due to the be gin ning sum mer drought ac com pa nied by high at mo -
spheric tem per a tures and low air hu mid ity. The dif fer ences in the crude pro tein con tent of the
plants from sec ond ary growth var ied within much nar rower lim its, as com pared to those for first
cut. Al though the plants from the sec ond ary growth were har vested at the same phenological
stage (pod for ma tion), those of them, the first cut of which had been har vested at the stages of
bud ding and flow er ing had 2.2 and 7.2% lower crude pro tein con tent, as com pared to those, the
first cut of which had been har vested at the stage of early bud ding (179.7 g kg-1).

Crude fi ber con tent in above-ground bio mass of first cut var ied from 185.8 to 238.6 g kg-1,
be ing mainly de ter mined by the har vest ing stage and to a smaller de gree by the sow ing date. The
crude fi ber con tent was low est in vetch har vested at the stage of early bud ding. With ad vance of
crop veg e ta tion and in crease of its bio mass pa ram e ters, the crude fi ber con tent in creased by 2.9,
8.8 and 13.8% at bud ding, early flow er ing and flow er ing, re spec tively. The later sow ing dates
were char ac ter ized on av er age by 2.3% lower crude fi ber con tent, as com pared to the first date,
which con firmed the vari a tion in plant chimism as a re sult of change in grow ing sea son du ra tion
found by Vavilov (1966)

The crude fi ber con tent in sec ond cut var ied con sid er ably more slightly: from 242.2 to 278.7
g kg-1. In com par i son with the har vest ing at the stage of early bud ding, the vetch cut ting at the
later stages of bud ding and early flow er ing re sulted in higher crude fi ber con tent for the sec ond
cut ting at the stage of pod for ma tion on av er age by 1.0 and 4.3%. Un der the in flu ence of the sow -
ing date fac tor, there was uni di rec tional vari a tion in the con tent of crude pro tein and crude fi ber
in the dry mass of sec ond cut, but in the op po site di rec tion in con trast to that of first cut.

Ma jor nu tri ent con tent in for age is also an im por tant in di ca tor of its value. Ac cord ing to
data of Pav lov (1996), the vetch bio mass is dis tin guished for an in creased con cen tra tion of cal -
cium and phos pho rus. In the con di tions of first cut, the cal cium con tent in creased from the first
(12.0 g kg-1) to the last har vest ing stage (13.7 g kg-1) and the vari a tion in phos pho rus con tent
showed an op po site ten dency. With re gard to the fac tors of sow ing date and rate, the dif fer ences
be tween the vari ants were small and not uni di rec tional.

In the plants of sec ond ary growth the quan tity of the two ma jor nu tri ents var ied within nar -
row lim its and it was dif fi cult to find clear and reg u lar vari a tion de pend ing on the stud ied cul tural
fac tors.
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Ta ble 1. Chem i cal com po si tion of above-ground mass har vested from first and sec ond cut of win ter
vetch, g kg-1 dry mass

Sowing
date

Sowing
rate

Havesting
stage of 1st cut

First cut Second cut

crude
protein

crude
fiber

calcium
phos-

phorus
crude

protein
crude
fiber

calcium
phos-

phorus

r
e

b
m

et
p

e
S 

5
2-

0
2

180 g.s.

early budding 263.9 207.3 12.0 4.0 184.2 244.7 11.8 3.7

budding 259.8 223.0 12.0 3.5 184.7 242.2 11.2 4.0

early flowering 256.6 223.0 12.3 3.4 165.3 262.7 14.4 3.1

flowering 232.8 223.3 12.6 3.2 -* -* -* -*

220 g.s.

early budding 273.o 200.9 12.7 4.0 189.1 243.0 11.8 3.0

budding 271.0 205.4 13.7 3.7 185.5 249.2 10.7 2.7

early flowering 244.2 212.5 13.3 3.2 174.4 255.0 11.5 2.7

flowering 232.2 220.0 14.2 3.2 -* -* -* -*

260 g.s.

early budding 263.5 201.9 12.4 4.1 181.9 246.8 12.9 3.9

budding 263.3 202.2 13.2 3.3 184.2 257.0 11.8 3.1

early flowering 248.6 228.3 14.9 3.8 175.3 267.8 13.2 3.8

flowering 241.4 238.6 14.6 2.9 -* -* -* -*

r
e

b
otc

O 
0

1-
5

180 g.s.

early budding 270.1 209.8 10.7 4.4 180.1 268.0 12.9 3.9

budding 266.6 201.6 10.7 4.4 170.9 244.6 8.9 3.1

early flowering 244.5 224.4 11.0 4.1 169.5 267.8 12.8 3.8

flowering 236.5 226.4 12.4 4.0 -* -* -* -*

220 g.s.

early budding 273.6 185.8 10.4 4.6 181.5 260.7 13.0 3.9

budding 271.7 195.0 13.1 4.2 176.3 278.0 13.2 3.7

early flowering 244.0 211.5 13.4 3.6 162.4 278.7 13.5 3.6

flowering 231.9 224.5 13.7 3.4 -* -* -* -*

260 g.s.

early budding 277.9 205.9 10.6 4.3 178.1 265.2 12.4 2.7

budding 257.4 206.7 12.5 3.6 169.0 256.2 12.6 5.3

early flowering 250.4 213.7 13.8 3.9 164.1 257.4 11.6 4.2

flowering 243.7 225.7 14.7 3.7 -* -* -* -*

r
e

b
otc

O 
5

2-
0

2

180 g.s.

early budding 277.2 201.0 12.1 3.9 172.0 245.2 13.7 2.8

budding 260.4 205.2 13.1 3.8 166.3 262.4 14.5 2.3

early flowering 250.7 210.6 13.2 3.8 156.4 258.4 12.9 4.5

flowering 236.4 229.3 13.2 3.6 -* -* -* -*

220 g.s.

early budding 277.4 186.0 13.2 3.8 174.0 253.7 13.8 2.0

budding 253.2 203.4 13.5 3.8 170.0 255.8 11.0 4.4

early flowering 250.5 217.5 12.3 3.2 165.5 261.9 12.8 3.8

flowering 240.5 228.0 13.5 3.2 -* -* -* -*

260 g.s.

early budding 277.8 196.9 13.7 4.0 176.6 249.6 14.5 2.2

budding 253.1 204.2 14.6 3.8 174.5 254.4 15.06 2.2

early flowering 249.1 212.6 14.7 3.5 167.3 266.4 13.70 3.6

flowering 248.9 228.2 14.7 3.2 -* -* -* -*

* - sec ond cut was not ob tained at the flow er ing stage

Con clu sions

Dy nam ics in crude pro tein con tent of first cut was strongly neg a tive from the phenological
stage of early bud ding to later har vest ing stages. There was a ten dency to a slight in crease in the
crude pro tein val ues from first (254.2 g kg-1) to third sow ing date (256.3 g kg-1) and from the low -
est sow ing rate (254.6 g kg-1) to the high est one (256.3 g kg-1). Al though the plants from the sec -
ond ary growth were har vested at the same phenological stage (pod for ma tion), those of them, the 
first cut of which had been har vested at the stages of bud ding and flow er ing had 2.2 and 7.2%
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lower crude pro tein con tent, as com pared to those, the first cut of which had been har vested at
the stage of early bud ding (179.7 g kg-1).

Crude fi ber con tent in above-ground bio mass of first cut was mainly de ter mined by the har -
vest ing stage and to a smaller de gree by the sow ing date. The later sow ing dates were char ac ter -
ized on av er age by 2.3% lower crude fi ber con tent as against first date. In com par i son with the
har vest ing at the stage of early bud ding, the vetch cut ting at the later stages of bud ding and early
flow er ing re sulted in higher crude fi ber con tent in the plants from the sec ond cut ting at the stage
of pod for ma tion on average by 1.0 and 4.3%.

In the con di tions of first cut the con tent of cal cium and phos pho rus was de ter mined only by 
the phenological stage of har vest ing. In the plants of sec ond ary growth the quan tity of the two
ma jor nu tri ents var ied within nar row lim its and it was dif fi cult to find clear and reg u lar vari a tion
de pend ing on the studied cultural factors.
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INFLUENCE OF ROASTING ON OXIDATIVE STABILITY 
OF NAKED OLINKA VARIETY PUMPKIN SEED OIL

Etelka Dimi}1, Ranko Romani}1, Vesna Vujasinovi}2, Jano{ Berenji3
1University of Novi Sad, Fac ulty of Tech nol ogy, Bulevar cara Lazara 1, 21000 Novi Sad, Ser bia

2AD “Vi tal” Oil and Fat In dus try, Mar{ala Tita 1, 21460 Vrbas, Ser bia
3Institute of Field and Veg e ta ble Crops, 30 Maksim Gorki St. 21000, Novi Sad, Ser bia

E-mail: edimic@uns.ns.ac.yu

Ab stract

Pump kin seed oil is a fa vour able gour met oil in a num ber of Eu ro pean coun tries due to its
spe cific rich aroma. It is char ac ter ized by red dish or dark green ish color and very pleas ant fla vor.
This kind of oil is con sid ered as one of the most qual ity salad oils hav ing out stand ing nu tri tive and 
phar ma ceu ti cal char ac ter is tics and good ox i da tive sta bil ity. The oil is pro duced only by press ing
(screw or hy drau lic press) mostly of na ked (hull-less) pump kin seed. The aim of the work was to
in ves ti gate the in flu ence of roast ing of na ked Olinka va ri ety pump kin seed on ox i da tive sta bil ity
of cold pressed and vir gin oil. Oil was ob tained from dried-raw and roasted seed by press ing on
screw press. The ob tained re sults pointed to sig nif i cant changes of nonglyceride mi nor oil com po -
nents con tent, as the re sult of seed roast ing be fore the press ing pro cess. The phosphatides con -
tent in oil ob tained from roasted seed is very high, 2933 mg kg-1, while in cold pressed oil it is 45.75 
mg kg-1. The ther mal treat ment also re sulted in in crease of to tal to coph erols, and their con tent
was 1236 mg kg-1 and 883 mg kg-1, in vir gin and cold pressed oil, re spec tively. The change of
micro nut ri ents con tent is in di rect cor re la tion with oil sta bil ity. The in duc tion pe riod of vir gin oil
at 100°C is by 81,4 % lon ger, 31.2 hours, com pared to oil ob tained from non-roasted seed, 17.2
hours. How ever, roast ing of seed caused the in crease of pri mary and sec ond ary ox i da tive prod -
ucts con tent. The Totox value of vir gin and cold pressed oil was 9.41 and 3.71, re spec tively.

Key words: in duc tion pe riod, phosphatides, pump kin seed oil, roast ing, to coph erols

In tro duc tion

Pump kin seed oil (Cucurbita pepo L.) be longs to the group of oils of high nu tri tive value due 
to fa vour able fatty acid com po si tion and dif fer ent mi nor com po nents hav ing cer tain pos i tive ef -
fects in the hu man or gan ism, act ing: anti-in flam ma tory, di uret i cally, antimicrobic, block ing free
rad i cals, less ens the neg a tive symp toms in case of be nign hy per pla sia of pros tate, act ben e fi ciary
on car dio vas cu lar sys tem etc. (Dimi} et al., 2006, Sabo et al., 2006, Fruhwirt & Hermetter, 2007).
Harwart & Bedo (1988) have found that the in ci dence of hy per ten sion, aterosclerosis and hy per -
tro phy of pros tate is de creased in men con sum ing this oil. Al-Zuhair et al. (1977) proved that the
harm ful ef fects of drugs are smaller, when pump kin seed oil is used in com bi na tion with drugs de -
creas ing cho les terol level in se rum.

Be sides the men tioned, very pos i tively ac cepted nu tri tive/phar ma co log i cal prop er ties,
pump kin seed oil is char ac ter ized by spe cific sen sory char ac ter is tics, color and fla vour in the first
place, dif fer ing to a great ex tent from other ed ible oils (Vuk{a et al., 2003, Dimi} et al., 2003). The
high sta bil ity of pump kin seed oil is also well known (O{tric-Matija{evi} et al., 1972, Murkovi} &
Pfannhauser, 2000, Dimi}, 2005).

Pump kin seed oil is a spe cial oil of re gional char ac ter of south east part of Eu rope, pro -
duced by press ing only. Seed is also pro cessed in smaller plants to day, as the pro cess ing re quires a 
spe cific tech no log i cal pro cess in or der to ob tain cer tain oil qual ity (Romani} et al., 2008). This
kind of oil can be found at the mar ket as cold pressed and vir gin oil. Vir gin oil is ob tained by
press ing on hy drau lic presses of seeds pre vi ously roasted at 100 oC to 130 oC. Cold pressed pump -
kin seed oil is ob tained by di rect press ing of raw-dried seed, mostly of hull-less pump kin seed, on
con tin u ous screw presses.

Since pump kin seed oil can be pro duced in two ways, i.e. from raw or roasted seed, the aim
of this work was to in ves ti gate the in flu ence of roast ing on qual ity char ac ter is tics and ox i da tive
sta bil ity of cold pressed and vir gin oil.
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Ma te ri als and meth ods

Oil sam ples were ob tained by pro cess ing na ked Olinka va ri ety pump kin seed Cucurbita
pepo L., har vested in 2007, stored with about 8% of mois ture.

Cold pressed oil was ob tained by press ing dried-raw seed on 8 kg/h ca pac ity screw press.
Vir gin oil was ob tained by press ing of heat treated seed on the same screw press. Be fore oil

ex trac tion, seed was roasted at 120oC for 40 min. In both cases oil sam ples were kept for two days
at room tem per a ture to en able the sep a ra tion of sus pended par ti cles, and fil tered on the fil ter
press.

Stan dard meth ods were used for the de ter mi na tion of pa ram e ters of chem i cal and nu tri tive 
oil qual ity: acid value – SRPS ISO 660:2000, per ox ide value - SRPS ISO 3960:2001, anisidine
value – SRPS ISO 6885:2003. The Totox value was cal cu lated (2PV+AV), fatty acid com po si tion
- SRPS EN ISO 5509:2007 and SRPS ISO 5508:2002, to tal to coph erols con tent (Dimi} &
Turkulov, 2000), phospholipids - AOCS Ca 12-55:1986, unsaponifiable mat ters - SRPS ISO
18609:2003 and R- value on the ba sis of spe cific absorbances - SRPS EN ISO 3656:2008.

Schaal-oven test (per ox ide value af ter 96 hours at 63±2 °C) (Dimi} & Turkulov, 2000) and
Rancimat test (in duc tion pe riod at 100°C and air flow 18-20 l/h) - ISO 6886:1996, were used for
the in ves ti ga tion of ox i da tive oil stability.

Re sults and dis cus sion

Oleic and linoleic ac ids are dom i nat ing in pump kin seed oil (Ta ble 1), with the sum rang ing
83–84%. The ra tio of un sat u rated fatty ac ids is by about 5 times higher com pared to sat u rated
ones. The fatty acid pro file of both oils is very sim i lar, show ing that the roast ing has no ef fect sig -
nif i cantly on the fatty acid composition.

Ta ble 1. Chem i cal com po si tion and nu tri tive value of cold pressed and vir gin na ked pump kin seed oil

Quality characteristics Cold pressed oil Virgin oil

Fatty acid composition (w% of total FA)
C 16:0
C 18:0
C 18:1
C 18:2
C 18:3
å saturated
å unsaturated
Ratio unsaturated/saturated

11.45
5.15
39.86
43.40
traces
16.60
83.26
5.07

10.68
4.78
42.54
41.07
traces
15.46
83.61
5.41

Unsaponifiable matters (g kg-1) 6.7 7.6

Total tocopherols (mg kg-1) 883 1236

Total phospholipids (mg kg-1) 34 527

Acid value (mgKOH g-1) 0.38 0.97

Peroxide value (mmol kg-1) 0.99 0.84

The acid and per ox ide val ues point to very high qual ity of both oils, and the ob tained val ues 
are sig nif i cantly lower than the max i mal per mit ted val ues (Rulebook, 2006). How ever, the heat
treat ment fol lowed by cer tain mois ture con tent of the seed, for the ob tain ing of vir gin oil, caused
in crease of acid value, rep re sent ing 0.97 mgKOH g-1, while in cold pressed oil it is three times
lower, 0.38 mgKOH g-1.

The roast ing of seed af fected also the level of unsaponifiable mat ters in vir gin oil, re sult ing
in higher con tent of phospholipids and to coph erols, in the first place. The con tent of
phospholipids in vir gin oil (527 mg kg-1) is even 16 times higher com pared to cold pressed oil (34
mg kg-1), and the to coph erols con tent by 12.04 % (1236 mg kg-1) com pared to cold pressed oil
(883 mg kg-1). Murkovic et al. (2004) also found change of to coph erols con tent as the re sult of
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roast ing. Ac cord ing to their re sults, the con cen tra tion of vi ta min E, dur ing first 40 min. of roast -
ing de creased by 30%, and in creased fur ther to the end of the roast ing.

The re sults pre sented in Ta ble 2 show how, and to what ex tent, roast ing of seed, be fore
press ing, af fects the ox i da tive sta tus and oil sta bil ity. Due to seed roast ing, the sec ond ary ox i da -
tion prod ucts ac cu mu lated in oil, re sult ing in sig nif i cant in crease of anisidine value, by 7.73 in vir -
gin oil and only 1.73 in cold pressed oil.

Ta ble 2. Ox i da tive sta bil ity of cold pressed and vir gin oil of na ked pump kin seed

Characteristic Cold pressed oil Virgin oil

Peroxide value (mmol kg-1) 0.99 0.84

Anisidine value (100A1%350 nm) 1.73 7.73

Totox (2PV+ AV) 3.71 9.41

Specific absorbances:
A1%232 nm 
A1%270 nm

R - value

7.30
1.36
5.37

9.80
4.10
2.39

Schaal -Oven test 
Peroxide value (mmol kg-1)
(after 96 hours at 63±2°C)

6.55 5.90

Rancimat test at 100°C
Induction period (hours)

17.20 31.20

How ever, re gard less the higher ox i da tion level of ini tial oil, the sta bil ity of vir gin oil at
100°C was sig nif i cantly better; the in duc tion pe riod was 31.2 hours, and by 81.4% higher com -
pared to cold pressed oil, hav ing in duc tion pe riod 17.2 hours. Ac cord ing to lit er a ture data, dur ing 
roast ing of pump kin seed, the con cen tra tion of prod ucts of Strecker deg ra da tion prod ucts, lipid
peroxidation and Maillard´s re ac tions is chang ing sig nif i cantly (Siegmund & Murkovic, 2004).
The prod ucts of Maillard´s re ac tions and to coph erols can have syn er gis tic ef fect thus con trib ut -
ing to better sta bil ity (Kamal-Eldin, 2006). Ac cord ing to Lon~ar et al. (2007) sig nif i cantly higher
amounts of free phe no lic ac ids and to tal phe nols were found in hull-less pump kin seed ex posed to 
heat and mi cro waves, com pared to the non-roasted seed. The dif fer ence of ox i da tive sta bil ity of
the in ves ti gated oil sam ples at lower tem per a tures is sig nif i cantly smaller. Namely, the per ox ide
value af ter 4 days at 63±2 °C was 5.90 in vir gin oil, and 6.55 mmol kg-1 in cold pressed oil.

Con clu sions

The in ves ti ga tion re sults have shown that seed roast ing be fore oil sep a ra tion af fects the
qual ity and sta bil ity. The vir gin oil has sig nif i cantly higher con tent of to coph erols and
phospholipids, how ever, at the same time, higher con tent of sec ond ary ox i da tion prod ucts as
well. The ox i da tive sta bil ity of the in ves ti gated oil sam ples is also dif fer ent, de pend ing on in ves ti -
ga tion tem per a ture. The ox i da tive sta bil ity of vir gin oil is better at higher tem per a tures, whereas
the ox i da tive sta bil ity of both kinds of oils is rather the same at lower temperatures.

Ac knowl edge ments

The re sults pre sented in the pa per are a part of in ves ti ga tions fi nan cially sup ported by the
Min is try of sci ence and tech no log i cal de vel op ment of Re pub lic of Ser bia; pro ject No 20089 - „Im -
prove ment of sortiment, pro duc tion and pri mary pro cess ing of na ked pumpkin seed and
marigold“.
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OXIDATIVE STABILITY OF OLEIC SUNFLOWER KERNEL 
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Ab stract

New hy brids of oil seed were formed as the re sult of ge netic en gi neer ing and breed ing, with
al tered fatty acid pro file, e.g. dif fer ent con tent of oleic acid in the first place, aim ing to in crease
the oil sta bil ity. Oleic type sun flower hy brids, i.e. high- and me dium oleic types are cho sen as
most im por tant ones for oil seed enobling, on the ba sis of de mands from the mar ket and nu tri tion -
ists. Sun flower ker nel is used in the pro duc tion of a num ber of food prod ucts, en rich ing the prod -
ucts with pro teins, es sen tial fatty ac ids, nat u ral vi ta min E and other im por tant micro nut ri ents.
The in flu ence of roast ing on ox i da tive sta bil ity of sun flower ker nel was in ves ti gated in the scope
of this work. The ex per i ments in cluded: a) hy brids with high oleic acid con tent (74.80 to 89.40%)
and al tered to coph erols com po si tion (about 50% á- and 50% b-iso mer) and b) stan dard hy brid
NS-OLIVKO (74.82% of oleic acid and 97% á-to coph erols). The ox i da tive sta bil ity of raw and
roasted ker nel of these hy brids was com pared with linoleic type hy brid NS-H-45. A good pos i tive
cor re la tion was found be tween the con tent of oleic acid and ox i da tive sta bil ity. The higher oleic
acid con tent af fected also lower val ues of per ox ide and anisidine of roasted ker nel. The ox i da tive
sta bil ity of high-oleic sun flower ker nel is sig nif i cantly higher com pared to stan dard linoleic type
ker nel, about 16 times in raw, and even about 22 times in roasted ker nel.

Key words: oleic sun flower ker nel, ox i da tive sta bil ity, roast ing, tocopherol com po si tion.

In tro duc tion

In the pro duc tion and pro cess ing of both high-oil and con fec tion ery sun flow ers, the most
rep re sented are the hy brids with high con tent of linoleic acid, about 65%, and dom i nant
a-tocopherol, above 95% (Ku~ et al., 2003; Dimi}, 2005). Due to com po si tion, the nu tri tive value
of oils of stan dard hy brids is very high, how ever, at the same time the oil is very sus cep ti ble to ox i -
da tive pro cesses and is of low ox i da tive sta bil ity. Aim ing to im prove the sta bil ity, ap ply ing nat u -
ral se lec tion and breed ing, new hy brids were pro duced with changed fatty acid com po si tion, i.e.
sig nif i cantly higher oleic acid con tent, over 80% (even to 90%), and at the same time, the con tent
of linoleic acid is de creased (Dimi}, 2005; Grompone, 2005).

The lat est ef forts of sun flower breed ers were to change the to coph erols com po si tion (be -
sides the mod i fi ca tion of fatty acid pro file), e.g. in crease the por tion of b- i g-tokopherols, aim ing
to in crease the ox i da tive sta bil ity of oil ([kori} et al., 2002; [kori} et al., 2006).

Re gard ing the to tal world pro duc tion, the stan dard sun flower hy brids are still dom i nat ing.
How ever, the high-oleic and/or me dium oleic sun flower types are pre dom i nant in France, USA
and Spain, whereas in Hun gary, Ukraina, Ro ma nia and Ar gen tina their pro duc tion is sig nif i -
cantly de creas ing (Dozet & Vukovi}, 2007). The pro duc tion of sun flower hy brids with high oleic
acid con tent in our coun try is among first in Eu rope. The most pop u lar is NS-OLIVKO ([kori} et 
al., 1994).

Sun flower is pro duced as oil crop, in the first place, i.e. for ed ible oil pro duc tion, how ever,
sun flower ker nel is widely used in bak ery and con fec tion ery in dus try, as ad di tion to dif fer ent
food, or con sumed as such, both as raw or roasted (Pajin & Jovanovi}, 2003). As the oil con tent of
sun flower ker nel is high, both of oil and pro tein types, the sta bil ity is of spe cial im por tance. The
dehulled seed i.e. ker nel is very sus cep ti ble to ox i da tive changes, re sult ing in worse sen sory char -
ac ter is tics, ac cu mu la tion of harm ful ox i da tion prod ucts – free rad i cals and oth ers (Dimi} et al.,
2006). Nu tri tion in clud ing oils rich in oleic acid (known as the mediteranian nu tri tion) is con -
nected with lower risk of car dio vas cu lar dis or ders. The por tion of free rad i cals formed dur ing ox -
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i da tion is sig nif i cantly higher in oils con tain ing more poly un sat u rated fatty ac ids com pared to
monounsaturated oleic acid (Holló et al., 1998; Lep{anovi} & Lep{anovi}, 2000).

The aim of this work was to in ves ti gate the in flu ence of roast ing on ox i da tive state and sta -
bil ity of high-oleic type sun flower ker nel with al tered to coph erols com po si tion. The re sults are
com pared to ox i da tive state and sta bil ity of raw and roasted ker nel of stan dard high-oleic hy brid
NS-OLIVKO and linoleic type hy brid NH-H-45.

Ma te ri als and Meth ods

Ab so lutely clean and sound, raw and roasted ker nel of 5 new ex per i men tal oleic type sun -
flower hy brids with al tered tocopherol com po si tion was used: NS-H-OL-1, NS-H-OL-2,
NS-H-2033, NS-H-2034 and NS-H-2072. The ker nels of stan dard high-oleic hy brid NS-OLIVKO
and of high-oil linoleic type hy brid NS-H-45 were also used for com par i son. The oleic acid con -
tent and tocopherol con tent and com po si tion of the in ves ti gated hy brids are given in Table 1.

Ta ble 1. Con tent of oleic acid and tocopherol con tent and com po si tion of sun flower hy brids

Hybrid
Oleic acid 

content (%)

Tocopherol content and composition (mg kg-1)

Total a-tocopherol b-tocopherol

NS-H-OL-1 88.20 775 428 344

NS-H-OL-2 89.40 543 270 273

NS-H-2033 83.70 822 452 370

NS-H-2034 74.80 531 223 308

NS-H-2072 77.80 565 264 311

NS-OLIVKO 74.82 789 765 24

NS-H-45 21.32 879 863 16

The heat treat ment was per formed by dry roast ing of 50 g layer of ker nels, in oven, on a
static plain sur face, with out stir ring. The ker nels were roasted at 180 °C - 190 °C, for 10 min
(mildly roasted ker nels), i.e. 20 min (strongly roasted ker nel).

Per ox ide value (PV) and anisidine value (AV) of ker nel sam ples (Dimi} & Turkulov,
2000), were de ter mined by SRPS ISO 3960:2001 and SRPS ISO 6885:2003 meth ods, re spec tively.
The ox i da tion value (OV) was cal cu lated, OV=2PV+AV. The ox i da tive sta bil ity (in duc tion pe -
riod – IP) was de ter mined in the ground ker nel, us ing the Rancimat 617 ap pa ra tus, at 130 °C, and
air flow 18–20 l h-1 (ISO 6886:1996; Dimi} & Turkulov, 2000).

Re sults and Dis cus sion

Per ox ide value (PV). The per ox ide val ues (Ta ble 2) of raw ker nel of new hy brids are rang ing
from 0.29 mmol kg-1 to 0.80 mmol kg-1. The low est value was found in ker nel of NS-H-OL-2 hy -
brid, and the high est in NS-H-2072 hy brid. Gen er ally, all ob tained val ues are rel a tively low,
point ing to po ten tially better sta bil ity. Dur ing milder heat treat ment, i.e. shorter roast ing of raw
ker nel of ex per i men tal hy brids, the per ox ide value de creased due to de com pos ing of pri mary ox i -
da tion prod ucts. The more se vere the heat treat ment, i.e. lon ger roast ing, the more in ten si fied
pro cesses of ox i da tion and per ox ide de com po si tion (Dimi} et al., 2006). Re gard ing the per ox ide
val ues, the ker nel of hy brid NS-OLIVKO, both raw and heat-treated, was sim i lar to the ker nel of
ex per i men tal hy brids. The ker nel of stan dard hy brid NS-H-45 had the high est per ox ide value
com pared to all hy brids in ves ti gated, most prob a bly due to low oleic acid con tent, 21.32 % (Ta ble 
1). This hy brid is also char ac ter ized by high est ten dency of per ox ide value in crease, 1.33 mmol
kg-1 in raw , and 2.07 mmol kg-1 in strongly roasted ker nel (Ta ble 2).

Anisidine value (AV). In three raw ker nel sam ples of new hy brids and raw ker nels of
NS-OLIVKO and NS-H-45 hy brids, the anisidine value was 0.00 (Ta ble 2), as ex pected, as the
seed has not been ex posed to heat, and the ini tial per ox ide val ues are low, also. How ever, in
mildly roasted ker nel, due to ac cu mu la tion of sec ond ary ox i da tion prod ucts, the anisidine value
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in creased in all sam ples, the low est in crease was in hy brid NS-H-2072, 0.56, and the high est in hy -
brid NS-H-2034, 2.79 (Ta ble 2). In more roasted seed the anisidine value was even higher. This
means that lon ger roast ing re sults in higher ox i da tive state of all sam ples (Dimi} et al., 2006).

Ox i da tive value (OV). These val ues are in ac cor dance with the per ox ide and anisidine val ues. 
The high est ox i da tion val ues were found in more roasted ker nel, i.e. ker nel ex posed to heat for a
lon ger time, rang ing from 0.48 to 10.05 (Ta ble 2).

Ta ble 2. Pa ram e ters of ox i da tive state of raw and roasted sun flower ker nel

Hybrid

PV (mmol kg-1) AV (100A1%350 nm) OV=2PV+AV

raw
mildly
roasted

more
roasted

raw
mildly
roasted

more
roasted

raw
mildly
roasted

more
roasted

NS-H-OL-1 0.39 0.10 0.27 0.26 2.65 - 1.04 2.85 0.54

NS-H-OL-2 0.29 0.08 0.24 0.00 0.87 - 0.58 1.03 0.48

NS-H-2033 0.42 0.12 0.48 0.64 2.05 - 1.48 2.29 0.96

NS-H-2034 0.39 0.16 0.54 0.00 2.79 2.47 0.78 3.11 3.55

NS-H-2072 0.80 0.14 0.56 0.00 0.56 2.55 1.60 0.84 3.67

NS-OLIVKO 0.58 0.25 1.02 0.00 0.41 3.61 1.16 0.91 5.65

NS-H-45 1.33 1.16 2.07 0.00 2.53 5.91 2.66 4.85 10.05

Ox i da tive sta bil ity. The in duc tion pe riod of raw ker nel of ex per i men tal hy brids is rang ing
from 7.00 to 16.50 hrs. The low est value was found in hy brid NS-H-2034, and the high est in ker nel
of hy brid NS-H-OL-2. The in duc tion pe riod of raw ker nel of stan dard hy brids NS-OLIVKO and
NS-H-45 was 2.80 and 0.88 hrs, re spec tively (Ta ble 3). The lon ger the in duc tion pe riod, the better
the sta bil ity is. Com pared to raw ker nel, the sta bil ity of mildly roasted ker nel is better, i.e. the in -
duc tion pe riod is lon ger due to lower con tent of sec ond ary ox i da tion prod ucts, and to pres ence of 
prod ucts of Maillard’s re ac tions which are formed dur ing heat treat ment, and can act as an ti ox i -
dants (Pi}uri}-Jovanovi} & Milovanovi}, 2004; Dimi} et al., 2006).

Ta ble 3. Ox i da tive sta bil ity of raw and roasted sun flower ker nel

Hybrid
Rancimat test - Induction period (hrs)

raw mildly roasted more roasted

NS-H-OL-1 14.10 17.50 15.00

NS-H-OL-2 15.60 21.00 18.50

NS-H-2033 13.80 11.20 8.13

NS-H-2034 7.00 7.60 4.95

NS-H-2072 9.05 8.80 8.00

NS-OLIVKO 2.80 4.20 2.95

NS-H-45 0.88 0.75 1.10

The in duc tion pe riod of ker nel, roasted for a lon ger time at higher tem per a tures, is lower
and the sta bil ity poorer due to higher con tent of sec ond ary ox i da tion prod ucts which act
prooxidatively.

The high oleic acid con tent of new ex per i men tal hy brids, 74.80-89.40%, and the high por -
tion of b-iso mers in to tal to coph erols, 44-58%, af fect sig nif i cantly the in duc tion pe riod i.e. sta bil -
ity ([kori} et al., 2006). The hy brid NS-OLIVKO con tains 74.82% of oleic acid, but the por tion of 
b-iso mers is only 3%, while the oleic acid con tent of hy brid NS-H-45 is sig nif i cantly lower,
21.32%, and the por tion of b-iso mers is less than 2% (Ta ble 1).
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Con clu sions

The heat treat ment of ker nels re sulted in poorer ox i da tive state in all hy brids, less in mildly
roasted ker nel, while the changes are more ex pressed in strongly roasted ker nel due to lon ger in -
flu ence of high tem per a tures. The sta bil ity of ker nel is also chang ing com pared to raw ker nel,
whereas in mildly roasted ker nel the sta bil ity is in creas ing, and in more in ten sively roasted ker -
nel, the sta bil ity is de creas ing. Due to high con tent of oleic acid and in creased por tion of
b-tocopherol, both raw and roasted ker nels of new high-oleic hy brids with al tered tocopherol
com po si tion have sig nif i cantly better ox i da tive state and sta bil ity com pared to ker nel of stan dard 
high-oleic hy brid NS-OLIVKO and hy brid of linoleic type NS-H-45.
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Ab stract

The ob jec tive of the pres ent study was to eval u ate the ef fects of dif fer ent lo ca tions, more
ex actly the ef fects of field and cli ma tic fac tors, on the yield and stan dard chem i cal com po si tion of
ZP sun flower hy brids. The ZP hy brids Altesse, Albatre, Allium and Alvaro used in this study
were sown in the lo ca tions of Zemun Polje, Boto{, Belegi{, Me|a, Kurja~e, Kloka and Crepaja.
Ac cord ing to ob tained re sults, all ana lysed ZP hy brids had the high est grain yield per hect are in
Boto{. The av er age grain yield in this lo ca tion ranged from 3,883 kg ha-1 (Albatre) to 3,761 kg ha-1

(Alvaro). The high est oil yield of all ana lysed hy brids was also achieved in this lo ca tion. A high
grain yield is a ba sic, but it is not the only fac tor in the for ma tion of a high oil yield. The im por tant
fact is that all ana lysed hy brids had the high est oil con tent in the whole grain (50.36% on the av er -
age) in Crepaja where the grain yield was the low est. The per cent age of the to tal pro tein con tent
in grain of ZP hy brids ranged from 10.93% in Alvaro grown in Crepaja to 16.29% in the same hy -
brid grown in Belegi{.

Key word: Sun flower, en vi ron men tal con di tion, grain yield, oil, pro tein, cel lu lose, oil yield.

In tro duc tion

Sun flower is the most im por tant oil plant in our coun try. Ac cord ing to data pre sented by
the Food and Ag ri cul ture Or gani sa tion of the United Na tions, the ar eas un der sun flower in Ser -
bia have been in creas ing, while the yield has been very sta ble. The oil con tent in va ri et ies and hy -
brids of re cent de vel op ment ranges from 48% to 50%, on the av er age. Sun flower oil mainly con -
sists of poly un sat u rated fatty ac ids (60%), among which linoleic acid is the most pre sented. The
re main ing part of oil con sists of sat u rated fatty ac ids (ap prox i mately 15%) and monounsaturated
fatty ac ids (ap prox i mately 20%). Oleic acid as a very im por tant monounsaturated acid is also pre -
sented to a great ex tent in sun flower oil. Oleic sun flower oil has a par tic u lar im por tance as its con -
tent of oleic ac ids is above 80% (Romero et al., 2003). Qual ity of this oil is sim i lar to ol ive oil. The
sun flower grain con tains up to 20% of pro teins rich in es sen tial amino ac ids. A sun flower ca lo ric
value is high, whereby the to tal car bo hy drate con tent in grain amounts to only 17%. The to tal
car bo hy drates en com pass on the av er age 14% of di etary fibres and ap prox i mately 3% of sug ars.
Sun flower oil is one of the most abound ing sources of vi ta min E. Sun flower con tains 50 IU of vi -
ta min E per 100g grain. Vi ta min E is a very strong an ti ox i dant, which per forms neu tra li sa tion in
the or gan ism by peroxidation of fatty ac ids. Fur ther more, sun flower is a very good source of vi ta -
min B1 (thi a mine). In ad di tion, sun flower grain also con tains phos pho rus, po tas sium, mag ne -
sium, cal cium, iron, zinc and se le nium. The lat ter has an im por tant role in stop page of can cer de -
vel op ment. It was found out that se le nium stim u lates the DNA re pair and syn the sis in dam aged
cells, as well as, the in hi bi tion of can cer cell pro lif er a tion in (Vogt et al., 2003). Sun flower is a sig -
nif i cant source of phytosterols that have a chem i cal struc ture sim i lar to cho les terol. How ever, if
their pres ence in food is sig nif i cant it is as sumed that they re duce blood lev els of cho les terol and
there fore they lower blood pres sure (Phillips et al., 2005).

Ma te ri als and Meth ods

The ob jec tive of these stud ies was to es tab lish the ef fect of dif fer ent lo ca tions, i.e. edaphic
and cli ma tic con di tions, on the yield and ba sic chem i cal com po si tion of ZP sun flower hy brids -
Altesse, Albatre, Allium and Alvaro. ZP sun flower hy brids, de vel oped in the co op er a tion with
the French agri busi ness co op er a tive Euralis, are new in the Ser bian makret.

Field tri als were car ried out in the fol low ing pro duc tion re gions best for sun flower grow ing
in Ser bia: Banat (Crepaja, Boto{, Me|a), Srem (Zemun Polje, Belegi{) and Cen tral Ser bia - the
Dan ube ba sin (Kurja~e) and [umadija (Kloka).
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Eco log i cal con di tions of cer tain pro duc tion re gions in Ser bia dif fer in cli ma tic fac tors, and
par tic u larly in pro duc tive traits of pre vail ing soil types. The fol low ing types of soils pre vail in the
ZP sun flower hy brid grow ing re gions: cher nozem - Belegi{, Boto{, Crepaja, Zemun Polje,
marshy black soil (humogley) - Me|a, brown earth (eutric cambisol) - Kurja~e, meadow soil
(semigley) - Kloka.

Field macro tri als were set up in seven lo ca tions. The plot area for each hy brid amounted to 
1,000 m2. The amount of ap plied fer ti lis ers de pended on the lo ca tion con di tion. On the av er age,
100 kg N, 60 kg P2O5 and 60 kg K2O per hect are were used. Sow ing in each lo ca tion was per -
formed by pneu matic sow ing ma chines in the sec ond half of April.

The anal y sis of the ba sic chem i cal com po si tion of the whole sun flower grain was done by
the ap pli ca tion of stan dard chem i cal meth ods. The to tal pro tein con tent was es tab lished ac cord -
ing to the Mikro-Kjeldahl method. Then, the to tal oil con tent was ex tracted with di ethyl ether ac -
cord ing to the Soxlet, while cel lu lose was ana lysed by Weender method, which was ad justed for
the device of the Fibertec system.

Sta tis ti cal meth ods: All chem i cal anal y ses, as well as, yield anal y ses were per formed in
three rep li ca tions, and ob tained re sults were sta tis ti cally pro cessed. The anal y sis of vari ance was
done ac cord ing to ran dom ised block de sign for the two factorial trials.

Con sid er ing the prin ci pal ob jec tive of these stud ies, ob tained re sults should of fer in for ma -
tion re lated to re cently bred sun flower hy brids that have been ac cli mated to par tic u lar eco log i cal
re gions and data on pro duc tion ef fects that could be ex pected by the in tro duc tion of hy brids of
re cent development into the production.

Re sults and dis cus sion

The anal y sis of vari ance shows a sta tis ti cally highly sig nif i cant ef fect of a ge no type, lo ca -
tion, as well as, their in ter ac tion on grain yield per hect are, and also on the con tent of oil, pro tein
and cel lu lose in the whole sunflower grain.

Ac cord ing to gained re sults, the high est grain yield per hect are was re corded in all ob -
served ZP sun flower hy brids in the lo ca tion of Boto{. The av er age grain yield ranged from 3.883
kg ha-1 (Albatre) to 3,761 kg ha-1 (Alvaro). The low est grain yields per hect are were de tected in
the lo ca tion of Kloka (Ta ble 1). The av er age grain yields es ti mated for all hy brids over all lo ca -
tions were rather uni form (Altesse - 3,098 kg ha-1; Albatre - 3,163 kg ha-1; Allium - 3,085 kg ha-1;
Alvaro - 3,053 kg ha-1) (Ta ble 1).

Ta ble 1. Av er age yield of ZP sun flower hy brids grown in dif fer ent lo ca tions (kg ha-1)

Hybrids Zemun Polje Boto{ Belegi{ Me|a Kurja~e Kloka Crepaja

Altesse 3,544h 3,778c 3,114o 3,182n 3,244m 2,199y 2,625t

Albatre 3,741e 3,883a 3,567g 2,913r 3,659j 2,093z 2,289x

Allium 3,378j 3,791b 3,337k 3,020p 3,415i 2,297w 2,361v

Alvaro 3,179n 3,761d 3,018p 2,400u 3,303l 2,742s 2,970q

LSD 0.05 7.296

CV (%) 0.11

The con tents of oil and pro tein in grain are quan ti ta tive traits and the ex pres sion of these
traits is un der in flu ence not only of ge netic fac tors, but also of eco log i cal fac tors es pe cially in the
grain fill ing stage. Jasso de Ro dri guez et al. (2002) ana lysed seven sun flower ge no types and found 
out that the low oil con tent (25%-40%) was a re sult of the short grain fill ing stage and the lack of
ir ri ga tion and high tem per a tures during this developmental stage.

Ac cord ing to our re sults, the high est (52.74%), i.e. the low est oil con tent (40.95%) in the
whole grain was de tected in the sun flower hy brid Alvaro grown in Kloka, i.e. the sun flower hy -
brid Allium grown in Crepaja, re spec tively. The LSD test showed a high uni form oil con tent in
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ob served hy brids grown in lo ca tions of Zemun Polje and Belegi{. This con tent stat i cally sig nif i -
cantly dif fered over hy brids in re main ing locations (Table 2).

The per cent age of the to tal pro teins in ZP sun flower hy brid grain var ied from 10.93%
(Alvaro grown in Crepaja) to 16.29% (the same hy brid grown in Belegi{). A high uni for mity in
the pro tein con tent was es tab lished by a sta tis ti cal anal y sis for ob served hy brids grown in lo ca -
tions of Kloka, Me|a and Boto{ (Table 3).

The cel lu lose con tent ranged from 18.44% in the grain of Altese grown in Belegi{ to
15.39% in the grain of Albatre grown in Kurja~e (Ta ble 4).

Ta ble 2. Oil con tent in the whole grain of ZP sun flower hy brids grown in dif fer ent lo ca tions (%)

Hybrids Zemun Polje Boto{ Belegi{ Me|a Kurja~e Kloka Crepaja

Altesse 46.76ijkl 47,14hijk 45,80m 49,28de 50,72c 49,57d 46,65klm

Albatre 47.51ghi 47,48ghi 45,76m 44,68n 51,11bc 50,46c 44,52n

Allium 46.20lm 48,18fg 46,75ijkl 47,19hij 47,68gh 48,69ef 40,95o

Alvaro 46.40jklm 51,76b 46,12lm 48,92def 48,74ef 52,74a 46,38jklm

LSD 0.05 0.826

CV (%) 0.84

Ta ble 3. To tal pro tein con tent in the whole grain of ZP sun flower hy brids grown in dif fer ent lo ca tions (%)

Hybrids Zemun Polje Boto{ Belegi{ Me|a Kurja~e Kloka Crepaja

Altesse 14.63cde 12.86hi 15.74b 13.82g 13.28gh 11.88kl 12.43jk

Albatre 14.32def 14.88c 14.70cde 12.62ij 14.07f 12.29jk 11.46l

Allium 15.09c 14.59cdef 14.08f 13.32gh 14.25ef 12.23jk 11.89k

Alvaro 16.22ab 14.90c 16.29a 12.95ghi 14.85cd 12.62ij 10.93l

LSD 0.05 0.547

CV (%) 1.95

Ta ble 4. Cel lu lose con tent in the whole grain of ZP sun flower hy brids grown in dif fer ent lo ca tions (%)

Hybrids Zemun Polje Boto{ Belegi{ Me|a Kurja~e Kloka Crepaja

Altesse 17.53cde 15.87lmno 18.44b 18.15bc 16.04klmno 17.45cdefg 17.45cdefg

Albatre 17.67bcd 15.76mno 17.33cdefghi 16.58ijklm 15.39o 15.66no 15.66no

Allium 16.06klmno 16.37jklmn 17.43cdefgh 16.60hijkl 16.63ghijkl 16.97defghij 16.97defghij

Alvaro 16.69fghijkl 16.19 klmn 17.53cde 16.76efghijk 17.10defghij 17.49cdef 17.49cdef

LSD 0.05 0.836

CV (%) 2.40

The oil yield per area unit is a ba sic aim of sun flower cul ti va tion. \akov (1986) as sumes
that the grain yield, that is the core yield per hect are, is a de ci sive fac tor in the oil yield for ma tion.
De la Vega and Hall (2002) stud ied ef fects of the sow ing date and ge no types on the oil yield in
nine sun flower hy brids and de ter mined that the sow ing date had a cru cial ef fect on the oil yield.
Based on our ob tained re sults, a high grain yield is a de ci sive, but not the only fac tor in the for ma -
tion of a high oil yield. For in stance, the high est grain yield of ob served hy brids was es ti mated in
the lo ca tion of Boto{, while the oil con tent of hy brids grown in this lo ca tion was av er age in re la -
tion to the oil yields ob tained in the re main ing lo ca tions. More over, the max i mum oil yield per
area unit was also re corded in this lo ca tion. How ever, al though per formed anal y ses showed that
hy brids grown in the lo ca tion of Kloka had the high est grain oil con tent, the oil yield was very low
due to the extremely low average grain yield per hectare (Table 5).
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Ta ble 5. Av er age oil yield of ZP sun flower hy brids grown in dif fer ent lo ca tions (kg ha-1)

Hybrids Zemun Polje Boto{ Belegi{ Me|a Kurja~e Kloka Crepaja

Altesse 1.657g 1.790e 1.426p 1.568l 1.645h 1.090w 1.224t

Albatre 1.777f 1.843c 1.632i 1.301s 1.870b 1.056x 1.019y

Allium 1.560m 1.826d 1.560m 1.425p 1.628i 1.118v 966z

Alvaro 1.475n 1.946a 1.391r 1.174u 1.609k 1.446o 1.377q

LSD 0.05 4.156

CV (%) 0.26

Con clu sions

The per formed anal y sis of vari ance showed a sta tis ti cally highly sig nif i cant ef fect of a ge no -
type, en vi ron ment and their in ter ac tion on the level of sun flower yield, as well as, on the ex pres -
sion of all stud ied bio chem i cal pa ram e ters of grain quality.

In re la tion to the en vi ron ment it can be stated with out any doubts that ob served hy brids
jus ti fied ex pec ta tions re lated to their yield ing po ten tial in all types of soil, in clud ing those poor in
nutrients.

Based on gained re sults, all ob served ZP sun flower hy brids had the high est grain yield per
hect are in the lo ca tion of Boto{. Fur ther more, the high est oil yield per hect are in all hy brids was
also re corded in this location.

Hy brids grown in Kloka had the high est grain oil con tent, but a low oil yield due to the ex -
cep tion ally low av er age grain yield per hect are.
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QUALITY AND THE UTILITY VALUE OF ZP MAIZE HYBRIDS

Marija Mila{inovi}, Du{anka Terzi}, Milica Radosavljevi}, Sla|ana @ili}
Maize Re search In sti tute, Zemun Polje, De part ment of Tech nol ogy, S. Bajica 1, 11185 Bel grade, Ser bia

E-mail: mmilasinovic@mrizp.co.yu

Ab stract

Maize qual ity pres ents dif fer ent val ues of qual ity pa ram e ters for its us ers, i.e. con sum ers.
The ef fi ciency and di ver sity of maize uti li sa tion mainly de pend on qual ity and types of grown hy -
brids. A great ge netic vari abil ity of maize has been pro vid ing the de vel op ment of nu mer ous hy -
brids with high yield ing po ten tial and hy brids with spe cific traits for spe cial pur poses. How ever,
qual ity of a whole maize plant and maize grain it self do not de pend only on in tro duced ge netic
traits, but also on grow ing con di tions and pro ce dures in the grain trans fer from the plant to the
con sump tion and uti li sa tion. Twenty nine ZP hy brids were stud ied in this ex per i ment in or der to
de ter mine their util ity value for si lage, as well as, for maize grain wet and dry mill ing. The se -
lected ZP hy brids were of dif fer ent both, the ge netic or i gin and the grow ing sea son du ra tion. Ba -
sic pa ram e ters of qual ity of si lage maize (dry mat ter yield, di gest ibil ity of dry ma ter, yield of di -
gest ible dry mat ter), wet mill ing (yield, re cov ery and pu rity of starch) and dry mill ing (mill ing re -
sponse, pro por tion of soft and hard en do sperm frac tion, floa ta tion in dex) were de ter mined by
stan dard meth ods. The three-year av er age re sults are pre sented. The yield of dry mat ter of the
whole plant, i.e. di gest ible dry mat ter ranged from 11.2 t ha-1 to 21.8 t ha-1, i.e. 7.7 t ha-1 to 14.3 t
ha-1, re spec tively. Di gest ibil ity of dry mat ter ranged from 62.0% to 68.9%. Starch yield re corded
in ob served hy brids ranged from 58.6% to 69.3%, which cor re sponds a starch re cov ery from
83.8% and 95.2%. The pro por tion of the soft en do sperm frac tion var ied from 27.2% to 49.0%,
while sim i lar trends were ob served in the pro por tion of the hard en do sperm frac tion and the re -
sponse to mill ing and floa ta tion in dex.

Key words: maize, qual ity, util ity value.

In tro duc tion

Maize is one of the most im por tant crops in the world and in our coun try too. Over 90% of
the maize grown in Ser bia is used for fed in the live stock pro duc tion. Maize hy brid, gen er ally
have been and still are de vel oped to have in creased grain yields rather than qual ity re lated to
silaging, mill ing, stor age, and ship ping prop er ties. The grow ing im por tance of the maize pro cess -
ing in dus tries and maize-based prod ucts has im posed a need for more in ten sive re search within a
field of grain qual ity and uti li sa tion.

In the con tem po rary pro cess ing of maize grain, qual ity pa ram e ters of wet mill ing and dry
mill ing are mainly de ter mined by the en do sperm types (ker nel hard ness). There fore, it is very im -
por tant to ob serve dif fer ences in phys i cal prop er ties and chem i cal com po si tion of hy brids with
dif fer ent en do sperm char ac ter is tics (Radosavljevi} et al., 2000). Dry mill ers and snack food pro -
ces sors need a hard-en do sperm maize to make large flak ing grits and to have uni form al ka line
cook ing, re spec tively. Maize wet mill ers pre fer hy brids with higher por tion of soft en do sperm
and high starch con tent which are eas ier to steep for a shorter time and later on, this pro vides
more ef fec tive starch and glu ten sep a ra tion (John son et al., 1994). Four qual ity pa ram e ters (test
weight, den sity, por tion of soft en do sperm frac tion and starch con tent in grain) had the high est
ef fect on wet-mill ing prop er ties (Mila{inovi}, 2005).

On the other hand, con cern ing maize qual ity for si lage, in vi tro di gest ibil ity as says of the
mor pho log i cal frac tions and the whole plant of maize hy brids is of a great im por tance be cause of
se ri ous dif fer ences in their di gest ibil ity of dry and or ganic mat ter. Maize hy brids with greater di -
gest ibil ity of dry and or ganic mat ter have the util ity value as si lage forms. Di gest ibil ity of cel lu -
lose parts, as well as, the whole plant of maize hy brids de pends on their ge netic back ground (Peji} 
et. al., 1989). There is a neg a tive cor re la tion be tween dry mat ter di gest ibil ity and NDF con tent
(Neu tral De ter gent Fi bers) of the whole plant of the maize hy brids (Terzi}, 2006).
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The aim of this study was to de ter mine qual ity pa ram e ters of si lage maize, wet mill ing and
dry mill ing of re cently de vel oped and pre dom i nantly grown ZP hy brids, as well as, to de fine the
util ity value of the se lected hy brids.

Ma te ri als and Meth ods

Twenty nine ZP hy brids (FAO 100-800) were stud ied in this ex per i ment. The meth ods
used for the de ter mi na tion of grain phys i cal prop er ties (den sity, floa ta tion in dex, mill ing re -
sponse, soft and hard en do sperm frac tion) were de scribed in de tails in the pre vi ously pub lished
pa per (Bekri}, 1997). The starch con tent in grain was de ter mined by the of fi cial method of Ew ers. 
The starches were iso lated by ap ply ing a 100-g lab o ra tory maize wet-mill ing pro ce dure (Eckhoff
et al., 1996). The pro tein con tent in starch and whole grain was de ter mined by the Kjeldalh
method. Grain di gest ibil ity was de ter mined by Tilley & Terry method (Tilley & Terry, 1963).

Re sults and Dis cus sion

Ta ble 1 pres ents ba sic qual ity pa ram e ters of si lage maize of the se lected ZP hy brids of the
FAO ma tu rity group from 100-800 in phisiologycally ma tu rity stage for silaging.

Ta ble 1. Ba sic qual ity pa ram e ters of si lage maize of 20 ZP hy brids

Hybrid
Dry matter digestibility

(%)
Dry matter yield 

(t/ha)
Yield of digestible 
dry matter (t/ha)

ZP 196 68.8 11.2 7.7

ZP 243 63.4 15.8 10.0

ZP 260 66.6 12.0 8.0

ZP 341 66.1 18.0 11.9

ZP 360 65.9 17.2 11.3

ZP 434 65.0 15.5 10.1

ZP 480 68.2 15.5 10.6

ZP 519 63.2 20.2 12.8

ZP 539 68.5 13.1 9.0

ZP 544 68.2 20.5 14.0

ZP 578 67.9 17.6 11.9

ZP 580 66.7 16.8 11.2

ZP 677 67.3 17.7 11.9

ZP 684 66.7 20.7 13.8

ZP 688 62.0 18.3 11.3

ZP 704 68.9 14.8 10.2

ZP 735 65.0 20.9 13.6

ZP 737 63.6 20.5 13.0

ZP 797 65.8 21.8 14.3

ZP 836 63.7 20.8 13.2

Mean 66.1 17.4 11.5

Min 62.0 11.2 7.7

Max 68.9 21.8 14.3

Sd 2.1 3.1 1.9

Dry mat ter yields of ZP maize hy brids ranged from 11.2 t/ha (ZP 196) to 21.8 t/ha (ZP 797).
Ac cord ing to the ge netic back ground (yield ing), the maize hy brids of the FAO ma tu rity group
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200 and 300 (ZP 243, ZP 341, ZP 360) had high yields in dry mat ter of the whole plant (over 15
tons per hect are). In ad di tion, within the same FAO ma tu rity groups cer tain ZP hy brids had high
dry mat ter yields of the whole maize plant be cause of the higher yield po ten tial. Dry mat ter di -
gest ibil ity of the whole maize plant of the se lected ZP hy brids var ied from 62.0% (ZP 688) to
68.9% (ZP 704). Most se lected ZP hy brids had high dry mat ter di gest ibil ity of the whole maize
plant (over 65 %). Con cern ing the choice of the hy brids as silaging forms the dif fer ence of 6.9%
in dry mat ter di gest ibil ity of the whole maize plant is very im por tant. The yields of di gest ible dry
mat ter of the whole maize plant of the se lected ZP hy brids ranged from 7.7 t/ha (ZP 196) to 14.3
t/ha (ZP 797).

It can be con cluded that cer tain ZP hy brids with high dry mat ter yields and di gest ibil ity of
the whole maize plant have high yields of di gest ible dry mat ter, giv ing them the ad van tages con -
cern ing the choice of the hy brids for si lage production.

Ta ble 2 shows re sults gained by the anal y sis of se lected phys i cal and chem i cal qual ity pa -
ram e ters of maize grain of dif fer ent ZP hybrids.

Ta ble 2. Se lected chem i cal and phys i cal prop er ties of maize grain of 18 ZP hy brids

Hybrid
Starch

content
(%)

Protein
content

(%)

Density
(gcm-3)

Floatation
index (%)

Milling
response

(s)

Soft
endosperm

(%)

Hard
endosperm

(%)

ZP 74b 70.7 9.6 1.27 9.3 17.3 38.1 61.9

ZP 341 72.8 9.3 1.28 33.7 19.9 45.9 54.1

ZP 360 71.7 9.8 1.25 65.1 9.6 40.5 59.5

ZP 434 72.2 9.4 1.24 22.3 16.6 38.8 61.2

ZP 480 74.3 12.0 1.26 50.0 16.9 39.8 60.2

ZP 511 72.8 10.8 1.27 48.8 14.3 42.4 57.6

ZP 578 72.8 8.6 1.29 3.0 16.9 49.0 51.0

ZP 611k 68.2 12.7 1.32 0.0 19.4 27.2 72.8

ZP 633 70.3 9.9 1.31 5.4 18.8 33.3 66.7

ZP 677 71.8 9.6 1.28 20.3 14.6 41.7 58.3

ZP 680 72.6 10.5 1.29 29.3 19.2 38.8 61.2

ZP 684 72.5 8.8 1.28 18.9 13.7 39.5 60.5

ZP 704wx 72.7 9.4 1.25 14.6 11.0 44.3 55.7

ZP 735 69.5 11.5 1.32 0.2 20.6 32.3 67.7

ZP 737 73.5 10.0 1.29 19.7 8.2 38.4 61.6

ZP 750 73.2 10.4 1.31 9.2 11.4 34.7 65.3

ZP 808 73.7 8.9 1.25 70.5 13.6 45.7 54.3

ZP
Rumenka

66.0 11.1 1.23 25.0 16.6 38.2 61.8

Mean 71.7 10.2 1.28 25.8 15.4 39.4 60.6

Min 66.0 8.6 1.23 0.0 8.2 27.2 51.0

Max 74.3 12.7 1.32 70.5 20.6 49.0 72.8

Sd 2.1 1.1 0.03 21.4 3.7 5.3 5.3

Higher den sity, mill ing re sponse and hard en do sperm frac tion, as well as, lower floa ta tion
in dex are de sir able qual ity pa ram e ters for maize dry mill ing. The high est den sity was in the hy -
brids ZP 611k and ZP 735 (1.32 gcm-3). The same hy brids had the low est floa ta tion in dex (0% and 
0.2%) and the high est mill ing re sponse (19.4 s and 20.6 s) and hard en do sperm frac tion (72.8%

535

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



and 67.7%). The hy brids ZP 633, ZP 750 and ZP 74b also had very good those qual ity pa ram e ters
of dry mill ing.

Starch yield, re cov ery and pu rity are the most im por tant pa ram e ters for the eval u a tion of
wet-mill ing prop er ties of maize grain. A high starch yield, high starch re cov ery and a low pro tein
con tent in starch are in di ca tors of good wet-mill ing. Ta ble 3 pres ents re sults ob tained by a sim u la -
tion of the wet-mill ing pro ce dure of the se lected ZP maize hybrids in lab conditions.

Ta ble 3. Wet mill ing prop er ties of maize grain of 18 ZP hy brids

Hybrid
Starch yield

(%)
Starch recovery (%)

Protein content in
starch (%)

ZP 74b 65.1 91.0 0.20

ZP 341 69.3 95.2 0.15

ZP 360 66.5 92.7 0.11

ZP 434 65.4 90.7 0.26

ZP 480 66.9 90.0 0.20

ZP 511 65.9 90.6 0.19

ZP 578 68.4 93.8 0.23

ZP 611k 58.6 83.8 0.29

ZP 633 58.8 83.7 0.28

ZP 677 67.6 94.0 0.28

ZP 680 63.1 86.9 0.13

ZP 684 63.4 87.5 0.21

ZP 704wx 67.9 93.5 0.13

ZP 735 59.2 85.1 0.29

ZP 737 65.5 89.1 0.21

ZP 750 64.6 88.3 0.27

ZP 808 69.0 93.7 0.18

ZP Rumenka 62.2 95.3 0.18

Mean 64.9 90.3 0.21

Min 58.6 83.7 0.11

Max 69.3 95.3 0.29

Sd 3.4 3.8 0.06

Ob tained re sults showed that starch yields of stud ied maize hy brids ranged from 58.6% in
ZP 611k to 69.3% in ZP 808, which cor re sponded to the starch re cov ery of 83.8% and 95.2%, re -
spec tively. The high est starch re cov ery (95.3%) was in the ge no type ZP Rumenka with the starch
yield of only 62.2%. There fore, the best re sults in starch yields were ob tained in ZP 341 and ZP
808. The high est starch re cov er ies were in ZP Rumenka and ZP 341.

Con clu sions

Cer tain ZP hy brids with high dry mat ter yields and di gest ibil ity of the whole maize plant
have high yields of di gest ible dry mat ter, giv ing them the ad van tages con cern ing the choice of the
hy brids for si lage production.
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The hy brids ZP 611k, ZP 735, ZP 633, ZP 750 and ZP 74b had very good qual ity pa ram e ters 
for dry mill ing. The hy brids ZP 341, ZP 808, ZP 578, ZP 677 and ZP 704wx were char ac ter ised
with very good wet-mill ing prop er ties and as such are very suit able for the wet mill ing process.
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VARIABILITY OF AMINO ACID CONTENT IN RAPESEED (Bras sica napus L.)

Ana Marjanovi} Jeromela1, Aleksandar Miki}1, Radovan Marinkovi}1, Nikola Hristov1,
Aleksandra Bauer2, Biljana Maro{anovi}2

1Institute of Field and Veg e ta ble Crops, Maksima Gorkog 30, 21000 Novi Sad, Ser bia
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Ab stract

The in creased de mand for raw ma te ri als for biodiesel pro duc tion has re sulted in an in -
creased pro duc tion of rape seed (Bras sica napus L.) in Ser bia. The rape seed meal is viewed by the
in dus try as a by-prod uct of rape seed pro duc tion and is used as a feed pro tein sup ple ment. Rape -
seed pro tein has high lev els of in dis pens able amino ac ids in gen eral and sul fur amino ac ids in par -
tic u lar. Six teen rape seed ge no types, grown at the sites of Novi Sad and Sombor dur ing 2006/07,
were an a lyzed in the study. The val ues of the pro tein and amino acid con tents of seed are pre -
sented for each ge no type at both sites. Six teen types of amino ac ids were iden ti fied. Anal y sis
showed sig nif i cant ef fect of the site on pro tein and amino acid con tents. There were sig nif i cant
dif fer ences among the ge no types in the ba sic amino acid con tent of seed. Sev eral of the ge no -
types will be in cluded in the breed ing pro gram: NS-L-129 (high pro tein con tent), NS-L-33,
NS-L-128 and NS-L-74 (high lysine con tent), NS-L-128, NS-L-36 and NS-L 138 (high methionine
con tent).

Key words: amino acid, pro tein con tent, rape seed

In tro duc tion

The defatted Bras sica meal con tains about 40% pro tein with a well bal anced aminogram.
Bras sica oil meal is par tic u larly rich in lysine and methionine, which are es sen tial amino ac ids not
found in ce real grains. For this rea son, Bras sica oil meal has been used for an i mal feed (Agnihotri 
et al., 2004).

A high bi o log i cal value of the rape seed pro tein is based on a fa vour able amino acid pro file
(O’Mara, 1997). In terms of its po ten tial use for hu man nu tri tion, the rape seed pro tein is of par tic u -
lar in ter est be cause of its glob ally high lev els of in dis pens able amino ac ids (> 400mg g-1 pro tein), es -
pe cially sul fur ones (40-49 mg g-1 pro tein) (Bos et al., 2007). These lev els are dou ble the re quire -
ment for sul fur amino ac ids es tab lished fol low ing the FAO/UNO/WHO con sul ta tion of ex perts in
2001 (Fürst and Stehle, 2004) and far higher than the re quire ment usu ally found in plants, es pe -
cially le gumes. A some what lower weight gain by rape seed meal as com pared to soy con cen trate is
caused by lower true pro tein di gest ibil ity, 78.9 % vs. 90.4 % (Drouliscos, 1969), and by
bioavailability of the lim it ing amino acid lysine. The prececal di gest ibil ity of rape seed meal lysine as 
mea sured in the pig amounts to 75%, as com pared to 89% for soy con cen trate lysine (Weiss, 2006).
This can be ex plained by the com par a tively high con cen tra tion of 14-16 % of crude fi ber in dry mat -
ter in the rape seed meal im pend ing pro tein di gest ibil ity. The con tent of 5.9 g lysine per 16 g N of
rape seed pro tein is con sid er able and suf fi cient to meet the nu tri tional re quire ments. This sat is fy ing 
bi o log i cal value is com pro mised by the ac com pa ny ing fi ber (Barth, 2007)

Cultivars of Bras sica juncea, B. napus and B. campestris dif fer ing in host-suit abil ity to the
mus tard aphid (Lipaphis erysimi pseudobrassicae Kalt.) were ana lysed for their phloem sap con -
tent of free amino ac ids. As par tic and glutamic acid, to gether with glutamine, were the dom i nant
amino ac ids. All plants had very lit tle glycine, g-aminobutyric acid (GABA), methionine and
tryptophan in their sap. This amino acid pat tern closely re sem bled that of ce re als (Weibull and
Melin, 1990).

Ma te ri als and Meth ods

The ex per i men tal ma te rial com prised the cultivar Bana}anka, used as the con trol cultivar
in the of fi cial tests for the reg is tra tion of rape seed cultivars, sev eral lines that were in the pro cess
of reg is tra tion (NS-L-31, NS-L-33, NS-L-34, NS-L-35, NS-L 128, NS-L 132), and some prom is ing
lines (NS-L-126, NS-L 129, NS-L 101, NS-L-102, NS-L 134, NS-L-136, NS-L-137, NS-L-138,
NS-L-74). We ana lysed the lev els of pro tein and amino ac ids in the seeds of 16 win ter rape seed
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cultivars from the breed ing pro gram of the Oil Crops De part ment of the Instutute of Field and
Veg e ta ble Crops in Novi Sad. This re search is part of a long-term pro gram of rape seed cultivar
test ing in Ser bian grow ing con di tions and was car ried out at the Ex per i men tal Field of the
Instutute of Field and Veg e ta ble Crops at Rimski [an~evi and at the DP Agroinstitut in Sombor
on a cher nozem soil. The trial was es tab lished as a com plete ran dom block de sign with a plot size
of 5 m-2 and three rep li cates. All cultivars were sown in the first half of Sep tem ber, 2006 with a
sow ing ma chine at an inter-row spac ing of 0.25 m and an intra-row spac ing of 0.05 m pro vided by
hand at the stages of F4-F5. Dur ing the rape seed grow ing pe riod, the usual ag ro nomic prac tices
were ap plied, while the har vest was done at an op ti mal time. The pa per shows a part of the
small-plot trial re sults ob tained dur ing 2006/2007.

The anal y ses of the lev els of pro tein and 16 amino ac ids were car ried out in the SP Lab o ra -
tory, AD Be~ej. The seed amino acid con cen tra tion was de ter mined by the DX500 ionic
chromatograph by Dionex. Di gest ible pro tein yield was cal cu lated by mul ti ply ing the crude pro -
tein yield with a co ef fi cient of 0.82 (Nehring, 1970).

Re sults and Dis cus sion

All the ge no types ex hib ited prom i nent dif fer ences be tween the two lo ca tions. The con -
tents of both pro tein and amino ac ids in Sombor were sig nif i cantly higher as com pared to those at 
Rimski [an~evi.

In the to tal amino acid con tent, the larg est pro por tion was that of Glu, fol lowed by Asp and 
Lys (Ta ble 1).

The high est pro tein con tent was found in NS-L-129 at Sombor (24.00 %) and the low est in
NS-L-35 at Rimski [an~evi (17.02 %). Re gard ing the fact that pro tein and oil con tents are in a neg -
a tive cor re la tion, these re sults agree with the data on oil con tent (Marjanovi}-Jeromela et al.,
2008). A high pro tein con tent at the seed yield level of 3 t ha-1 pro vides a high to tal pro tein yield
(720 kg ha-1) and hence a high di gest ible pro tein yield as well (about 590 kg ha-1). Methionine yields 
of over 21 kg ha-1 (ge no type NS-L-136), lysine ones of more than 62 kg ha-1, and cystine ones of
about 13 kg ha-1 (ge no type NS-L-74) rec om mend these ge no types for fur ther rape seed breed ing
for an i mal feed pur poses. Sig nif i cantly lower re sults for methionine and lysine and higher ones for
cystine (8.7 kg ha-1; 34.8 kg ha-1; 23.5 kg ha-1) were ob tained in a study by Seiffert (1987).

Ac knowl edg ments

The pro ject TR 20081, De vel op ment of rape seed (Bras sica napus L.) ge no types for feed and in -
dus trial pro cess ing, is finaced by the Min is try of Sci ence and Tech no log i cal De vel op ment of the
Re pub lic of Ser bia.
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GENETICS OF HEAD DIAMETER AND 1000-SEED WEIGHT IN SUNFLOWER:
HERITABILITY, NUMBER OF EFFECTIVE FACTORS AND CORRELATIONS

Radovan Marinkovi}, Ana Marjanovi} – Jeromela and Velimir Radi}
In sti tute of Field and Veg e ta ble Crops, 21000 Novi Sad, Maksim Gorki St. 30

Ab stract

We stud ied the nar row- and wide-sense heritability (ha and hb) and the num ber of fac tors
(k) that con trol 1000-seed weight and head di am e ter. In di vid ual scal ing tests and es ti mates of
ad di tive, dom i nant and epistatic gene ef fects were con ducted ac cord ing to the gen er a tion mean 
anal y sis. The wide-sense heritability (hb) and the nar row-sense heritability (ha) were cal cu -
lated. The num bers of fac tors af fect ing 1000-seed weight and head di am e ter were also cal cu -
lated. Re gres sion and cor re la tion co ef fi cients were cal cu lated for each line sep a rately. The ad -
di tive dom i nant model was not ad e quate for 1000-seed weight in the sec ond cross (C2), and for
head di am e ter in ei ther cross (C1 and C2). The model was ad e quate for 1000-seed weight in the
first cross (C1). Ad di tive gene ef fects were more im por tant than non-ad di tive ones in the in her -
i tance of 1000-seed weight in both crosses and in the in her i tance of head di am e ter in the sec ond
cross (C2). The epistatic gene ef fects ad di tive x dom i nant (j) and dom i nant x dom i nant (l) were
sig nif i cant only in the in her i tance of 1000-seed weight in the sec ond cross. Type of epistasis
could be de ter mined only for 1000-seed weight in the sec ond cross. It was du pli cate epistasis be -
tween dom i nant decreasers. The wide-sense heritability ranged from 47.57% to 50.20%, or
48.54% on av er age, for 1000-seed weight and from 0.0% to 60.39%, or 34.80% on av er age, for
head di am e ter. The av er age nar row-sense heritabilities for 1000-seed weight and head di am e -
ter were 13.94%, and 34.87%, re spec tively. Ev i dently, sin gle genes con trolled the stud ied traits
in the ex am ined lines.

Key words: hy brids, ad di tive and non-ad di tive gene ef fects, type of epistasis

In tro duc tion

Dif fer ences in head size among sun flower plants are due to ge netic fac tors and en vi ron -
men tal fac tors such as crop den sity per unit area, soil mois ture, soil fer til ity, etc. Head size is paid
much atention in the course of sun flower breed ing, be cause this char ac ter is tic is di rectly and pos i -
tively cor re lated with seed yield (Marinkovi}, 2003). There is con sid er able dis agree ment among
the re sults re ported so far on the in her i tance of this char ac ter is tic. Some au thors have dis cov ered
pre dom i nance of non-ad di tive com po nent and oth ers have dis cov ered pre dom i nance of ad di tive
com po nent in the in her i tance of this char ac ter is tic.

To gether with plant num ber per unit area and seed num ber per plant, the 1000-seed weight
is a ma jor yield com po nent. This char ac ter is tic is highly vari able and re spon sive to ge netic and
en vi ron men tal fac tors. The num ber of seeds per plant de pends on head size and the num ber of
flo rets on one side and en vi ron men tal fac tors at the stage of flower (tem per a ture, soil mois ture,
air hu mid ity, pres ence of pol li nat ing in sects, etc.) on the other.

The ob jec tive of this study was to an a lyze the ef fect of ad di tive genes, dom i nant genes and
their in ter ac tions on the in her i tance of 1000-seed weight and head diamater ap ply ing the ad di -
tive-dom i nant model.

Ma te ri als and Meth ods 

In bred lines used in this study had been de rived from NS-S-1, a syn thetic de vel oped at In -
sti tute of Field and Veg e ta ble Crops in Novi Sad from eight lines hy brid ized by the method of
con ver gent cross ing fol low ing the prin ci ple of max i mum re com bi na tion.

Of sev eral scores of in bred lines de rived from this syn thetic af ter six years of breed ing, we
se lected and intercrossed four of these. In the plants used as the fe male com po nent, an thers were
re moved by hand. Two crosses were made, c1 (ns-mr-1 x ns-mr-5) and c2 (ns-mr-2 x ns-mr-4). In
2001, we pro duced the F2 gen er a tion and back cross es of both par ents (BC1P1; BC1P2).

The ex per i ment with the par ent lines, F1 hy brids, F2 gen er a tion and back cross es was es tab -
lished at Rimski [an~evi ex per i ment field of the In sti tute in a ran dom ized block de sign with three 

541

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



rep li ca tions. Plant ma te ri als were planted by hand in well-pre pared seed beds at an op ti mal date.
The row spac ing was 70cm, with 30cm be tween plants in the row. Since sev eral seeds were placed
per hill, the crop was thinned at the stage of 2-3 pairs of per ma nent leaves. The par ent lines and F1
hy brids were planted in 4 rows, the F2 gen er a tion and back cross es in 8 rows. The ex per i ment was
cul ti vated and hoed in the course of grow ing sea son in or der to erad i cate the weed plants that sur -
vived her bi cide ap pli ca tions.

Head di am e ter (cm) was mea sured in field, 1000-seed weight (g) in lab o ra tory, af ter thresh -
ing of in di vid ual heads. Sam ple size was 20 plants per rep li ca tion or 60 plants per ex per i ment for
the par ent lines and F1 hy brids, and 60 plants per rep li ca tion or 180 plants per ex per i ment for the
F2 and backcross gen er a tions. Plants from bor der rows and the first and last plants in the row
were not sam pled.

Wide-sense heritability (hb) was cal cu lated ac cord ing to Mahmud and Kramer (1951),
Briggs and Knowles (1967), Mather (1949), Bur ton (1951), Weber and Moorthy (1952) and
Law rence and Jinks (1973). Nar row-sense heritability (ha) was cal cu lated ac cord ing to Warner
(1952). In the cal cu la tions of heritability, stan dard er ror was es ti mated as pro posed by Pesek
and Baker (1971). De ter mi na tion of the num ber of fac tors that cause dif fer ences in 1000-seed
weight and head di am e ter was done ac cord ing to Weber (1950) and Bur ton (1951). Re gres sion
and cor re la tion co ef fi cients were cal cu lated in di vid u ally for each line, ac cord ing to Briggs and
Knowles (1967). In di vid ual scal ing tests and es ti ma tion of ef fects of ad di tive, dom i nant and
epistatic genes were done ac cord ing to the gen er a tion mean anal y sis (Mather, 1949 and Mather
and Jinks, 1982).

Re sults and Dis cus sion

1000-seed weight. In this study, the inbreds and their hy brid com bi na tions dif fered sig nif i -
cantly in 1000-seed weight. The low est weight was reg is tered in the in bred line P2 in the first (c1)
cross, the larg est in the in bred line P1 also in the first cross (38.57g and 54.17g, re spec tively).

Both hy brid com bi na tions (c1 and c2) ex hib ited highly sig nif i cant heterotic ef fects in re la -
tion to the par ents’ mean, which amounted to 33.19% and 14,77% , re spec tively.

The val ues of phenotypic vari ance were re duced in the back cross es that in volved the in -
bred lines ns-mr-4 and ns-mr-5, which in di cated that these lines pos sessed a larger num ber of
dom i nant genes than the other in bred lines in the crosses (Ta bles 1a and 1b).

Mean val ues of the prog e nies and their vari ances were used for cal cu lat ing the val ues of
scal ing tests A, B and C. Ac cord ing to Mather and Jinks (1982), the model is ad e quate when
quan ti ties of A, B and C each equal zero within the lim its of sam pling er ror. The highly sig nif -
i cant val ues of scal ing tests A, B and C in the sec ond cross (c2) in di cated that the ad di tive
dom i nant model was not ad e quate and that the in her i tance of 1000-seed weight also in cluded
other pa ram e ters such as non-allelic in ter ac tion or epistasis. In the first cross (c1), how ever,
the val ues of scal ing tests were not sig nif i cant, which in di cated that the in her i tance of this
char ac ter is tic was con trolled only by ad di tive and dom i nant genes and not by other fac tors
(Ta bles 1a and 1b).

The two crosses dif fered in the ef fect of ad di tive and dom i nant genes and their in ter ac tion
on th einheritance of 1000-seed weight. In the first cross, only the ad di tive gene ef fect was sig nif i -
cant. In the sec ond cross, sig nif i cance was ex hib ited by the ad di tive gene ef fect as well as by the
epistatic gene ef fects ad di tive x dom i nant and dom i nant x dom i nant. The above in di cates that, in
the two crosses, this char ac ter is tic was pre dom i nantly con trolled by ad di tive gene ef fects. A pre -
dom i nant role of ad di tive gene ef fects has been re ported by Rao and Singh (1977), Sindagi et al.
(1979), Marinkovi} (1984), Joci} (2002), etc. On the other hand, Kova~ik and [kaloud (1972)
stated that the non-ad di tive com po nent of ge netic vari ance was 9 fold that of the ad di tive com po -
nent.

Tak ing in con sid er ation the cal cu lated val ues and signs of the ge netic ef fects h and j it may
be con cluded, same as on the ba sis of the scal ing test, that du pli cate epistasis be tween dom i nant
decreasers oc curred only in the sec ond cross (Ta ble 2).
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Ta ble 1. Mean and stan dard er ror of two traits of par ents, F1, F2, BC1P1 and BC1P2 gen er a tions of two
crosses (C1 and C2) of sun flower.

C1

Generation
1000-seed weight Head diameter

Mean Var. Mean Var.

P1 54.17±4.23 82.11 20.33 7.51

P2 38.57±1.12 79.09 20.33 5.40

F1 61.76±2.08 81.27 24.00 8.02

F2 50.05±4.81 157.16 20.67 16.07

BC1 53.62±2.22 65.37 21.33 11.51

BC2 48.48±0.66 67.61 20.67 8.97

A -8.70±6.48 -1.67±0.77

B -3.38±2.71 -3.00±0.77**

C -16.06±20.18 -6.00±1.49**

h2=33.19%** h2=18.03%**

C2

Generation
1000-seed weight Head diameter

Mean Var. Mean Var.

P1 50.05±0.68 80.08 20.00 11.16

P2 46.16±0.28 79.09 17.00 4.61

F1 55.21±0.22 75.59 20.00 5.48

F2 48.72±0.15 151.78 20.67 7.83

BC1 51.48±18.00 62.66 20.33 7.21

BC2 46.31±0.083 69.62 19.67 6.07

A -2.31±0.80* 0.67±0.72

B -8.76±0.39** 2.33±0.72*

C -11.75±1.04** 5.67±2.96

h2=14.77%* h2=8.11%*

Ta ble 2. Gene ef fects for two traits in two crosses of sun flower.

Gene effects

Traits

1000-seed weight Head diameter

C1 C2 C1 C2

m 42.39±19.93 47.42±0.80** 19.00±1.35** 21.17±3.00**

d 7.80±2.19* 1.94±0.37** 0.00±0.19 1.50±0.33*

h 11.27±41.53 -2.59±2.01 1.67±3.26 -0.83±6.28

i 3.98±19.81 0.69±0.71 1.33±1.33 -2.67±2.91

j -5.33±6.38 6.45±0.83** 1.33±0.86 -1.67±1.02

l 8.10±22.21 10.38±1.30** 3.33±2.14 -0.33±3.33

Type of epistasis
Duplicate epistasis 
between dominant 

decreasers

* P<0.05; ** P<0.01

In spite of the dif fer ent for mu las used, the cal cu lated val ues of wide-sense heritability for
1000-seed weight werein good agree ment both within and be tween the crosses. The ob tained val -
ues ranged from 47.57% to 50.20%. The av er ages were 48.63 and 48.44% in the first and sec ond
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cross, re spec tively. The val ues of nar row-sense heritability in th efirst and sec ond cross were 15.39 
and 12.49%, re spec tively (Ta ble 4). Sim i lar re sults have been re ported by El-Hiti (1992) and
Ortegon and Escobedo (1996).

The dif fer ence in 1000-seed weight among the in bred lines in the two crosses was ev i dently
con trolled by a sin gle gene (Ta ble 3).

Ta ble 3. Es ti mates of num ber of ef fec tive fac tors (k) con di tion ing the dif fer ences in 1000-seed weight and
head di am e ter be tween four in bred lines of sun flower in two crosses.

Formula Reference 1000-seed weight Head diameter

k=(P1-P2)2/8(VF2-VF1) Castle (1921) 0.40 0.48

k=(P1-P2)2/8(VF2-(VP1+VF1+VP2)/3 Weber (1950) 0.40

k=(P1-P2)2/8(VF2- Weber (1950) 0.38

k=(3/4-h+h2) (P1-P2)2/4(VF2-VF1) Burton (1951) 0.19

* P1, P2 and F1 rep re sent the means and VP1, VP2, VF1 and VF2 rep re sent the vari ances of re spec tive gen er a tions
h=(F1-P)/(P2-P1).

Ta ble 4. The es ti mates of heritability for 1000-seed weight and head di am e ter in the F2 gen er a tion of two
crosses in volv ing four sun flower in bred lines.

Formula Author(s)
Trait

1000-seed weight Head diameter

Mahmut and Kramer
(1951)

C1 48.72%

C2 47.57%

60.39%

8.43%

Briggs and Knowles
(1967)

C1 48.71%

C2 47.57%

59.86%

0.00%

Mather (1948)
C1 48.99%

C2 48.44%

56.59%

9.58%

Burton (1951)
C1 48.29%

C2 50.20%

50.12%

30.01%

Weber and Moorthy
(1952)

C1 48.58%

C2 48.46%

57.23%

16.26%

Lawrence and Jinks
(1973)

C1 48.48%

C2 48.48%

54.99%

14.66%

Average of the broad sense 
heritability estimates, X

C1 48.63%

C2 48.44%

56.53%

13.16%

Warner (1952)
C1 15.39%

C2 12.49%

36.79%

32.95%

VP1, VP2, VF1, VF2, VBC1 and VBC2 rep re sent the vari ances of re spec tive gen er a tions.

Head di am e ter. Re gard ing this char ac ter is tic, as it was seen for 1000-seed weight,
phenotypic vari ance of the backcross that in cluded the in bred line ns-mr-5 was re duced, in di cat -
ing that this line had a large num ber of dom i nant genes for this char ac ter is tic too. In the sec ond
cross, the val ues of phenotypic vari ance in back cross es were al most iden ti cal, in di cat ing that the
crossed lines pos sessed a sim i lar num ber of dom i nant genes for this char ac ter is tic.

The val ues of head di am e ter ob tained in tests A, B and C and their dis per sion in di cated
that in di vid ual tests were sig nif i cantly dif fer ent from zero in both cross com bi na tions. It should
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be men tioned here that the di a gram of test vari abil ity showed that head di am e ter had lower val -
ues than 1000-seed mass in both crosses.

As for the pre vi ous char ac ter is tic, highly sig nif i cant heterotic ef fects in re la tion to par ents’
means were ex hib ited in both hy brids and they amounted to 14.77% (C1) and 8.11% (C2). Sig nif i -
cant heterotic ef fects for this char ac ter is tic had also been ob served by Marinkovi} and [kori}
(1990).

The in her i tance of head di am e ter was sig nif i cantly af fected only by ad di tive genes in the
sec ond cross. All other ef fects, in both crosses, did not at tain the level of sig nif i cance. In nei ther
cross was it pos si ble to clas sify the ex hib ited epistasis be cause nei ther dom i nant (h) nor epistatic
gene ef fects dom i nant x dom i nant (l) showed sig nif i cance (Ta ble 2).

The val ues of wide-sense heritability cal cu lated by the dif fer ent meth ods were unan i -
mously higher in the first than in the sec ond cross, from 50.12% to 60.39% and from 0.00% do
30.01%, re spec tively. The av er age val ues were 56.53% and 13.16%, re spec tively. The vari abil ity
of the cal cu lated val ues was much lower in the first than in the sec ond cross. The val ues of nar -
row-sense heritability were 36.79% and 32.95%, re spec tively. Sim i lar re sults were re ported by
[e}erov–Fi{er et al. (1996), El-Hity (1992), Hladni (1999), etc. 

The dif fer ence in head di am e ter among the in bred lines from both crosses was con trolled
by a sin gle gene (Ta ble 3). On the other hand, Dua et al. (1985) con sid ered the ra tio h2/H2 and
con cluded that this char ac ter is tic is con trolled by 3-4 gene loci.

Con clu sions

When cal cu lat ing heritability of a char ac ter is tic, it should be borne in mind that its value is
not the same in all sam ples but that it can change in de pend ence of ge netic uni for mity of the stud -
ied pop u la tion and en vi ron men tal fac tors, which are vari able in them selves. Cor rect heritability
data for a char ac ter is tic are ob tained only af ter study ing the char ac ter is tic in ques tion in var i ous
com bi na tions and un der dif fer ent en vi ron men tal conditions for one or several years.

Ac knowl edge ment

This study is part of the pro ject no. TR-20080, ti tled ‘De vel op ment of highly pro duc tive ge -
no types of sun flower (Helianthus annuus L.)’, which is spon sored by the Min is try of Sci ence of the
Re pub lic of Ser bia.
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THE DRY MATTER YIELD PRODUCTIVITY OF LATE 
RED CLOVER (Trifolium pratense) VARIETIES

Vil~inskas Egidijus 
Lith u a nian In sti tute of Ag ri cul ture, Plant breed ing, Akademija, Lith u a nia

E-mail: egidijus@lzi.lt

Ab stract

Red clo ver va ri et ies (4 dip loid and 2 tetraploid) were tested at the Lith u a nian In sti tute of
Ag ri cul ture in Dotnuva in 2006 and 2007. The dip loid va ri ety ‘Liepsna’ was cho sen as a stan dard.
All va ri et ies were late ma tur ing. The weather con di tions dif fered in ex per i men tal years: 2006 was 
droughty; in 2007 there was enough mois ture. This fac tor de ter mined num ber of cut ting and dry
mat ter yield.

In the first year of cul ti vat ing, all va ri et ies had big ger dry mat ter yield com pared to stan -
dard va ri ety, ex cept for tetraploid va ri ety ‘Tri ton’. The first cut com prised 62 – 66 % of yearly dry
mat ter yield, sec ond 34 – 38 %. The plants in 1st cut were sig nif i cantly higher (66.33 – 74.67 cm)
than 2nd cut plants (36 - 48 cm).

In the sec ond year of cul ti va tion va ri et ies ‘Kir{inai’ (15.9 t ha-1) and ‘Arimai~iai’ (15.6 t
ha-1) had sig nif i cantly higher dry mat ter yield com pared to the stan dard va ri ety. The 1st cut com -
prised 38 - 60 %, 2nd – 15-38 % and 3rd 21-24 % of yearly dry mat ter yield. The 1st cut plants were
high est (59 – 65.33 cm), and the 2nd cut plants – the low est (24 - 52 cm). The plant height had the
sig nif i cant im pact on dry mat ter yield.

Key words: red clo ver, DM yield, plant height.

In tro duc tion

Un der Lith u a nia’s con di tions red clo ver (Trifolium pratense L. (2n=14)) is one of the key le -
gumes grown for for age. It can be grown in a pure crop and in mix tures, mostly with tim o thy. Clo -
ver (Trifolium) ge nus is one of the most nu mer ous of the Fabecea fam ily. The ge nus com prises
about 300 spe cies, of which 15 grow in Lith u a nia (Svirskis, 1995; Dabkevi~ien�, 2002; Daug�lien�,
2002).

Two types of red clo ver (early and late) are grown in Lith u a nia. When grown for seed, early 
clo ver rip ens more rap idly than late clo ver. Late-flow er ing types (Trifolium pratense, var.
Foliosum Choc.), for merly re ferred to as ‘sin gle-cut’ red clo ver have only a sin gle main flush of
growth, fol low ing a later start in the spring than early-flow er ing types but pro vide af ter math graz -
ing fol low ing the main cut for hay or si lage. Late clo ver tiller better than early clo ver ( 6-8 stems in 
one bush), their stems are higher, they overwinter better, es pe cially in the sec ond year of grow -
ing, they are more tol er ant to sour soil and can be grown in in fer tile soil. (Lazauskas, 1998; Frame, 
2008).

Red clo ver is highly val ued as an ex cel lent for age plant. How ever, it does have some draw -
backs: pro duces in suf fi cient seed yield, ex hib its mod er ate ca pac ity to with stand colds, and in suf -
fi cient dis ease and pest re sis tance (Sprainaitis, Vil~inskas, 2006). As a re sult, clo ver breed ing is
tar geted at the search of new pos si bil i ties to im prove these traits.

The aim of the in ves ti ga tion was to es tab lish the dry mat ter yield pro duc tiv ity of late red
clo ver va ri et ies.

Ma te ri als and meth ods

Red clo ver va ri et ies were tested in 2006 and 2007 at the Lith u a nian In sti tute of Ag ri cul ture
(Dotnuva) on a me dium heavy gleyic cambisol (CMg). The Lith u a nian va ri et ies (‘Liepsna’,
‘Kamaniai’, ‘Arimai~iai’ - dip loid, ‘Kir{inai’, - tetraploid) and the va ri et ies re ceived from for eign
sci en tific in sti tu tions (‘Brita’ - dip loid, ‘Tri ton’- tetraploid) were in ves ti gated. Plant height and
dry mat ter yield were as sessed. The dip loid va ri ety ‘Liepsna’ was cho sen as a stan dard. All va ri et -
ies were late ma tur ing. The ge no types were planted in 5.5 m2 test plots, us ing ran dom ized com -
plete block de sign with five rep li ca tions. Phos pho rus and po tas sium fer til iz ers (P60K90) were ap -
plied in the au tumn of each year of use.
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In 2006 the spring was cold, dry and long. The sum mer was warm and dry. July was the
warm est month, while the dri est month was June, the rain i est month was Au gust. Dur ing the
greater part of sum mer the re serves of pro duc tive mois ture in the soil for plants were crit i cal. Be -
gin ning of Sep tem ber was warm and rainy, later the weather con di tions turned to dry and sunny.
In win ter of year 2007 the weather tem per a ture was vary ing: Jan u ary was windy, warm and rainy,
but Feb ru ary was cold. The spring came early but the weather was also very vary ing, warm days
in ter changed with cool days. The sum mer was warm and quite rainy. Au gust was the warm est
month while July was the rain i est (Ta ble 1).

Ta ble 1. Preticipation and tem per a ture data (April-Oc to ber) for in Cen tral Lith u a nian re gion (Dotnuva)
for the study pe riod (2006-2007) with long-term (1924-2007) av er age

Month

Temperature (°C) Precipitation (mm)

Average Long-term Total Long-term

2006 yr. 2007 yr. 1924-2007 2006 yr. 2007 yr. 1924-2007

April 6.7 6.9 5.7 19.2 15.8 37.2

May 12.6 13.5 12.2 45.0 98.2 52.5

June 16.8 17.6 15.6 6.8 61.5 61.3

July 21.3 17.2 17.6 40.4 118.1 73.6

August 18.1 18.7 16.6 105.0 50.8 73.6

September 14.6 12.8 12.0 76.0 49.1 51.7

October 9.7 7.7 6.8 49.2 48.7 49.3

The ex per i men tal date were de vel oped by P. Tarakanovas com puter soft ware ’YIELD‘
and ’STAT ENG ‘ (this pro gram in cludes cor re la tion anal y sis) in the Vi sual Ba sic of Ap pli ca tion
as macro pro gram to run in the EXCEL was used.

Re sults and dis cus sion

Un der cli ma tic con di tions of Lith u a nia late red clo ver can give two or even three grass
yieds, if the weather is fa vour able, al though they are de scribed in lit er a ture as ‘sin gle-cut’
(Lazauskas, 1998). As the cli mate gets warmer the pro duc tiv ity of plants also changes. This was
proved by our in ves ti ga tion. The weather con di tions dif fered in ex per i men tal years: 2006 was
droughty, es pe cially in May- July month; in 2007 there was enough mois ture. 2006 yr. red clo ver
was cut 2 times, 2007 yr. – 3 times. In the first year of cul ti vat ing, the first cut com prised 62 – 66 %
of yearly dry mat ter yield, sec ond 34 – 38 %. In the sec ond year of cul ti va tion the 1st cut com -
prised 38 - 60 %, 2nd – 15-38 % and 3rd 21-24 % of yearly dry mat ter yield (Fig. 1).

Fig. 1. Dis tri bu tion of red clo ver DMY, 2006, 2007.

Red clo ver yield is usu ally 20-30 % higher in the first year of grow ing than in the sec ond
year (Kad`iulis et al., 1995). In our in ves ti ga tion dry mat ter yield in the first year was 10-20 %
lower than in the sec ond year (Fig. 2).
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In the first year of cul ti vat ing, all va ri et ies had sig nif i cantly big ger dry mat ter yield com -
pared to stan dard va ri ety, ex cept for tetraploid va ri ety ‘Tri ton’. Lith u a nian va ri et ies dip loid
‘Arimai~iai’ and tetraploid ‘Kir{inai’ gave sig nif i cantly big gest dry mat ter yield (13.48 and 13.43 t
ha-1).

In the sec ond year of cul ti va tion dip loid va ri et ies ‘Kir{inai’ (15.9 t ha-1) and ‘Brita’ (15.19 t
ha-1) and tetraploid ‘Arimai~iai’ (15.6 t ha-1) had sig nif i cantly higher dry mat ter yield com pared
to the stan dard va ri ety (Fig. 2).

Fig.2 Mean plant height and to tal dry mat ter yield of late type red clo ver, 
2006 - 2007. * P<0,05 risk level.

Higher dry mat ter yield in 2007 yr. de ter mined av er age 2006-2007 yr. red clo ver dry mat ter
yield. Sig nif i cantly higher dry mat ter yield com pared to the stan dard va ri ety ‘Liepsna’ had dip -
loid va ri et ies ‘Kir{inai’ (15.9 t ha-1) and ‘Brita’ (15.19 t ha-1) and tetraploid ‘Arimai~iai’ (14.54 t
ha-1, 13.97 t ha-1 and 14.67 t ha-1) (Fig 2).

In 2006 yr. the plants in 1st cut were sig nif i cantly higher (66.33 – 74.67 cm) than 2nd cut
plants (36 - 48 cm). No sig nif i cant dif fer ences were found com pared to stan dard va ri ety, but the
1st cut plants of all va ri et ies were higher, ex cept for va ri ety ‘Brita’. The 2nd cut plants were sig nif i -
cantly higher com pared to stan dard va ri ety ‘Liepsna’ (2 Ta ble).

Ta ble 2. Red clo ver plants height 2006, 2007.

Varieties
2006 yr. 2007 yr.

1st 2nd 1st 2nd 3rd

‘Liepsna’ 69.67 36 64.67 52 53.67

‘Kamaniai’ 71.67 48* 65.33 24* 45*

‘Arimai~iai’ 72 47.33* 64.33 30* 49.67

‘Kir{inai’ 74.67 45.67* 61* 25.67* 52

‘Triton’ 72 43.33* 59* 29* 49.67

‘Brita’ 66.33 45* 63.67 27* 51.33

R05 9.3 2.9 2.95 3.16 4.25

* P<0,05 risk level.

In 2007 yr. the 1st cut plants were high est com pared to 2nd and 3rd cut plants (59 – 65.33 cm).
The plants of tetraploid va ri et ies ‘Kir{inai’ and ‘Tri ton’ were sig nif i cantly lower com pared to
stan dard va ri ety (61 cm and 59 cm). The plants of va ri ety ‘Kamaniai’ were the high est (65.33 cm).
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The 2nd cut plants – the low est (24 - 52 cm) com pared to 1st and 3rd cut plants. The 2nd cut plants of
all va ri et ies and the 3rd cut plants of va ri ety ‘Kamaniai’ were sig nif i cantly lower com pared to stan -
dard va ri ety. The 3rd cut plants were lower com pared to stan dard va ri ety ‘Liepsna’(2 Ta ble).

Con clu sions

The weather con di tions de ter mined num ber of cut ting. The plant height had the sig nif i cant
im pact on dry mat ter yield. The Lith u a nian va ri et ies ‘Arimai~iai’ and ‘Kir{inai’ dis tin guished by
the big gest dry mat ter yield and high plants. No sig nif i cant dif fer ences in DMY were found be -
tween dip loid and tetraploid late red clo ver va ri et ies.
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MODE OF INHERITANCE AND COMBINING ABILITY 
FOR SEED YIELD IN SUNFLOWER

San dra Gvozdenovi}, Ilija Radeka, Sini{a Joci}
In sti tute of Field and Veg e ta ble Crops, Oil Crops De part ment, Maksim Gorki St. 30, 21000 Novi Sad, Ser bia

e-mail: san dra@ifvcns.ns.ac.yu

Ab stract

Mode of in her i tance and com bin ing abil ity for seed yield per plant were stud ied in 60 F1
sun flower hy brids and their par ents (3 cy to plas mic male ster ile lines (CMS) and 20 re storer
lines). Sig nif i cant dif fer ences were found among mean val ues of seed yield per plant of pa ren tal
lines and their hy brids. Heterosis and better-par ent dom i nance were man i fested in the in her i -
tance of seed yield per plant. The best gen eral combiner was the re storer line RHA-284. Six teen
hy brids had highly sig nif i cant pos i tive val ues of spe cific com bin ing abil ity. Based on the ob tained
re sults, the high est-yield ing F1 hy brid HA-48A x RHA-284 could be con sid ered as pro spec tive.

Key words: sun flower, com bin ing abil ity, heterosis, seed yield per plant.

In tro duc tion

A ma jor ob jec tive of sun flower breed ing is to de velop pro duc tive F1 hy brid cultivars with
high and sta ble seed and oil yields. Seed yield is a com plex trait which re sults from many ef fects of 
mi nor and ma jor genes. Heterosis has been ex ploited ex ten sively by many breed ers to im prove
seed yield in sun flower (Morozov, 1947; Schuster, 1964; Putt, 1966; Vranceanu & Stoenescu,
1969; [kori}, 1975; Joci}, 2002). Es ti mates of ge netic vari a tion and com bin ing abil ity are use ful to
de ter mi nate the breed ing val ues of ge no types in a breed ing pro gram. Spe cific com bin ing abil ity
(SCA) ef fects are im por tant in di ca tors of the value of in bred lines in hy brid com bi na tions (Ortis,
2005). Ob jec tives of the pres ent study were to as sess the mode of in her i tance for seed yield per
plant in the F1 gen er a tion; to es ti mate gen eral and spe cific com bin ing abil i ties; to an a lyze com po -
nents of ge netic vari ance and av er age con tri bu tion of lines, test ers and their in ter ac tion to the ex -
pres sion of seed yield.

Ma te ri als and Meth ods

Three fe male in bred lines, 20 re storer lines and their 60 F1 hy brids were used in this study.
The fe male lines were used as test ers (HA-48A, HA-26A and HA-19A) and the re storer lines
were new and they dif fered in ge netic or i gin. Hy brid com bi na tions were ob tained by cross ing Rf
lines to A ster ile test ers.

A com par a tive trial was car ried out in a ran dom ized block de sign in four rep li ca tions at
Rimski [an~evi Ex per i ment Field of In sti tute of the Field and Veg e ta ble Crops in Novi Sad. The
lines and hy brids were sown man u ally, in four rows per treat ment and 12 plants per row. The
row-to-row spac ing was 0.7 m and plant-to-plant spac ing was 0.25 m. The ba sic sam ple for the
anal y ses in cluded 40 plants (10 plants per rep li ca tion). Mea sure ments were made af ter har vest.

Mode of in her i tance was eval u ated by com par ing mean val ues of F1 hy brids with mean val -
ues of better par ent and by sig nif i cance test (Kraljevi}-Balali} et al., 1991). Ap ply ing the line x
tester method (Singh & Choudhary 1976), the fol low ing in for ma tion were re ceived: sig nif i cant
dif fer ence be tween the sources of vari ance, gen eral com bin ing abil ity (GCA) of the in bred lines
and spe cific com bin ing abil ity (SCA) of their F1 hy brids. In ad di tion, com po nents of vari ance and 
av er age con tri bu tions of the lines, test ers and their in ter ac tion to seed yield were cal cu lated.

Re sults and Dis cus sion

Mode of in her i tance –Sig nif i cant dif fer ences were ob served among the in bred lines and their
F1 hy brids re gard ing seed yield per plant in di cat ing the ex is tence of ge netic dif fer ences be tween
the ge no types. The low est yield ing re storer line was RHA-AL (5.29 g) and the high est was
RHA-270 (27.17 g). The mean val ues for seed yield of the test ers were 31.03 g (HA-48A), 35.27 g
(HA-19A) and 39.83 g (HA-26A). Re gard ing the hy brids, their seed yields per plant ranged from
36.22 g (RHA-48A x RES-PL-22) to 72.43 g (HA-26A x RHA-BRE-1) (data not shown).
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Heterotic ef fect was es tab lished in 55 F1 hy brids. Com pared with mean val ues of better par -
ent, it ranged from 29.14% (HA-26A x PL-4-108) to 130.32% (HA-48A x RHA-284) (data not
shown). Be sides heterosis, dom i nance of better par ent was man i fested in 5 F1 hy brids.

Com bin ing abil ity - The anal y sis of com bin ing abil ity for seed yield per plant showed that
there were highly sig nif i cant dif fer ences among the re stor ers and among the test ers. A highly sig -
nif i cant pos i tive GCA ef fect was re corded in 8 re storer lines. The high est pos i tive GCA value for
seed yield per plant was found in the re storer RHA-284, which was noted as a good gen eral
combiner. All tester lines showed highly sig nif i cant GCA ef fects; es pe cially no ta ble was the
tester HA-26A as a very good combiner (Ta ble 1).

Ta ble 1. Val ues of gen eral com bin ing abil ity (GCA) of sun flower hy brids for seed yield

Inbred line GCA Inbred line GCA

RHA-SEL 5.07** RHA-CD 1.63*

RHA-BRE-1 4.75** RHA-TR-20 0.06

RHA-AL 5.28** RHA-LR-18 -1.59*

RHA-N-187 -7.11** RHA-270 1.99*

RES-PL-22 -11.38** RHA-284 8.52**

RHA-ST-S-55 0.71 PL-4-108 -7.88**

RHA-pl-2/1 -3.74** PL-4-120 0.20

RHA-ST-S-103 -0.77 PL-4-181 3.78**

RHA-ST-S-92 -1.12* HA-48A (T1) -2.60**

RHA-NK 3.31** HA-26A (T2) 5.15**

RUS-RF-OL-168 -5.54** HA-19A (T3) -2.56**

RHA-UK 3.82**

SE GCA/line 0.56 SE GCA/tester 0.22

SE(Gi-Gj)/line 0.80 SE(Gi-Gj)/tester 0.31

LSD 5% 1.56 LSD 5% 0.60

LSD 1% 2.05 LSD 1% 0.79

Of the 60 F1 hy brids tested, 16 had a highly sig nif i cant pos i tive SCA ef fect for seed yield per 
plant and 2 had a sig nif i cant ef fect. The as sess ment of SCA for seed yield showed that the F1 hy -
brids HA-48A x PL-4-108 and HA-19A x RHA-N-187 were the best com bi na tions, al though ei -
ther fe male or male com po nent were poor gen eral combiners (Ta ble 2). Based on SCA value and
the ef fect of heterosis, the F1 hy brid HA-48A x RHA-284 was sin gled out as pro spec tive for com -
mer cial use.

Com po nents of ge netic vari ance – The anal y sis of ge netic vari ance showed that the non-ad di -
tive com po nent played the main role in the in her i tance of seed yield per plant, as in di cated by the
GCA/SCA ra tio which was 0.02 (Ta ble 3). These re sults are in good agree ment with those of
Kova~ik & [kaloud (1972), [kori} et al. (2000), Laureti & Del Gatto (2001) and Ortis (2005), but
con trary to the re sults of Putt (1966) and Sindagi et al. (1979), who claimed that the ad di tive gene
ef fect was more im por tant for in her i tance of seed yield.
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Ta ble 2. Val ues of spe cific com bin ing abil ity (SCA) for seed yield in sun flower hy brids

Restorer Tester HA-48A HA-26A HA-19A

RHA-SEL -4.65** 0.89 3.76**

RHA-BRE-1 -12.31** 5.47** 6.83**

RHA-AL 3.74** -0.23 -3.51*

RHA-N-187 -1.64 -9.18** 10.82**

RES-PL-22 -6.85** -3.71** 10.56**

RHA-ST-S-55 1.33 3.36* -4.70**

RHA-pl-2/1 4.09** -3.63** -0.46

RHA-ST-S-103 1.35 0.72 -2.07

RHA-ST-S-92 -1.93 4.54** -2.61

RHA-NK 5.54** 3.51* -9.05**

RUS-RF-OL-168 -9.75** 2.41 7.34**

RHA-UK -4.74** 2.60 2.14

RHA-CD 0.07 5.10** -5.17**

RHA-TR-20 0.26 6.90** -7.16**

RHA-LR-18 -0.67 -1.44 2.12

RHA-270 7.73** -7.21** -0.53

RHA-284 8.51** -6.99** -1.52

PL-4-108 11.20** -2.88** -8.32**

PL-4-120 5.95** -5.81** -0.14

PL-4-181 -7.24** 5.58** 1.67

SE SCA 0.97

SE (Sij-Ski) 1.38

LSD 5% 2.70

LSD 1% 3.55

Ta ble 3. Com po nents of ge netic vari ance for sun flower seed yield

Additive variance Dominant variance

Va (F=0) 3.37 Vd (F=0) 189.58

Va (F=1) 1.69 Vd (F=1) 47.39

GCA 0.84 SCA 47.39

GCA/SCA 0.02

The line x tester in ter ac tion had the high est av er age con tri bu tion to the ex pres sion of seed
yield per plant (44.86%). The re storer lines ex hib ited a sig nif i cant ef fect (35.69%), while the con -
tri bu tion of the test ers were low est (19.46%) (Table 4).

Ta ble 4. Av er age con tri bu tion (%) of lines, test ers and their in ter ac tion to the ex pres sion of sun flower
seed yield

Average contribution %

Line 35.69

Tester 19.46

Line x tester 44.86

Con clu sions

Fol low ing con clu sions can be made on the ba sis on the study re sults. Sig nif i cant dif fer ences 
were ob served be tween in bred lines and their F1 hy brids for seed yield per plant. Re gard ing the
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in her i tance of seed yield per plant, heterosis and dom i nance of better par ent were man i fested.
The non-ad di tive com po nent played the main role in the in her i tance of seed yield per plant. The
re storer RHA-284 and the tester HA-26A were best gen eral combiners. Based on the GCA value 
and ef fect of heterosis, the F1 hy brid HA-48A x RHA-284 was sin gled out as pro spec tive for com -
mer cial use.

Ref er ences
Joci}, S., 2002. Nasle|ivanje komponenti prinosa kod suncokreta (Helianthus annuus L.). Doktorska disertacija.

Poljoprivredni fakultet u Novom Sadu.
Kova~ik, A., [kaloud, V., 1972. Com bin ing abil ity and pre dic tion of heterosis in sun flower (Helianthus annuus L.).

Scientia Ag ri cul ture Bohemoslovaca, 4(4): 263-273. 
Kraljevi}-Balali}, M., S. Petrovi}, Lj. Vapa, 1991. Genetika: teorijske osnove sa zadacima. Poljoprivredni i

Prirodno-matemati~ki fakultet, Univerzitet u Novom Sadu.
Laureti, D., Del Gatto, A., 2001. Gen eral and spe cific com bin ing abil ity in sun flower (Helianthus annuus L.) Helia,

24(34): 1-16.
Marinkovi}, R., Dozet, B., Vasi}, D., 2003. Oplemenjivanje suncokreta (monografija). [kolska knjiga, Novi Sad.
Morozov, V. K., 1947. Selekcija podsolne~nika v SSSR. Pi{}epromizdat, Moskva.
Ortis, L., Nestares, G., Frutos, E., Machado, N., 2005. Com bin ing abil ity anal y sis for ag ro nomic traits in sun flower

(Helianthus annuus L.) Helia, 28(43): 125-134.
Putt, E. D., 1966. Heterosis, com bin ing abil ity, and pre dicted syn thet ics from a diallel cross in sun flow ers (Helianthus

annuus L.). Can. J. Plant. Sci., 46: 59-67.
Schuster, W., 1964. Inzucht und Heterozis bei der Sonnenblume (Helianthus annuus L.). Wihl. Schitz Verlag, Giessen.
Sindagi, S. S., Kulkarni, R. S., Seetharam, A., 1979. Line x tester anal y sis of the com bin ing abil ity in sun flower (H.

annuus L.). The Sun flower News let ter, 2(2): 11-12.
Singh, R. K., Choudhary, B. D., 1976. Biometrical Tech niques in Ge net ics and Breed ing. In ter na tional Bio sci ence Pub -

lish ers. Hisar. In dia.
[kori}, D., 1975. Mogu}nosti kori{}enja heterozisa na bazi mu{ke sterilnosti kod suncokreta. Doktorska disertacija.

Poljoprivredni fakultet u Novom Sadu.
[kori}, D, Joci}, S, Molnar, I., 2000. Gen eral (GCA) and spe cific (SCA) com bin ing abil i ties in sun flower. Proc 15th

Internat. Sun flower Con fer ence, Toulouse, France, p. E23-E29.
Vranceanu, A. V., Stoenescu, F. M., 1969. Hibrizii simpli de floreasporelui o perspecitiva apropiata pentru producties.

Probleme agricole, Bu cha rest, 10: 21-32.

553

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



A BIOFERTILIZER FOR SUGAR BEET 
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Ab stract

Plant growth pro mot ing rhizobacteria (PGPR) are a group of free-liv ing bac te ria that col o -
nize the rhizosphere and im prove root growth. They di rectly in flu ence plant growth by pro duc ing 
phytohormones, dis solv ing in or ganic phos phates, and im prov ing iron nu tri tion via siderophores.
Ad di tion ally, PGPRs pro mote plant growth by antibiosis, com pe ti tion for space and nu tri ents,
and the in duc tion of plant re sis tance to a wide range of root and leaf patho gens, i.e. by the re duc -
tion of root patho gen pop u la tions and other harm ful or gan isms in the rhizosphere. The PGPR ef -
fects are re flected in in creased germinability, vigor, bio mass, root pro lif er a tion, and yields of dif -
fer ent crops. Dif fer ent strains of the gen era Aeromonas, Azoarcus, Azospirillum, Azotobacter, Ba cil -
lus, Clostridium, Enterobacter, Clebsiella, Pseu do mo nas and Serratia have been iden ti fied as
PGPRs, and the search for other such strains is on go ing. The use of PGPRs for in creas ing plant
growth in sus tain able ag ri cul ture sys tems is di rectly linked with the spec i fic ity of the mi cro or gan -
ism used in re la tion to the crop spe cies to which it is ap plied, its mech a nism of ac tion and abil ity to 
col o nize the rhizosphere, and the for mu la tion and method of ap pli ca tion of the mi cro bial fer til -
izer con cerned. Our pa per stud ied the ge nus Azotobacter and its pos si ble use as a PGPR in sugar
beet. It dis cusses the ef fects of an Azotobacter-based PGPR that was used on sugar beet by crop
grow ers in the prov ince of Vojvodina dur ing 2007.

Key words: Azotobacter, root yield, sugar beet, white sugar yield

In tro duc tion

Biofertilizers are fer til izer con tain ing live, non patho genic mi cro or gan isms that pro mote
plant growth. In oc u la tion of plant roots with iso lated diazotrophs and other rhizosphere bac te ria
has been shown to have a pos i tive in flu ence on the plant (Gull et al. 2004; Hafeez et al. 2004;
Malic et al. 2005). The pos i tive ef fects have been pro duced by strains that have ex hib ited cer tain
traits, such as ni tro gen-fix ing abil ity, abil ity to pro duce phytohormones or bacteriocins, or power
to de grade phos pho rus com pounds, and are con sid ered to be plant growth pro mot ing
rhizobacteria (PGPR).

Strains suit able for biofertilizer pro duc tion must ex hibit some, if not all, of the fol low ing
char ac ter is tics: abil ity to sur vive in a wide range of en vi ron ments;com pet i tive abil ity; ni tro -
gen-fix ing abil ity; in fec tious ness and ef fec tive ness in the pres ence of ni tro gen in the soil; abil ity to 
mul ti ply in a liq uid en vi ron ment; abil ity to sur vive in the inoculum car rier; abil ity to sur vive in un -
fa vor able en vi ron men tal con di tions; tol er ance of chang ing pH and agro chemi cals/pes ti cides; and 
ge netic sta bil ity dur ing growth and stor age. Af ter ten years of test ing var i ous strains iso lated
from the rhizosphere of sugar beet; Mrkova~ki et al.(1996; 2008) and ^a~i} et al. (1999; 2001;
2004) have pro duced a biofertilizer called NS-Betafixin at the In sti tute of Field and Veg e ta ble
Crops in Novi Sad. In or der to ob tain the fi nal, com mer cial prod uct, the fol low ing steps were
taken: se lec tion of the most ef fec tive strains from among sev eral dozen iso lates; se lec tion of the
inoculum car rier and its prep a ra tion; main te nance of the ap pro pri ate num ber of bac te rial cells;
and rig or ous qual ity con trol. Fol low ing these steps, the prod uct was tested in the field and green -
house as well as in the fields of com mer cial sugar beet grow ers.

The re sults of the field tri als and a sur vey of the com mer cial grow ers in volved in the study
has shown that the use of NS-Betafixin can lead to a con sid er able re duc tion of fer til izer use and
in creased prof its for the grow ers, which is one of the goals of sus tain able ag ri cul ture.

The aim of this pa per was to test the ef fi cacy and ef fects of NS-Betafixin on sugar beet
yields and the biogenic pro file of the soil in the fields of sugar beet grow ers in 2007.
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Ma te ri als and Meth ods

The mi cro bial fer til izer NS-Betafixin was used in the study, which was car ried out in 2007
on a num ber of com mer cial plots in the prov ince of Vojvodina. NS-Betafixin was ap plied at a rate 
of 2 l/ha prior to the first im ple men ta tion of interrow till age in the sugar beet crop. In each plot,
one area was left un treated and used as the con trol. In the sec ond part of July and sec ond part of
Sep tem ber, soil sam ples were taken from the rhizosphere for the pur pose of determinining mi -
cro bial abun dance. The sugar beet crop was har vested in the lat ter part of Sep tem ber and root
yield and stand den sity were de ter mined us ing four rep li cates, each mea sur ing 10 m2 . The sam -
ples were an a lyzed for sugar con tent and the lev els of nonsugars (K, Na and amino-N). Us ing
these re sults, the yields of po lar iza tion and white sugar were de ter mined.

Re sults and Dis cus sion

The yields in the trial ranged be tween 55.44 and 87.67 t/ha in the con trol plots and from
56.73 to 88.28 t/ha in the plots treated with NS-Betafixin. The use of NS-Betafixin in creased the
root yield by an av er age of 4.46%, or 3.08 t/ha, rang ing from 0.42% at the Crvenka site to 10.47%
at the Senta lo ca tion (Tab.1).

Ta ble 1. Ef fect of NS-Betafixin on root yields, white sugar yields, to tal mi cro bial abun dance, and
Azotobacter abun dance in com mer cial crops of sugar beet grown in 2007

No. Site

Root yield (t/ha)
White sugar yield

(t/ha)
% Increase after 

NS – Betafixin use

Control
NS -

Betafixin
Control

NS -
Betafixin

Azotobacter
abundance

Total
microbial

abundance

1 Crvenka 61.45 61.71 9.34 9.74 + 45.56

2 Doroslovo 62.45 68.54 8.89 9.73 + 56.48 + 131.70

3 ^enej 64.44 64.63 8.49 8.80 + 42.02 + 90.30

4 Temerin 70.00 75.58 9.21 10.06 + 35.00 + 112.80

5 Senta 64.10 70.81 10.60 10.73 + 34.60 + 14.70

6 Kisa~ 85.06 88.28 11.05 12.06 + 22.13 + 13.40

7 Kisa~ 64.83 68.41 9.63 10.32 + 55.31 + 14.80

8 Kisa~ 87.67 86.98 11.48 12.32

9 Kisa~ 76.42 75.65 11.04 11.19 + 15.00 + 64.20

10 Bezdan 55.44 60.36 8.73 9.59 + 15.42

11 Bezdan 55.61 56.73 8.16 8.45 + 43.53 + 25.30

12 [id 74.45 80.55 11.79 12.89 + 10.90 + 50.80

13 Kisa~ 75.68 79.42 11.46 12.33

Mean 69.05 72.13 9.99 10.63 + 34.18 + 57.55

In some of our pre vi ous stud ies, the ap pli ca tion of NS-Betafixin (strains of Azotobacter
chroococcum) , in creased root yields as fol lows: by 1.4-4.7% in 1996; by an av er age of 5.9% over a
three-year pe riod; and by 1-2 t/ha in 2001 and 2002 (Mrkova~ki et al.2002).

In the pres ent study, the yields of white sugar var ied from 8.16 to 11.79 t/ha in the con trol
plots and from 8.45 to 12.89 t/ha in the plots on which NS-Betafixin was used (Tab.1).

The use of the biofertilizer in creased white sugar yields by an av er age of 6.4%, or 680 kg/ha. 
The root yield in creases on com mer cial plots ranged from 2 to 10%, or 1.44-7.21 t/ha. The white
sugar yields in creased by any where from 1.23% at Senta to 9.85% at Bezdan, or by 130-1047
kg/ha.

In pre vi ous stud ies, white sugar yield in creased by 4.2-8.4% (in 1997) and by 4.83% (a
three-year av er age), while some more re cent stud ies have re ported in creases of 7.93-8.2%
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(Mrkova~ki and Mezei, 2003; ^a~i} et al. 2003). Antipchuk et al. (1997) ob tained a root yield in -
crease of 2.6-12.7%, while Steiberg et al. (1996) re ported in creases of 4-6.5 t/ha, or 17-24%.

Ef fect of NS-Betafixin on mi cro bial abun dance

NS-Betafixin in creased mi cro bial abun dance in the sugar beet rhizospheres in our study.
On av er age, in oc u la tion with this fer til izer in creased Azotobacter abun dance by 34% rel a tive to
the con trol plots, with the in creases rang ing from 10 to 56% de pend ing on grower. One of our
pre vi ous stud ies (Mrkova~ki et al. 2007) found in creases of 20-50%. In 2002, an in crease of 77%
rel a tive to the con trol treatment was recorded.

In the pres ent study, to tal mi cro bial abun dance rel a tive to con trol plots was in creased by an 
av er age of 57%, rang ing from 14 to 112% in dif fer ent plots. Mrkova~ki et al. (2007) found that
over a four-year pe riod in oc u la tion in creased the to tal num ber of mi cro or gan isms by 34-100% on 
av er age (Mrkova~ki et al., 2007).

Con clu sions

Look ing at the av er age of all the sites stud ied, the use of NS-Betafixin in creased root yields
by 3.08 t/ha, white sugar yields by 680 kg/ha, to tal mi cro bial abun dance by 57%, and Azotobacter
abun dance by 34%.
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Ab stract

Glob ally, the se lec tion of pe ren nial for age le gumes based on the sci en tific ap pli ca tion of
ge netic meth ods be gan at the be gin ning of the 20th cen tury. In Ser bia, this hap pened later, in the
mid-20th cen tury. The ear li est ob jec tive of the do mes tic breed ing pro grams was to de velop pe ren -
nial for age le gumes with high yields and good qual ity that were suit able for a wide range of grow -
ing con di tions. The de vel op ment of first do mes tic cultivars of al falfa and birds foot tre foil has sig -
nif i cantly ad vanced the cul ti va tion of these crops in the coun try and also it has sig nif i cantly con -
trib uted to the de vel op ment of an i mal hus bandry. Soon af ter this ini tial pe riod of se lec tion, the
fo cus in the breed ing of the pe ren nial for age le gumes shifted to de vel op ing va ri et ies suit able for
spe cific grow ing con di tions, which was in tune with the global trends at the time. The main di rec -
tion of these breed ing ef forts was the de vel op ment of va ri et ies that have high ge netic po ten tials
for main ag ro nomic traits (for age yield and qual ity, com pet i tive abil ity, per sis tence) un der dif fer -
ent con di tions and meth ods of grow ing. Fu ture di rec tions of pe ren nial le gumes se lec tion in Ser -
bia will fo cus on the ad vance ment of the afore men tioned traits but will also in clude work on cer -
tain spe cific traits that are at the fore front of the world wide breed ing ef forts in volv ing these
crops. This in cludes the se lec tion of al falfa va ri et ies with in creased bio mass yield and high cel lu -
lose con tent, to be used for the pro duc tion of bioethanol as a re new able en ergy source and the
de vel op ment of cultivars with a well-de vel oped root sys tem that will im prove the pro cesses of
phytoremediation and soil re culti va tion. In line with the lat est global trends in con ven tional and
sus tain able ag ri cul ture, which are es pe cially prom i nent in the U.S. and some EU coun tries, Ser -
bian an i mal hus bandry would greatly ben e fit from the de vel op ment of pe ren nial le gume cultivars 
tol er ant of higher soil acid ity and hav ing a high com pet i tive in dex to be used for com pan ion
plant ing with pe ren nial grasses in or der to pro vide high-qual ity an i mal feed in the hilly and
moun tain ous ar eas of Ser bia and on soils with a lower pH and poorer struc ture.

Key words: breed ing, ob jec tive, pe ren nial le gumes, traits

In tro duc tion

Breed ing of pe ren nial le gumes based on ge netic meth ods had started at the be gin ning of
the 20th cen tury (Lamb et al., 2006). In Ser bia, it started rel a tively late, af ter World War II, first in
Novi Sad and then in Kru{evac. Col lec tions of na tive al falfa pop u la tions, as a ba sis for breed ing
and de vel op ment of al falfa cultivars, were es tab lished at In sti tute of Field and Veg e ta ble Crops
in Novi Sad in 1947 (M. Lazi} and Z. Lazi}, 1964) and at For age Crops In sti tute in Kru{evac a few
years later (Mijatovi} and Rankovi}, 1975). Work on de vel op ment of red clo ver cultivars started
at Kru{evac In sti tute (Miladinovi}, 1972), and much later at Novi Sad In sti tute (Vasiljevi} et al.,
2005). Breed ing of other pe ren nial le gumes has started only re cently.

Cur rent di rec tions of breed ing pe ren nial le gumes

Al falfa. Al falfa breed ing pro grams at Novi Sad In sti tute, Kru{evac In sti tute and In sti tute
for Ag ri cul tural and Tech no log i cal Re search in Zaje~ar were aimed at the de vel op ment of do -
mes tic high-yield ing al falfa cultivars.

Breed ing of al falfa, the ma jor pe ren nial le gume in our coun try, may be di vided in sev eral
stages con sid er ing the breed ing ob jec tive. In the first stage, na tive al falfa pop u la tions had been
used. Be cause of their high vari abil ity and adapt abil ity, these pop u la tions were ex cel lent ge netic
ma te rial for de vel op ment of al falfa cultivars. The ob jec tive of the first stage had been the de vel -
op ment of high yield ing cultivars, pos sess ing sat is fac tory for age qual ity and in tended for grow ing
on qual ity soils un der the pre vail ing arid cli mate. These cultivars were planned to re place the lo -
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cal pop u la tions that had been grown com mer cially at that time. Us ing meth ods of mass and in di -
vid ual se lec tion, the cultivars NS Banat ZMS II, NS Ba~ka ZMS I, NS and Vr{ac ZMS IV were
de vel oped at Novi Sad In sti tute and K-1 and M-2 at Kru{evac In sti tute. These cultivars in volved
widely adapted na tive ge no types (ecotypes), which ex plains their con tin ued pop u lar ity among
grow ers.

Ge netic ba sis of the al falfa col lec tion was fur ther broad ened and its di ver gence was main -
tained by ex chang ing plant ma te rial with re search cen ters from the coun try and abroad (Tomi} et 
al., 2005; Mihailovi} et al., 2007). The col lected ma te ri als were char ac ter ized and eval u ated as
part of a pre-breed ing pro gram (Mili}, 2007), which is a ba sis for suc cess ful breed ing. The ex -
changed germplasm as well as ge no types de vel oped at the In sti tute, which pos sessed im por tant
ag ro nomic char ac ter is tics, were used in breed ing pro grams for de vel op ment of alfalfa cultivars
with a broad genetic basis.

The need for di ver si fy ing and broad en ing the ex ist ing ge netic ba sis of al falfa led to the in -
tro duc tion of re lated spe cies into the breed ing pro gram. First interspecies crosses (M. sativa x M.
falcata) were made in Novi Sad with the in ten tion of broad en ing the al falfa acre age to in clude
heavy hydromorphic soils with a slightly acid re ac tion. This stage of breed ing ren dered a group of
cultivars which in cluded NS Mediana ZMS V and Novosa|anka H-11. Be cause these cultivars in -
cluded genes from the yel low al falfa (M. falcata), they were char ac ter ized by in creased
winterhardiness, tol er ance to lodg ing and ma jor dis eases (Kati} et al., 2002). NS Mediana ZMS
V, the most pop u lar com mer cial cultivar in Ser bia, re al izes its full ge netic yield po ten tial on the
pseudogley soil that had been ad e quately ame lio rated prior to al falfa plant ing (Kati} et al., 2006).

In spite of ex ten sive breed ing pro grams pur sued in Ser bia and many other coun tries, in -
crease of al falfa bio mass has been low when com pared with ma jor field crops. Over the last 100
years, the al falfa dry mat ter yield was in creased by about 20%. Of that fig ure, 10% are con sid ered 
to be due to im proved cul tural prac tices and only 10% had been con trib uted by breed ing and uti -
li za tion of nu mer ous pop u la tions dif fer ing in geo graphic and ge netic or i gin (Hol land and
Bingham, 1994). Rea son for the mod est im prove ment is pri mar ily the spe cies it self, its nat u ral
autotetraploidy and man i fest open pol li na tion, which com pli cate al falfa breed ing. The lim ited
suc cess of al falfa breed ing for in creased dry mat ter yield has re di rected the breeding programs to
achieving the desired results indirectly.

Ac cord ingly, the next stage of al falfa breed ing in Ser bia was fo cused on bio mass qual ity im -
prove ment while main tain ing yield per for mance, tol er ance to fre quent cut ting and tol er ance to
lodg ing (Kati} et al., 2007). In creased re sis tance to abiotic (soil, drought, low tem per a ture...) and
bi otic fac tors (var i ous patho genic or gan isms) un der field con di tions, which pro long al falfa field
per sis tence and thus its ex ploi ta tion pe riod, had a spe cial place among al falfa breed ing ob jec -
tives. The cultivars de vel oped dur ing that stage were syn thet ics (Radovi} et al., 2007). Their par -
ents were se lected by var i ous breed ing meth ods, de pend ing on breed ing ob jec tive (\uki} et al.,
2007). As most of the al falfa cultivars grown com mer cially around the world are syn thet ics (Rowe 
and Hill 1999; Veronesi et al., 2006), it may be said that the third stage of al falfa breed ing in Ser -
bia caught up with the cur rent trends of al falfa breed ing else where in the world. A large num ber
of cultivars were de vel oped dur ing that stage, K-22, K-28, Slavija, Rasinka, Tisa, Begej,
Zaje~arka 83, Krajina and, most re cently, K-42, Banat VS, NS Alfa, Nera, Zaje~arka 05, Iva and
Morava-1. The cultivar Slavija (and the cultivar Rasinka, sim i lar to the for mer ac cord ing to the
mor pho log i cal and pro duc tion char ac ter is tics and the method of de vel op ment) achieves its full
po ten tial un der con di tions of in ten sive production and it is characterized by a high seed yield and
exceptional seed quality (Karagi}, 2004).

The cultivars from the last stage have a wide ge netic ba sis and they are better adapted to
the lo cal con di tions than for eign cultivars (Kati} et al., 1997). Be cause of this char ac ter is tic they
man age to bring sta ble yields for an ex tended ex ploi ta tion pe riod. On ac count of their high yields
and qual ity, the do mes tic al falfa cultivars are an im por tant fac tor in the pro duc tion of high and
sta ble yields of quality cattle feed.
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Red clo ver. Ma jor ob jec tives of red clo ver breed ing had been high pro duc tion po ten tial for
yield of bio mass, per sis tence, adapt abil ity to the pro duc tion con di tions of the moun tain-hill re -
gion of cen tral Ser bia, es pe cially its slightly acid soils, and tol er ance to ma jor patho gens. The do -
mes tic dip loid cultivars of red clo ver were syn thet ics com posed of na tive ge no types or lo cal pop u -
la tions. Start ing from 1960 and us ing dif fer ent breed ing meth ods, 10 red clo ver cultivars were de -
vel oped, nine dip loid and one tetraploid.

The main ob jec tive of red clo ver breed ing was the de vel op ment of per sis tent ge no types tol -
er ant to eco nom i cally im por tant dis eases and ca pa ble of bring ing high yields of qual ity for age
(Lugi}, 1999, Vasiljevi} et al., 2005 a). To be suc cess ful in breed ing work, it was im por tant to cor -
rectly se lect breed ing tar gets and meth ods as well as to gather breed ing ma te rial with as high
genetic variability as possible.

Half-sib meth ods such as mass and phenotypic re cur rent se lec tion had been rec og nized as
most ef fec tive meth ods for red clo ver breed ing. The lat est gen er a tion of do mes tic red clo ver
cultivars was de vel oped us ing these meth ods (Lugi} et al., 2001a, Lugi} et al., 2001b, Vasiljevi} et
al., 2001, Vasiljevi} et al., 2004a). This gen er a tion in cluded the cultivars K-38, K-39, Kolubara and 
Una. Com par a tive stud ies of for eign and do mes tic cultivars and pop u la tions of red clo ver con -
ducted in the lo ca tions of Rimski [an~evi (Vasiljevi} et al., 1998, 1999, Vasilüevi~ et al., 2008) and
Kru{evac (Lugic et al., 2002) con firmed the su pe ri or ity of the for mer. In ad di tion to breed ers who 
used the con ven tional se lec tion aimed at the de vel op ment of high-yield ing cultivars re sis tant to
eco nom i cally im por tant dis eases, there were a large num ber of red clo ver breed ers who were fo -
cused in their work on the de vel op ment of spe cial ized cultivars, highly adapted to spe cific re -
gions. For ex am ple, Tay lor and Quesenberry (1996) re ported that the cultivars Kuhn and Pros per 
I were rec om mended for grow ing on slightly acid soils. Ca na dian re search ers Sturz and Chris tie
(1998) de ter mined endophytogenic bac te ria in soil rhizosphere which con trib uted to a spe cific
pos i tive in ter ac tion (yieldwise) in the ro ta tion of red clo ver (Trifolium pratense) and po tato
(Solanum tuberosum), even at the level of cer tain cultivars.

As claimed by Novoselova (1986), intraspecies hy brid iza tion may be use ful for in tro duc ing
de sir able ag ro nomic char ac ter is tics (dis ease re sis tance, per sis tence, in creased pro tein con tent,
winterhardiness, etc.) into a high-yield ing red clo ver cultivar. Be ing aware that re sults of cross ing
are de ter mined to a large mea sure by the choice of pa ren tal pairs, a diallel cross was con ducted to
eval u ate gen eral (GCA) and spe cific com bin ing abil ity (SCA) for agronomically im por tant char -
ac ter is tics in a group of se lected par ents (Vasiljevi}, 2004b). A de tailed ge netic anal y sis of in her i -
tance of the char ac ter is tics ex am ined in the diallel cross pro vided in di ca tions for fu ture breed ing
of red clo ver. It was found that meth ods of half-sib se lec tion could be used to im prove the red clo -
ver char ac ter is tics whose in her i tance was con trolled by ad di tive genes (stem length, yield of
green for age per plant, growth habit, pu bes cence, sus cep ti bil ity to leaf spot, etc.) while meth ods
of full-sib se lec tion could be used for dom i nantly in her ited char ac ter is tics (stem thick ness, mid -
dle lamina length, num ber of in flo res cen ces per plant).

Birds foot tre foil and white clo ver. Sig nif i cant re sults in the breed ing of birds foot tre foil and
sainfoin have been achieved at Zaje~ar In sti tute. First birds foot tre foil cultivars, Zora and Bokor, 
were de vel oped there (Petrovi} et al., 2000). Breed ing of birds foot tre foil and white clo ver started 
at Kru{evac In sti tute in the 1980s. Do mes tic pop u la tions were ba sic breed ing ma te rial for de vel -
op ment of high-yield ing white clo ver and birds foot tre foil cultivars (Lugi} et al., 2001; Radovi} et
al., 2003; Radovi} et al., 2004). Main breed ing ob jec tives were in creased yield po ten tial and im -
proved com pet i tive ness, to al low suc cess ful grow ing of birds foot tre foil in a mix ture with grasses
(Lugi} et al., 1996). Kru{evac In sti tute has a col lec tion of do mes tic pop u la tions and for eign ge no -
types, which is a sound ba sis for fur ther breed ing of these pe ren nial for age le gumes.

Fu ture di rec tions of breed ing pe ren nial for age le gumes

Al falfa: The fu ture breed ing of al falfa in Ser bia will con tinue to fol low the global trends in
re search on this crop. Breed ing for in creased yield will re main the main goal, and meth ods to ac -
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com plish this will in clude the study of heterosis, the de vel op ment of free- and semi-hy brids
(Brummer et al., 2004), and the con tin u a tion of interspecific hy brid iza tion with M. falcata.

The breed ing of pe ren nial le gumes (al falfa) is ex pected to take sev eral di rec tions, which
broadly fall into two cat e go ries:
a) Breed ing al falfa for con ven tional uses (an i mal feed pro duc tion).
b) Breed ing al falfa for novel (in dus trial) uses.

a) Breed ing al falfa for an i mal feed in Ser bia will re main fo cused on its cur rent goals and
will be di rected at at tain ing in creased early ma tu rity and tol er ance of more fre quent cut ting for
the pur pose of ob tain ing higher yields of for age and hay. The other se lec tion goals will in clude
the de vel op ment of al falfa cultivars that are tol er ant of lodg ing and suit able for in ten sive cul ti va -
tion (grow ing on fer tile soils us ing ir ri ga tion and fer til izer ap pli ca tion) as well as breed ing al falfa
for less favorable soils (heavier, hydromorphic ones).

An other trend of the fu ture is the im prove ment of al falfa qual ity, i.e. nu tri tive value. This
di rec tion of al falfa breed ing will make use of the lat est de vel op ments in the sci ence of ru mi nant
nu tri tion. Thus far, al falfa qual ity has been eval u ated us ing crude pro tein con tent as the main cri -
te rion. In the fu ture, the main cri te ria will be the di gest ible pro tein con tent and the lev els of struc -
tural and nonstructural car bo hy drates, cal cu lated on the ba sis of neu tral and acid de ter gent fi ber
con tents, as well as the best ra tio be tween the two. One of the ways to in di rectly im prove al falfa
qual ity is to de velop cultivars tol er ant of early cut ting, and this will be one of the focal points of
alfalfa breeding in the future.

b) In the early 1990s, al falfa be gan to be stud ied for its pos si ble use in the pro duc tion of en -
ergy (cel lu lose), pro tein, and in dus trial en zymes as well as a crop to be used for phytoremediation 
(Bou ton, 1996).

Lignocellulosic ma te rial may be come the main re new able en ergy source of the fu ture
(McCaslin 2007), as these sub stances ac count for 70% of the Earth’s bio sphere. The pro duc tion
of bioethanol from lignocellulose will there fore draw at ten tion from an in creas ing num ber of re -
search ers worldwide.

One of the fu ture di rec tions in al falfa se lec tion is breed ing for in creased bio mass for the
pur pose of bioethanol pro duc tion. Breed ing for in creased bio mass yields in volves se lec tion for
plant height and re sis tance to lodg ing with less fre quent cut ting, an in creased cel lu lose con tent, a
re duced lignin con tent, and so on. Al falfa se lec tion for biofuel pro duc tion will be based pri mar ily
on the knowl edge of the cell wall con tents and on iden ti fy ing ge netic mech a nisms in volved in the
biosynthesis of each com po nent and their in cor po ra tion into the lig ni fied tis sue. The re duc tion of 
lignin con tent is im por tant for the im prove ment of fer men ta tion, but lignin is also im por tant for
tis sue struc ture and so lid ity and contributes to cell resistance to bacterial and fungal degradation.

In Eu rope, a con sor tium has been es tab lished (Fralupo Pro jects 2000) that is plan ning to
pro duce the Rubisco pro tein from al falfa for the pur poses of use in the hu man diet and the phar -
ma ceu ti cal and cos metic in dus tries. This will re quire the de vel op ment of al falfa cultivars with an
in creased crude protein content.

Phytoestrogen ac tiv ity, which has a pos i tive ef fect on hu man health, has been ob served in
al falfa (Seguin et al., 2004). The man u fac ture of prep a ra tions based on al falfa es tro gen ac tiv ity is
aimed at mit i gat ing the ef fects of os teo po ro sis, meno pause, heart dis ease, and can cer. In the fu -
ture, it may be come nec es sary to de velop al falfa cultivars with an in creased phytoestrogen con -
tent to be used for in dus trial and me dic i nal pur poses as well as al falfa cultivars with re duced
estrogen levels for conventional uses.

The prob lem of in creas ing top soil acid ity is be com ing more and more im por tant in Ser bia
as of lately. Be cause al falfa is among the crop spe cies sus cep ti ble to in creased soil acid ity, this de -
vel op ment is re duc ing the crop’s area of grow ing in the coun try and pres ents al falfa breed ers with 
the task of de vel op ing cultivars with in creased tol er ance of slightly acid soils.

Ser bia is see ing an in creas ing need for soil re culti va tion. In ten sive ef forts are un der way
world wide to de velop al falfa cultivars with a well-de vel oped root sys tem that will lead to im -

560

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



proved phytoremediation (Schwab et al., 2006) through the re duc tion of ground wa ter pol lu tion
by ni tro gen. A deep root sys tem also re duces ero sion and im proves the soil’s physical properties.

Red clo ver: In line with the global trends, Ser bian red clo ver breed ing in the fu ture will fo -
cus on the im prove ment of ag ro nomic traits and qual ity of this crop.

a) Im prove ment of ag ro nomic traits: In the last two de cades, red clo ver has reemerged as
an im por tant crop (es pe cially as a com po nent of grass-clo ver mix tures), mostly due to the in -
creas ing prices of en ergy sources and ni tro gen fer til iz ers (Smith&Sharpee, 1992, Tay lor&Smith,
1995, Wiersma et al., 1999). An other fac tor con trib ut ing to the sta bi li za tion of red clo ver pro duc -
tion has been the im prove ment and de vel op ment of cultivars with in creased per sis tence, re sis -
tance to dis eases (Smith, 1983, Venuto et al., 1992), tol er ance of high alu minium con cen tra tions
(Tumasova et al., 1999), nu tri tive value, and im por tance in crop ro ta tion and the im prove ment of
soil physico-chemical properties (Smith, 2000).

II) Im prove ment of for age qual ity (most im por tantly crude pro tein con tent): This is the
sec ond ma jor goal of red clo ver breed ing. The fi ber re quire ments of ru mi nants are ex pressed
through acid and neu tral de ter gent fi bers, not raw cel lu lose, as is most of ten the case in Ser bia.
The ge netic and sea sonal vari a tion of fi ber con tent is one of the main rea sons for the vari a tion of
for age qual ity (Smith, 2000). Due to their com plex chem i cal bonds, struc tural car bo hy drates are
less di gest ible, so the re duc tion of their con tent up to a cer tain point is a way to im prove for age
qual ity. Some red clo ver ge no types have high lev els of phytoestrogen, which dis rupts the nor mal
re pro duc tive cy cle of sheep. Formononetin is con sid ered to be the most im por tant es tro gen com -
pound in red clo ver. Red clo ver breed ing for re duced formononetin lev els is aimed at de vel op ing
cultivars suit able for sheep nu tri tion, as such lev els have been re ported to lead to im proved fer til -
ity in the spe cies (Mc Don ald et al., 1994). Since red clo ver is used ex ten sively for graz ing, the fu -
ture breed ing pro gram on this crop should fo cus in part on de vel op ing va ri et ies with a de creased
formononetin con tent. On the other hand, var i ous phar ma ceu ti cal prod ucts based on red clo ver
and soy bean phytoestrogens (Kova~evi} et al., 2005) that are aimed at mitigating the effects of
menopause are already present on the market (Promensil, Menosoja).

Birds foot tre foil and white clo ver: The in crease of green and dry mat ter yields and the im -
prove ment of bio mass qual ity will con tinue to be ma jor goals in the breed ing of these spe cies.
Par tic u lar at ten tion will be paid to se lec tion for in creased regrowth rate, com pet i tive abil ity, and
per sis tence in the field, with the aim to de velop cultivars suit able for be ing part of grass-le gume
mix tures, which is the most pro duc tive and eco nom i cal way of uti liz ing these crops.

The in creas ing prices of en ergy sources and ni tro gen fer til iz ers on the do mes tic and global
mar kets have led to the remergence of pe ren nial for age le gumes in ag ri cul tural pro duc tion, in
which these spe cies are used for a va ri ety of pur poses, such as pro duc ing safe an i mal feed, re new -
able en ergy (bioethanol), and phar ma ceu ti cal prod ucts or soil pro tec tion from ero sion and
phytoremediation. These uses will re main the fo cal points of pe ren nial forage legumes selection
in the future.
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EFFECT ON PLANTING DATE ON YIELDS AND 
QUALITY OF SPRING GARLIC CULTIVAR LABUD

Vida Todorovi}1, Jelica Gvozdanovi}-Varga2, Nata{a ]eji}-Balaban1, Mirjana Vasi}2

1Faculty of Ag ri cul ture of the Uni ver sity in Banjaluka
2Institute of Field and Veg e ta ble Crops, Maksima Gorkog 30, 21000 Novi Sad, Ser bia

E-mail: dasat@blic.net

Ab stract

With its high bi o log i cal value, both nu tri tive and me dic i nal, gar lic is one of the old est crop
spe cies. It be gan to be grown and used as far back in time as the an cient civ i li za tions. In Ser bia
and other coun tries, the do mes tic cultivars of this crop are used very lit tle and the mar ket is dom i -
nated by im ported gar lic.

The bi o log i cal char ac ter is tics of the crop, its re sis tance to low tem per a tures and re sponse
to day length, and the veg e ta tive method of re pro duc tion, are all fac tors af fect ing the grow ing pe -
riod and dis tri bu tion of gar lic va ri et ies and cul ti vated pop u la tions. In con ti nen tal cli mates, the
op ti mum time for plant ing gar lic is the first half of March, or as soon as weather con di tions per -
mit.

In the pres ent study, we in ves ti gated four plant ing dates spaced at 10-day in ter vals across
the start of the grow ing sea son in 2006 and 2007. The aim was to de ter mine the ef fect of plant ing
date on bulb yields and qual ity of the spring gar lic va ri ety Labud, de vel oped at the In sti tute of
Field and Veg e ta ble Crops in Novi Sad.

The high est yields (9.3 t/ha) were pro duced by the ear li est plant ing date, while the lat est
date pro duced the high est dry mat ter con tent (39.65 %). The yields and qual ity of the bulbs were
also af fected sig nif i cantly by year. In 2006, for in stance, the yields were 20% higher than in the
year 2007, which was droughty. How ever, bulb qual ity was better in 2007 than in 2006, de spite the
fact that the lat ter year had better en vi ron men tal con di tions.

Key words: gar lic, qual ity, yield, plant ing date, va ri ety Labud

In tro duc tion

The im por tance of gar lic in hu man nu tri tion stems pri mar ily from its nu tri tive and me dic i -
nal val ues. Gar lic is im por tant in the hu man diet be cause of its car bo hy drate, pro tein, and vi ta min 
C con tents and be cause it con tains var i ous min eral sub stances and es sen tial oils. The health ben e -
fits of gar lic are a prod uct of the pres ence of sul fur com pounds, which give the es sen tial oil of this
crop its char ac ter is tic fla vor and aroma.

Gar lic has a very pro nounced re sponse to en vi ron men tal con di tions and its pro duc tion
char ac ter is tics will be af fected by any change in the grow ing en vi ron ment (Aleksejeva, 1960;
Kamenetsky et al., 2004). Plant ing date is one of the main vari ables lead ing to the ful fil ment of
the op ti mum ge netic po ten tial for yield of a given gar lic cultivar.

In view of this, the ob jec tive of this pa per was to de ter mine the ef fects of plant ing date on
bulb yield and qual ity of the spring gar lic va ri ety Labud and dem on strate the im por tance of
plant ing date in a given set of en vi ron men tal con di tions.

Ma te ri als and Meth ods

Used in the study was the va ri ety Labud, de vel oped at the In sti tute of Field and Veg e ta ble
Crops in Novi Sad. The cultivar has a com pact, ob late bulb with five to six lay ers of pro tec tive
skin and a weight of 25-35 grams. The bulb has 10-12 cloves of uni form weight and size. The clove
skin is creamy pink in color and the cloves weigh 2-2.5 grams each. The dry mat ter con tent of the
bulb ranges be tween 38 and 40%. One of the best fea tures of this cultivar is its long stor age life
(Gvozdenovi} et.al., 2001).

The trial was con ducted at the ex per i ment field of the Fac ulty of Ag ri cul ture in Banjaluka (
Lakta{i, Re pub lic of Srpska) dur ing 2006 and 2007 and four plant ing dates, 10 days apart, were
used. The dates were: Date I – March 28, 2006 and March 18, 2007; Date II – April 8, 2006 and
March 28, 2007; Date III – April 17, 2006 and April 8, 2007; and Date IV –April 28, 2006 and April 
17, 2007. The fol low ing traits were an a lyzed: bulb weight (g); bulb di am e ter (mm); bulb length
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(mm); clove num ber; clove di am e ter (mm); clove length (mm); clove weight (g), dry mat ter con -
tent (%), and yield (t/ha). The bulb trait val ues were av er aged across plant ing dates and years.
Yield and dry mat ter con tent were an a lyzed us ing ANOVA and the LSD test.

Re sults and dis cus sion

Ta ble 1 shows bulb trait vari a tion ac cord ing to year and plant ing date. The av er age bulb
weight dropped from 27.63-34.59 g on Date I to 11.15-12.59 g on Date IV. The large dif fer ence be -
tween the dates was due to gar lic’s en vi ron men tal re quire ments, i.e. the bi ol ogy of its growth and
de vel op ment. Ger mi na tion in this crop starts as early as at 3-5oC, and the op ti mum tem per a tures
for the growth of the root and the above-ground plant parts are 10oC and 16-18oC, re spec tively.
In ten sive clove growth oc curs at 20oC, and the bulb ma tures at a tem per a ture of 25oC. As we can
see, the bi ol ogy of the spe cies dic tates that it should be planted as soon as weather con di tions per -
mit. De layed plant ing co in cid ing with higher tem per a tures re sults in a poorer for ma tion of the
root and above-ground plant parts, lead ing to a de crease in the num ber and size of leaves and re -
duced bulb and clove size. Kazakova (1978) notes that some gar lic va ri et ies change their mor pho -
log i cal and bi o log i cal char ac ter is tics de pend ing on the grow ing con di tions. Late plant ing leads to
a re duc tion in the num ber of leaves and the num ber and size of cloves.

Table1. Av er age val ues of bulb traits of the spring gar lic cultivar Labud as af fected by plant ing date over
two years

Trait

Year

2006 2007

Planting date

I II III IV average I II III IV average

BM (g) 34.59 27.12 23.35 12.95 24.50 27.63 24.25 16.18 11.15 19.80

BD (mm) 46.83 43.60 39.98 33.07 40.87 42.06 41.53 37.08 32.13 37.70

BL (mm) 46.83 43.60 39.98 33.07 35.69 42.06 41.53 37.08 32.13 34.88

NC 14.87 14.17 13.27 9.60 12.98 10.48 12.24 9.03 7.25 9.75

DC (mm) 19.77 18.14 17.17 16.54 17.90 17.61 14.23 13.48 15.31 15.16

LC (mm) 31.43 28.34 28.28 25.61 28.41 32.18 29.51 29.33 25.83 28.81

CM (g) 4.03 3.13 3.07 2.29 3.13 3.24 2.05 1.82 1.87 2.23

BM- bulb mass (g); BD- bulb di am e ter (mm); BL- bulb length (mm); NC-num ber of cloves; 
DC- di am e ter of clove (mm); LC- length of clove (mm); CM- clove mass (g)

Ac cord ingly, the fourth plant ing date in the sec ond year of the pres ent study (April 17)
pro duced the small est num ber and weight of cloves as a re sult of higher tem per a tures co in cid ing
with the early stages of plant de vel op ment. All the traits an a lyzed in di cate that later plant ing of
gar lic re sults in smaller bulb size and clove number.

Ta ble 2. Bulb yields (t/ha) of the va ri ety Labud

Planting date
Year

Planting date average
2006 2007

I 10.38 8.29 9.34

II 8.14 7.28 7.71

III 6.99 4.85 5.92

IV 3.88 3.33 3.61

Year average 7.35 5.94 6.64

LSD0.05 1.85

LSD0.01 3.40
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As shown in Ta ble 2, the high est yield was clearly pro duced on the first plant ing date in
both years. By the fourth date, some of the yields de creased by as much as three times, or 2.7 t/ha.
With each sub se quent plant ing date af ter the first one, the yield de creased by an av er age of 1.91
t/ha, and the high est drop was re corded on the fourth date, which oc curred in the third ten-day
pe riod of April in both years. Sig nif i cantly higher bulb yields were ob tained on the first and third
plant ing dates in 2006 com pared with the same dates in 2007, the dif fer ence be ing two tons.

Dry mat ter con tent is a trait that is di rectly linked with gar lic qual ity, both when con sumed
fresh and when used for in dus trial pro cess ing. (Gvozdanovi}-Varga et. al., 1997). The cul ti vated
ge no types of spring gar lic have a high dry mat ter con tent, rang ing from 35 to 45% de pend ing on
the ge no type and year. In the cultivar Labud, the ef fects of year on dry mat ter con tent were much
more pro nounced than those of plant ing date (Tab.3), so the high est dry mat ter con tent was re -
corded on the sec ond plant ing date in the sec ond year of the study. The dry mat ter con tent of gar -
lic is af fected by the tem per a tures pres ent dur ing plant de vel op ment, bulb for ma tion, and mat u -
ra tion. Higher tem per a tures dur ing these stages will re sult in faster mat u ra tion and greater ac cu -
mu la tion of dry mat ter (Gvozdanovi}-Varga et.al., 2005).

Ta ble 3. Dry mat ter con tent (%) of the cultivar Labud

Planting date
Year

Planting date average
2006 2007

I 36.30 38.31 37.31

II 35.54 40.31 37.93

III 35.93 41.08 38.51

IV 36.64 42.66 39.65

Year average 36.10 40.59 38.35

LSD0.05 3.90

LSD0.01 7.16

Con clu sions

The late plant ing of gar lic in the spring had a neg a tive ef fect on bulb and clove char ac ter is -
tics (num ber, weight, length, and di am e ter), which di rectly in flu enced the yields of the crop. The
dry mat ter con tent of the bulb, how ever, was not sig nif i cantly af fected by the plant ing date and
climatic conditions.

The plant ing date and cli ma tic con di tions dur ing the year had a highly sig nif i cant ef fect on
the yield of the va ri ety Labud, so early plant ing in the spring is a pre req ui site for ob tain ing high
yields and high qual ity of the bulb.
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Ab stract

The two main ques tions in pro grams introgressing ex otic maize germplasm into tem per ate
ma te ri als are the choice of avail able ex otic sources to work with and the pro por tion of ex otic
germplasm that should be in cor po rated into adapted germplasm. The ob jec tive of this study was
to com pare the ef fects of dif fer ent pro por tions of the trop i cal maize in bred line NC298 in hy brid
male par ents on grain yield and grain mois ture con tent us ing the method of or thogo nal poly no -
mi als.

The method of di rect crosses and back cross es was used to form four hy brid groups (six hy -
brids each) con tain ing 0, 25, 50 and 75 per cent of trop i cal ex otic germplasm, re spec tively, in their
male par ents (or one half of the men tioned pro por tions in the cor re spond ing hy brids).

The lin ear com po nents of the germplasm pro por tion sum of squares were sig nif i cant
(p<0.01) for both grain yield and mois ture con tent, while the cu bic ef fect was sig nif i cant (p<0.05)
for grain yield only. The re sults of this study clearly sug gest that backcross pop u la tions with an
adapted line are an ap pro pri ate se lec tion source for both grain yield and grain mois ture con tent.

Key words: ex otic germplasm, maize, or thogo nal poly no mi als, tem per ate germplasm.

In tro duc tion

The re sults of many re search ers sup port the use of ex otic maize germplasm in tem per ate
breed ing (Wellhausen, 1956; Hallauer, 1978; Geadelman, 1984; Beck et al., 1991; Good man and
Car son, 2000). There are many avail able sources of dif fer ent types of ex otic germplasm, rang ing
from ra cial ac ces sions through to in bred lines. Good man (1998) re ported a slight in crease in the
use of both tem per ate ex otic germplasm (from 0.8% in 1984 to 2.6% in 1996) and trop i cal ex otic
germplasm (from 0.1% in 1984 to 0.3% in 1996) in U.S. maize breed ing. A sim i lar sit u a tion is
pres ent to day not only in the U.S. corn seed in dus try but also in the corn breed ing pro grams in
South east Eu rope.

The bar ri ers and pos si ble dif fi cul ties to us ing trop i cal maize germplasm in tem per ate
breed ing pro grams have been de scribed by many au thors (Fran cis,1972; Lonnquist, 1974; Good -
man, 1985; Hawbaker et al., 1997; Hallauer, 2003). Such dif fi cul ties (as sum ing long-term breed -
ing pro grams to meet an tic i pated goals), to gether with the pres sure of the in dus try, may have a
ma jor in flu ence on the lack of suc cess in the com mer cial im ple men ta tion of ex otic germplasm,
but „not a lack of ex cel lent sources of trop i cal maize germplasm“ (Good man et al., 2000).

The two main is sues in pro grams of ex otic maize germplasm introgression into tem per ate
ma te ri als are the choice of avail able trop i cal ex otic sources and the pro por tion of trop i cal ex otic
germplasm that should be in cor po rated into the adapted germplasm. The ob jec tive of this study
was to test the ef fects of dif fer ent pro por tions of the trop i cal ex otic maize in bred line NC298 in
hy brid male par ents (Mo17 and NS796) on grain yield and grain mois ture con tent us ing the
method of or thogo nal poly no mi als.

Ma te ri als and Meth ods

The in bred line NC298, a 100% trop i cal germplasm yel low flint (by dr. M.M. Good man
1991), was cho sen as a source of trop i cal ex otic germplasm. The in bred lines Mo17 and NS796,
bred out from the Lan cas ter pop u la tion and the lo cal yel low dent va ri ety Vukovar, re spec tively
(Stojakovic et al., 2000), were used as the male par ent com po nent. Both male lines (tem per ate)
and NC298 (trop i cal ex otic) com bine well with the Reid yel low dent heterotic group. Us ing the
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method of di rect crosses and back cross es (be tween NC298 and the two male lines, Mo17 and
NS796), four male groups with 0, 25, 50 and 75 per cent of trop i cal ex otic germplasm, re spec tively,
were formed (Ta ble 1). Each line or com bi na tion within each male group was tested with three
com mon fe male in bred-test ers be long ing to the Reid yel low dent heterotic group (NS568, B109
and NS416). Each male par ent group con sisted of six hy brids with the same pro por tion of ex otic
germplasm (3 x 2, fe male and male par ents, re spec tively).

Ta ble 1: In bred lines and their com bi na tions ob tained to match the ap pro pri ate pro por tions of ex otic
germplasm (used as hy brids male par ent)

Male group Lines and combinations
Proportion of exotic
(NC298) germplasm

1
NS796
Mo17

0

2
(NS796 x NC298) x NS796
(Mo17 x NC298) x Mo17

25

3
NS796 x NC298
Mo17 x NC298

50

4
(NS796 x NC298) x NC298
(Mo17 x NC298) x NC298

75

The pro por tion of ex otic germplasm in each hy brid com bi na tion was one half of the pro -
por tion found in the cor re spond ing male par ent. The inbreds NS568, NS416 and NS796 were se -
lected at the In sti tute of Field and Veg e ta ble Crops in Novi Sad, while Mo17 and B109 are both of 
U.S. or i gin.

Twenty eight en tries (24 hy brids and four check hy brids) were grown in two-row plots, at a
den sity of 53,333 plants/ha. All plots were re-planted and thinned in the fifth leaf stage to ob tain
the fi nal den sity. The plots were ar ranged in a ran dom ized com plete block de sign with two rep li -
ca tions in each of the five en vi ron ments (E; lo ca tions–year com bi na tion). The hy brids were
grown at Novi Sad in both 2002 and 2003 and at Srbobran in 2002 and Osijek (Croatia) in 2003. In
2003, the lo ca tion of Srbobran was dis carded be cause of the se vere wind storm and hail dam age
af ter pol li na tion. For the fi nal data anal y sis, we had four en vi ron ments. The stan dard maize
grow ing tech nol ogy was ap plied un der dry land con di tions. Har vest ing was done us ing a com bine 
har vester. Data were col lected for grain yield (ad justed to 14% mois ture and expressed as t/ha)
and grain moisture (%).

Two-way anal y sis of vari ance was con ducted to es ti mate the sig nif i cance and mag ni tude of
ge no type (G) x en vi ron ment (E) in ter ac tions. These anal y ses as sumed that ge no type and en vi -
ron ment ef fects were fixed and ran dom, re spec tively. The re sults for the G x E mean squares
level of sig nif i cance data was not shown. For sta tis ti cal anal y ses in this study we used the mean
val ues of 24 tested hy brids over en vi ron ments for both grain yield and grain mois ture con tent
(un der the as sump tion of po ten tial bi ases based on sig nif i cant G x E interaction for grain
moisture content).

The anal y sis of vari ance for Re peated–Mea sure De sign (RMD) and the test ing of lin ear,
qua dratic and cu bic ef fects of equally spaced germplasm pro por tion in ter vals for grain yield and
grain mois ture were done ac cord ing to Ed wards, 1979 (Chapter, 10).

Re sults and Dis cus sion

The high est–yield ing hy brid group con tained 25% of ex otic (NC298) germplasm in the
male par ent (7.40 t/ha). The sec ond rank ing group for grain yield (7.26 t/ha) was the one that did
not have any ex otic germplasm at all (Ta ble 2). The mean val ues for the other two hy brid groups
were 6.62 t/ha and 6.53 t/ha for the groups con tain ing 50% and 75% of ex otic germplasm in the
male par ent, respectively.
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A pos i tive lin ear re la tion ship was ap par ent be tween grain mois ture (%) and pro por tion of
ex otic germplasm. The groups con tain ing 0% and 25% of ex otic germplasm had the low est grain
mois ture val ues, 23.03% and 23.53%, re spec tively (Table 2).

Ta ble 2: Mean val ues for grain yield and grain mois ture con tent of maize hy brids con tain ing dif fer ent
pro por tions of ex otic (NC298) germplasm in the male par ent

Group #
NC298 proportion

in male
Grain yield Grain moisture

t/ha Rank % Rank

1 0 7.26±0.12 2 23.03±0.52 4

2 25 7.40±0.10 1 23.53±0.47 3

3 50 6.62±0.21 3 25.45±0.44 2

4 75 6.53±0.11 4 27.45±0.68 1

# See Ma te rial and Meth ods for the hy brid struc ture of each group

Us ing sim i lar ge netic ma te ri als, Vasi} et al., (2006) found that the dif fer ences be tween the
mean val ues for grain yield and grain mois ture were sig nif i cant (p<0.1, p<0.05 or p<0.01) for all
the pro por tions of ex otic germplasm, ex cept in the cases of 0% vs. 25% (both traits) and 50% vs.
75% (grain yield only).

The anal y sis of vari ance of RMD de sign showed sig nif i cant mean square val ues (p<0.01)
for germplasm pro por tions for both grain yield and grain mois ture (Ta ble 3).

Ta ble 3: RMD+ anal y sis of vari ance and or thogo nal com par i son of germplasm propotions for grain
yield and grain mois ture con tent

Sources of variation df
Mean Squares (MS)

Grain yield (GY) Grain moisture (GM)

Hybrids (H) 5 0.081 2.715

Germplasm (G) 3 1.168** 24.348**

Linear 1 2.646** 69.130**

Quadratic 1 0.079 3.375

Cubic 1 0.778* 0.539

H x G 15 0.133 21.237

R2 GY vs. Germplasm 0.661**

R2 GM vs. Germplasm 0.803**

RMD+ (Re peated Mea sure De sign); *p<0.05; **p<0.01

At the same time, the lin ear com po nents were sig nif i cant (p<0.01) for both traits, while the
cu bic ef fect (p<0.05) was such for grain yield only.

It seems that sig nif i cant non-lin ear ef fects based on in con sis tent grain yield trend over dif -
fer ent germplasm pro por tions (Ta ble 2). The va lid ity of the model used in this study was sup -
ported by the sig nif i cant (p<0.01) R2 val ues for both traits (trait vs. germplasm). The ob served
val ues were 0.661 and 0.803 for grain yield and grain mois ture con tent, re spec tively (Ta ble 3).

Vales et al. (2001) ob served the qua dratic ef fect (p<0.01) af ter three cy cles of S1 re cur rent
se lec tion for grain yield in the EPS7 pop u la tion of maize, while the EPS6 pop u la tion un der the
same pro ce dure showed a lin ear re sponse only. The au thors pointed out that S1 re cur rent se lec -
tion to im prove grain yield could be con tin ued in EPS6 be cause of the lin ear re sponse. In EPS7, it
is not clear whether se lec tion should con tinue or not be cause of the quadratic effect observed.

Con clu sions

The re sults of this study clearly sug gest that backcross pop u la tions with an adapted line are
an ap pro pri ate se lec tion source for both grain yield and grain mois ture con tent. These re sults are
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in agree ment with the con clu sions of many au thors us ing field data (Hallauer, 1978; Cross and
Gardner, 1987) or the o ret i cal ge netic and com puter sim u la tion studies (Dudley, 1982).
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CORRELATION AND PATH ANALYSIS OF OIL CONTENT AND MORPHOLOGICAL
TRAITS OF MAIZE (Zea Mays L.) IN THE HIGH-OIL POP U LA TION NSU1
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Ab stract

In the pres ent pa per we stud ied cor re la tions be tween oil con tent on the one hand and mor -
pho log i cal traits of plant and ear on the other. Used in the study were testcross pop u la tions de vel -
oped by cross ing the prog e nies of the high-oil pop u la tion NSU1 af ter 16 cy cles of re cur rent se lec -
tion with the tester 568/II NS. Oil con tent had pos i tive ge netic cor re la tions with all the traits ex -
cept ear height. Be tween the other stud ied traits, the stron gest ge netic and phenotypic re la tion -
ship was found be tween plant and ear height. In NSU1 × 568/II NS, oil con tent had pos i tive
phenotypic cor re la tions with all the traits ex cept ker nel row num ber. Path anal y sis showed highly 
sig nif i cant ef fects of plant and ear height on ker nel oil con tent, but the in flu ence of ear height was 
un de sir able. The di rect phenotypic ef fect was pos i tive and nonsignificant for all the traits.

Key words: maize, mor pho log i cal traits, oil con tent, cor re la tions, path co ef fi cient

In tro duc tion

Be sides the long-last ing work on in creas ing grain yields and patho gen re sis tance and in cor -
po rat ing and im prov ing many de sir able traits, maize breed ing also deals more and more with the
mod i fi ca tion of the de fault chem i cal com po si tion of the crop. The chem i cal com po si tion of the
maize ker nel is very im por tant, es pe cially if we take into con sid er ation one of the pri mary uses of
maize in the de vel op ing coun tries (live stock feed). The ker nels of a mod ern maize hy brid con tain
about 4% oil, 9% pro tein, 73% starch, and 14% other con stit u ents (Laurie et al., 2004). Poul try,
swine and dairy cows re quire feed with high cal o rie lev els. The cal o rie con tent of oil is ap prox i -
mately 2.25 times greater than that of starch (Al ex an der, 1988). There fore, one way to pro vide
high-cal o rie feed for live stock is by the use of high-oil maize. High-oil maize has not only an in -
creased oil con tent but also an en hanced pro tein con tent, which in creases the bi o log i cal value of
the ker nel (Al ex an der, 1988; Bo}anski et al., 1998).

Se lec tion for oil con tent has come to cor re la tive re sponses to other traits. In light of this,
one of the goals of this study was to con firm cor re la tions be tween oil con tent and mor pho log i cal
traits of plant and ear. An other goal of the study was to iden tify the di rect and in di rect ef fects of
mor pho log i cal traits on ker nel oil con tent.

Ma te ri als and Meth ods

The ge netic ma te rial eval u ated in the pres ent study was de vel oped by cross ing prog e nies of
a high-oil corn pop u la tion af ter 16 cy cles of re cur rent se lec tion with the tester 568/II NS. Dur ing
2003 and 2004, testcrosses were eval u ated in field ex per i ments at one lo ca tion (Rimski Sancevi)
ac cord ing to the Nested De sign (an in com plete block de sign; Cochran and Cox, 1957). Ninety six
ge no types were as signed at ran dom to 4 sets. Two rep li ca tions within the set were used and 20
plants per plot were grown. Each plot con sisted of one 5-m long row with 0.75 m be tween the
plots and 0.24 m be tween the plants. The stan dard maize grow ing tech nique was used. Har vest ing 
was done by hand. The data were re corded on 10 ran domly taken com pet i tive plants for plant
(PH) and ear height (EH), ear length (EL), ker nel row num ber (KRN), 100-ker nel weight (KW)
and ker nel oil con tent (KOC). Oil con tent was de ter mined by NMR (nu clear mag netic res o nance 
spec tro scope).

Anal y ses of vari ance and covariance were done by the Nested De sign (ran dom model;
Cochran and Cox, 1957). Ge netic and phenotypic cor re la tion co ef fi cients were based on the ra tio
of joint vari a tion and sum mary of in di vid ual vari a tion of two traits (Hallauer and Miranda, 1988). 
For test ing the sig nif i cance of cor re la tion co ef fi cients, the t test was used. Stan dard ized par tial re -
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gres sion co ef fi cients (path co ef fi cients) based on ge netic and phenotypic cor re la tion co ef fi cients
and lev els of their sig nif i cance were cal cu lated ac cord ing to the method of the in verse sym met ric
cor re la tion ma trix (Ed wards, 1979).

Re sults and Dis cus sion

Ge netic cor re la tions are of great im por tance in the se lec tion, show ing the di rec tion stud ied
traits will take un der the in flu ence of se lec tion (Hallauer and Miranda, 1988).

Val ues of genotypic and phenotypic co ef fi cient of cor re la tions are given in Ta ble 1. Oil
con tent was in low, pos i tive ge netic cor re la tions with al most all the traits stud ied. Neg a tive co ef fi -
cients of cor re la tion were found only be tween oil con tent and plant height. The val ues of ge netic
cor re la tion co ef fi cients be tween ker nel oil con tent and the other stud ied traits were con trary to
the re sults ob tained by El Rouby and Penny (1967). Those au thors stud ied the re la tion ship be -
tween oil con tent and mor pho log i cal traits and found neg a tive cor re la tions be tween oil con tent
and plant height and 100-ker nel weight and low but pos i tive cor re la tions be tween oil con tent and
ear height. The re sults ob tained in our pa per are mostly dif fer ent from those re ported by Mi{evi}
and Al ex an der (1989), who es ti mated cor re la tion changes for grain yield and other ag ro nomic
traits af ter 24 cy cles of phenotypic re cur rent se lec tion for ker nel oil con tent. The es ti ma tion was
done on prog e nies per se and on testcross com bi na tions with two in bred lines, B73 and R802A.
For both prog e nies per se and testcross com bi na tions, neg a tive val ues of cor re la tion co ef fi cient
were ob tained for the most part. With prog e nies per se, pos i tive val ues were ob tained be tween oil
con tent and 100-ker nel weight and ker nel row num ber. With testcross pop u la tions, pos i tive val -
ues were found be tween oil con tent and ker nel row num ber in both testcross com bi na tions and
be tween oil con tent and plant height in the B73 testcrosses. In the preent study, oil con tent was
pos i tively cor re lated with all the traits ex cept ear height. Dudley (2004) and Dudley and Lam bert
(2004) sum ma rized the re sults of the Il li nois ex per i ment and con cluded that in creas ing ker nel oil
con tent de creases starch con tent, re sult ing in re duced ker nel weight. Such a con clu sion may be
ex plained by the fact that there were more se lec tion cy cles at the Il li nois pro gram, lead ing to a
sig nif i cant change in ker nel struc ture. Among the other es ti mated traits, the stron gest, highly sig -
nif i cant cor re la tion was cal cu lated be tween plant height and ear height (rg = 0.7705**). Strong
cor re la tions be tween these two traits were also ob tained by Hallauer and Miranda (1988),
Guzman and Lamkey (2000), Alvi et al. (2003).

Oil con tent was in a low pos i tive phenotypic cor re la tion with all the traits stud ied ex cept
ker nel row num ber, where we found low neg a tive cor re la tions (Tab. 1). The re sults of our study
are par tially in agree ment with those of El Rouby and Penny (1967). They re ported low neg a tive
cor re la tive re la tion ships be tween oil con tent and plant height and 100-ker nel weight and low pos -
i tive phenotypic cor re la tions be tween oil con tent and ear height. The stron gest phenotypic cor re -
la tion among the other stud ied traits was ob tained be tween plant and ear height (rp = 0.5758**),
which is in agree ment with the re sults ob tained by Guzman and Lamkey (2000), Ali and Saleh
(2003) and Sujiprihati et al. (2003) but con trary to the find ings of Nigussie and Saleh’s (2005),
who re ported me dium strong cor re la tions be tween the two traits.

Ta ble 1. Ge netic (above di ag o nal) and phenotypic (be low di ag o nal) cor re la tions in NSU1 × 568/II NS

Trait PH EH EL KRN KW KOC

PH 0.7705** 0.3719* -0.1860 0.0813 0.1113

EH 0.5857** 0.3905 -0.0470 -0.2140 -0.195

EL 0.0826 0.0654 -0.1060 0.3636 0.1262

KRN -0.0360 -0.0810 -0.1030 -0.4080 0.0857

KW 0.0825 0.0720 0.2771 -0.3320 0.1248

KOC 0.0729 0.0598 0.0672 -0.0400 0.1992

*p < 0.05, **p < 0.01
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Ta ble 2. Path co ef fi cient anal y sis for ker nel oil con tent based on ge netic (a) and phenotypic (b) cor re la tions

Pathway
NSU1×568/II NS

(a) (b)

Plant height vs. Kernel oil content

Direct effect 0.755** 0.044

Indirect effect via Ear height -0.709 0.0125

Ear length 0.106 0.0008

Kernel row number -0.026 -0.0011

100-kernel weight -0.015 0.0166

Ear height vs. Kernel oil content

Direct effect -0.920** 0.021

Indirect effect via  Plant height 0.582 0.0258

Ear length 0.111 0.0006

Kernel row number -0.007 -0.0025

100-kernel weight 0.039 0.0145

Ear length vs. Kernel oil content

Direct effect 0.285 0.009

Indirect effect via Plant height 0.281 0.0036

Ear height -0.359 0.0014

Kernel row number -0.015 -0.0032

100-kernel weight -0.065 0.0559

Kernel row number vs. Kernel oil content

Direct effect 0.140 0.031

Indirect effect via Plant height -0.140 -0.0016

Ear length 0.043 -0.0017

Ear length -0.030 -0.0010

100-kernel weight 0.073 -0.0670

100-kernel weight vs. Kernel oil content

Direct effect -0.180 0.202

Indirect effect via Plant height 0.061 0.0036

Ear height 0.197 0.0015

Ear length 0.104 0.0026

Kernel row number -0.057 -0.0104

**  p < 0.01

Path co ef fi cient anal y sis showed highly sig nif i cant di rect ef fects of plant height on oil con -
tent (Tab. 2). The in di rect ef fects of plant height were mainly neg a tive, the only ex cep tion be ing
ear length, but in that case the ef fect was not sig nif i cant. Pos i tive val ues of path co ef fi cient were
found for ker nel row num ber and ear length as well. The in di rect ef fects of ear height and ker nel
row num ber were not sig nif i cant. The in flu ence of ear height was neg a tive and highly sig nif i cant.
The value of path co ef fi cient for 100-ker nel weight was also neg a tive but not sig nif i cant. Pos i tive
di rect phenotypic ef fects were found for all the studied traits, but they were not significant.

Con clu sion

In the 568/II NS testcrosses, oil con tent was in low pos i tive cor re la tions with al most all of
the stud ied traits. Only be tween oil con tent and ear height a low but neg a tive cor re la tion was
found. Among the other stud ied traits, the stron gest re la tion ship was found be tween plant height
and ear height.
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A neg a tive phenotypic re la tion ship was found be tween oil con tent and ker nel row num ber. 
Be tween oil con tent on the one hand and plant and ear heights, ear length and 100-ker nel weight
on the other, pos i tive val ues of phenotypic co ef fi cient of cor re la tions were found.

Path co ef fi cient anal y sis showed highly sig nif i cant di rect ef fects of plant height on ker nel
oil con tent and an un de sir able and highly sig nif i cant ef fect of ear height on oil con tent. A neg a -
tive value of path co ef fi cient also was found for 100-ker nel weight. Di rect phenotypic ef fects were 
pos i tive for all the traits but not sig nif i cant.
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PERFORMACE OF NS RAPESEED GENOTYPES IN FRANCE
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Ab stract

Rape seed ex pan sion in Eu rope is con nected to a grow ing in ter est for biodiesel, since rape -
seed oil is an ex cel lent raw ma te rial for biodiesel pro duc tion. A high seed yield and oil con tent are 
the most im por tant ob jec tives in rape seed breed ing. These two traits can vary greatly within the
ge no type due to the dif fer ences in the en vi ron men tal fac tors that af fect plant growth and ma tu -
rity at dif fer ent grow ing sites. Forty nine rape seed ge no types from the In sti tute of Field and Veg -
e ta ble Crops in Novi Sad were grown at two dif fer ent sites in France along with six French com -
mer cial va ri et ies dur ing the 2007/08 grow ing sea son. Seed yield (qtx/ha), seed hu mid ity (% H2O), 
oil con tent (%), flow er ing date, root lodg ing and as pect at har vest time were an a lyzed. Vari a tion
in some yield-de ter min ing com po nents was ob served. Eight ca no la-type ge no types with high
seed and oil yields were cho sen among the ge no types re sis tant to low tem per a tures and lodg ing
and tol er ant to Phoma for the tri als in the next grow ing sea son in France. The ge no type NS-L-32,
which had a high and sta ble seed yield, was cho sen for the pre-reg is tra tion tri als in France.

Key words: oil con tent, rape seed, seed yield, test ing

In tro duc tion

Rape seed, or oil seed rape (OSR) (Bras sica napus L.), is the most im por tant Bras sica plant
grown for oil. Rape seed oil is the third ma jor veg e ta ble oil, af ter soy bean oil and palm oil. Due to
its abil ity to ger mi nate and grow at low tem per a tures, oil seed rape is one of the few ed ible oil
crops that can be cul ti vated at North ern lat i tudes. In most North ern coun tries, such as Can ada,
OSR is grown as a spring crop, while in other ar eas, e.g. in Eu rope, it is largely a win ter planted
crop. Win ter va ri et ies are higher yield ing than spring va ri et ies. The main pro ducer of OSR is
China, fol lowed by In dia, Can ada, Ger many, France and the UK. The pre dom i nant use of OSR is 
for the oil pressed from the seed, which is in turn used as cook ing oil for hu man con sump tion or as 
fuel or lu bri cant. Re cently, there has been an in creased in ter est in grow ing OSR for the pro duc -
tion of biodiesel. One of the main rea sons for this co mes from the Eu ro pean Un ion’s com mit -
ment to pro mote re new able fu els.

Rape seed breed ing strat e gies are mostly deal ing with de vel op ing va ri et ies char ac ter ized by 
high and sta ble yields of both seed and oil as well as by low lev els of glucosinolates and erucic ac -
ids. Seed yield is a quan ti ta tive trait and its ex pres sion is the re sult of ge no type, en vi ron men tal ef -
fects, and ge no type-en vi ron ment in ter ac tion (Huhn and Leon, 1985; Engqvist and Becker, 1993;
Marinkovi} et al., 2003; Gunasekera et al., 2006). The com plex ity of this trait is a re sult of di verse
pro cesses that oc cur dur ing plant de vel op ment (Ev ans 1983, ac cord ing to Sudari}, 1999). Know -
ing the re la tion ship among these pro cesses and in ves ti gat ing other quan ti ta tive traits make
breed ing pro grams and their suc cess more ef fi cient and se cure (Miji} et al., 2006).

Ma te ri als and meth ods 

Forty win ter rape seed va ri et ies, cre ated at the Oil Crops De part ment of the In sti tute of
Field and Veg e ta ble Crops, Novi Sad (NS) were tested in the trial. They in cluded the cultivar
Bana}anka, the stan dard cultivar in win ter rape seed va ri ety reg is tra tion tri als in Ser bia, six
cultivars reg is tered in Ser bia (Slavica, Nena, Kata, Branka, Nevena and Zlatna), cultivars and hy -
brids that are in the pro cess of va ri ety reg is tra tion (Forvard, Maidan, Ilia, NS-L-31, NS-L-33,
NS-L-34, NS-L-35, NS-L 128, NS-L 132, NS-H-R 1, NS-H-R 2 and NS-H-R 3), and some prom is -
ing lines (NS-L-51, NS-L-110, NS-L-74, NS-L-24, NS-L-7, NS-L-23, NS-L-126, NS-L 129, NS-L
101, NS-L-102, NS-L 134, NS-L-136, NS-L-137, NS-L-138, NS-L-251, NS-L-210, NS-L-44,
NS-L-45, NS-L-46 and NS-L-47). Nine spring rape seed ge no types were also in cluded in the trial.
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They were the cultivar Jovana, the stan dard cultivar used in spring rape seed va ri ety reg is tra tion
tri als in Ser bia, the cultivar Mira, reg is tered in Ser bia, and seven prom is ing lines (JR-NS-6,
JR-NS-26, JR-NS-28, JR-NS-36, JR-NS-7, JR-NS-9 and JR-NS-11). These spring forms be have
as fac ul ta tive ones in Ser bian agroecological con di tions. Be sides the NS ge no types, com mer cial
va ri et ies that are grown in France (Aviso, Exagone, Griz zly, Kalif and Exocet) were also tested in 
the tri als.

These tri als rep re sent a part of con tin ued work on rape seed cultivar test ing in dif fer ent
agroecological con di tions. The tri als were set in France on MaVsadour Ex per i men tal Fields in
Selommes (near Blois) and Vorly (near Bourges).

Based on the re sults of pre vi ous field tri als, four ge no types (Bana}anka, Slavica, NS-L-32
and NS-L-33) were cho sen for fur ther test ing. These four ge no types were sown in big com par a -
tive tri als in Selommes, Vorly, Cham pagne area and in Hun gary dur ing the 2007/08 veg e ta tive
season.

The tri als were ma chine-planted on 3/09/2007 in Selommes and 29/08/2007 in Vorly. The
size of the ex per i men tal plot was 22 m2. The com mon cul ti va tion prac tices were ap plied dur ing
the veg e ta tion. Har vest ing was done on 16/07/2008 in Selommes and 10/07/2008 in Vorly. The
har vest was later than usual for rape seed due to cold weather in May and June in France.

The fol low ing traits were an a lyzed: yield (qtx/ha), hu mid ity (% H2O), oil con tent (%),
flow er ing date, root lodg ing (9 = good), and as pect at har vest time (9 = good) in Selommes and
yield (qtx/ha), hu mid ity (% H2O), oil con tent (%), and as pect at har vest time (9 = good) in Vorly. 
A por tion of the re sults of the 2006/2007 small-plot tri als is pre sented in this pa per.

Re sults and Dis cus sion

At Selommes site, a high per cent age of lodged plants and sig nif i cant pres ence of Phoma
symp toms were ob served. This gave us a chance to se lect ge no types with good re sis tance to
Phoma and lodg ing. Con di tions at the Vorly site were fa vour able for the ex pres sion of good yield
po ten tial and re sis tance to Phoma.

The French stan dard cultivar Griz zly had the high est seed yield among the win ter forms at
Selommes, fol lowed by the NS ge no types NS-L- 52, NS-L-129 and NS-L-32. The line NS-L- 52
had the high est seed yield in Vorly, fol lowed by Exagone and the lines NS-L-47 and NS-L-102.
All ge no types at both sites had a high oil con tent. NS-L- 52 and and NS-L-102 had the high est oil
con tents at Selommes (51.09%) and at Vorly (52.27%), re spec tively (Ta ble 1). The NS ge no types 
had a higher oil con tent in France than when grown in Ser bia pre vi ously (Marjanovi}-Jeromela et 
al., 2008).

Fac ul ta tive ge no types had lower yields than win ter ones at both sites. Due to a long pe riod
of warm weather dur ing au tumn veg e ta tion, fac ul ta tive ge no types passed the vernalisation stage
and started to grow into the stem. At this stage, rape seed plants are more sen si tive to low tem per -
a tures, so dur ing the win ter they suf fered more dam age, which led to their low yields (Table 1).

Based on the re sults pre sented in Ta ble 1 as well as those of com par a tive tri als (data not
shown), the line NS-L-32 was found to be the best ge no type, since it had high and sta ble seed
yield and me dium sus cep ti bil ity to Phoma.

Eight NS ge no types (NS-L-32, NS-L-7, NS-L-33, NS-L-129, NS-L-35, NS-L-32, NS-L- 47
and NS-L- 52) were cho sen for the re-test in 2008/09 at sev eral (6-7) sites in the EU coun tries. The 
other NS ge no types were too sus cep ti ble to Phoma and lodg ing in the con di tions of in creased hu -
mid ity dur ing seed fill and mat u ra tion, which are char ac ter is tic of rape seed grow ing ar eas in
West ern Eu rope. 

The re sults of the these tri als con firmed once again that the en vi ron ment has an ef fect on
seed yield and oil con tent in rape seed va ri et ies, show ing the im por tance of test ing prom is ing ge -
no types in multi-en vi ron ment tri als dur ing the breeding process.
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Ta ble 1. Pro duc tion re sults of NS ge no types at two sites in France dur ing 2007/2008 grow ing sea son.

Site Selommes Vorly.

Va ri ety
Yield

(qtx/ha)
Hu mid ity
(%H2O)

Oil
con tent

(%)

Flow er ing 
date

Root
lodg ing

(9=good)

As pect
har vest

time
(9=good)

Yield
(qtx/ha)

Hu mid ity
(%H2O)

Oil
con tent

(%)

As pect
har vest

time
(9=good)

Aviso 43.02 6.63 50.97 97.0 7.3 7.0 37.57 7.13 50.36 6.7
Exagone 38.02 7.17 50.40 98.0 4.0 4.3 40.08 7.53 49.39 7.3
Griz zly 50.13 7.30 49.24 108.0 9.0 7.7 37.20 8.43 49.96 6.0
Kalif 47.03 8.00 51.41 97.0 6.3 6.0 34.66 8.57 34.55 6.7
Exocet 39.06 7.43 49.89 100.7 5.3 4.7 39.58 8.53 49.77 7.0
NS-H-R 1 36.24 7.20 48.42 98.7 5.0 4.3 30.81 7.90 49.88 5.0
NS-H-R 2 27.83 7.20 45.85 99.3 2.7 2.3 31.30 7.10 48.05 4.0
NS-H-R-3 23.09 6.80 46.98 94.0 3.0 2.0 31.24 7.97 49.07 4.0
Bana}anka 33.80 6.97 49.63 95.0 4.0 3.3 32.07 8.17 50.86 4.7
Slavica 34.57 6.57 49.82 99.3 4.0 3.3 33.24 6.60 49.97 5.0
NS-L-51 37.16 7.60 46.20 99.0 6.3 5.3 32.95 10.13 49.83 5.0
NS-L-110 37.50 7.13 48.21 99.3 5.0 4.7 33.49 9.67 48.39 5.3
Zlatna 30.50 7.43 46.41 90.0 3.7 2.3 32.75 8.60 46.54 4.3
NS-L-74 36.52 7.07 49.69 105.0 4.3 3.3 33.23 9.17 49.24 5.0
Branka 37.01 7.20 49.61 97.0 4.0 3.7 35.17 8.63 50.21 4.7
NS-L-24 37.07 7.27 50.59 94.3 7.3 4.7 29.04 7.40 50.38 5.7
NS-L-7 39.35 7.47 49.86 91.7 5.3 4.0 35.25 8.03 49.75 6.0
Nevena 31.57 7.00 50.19 99.7 3.7 3.3 31.16 9.10 50.64 4.7
NS-L-23 26.81 7.23 48.40 108.0 3.0 2.3 27.99 8.40 50.08 4.3
Ilia 35.29 6.70 50.61 97.0 5.7 4.0 32.18 8.10 49.71 5.3
Kata 26.45 7.17 49.82 110.3 2.0 1.7 26.60 8.17 48.62 2.0
Nena 31.73 7.17 49.40 96.3 4.0 3.7 32.75 8.63 50.07 5.7
NS-L-31 34.83 6.87 50.06 102.3 7.0 5.0 33.49 6.97 50.53 5.7
NS-L-126 26.37 6.90 48.85 89.0 8.0 4.0 28.36 7.43 49.55 3.0
NS-L-33 39.71 7.33 49.38 100.3 7.5 5.0 33.99 10.90 49.85 6.3
NS-L-128 28.01 7.03 48.17 92.3 3.0 2.0 31.13 6.67 49.30 2.7
NS-L-129 44.76 6.53 49.30 103.3 7.7 5.7 34.97 7.33 49.42 5.3
NS-L-35 40.19 6.77 50.53 92.3 4.3 3.7 35.27 6.97 50.01 3.7
NS-L- 101 29.30 6.87 49.30 97.3 5.7 3.3 28.34 6.97 48.68 3.3
NS-L-132 39.02 7.17 48.63 91.7 5.3 4.0 31.00 8.67 48.94 5.7
NS-L-102 33.40 8.37 50.94 108.7 3.7 3.0 38.88 8.80 52.27 6.0
NS-L-134 38.05 7.10 50.92 106.0 5.7 5.7 37.47 7.20 50.24 7.0
NS-L-32 45.64 6.63 50.40 100.7 6.7 5.3 37.77 7.43 50.10 4.7
NS-L-136 39.10 6.80 50.52 96.7 5.7 3.7 36.26 8.77 48.83 7.0
NS-L-137 34.29 6.47 49.72 106.0 5.7 2.3 32.73 7.80 47.75 7.0
NS-L-138 30.65 6.97 48.55 108.0 3.0 2.3 36.14 6.87 48.83 4.3
NS-L-251 34.38 6.87 49.96 108.0 4.0 3.7 37.26 8.27 51.20 5.7
NS-L-210 34.92 7.07 49.67 106.7 3.3 3.3 38.46 9.60 49.81 4.7
NS-L- 44 38.56 7.53 49.24 96.3 5.7 4.7 37.01 7.93 50.02 3.7
NS-L- 45 26.33 7.03 50.39 109.3 3.0 2.3 29.10 10.77 49.69 3.0
NS-L- 46 24.30 6.60 47.61 109.3 2.3 2.0 28.14 9.87 48.71 4.7
NS-L- 47 41.68 6.87 48.88 97.0 5.7 5.0 39.86 9.10 48.99 5.3
NS-L- 52 47.97 6.60 51.09 97.0 7.7 5.0 40.95 9.20 51.08 5.3
Forvard 36.73 6.93 49.89 105.7 3.7 3.7 38.82 10.27 49.66 3.3
Majdan 39.48 6.80 50.30 97.3 5.3 4.0 38.65 9.30 50.21 3.0
JR-NS-6 12.21 7.00 48.94 65.0 1.0 1.0 22.79 8.03 47.11 2.3
Mira 2.47 6.47 49.08 66.7 1.0 1.0 4.88 9.17 48.14 4.0
Jovana 2.37 7.37 49.61 66.7 1.0 1.0 9.15 9.10 48.28 4.3
JR-NS-26 1.93 6.40 48.83 66.7 1.0 1.0 9.58 9.20 48.17 6.0
JR-NS-28 1.93 6.27 49.51 65.0 1.0 1.0 7.28 8.93 47.90 5.7
JR-NS-36 6.15 6.83 48.79 81.7 1.0 1.0 11.56 9.03 48.09 1.7
JR-NS-7 4.36 7.57 49.94 68.3 1.0 1.0 8.35 10.60 48.62 1.0
JR-NS- 9 1.84 2.50 50.53 65.0 1.0 1.0 8.26 9.03 48.60 1.7
JR-NS– 11 5.44 4.43 50.67 80.0 1.0 1.0 14.25 8.97 48.66 2.7



Ref er ences
Huhn M., Leon J. (1985). Ge no type x en vi ron ment in ter ac tions and phenotypic sta bil ity of Bras sica napus. Z.

Pflanzenzuchtung. 95:135- 146.
Engqvist M. G., Becker. H.C. (1993). Cor re la tion stud ies for ag ro nomic char ac ters insegregating fam i lies of spring oil -

seed rape (Bras sica napus). Hereditas 118:211-216.
Marinkovi} R., Marjanovi}-Jeromela A., Crnobarac J., Lazarevi} J. (2003). Path-co ef fi cient anal y sis of yield com po -

nents of rape seed (Bras sica napus L.). Proc. of the 11th Inter. Rape seed Congres. Vol. III: AP5:15.
Gunasekera C. P., Mar tin L. D., Siddique K. H. M., Walton G. H. (2006). Ge no type by en vi ron ment in ter ac tions of In -

dian mustrad (Bras sica juncea L.) and ca no la (B. napus L.) in Mediterannean-type en vi ron ments. 1. Crop growth 
and seed yield. Eu ro pean Jour nal of Agron omy. 25:1-12.

Sudari} A. (1999). Oplemenjiva~ka vrijednost kvantitativnih svojstava razli~itih genotipova soje (Glycine max (L)
Merill). Dis ser ta tion. Fac ulty of Ag ri cul ture, Uni ver sity of J.J. Strossmayer in Osijek.

Marjanovi}-Jeromela A., Marinkovi} R., Mitrovi} P., Mikli~ V. (2008): Proizvodne vrednosti novih genotipova uljane
repice (Bras sica napus L.). Zbornik radova, Institut za ratarstvo i povrtarstvo, Novi Sad, Vol. II, 45: 103-110.

Miji} A., Krizmani} M., Guberac V., Mari} S. (2006). Stabilnost prinosa ulja nekoliko OS hibrida suncokreta.
Poljoprivreda. 12 (1):5-10.

578

Cross-pollinated crops
Breed ing for Yield and Qual ity

Poster Presentation
CONVENTIONAL AND MOLECULAR BREEDING OF FIELD AND VEGETABLE CROPS

Novi Sad, 24-27 November 2008



MOISTURE CONTENT CHANGES OF MAIZE KERNELS
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Abstract

Changes in the grain moisture content, in the water content of the cob and the internode
below the ear, and in the thousand-kernel mass were examined in two early and two late-matur-
ing hybrids by taking measurements three times a day on five occasions. Analysis of variance only
demonstrated the expected variety effect. No daily fluctuations in the water content could be ob-
served, nor was the low grain moisture content recorded after physiological maturity found to be
influenced by rain, by temperatures favourable for drying, or by plant organs with higher water
contents. This indicates that the date of harvesting during this period had no major effect on the
amount of energy required for drying.

Key words: grain moisture, maize kernel, water content,

Introduction

A wise choice of maize harvesting date is of importance for the energy costs of drying,
which depend primarily on the water content of the kernels. Energy is required not only to reduce
the water content of the kernels, but also to warm up the grain. Less energy is probably required
for warming up dry grain, than when the grain is soaked. In addition the water content of the ker-
nels may influence the daily course of drying. It is widely accepted that while water is able to pass
through the black layer formed at the base of the kernels, sugar solution is not. It is possible that
the water lost from the kernel surface by drying during the day may be replaced during the night
from the higher water content of the cob, ear stalk, leaf and stalk. The grain moisture content may
also increase due to swelling caused by natural rainfall or if air humidity is high over a long period
(Daynard et al. 1971, Johnson and Tanner 1972, Hadi 1983, 2004, Hadi and Szundy 1985, 1988,
1990, Brooking 1990, Russell 1991, Rajcan and Tollenaar 1999, Berzsenyi and Lap 2006, Marton
et al. 2007). In order to make a wise choice of harvesting date it is necessary to be familiar with the
daily course of grain drying, and to know whether the water lost during drying is replaced from
the stalk and cob at low grain moisture content, and whether dry or wet weather have any influ-
ence on the grain moisture content.

Materials and methods

In experiments carried out in Martonvásár in 2006, the grain moisture content, the water
content of the cob and of the internode below the ear, and the thousand-kernel mass of the FAO
200 hybrids Mv 251 and Ipoly and of the FAO 400–500 hybrids Tisza and Mv 500 were measured
three times a day (at 8 am, 12 noon and 4 pm) on five occasions, with the exception of the
internode, which was only sampled on four occasions after observing the first evidence of damage
due to frost and/or Fusarium. At each sampling point the values recorded for five plants were av-
eraged for each variety. In each case sampling was begun after the kernels had reached physiolog-
ical maturity, i.e. during the harvesting period of grain maize.

The samples were dried to constant weight at 105°C, and the dry thousand-kernel mass was
recorded by weighing 5×2×100 kernels per variety at each sampling point. The data were evalu-
ated using 3-factor analysis of variance.

Results and discussion

The F values obtained from analysis of variance are presented in Table 1. As expected, the
effect of the variety was significant for all traits except the water content of the internode. None
of the plant traits was significantly influenced, however, by the time of day (8 am, 12 noon, 4 pm),
by the sampling date or by the variety × sampling date interaction. This indicates that at these
sampling points the measurements depended only on natural deviation, and that neither an in-
crease in thousand-kernel mass nor any drying or re-moistening could be detected.
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Table 1. F values for grainl moisture content, for the weater content of the cob and the internode below

the ear, and for thousand-kernel mass Martonvásár, 2006

Source Degrees of
freedom

F values

Grain moisture Cob water
content

Internode water
content

Thousand kernel
mass

Variety 3 76.12xxx 85.35 5.42 8.65xxx
Time of day 2 0.70 0.38 0.50 0.45
Sampling date 4 0.40 1.61 1.71 1.27
Variety x date 12 1.61 1.88 1.99 0.88

Table 2. Grain moisture and other plant traits after physiological maturity, averaged over three daily

samplings Martonvásár, 2006

í
Sampling Date

Mean
Nov. 7 Nov. 8 Nov. 10 Nov. 14 Nov. 17

Grain moisture content (%)

Mv 251 14.72 1.502 15.44 15.62 15.31 15.22
Ipoly 17.46 16.18 16.17 15.51 16.21 15.84
Tisza 21.25 21.39 20.65 20.48 21.21 21.00

Mv 500 18.32 18.93 19.73 18.18 18.15 18.66
Mean 17.94 17.88 17.42 17.45 17.72 17.68

LSD5% Variety mean: 0.87
Sampling date: 0.98
Variety x date: 1.96

Cob water content (%)

Mv 251 15.67 15.06 15.20 16.91 15.73 15.68
Ipoly 24.28 16.84 16.96 17.36 16.86 18.46
Tisza 33.41 36.66 32.63 38.36 31.39 34.49

Mv 500 24.35 26.99 29.45 24.03 21.10 25.15
Mean 24.43 23.89 23.56 24.17 21.23 23.46

LSD5% Variety mean: 2.59
Sampling date: 2.89
Variety x date: 5.80

Water content of the internode below the ear (%)

Mv 251 - 36.42 35.93 30.86 37.38 35.14
Ipoly - 38.15 34.42 30.49 32.07 33.78
Tisza - 44.15 36.76 43.07 33.61 39.39

Mv 500 - 47.37 50.71 37.67 40.04 43.94
Mean - 41.52 39.46 35.52 35.78 38.07

LSD5% Variety mean: 5.70
Sampling date: 4.93
Variety x date: 9.87

Thousand-kernel mass (g)

Mv 251 324 316 311 308 308 313
Ipoly 309 304 323 304 327 314
Tisza 337 317 321 334 337 329

Mv 500 337 332 337 329 338 335
Mean 327 317 323 319 328 323

LSD5% Variety mean: 11
Sampling date: 12
Variety x date: 24
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Data on grain moisture content, on the water content of the cob and the internode below
the ear, and on thousand-kernel mass are presented in Table 2, averaged over the three sampling
points for each day. A significantly higher value of grain moisture content and cob water content
was recorded for the variety Ipoly on November 7. and the cob water content for Mv 500 on No-
vember 10.These discrepancies could have been due to the random sampling , but it is also possi-
ble that there was a slow, significant reduction in the moisture content.

Our research was supported in the frame of Jedlik Ányos Programme by the National Of-
fice for Research and Technology, the Operative Programme for Economic Competitiveness, the
Bázismag Ltd. and the Agricultural Research Institute of the HAS.
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DI REC TIONS AND ACHIEVE MENTS IN BREED ING FOR AGE BRAS SICAS IN SER BIA
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Ab stract

Fod der bras sicas grown pri mar ily for for age are oil seed rape (Bras sica napus L. var. napus),
fod der kale (Bras sica oleracea L. var. viridis L.), the hy brid Perko PVH (Bras sica napus L. var.
napus x Bras sica rapa subsp. chinensis (L.) Hanelt), tur nip rape (Bras sica rapa L. subsp. oleifera
(DC.) Metzg.) and white mus tard (Sinapis alba L. subsp. alba). The only na tional breed ing
programme on for age bras sicas is car ried out at the In sti tute of Field and Veg e ta ble Crops in
Novi Sad, with two fod der kale cultivars, NS-Bikovo, reg is tered in 1983, and Perast, reg is tered in
Ser bia in 2007. Be sides mass and in di vid ual se lec tion from lo cal land races, char ac ter ised by wide
ge netic vari abil ity, var i ous other meth ods of se lec tion from hy brid pop u la tions are used in breed -
ing forage bras sicas.

Key words: bras sicas, breed ing, fod der kale, for age yields, oil seed rape, white mus tard.

Di ver sity of for age bras sicas

There are many spe cies in the fam ily Brassicaceae Bur nett (usu ally re ferred to as bras sicas)
that are cul ti vated as multi-pur pose crops and are uti lised not only for var i ous in dus trial pur poses 
and hu man con sump tion but for an i mal feed ing as well (Eri} et al., 2006). Fod der bras sicas may
be grown pri mar ily for for age, such as oil seed rape (Bras sica napus L. var. napus), fod der kale
(Bras sica oleracea L. var. viridis L.), hy brid Perko PVH (Bras sica napus L. var. napus x Bras sica
rapa subsp. chinensis (L.) Hanelt), tur nip rape (Bras sica rapa L. subsp. oleifera (DC.) Metzg.) and
white mus tard (Sinapis alba L. subsp. alba), or they can be grown for roots, such as ru ta baga (Bras -
sica napus L. var. napobrassica (L.) Rchb.) and fod der tur nip (Bras sica rapa L. subsp. rapa). All
these crops have a sig nif i cant place in for age crop ro ta tions (Eri} et al., 1998) and are highly re -
garded in or ganic farm ing and sus tain able ag ri cul ture (]upina et al., 2004). Due to their abil ity to
pro duce a large amount of bio mass, for age bras sicas can be grown for green ma nure (Eri} et al.,
2000) and graz ing (Koch et al., 1989).

Al though known pri mar ily as a valu able oil crop, oil seed rape can also be cul ti vated for
green for age and si lage (Eri} et al., 1996). In spite of the fact that it is still less-known in cer tain
parts of the coun try, fod der kale has be come the most im por tant for age bras sica in Ser bia dur ing
the last de cades of the last cen tury ([ibali} & Kunc, 1983). Not much is known about the uti li za -
tion of white mus tard as a for age crop, ex cept that it is grown mainly as a spring crop and with a
pe riod from sow ing to cut ting of 60 days (Vu~kovi}, 1999).

Breed ing of for age bras sicas in Ser bia

Breed ing of for age bras sicas in Ser bia was pri mar ily intiated by the pres ence of for eign
cultivars and hy brids, such as the fod der kale cultivar Green Angeliter and the hy brid Perko
PVH. The only na tional breed ing programme on for age bras sicas is car ried out at the In sti tute of
Field and Veg e ta ble Crops in Novi Sad, which has de vel oped two fod der kale cultivars:
NS-Bikovo, reg is tered in 1983, and Perast, reg is tered in Ser bia in 2007 (Mihailovi} at al., 2007b).

The breed ing programme on for age bras sicas in Novi Sad is based on the ex am i na tion of
the pro duc tion po ten tials of all spe cies and ag ro nomic types from the In sti tute’s For age Bras sicas 
Col lec tion (FBCNS), where fod der kale has the most prom i nent place. The ac ces sions of the For -
age Bras sicas Col lec tion un dergo char ac teri sa tion and eval u a tion of the most im por tant ag ro -
nomic char ac ter is tics, mainly for age yield com po nents, such as plant height, num ber of stems and 
lat eral branches per plant, num ber of leaves per plant, and green for age yield and for age dry mat -
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ter yield per plant and per area unit (Mihailovi} et al., 2008). At the same time, cer tain phys i o log i -
cal char ac ter is tics are also in ves ti gated, such as tol er ance to low tem per a tures and ear li ness (es -
pe cially im por tant in win ter-sown ac ces sions) and length of grow ing pe riod (more sig nif i cant in
spring-sown ac ces sions). Be sides mass and in di vid ual se lec tion from lo cal land races, char ac ter -
ised by wide ge netic vari abil ity, var i ous other meth ods of se lec tion from hy brid pop u la tions are
used in breed ing for age bras sicas. (Mihailovi} et al., 2007a).

Breed ing fod der kale for for age

A long-term eval u a tion of for age yields in fod der kale has shown that this spe cies has a
great po ten tial for for age yields, as it is ca pa ble of pro duc ing nearly 70 t ha-1 of green for age and
more than 6 t ha-1 of for age dry mat ter (Mihailovi} et al., 2008). It is de sir able that the newly de -
vel oped fod der kale cultivars are char ac ter ised by as high a leaf pro por tion as pos si ble, near ing
one half of green for age yield per plant (Ta ble 1).

Ta ble 1. Av er age val ues of green for age yield com po nents and green for age yield in fod der kale ge no -
types in 2007 and 2008 at Rimski [an~evi (Mihailovi} et al., 2009)

Genotype
Plant
height
(cm)

Number 
of lateral
branches
(plant-1)

Number of
internodes

(plant-1)

Stem 
mass

(g plant-1)

Leaf 
mass

(g plant-1)

Green forage
yield

(g plant-1)

NS-Bikovo 87 4 18 75.00 57.48 132.48

Perast 105 7 23 87.36 58.68 146.04

K-021 78 3 12 65.84 46.08 111.92

Maksimirski Visoki 78 4 13 61.36 42.36 103.72

SK-01 83 8 22 56.28 44.76 101.04

SK-02 80 5 17 67.52 36.60 104.12

SK-03 61 3 11 45.44 21.00 66.44

SK-04 66 5 15 64.76 30.60 95.36

SK-05 86 3 14 64.40 26.76 91.16

SK-06 86 4 10 57.32 15.24 72.56

Average 81 5 16 64.53 37.96 102.48

If win ter fod der kale ge no types are sown in spring, as a rule, they will not en ter the re pro -
duc tive stage, al though they may form con sid er able for age yields, up to 40 t ha-1, con sist ing
mainly of short stems and leaves (Mihailovi} et al., 2007a). Fod der kale is able to pro duce a sec -
ond cut ting, es pe cially in rain ier sea sons, with av er age green for age and for age dry mat ter yields
that are about one third of those pro duced in the first cut ting (Eri} et al., 2007).

Breed ing oil seed rape for for age

Win ter-sown cultivars of oil seed rape pro duce higher for age yields in the con di tions of Ser -
bia than the spring-sown ones (Ta ble 2). On av er age, oil seed rape has a sim i lar for age dry mat ter
pro por tion to that of fod der kale. Of all the for age yield com po nents in oil seed rape, it is the num -
ber of stems and lat eral branches that has the great est im por tance in breed ing for for age
(Marjanovi}-Jeromela et al., 2004).

As in the case of win ter fod der kale cultivars, the spring sow ing of win ter oil seed rape
cultivars leads to the de vel op ment of short stems and leaves only, with lower for age yields rel a -
tive to the nor mal sow ing time. Spring cultivars of oil seed rape in gen eral have a higher pro por -
tion of stems in for age yield per plant (Mihailovi} et al., 2007a). For age yields of oil seed rape in
the sec ond cut ting are two thirds to one half lower than those from the first cut ting (Eri} et al.,
2007).
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Ta ble 2. For age yields in oil seed rape and other bras sicas in 2005/06 at Rimski [an~evi 
(Mihailovi} et al., 2007a)

Season and
species

Cultivar
Plant

height 
(cm)

Number of
lateral

branches
(plant-1)

Number of
leaves 

(plant-1)

Green
forage yield

(t ha-1)

Dry matter
yield

(t ha-1)

Dry matter
portion

Winter
oilseed rape

Bana}anka 75.2 6.1 17.4 28.6 2.7 0.10

Slavica 71.8 6.7 18.6 35.7 3.5 0.10

Spring
oilseed rape

Global 99.7 5.7 41.3 25.3 2.1 0.10

Galant 104.3 6.7 47.7 23.2 2.4 0.10

Breed ing white mus tard for for age

In the con di tions of Ser bia, white mus tard should be grown pri mar ily as a spring-sown crop, 
al though in sea sons with a milder win ter it is able to sur vive frost and the long-term in flu ence of
low tem per a tures to a cer tain ex tent (the win ter use of the crop, how ever, is eco nom i cally un re li -
able). Com pared with other for age bras sicas, white mus tard is gen er ally char ac ter ised by a lower
leaf mass pro por tion in total plant mass (Table 3).

Ta ble 3. Av er age val ues of green for age yield com po nents and green for age yield in white mus tard lines
for 2007 and 2008 at Rimski [an~evi (Miki} et al., 2009)

Genotype
Plant height

(cm)

Number of
lateral branches

(plant-1)

Number of
internodes

(plant-1)

Stem mass
(plant-1)

Leaf mass
(plant-1)

Green
forage yield
(g plant-1)

BS-01 92 6 25 22.03 5.80 27.83

BS-02 89 4 23 21.10 8.28 29.38

BS-03 98 6 35 35.96 10.25 46.21

BS-04 110 7 22 19.64 5.00 24.64

BS-05 112 15 26 41.10 11.73 52.83

BS-06 83 10 33 25.22 13.17 38.39

BS-07 102 15 26 38.53 13.35 51.88

BS-08 105 17 29 50.80 13.81 64.61

BS-09 100 17 29 50.01 12.93 62.94

BS-10 110 14 24 37.10 9.73 46.83

Average 100 11 27 34.55 10.61 45.15

The av er age for age yields of white mus tard are much lower than those of fod der kale or oil -
seed rape and vary be tween 10 t ha-1 and 15 t ha-1 (Mihailovi} et al., 2007a). The crop’s ear li ness
and abil ity to pro duce a con sid er able amount of for age in a rel a tively brief pe riod of time re main
some of the main ad van tages in com par i son to other for age bras sica spe cies. Un like fod der kale
or oil seed rape, the sec ond cut ting of white mus tard pro duces usu ally more than one half of the
for age yield ob tained in the first cut ting (Eri} et al., 2007).
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MOLECULAR WHEAT BREEDING STRATEGIES 
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Ab stract

It is well known that up to date the ma jor ity of con ven tional wheat breed ing pro grams
world wide have ob tained in creases in tar geted traits by se lec tion of de sir able phe no types rather
than of de sir able al leles pre sumed or known to im prove par tic u lar trait per for mance. In re cent
years, con sid er able re search em pha sis has been placed on the de vel op ment of meth od ol o gies for
the anal y sis of plant gene struc ture and func tion in which mo lec u lar mark ers have been uti lized
for the iden ti fi ca tion of traits. Con se quently, there has been a tre men dous in crease in the ap pli ca -
tion of mo lec u lar mark ers in the breed ing pro grams of var i ous crop plants. For all breed ers, the
most prom is ing and chal leng ing tasks are the pos si ble use of mo lec u lar mark ers to en hance the
se lec tion of su pe rior ge no types for traits that are dif fi cult or im pos si ble to se lect phenotypically,
are sub ject to high en vi ron men tal er ror, or are ex pen sive to asses. How ever, re ports on suc cess ful 
im ple men ta tion of mo lec u lar mark ers in wheat breed ing for such pur poses have been quite lim -
ited, de spite the fact that in some cases this ap proach has been im ple mented by both pub lic and
pri vate breed ers and has been re ported to have pro duced new wheat va ri et ies and germplasm. At 
this very mo ment a great num ber of im por tant ma jor genes and quan ti ta tive trait loci have been
mapped with mo lec u lar mark ers and some of them have proven to be very use ful. It seems that
now is just the per fect time to in te grate con ven tional and mo lec u lar wheat breed ing strat e gies.
This pa per pro vides an over view of the cur rent sta tus in this re spect, with spe cial em pha sis on the
pres ent pro cess of in te gra tion of con ven tional and mo lec u lar breed ing in the NS wheat breed ing
program.

Key words: con ven tional breed ing, mo lec u lar breed ing, wheat

In te gra tion of mo lec u lar mark ers into wheat
breed ing pro grams ‡ where do we stand?

The most re cent ad vances in mod ern bio tech nol ogy in gen eral and mo lec u lar mark ers in
par tic u lar have led to the de vel op ment of a num ber of novel ap proaches that of fer the chance of
mak ing plant breed ing more ef fi cient and more cost ef fec tive. By us ing mo lec u lar mark ers,
breed ers can sig nif i cantly im prove se lec tion ef fi ciency, which has so far been al most ex clu sively
based on phe no type-based se lec tion. For all breed ers, the most prom is ing and chal leng ing task is
the pos si ble use of mo lec u lar mark ers to en hance the se lec tion of su pe rior ge no types for traits
that are dif fi cult or im pos si ble to se lect phenotypically, are sub ject to high en vi ron men tal er ror,
or are ex pen sive to asses.

Dur ing the past 20 years, a great num ber of im por tant ma jor genes and quan ti ta tive trait
loci have been mapped with mo lec u lar mark ers, en abling the po ten tial use of mo lec u lar mark ers
in wheat geno typ ing, map ping and breed ing (Landjeva et.al.2007). How ever, re ports con firm ing
the suc cess ful im ple men ta tion of mo lec u lar mark ers in prag matic breed ing pro grams have been
lim ited and are of ten re stricted to ex am ples where se lec tion has fo cused on just one or two traits
at a time (Kuchel et.al., 2007). Wheat breed ers have been amongst the most re cep tive to sci en tific 
de vel op ments that can con vert plant breed ing from an art to a sci ence (Snape, 1998). To day,
more than ever, there is an in creased num ber of pro po nents among wheat breed ers who ar gue
that marker as sisted se lec tion (MAS) has the ca pac ity to sig nif i cantly in crease the ef fi ciency of
plant breed ing, de spite the fact that wheat is char ac ter ized by a large ge nome size, thus mak ing
the im prove ment pro cess by any method ge net i cally chal leng ing (Patnaik & Khurana, 2001).

In te gra tion of mo lec u lar mark ers into con ven tional breed ing pro grams is pro posed as a
crop im prove ment strat egy that has the po ten tial to im prove the ef fi ciency of wheat breed ing
(Snape, 2004; Sorrells, 2007). There are many ex am ples sup port ing this view, among which prob -
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a bly the stron gest are the re cent achieve ments made in Aus tra lia and the USA in which mo lec u -
lar breed ing pro grams have been im ple mented by both pub lic and pri vate wheat breed ers. Rec -
og niz ing the enor mous po ten tial of DNA mark ers in plant breed ing, many ag ri cul tural re search
cen ters and plant breed ing in sti tutes have adopted the ca pac ity for marker de vel op ment and
marker-as sisted se lec tion (MAS). How ever, the util ity of DNA mark ers in plant breed ing may
not be clearly un der stood by non-mo lec u lar bi ol o gists (Col lard et al., 2005). With all the above in
mind, it seems that this is just the right time to fol low the idea sug gested al most 10 years ago that
only close in ter ac tion be tween breed ers and bio tech nolo gists may ac cel er ate the ef fec tive im ple -
men ta tion of mo lec u lar marker-as sisted se lec tion in wheat breed ing pro grams. (Gupta et al.,
1999).

In te gra tion of mo lec u lar mark ers into NS wheat breed ing pro gram

Mo lec u lar marker work has been started at the Small Grains De part ment at the be gin ning
of this cen tury. The pe riod from 2000 to now a days could be di vided into three phases.

The main goal of the first phase was the ed u ca tion of sci en tific per son nel in the world’s re -
nowned lab o ra to ries fol lowed by ca pac ity build ing (es tab lish ment of the labs and pur chase of ba -
sic mo lec u lar laboratory equipment).

In the sec ond phase, it was nec es sary to de velop and op ti mize a lot of pro to cols, pro ce dures 
and meth ods such as DNA ex trac tion and quan ti fi ca tion, PCR op ti mi za tion, de fin ing the stan -
dards for scor ing both agarose and PA gels, im ple men ta tion of ap pro pri ate sta tis ti cal anal y sis
and in ter pre ta tion of the re sults. All these ef forts were ori en tated to wards the im ple men ta tion of
mo lec u lar mark ers into rou tine and reg u lar lab o ra tory prac tice. Many re search pro pos als tar get -
ing mod ern bio tech nol ogy in gen eral and ap pli ca tion of mo lec u lar mark ers in par tic u lar have
been sub mit ted to the Pro vin cial and State au thor i ties, and some were ac cepted and funded. It
was ex tremely im por tant in this phase to have proper fund ing for consumables and small lab o ra -
tory equip ment. In this phase re search ac tiv i ties were fo cused on mo lec u lar char ac ter iza tion of
ge netic vari abil ity (Kobiljski et al. 2002) and de tec tion of allelic poly mor phism in loci for some
ma jor genes and QTLs of par tic u lar in ter est for NS wheat breeders (Rht8 gene, boron tolerance,
pre-harvest sprouting, seed dormancy, quality parameters etc.).

The third phase started with the pur chase of the ABI 3130 Ge netic An a lyzer in 2007. The
an a lyzer sig nif i cantly im proved the ca pac ity of the lab o ra tory and gave the op por tu nity for
large-scale mo lec u lar screen ing of wheat va ri et ies and lines. The mo lec u lar marker work has had
two main di rec tions: 1) frag ment anal y sis - screen ing of the pres ence of par tic u lar ma jor genes
and QTLs for fin ger print ing and care fully cho sen breed ing tar gets/traits, and 2) val i da tion of can -
di date mo lec u lar mark ers to be used in our wheat breed ing pro gram. In for ma tion is ob tained ei -
ther from pub licly avail able re sults or from per sonal com mu ni ca tion with many re search ers
world wide. We are just fin ish ing DNA fin ger print ing of 200 wheat va ri et ies de vel oped in the last
40 years in Ser bia. It will re sult in DNA pro fil ing of Ser bian wheat va ri et ies and give the op por tu -
nity for valid and in ter na tion ally rec og nized pro tec tion of our re sults. We just started the sec ond
line of ac tiv ity in which the main tar get is to val i date 20 can di date mark ers which we be lieve could 
be of value for the NS wheat breed ing pro gram (mark ers for yield and yield com po nents
(Kobiljski et al. 2007), patho gen re sis tance, drought and heat stress tol er ance, BMQ im prove -
ment etc.). Along with these, new mark ers of po ten tial value for the NS wheat breed ing pro gram
will be con tin u ally in cluded in the val i da tion pro cess in or der to cre ate the best and most
up-to-date col lec tion of mark ers which can be used for MAS. We strongly be lieve that the con -
ver sion of wheat breed ing from an art to a science could be related to the successful
implementation of molecular markers as a routine procedure in our wheat breeding program.

The In sti tute of Field and Veg e ta ble Crops in Novi Sad will con tinue to work in this way,
with plans for fur ther de vel op ment of mo lec u lar work not only in wheat but also in other small
grains (bar ley, triticale and durum wheat) as well as in other crops such as soy bean, maize, sugar
beet and sun flower, for which we have al ready made some prog ress in respect to MAS.
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ORGANIC PLANT BREEDING AND SEED PRODUCTION – THEORY AND PRACTICE

Jano{ Berenji
Institute of Field and Vegetable Crops, Maksim Gorki St. 30, 21000 Novi Sad, Serbia

E-mail: berenji@eunet.rs

Abstract

The question of cultivar choice along with the certified seed supply has been regulated at
the beginning of organic production by banning the use of treated seed of conventional varieties
produced under conventional production conditions. In the subsequent phase, planting material
has been required to be produced under organic conditions. The ultimate goal is to replace con-
ventional cultivars by organic ones and to use organic seed. In organic plant breeding the impor-
tance of genetic resources (old varieties and landraces) is fully expressed. Compared with con-
ventional breeding, there are some restrictions in organic plant breeding, as far as the choice of
breeding methods is concerned. The methods for induction of genetic variability and the methods
of selection permitted in organic plant breeding can be classified into three categories: permitted
(intraspecific crossing, backcrossing, mass selection, individual selection, use of molecular mark-
ers, etc.), conditionally permitted (use of hybrid varieties, somatic embryogenesis, anther culture,
etc.), and banned (interspecific crossing, protoplast fusion, induced mutations, genetic modifica-
tion, etc.). Organic seed production includes a number of unique features related to the require-
ments imposed on certified seed but also on the resulting organic produce. The current concept of
certified seed in organic production recognizes two categories: (1) seed produced under organic
conditions and (2) organic seed. The purpose of future research is to develop new solutions of
seed production (especially concerning seed treatment) that will be in accordance with the ac-
cepted standards of organic seed production.

Key words: organic plant breeding, organic seed production

Introduction

The issue of selecting cultivars, seed and planting material for organic production used to
be settled in the beginning by resorting to untreated seed of conventional cultivars produced un-
der conventional conditions. The subsequent stage called for the seed and planting material of
conventional cultivars to be produced by organic methods (at least for one year in the case of an-
nual crops and two seasons in the case of perennial crops). The ultimate objectives are the use of
organic seed and replacement of conventional cultivars by organic ones.

Organic plant breeding

Organic plant breeding implies the development of organic cultivars that meet the require-
ments of organic production by employing accepted breeding methods (Berenji, 2004; Berenji,
2008; Prodanovi} and [urlan-Momirovi}, 2006). To be considered as organic, a cultivar must
meet specific requirements and it must be developed by methods different from those employed
in conventional breeding (European Consortium for Organic Plant Breeding 2001, 2005)

Organic breeding is performed under organic conditions and under control of certified
control agencies. The objective of the latter is to ascertain that only acceptable breeding methods
are used.

Adaptability. Unlike the modern conventional breeding, organic breeding also takes into
account the adaptability to specific local conditions. Generally speaking, in the case of organic
cultivars, stability is more important than adaptability.

Genetic variability. Crop heterogeneity slows down the spread of pests and diseases, serving
as a substitute for the banned synthetic preparations for control of diseases and pests. There is no
set value, but the desired level of polymorphism within an organic cultivar is estimated at 10%.

Low input production. Organic cultivars strive for high efficiency of nutrient uptake and utili-
zation, which is best achieved by breeding for a powerful root system that develops intensively
and reaches deep into the soil.

Yield vs. quality. As a compensation for reduced yield, priority is given in organic cultivars to
quality and functional diversity, i.e., specific features of the fruit: taste, odor, nutritive value (di-
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etetic value, digestibility), morphological characteristics (appearance, color, size, shape, skin
thickness), post-harvest characteristics (delayed maturation, long shelf life), etc.

Weed control. Since herbicide application is banned, the main mechanism of weed control in
organic production is competitiveness of organic cultivars, i.e., their capacity to inhibit weeds.
This is achieved by larger foliage which improves shading, intensive tillering, rapid initial growth,
etc.

Resistance to diseases and pests. In principle there is no large difference between the organic
and conventional cultivars in this respect. The essential difference is that the requirement for re-
sistance is more pronounced in organic cultivars. Instead of monogenic vertical resistance (which
is frequently used in conventional cultivars), emphasis should be placed in the case of organic
cultivars on polygenic horizontal resistance.

Reproduction. In accordance with the principles of organic production, each cultivar must
maintain its natural reproduction capacity. In the course of reproduction, each cultivar should
preserve its original genetic and phenotypic characteristics.

Participatory Plant Breeding. Cooperation of farmers with breeders and their direct partici-
pation in breeding process, i.e. Participatory Plant Breeding, is of special importance for organic
plant breeding.

Plant genetic resources. The main idea behind the establishment of plant gene banks is the
prevention of genetic erosion and obliteration of old varieties, local populations and wild rela-
tives, i.e. the prevention of genetic variability (Pen~i} et al., 1997). Old varieties and local popula-
tions (landraces), which are well adapted to local conditions, are of prime importance for organic
plant breeding.

Breeding methods. Besides the different principles and targets, organic breeding differs from
conventional one in the applied methods. Compared with methods employed in conventional
breeding, organic breeding imposes certain limitations in the selection of methods for develop-
ment of variability and further selection. The methods are divided into permitted, conditionally
permitted and banned (Lammerts et al., 1999).

Genetic modifications. The ban is more ethical than scientific in nature and it is based on the
opinion that the modern biotechnological methods present risks for the environment and human
health, that they lead to monopoly of multinational companies thus infringing the free seed trade,
etc. (Berenji, 2005). Out of the entire range of contemporary biotechnological methods, the only
one that is permitted is the method of indirect selection by molecular markers, with an explana-
tion that this method does not affect the genetic constitution of the plants used.

Conditionally permitted methods. This methods inlude those that are not recommendable but
which are not prohibited yet, before more „natural“ solutions are found. These include, for ex-
ample, meristem culture, in vitro micropropagation and somatic embryogenesis. It appears that
the haploid technique will be banned first. Methods for development of virus-free material will
most likely stay in use longest.

Hybrid cultivars. Presently, a compromise has been adopted which permits hybrid cultivars
to be used in organic production if they are fertile and if sterility in the course of hybrid seed pro-
duction had not been induced by chemical means. Because of inbreeding depression, viability of
parent lines is reduced to a minimum, which negatively affects their performance under low input
conditions of organic seed production. There are indications that three-way (TWC) and double
cross (DC) hybrids will be exploited in the organic production instead of single cross (SC) hybrids
which dominate the conventional production. Also, it seems reasonable to assume that open-pol-
linated cultivars will be preferred in organic agriculture over hybrid cultivars.

Induced mutations. Organic breeding permits neither direct nor indirect use of genetic mate-
rial containing induced mutations.

Organic seed production

The currently accepted concepts of cultivar and seed in organic production distinguish two
seed categories: (1) seed produced by methods of organic production and (2) organic seed.

Seed produced by methods of organic production. This category includes seed and planting
material which have been multiplied under organic conditions for at least one generation (in the
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case of annual crops) or at least two generations (in the case of perennial crops). Seed and plant-
ing material originating from fields that are being converted from conventional to low-input
methods (conversion period) are not considered as organically produced unless the seed or plant-
ing material used for this production had already been produced by organic methods.

Organic seed. Seed and planting material are considered as organic if they have been pro-
duced by organic methods and the seed or planting material used for this production had already
been produced or multiplied by organic methods for at least three previous years.

It is important to note that the above two definitions make distinction inside the concepts
of organic cultivars and organic seed. Both seed produced by organic methods and organic seed
may be produced from conventional cultivars. Still, organic seed produced from organic cultivars
is the ultimate target.

EC Council Regulation (EEC) No 2092/91 of 24 June 1991 is a pioneer regulation dealing with
the subject of seed and planting material for organic production. Starting from 1 January 2000,
use of seed and planting material originating from organic production became mandatory. Since
most member countries were not prepared for consistent implementation of this regulation, Com-

mission Regulation (EC) No 1452/2003 of 14 August 2003 postponed the obligation to 1 January
2004. As this deadline was not practically realizable either, the regulation foresaw the use of con-
ventional seed, but only the seed untreated by synthetic preparations, in the following cases: 1) if
a plant species is not represented by a single cultivar in the organic seed database; 2) if seed and
planting material had been ordered but could not be delivered on time; 3) if varieties from the or-
ganic seed database turn out to be unsuitable, it is legitimate to propose to replace them with con-
ventional seed of other cultivars, and 4) if the seed is intended for trials planned to be organized
on a small scale or for maintenance of a cultivar. If the above requirements are met, it is necessary
to contact the agency in charge and apply for permission prior to seeding or planting. Permits are
issued on case-to-case basis and they are valid for one year only.

EU countries are obliged to maintain organic seed and planting material databases. These
databases function as a virtual market for organic seed and planting material. Such database has
not yet been organized in Serbia.

Because of small quantities involved, the price of organic seed is exorbitant when com-
pared with conventional seed. Of course, this affects the price of organic produce. Commission

Regulation (EC) No 1452/2003 of 14 August 2003 annuled a previous regulation which used the
high prices of organic seed as an excuse for turning to the cheaper conventional seed.

As a consequence of specific requirements of organic production, in the first place the ban
of synthetic preparations for control of diseases and pests in the field and for seed treatment, or-
ganic seed frequently fails to meet quality standards imposed for the conventional seed. Studies
are under way aimed at developing new methods of seed treatment with physical, chemical and
biological agents that meet the requirements of organic production (Divéky-Ertsey and Tóbiás,
2008).

A viable solution to the problem of organic seed quality is to multiply organic seed or plant-
ing material outside the intended production region. This practice increases the probability that
these two distant regions do not share the same diseases and pests, which will in turn make the
produced seed healthier (Velema, 2004).

A frequent cause for low germination energy and viability is non-uniform maturity of indi-
vidual seeds that comprise a seed lot. Insufficiently mature seed has low germination energy and
viability. In the course of seed maturation, chlorophyll is gradually degraded and the green color
of seed turns into the color characteristic for the plant species in question. By analyzing individual
seeds by the chlorophyll fluorescence (CF) method, it is possible to separate seed fractions with
less chlorophyll and improved germination energy and viability. The CF method has shown to ef-
ficiently improve organic seed quality of several crops (Jalink et al., 1998).

In Hungary, the portion of seed production within the total acreage dedicated to organic
crop production reaches a symbolic value of 0.32% (Radics et al, 2008). Scientists, professionals
and practitioners are tasked to urgently devise solutions for satisfactory supply of the market
with organic cultivars and organic seed and planting material.
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BIOETHICAL ASPECTS OF SCIENTIFIC RESULTS 
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Ab stract

Af ter bi o log i cal sci ences de vel op ment, mo lec u lar biotechnologies, based on ge netic en gi -
neer ing are widelly used in food pro duc tion and pro cess ing. The abil ity to in tro duce ben e fi cial
genes through mo lec u lar biotechnologies, in clud ing trans gen ic ap proaches, is yet one more step -
ping stone in the path to tar geted ap proaches to crop im prove ment. Ex tremely valu able to breed -
ers in the na tional ag ri cul tural re search sys tem is the abil ity to ge no type their col lec tions to get a
clear pic tures of their di ver sity and how this di ver sity could be en hanced and used through shar -
ing and ac cess to global knowl edge. Impotant is sue of mo lec u lar bioechnology im pact are ge net i -
cally mod i fied or gan isms – GMO, in clud ing eco nom i cally im por tant crops. So ci ety has ob li ga -
tions to raise lev els of nu tri tion and stan dards of liv ing, to se cure im prove ments in the ef fi ciency
of the pro duc tion and dis tri bu tion of all food and ag ri cul tural prod ucts. A more equiatable,
ethycally – based food and ag ri cul ture sys tem must in cor po rate con cern for three widelly ac -
cepted global goals: im proved well be ing, pro tec tion of the en vi ron ment and im proved pub lic
health. In reponse to the grow ing prev a lence of GMO in pro cessed foods, wide range of en vi ron -
men tal and food safety groups have mounted an ac tive cam paign against GMO prod ucts. To mit -
i gate con flict one of the ap proach to solve the prob lem is eth i cal and truth ful informations con -
cern ing GMO food, be cause con sum ers have a right to choose whether to eat ge net i cally mod i -
fied foods or not. Ben e fit and risk of GMO use is disscussed.

Key words: bioethics, mo lec u lar bio tech nol ogy, breed ing, food pro duc tion.

In tro duc tion

Mo lec u lar bio tech nol ogy is one of the most prom is ing tech niques of mod ern sci ence. By
add ing nu tri ents to key crops such as rice, biotech can im prove the health of mil lions of peo ple.
There is still the lack of knowl edge about im por tant char ac ters of plants and an i mals, and this is
one of the main causes de lay ing the ful fill ment ap pli ca tions of GMOs (Marmiroli, 2005). Only a
few of the po ten tial ap pli ca tions have been ac tu ally re al ized and have reached the stage of GMO
pro duc tion. Ge net i cally mod i fied plants are uti lized for seed pro duc tion, as an i mal feed, or for
pro duc tion of food in gre di ents, such as soy bean lec i thin and maize starch The global level of con -
sump tion of foods de rived from GMOs is in creas ing rap idly. For ex am ple, be tween 1996 and
2003, the land planted with GM crops in creased ap prox i mately from 3 mil lion to 70 mil lion hect -
ares glob ally. Ar gen tina and the United States are the coun tries that have ex ten sively adopted
mo lec u lar biotechnologies, mainly ap plied for soy bean and corn, and about 80% of land in these
coun tries have been planted with GM crops. A dra matic in crease in GM-planted land has also
been re corded in Brazil (Marabelli, 2005). In 2004, three-quar ters of GM crops, which were
grown world wide, were cul ti vated in de vel oped coun tries, pre dom i nantly on large-scale in dus -
trial farms in the United States, Ar gen tina, and Can ada. Of ap prox i mately six mil lion farm ers
who grew GM crops le gally world wide in 2002, more than three quar ters were re source-poor,
small-scale farm ers, mainly in China and South Af rica. In Eu rope, one of the main ob sta cles to
the suc cess of GMOs is the in ad e quacy of ex ist ing GMOs to the needs of Eu ro pean agro-eco sys -
tems.

Mo lec u lar bio tech nol ogy-the con tro versy

In its broad est sense, mo lec u lar bio tech nol ogy in cludes un con tro ver sial tech nique, like se -
lec tive breed ing. In its nar rower sense it is use of ge netic en gi neer ing, gene splic ing-and in sert ing
DNA frag ments from one or gan ism’s genes into the chro mo somes of an other, thereby chang ing
its ge netic makeup (Shrader - Frechette, 2005., Konstantinov et al. 1997). Ar ti cle 2. of the Eu ro -
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pean Di rec tive 2001/18/EC de fines a ge net i cally mod i fied or gan ism (GMO) as an or gan ism (with
the ex cep tion of hu man be ings) in which the ge netic ma te rial has been al tered in a way that does
not oc cur nat u rally by mat ing and/ or nat u ral re com bi na tion (Di rec tive 2001/18/EC). Sim i larly, a
ge net i cally mod i fied mi cro or gan ism (GMM) ac cord ing to Ar ti cle 2 of the Eu ro pean Di rec tive
98/81/EC is a mi cro or gan ism in which the ge netic ma te rial has been al ter end in a way that does
not oc cur by mat ing and/or nat u ral re com bi na tion (Di rec tive 98/81/EC ). Biotech also of fers ma -
jor safety gains. The tech niques them selves –such as gene splic ing–pres ent no in her ent risk, and
in di vid ual prod ucts are al ready reg u lated by mul ti ple gov ern men tal agen cies. None the less,
biotech has foes. Some are mo ti vated by fear of the un known, which, for far too many peo ple, in -
cludes all of sci ence. Some want to sup press eco nomic com pe ti tion from new crops. What ever
their rea sons are, the foes are mount ing a very se ri ous cam paign against ag ri cul tural bio tech nol -
ogy and it is not new event. His tory of op po nent ac tiv i ties is in ter est ing (Bio, Life for Sci ence,
2008). Dur ing very be gin ning of ge netic en gi neer ing de vel op ment, the sci en tists sug gested that
an in ter na tional group of sci en tists from var i ous dis ci plines meet, share up-to-date in for ma tion
and de cide how the global sci en tific com mu nity should pro ceed. In ter na tional sci en tists in this
ex cep tion ally com pet i tive field com plied with this re quest to halt cer tain re search. In Feb ru ary
1975, 150 sci en tists from 13 coun tries, along with at tor neys, gov ern ment of fi cials and 16 mem bers
of the press, met to dis cuss re com bi nant DNA work, con sider whether to lift the vol un tary mor a -
to rium and, if so, es tab lish strict con di tions un der which the re search could pro ceed safely. The
con fer ence at ten dees re placed the mor a to rium with a com pli cated set of rules for con duct ing cer -
tain kinds of lab o ra tory work with re com bi nant DNA, but dis al lowed other ex per i ments un til
more was known (http://bio.org).

Ge net i cally mod i fied or gan isms: ben e fits and risks

Ben e fits. Main ben e fits of us ing GMO´s could be listed as fol lows: (i) Pro duc ing ed ible vac -
cines or med i cine in milk, eggs, or fruit to fa cil i tate dis tri bu tion of ther a peu tic or pre ven tive mol -
e cules (Nuffield Coun cil on Bioethics, 2007., Irish Coun cil for Bioethics, 2005). The use of nee -
dles also brings the risks of spread ing in fec tions but ed ible vac cines would help to avoid these in -
con ve niences and dan gers; (ii) Pro duc ing func tional food or nutraceuticals with added traits that
could make them ben e fi cial for health or for pre vent ing dis eases, and pro duc ing food for dis ad -
van taged con sum ers, af fected by food al ler gies or in toler an ces (Zhu , 2004) as well as
biofortification of the micronutrient con tent of food crops (Marmiroli, 2005., Irish Coun cil for
Bioethics, 2005), to ma toes with in creased lycopene (an an ti ox i dant, which is a use ful agent in the
pre ven tion and treat ment of pros tate can cer and heart dis ease (Gann et al, 1999., Arab and Steck
, 2000), soy bean pro tein (al pha-glycinin) mu tated to ex hibit antihypertensive prop er ties (Matoba 
et al. 2001). The most fa mous of such crops is Golden Rice, which was de vel oped to con tain a
beta-car o tene sup ple ment (a pre cur sor to vi ta min A) (Irish Coun cil for Bioethics, 2007). It has
been re ported that in the next gen er a tion of ge net i cally mod i fied plants, sci en tists will se lect
plants more bal anced in their chem i cal com po si tion to better sat isfy the nu tri tional re quire ments
of hu mans and farm an i mals (Bertoni and Marsan, 2005); (iii) Im prov ing the qual i ties of cer tain
crops and pro duc ing safer food and breed ing with in creased yield while re duc ing the use of pes ti -
cides, im prov ing plant ad ap ta tion to un fa vor able en vi ron ments (Bertoni and Marsan, 2005.,
Konstantinov and Mladenovic Drinic, 2007)as well as cre ate GM crops that could re place harm -
ful tra di tional va ri et ies by re duc ing the lev els of un de sir able sub stances in clud ing myco toxins, al -
ka loids, and glucosinolates (Nuffield Coun cil on Bioethics, 2004); (iv) Us ing GMOs for
bioremediation. It has been sug gested that ge netic mod i fi ca tion of nat u rally oc cur ring or gan isms
(e.g., bac te ria, yeast, fungi) can be used as bioremeditors to clean up in dus trial or gen eral waste
such as sew age, pes ti cides, heavy met als, and nu clear waste. Any of such ge net i cally changed or -
gan isms can in crease the ef fec tive ness of bioremediation (Ed wards et al, 2001., Kalinoiwsky et al, 
2004).

Risks of us ing GMOs.The fol low ing po ten tial risks have been iden ti fied: Health risks as: Un -
ex pected gene in ter ac tions (Bertoni and Marsan, 2005., Irish Coun cil for Bioethics, 2005., Zhu et
al. 2004); Can cer risk (Love, 1993., Harden and Erikkson, 1999); Al ler genic po ten tial (Rowland,
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2002); Hor i zon tal gene trans fer-HGT (Van den Eede et al. 2004., Aumaitre, 2004); An ti bi otic re -
sis tance etc. How to avoid the GMO-re lated risks? It has been ar gued that from the avail able ex -
per i men tal data, cur rently uti lized GM plants ap pear safe and show no ef fects on an i mals or an i -
mal prod ucts. It has also been stated that risks caused by the use of GM plants ap pear to be so low
that they should be neg li gi ble in com par i son with their po ten tial ben e fits .How ever, long-term
risks for most con ven tional foods have never been an a lyzed. GM crops are novel foods, and the
as sess ment of their safety is es sen tial to pro tect the en vi ron ment, as well as the health of hu mans
and live stock. It is also im por tant to try to tackle the risks re lated to the ap pli ca tion of GMOs
(Bertoni and Marsan , 2005).

Eth i cal is sue

It has been ar gued that ge netic en gi neer ing pol i cies are un fa vor able for the de vel op ing
coun tries for the sev eral rea sons. Many in no va tions would re main un reach able for most of the
cit i zens of de vel op ing coun tries even af ter the mo nop oly on pat ents have fin ished be cause of the
dif fer ences in in come when com pared to the de vel oped coun tries (Spi er, 2005). De vel op ing
coun tries might also be re luc tant to ap prove GM crop va ri et ies be cause of fears of jeop ar diz ing
their cur rent and fu ture ex port mar kets, and they may also not be able to pro vide the nec es sary
in fra struc ture to en able com pli ance with EU re quire ments for trace abil ity and la bel ing (Nuffield
Coun cil on Bioethics, 2004). Ge net i cally en gi neered seeds may cause food short ages, un em ploy -
ment, re sis tant weeds, and ex tinc tion of na tive cul tures in the de vel op ing coun tries
(Shrader-Frechette, 2005). La bor costs would be de creased by let ting farm ers use more chem i -
cals, since 80% of com mer cial GM seeds are de signed only to re sist her bi cides. The use of her bi -
cide re sis tant GM crops leads to a con sid er able re duc tion in the de mand for la bor for weed ing
(Nuffield Coun cil on Bioethics, 2007). Fo cus ing on GM-re lated ap pli ca tions may de tract from ef -
forts to ex plore other ways of en hanc ing ag ri cul ture, such as fos ter ing more rel e vant na tional and
in ter na tional pol i cies, im prov ing sys tems of seed pro duc tion and dis tri bu tion, and pro mot ing
better de vel op ment of mar kets and im proved ag ri cul tural prac tices It could be con cluded that for 
ev ery pro posed use of GMOs eth i cal eval u a tion must be per formed (The Swed ish Gene tech nol -
ogy ad vi sory board. Re port 2007). It is im por tant to mon i tor the food chain and pro mote la bel ing
of ge net i cally en gi neered food, as re quired by the Eu ro pean Di rec tive 2001/18/EC. Mon i tor ing is
im por tant for the rea sons to main tain pub lic con fi dence in sci ence, since con fi dent pub lic of ten
means sup port ing public, and accountable and transparent science creates public confidence and
support companies to have limited “use rights” (not exclusive patent rights) to genetically
modified seeds (Heinemann et al. 2004).

In con clu sion, man kind will be faced with dif fer ent eth i cal prob lems re lated to im ple men -
ta tion of GMO in food and feed pro duc tion as well as in the uti li za tion plants, mi cro or gan isms
and an i mals in the ex per i ments which could not be ben e fit for so ci ety, es pe cially in the case of dis -
crep ancy be tween de vel oped and un de vel oped coun tries. Also it is im pos si ble sep a rately con -
sider ben e fit and risks for plants, mi cro or gan isms, an i mals and hu man pop u la tion. Ap pli ca tion of 
mo lec u lar bio tech nol ogy in hu man and vet er i nary medicine is ethically more delicate than in
other alive systems.
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POSSIBILITIES FOR DEVELOPMENT OF PLANT 
BREEDING SECTORS IN THE FUTURE

Nazimi Acikgoz
Ege  Uni. Dept. of Crop Sci ence -Seed Tech nol ogy Cen ter Izmir - TURKEY

Ab stract

Ex ist ing seed sys tems -pri vate or pub lic- cover to day’s de mands. Mar ket shares of mul ti na -
tional, na tional pri vate com pa nies or pub lic units dif fer al most for ev ery plant spe cies de pend ing
on coun tries. Each of above men tioned sec tors are in need of ge netic im prove ment pro grams.
Mul ti na tional com pa nies have set tled down their fu ture ge netic sys tems. Al most in ev ery coun -
try, they are ori ented to lim ited spe cies, mostly allogams. Na tive es tab lish ments (pub lic or pri -
vate) cover the seed need of the rest of the spe cies. The new va ri et ies are im proved mostly by
pub lic in sti tu tions (uni ver si ties or ag ri cul tural re search sta tions), but un for tu nately it does not
look like this im prove ment can be sus tained due to global pri vat iza tion at tempts.

Re cent pri vat iza tion trends force us to re eval u ate plant-breed ing ac tiv i ties for the fu ture in
tran si tion and de vel op ing coun tries due to not only em ployee re duc tion pol i cies but also plant
breed ing strat e gies. We have to seek al ter na tives for the plant-breed ing sec tor in the fu ture for
fur ther com pe ti tion. The log i cal so lu tion to the plant-breed ing prob lem seems like it will be han -
dled by non-gov ern ment or ga ni za tions (NGO’s) in the fu ture. With NGOs it means all stake -
holders like pro duc ers, pro ces sors, mer chants, ex port ers etc. of a plant based un ions or re gional
or ga ni za tion. Such NGOs were founded in many de vel oped coun tries years ago. For ex am ple,
Ente Nazionale Risi in It aly was founded 40 years ago and had im me di ately es tab lished a re -
search in sti tute with the main aim of va ri ety im prove ment.

Who will de liver “genes” to seed com pa nies in tran si tion coun tries in the fu ture? Na tions,
at tempt ing to start with reg u la tions on adapt ing their ag ri cul ture to glob al ize world, should fur -
nish such NG’s with re search-based and fu ture-ori ented in vest ments plans. Un for tu nately, such
or ga ni za tions are not con scious in this re spect and ca pac ity-build ing ef forts are in dis pens able for
all mem bers of the or ga ni za tion. There fore, dur ing the prep a ra tion phase, ad viser sys tems should 
be mounted to the reg u la tions. It is un avoid able, be cause plant breed ing is a multidisciplinary sci -
en tific work and non-sci ence sur round ing can not eval u ate the sig nif i cance of the mat ter.

Due to the im por tance of the is sue, not only na tional de ci sion mak ers, but also in ter na -
tional agen cies like FAO, OECD etc. should be warned on the ne ces si ties of “sci en tific ad viser
sys tems” in reg u la tions of ag ri cul tural NGOs in tran si tion coun tries.

Key words: For mal seed sys tems, par tic i pa tory plant breed ing, plant breed ers rights, fu ture
ag ri cul tural pol i cies, germplasm im prove ment sys tems, plant breed ing sys tems, pub lic–pri -
vate–NGO breed ing, sci en tific ad viser sys tems, seed sys tems and pol i cies

1. PRIVATIZATION WILL CAUSE SOME UNRECOGNIZABLE 
DENGER IN AGRICULTURE IN TRANSITION COUNTRIES

In, 2007 the size of the world seed mar ket has reached al most US$ 37 bil lion. Ac cord ing to
in for mal dis trib uted seed in re gional ba sis, it can be es ti mated al most US$ 55 bil lion. Its re flec tion 
in in ter na tional com merce is about US$7 bil lion and is ex pected to rise sig nif i cantly due to
biotech seed.

Plant breed ing is al most the main ring in for mal seed sys tem chains. It is based on ge netic
ba sic re search, gene dis cov ery, genomics ge netic re sources (Fig ure 1). Plant breed ers im prove ge -
netic ma te rial with dif fer ent sci en tific meth ods like selfing, cross ing, se lec tion, mu ta tion etc. At
the end, a line or va ri ety co mes up for com mer cial use. Some seed com pa nies are well equipped
with plant breed ing lab o ra to ries and ex per i men tal farms and, they may not need to pur chase any
ge netic ma te rial from out side.

Seeds of allogam plants like corn, sun flower and cer tain veg e ta bles are hy brid and used
only for one grow ing sea son. There fore, the farm ers have to buy new seed ev ery year and seed
com pa nies pre fer in vest on only in such prof it able plant types. New va ri ety de vel op ments for the
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rest of cul ti vated plants were in the hands of pub lic en ter prises. Re cently, in creas ing num bers of
ap pli ca tions could be traced af ter world wide pri vat iza tion at tempts, like the rise of lo cal seed
SME’s, sup port re forms of pri vate en ter prises in seed sec tor.

Fig ure 1. Breed ing: the main el e ments of for mal in seed cha

Fig ure 2. Share of pub lic and pri vate sec tor in bar ley seed mar ket in Tur key

Dur ing the lib er al iza tion of the seed sec tor, the most ef fec tive step was the de ci sion to re -
duce the pub lic ser vices, in clud ing the num ber of em ploy ees and re search units. As is seen in Fig -
ure 2, the share of pub lic and pri vate seed sec tor may change within few years, de pend ing of gov -
ern men tal ap proaches. As in di cated in the pre-pri vat iza tion pe riod, ge netic re source man age -
ment (Germplasm En hance ment, Line De vel op ment and Line Eval u a tion) was com ing in LDC’s 
mostly from NARS (Na tional Ag ri cul tural Re search Ser vices) (Ta ble 1). Keep ing in mind the
non-ex is tence of pri vate plant breed ing in di vid ual or firms in such coun tries, we need to find an
an swer to the ques tion of “who will pro vide the nec es sary gene ma te rial to mostly newly-es tab -
lished, small enterprises with limited scientific background?”

Ta ble 1: Ge netic Re source Man age ment In Dif fer ent Dif fer ent Seed Sys tems

Period Seed Enterprises
Genetic Resource

Management

Pre-Privatization Public Enterprises NARS + University

After Privatization
Multinational Giants! Self offset

Private seed SME’s X

2. HOW CAN THE GENOTYPE NEED IN FORMAL 
SEED SYSTEMS IN TRANSITION COUNTRIES BE COVERED?

For ”X” un known, in the Ta ble 1, there is a num ber of al ter na tives not gen er al ized but a
suit able so lu tion may be found for ev ery coun try. The fol low ing cases are quite im pres sive
examples:
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· Pa ki stan has or dered one gene (cry3) for its na tional seed com pa nies with out any charge;
· Brazil has or dered a spe cific soy bean va ri ety to a mul ti na tional com pany for its own use;
· In the U.S., the Wheat Grow ers As so ci a tion (WGA) solves all va ri ety prob lems with pro -

ject-based re search pro grams;
· All rice stake holders in It aly were brought un der one um brella, an or ga ni za tion ti tled Ente

Nazionale Risi, which has es tab lished a re search in sti tute that de vel oped the “in dica” type
rice va ri ety for sub-tropic It aly to com pete with Far East’s in dica rice in the UK and Hol -
land.

· The Aus tra lian ex am ple is even more in ter est ing: Grains Re search&De vel op ment Cor po -
ra tion con sists of all stake holders and cov ers the germplasm need in on a pro ject ba sis.

· Al though allogams are mainly han dled by pri vate sec tor, a spe cific pro ject has been ar -
ranged with col lab o ra tion of NARS and uni ver si ties on veg e ta ble hy brids im prove ment in
Tur key.

· There are a num ber of sim i lar al ter na tives like pro ject con sor tiums be tween ag ri cul tural
pub lic en ter prises, pri vate com pa nies, uni ver si ties.

3. POLICY DEVELOPMENT STRATEGIES FOR 
TOMORROW’S GENETIC MATERIAL NEEDS

There are num ber of world wide ex am ples on en hanc ing ag ri cul ture in no va tions in de vel -
op ing coun tries. It is en cour ag ing to see such at tempts to strength re search sys tems by the pri vate
sec tor. Mi cro-en tre pre neurs, com pa nies, pri vate ad vi sory ser vices, pri vate in put sup ply com pa -
nies, farmer as so ci a tions, pro ducer-owned com pa nies, and co op er a tives have played an im por -
tant role as well. In Co lom bia, farmer as so ci a tions are pro vid ing pro duc tion and pro cess ing tech -
nol ogy that was crit i cal for up grad ing the cas sava sec tor. Vanillco, a pro ducer-owned com pany in
In dia, de vel oped prod uct in no va tions to fos ter a do mes tic va nilla mar ket in re sponse to low in ter -
na tional mar ket prices. The com mu nity-owned me dic i nal plant com pany, Gram Mouliga, was a
marketing innovation to bypass the exploitative practices of intermediaries and traders.

Dur ing the 20th cen tury, with in dus tri al iza tion in west ern coun tries va ri ety im prove ment
and seed trade be came a spe cial busi ness. So phis ti cated farm ers were able to es tab lish SME plant 
breed ing com pa nies. Over time, large in ter na tional breed ing com pa nies have ac quired most of
the fam ily-owned breed ing com pa nies. In con trast, in de vel op ing coun tries plant breed ing has
started just re cently with pub lic ini tia tive, which has started to de crease due to lib er al iza tion. Ac -
cord ing to Viesser (2002) the pub lic share is al most one-third of plant breeding investment in
developing countries.

The im por tant part of this is sue is the de vel op ment of needed strat e gies rather than the al -
ter na tives for fu ture ge netic ma te rial needs. There fore, de vel op ment of needed strat e gies is what
needs to be dealt with first. Peo ple who get the most ben e fit from any plant pro duc tion are pro -
ces sor, ex port ers, han dlers, and pro duc ers. Any tar get-driven va ri ety de mand would also be com -
ing from them, like suit able va ri et ies for the freeze okra in dus try. In this case an um brella or ga ni -
za tion like Ente Nazionale Risi in It aly, founded by all stake holders (pro duc ers, pro ces sors, mer -
chants, ex port ers etc) 40 years ago can play an ex cel lent role for rice germplasm de vel op ment.
Un for tu nately, tran si tion coun tries are not ready due to the un con scious ness of such model or ga -
ni za tions. There fore, still at the be gin ning of or ga ni za tion phase of farmer un ions, or dur ing prep -
a ra tion stage of pro ducer un ions, an at tempt should be made to make all stake holders aware of
fu ture needs. The same ap proach should be followed for other type organizations like grower
associations, unions. etc.

To en cour age pri vate sec tor’s in vest ment in ge net ics, there are a num ber of fa cil i ties or op -
por tu ni ties. Some of them are pub lic sec tor re forms, de reg u la tions, and lib er al iza tion. How ever,
pol i ti cians may face a num ber of con strains. First, the aware ness of in di vid u als or mem bers of
NGOs are not at a level to ac cept the im por tance and ben e fits of issues with such importance
nationally.
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4. CAN ACCEPTANCE OF PBR’S (Plant Breed ers Right’s) 
SITIMULATE PLANT BREEDING ACTIVITIES?

It is en cour ag ing to see the rise of pri vate plant breed ing en ti ties in Po land af ter the ac cep -
tance of UPOV reg u la tions for IPR’s (In tel lec tual Prop erty Rights) as pro vided in Fig ure 3. In this
ex am ple, Po land has be come a mem ber of UPOV in 1989 and plant va ri et ies could be pro tected.
Pri vat iza tion started also in those years. It is ob vi ous that breed ing en ti ties come out by it when the
mar ket is ready. How ever, plant breed ing is such a long-term, so phis ti cated and ex pen sive in vest -
ment; it is not fea si ble in many tran si tion coun tries (Fig ure 4). Com par ing the pub lic – pri vate con -
tri bu tion to the num ber of re leased va ri et ies per year in Fig ure 3, an ex pected de cline in pub lic and
an in creased num ber of en ti ties in pri vate com pa nies can be seen. This proves that some pri vate at -
tempts will also sup port to cover the ge netic ma te rial gap in tran si tion coun tries. On the other hand, 
UPOV mem ber ship seems to be one of the fac tors, stim u lat ing re gional and na tional plant breed -
ing ac tiv i ties. Veg e ta ble breed ing ac cel er ated in Tur key, as plant breed ing right’s leg is la tion prep a -
ra tion started. The re sult is quite prom is ing as seen in Fig ure 5. De creas ing per cent age of veg e ta ble
seed in to tal seed im port and in creas ing trend in ex port fig ures proves that plant-breed ing in vest -
ment may be stim u lated by leg is la tion. On the other hand, sim pli fied pro ce dures in mo lec u lar di ag -
no sis en cour age plant breed ers in vest in ge netic works. Veg e ta bles are the most prof it able groups.
There ex ist some real in vest ment pos si bil i ties-we sim ply need to make the ap pro pri ate in di vid u als,
groups aware, and ac cel er ate the pro cess through leg is la tion.

Fig ure 3. Num ber of to mato breed ing en ti ties in Po land (Anon 2005)

Fig ure 4. De vel op ment and ad ap ta tion lags of Ag ri cul tural reseach 
(Source: Alston, Norton, and Pardey 1995)
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Fig ure 5. Trent of share of veg e ta ble seed trade in Turk ish seed mar ket

5. INTERNATIONAL APPROACHES TO IMPOROVING GENETIC MATERIAL

The im por tance of im prov ing ge netic ma te rial for our fu ture seed pro grams has also been
rec og nized by in ter na tional ag ri cul tural or ga ni za tions. There fore The Con sul ta tive Group on In -
ter na tional Ag ri cul tural Re search’s (CGIAR), Gen er a tion Chal lenge Programme: Geno typ ing
Sup port Ser vices (GSS)” Global Crop Di ver sity Trust and The Global Part ner ship Ini tia tive for
Plant Breed ing Ca pac ity Build ing (GIPB)” have an nounced an in ter na tional grand scheme on
this sub ject: “Rec og niz ing the bot tle neck in the use of germplasm col lec tions the Global Crop Di -
ver sity Trust ini ti ated in 2007 a com pet i tive grants scheme to sup port the eval u a tion of crop ge -
netic re sources. The grants will en able breed ers and oth ers to screen germplasm col lec tions for
phenotypic char ac ter is tics of par tic u lar of im por tance in adaptation to climate change, and to
make the information generated publicly available”

(http://www.croptrust.org/main/trust.php?itemid=84
http://www.generationcp.org/latestnews.php?i=1279)

6. HOW FEASIBLE IS IT TO EMBRACE THE GERMPLASM IMPROVEMENT
INVESTMENTS OF REGIONAL AGRICULTURAL NGO’S?

Al ready suc ceeded mod els in west ern coun tries like It aly’s “Ente Nazionale Risi” or the
USA’s “Rice Coun cil”, should en cour age the ag ri cul tural strat e gists that, sim i lar sys tems may be
ap plied in tran si tion coun tries. Ac tu ally sim i lar mod els may be seen in some LDC’s, but with out
any so phis ti cated re search such plant breed ing units. For ag ri cul tural in no va tion at tempts, some
re gional farm ers or ga ni za tions have also ini ti ated re search and de vel op ment cen ters. How far
can such at tempts go? Can they make any germplasm im prove ment pro grams part of their
agenda? It needs first aware ness and a ca pac ity-build ing phase. Farm ers or ga ni za tions sometime
consist of members with limited education.

Tran si tion coun tries, should mo ti vate such NGO’s (farmer or stake holders as so ci a tions
and pro ducer-owned com pa nies and co op er a tives), around re search based and fu ture ori ented
ge netic in vest ment plans. Un for tu nately, such or ga ni za tions are not con scious in this re spect and
ca pac ity-build ing ef forts are in dis pens able for all mem bers of or ga ni za tion. There fore, we have
to warn the re spon si ble be fore writ ing leg is la tion, ad viser sys tems should be en closed as a must
into. It is un avoid able, be cause plant breed ing is a multidisciplinary sci en tific work and non-sci -
ence surrounding cannot evaluate the seriousness of the matter.

One im por tant is sue in this re spect is the con nec tion with uni ver si ties. In west ern coun tries
more than 80% of the post grad u ate the ses are ori ented to ap pli ca tion, whereas this share is less
than 10% in tran si tion coun tries. An ex ist ing ad viser in a farmer NGO might ar range such co op -
er a tion be tween uni ver si ties and NGO. A set tled-down col lab o ra tion would lead a sus tain able
germplasm flow to seed com pa nies from farmer or ga ni za tion side. Its sustainability is based on
the fact that the ben e fi cia ries are in vest ing for the men tioned col lab o ra tion and they are able to
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ob serve re turn of their in vest ment. Prob a bly new markets, better quality, and higher yield would
be the proof.

Due to im por tance of the is sue, not only na tional de ci sion mak ers, but also in ter na tional
agen cies like FAO, OECD etc. should be warned on the ne ces si ties of “sci en tific ad viser sys -
tems” in reg u la tions of ag ri cul tural NGO’s in transitions countries.
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EFFECT OF PRIMARY SOIL TILLAGE ON SUGARBEET 
GROWTH DYNAMICS, STAND DENSITY AND ROOT YIELD
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1Institute of Field and Veg e ta ble Crops, Maksim Gorki St. 30, 21000 Novi Sad, Ser bia
2University of Novi Sad, Fac ulty of Ag ri cul ture, De part ment of Field and Veg e ta ble Crops, 

Dositej Obradovi} Sq., 21000 Novi Sad, Ser bia
E-mail: mrajic@ifvcns.ns.ac.yu

Ab stract

A field trial was con ducted dur ing 2003-2006 at the Tele~ka pla teau lo cated in the north ern
part of the re gion of Ba~ka. At the time of the first sam pling, on the 15th of May, the larg est mass of
the root was re corded in the treat ment with con ven tional soil menagement. From the time of the
sec ond sam pling on June 15 un til the end of veg e ta tion on Oc to ber 15, the larg est masses were re -
corded in Treat ments 5 and 6, in which the num ber of plants was re duced. At the time of the first
sam pling (May 15), the high est dy nam ics of growth of the above-ground plant parts were ob served
in the treat ment with con ven tional soil man age ment and Treat ments 3 and 5. From the time of the
sec ond sam pling (June 15) till the end of veg e ta tion (Oc to ber 15), the high est dy nam ics were ob -
served in Treat ments 5 and 6 with the re duced num ber of plants.The treat ment with con ven tional
soil man age ment, which in cluded disk har row ing and lev el ing in the fall, had the high est yields of
roots and tops. The low est yield was ob tained in the treat ment which in cluded disk har row ing.

The fol low ing treat ments of plow ing were ex am ined:
1. Disking + Plow ing
2. Disking + Plow ing + Disking
3. Disking + Subsoiler-Chisel
4. Disking + Disking + Subsoiler-Chisel
5. Disking + Disking + Disking
6. Disking + Disking
7. Plow ing + Subsoiler-Chisel + Plow ing + Plow ing + Disking

Key worts: Dy nam ics of growth of sugar beets, Num ber of har vested roots, Yield of roots,
Yield of tops

In tro duc tion

Pri mary soil till age re gains at ten tion in light of the ef forts to cut sugarbeet pro duc tion costs. 
Re cent rec om men da tions opt for disking and chis el ing as sub sti tutes for con ven tional till age. Pri -
mary soil till age is an im por tant cul tural prac tice that af fects the yield of sugarbeet roots
(Stana}ev, 1979). As chis el ing is per formed with heavy trac tors, which may com pact the soil layer
25-30 cm and dis turb its struc ture, it is ad vised to fol low chisel plow ing with reg u lar plow ing
(Soane, 1970). Com pared with lay ered soil till age, re peated disking in creases the num ber of pe -
ren nial weeds three and a half times (Raji}, Marinkovi}, 2004).

Method

Field tri als were con ducted in the pe riod 2003-2005, on pri vate fields in the lo ca tion of
Sivac. Sugarbeet growth dy nam ics was as sessed by weigh ing roots and tops of 20 sugarbeet plants
at one-month in ter vals, from 15 May to 15 Oc to ber. The mea sure ments were done in five rep li ca -
tions. Stand den sity/ha and yields of roots and tops were mea sured in 20 m2 ex per i ment units (10
x 2 m). The plant ing ar range ment was 50 x 17 cm. The hy brid Lara was used in the trial.

The fol low ing pri mary till age treat ments were ex am ined:
1. Disking + plow ing
2. Disking + plow ing + disking
3. Disking + chis el ing
4. Disking + disking + chis el ing
5. Disking + disking + disking
6. Disking + disking
7. Plow ing + chis el ing + plow ing + plow ing + disking
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Re sults

Ta ble 1. Dy nam ics of root growth, g/plant

Harvest date
15 

May
15 

June
15 

July
15 

August
15

September
15

October

Variant (A)

1 Disking + plowing 2.1 134 447 555 719 816

2 Disking + plowing + disking 2.3 138 495 598 759 826

3 Disking + chiseling 2.1 134 415 530 715 768

4 Disking + disking + chiseling 2.1 138 430 533 731 792

5 Disking + disking + disking 2.0 124 416 651 823 961

6 Disking + disking 0.4 121 400 696 908 1008

7
Plowing + chiseling + plowing 
+ plowing + disking

2.8 150 516 522 693 829

LSD A A A A A A

0.05 4.05 29 92 64 98 112

0.01 5.68 39 122 85 130 159

Ta ble 2. Dy nam ics of growth of sugarbeet tops, g/plant

Harvest date
15 

May
15 

June
15 

July
15 

August
15

September
15

October

Variant (A)

1 Disking + plowing 9.0 283 491 375 296 378

2 Disking + plowing + disking 9.1 288 517 385 327 390

3 Disking + chiseling 8.6 258 457 346 289 350

4 Disking + disking + chiseling 9.1 263 473 359 289 360

5 Disking + disking + disking 7.7 243 468 432 416 405

6 Disking + disking 7.4 235 444 459 461 429

7
Plowing + chiseling + plowing
+ plowing + disking

9.7 297 566
426

350 373

LSD A A A A A A

0.05 3.01 41 58 58 42 49

0.01 4.21 55 77 77 56 64

Ta ble 3. Num ber of har vested beets /ha

Variant (A)
Year (V)

2003 2004 2005 H

1 Disking + plowing 58100 80200 80500 72933

2 Disking + plowing + disking 78200 85200 81200 81533

3 Disking + chiseling 59700 71800 61700 64400

4 Disking + disking + chiseling 67200 75100 70400 70900

5 Disking + disking + disking 59700 64500 52100 58766

6 Disking + disking 49100 60500 48200 52600

7
Plowing + chiseling + plowing
+ plowing + disking

85600 93880 85200 88226

X 65371 75882 68471 69908

LSD A B

0.05 4820 3155

0.01 6395 4186
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Ta ble 4. Yields of sugarbeet roots and tops, t/ha

Variant (A)
Year (V) Year (V)

2003 2004 2005 H 2003 2004 2005 H

1 Disking + plowing 47.32 52.00 68.04 55.78 15.42 27.40 33.20 25.34

2 Disking + plowing + disking 47.44 58.00 68.34 57.92 15.64 28.60 33.30 25.84

3 Disking + chiseling 46.88 51.20 63.40 53.82 14.22 25.70 33.00 24.30

4 Disking + disking + chiseling 46.92 54.20 65.68 55.6 14.28 26.60 33.00 24.62

5 Disking + disking + disking 43.76 50.00 60.80 51.52 14.22 25.10 33.08 24.13

6 Disking + disking 43.44 49.60 60.08 51.04 12.54 21.10 32.50 22.04

7
Plowing + chiseling +
plowing + plowing + disking

50.04 71.80 75.02 65.62 16.50 35.40 36.30 29.40

46.54 55.25 65.90 55.89 14.68 27.12 34.48 25.42

LSD A B AB A B AB

0.05 3.43 2.24 5.94 2.48 1.62 4.30

0.01 4.55 2.98 7.89 3.29 2.16 5.71

On the first har vest date (15 May), the high est root growth rate was reg is tered in the stan -
dard vari ant, the low est rate in vari ant 6. On the sec ond har vest date (15 June), the larg est root
weigh was found in the stan dard vari ant, which was not sta tis ti cally sig nif i cant com pared with the
other vari ants (Ta ble 1). On the third har vest date, the stan dard vari ant had a sig nif i cantly larg est
root weight than vari ants 3, 5 and 6. On the fourth, fifth and sixth har vest dates, root weights in
vari ants 5 and 6 were highly sig nif i cant in respect to the other variants.

On the first har vest date (15 May), there were no sta tis ti cally sig nif i cant dif fer ences among
the vari ants in the weight of tops (Ta ble 2). On the sec ond and third har vest dates, the stan dard
vari ant was sig nif i cantly dif fer ent in re spect to vari ants 3, 4, 5 and 6. On the fourth, fifth and sixth
har vest dates, vari ants 6 and 5 had larg est weights of tops, which were sig nif i cantly dif fer ent in re -
spect to vari ants 1, 3, 4 and the standard.

Re gard ing the num ber of har vested beets, sig nif i cant dif fer ences ex isted among all vari ants 
of pri mary till age and among all years. On av er age for all years, the larg est num ber of beets was
found in the stan dard vari ant, which was highly sig nif i cant in re spect to all other vari ants. Vari ant
2 was sec ond best, whose num ber of beets was also highly sig nif i cant in re spect to the other vari -
ants. The num ber of beets reg is tered in vari ant 6 was lowest and highly significant.

On the three-year av er age, the stan dard vari ant had sig nif i cant or highly sig nif i cant yields
of roots and tops in com par i son with the other vari ants. Vari ants 1, 2, 3, 4 and 5 also ex hib ited sig -
nif i cant or highly sig nif i cant dif fer ences in re spect to vari ant 6. Highly sig nif i cantly low est root
yields were reg is tered in variants 5 and 6.

Dis cus sion

High est growth rates of roots and tops in the first half of the grow ing sea son were reg is tered 
in the stan dard vari ant, and in the sec ond half in vari ants 5 and 6. This was ev i dently due to a lay -
ered soil till age in the stan dard vari ant, which cre ated a soil struc ture that en abled the emer gence
of a larger num ber of plants/ha than the other vari ants (Ken nedy, 1984). In the sec ond half of the
grow ing sea son, vari ants 5 and 6 ex ceeded the other vari ants re gard ing the growth rates of roots
and tops, in spite of the low est rates reg is tered in the first half of the grow ing sea son. This was ob -
vi ously due to the low est stand den si ties in these vari ants, i.e., the in creased grow ing area per
plant re sulted in larger weights of roots and tops (Stana}av, 1979).

The num ber of plants/ha in creases as a re sult of good seed bed prep a ra tion, which pre serves 
soil mois ture and soil struc ture in the top soil layer (Raji} et al., 2005). Good seed bed prep a ra tion
may be nec es sary af ter in ad e quate primary tillage.

The ob tained yields of roots and tops in di cated that the pri mary till age in com bi na tion with
sev eral shal low plowings and chis el ing in the fall en sured sat is fac tory de com po si tion of or ganic
mat ter and fa vor able soil struc ture for high yields of sugarbeet roots. This was in agree ment with
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the re sults of Cannell (2003). The vari ants with disking and chis el ing pro duced lower yields of
root and tops than the vari ants with plow ing, disking and chis el ing be cause chis el ing is ef fec tive
only in com bi na tion with plow ing, as ob served by Rother (1988). Disking alone in creases soil
com pac tion in deep soil lay ers, which re duces the as cend ing soil move ment and the yield of
sugarbeet roots (Barocka et al., 1972). The rea son why the stan dard vari ant ex ceeded the per for -
mances of the other vari ants of pri mary till age was the ef fec tive fall till age that cre ated soil
macroaggregates fa vor able for sugarbeet grow ing achieved. This explanation had been provided
by Suboti} (1982).

Con clu sion

The three-year trial with sev eral pri mary till age treat ments showed that high yields of
sugarbeet roots may be ob tained with a com bi na tion of plow ing and sub soil ing. A com bi na tion of 
disking and sub soil ing re duces the yield of sugarbeet roots.
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THE EF FECT OF MIN ERAL NU TRI TION ON THE CHEM I CAL 
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Ab stract

In sugar beet se lec tion, the chem i cal com po si tion of the root is one of the pa ram e ters that
de ter mine which hy brids to fo cus on in fu ture re search. The amount of sugar, K, N and a-amino
ni tro gen are quan ti ta tive prop er ties of the sugar beet root which are mostly ge net i cally de ter -
mined but also af fected by the en vi ron ment.

The aim of this re search was to de ter mine the role of the fac tors that af fect the chem i cal
com po si tion of the root and thus gain in sight into adapt abil ity prop er ties of sugar beet hy brids
which were cho sen to be ac knowl edged as va ri et ies.

The ex per i ments were car ried out dur ing two years. Dif fer ent amounts of NPK (0, 30, 60,
90) were ap plied. At the end of the veg e ta tion pe riod, the chem i cal com po si tion of the root of the
three ex am ined sugar beet hy brids was de ter mined. The re sults were sta tis ti cally pro cessed by
anal y sis of vari ance for fac to rial tri als.

The chem i cal com po si tion of the root var ied de pend ing on the year of the ex per i ments and
the amount of the min eral fer til iz ers. The sugar beet ge no type had a sig nif i cant ef fect only on the
amount of sugar and a-amino ni tro gen. Un like the amount of sugar and a-amino ni tro gen, the
amounts of K and Na in all vari ants where min eral fer til iz ers were ap plied and dur ing the two
years were af fected by some other, here non-ex am ined fac tors.

Key words: sugar beet, min eral nu tri tion, chem i cal com po si tion of the root.

In tro duc tion

In sugar beet pro duc tion, ra tio nal use of min eral fer til iz ers is some what more com pli cated
than with other crops. This is be cause spe cial at ten tion has to be given to the achieve ment of the
planned root yield and to the pres er va tion of the qual ity of the root. Apart from the ad e quate
amount of fer til iz ers, the pro por tion of min eral nu tri ents to one an other is also im por tant.

The most im por tant non-sugar sub stances in the sugar beet root are K, Na and a-amino ni -
tro gen. To gether with betaine, these sub stances amount to 80-90% of the non-sugar com po nent
of the sugar beet root juice (Carruthers and Oldfield, 1962).

There is a neg a tive cor re la tion be tween sugar and non-sugar sub stances on the one hand,
and a large amount of min eral nu tri ents on the other (Sari} and Joci}, 1993; Houba et al., 1995;
Marinkovi} et al., 1998; Macak et al., 2007). When nu tri ents are ap plied, spe cial at ten tion is given
to the in flu ence of ni tro gen on the tech no log i cal char ac ter is tics of the sugar beet root. It is a
well-known fact that large amounts of min eral fer til iz ers in crease the amount of ni tro gen com -
pounds in the root, as op posed to the amount car bo hy drates (Male{evi} et al., 2005).

The aim of this re search was to de ter mine the role of the fac tors which af fect the chem i cal
com po si tion of the root of those sugar beet hy brids which were cho sen to be ac knowl edged as va -
ri et ies.

Ma te rial and meth ods

The in flu ence of min eral nu tri tion on the amount of juice in the root of sugar beet hy brids
was ex am ined in fluvisol, on humogley, in the lo cal ity of Pan~eva~ki Rit, dur ing 1998 and 1999.
There were sev eral vari ants of fer til iza tion: with out NPK; N30:P30:K30; N60:P60:K60; N90:P90:K90.
The ex per i ments were con ducted by means of ran dom block sys tem in five rep e ti tions. The plots’
size was 13.5 m2 in to tal, with the dis tance in a row be ing 0.20m and the dis tance be tween rows
0.45m. There were three rows of crops.
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At the end of the veg e ta tion pe riod, a sam ple for ob serv ing the chem i cal com po si tion of the 
root was formed from twenty-five ran dom roots from each plot.

The re sults were pro cessed sta tis ti cally by anal y sis of vari ance for fac to rial tri als. The de -
gree of ho mo ge ne ity of the main fac tors (ge no type, year, the amount of min eral fer til izer) and
their interections was de ter mined by F test. The ef fect of in di vid ual fac tors was de ter mined by
LSD test.

The ef fect of the main fac tors, non-con trolled fac tors and their in ter ac tions on the vari a -
tions in the chem i cal com po si tion of the root was de ter mined upon the anal y sis of vari ance
components.

Re sults and dis cus sion

Sugar beet va ri et ies dif fer in the amount of sugar and non-sugar sub stances. How ever,
growth con di tions (es pe cially ni tro gen nu tri tion) af fect the chem i cal com po si tion of the root, as
well. On the other hand, all va ri et ies are equally sen si tive to growth conditions (Coe, 1987).

Ta ble 1. Vari ance com po nents for the chem i cal com po si tion of the sugar beet root juice

Source of variation

Content

sugar K N a-amino N

s2 % s2 % s2 % s2 %

Year (A) 4,81 68,37** 0,36 30,68** 0,0001 0,01** 0,886 48,0**

Mineral fertilizer (B) 0,00 0,00** 0,05 4,71* 0,9300 99,00** 0,122 6,6**

Genotype (C) 0,00 0,00** 0,00 0,00 0,0000 0,00 0,000 0,00**

Interaction AB 1,06 15,10** 0,00 0,00 0,0012 0,09 0,531 28,8**

AC 0,23 3,25** 0,00 0,81 0,0000 0,00 0,000 0,0**

BC 0,003 0,05** 0,00 0,00 0,0000 0,00 0,006 0,3**

ABC 0,47 6,71** 0,00 0,00 0,0000 0,00 0,200 10,9**

Error 0,46 6,52 0,76 64,61 0,0080 0,90 0,099 5,4

Total 7,03 100,00 1,17 100,00 0,9393 100,00 1,844 100,00

*F test 0.05; **F test 0.01

Ta ble 2. Vari ance com po nents (%) for the chem i cal com po si tion of the sugar beet root juice de pend ing
on the year of tri als

Source of variation

Content

Sugar K N a-amino N

1998. 1999. 1998. 1999. 1998. 1999. 1998. 1999.

Mineral fertilizer (B) 70,8** 9,2** 21,6** 3,0 15,4* 48,2** 67,0** 72,8**

Genotype. (C) 1,7 17,5** 0,0 2,0 0,0 3,6 0,1** 0,0**

Interaction BC 0,8 58,3** 0,0 0,0 0,0 0,0 20,3** 18,2**

Error 26,7 15,0 78,4 95,0 84,6 48,2 9,6 9,0

Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

*F test 0.05; **F test 0.01

Camp bell and Kern (1982) came to a con clu sion that the amount of sugar, K and Na was
pri mar ily de pend ant upon sugar beet va ri ety. In ter ac tions such as va ri ety/lo ca tion, va ri ety/year
and va ri ety/lo ca tion/year did not af fect these pa ram e ters, which means that the amounts of sugar, 
K and Na are sta ble prop er ties. The same au thors proved that me te o ro log i cal con di tions had a
greater ef fect on the con tent of sugar, K and Na than the lo ca tion.

In this re search, sta tis ti cal anal y sis of the re sults has shown that the chem i cal com po si tion
of the root juice was highly in flu enced by the year of tri als and min eral nu tri tion. Sugar beet ge no -
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type and all in ter ac tions had a sig nif i cant ef fect only on the amount of sugar and a-amino ni tro -
gen (Ta ble 1).

The anal y sis of vari ance com po nents dur ing the two years con firmed a sig nif i cant ef fect of
min eral nu tri tion. How ever, if the group ef fect of all fac tors is ob served, the ef fect of min eral nu -
tri tion on the ex am ined pa ram e ters was de pend ant upon the year of tri als and the ex am ined char -
ac ter is tics - the amount of sugar, Na, K (Ta ble 2).

The sugar beet ge no type sig nif i cantly af fected the amount of sugar and a-amino ni tro gen.
How ever, the in flu ence of ge no type var ied de pend ing on the amount of the min eral fer til izer
(Ta ble 3).

Ta ble 3. Values of vari ance com po nents (%) for the chem i cal com po si tion of the sugar beet root juice de -
pend ing on the amount of the min eral fer til izer

Content 
Mineral fertilizer

(NPK , kg ha-1 a.m.)

Source of variation

Genotype Non-controlled factors

1998. 1999. 1998. 1999.

sugar

q 6.8 55.1* 93.2 44.9

30 0 94.4** 100.0 5.6

60 1.8 90.9** 98.2 9.1

90 19.3 33.9 80.7 66.1

K

q 11.9 0 88.1 100.0

30 3.0 0 97.0 100.0

60 11.4 0 88.6 100.0

90 0 16.8 100.0 83.1

N

q 0 0 100.0 100.0

30 0 0 100.0 100.0

60 11.8 25.9 88.2 74.1

90 0 0 100.0 100.0

a-amino 
N

q 18.9 81.9** 81.1 18.1

30 90.4** 25.3 9.6 74.7

60 0 74.9** 100 25.1

90 54.4* 63.7** 45.6 36.3

*F test 0.05; **F test 0.01

Con clu sions

Ac cord ing to the re sults of the re search into the chem i cal com po si tion of the sugar beet
root, the fol low ing can be con cluded:
· Min eral nu tri tion mostly af fected the amount of Na.
· Min eral nu tri tion sig nif i cantly af fected the amount of a-amino ni tro gen in both years.
· Min eral nu tri tion sig nif i cantly af fected the amount of sugar in 1998., but in 1999. the

amount of sugar was de ter mined by the in ter ac tion be tween the min eral fer til izer and the
ge no type.

· The amount of K was mainly de ter mined by non-con trolled fac tors.
· Sugar beet ge no type and in ter ac tions had a sig nif i cant ef fect only on the amount of sugar

and a-amino ni tro gen, what showed that hy brids have lower adapt abil ity for these char ac -
ter is tics.
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