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Abstract 

The allelopathic potential of extracts from nine plants species 
belonging to Asteraceae and Polygonaceae family was evaluated on 
germination and early growth of lettuce. Water extracts from dry biomass of 
different plant parts in concentration of 5% were examined under laboratory 
bioassay in Petri dishes. Among species of Asteraceae family, the highest 
germination and seedlings growth inhibition was observed with annual 
fleabane (Erigeron annuus) leaf extract which reduced all parameters for 
100%. Similarly, common sow thistle (Sonchus oleraceus) and common 
tansy (Tanacetum vulgare) also exhibited considerable negative effect. 
Germination of lettuce was not greatly affected when extracts from 
Polygonaceae plant species were applied, however significant inhibition of 
root and shoot length as well as fresh seedling biomass was recorded, 
especially in treatments with black bindweed (Fallopia convolvulus).  
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Introduction 

Allelopathy represents harmful or beneficial influence of phytotoxic 
substances of donor plant species released in the environment on germination 
and growth of receiver species (Rice, 1984; Wu et al., 2000), and occurs in 
both natural ecosystems and agrophytocenosis (Chou, 1999). Allelopathic 
interactions in agroecosystems are common in weed–crop, weed–weed and 
crop–crop relationships (Abbassi et al., 2013) and can therefore play an 
important role in plant diversity, the composition and structure of weed 
communities and species dominance (Chou, 1999; Gomaa, 2012).  

Allelopathy may be exploited as alternative measure in weed 
management in order to reduce the synthetic herbicide dependency, weed 
resistance, environmental pollution and adverse effects on human health 
(Sujatha et al., 2010; Baretto et al., 2000). Allelopathically active crops and 
allelochemicals can be utilized in different ways as extracts, mulches and 
residues (Singh et al., 2003). Crop species with high allelopathic potential 
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include sorghum, sunflower, Brassica sp., legumes, rice and rye (Soltys et 
al., 2013; Weston, 1996).  

Screening higher plants for allelopathic activity enables researches to 
find other potential candidates for the isolation and identification of 
allelochemicals with high inhibitory effect and possibility of their application 
as natural herbicides. Hong et al. (2003) in their experiment assessed 19 
species consisting of weeds, shrubs and trees for allelopathic effect and found 
that Galactia pendula Pers., Leucaena glauca Benth. and Melia azedarach L. 
were the most inhibitive in suppression of germination and growth of radish. 
Similarly, Gilani et al. (2010) studied leaf leachates of 81 medicinal plants 
against lettuce, while Fujii et al. (2003) in extensive research screened 239 
medicinal plant species of different families. 

Different test species are used as receptor plants in phytotoxicity 
bioassays, among them radish and lettuce, due to their high sensitivity to 
phytotoxic compounds, rapid and uniform germination, high availability and 
low costs (Patterson, 1986; De Villegas et al., 2011; Grisi et al., 2013).  

The aim of the study was to evaluate the effect of water extracts from 
nine plant species belonging to Asteraceae and Polygonaceae family on 
germination and early growth of lettuce (Lactuca sativa L.).  

Materials and methods 

The study was conducted in the Laboratory of Phytopharmacy at the 
Faculty of Agriculture in Osijek, Croatia. 

Collection and preparation of plant material: Aboveground 
biomass of plant species brown knapweed (Centaurea jacea L.), creeping 
thistle (Cirsium arvense (L.) Scop.), Canadian horseweed (Conyza 
canadensis (L.) Cronq.), annual fleabane (Erigeron annuus (L.) Pers.), 
common sow thistle (Sonchus oleraceus L.), common tansy (Tanacetum 
vulgare L.) from the family Asteraceae, and black bindweed (Fallopia 
convolvulus (L.) Á. Löve), prostrate knotweed (Polygonum aviculare L.) and 
pale persicaria (P. lapathifolium L.) from the family Polygonaceae, was used 
in the experiments. The plants were harvested at full flowering stage (Hess et 
al., 1997) from agricultural and ruderal fields in Osijek-Baranja County. The 
collected fresh plant biomass was separated in the laboratory into root, stem, 
leaf and inflorescence, oven dried at 60 °C for 48 h, cut into small pieces and 
ground with electronic grinder into fine powder.  

Preparation of water extracts: Water extracts from different dry 
plant parts were prepared according to Norsworthy (2003) by mixing 50 
grams of the plant material with 1000 ml of distilled water and kept for 24 h 
at room temperature. The mixtures were filtered through filter paper to obtain 
5% concentration extracts.  
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Test species: Lettuce seeds (cultivar Majska kraljica) were purchased 
from a seed company. Prior to each experiment, the seeds were surface-
sterilized for 20 min with 1% NaOCl, and then rinsed three times with 
distilled water (Siddiqui et al., 2009).  

Bioassay: Two experiments with extracts were carried out separately, 
first with plants from Asteraceae and second with plants from Polygonaceae 
family.  

Effect of water extracts were evaluated in Petri dish bioassay. In each 
Petri dish 25 seeds of lettuce were placed on filter paper and 3 ml of certain 
extract was added. Petri dishes were kept at room temperature (22°C ± 2) on 
laboratory benches for 7 days. The experiments were carried out in a 
completely randomized design with four replications. Each experiment was 
repeated twice.  

Data collection and analysis: The final seed germination was 
calculated for each replication using the formula: G = (Germinated seed/Total 
seed) x 100. At the end of the experiments, seedling root and shoot length 
were measured, and their fresh weight was determined using electronic scale. 
The collected data were analysed statistically with ANOVA and differences 
between treatment means were compared using the LSD-test at probability 
level of 0.05. 

Results 

Germination and seedling growth of lettuce was significantly affected 
when extracts from plant biomass of Asteraceae species were applied (Table 
1). The highest inhibitory potential was recorded in the treatments with E. 
annuus and C. canadensis leaf extracts, and S. oleraceus and T. vulgare stem 
and leaf extracts where reduction in germination ranged from 27.7 to 100%. 

The extracts showed a stronger effect on the root length of seedlings 
which was reduced in the most treatments for over 50%. The exception was 
observed with C. jacea inflorescence and C. arvense root extract which had 
no significant effect, and C. canadensis leaf extract which promoted root 
length for 38.9%. Similarly, extracts showed different effect on shoot length 
of lettuce seedlings. Extracts from the plant parts of C. arvense, E. annuus 
and S. oleraceus, as well as T. vulgare leaf extract inhibited the shoot length 
from 17.4 to 100%. Lettuce seedlings fresh weight was decreased 
significantly in all treatments, with leaf extracts of E. annuus, S. oleraceus 
and T. vulgare, and C. arvense root extracts having the highest inhibitory 
effect.  
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Table 1. Activity of water extract of the plant species from the Asteraceae 
family on germination and growth of lettuce 

Means followed by the same letter within the column are not significantly different at P<0.05. 

Water extracts from the plant biomass of Polygonaceae species 
showed considerable allelopathic effect on lettuce seed germination and 
seedlings length (Table 2). Negative effect on the germination was recorded 
in treatments with P. lapathifolium and F. convolvulus leaf extracts and P. 
aviculare stem extract, and ranged from 9.2 to 12%.  

Table 2. Activity of water extract of the plant species from the Polygonaceae 
family on germination and growth of lettuce 

Means followed by the same letter within the column are not significantly different at P<0.05. 

Treatment Germination 
(%) 

Root length 
(cm) 

Shoot length 
(cm) 

Fresh weight 
(mg) 

Control 90.0 a 1.8 b 2.3 bc 15.9 a 
C. jacea stem 78.3 bcd 1.4 c 2.7 a 13.9 b 

leaf 88.3 ab 0.7 de 2.3 bc 10.1 cd 
inflorescence 90.8 a 1.6 bc 2.6 ab 9.7 cde 

C. arvense root 70.8 def 1.6 bc 1.3 g 6.2 g 
stem 85.8 ab 0.9 d 1.9 de 10.4 c 
leaf 68.3 def 0.4 fg 1.9 de 8.4 ef 

C. canadensis stem 83.3 abc 1.5 c 2.6 ab 10.8 c 
leaf 60.0 f 2.5 a 2.3 bc 9.6 cde 

E. annuus stem 74.4 cde 0.6 ef 1.7 ef 9.4 cde 
leaf 0.0 g 0.0 h 0.0 h 0.0 h 

S. oleraceus stem 65.0 ef 0.3 g 1.2 g 8.7 def 
leaf 63.3 ef 0.3 g 1.5 fg 7.5 fg 

T. vulgare stem 64.2 ef 0.9 d 2.1 cd 9.8 cde 
leaf 64.2 ef 0.3 g 1.3 g 7.4 fg 

Treatment Germination 
(%) 

Root length 
(cm) 

Shoot length 
(cm) 

Fresh weight 
(mg) 

Control 90.0 a 1.8 a 2.3 b 15.9 a 
F. convolvulus  stem 81.7 b 0.4 de 1.5 d 8.9 c 

leaf 82.5 ab 0.3 e 1.4 d 8.3 c 
P. aviculare stem 81.7 b 0.7 b 1.7 cd 9.2 c 

leaf 82.5 ab 0.6 bc 2.9 a 13.6 b 
P. lapathifolium stem 84.2 ab 0.6 bc 2.3 b 9.4 c 

leaf 79.2 b 0.5 cd 1.8 c 8.7 c 
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Reduction in root length of lettuce seedlings was over 65% with all 
extracts, however F. convolvulus leaf had the highest inhibitory effect. 
Similarly, the extracts decreased lettuce shoot length up to 40%, while 
contrary P. aviculare leaf extract promoted shoot length for 26.1%. Seedlings 
fresh weight was significantly inhibited in all treatments, from 14.5% with P. 
aviculare leaf extract to 47.8% with F. convolvulus leaf extract. 

Discussion 

The search for allelopathic plants in order to determine allelopathy, its 
mechanism and the possibility of future exploitation is in focus of recent 
studies (Hong et al., 2003), and many crops and weed species have been 
observed to possess certain allelopathic properties (Batish et al., 2001). The 
results of the experiment revealed that among plant species from Asteraceae 
family E. annuus and S. oleraceus showed the highest inhibitory effect, 
followed by T. vulgare. Similar results were reported by other studies. 
According to Park et al. (2011) water extracts from leaves of E. annuus 
inhibited lettuce root hair development. Gomaa et al. (2014) reported 
negative effect of S. oleraceus dry shoots extract on crops and weeds, 
especially with higher extract concentrations, and revealed that phenols and 
alkaloids were the most abundant compounds. In experiment with S. 
oleraceus residues Hassan et al. (2014) confirmed its strong allelopathic 
effect through decrease in test species germination which could be attributed 
to the release of phenolics. Numerous other species from this family also 
showed considerable inhibitory potential, e.g. giant goldenrod (Solidago 
gigantea Ait.) extracts reduced germination and growth of both crops and 
weeds in Petri bioassay and pot experiment (Baličević et al., 2015), annual 
mugwort (Artemisia annua L.) oil decreased germination of common 
purslane (Portulaca oleracea L.) (Rahimi et al., 2015), while common 
ragweed (Ambrosia artemisiifolia L.) leaf residues negatively affected 
growth of lettuce (Vidotto et al., 2013). 

On average, species from the Polygonaceae family equally affected 
lettuce seed germination, while F. convolvulus extracts had the highest 
negative impact on seedlings growth. This finding confirms the results of 
Gholamalipour Alamdari et al. (2013) who reported that water extracts of F. 
convolvulus inhibited germination, root and shoot length of wheat in the 
laboratory bioassay, as well as leaf area, leaf and stem dry weight in pot 
culture. Similarly, Souto et al. (1990) reported high inhibitory effect of P. 
lapathifolium against lettuce and clover, while according to Treber et al. 
(2015) and Baličević et al. (2013) stem and leaf extracts have both positive 
and negative effects on seedling length of different cultivars of soybean. Root 
exudates and leachate of the tops of P. aviculare, and soil collected under 
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dead plants supressed seed germination and seedling growth of Cynodon 
dactylon (L.) Pers., Sporobolus pyramidatus (Lam.) Hitch., sorghum and 
cotton, indicating that allelopathy and the presence of inhibitory compounds 
are an important component of its interference (Alsaadawi and Rice, 1982). 
In addition to species of the Polygonum and Fallopia genus, species 
belonging to the genus Rumex, such as broad-leaved dock (R. obtusifolius 
L.), curly dock (R. crispus L.) and R. dentatus L., also exhibited allelopathic 
potential (Zaller, 2006; Pilipavičius et al., 2012; Anwar et al., 2013).  

Plant parts differed in their allelopathic potential, however inhibitory 
effect was dependent on the plant species. For example, E. annuus and C. 
arvense leaves greatly reduced germination and lettuce growth, while stems 
and leaves of S. oleraceus had equal effect. Hong et al. (2003) also states that 
leaves, stems and roots of the tested plants all exhibited either negative or 
positive effect on radish germination but the degree varied among them and 
was species dependent. For example, all plant parts of L. glauca and M. 
azedarach reduced germination of radish, while only leaves of Tephrosia 
candida had significant negative effect on seed germination. 

Allelopathic effect of plants is also dependant on the recipient species 
and its sensitivity to allelochemicals (Soltys et al., 2013). In the present 
research only lettuce seeds were used as test species. Although commonly 
used indicator species are of no agronomic importance as weeds (Romeo and 
Weidenhamer, 1999) and bioassay should be conducted with plant species 
associated with allelopathic plants including weeds (Wu et al., 2000), 
laboratory screenings under controlled conditions can give preliminary 
research on potential plants with high allelopathic effect.   

Conclusions 

Results of the experiment showed that all plant species have some 
degree of inhibitory potential, however it was dependant on both plants 
species and plant part. Among Asteraceae family, E. annuus and S. oleraceus 
had the highest inhibitory potential, while F. convolvulus proved to have the 
greatest negative effect among Polygonaceae species. 
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