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Abstract
The effect of drench applications of combinations of chlormequat chloride (2-chloroethyl-N,N,N-trimethyl-ammonium chloride) and daminozide
(N-dimethyl amino succinamic acid) on the growth and pigment concentration of the poinsettias cv. Christmas Feelings was studied. Combinations
of chlormequat chloride (500, 1500 or 3000 mg·L-1) and daminozide (2500 and 5000 mg·L-1) were applied three times. Root drench application of
a combination of chlormequat chloride and daminozide did not cause visible phytotoxic symptoms on plants. No interaction between chlormequat
chloride and daminozide was found for height and diameter of the plants, or area and dry weight of the leaves and bracts. Daminozide after the
second application caused shorter plants compared to the control, while after the third application both chlormequat chloride at 1500 and 3000
mg·L-1 and daminozide at 5000 mg·L-1 caused around 20% shorter plants. Leaves and bract area were affected only by chlormequat chloride, and
compared to the control, they increased with application of 500 mg·L-1 chlormequat chloride and decreased at higher application rates. An
interaction between tested compounds after the third application was found for the length of laterals, dry weight of the main stem and laterals and
pigment concentration. The length of laterals was the most reduced for the combination of the highest rates of both compounds, whereas the dry
weight of the main stem and laterals increased at the lowest concentrations. Chlorophyll a, chlorophyll b and carotenoid content in leaves was
enhanced compared to the control in combinations where daminozide was applied at 2500 mg·L-1, whereas in bracts, the chlorophyll and
carotenoid levels increased for all chlormequat chloride and daminozide combinations.
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Introduction
Height control is difficult for poinsettia producers, and without
some method of height control, poinsettias generally grow too
tall in a greenhouse 1. The ability to control the stem elongation
of poinsettia is critical in successful commercial cultivation,
because market demands often include target plant height 2.
Reduction of the longitudinal shoot growth of many
ornamental plants is achieved through the use of plant growth
retardants (PGRs) 3. Foliar spray and soil drench are common
and effective application methods of growth retardant
application in ornamental plants 4. Most PGRs act by inhibiting
gibberellin biosynthesis 5. Daminozide is a very popular shoot
growth inhibitor, which inhibits GA biosynthesis although its
action mechanism is unclear 6, 7. Another useful growth retardant
which controls the shape of ornamental plants is chlormequat
chloride. This retardant also blocks GA biosynthesis albeit at a
different step in the process to the triazoles 7, 8.
Chlormequat chloride and daminozide have been effectively
used to control the heights of many plant species 9-11. A tank
mix of chlormequat chloride and daminozide was effective in
reducing stem elongation in poinsettia 2 and the combination of
chlormequat chloride and daminozide has a synergistic effect 12.
A problem with many growth retardants has been finding an
efficient application method that produces consistent results 13.
Daminozide is applied regularly as a foliar spray because the
complete degradation of the daminozide molecule occurs
rapidly14. An experiment conducted with four soil types under
greenhouse conditions showed that daminozide’s half-life for
dissipation from soil (DT50) was 3-4 days 15. Daminozide is also
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xylem- and phloem-mobile 16. Therefore, it is possible that during
that period the plant can absorb daminozide through its roots
from the substrate.
Research conducted by Jerzy and Schroeter 17 showed that
chlormequat chloride and daminozide applied twice, at a 0.2%
concentration, directly to peat-substrate stimulated the flowering
of marigolds (Tagetes patula).
Drench application of combinations of chlormequat chloride
and daminozide might be a way to avoid certain shortcomings
observed with spray treatments, like leaf chlorosis immediately
after application on seashore mallow 18, and decreased total bract
area 2.
Drench application of these retardants on poinsettias may
provide better control in production and have less negative effect
on bract development and could be also used safely after the
spray cutoff dates.
The aim of this study was to examine the efficiency of drench
application of a chlormequat chloride and daminozide
combination in influencing the vegetative growth and pigment
concentration of poinsettia.
Materials and Methods
Vegetatively propagated rooted cuttings of poinsettia cv.
Christmas Feelings (Selecta Klemm GmbH & Co.KG, Stuttgart,
Germany) were received from a commercial nursery and grown
in a greenhouse located in Split, in the Mediterranean area (43°30´
N, 16°25' E), under natural photoperiod conditions. The cuttings
were planted into 0.9 L pots (13 cm diameter) and each plant was
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pinched at seven nodes on 10 August. At the end of August all
plants were transplanted into 1.5 L pots (15 cm diameter) filled
with organic substrate (Type 4, Gebr. Brill Substrate GmbH &
Co. KG, Georgsdorf, Germany) blended with perlite (Agrilit 3,
Perlite Italiana, Milano, Italy) at a 3:1 v/v ratio and thinned by
hand to 6 shoots by removing weakly developed laterals.
Plants were grown on benches at a spacing of 30 cm x 30 cm
(density of 11 plants m-2) and irrigated with nutrient solution
(pH 5.5, EC 1.7 dSm-1) with the following elements (in mg·L-1): 183
N, 212 K, 156 Ca, 24 Mg, 32 S, 33 P, 1.35 Fe, 1.69 Mn, 0.8 Zn, 1.24
B, 0.12 Cu and 0.12 Mo 19. Nutrient solution was delivered via a
drip system with four-outlet emitters of 3 L·h-1 capacity (Toro
Company, El Cajon, Calif.) with one spigot placed in each pot.
The irrigation rate depended on the size of the plant and the
environmental conditions in the greenhouse. The amount of
applied nutrient solution ranged from 0.15 to 0.45 L per plant
daily with a leaching fraction of 15-25%. The nutrient solution
was provided until the 20th of November, and thereafter plants
were irrigated with water adjusted to pH 5.5 by means of 0.1 M
sulfuric acid (H2SO4) until the end of the experiment.
Greenhouse day/night average temperatures were 35/18°C from
August to October and 20/12°C from November to December.
Six PGR combinations of chlormequat chloride (Cycocel 750,
2-chloroethyl-N,N,N-trimethyl-ammonium chloride, Chroms agro
d.d., Zagreb, Croatia, aqueous suspension at a concentration of
736.8 g·L-1) at 500, 1500 and 3000 mg·L-1 and daminozide (B-Nine,
N-dimethyl amino succinamic acid, Uniroyal Chemical Co.,
Bethany, Hungary, powder with 85.0% w w-1) at 2500 and 5000
mg·L-1 were tested. The chlormequat chloride and daminozide
were diluted in tap water and applied at a rate of 120 mL of
solution per pot, in previously irrigated pots, during morning
hours. Control plants were treated with tap water. The
applications of retardants were performed on 16 Sept., 3 Oct. (2
weeks after the first application) and 24 Oct. (3 weeks after the
second application).
Plant height (from the substrate surface to the top of the plant)
and plant diameter (average of two measurements taken at the
widest and narrowest diameters) were measured on 26 Sept., 20
Oct. and 14 Nov. The longest lateral shoot on each plant was
marked for measurements of the lateral shoot stem diameter, the
length, and the number of nodes on the same dates as listed
above. At the stage when the plants were ready for the market,
on 14 Nov., 6 plants per treatment were cut at the substrate level
and separated into stems, bracts and leaves. The areas of green
leaves and colored leaves (bracts) were measured using a leaf
area meter (LI- 3000, LICOR, Lincoln, Nebr.). Leaves, bracts and
stems were oven-dried at 70°C to constant weight.
Chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids
were measured in leaves and bracts also at the end of the
experiment. The pigments were extracted from fresh leaf tissue
with 80% acetone 20. The optical density of the chlorophyll
extracts recorded using a spectrophotometer (Varian
Spectrophotometer DMS 200, Palo Alto, Calif.) set at 470 nm
(clorophyll a), 644.8 nm (chlorophyll b) and 661.6 nm (carotenoid).
The concentration of chlorophyll a, b, and carotenoid was
calculated as mg of chlorophyll per g of fresh weight.
The experiment was set up as a completely randomized block
design in three replications. All data were subjected to analysis
of variance (ANOVA) using PROC GLM of the SAS software
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package 30 to determine the significance of chlormequat chloride
and daminozide effects, as well as the presence of interaction.
When the effects were significant, mean separation was
performed by LSD at P ≤ 0.05.
Results and Discussion
Root drench application of a combination of chlormequat chloride
and daminozide did not cause visible phytotoxic symptoms in
the form of chlorotic spots on leaves or bracts during the course
of the experiment.
There was no interaction between chlormequat chloride and
daminozide on plant height during the course of the experiment,
suggesting that their effects were independent. Plant height,
compared to the control, on 20 Oct., was decreased by the
application of daminozide while there was no effect of
chlormequat chloride. However, on 14 Nov. chlormequat chloride
at 1500 and 3000 mg·L-1and daminozide at 5000 mg·L-1 had similar
effects on the final plant height with a height decrease of about
20% compared to the control (Table 1).
Gibson and Whipker 21 found that daminozide at 5000 mg·L-1
applied together with chlormequat chloride was effective,
although a single foliar application of daminozide at
concentrations up to 10,000 mg·L-1 was ineffective in controlling
the height of Osteospermum plants.
Lewis et al. 2 observed decreases in poinsettia plant height as
the concentrations of foliarly applied chlormequat chloride and
daminozide were increased (up to 1500 and 4000 mg·L-1,
respectively), but the interaction between these growth
regulators depended on the cultivar. These results suggest that
the influence of chlormequat chloride and daminozide and their
interaction on plant height depends on the applied
concentrations, species and even cultivars within species.
Plant diameter was not affected by the main factors chlormequat
chloride and daminozide, or their interaction, during the course
of the experiment (data not shown). This is consistent with the
results of Gibson and Whipker 21 who found that daminozide or
a combination of chlormequat chloride/daminozide was not
effective for limiting the horizontal expansion of Osteospermum
plants at the end of the growing season. Also, Whipker and
Dasoju 22 found that daminozide had no effect on the plant
diameter of potted sunflower.
The length of lateral shoots was not changed by applied
treatments until 14 Nov. (Table 1), when the length of lateral
shoots was reduced by a chlormequat chloride/daminozide
interaction, except at the concentrations 500/2500 mg·L-1
(Table 1). Based on the reduced length of laterals on 14 Nov. and
the lack of a chlormequat chloride/daminozide effect on the
number of nodes (data not shown), it seems that the length of
internodes was reduced. Papageorgiou et al.23 found that
chlormequat chloride at 4000 and 8000 mg·L-1 had no effect on
the number of nodes in lavender.
At the end of the experiment (14 Nov.) chlormequat chloride at
500 mg·L-1 had increased leaf area by 27% and bract area by 7%
compared to control plants. In contrast, higher concentrations
of chlormequat chloride (1500 and 3000 mg·L-1) decreased leaf
(4-10%) and bract (around 40%) areas (Table 1). Leaf and bract
areas were not affected by daminozide, or by an interaction of
chlormequat chloride/daminozide (Table 1). Previous research
on poinsettia also showed a reduction of bract area in plants
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Significant effects are denoted as: NS, *, **, ***, nonsignificant or significant at P ≤ 0.05, 0.01, 0.001, respectively. If effects were significant, LSD values at P ≤ 0.05 are listed in brackets, for comparison of main effect of chlormequat chloride or daminozide to control.

NS
NS
*(3.3)
NS
NS
NS
NS
NS
NS
**(637)
NS
NS
* (1091)
NS
NS
**(2.7)
*(2.7)
*(2.9)
NS
NS
NS
NS
NS
NS

a

NS
**(2.9)
NS
NS
NS
NS

***(3.8)
***(3.7)
NS

5.3
4.9
8.5
7.1
5.3
4.9
1235
1129
4348
3822
31.6
29.7
23.4
22.1
12.2
11.9
42.4
38.5
31.5
29.6
17.2
17.1

9.6
6.2
7.7
6.2
4.2
4.8
14.9
10.4
12.1
1649
940
956
4973
3530
3752
32.9
29.6
29.5
23.9
22.2
22.3
12.9
11.5
11.7
43.7
38.7
38.8
32.0
30.0
30.0
17.8
16.8
16.8

7.8
7.4
12.8
1538
3920
34.6
25.2
12.7
48.2
34.9
18.6

14 Nov.
14 Nov.
14 Nov.
20 Oct.
26 Sep.
14 Nov.
20 Oct.
26 Sep.
Treatments

Control
Chlormequat chloride (mg·L-1)
500
1500
3000
Daminozide (mg·L-1)
2500
5000
Significancea
Chlormequat chloride (C)
Daminozide (D)
CxD

14 Nov.

Main
stem and laterals
14 Nov.
14 Nov.

Bracts
Leaves

Dry weight (g/plant)
Bracts area
(cm2/plant)
Leaves area
(cm2/plant)
Length of laterals (cm)
Plant height (cm)

Table 1. Main effects of root drench applications of chlormequat chloride and daminozide on plant height, length of laterals, leaves and bracts area per plant, and dry weight
(leaves, bracts and main stem with lateral shoots) on poinsettia.

treated with paclobutrazol, daminozide and chlormequat
chloride1, 2. The decrease in leaf and bract areas could be the
consequence of inhibition of both cell division and cell
elongation after the application of growth retardants 24.
The dry weight of main stem and laterals on 14 Nov. was
increased by the application of chlormequat chloride/daminozide
at 500/2500 mg·L-1 (Table 1), whereas there was no effect of
treatments on the dry weight of leaves or bracts (Table 1).
The content of the photosynthetic pigments, in both leaves
and bracts, was significantly affected by an interaction of
chlormequat chloride/daminozide (Fig. 1A-F). Chl a, Chl b and
carotenoid contents in leaves were enhanced by chlormequat
chloride/daminozide at 500/2500, 1000/2500 and 3000/2500
mg·L-1 compared to the control (Fig. 1A, C and E). That effect
was not present for chlormequat chloride combinations with a
higher daminozide rate (5000 mg·L-1), as was particularly obvious
from the decreased Chl b content compared to the control (Fig.
1C). Depending on the plant species and concentrations of PGRs,
several authors have found increased chlorophyll content in
treated leaves 25-27.
The pigment content in bracts was generally lower than in
leaves (Fig. 1A-F). Kannangara and Hansson 28 found a decline
in the level of all the enzymes of chlorophyll synthesis during
anthocyanin accumulation. The content of photosynthetic
pigments in bracts was increased by the application of all the
chlormequat chloride/daminozide combinations, compared to the
control (Fig. 1B, D and F). Thakur et al. 29 suggested that the
increase of chlorophyll content in PGR-treated leaves of Lilium
plantlets was due to smaller cells and thus more concentrated
chlorophyll inside the reduced cell volume. The decreased bract
area and increased pigment content of bracts – as was found in
this study – could support this suggestion. Tsegaw et al. 27 also
suggested that higher pigment content in PGR-treated leaves
was due to enhancement of chlorophyll synthesis by retardant
application and/or more densely spaced chloroplasts per leaf
area unit.
In summary, root drench application of chlormequat chloride
and daminozide generally impacted the vegetative growth and
pigment concentration of poinsettia. Interaction between applied
retardants was observed for the length of laterals, dry weight of
main stem and laterals, and pigment concentration, whereas for
other observed parameters, the growth regulators acted
independently.
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Figure 1. Effect of root drench application of chlormequat chloride and daminozide on
chlorophyll a (A, B), chlorophyll b (C, D) and carotenoids (E, F) content in leaves (A, C, E)
and bracts (B, D, F) of poinsettia plants. Means with different letters are significantly
different according to LSD test at P ≤ 0.05.
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