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ABSTRACT: Gibberellic acid is one of the growth hormones used for poinsettia (Euphorbia pulcherrima) to
stimulate the elongation, the cell division and the formation of longer internodes. Four hundred and twenty plants of
Euphorbia pulcherrima, imported from Italy, were pinched and distributed into 7 blocks (block T, A, B, C, A ', B' and
C'). Each block is made up of 15 plants distributed randomly. The treatments consisted of spraying gibberellic acid at
different concentrations of 5 ppm, 10 ppm, and 50 ppm on poinsettia plants, once (blocks A, B, and C) or twice (A', B'
and C' blocks). The blocks T are control plants. Five parameters were measured: the height of the plant, the height of
the main branch and its diameter, the number of lateral shoots, the number of bracts per shoot.The application of a
high concentration of the hormone (50 ppm) early in the season (October 15, 2015) and 3 weeks later influenced,
strongly, the height of the plants (38.4 cm) and that of the main branches (33.83 cm). These results were significantly
different from those obtained in all other treatments at P<0.05. On the other hand, the 3 concentrations of GA did not
influence neither the diameter of the main branches, nor the number of lateral shoots or the number of bracts at
P>0.05.
Moreover, the study of correlation showed that the height of the plants had a strong positive correlation (P<0.001)
with the height of the main branch.
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INTRODUCTION
Poinsettia plant (Euphorbia pulcherrima Willd) belongs to the family Euphorbiaceae [1] and is native to Central
America [2]. It has brilliant colored bracts ranging from scarlet, crimson, yellow to red and white. The ability of these
spectacular bracts to remain fresh and intact for 3 to 4 months adds to its demand as an ornamental plant [3]. This
traditional Christmas plant is the best-selling potted flowering plant in the U.S.A. Poinsettia is sold over a 6-week
period beginning in early November. During 2014, more than 65 million were sold nationwide, poinsettias accounted
for one-third of sales of all flowering potted plants. In economic terms, that is $237 million out of a total of $781
million in sales of all flowering potted plants [4].
Greenhouse operators have become quite efficient in growing poinsettias, while the market is relatively large [4].
Poinsettia is mainly preferred a little compacted, about 50 cm length worldwide, but in some countries, like Lebanon,
poinsettia is preferred longer and bigger in size and as it grows longer and bigger, its price increases [5]. For that,
poinsettia growers are working now on elongating poinsettia by horticultural or chemical methods while preserving a
good number of leaves and flowers [6]. Cultural practices like, pinching, early planting or planting cuttings with long
internodes, initiation of flower buds can induce tall poinsettia plants [7]. In parallel, several growth hormones like the
Gibberellic acid (GA) hormones showed that the application of GA, alone or in mixture with cytokinin are used
mainly to increase the plant height [8; 9; 10].
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GA is a plant hormone that regulates growth and influences various developmental processes, including stem
elongation, germination, dormancy, flowering, sex expression, enzyme induction and leaf and fruit senescence [11]. It
is used in commercial horticulture to improve plant growth and yields. GA affects plant growth by its effect on cell
growth and elongation. Such effects are often seen in stem growth as well as root growth. Stems and inter nodal
lengths can be increased and a better more extensive root system develop. Increases in cell division can also
sometimes be seen in the production of larger leaves. GA leads to bigger plants with bigger shoots and leaves in many
plants [11].
A mixture of cytokinin and GA (Fascination©) is a product that can be used to increase stem elongation, plant height
and bract size [8]. Another use of this mixture is to increase the size of the colorful poinsettia bracts or to make the
bracts smoother in appearance, but these products cannot accelerate plant development. The development of plants is
primarily a function of the rate of cell division, which is driven by plant temperature [9]. The objective of this study is
to test the effect of GA applied at different times and doses on the height of the plant, the height of the main branch
and its diameter, the number of lateral shoots and the number of bracts per shoot. This is the first study of its kind in
Lebanon.

MATERIALS AND METHODS
The experiment was conducted, between August and December 2015, in a 1000 m2 polyethylene homogenous
greenhouse, belonging to Greenspace nurseries and located in Damour (33°44'N, 35°27'E), South of Lebanon. The
greenhouse is equipped with a heater system and nets on the openings. Plants were grown under natural light
conditions.

Plant material and cultural practices
Four hundred twenty plants of poinsettia used in the experiment were imported from Italy and belonged to Freedom
red cultivar. The plants were received on the 10th of August 2015 at 4 to 6 leaves stage in small jeffypots. They were
transplanted on the same day to 16 cm pots filled with soil mixture of peatmoss, sand, terreau and perlite having a pH
around 5.
Plants were all treated equally with fertilizers containing Calcium nitrate and Potassium nitrate in addition to bioroot
for root development. As for preventive or curative chemicals, several fungicides were used: thiophanate-methyl;
propamocarb HCL; Liquid compound NPK-fertilizer (3-27-18 + TE) with potassium phosphate and algae extracts
mainly against root diseases. Acetamiprid and imidacloprid were used against whiteflies and aphids.
On the 18th of August 2015, all the 420 plants were pinched. From the bottom of the plant, 6 to 7 nodes are counted to
be kept and all the above nodes are eliminated.

Preparation of growth hormone solution
A stock solution of 2562 ppm concentration of GA (9% pure) was prepared. From this stock solution, solutions of
successive concentration of 5 ppm, 10 ppm, and 50 ppm were prepared by diluting each time in the greenhouse, with
10 liters of irrigation water.

Treatments done
The 420 plants were divided into seven blocks, each block containing 15 plants of poinsettia. The treatments done
were replicated four times according to the Completely Randomized Design (CRD; Figure 1).
Block T1, T2, T3 and T4: plants were used as control and did not receive any hormone spraying.
Block A1, A2, A3, A4: plants were treated once with 5ppm of GA on the 15th of October 2015.
Block B1, B2, B3 and B4: plants were treated once with 10 ppm of GA on the 15th of October 2015.
Block C1, C2, C3 and C4: plants were treated once with 50 ppm of GA on the 15th of October 2015.
Block A’1, A’2, A’3 and A’4: plants were treated twice with 5ppm of GA on the 15th of October and the 6th of
November 2015.
Block B’1, B’2, B’3 and B’4: plants were treated twice with 10 ppm of GA on the 15th of October and the 6th of
November 2015.
Block C’1, C’2, C’3 and C’4: plants were treated twice with 50 ppm of GA on the 15th of October and the 6th of
November 2015.
Seven out of the fifteen plants were chosen in the middle of each block for measurements to avoid border effect.
The spraying, done by a hand spray (Gardenia ®) was carried for the first time on the 15th of October 2015 before
bracts coloring for all the blocks A, B, C, A’, B’ and C’ except the control block (T) and for the second one on the 6th
of November 2015 only in blocks A’, B’ et C’.

Parameters measured
Readings were done 7 times as shown in table 1. At each time, all the parameters: the height of the plant, the height of
the main branch and its diameter, the number of lateral shoots and the number of bracts per shoot were measured.
The plant and main branch heights were measured using a ruler. The ruler was placed at the bottom of the plant
straight on the soil surface and the highest point of the plant was measured.
The lateral shoots and the bracts per shoot were counted. The diameter of the main branch was measured by a caliper,
placing it each time at the same place to follow its growth.
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Statistical Analysis
The mean of the data of each block and of each parameter were calculated. The collected data was analyzed by a
completely randomized design using one-way Analysis of Variance (ANOVA). Mean separation was determined by
the LSD test, if significant F values were obtained, at 0.05% level of significance, using the Sigma Stat (version 4,
2016). Duncan’s multiple range test was performed at P = 0.05 on each of the significant variables measured.

RESULTS AND DISCUSSION
Height of the plants
Plants of T, A and B blocks showed an increase in plant height going from around 13 cm at the beginning of the
experiment on the 15th of October 2015 until 22.7 cm at the end of the experiment on the 11th of December 2015
whereas the plants of block C treated once with 50 ppm GA increased from 12.95 cm to 27.98 cm (Figure 2).
The 2 applications of 5 ppm of GA in the block A’ has increased the poinsettia plants height from 13.25 to 23.03 cm.
Similarly, the application of 10 ppm of GA in block B’ showed an increase in plants height from 13.79 cm to 25.67
cm. The plants height in the block C’ grew from 14.1 cm up to 38.40 cm (Figure 2).
The results obtained showed that plants height of block T and that of blocks A and A’ are not different significantly at
P>0.05 whereas the plants treated with one or two applications of 10 ppm of GA were significantly different from
those of plants T, A, A’ at P<0.05. Plants of block C and C’ showed a maximal height that is different significantly
from that of blocks T, A, A’, B and B’ and between each other at P<0.05.
The application of 10 or 50 ppm GA early in the season entailed a significant increase in poinsettia plants height
whereas the application of 5 ppm did not affect the plants height. On the other hand, the second application of GA (5
and 10 ppm) did not affect the plants height while the second application of 50 ppm GA led to a significant plant
height. These results confirm that GA used early in the season will increase the plants height and are in accordance
with those of [7] and [10]. In fact, these authors showed that an early single application of GA increased the plant
height by 0.9 to 2.4 cm compared to control plants and late gibberellic acid application caused little or no promotion
of stem elongation but increased bract area the most.
In addition, [12] has shown that a single application of 5ppm GA caused an increase in the height of poinsettia plants
after two weeks. But this increase was not significant and therefore in accordance with our results.

Fig-1: Distribution of the blocks in the greenhouse according to the Completely Randomized Design

Fig-2: The progress of 420 poinsettia plants height during the whole period of the experiment. Each value
represents the mean of 7 plants and 4 replicates.
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Fig-3: The progress of main branches height in 420 poinsettia plants during the whole period of the
experiment. Each value represents the mean of 7 plants and 4 replicates.

Fig-4: The progress of the lateral shoots number of the 420 poinsettia plants. Each value represents the mean
of 7 plants and 4 replicates.

Table 1. The dates of all the interventions that took place in the greenhouse
Event
Pinching
First reading before any
application and labelling of main
stem
1st application of GA
2nd reading
3rd reading
2nd application of GA
4th reading
Fifth reading
6th reading
7th reading

Date
18/08/2015
13/10/2015
15/10/2015
27/10/2015
6/11/2015
6/11/2015
21/11/2015
25/11/2015
4/12/2015
11/12/2015
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Height of the main branch
The height of the main branch in each of 420 poinsettia plants, was measured using a ruler from 13 October 2015 to
11 December 2015. All plants in the 7 blocks showed an increase in the main branch height as shown in figure 3. The
height of the main branches of plants in blocks T, A and B increased from around 11.32 cm at the beginning of the
experiment to almost 18.48 cm at the end of the experiment whereas block C plants showed an increase in the height
of the main branch reaching 24.53 cm. The main branches height of blocks A’, B’ and C’ plants reached at the end of
the experiment were 18.96 cm, 21.82 cm and 33.83 cm respectively.
ANOVA showed that the difference in main branches height measured in block C plants (50 ppm GA) was significant
(P<0.05) when compared with values in blocks T, A and B. In parallel, the maximum height of the main branches
(33.83 cm) measured in blocks C’ plants treated twice with 50 ppm GA was also significantly different at P <0.05
when compared to all other treatments.
These results are consistent with those of [13] who suggested that an increase in main branch height can be attributed
to the use of GA. Similarly, [14] reported, while comparing 2 concentrations of GA (50 ppm and 100 ppm), that the
height of the main stem was highest after 100 ppm application of GA which is in accordance with our results Our
results confirmed this study where the maximum height was obtained in the treatments that received twice the highest
concentration (50 ppm).

Diameter of the main branch
An increase in the diameter of the main branches was observed in the 420 poinsettia plants. In fact, the measured
diameters were between 0.08 and 0.09 cm on October 13, 2015 and between 0.14 and 0.15 cm on December 11, 2015
independently of the treatment applied. These differences in diameter measurement were not significant among all
treatments at P>0.05.
These results are consistent with those of [15] who and while comparing the diameters of the main branches after a
single application of 50 or 100 ppm found that these concentrations did not cause a significant difference to 5%
compared to control plants.

Number of lateral shoots
The number of lateral shoots was counted in all the blocks T, A, B, C, A’, B’ and C’ during the whole period of the
experiment. At the end of the experiment, the results obtained showed that the hormone did not influence the number
of lateral shoots because their number varied between 2 on 13th of October 2015 and 5 on 11th of December 2015 and
that independently of the hormone dose sprayed (Figure 4).These results have been confirmed by the ANOVA which
showed no significant difference at P <0.05 among all treatments.
The number of lateral shoots was significant after pinching in an experiment performed by [15] without GA
application compared to control plants. Our results, which did not show a significant increase in lateral shoots, may be
due to spraying GA, which could have inhibited their appearance. On the other hand, the study carried out by [12] are
in accordance with our results as there was not a significant difference in number of lateral shoots between the plants
sprayed once or twice by 5ppm GA and the control plants. Our results of the lateral shoots number, even though it is
low (5 at the end of the experiment) does meet the market demands according to [16] where 5 shoots for Euphorbia
pulcherrima plants are required.

Number of bracts per shoot
The results obtained revealed that gibberellic acid and regardless of the concentration used has no effect on the
number of bracts per shoot as the number remained between 4 and 5 during the whole period of the experiment. On
the other hand, a study made by [17] reported that gibberellic acid decreases the number of flowers on poinsettia. The
non-compliance between our studies may be due to the difference in concentration used in each experiment.

Correlation between studied parameters
The correlation was studied (Spearman test) to determine the relationship between all tested parameters throughout
the experiment period. The correlation at P<0.05 and P<0.01 among all parameters is shown in Tables 2, 3, 4, 5, 6, 7
and 8.
In the block T, as shown in Table 2, the height of the plant had a strong positive correlation with the height of the
main branch at P<0.01. So, when the height of the plant increases, the height of the main branch and its diameter also
increase. On the other hand, the diameter of the main branch had a strong positive correlation at P<0.001 with the
height of the main branch, so its increase leads to the increase of the aforementioned parameter.
In block A, the height of the plant had a strong positive correlation with the height of the main branch and its diameter
at P<0.001. So, when the height of the plant increases, the height of the main branch and its diameter also increase.
On the other hand, the diameter of the main branch had a positive correlation at P<0.05 with the height of the main
branch. The number of lateral shoots had a positive correlation at P<0.05 with the number of bracts per shoot, so it
increases when the latter increases (Table 3).
In block B (Table 4), the height of the plant had a strong positive correlation with the height of the main branch and
its diameter at P<0.001. Therefore, the increase in the height of the plant causes the increase of the above-mentioned
parameters. On the other hand, the diameter of the main branch had a strong positive correlation at P<0.001, with the
height of the main branch. The number of lateral shoots had a strong positive correlation at P<0.05 with the number of
bracts per shoot, so it increases when the latter increases.
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In block C, the height of the plant had a strong positive correlation at P<0.01 with the height of the main branch as
shown in Table 5.
In block A', as shown in Table 6, the height of the plant had a strong positive correlation at P<0.001 with the height of
the main branch. The number of lateral shoots was positively correlated at P<0.05 with the number of bracts per
shoot.
In block B’, the height of the plant had a strong positive correlation at P<0.001 with the height of the main branch as
well as a positive correlation at P<0.05 with the number of young plants. So, when the height of the plant increases,
the height of the main stem, and the number of lateral shoots, also increase. The height of the main branch had a
positive correlation at P<0.05 with the number of young shoots (Table 7).
In block C', as shown in Table 8, the height of the plant had a strong positive correlation at P<0.001 with the height of
the main branch, as well as a positive correlation at P<0.05 with the number of lateral shoots. The height of the main
branch had a positive correlation at P<0.05 with the number of lateral shoots. The number of lateral shoots was
positively correlated to P<0.005 with the number of bracts per shoot.
Table 2. The correlation between the measured parameters of block T

*- significant at P< 0.05 **- significant at P< 0.001
Table 3. The correlation between the measured parameters of block A

Block A

Plant height

Diameter of the
main branch

Height of the
main branch

Number of
lateral shoots

Number of bracts
per shoot

Plant height
Diameter of the
main branch
Height of the main
branch
Number of lateral
shoots
Number of bracts
per shoot

1

0.85**

0.99**

-0.01

-0.34

1

0.80**

0.27

-0.08

1

-0.11

-0.40

1

0.83**
1

*- significant at P< 0.05 **- significant at P< 0.001
Table 4. The correlation between the parameters measured of block B

Block B

Plant height

Diameter of the
main branch

Height of the
main branch

Number of
lateral shoots

Number of bracts
per shoot

Plant height
Diameter of the
main branch
Height of the main
branch

1

0.82**

0.97**

0.13

-0.30

0.41

-0.03

0.10

-0.36

1

0.68**

1

0.82**
1

Number of lateral
shoots
Number of bracts
per shoot

*- significant at P< 0.05 **- significant at P< 0.001
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Table 5. The correlation between the measured parameters of block C

Block C

Plant height

Diameter of the
main branch

Height of the
main branch

Number of
lateral shoots

Number of bracts
per shoot

Plant height
Diameter of
the main
branch
Height of the
main branch
Number of
lateral shoots
Number of
bracts per
shoot

1

0.86*

1**

0.63

-0.03

1

0.86*

0.74*

-0.31

1

0.63

-0.03

1

0.06
1

*- significant at P< 0.05 **- significant at P< 0.001
Table 6. The correlation between the measured parameters of block A’

Block A’

Plant height

Diameter of the
main branch

Height of the
main branch

Number of
lateral shoots

Number of bracts
per shoot

Plant height
Diameter of
the main
branch
Height of the
main branch
Number of
lateral shoots
Number of
bracts per
shoot

1

0.05**

0.98**

0.33

-0.06

1

0.01

-0.04

-0.24

1

0.30

-0.09

1

0.53*
1

*- significant at P< 0.05 **- significant at P< 0.001
Table 7. The correlation between the measured parameters of block B’

Block B’

Plant height

Diameter of the Height of the Number of
Number of
main branch
main branch lateral shoots bracts per shoot

Plant height
1
0.16
0.99**
Diameter of
the main
1
0.11
branch
Height of the
1
main branch
Number of
lateral shoots
Number of
bracts per
shoot
*- significant at P< 0.05 **- significant at P< 0.001

0.43*

-0.008

0.10

-0.04

0.40

-0.02

1

0.41
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Table 8. The correlation between the measured parameters of block C’

Block C’

Plant height

Diameter of the
main branch

Height of the
main branch

Number of
lateral shoots

Number of bracts
per shoot

Plant height
Diameter of
the main
branch
Height of the
main branch
Number of
lateral shoots
Number of
bracts per
shoot

1

0.16

0.97**

0.39*

0.21

1

0.17

0.13

0.03

1

0.35

0.18

1

0.53*
1

*- significant at P< 0.05 **- significant at P< 0.001

CONCLUSIONS AND RECOMMENDATION
The fact that everyone has his one taste in choosing the type, the color and the size of the potted plant of poinsettia
drove us to conduct this study. Worldwide poinsettia is preferred little compacted, about 50 cm, but in some countries
like Lebanon, poinsettia is preferred longer, and as it grows longer its price increases. Therefore, growers are now
working on increasing poinsettia size by horticultural or chemical methods to match the local style.
This study was conducted on a variety of poinsettia (Freedom Red cultivar) imported from Italy and grown in a
greenhouse under controlled conditions in the Damour region to test the effect of different doses of gibberellic acid
applied early in the season and later on the performance of poinsettia. Four hundred and twenty plants were divided
into seven blocks, each one constituting a treatment, each was repeated four times and several parameters were
measured: the height of the plant, the height of the main branch, its diameter, the number of young shoots and the
number of bracts per shoot. The results revealed that one application of the hormone earlier (October 13, 2015)
strongly influenced the height of the plant if applied at high concentration (50 ppm). A second dose applied after 3
weeks of the first spray did not increase the plants height significantly unless GA is applied at 50 ppm. The hormone
influenced the height of the main branches, two concentrations of 50 ppm one applied early (mid-October), the other
after 3 weeks increased the height of the branches strongly (33.83 cm). In addition, the correlation study showed that
the height of the plant had a strong positive correlation (P <0.001) with the height of the main branch.
The present work is the first of its kind in Lebanon since the growers usually used to use growth retardants to manage
the plant height or they do not use any chemical hormones in case they want the plant to be a little longer. Besides,
some parameters were measured for the first time worldwide, since it can be seen clearly in all the scientific articles
[8, 9, 10, 14, 15], having similar topic that they concentrated on testing the effect of the hormones on the plant height,
number of lateral shoots and the flower diameter mainly.
In later studies, the effect of gibberellic acid and other growth hormones could be applied to measure other parameters
such as leaf area, bract diameter, and color intensity. Similarly, it is advisable to make two pinches instead of one to
clarify the effect on the height and size of the poinsettia.
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