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Koelreuteria paniculata Laxm. (golden rain–tree) is propagated by seeds. However, natural germination 
is delayed because of morphological dormancy and physiological dormancy in seed coat and seed 
embryo. In this paper, the different methods for breaking seed dormancy were investigated. The 
treatments included different doses of gamma irradiation (0.0, 100, 150 and 200 Gy) and gibberellic acid 
(0.0, 50, 100, 200 and 400 ppm). Data were recorded on germination including; germination percentage, 
germination velocity, germination capacity, germination period and germination rate index. Furthermore, 
data on seedling growth after germination were recorded including plant height, number of main 
branches, shoot fresh and dry weights and root length. The chemical components (total carbohydrates, 
Chlorophyll-a, -b, total carotenoids, total soluble indoles and total soluble phenols) also were 
determined. The obtained results revealed that, there is a significant difference among the various 
methods used in breaking dormancy in seeds of Koelreuteria paniculata Laxm tree. Gamma irradiation 
and gibberellic acid stimulate germination and seedlings growth parameter and chemical components of 
Koelreuteria paniculata. Gamma irrradiation at 150 Gy was the optimum dose for improving the seedling 
growth, germination and chemical components. Moreover, gibberellic acid at 100 ppm was considered 
as suitable for improving germination parameter, seedling growth parameter and chemical component 
compared to control. From these results the use of γ-irradiation and gibberellic acid should be adopted in 
breaking Koelreuteria paniculata seed dormancy by farmers. 

Keywords: Koelreuteria paniculata, Germination, Seedling growth, Chemical component, Gamma radiation, Gibberellic 
acid, γ-irradiation.  

 
INTRODUCTION 

γ-irradiation influence plant growth by 
stimulation of morphological and physiological 
changes in tissues and cells (Moussa et al., 
2015). Radiation has significant effects on both 
the size and the weight of plants. These effects 
depend on the intensity of radiation or the method 
in which the total dose in fractioned. Mainly, the 
biological influence of γ-irradiation is due to the 
free radicals formation by water hydrolysis, which 

may result in the modulation of an anti-oxidation 
system, accumulation of chlorophyll pigments and 
phenolic compounds (Wi et al., 2007; Ashraf, 
2009 and Moussa et al., 2015). Treatment seeds 
of trees with low dose of γ-irradiation have been 
found to enhance seed germination and 
characteristic of seedling growth (Iglesias-Andreu 
et al., 2012 and Moussa, 2009). Koelreuteria 
paniculata Laxm (golden rain-tree) is a deciduous 
tree, because of beautiful yellow flowers which 
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bloom in the summer and green leaves of K. 
paniculata. It is used for landscape purposes 
because of its long panicle, large leaves, capsules 
that stay in winter on stem and its reach to 10 
meters height. Golden rain-tree is native to china 
and propagated from seeds, it has pronounced 
seed dormancy (Park and Rehman, 1999). Dirr 
(1990) stated that its seeds have dual dormancy 
endogenous and exogenous. Koelreuteria 
paniculata is designated as an endangered plant 
in Korea because of the impossibility of natural 
regeneration of this tree as the seed coat is water 
impermeable and hard. Dormancy establishment 
is highly controlled by seed structure. Topical 
angiosperm seeds, two covering layers which are 
endosperm and testa surround the embryo and 
these components donate state of the seed. 
Morphological dormancy delineated by seeds 
having an immature embryo and need long time to 
grow and germinate (Rehman and Park, 2000). 
Gibberellins are hormones that used to control 
primary dormancy happened during seed 
development, GAs inducing germination (Hilhorst 
and Karssen, 1992). The metabolism of gibberellic 
acid by the seed was related to physiological 
dormancy. Physical dormancy is another type of 
dormancy that enforced by water-impermeable 
seed coat, revealed that seed contain embryo will 
develop into the seedling and have a supply of 
reserve substances which will afford the seedling 
in the embryo stages of growth before it becomes 
supported by itself. All the physiological processes 
of the dormant are very slow as they have very 
low water content. This study aims to define the 
effect of γ-irradiation and GA3 on breaking seed 
dormancy of K. paniculata and study the effect of 
these treatments on seedlings growth and some 
chemical constants of these seedlings. 
 
MATERIALS AND METHODS 

Plant Materials and Growth Conditions 
Seeds of Koelreuteria paniculata Laxm  were 

obtained from Department of Ornamental Plants, 
Agricultural Research Center, Giza, Egypt on 
March during the period of the experiment, 
2015/2016, 2016/2017 and 2017/2018 (the first, 
second and third seasons, respectively). Dry 
seeds of K. paniculata were irradiated at different 
gamma radiation doses (0.0, 100, 150 and 200 
Gy). A control set (non-irradiated seeds) was 
considered. The process of irradiation was carried 
out using 60Co gamma cell at Nuclear Research 
Center, Atomic Energy Authority, Anshas, Egypt. 
The dose rate of the cell was 0.98 Gy/min during 

the experiment. Seeds of K. paniculata were 
soaked in a solution of gibberellic acid (GA3) at 
concentration of 0.0, 50, 100, 200 and 400 ppm 
for 24 hours. Control seeds were soaked in 
distilled water for 24 hours. All seeds were planted 
in pots 14 cm, five seeds in one pot at normal 
condition of temperature and light. All treated 
seeds were sown in germination bed in 
germination stage filled with peat moss in green 
house. In growth stage transfer of seedlings to 
plastic pots 14 cm filled with mixture of sand, peat 
moss and clay (1:1:1) in nursery. The experiment 
was conducted in completely randomized design 
with three replicates included ten–seeds/treatment 
for germination test and hundred-seeds for growth 
parameters and chemical component/treatment. 
The data were subjected to statistical analysis of 
variance and the means were compared using the 
least significant difference (LSD) test and the 5% 
level probability, as described by (Stell and Torrie, 
1980). 

Germination parameters including: 

1.Germination percentag= 
 No.ofgermination seeds

Total No.of seeds sown
x 100  

2.Germination rate index was calculated 
according to Barthled equation as reported by 
(Hartmann and Kester, 1983) as follows:   

Germination rate index = 
 A+(A+B)+(A+B+C)+ −−− 

N(A+B+C+ −−−)
 

 Where:A, B and C are the number of 
germinated seeds were counted at different times. 
N is the number of times at which the germinated 
seeds were counted. 

3)Germination capacity       

= 
 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠 

 𝑀𝑒𝑎𝑛 𝑁𝑜.  𝑜𝑓 𝑑𝑎𝑦𝑠 𝑓𝑟𝑜𝑚 𝑠𝑜𝑤𝑖𝑛𝑔 𝑡𝑖𝑙𝑙 𝑡ℎ𝑒 𝑒𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒 𝑜𝑓 𝑝𝑙𝑢𝑚𝑢𝑙𝑒
 

4) Germination period was the average 
number of days from the beginning of plumule 
emergence unit fixed germination is reached. 

5) Germination velocity was the average 
numbers of days from sowing till the emergence 
of plumule. 

Vegetative growth: 
After five month from planting, data were 

recorded on seedling height (cm), fresh weight of 
seedling (stems and leaves) (g/plant), dry weight 
of seedling (stems and leaves) (g/plant), root 
length (cm) and number of shoots/plant. 

Chemical Analysis: 
Chemical constituents were determined 

including total carbohydrates according to 
(Herbert et al.,1971), Chlorophyll a&b and total 
carotenoids in leaf samples (mg/100g fresh 
matter) according to Moussa et al., 2015, Total 
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soluble phenols and total soluble indoles were 
determined according to Selim et al., (1978). 
 
 
RESULTS AND DISCUSSION 

Effect of γ-irradiation on germination of K. 
paniculata seeds:  

The obtained data clearly indicated that 
germination characteristics of K. paniculata were 
significantly affected by γ-irradiation (Table 1). In 
two seasons 2016/17 and 2017/18, low doses of 
γ-irradiation (100 and 150 Gy) increased the 
germination characteristics as compared with the 
control. The germination percentage was 
significantly affected by all treatments. 

The best germination percentage, germination 
velocity, germination capacity, germination period 
were obtained from pretreatment with 150 Gy. 
Germination rate index was not significantly 
enhanced as compared to control (Table 1). In 
this respect El-Fadaly (2003) found that treating 
Dimorphotica ecklonis and Catharanthus roseus 
with 1, 2, 5, 10 and 15 Kilorads, led to decrease in 
germination percentage as compared to the 
control. Dhakshanamoorthy et al., (2010) 
irradiated seeds of Jatropha curcas L. with γ-
irradiation and the best treatment was 50 Gy in 
increasing the germination percentage. 
Chandrashekar et al., (2013) irradiated seeds of 
Terminalia arjuna Roxb with γ-irradiation and 
found that the best treatment was 100 Gy with 
germination percentage. Bhosale and More 
(2014) irradiated seeds of Withania somnifera with 
γ-irradiation at dose 100 Gy witch was the best 
treatment with germination percentage. Dhivya et 
al., (2015) determined the induction of mutation in 
crossandra plant seeds which subjected to the 
different doses of γ-irradiation 10, 20, 30, 40 and 
500 Gy. The results indicated that the percentage 
of germination and survival was affected 
significantly by higher doses. Nayak et al., (2015) 
irradiated seeds of Jatropha curcas L. with γ-
irradiation at doses of 100, 200 and 300 Gy, they 
found that the germination percentage decreased 
as a result of increasing irradiation dose. The best 
treatment was 100 Gy which increased the 
germination percentage. Zanzibar and Sudrajat 
(2016) irradiated seeds of Magnolia champaca L. 
with γ-irradiation at doses of 10, 20, 40, 60 and 
100 Gy and they found that the germination 
percentage decreased with increasing radiation 
doses. The best treatment was 10 Gy with 
germination percentage and germination index. 

Effect of γ-irradiation on vegetative growth of 

K.  paniculata seedlings: 
The present data (Table 2) clearly showed 

that γ-irradiation has a significant effect on growth 
parameters of K.  paniculata. The most effective 
dose was 150 Gy that increase the plant height, 
number of main branches, shoot fresh weight, 
shoot dry weight and root length. The relationship 
between growth of irradiated plants and dose of γ-
irradiation has been manifested by investigating 
the morphological changes and seedling growth of 
the irradiated plants. The relationship between 
growth of irradiated plants and dose of γ-
irradiation has been manifested by investigating 
the morphological changes and seedling growth of 
the irradiated plants. In this respect El-Fadaly 
(2003) treated seeds of Dimorphotica ecklonis 
and Catharanthus roseus with γ-irradiation 10, 20, 
50, 100 and 150 Gy and found that gamma 
radiation increased the plant height, number of 
branches and fresh and dry weights of the 
vegetative parts compared with the control. 
However, in P. wallichiana 100 Gy exposure 
proved to be lethal for root elongation. 
Dhakshanamoorthy et al., (2010) irradiated seeds 
of Jatropha curcas L. with γ-irradiation and found 
that the best treatment was 50 Gy which 
increased root length and shoot length.  Majeed 
and Muhammad (2010) irradiated seeds of 
Lepidium sativum L at 200 Gy inceased shoot 
length, root length, number of branches, shoot 
fresh weight and shoot dry weight. Aynehband 
and Afsharinafar (2012) irradiated amaranth 
seeds with γ-irradiation and found that the best 
treatment was 250 Gy which increased the root 
length and the shoot length. Chandrashekar et al., 
(2013) irradiated seeds of Terminalia arjuna Roxb 
with γ-irradiation at dose of 100 Gy increased 
shoot length, while the best treatment for root 
length was 25 Gy. Ilyas and Naz (2014) irradiated 
the rhizomes of Curcuma longa plant with 10, 20, 
30, 40, 50, 60, 70, 80, 90 and 100 Gy by cobalt 60 
source. Plant height, length, and number of 
leaves, length, and number of roots, fresh and dry 
weights and rhizome were affected by different 
levels of doses. Lower doses have stimulatory 
effects on root length, and number of leaves, 
while higher doses had inhibitory effects. Sarada 
et al., (2015) treated the seeds of coriander plant 
with different γ-irradiation by doses 50, 100 and 
150 Gy. They concluded that γ-irradiation was 
found to be more effective in inducing mutations. 

 
 



El-Bagoury et al.,        Roe of γ-irradiation and GA3 for improving growth of Koelreuteria paniculata Laxm 

 

                          Bioscience Research, 2018 volume 15(3): 2237-2246                                                    2240 

 

Table 1: Effect of γ-irradiation on germination percentage, germination velocity, germination 
capacity, germination period and germination rate index of Koelreuteria paniculata Laxm during 

seasons of 2016/17 and 2017/18. 

Gamma 
irradiation 
dose (Gy) 

Germination 
percentage 

Germination 
velocity 

Germination 
period 

Germination 
capacity 

Germination 
rate index 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 17.33 16.9 5.67 5.79 13.33 12.81 1.50 1.58 0.45 0.52 

100 42.33 41.56 7.10 7.24 23.33 22.59 1.56 1.74 0.50 0.60 

150 51.67 52.41 10 9.95 26.67 25.85 1.72 1.98 0.48 0.43 

200 38.33 39.36 5.85 5.84 20.33 19.05 1.08 1.02 0.09 0.10 

LSD 7.23 4.56 2.98 2.51 3.51 2.5 0.2 0.18 0.11 0.08 

 
Table 2: Effect of different doses of γ-irradiation on plant height, number of main branches, shoot 
fresh weight, shoot dry weight and root length of Koelreuteria paniculata Laxm seedlings during 

seasons of 2016/17 and 2017/18. 

Gamma 
irradiation 
dose (Gy) 

Plant height (cm) 
Number of main 

branches 
Shoot fresh 
weight (g) 

Shoot dry 
weight (g) 

Root length 
(cm) 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 7.28 7.64 8.33 8.92 2.4 2.39 0.46 0.43 5.20 5.28 

100 12.5 12.37 12.67 12.81 5.29 5.61 1.12 1.09 7.60 8.09 

150 18.59 17.96 17.67 16.33 9.21 10.91 2.18 2.25 14.47 14.65 

200 12.18 12.45 13.67 13 5.87 6.55 1.14 1.09 9.47 9.46 

LSD 1.51 0.82 2.64 2.15 1.39 1.13 0.4 0.42 2.54 1.81 

  
The authors further recorded that root length 

and shoot length were decreased with increasing 
γ-irradiation doses. 

Kapoor (2016) treated the seeds of 
Leucanthemum vulgare plant with γ-irradiation at 
doses 20, 40, 60, 80 and 100 Gy. The results 
showed that plant height and leaf area decreased 
with increasing the doses. Zanzibar and Sudrajat 
(2016) irradiated seeds of Magnolia champaca L. 
with γ-irradiation at doses of 10, 20, 40, 60 and 
100 Gy and found that the best treatment was 10 
Gy in which gave highest values of vegetative 
growth characters including plant height and the 
root length.  

Effect of γ-irradiation on chemical 
constituents of K. paniculata seedlings: 

The present data (Table 3) clearly indicated 
that there was significant effect of γ-irradiation on 
most of chemical constituents. The most effective 
dose was 150 Gy where total carbohydrates, total 
soluble indoles, Chlorophyll-a, Chlorophyll-b and 
total carotenoids. There was non-significant effect 
of γ-irradiation on total soluble phenols compared 
with control; however γ-irradiation decreased the 
total phenols on seedlings. El-Fadaly (2003) 
treated the seeds of Dimorphotica ecklonis and 
Catharanthus roseus with 10, 20, 50, 100 and 150 
Gy of γ-irradiation and recorded that low doses  
increased chlorophyll (a) and chlorophyll (b) 

compared with the control. Lema-Ruminska and 
Zalewska (2004) investigated the effect of 
radiation on pigments in the inflorescence of two 
groups of representing the five cultivars 
chrysanthemum. They observed that respective 
cultivars obtained as a result of the ionizing 
radiation differed in their quality and quantity of 
flavonoids and carotenoids in the inflorescence as 
compared with original cultivars. Nassar et al., 
(2004) irradiated seeds of Chamomile at 20, 40, 
60, 80, and 100 Gy and found increment in 
carbohydrate content with 100 Gy. Khattak et al., 
(2008) irradiated seeds of Nigella sativa with γ-
irradiation at 2, 4, 8, 10, 12, and 16 kGy and found 
that phenol content increase by a dose of 16 kGy.  
Khanzadi et al., (2008) irradiated seeds of Nigella 
sativa with γ-irradiation and they found that the 
best treatment was 160 Gy which increased the 
phenolic content. Aly (2010) irradiated seeds of 
Eryngium foetidum L and found the best dose was 
40 Gy which increase total phenolic.  Kolar et al., 
(2011) induced chlorophyll mutations in 
Delphinium malabaricum by subjecting dry and 
healthy seeds to γ-irradiation at a dose of 0.0, 50, 
100, 150, 200 and 250 Gy. Chandrashekar et al., 
(2013) irradiated seeds of Terminalia arjuna Roxb 
with γ-irradiation at doses of 25, 50, 100, 150 and 
200 Gy. 
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Table 3. Effect of different doses of γ-irradiation on total carbohydrates, chlorophyll-a, chlorophyll-b,  total carotenoids, total soluble 
phenols and total soluble indoles of Koelreuteria paniculata Laxm seedlings during seasons of 2016/17 and 2017/18. 

 

Gamma 
irradiation 
dose (Gy) 

Total 
carbohydrates (%) 

Total soluble 
phenols (mg/g 

F.W.) 

Total soluble 
indoles 

(mg/g F.W.) 

Chlorophyll-
a 

(mg/g F.W.) 

Chlorophyll-
b 

(mg/g F.W.) 

Total 
carotenoids 
(mg/g F.W.) 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 8.13 8.14 1.07 1.04 0.8 0.84 0.42 0.44 0.28 0.25 0.63 0.64 

100 11.5 11.58 0.63 0.62 1.63 1.65 0.75 0.72 0.45 0.43 0.91 1.10 

150 14.93 14.96 0.35 0.41 2.10 2.14 0.85 0.93 0.58 0.60 1.46 1.42 

200 12.33 11.88 0.60 0.62 1.60 1.52 0.27 0.31 0.28 0.30 1.29 1.15 

LSD 2.27 1.35 0.47 0.48 0.25 0.38 0.17 0.07 0.09 0.04 0.29 0.31 
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 They found that the best treatment was100 
Gy with chlorophyll a, chlorophyll b content and 
total carbohydrate. Jan et al., (2013) determined 
the effect of gamma radiation on the 
photosynthetic pigments of Cullen corylifolium. 
seeds that were irradiated with variable doses 
(0.0, 2.5, 5, 10 15 and 20 Gy). They found that 
gamma dosage at 10 Gy resulted in a significant 
increase in concentration of chlorophyll (a), 
chlorophyll (b) and total chlorophyll.  

Hussein et al., (2015) evaluated the effect of 
γ-irradiation at a dose of 320 Gy increased the 
contents of chlorophyll a, b, total chlorophylls (a 
and b). and total carbohydrate content. Omar 
(2016) investigated the effect of γ-irradiation on 
Lathyrus odoratus by doses 10, 50, 100, 150 and 
200 Gy, the results showed that low doses caused 
increase in leaves chlorophyll content. Kapoor 
(2016) treated the seeds of Leucanthemum 
vulgare plant with γ-irradiation at doses of 20, 40, 
60, 80 and 100 Gy. They found that chlorophyll (a) 
and chlorophyll (b) increased with increasing the 
doses.  

Effect of soaking seeds of K. paniculata in 
gibberellic acid on germination:  

The obtained data clearly showed that in 
seasons 2016/17 and 2017/18, germination 
characteristic of K. paniculata were significantly 
affected by soaking seeds in gibberellic acid 
(Table 4). The germination percentage was 
significantly affected by all treatments. 
Germination capacity, germination period and 
germination rate index were obtained from 
pretreatment 100 ppm.  

In this respect, Rehman and Park (2000) 
studied the effect of soaking seeds of K. 
paniculata in gibberellic acid for 24 hrs and the 
results showed that the germination percentage 
and germination rate increased at 100 ppm. 
Rehman and Park (2001) studied the effect of 
soaking seeds of K. paniculata in gibberellic acid 
at 100 ppm for 24 hours associated with moist 
chilling, they found that germination with chilling 
time 60 days was 27% and the germination rate 
was 0.43. Rathod et al., (2005) investigated the 
effect of gibberellic acid on seeds of Samanea 
Saman soaked for 24 hours and they found that 
the germination percentage was 64.20 % and the 
germination speed was 22.90. Al-Menaie et al., 
(2010) investigated the effect of gibberellic acid on 
seeds of Cassia nodosa soaked for 24 hours and 
found that the germination percentage at 500 ppm 
was 20 % compared to the control. Also, they 
studied this treatment on Cassia fistula and they 

found that the germination percentage was 7%).  
Mohammadi et al., (2012) studied the effect of 
soaking seeds of Colutea bohsei Boissin on 
gibberellic acid and found the best concentration 
was100 ppm increased the germination 
percentage and germination rate. Chauhan and 
Ahmedullah (2012) studied the effect of soaking 
seeds of Cassia javanicaon in gibberellic acid for 
24 hours and found that the germination 
percentage increased at 250 ppm. Pipinis et al., 
(2015) studied the effect of soaking seeds of K. 
paniculata in gibberellic acid for 24 hours, and 
found that the germination percentage increased 
at 500 ppm. 

Effect of soaking seeds of K. paniculata in 
gibberellic acid on growth parameters:  

Table 5 showed that gibberellic acid at a 
concentration of 100 ppm was the most effective 
in increasing the growth parameters plant height, 
number of branches, fresh weight, dry weight and 
root length. 50 ppm also increased growth 
parameters (plant height, number of branches, 
fresh weight, dry weight and root length. On the 
other hand, by using gibberellic acid at a 
concentration of 400 ppm, the lowest values were 
obtained. In partial agreement with our results, 
Rathod et al., (2005) reported that 200 ppm 
gibberellic acid was the best for shoot length and 
root length resulted after treated seeds of 
Samanea Saman with gibberellic acid. Zeba et al., 
(2011) found that soaking seeds in gibberellic acid 
120 ppm was most effective in increasing growth 
parameters of Papaver somniferum L (shoot 
length and shoot dry weight).  Mohammadi et al., 
(2012) studied the effect of soaking seeds of 
Coluteabohsei Boiss on gibberellic acid and found 
that the best concentration was100 ppm which 
increased the shoot length and root length.  

Effect of soaking seeds of K. paniculata in 
gibberellic acid on chemical constituents:  

The obtained data (Table 6) indicated that 
soaking seeds of K. paniculata in gibberellic acid 
with 0.0, 50, 100, 200 and 400 ppm has shown 
significant increase in chemical component. 
Gibberellic acid at a concentration of 100 ppm 
was most effective in increasing different chemical 
component total carbohydrates, Chlorophyll-a, 
Chlorophyll-b, total carotenoids, total soluble 
indoles and total soluble phenols decrease. In 
agreement with our results, Kaur et al., (2000) 
soaking seeds of chickpea at 120 ppm increased 
the total carbohydrate. Giannakoula et al., (2012) 
soaking seeds of lentil at 150 ppm increased 
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Chlorophyll-a and total phenols. 
Soaking seeds in different concentrations of 

gibberellic acid induce germination by accelerates 
amylase hydrolysis to sugars maltose and 
glucose. The more availability gibberellin, amylase 
hydrolysis process is also faster and simple 

sugars produced are also growing, the existence 
of high energy reserves that can stimulate cell 
division and elongation so that the growth of 
sprout increases, consequently the quality of the 
resulting sprouts become better (Suradinata et al., 
2015). 

 
Table 4: Effect of soaking seeds of Koelreuteria paniculata Laxm on gibberellic acid on 

germination percentage, germination velocity, germination capacity, germination period and 
germination rate index during seasons of 2016/17 and 2017/18. 

Gibberellic 
acid conc. 

(ppm) 

Germination 
percentage 

Germination 
velocity 

Germination 
period 

Germination 
capacity 

Germination 
rate index 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 25 23 5.31 5.28 12.67 12.54 1.63 1.59 0.34 0.35 

50 46 48 6.37 6.84 17.67 17.36 1.76 1.74 0.36 0.38 

100 50.33 50.16 7.33 7.17 22.58 22.41 1.92 1.89 0.49 0.55 

200 40.12 40.09 5.67 5.18 18.06 17.91 1.18 1.13 0.36 0.41 

400 39 39.38 4.27 4.52 17 16.85 1.06 1.02 0.31 0.37 

LSD 7.97 5.81 1.21 1.15 1.85 1.62 0.27 0.14 0.07 0.09 

 
Table 5: Effect of soaking seeds of Koelreuteria paniculata Laxm in different concentrations of 

gibberellic acid on plant height, number of main branches, shoot fresh weight, shoot dry weight 
and root length of seedlings during seasons of 2016/17 and 2017/18. 

Gibberellic acid 
conc. (ppm) 

Plant height 
(cm) 

Number of 
main branches 

Shoot fresh 
weight (g) 

Shoot dry 
weight (g) 

Root length 
(cm) 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 7.28 7.64 8.33 8.92 2.4 2.39 0.67 0.71 6.30 5.28 

50 11.23 10.9 10 11 5.29 5.61 1.1 1.19 7.6 8.09 

100 14.7 13.9 15.33 14 7.32 7.68 1.4 1.66 11.34 10.1 

200 9.11 8.6 8.67 9.0 4.18 5.1 1.0 1.77 7.87 9.46 

400 7.78 6.11 6.0 7.0 3.0 2.7 0.52 0.49 5.43 4.80 

LSD 1.51 0.82 2.64 2.15 1.39 1.13 0.4 0.42 2.54 1.81 

 
Table 6: Effect of soaking seeds of Koelreuteria paniculata Laxm on gibberellic acid on total 

carbohydrates, chlorophyll-a, chlorophyll-b,  total carotenoids, total soluble phenols and total 
soluble indoles during seasons of 2016/17 and 2017/18. 

Gibberellic 
acid conc. 

(ppm) 

Total 
carbohydrates 

(%) 

Total soluble 
phenols (mg/g 

F.W.) 

Total soluble 
indoles (mg/g 

F.W.) 

Chlorophyll-a 
(mg/g F.W.) 

Chlorophyll-b 
(mg/g F.W.) 

Total 
carotenoids 
(mg/g F.W.) 

F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S F.S S.S 

0.0 8.43 8.48 1.10 1.16 1.2 1.14 0.36 0.48 0.43 0.45 0.72 0.71 

50 12.7 12.59 0.63 0.61 1.43 1.37 0.55 0.60 0.69 0.67 1.29 1.25 

100 13.83 14.61 0.43 0.4 2.2 2.05 0.82 0.95 0.88 0.85 1.65 1.69 

200 12.17 12.42 0.53 0.57 1.47 1.39 0.69 0.68 0.66 0.62 1.23 1.21 

400 8.49 8.47 0.48 0.51 1.27 1.19 0.39 0.45 0.41 0.43 0.61 0.64 

LSD 1.75 1.8 0.23 0.4 0.28 0.25 0.11 0.05 0.17 0.14 0.31 0.35 
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CONCLUSION 
From the obtained results it can be concluded 

that γ-irradiation at a dose of 150 Gy and 
gibberellic acid at concentration of 100 ppm were 
the most effective treatments for germination, 
seedling growth parameters and chemical 
constituents of the golden rain-tree; K. paniculata 
Laxm. The current study also recommended the 
use of gamma radiation and gibberellic acid in 
breaking seed dormancy. 
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