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ABSTRACT

	
Aims: Laboratory experiments were conducted to evaluate the influence of different concentrations of selected plant growth regulators i.e. Gibberellic Acid (GA3) and Indole-3-Acetic Acid (IAA) on seed quality parameters of French bean (Phaseolus vulgaris L.). 
Study design: The seeds of ‘Mahima’, a local variety of French bean were treated with plant growth regulators for 3-hours duration with three replications in a completely randomized design.
Place and Duration of Study: The investigation was carried out at the Department of Seed Science and Technology, Institute of Agricultural Science, University of Calcutta, during 2022-23.
Methodology: The GA3 and IAA were applied through seed soaking in aqueous solutions of 25 ppm and 50 ppm concentrations and their combinations and standard germination test was carried out under controlled conditions. Observations were recorded at the end of the experimental period (9th day).
Results: The treatment of GA3 at 50 ppm (T3) was found to be significantly superior in all the seed germination and seedling quality parameter assessed viz., germination (93.33 %), shoot length (24.77 cm), root length (14.37 cm), seedling length (39.13 cm), fresh weight (12.58 g), dry weight (1.23 g), vigour index-I (3652.31) and vigour index-II (114.83). The minimum parameters were recorded in the control (T1). However, in the case of germination and root length T3 and T2 (25 ppm GA3) were found to be statistically at par. The findings revealed that GA3 treatments generally promoted better germination and vigour status of seed compared to the control and IAA treatments. On the other hand, IAA treatments also exhibited significant enhancements compared to the control in most of the measured parameters. Combination of both the plant growth regulators also showed improved results over control.
Conclusion: To sum up, this research underscores the preferential efficacy of GA3 over IAA in augmenting seed quality parameters during seed soaking treatments in French beans. Furthermore, the vigour enhancement also forecasts the better production of high-quality French beans in field conditions.
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1. INTRODUCTION

French bean (Phaseolus vulgaris L.) a short-duration leguminous vegetable crop is better known for its mature dry seeds as well as immature tender green pods (Abate, 2006). It’ s dry seed contains 21.1% protein, 69.9% carbohydrates, 1.7% fat, 381 mg calcium, 425 mg phosphorous, and 12.4 mg iron per 100 g (Ali and Kushwaha, 1987). French bean is widely cultivated in the temperate and subtropical regions and also in many parts of the tropics (Panda et al., 2023). It is extensively grown commercially and in the home garden (Barge et al., 2022). It occupies special importance of production, acreage and economic return among all the vegetables grown in the New Alluvial zone of West Bengal. But non-application of adequate nutrients prevents the farmers from getting the desired yield from this vegetable. According to Banerjee et al. (1984), limited fields are sown with quality seeds, and the remaining areas are covered by seeds produced by farmers, the bulk of which is without any form of quality control. They also reported that by using quality seeds, yield could be increased substantially (Banerjee et al., 1984). Seed priming is a low-cost technology to enhance germination, growth and stress tolerance (MacDonald and Mohan, 2025). Priming is known to activate critical metabolic processes within a seed, such as enzyme activation or resource mobilization, prior to radicle emergence (Adhikari et al., 2020). Seed priming agents has been found to improve photosynthesis, nutrient content, oxidative stress regulation, and hormonal dynamics (Zulfiqar, 2021). Plant growth regulators play a crucial role in increasing crop yields, and with the advent of low-cost technologies, agricultural production may now be increased at a never-before-seen rate (Prachi et al., 2025). El-Fawy et al. (2017) also had made an attempt to see the impact of minimizing the damage and loss caused by plant pathogens by using growth regulators. Increasing the production of high-quality French bean pods could be achieved through seed treatments with growth hormones (Noor et al., 2017). Plant growth regulators can improve physiological efficiency including photosynthetic ability thereby helping in effective flower formation, fruit, and seed development and ultimately enhance productivity of the crops (Kumar et al., 2018).
Although several works have been done previously by the researchers, the right dose and duration of implementing plant growth regulators as seed priming agent is yet to be standardized in French bean. Thus, the present investigation was done with the objective of finding out the influence of plant growth regulators i.e. Gibberellic Acid (GA3) and Indole-3-Acetic Acid (IAA) and to check if any synergistic effect exists between GA3 and IAA on seedling quality parameters of French bean seed.

2. material and methods 

A laboratory experiment was carried out at the Department of Seed Science and Technology, Institute of Agricultural Science, University of Calcutta, during 2022-23 to evaluate the influence of growth hormones seed treatment and compatibility of growth hormones in seed treatment on seedling quality parameters of a French bean variety. The experiment was carried out to study the effect of IAA and GA3 with different concentrations i.e. 25 and 50 ppm (Pandey et al., 2021; Umeoka, 2023; Ghafoor et al., 2020; Afzal et al., 2005; Jyoti et al., 2016) and different combination of them for three hours on the seeds of French bean. A local variety named ‘Mahima’ was collected from East Medinipur district of West Bengal and used for the present experiment considering its popularity and availability in the local region. Forty-five seeds were taken for three replications. The seeds were weighed and required solution was applied in 1:5 ratios on weight basis. Subsequently, seeds were soaked in aqueous solutions of the growth regulators for three hours and placed for germination test as per ISTA Rules (Anonymous, 1996) adopting the glass plate method (Chakraborti, 2010) at 25°C ± 1°C (Cortelazzo et al., 2017) in the growth chamber. Nine treatments were taken in consideration as described in table 1.
Table 1: Details of Seed Treatments used in the experiment.

	Treatment
	Chemicals used
	Duration

	T1
	Control (No-treatment)
	-

	T2
	GA3 25ppm
	3 hours

	T3
	GA3 50 ppm
	3 hours

	T4
	IAA 25 ppm
	3 hours

	T5
	IAA 50 ppm
	3 hours

	T6
	GA3 25 ppm + IAA 25 ppm
	3 hours

	T7
	GA3 50 ppm + IAA 50 ppm
	3 hours

	T8
	GA3 25 ppm + IAA 50 ppm
	3 hours

	T9
	GA3 50 ppm + IAA 25 ppm
	3 hours



The experiment was laid out in a Complete Randomized Design with three replications. The parameters studied were germination (%), shoot length (cm), root length (cm), seedling length (cm), seedling fresh weight (g), seedling dry weight (g), vigour index-I and vigour index-II. Observations were recorded on ten randomly selected seed for all the parameters from each replication. For dry weight measurement the seedlings were placed into paper packets and placed into pre-heated oven (700C ± 20C) for 48 hours; then cooled in desiccators to take the dry weights (Shaheb et al., 2016). Vigour index was calculated according to the following formulas (Baki and Anderson, 1973),

Seedling vigour index-I = Germination percentage x Seedling Length
Seedling vigour index-II = Germination percentage x Seedling dry weight.

The mean data was statistically analyzed with online software package OPSTAT (Sheoran et al., 1998). The critical differences were calculated at 5 per cent level of probability wherever ‘F’ test was significant. The percentage data was transformed into arc sine transformation, whenever it was applicable, then statistical analysis was made.

3. results and discussion

The data revealed that pre-treatment of seeds with different IAA and GA3 concentrations or their combinations significantly improved seed germination and seedling quality over control. Germination (%) ranged from 64.44 to 93.33 (Table 2). The maximum germination of 93.33 % was observed in T3 (GA3 50 ppm) followed by T2 (GA3 25 ppm). However, the variation between T3 and T2 is statistically insignificant. Minimum germination of 64.44 % was recorded in control T1. Increased germination recorded for seeds soaked in GA3 might be because GA3 is involved in the activation of cytological enzymes which stimulate the α-amylase enzyme that converts insoluble starch into soluble sugars and it also initiates the radical growth by removing some metabolic blocks (Babu et al., 2010). The endogenous bioactive gibberellic acid contents and seed germination are correlated with the expression levels of these enzyme-encoding genes in rice (Gong et al., 2022). GA3 also activates the genes responsible for expanding embryo cells and weakening endosperm to help germination (Ghosh et al., 2025). Similar finding to the present results has been reported by Anburani and Shakila (2010) in Papaya, and Ghobadi et al. (2012) in Wheat. Umeoka (2023) suggested that IAA generally has little effect on P. vulgaris and little or no effect on V. unguiculata on germination; therefore, could not be a good priming material for them.
In the case of average shoot length also all the treatments involving plant growth hormones were significantly better than the untreated control (Table 2). The shoot length ranged from 14.98 cm to 24.76 cm. The maximum shoot length of 24.76 cm was observed in T3, which was found to be significantly superior, followed by T2 (22.13 cm). The minimum shoot length of 14.98 cm was observed in control T1. This improvement in shoot growth could be due to the activation of dormant embryos of seeds by GA3 as this hormone increases cell division, cell elongation, and cell multiplication which might have resulted in increased seedling shoot length. These results are in accordance with those obtained by Gawade (2008) and Ghobadi et al. (2012).
The root length ranged from 10.73 cm (T1) to 14.36 cm (T3). Seedlings of T3 had longest roots followed by T2 (GA3 25 ppm) i.e., 13.24 cm. This is in accordance with Ghobadi et al. (2012) where wheat seedlings originating from GA3 pre-treated seeds had better radical length. An increase in root length when treated with GA3 might be due to the influence of this hormone on root development through root cell elongation, cell division, and its role in breaking seed dormancy (Shivdeep and Dhillon, 2021).
The maximum total seedling length (39.13 cm) was observed in T3 which was found to be significantly superior whereas, the minimum seedling length was recorded in T1 (25.71 cm). Sarika et al. (2013) reported that treating seeds with GA3 enhanced the total seedling length of French bean and Kumari et al. (2017) also reported findings similar to this in Maize. GA3 affects the proteins that produce mRNA and thereby increases DNA replication and induces analysis of endospermic materials in the seed (Lahuti et al., 2003).
[bookmark: _Hlk143151011]Average seedling fresh weight ranged from 6.50 g to 12.58 g and T3 (GA3 50 ppm) i.e., 12.58 g followed by T2 (GA3 25 ppm) (Table 2). The lowest fresh weight for seedlings was recorded in untreated control seedlings (T1). Observations made by Elangbam et al. (2017) and Kumari et al. (2017) also support this finding where seed priming with GA3 was found to improve seedling fresh weight in chickpeas and maize. The higher fresh weight of seedling with GA3 pre-soaking seed treatment can be correlated with higher overall growth of the seedlings in the corresponding treatment of GA3. 
The seedling dry weight ranged from 0.54 g (T1) to 1.23 g (T3). The highest dry matter of T3 seedlings was followed by T2 (0.94 g) seedlings (Table 2). Similarly, pre-treatment of seeds with GA3 resulted in maximum seedling dry weight in Wheat (Ghobadi et al. 2012), Maize (Kumari et al. 2017), Papaya (Lay et al. 2015), and French bean (Sarika et al. 2013). Hence, it can be stated that an increase in overall growth of the seedling led to the enhanced assimilation and redistribution of food material within the seedling resulting in increased biomass (Brian et al., 1955). The enzymatic action at initiation of germination may also be beneficial to advance seed vigour through sharing its expanding dry weight and length of the seedling (Arun et al., 2017).
Table 2: Impact of seed pre-treatment with plant growth hormones on seed germination, seedling quality and vigour of French bean
(Phaseolus vulgaris L.)

	Treatment
	Germination
(%)
	Shoot Length (cm)
	Root
Length (cm)
	Seedling
Length (cm)
	Fresh Weight
(g)
	Dry Weight (g)
	Vigour Index I
	Vigour Index II

	T1
	64.44 (53.39e)
	14.98e
	10.73c
	25.71e
	6.50f
	0.54c
	1,660.54e
	35.06f

	T2
	91.11 (72.84ab)
	22.13b
	13.23ab
	35.37b
	11.38b
	0.94b
	3,223.93ab
	85.92b

	T3
	93.33 (75.00a)
	24.76a
	14.36a
	39.13a
	12.58a
	1.23a
	3,652.31a
	114.82a

	T4
	77.78 (61.92cd)
	17.96d
	12.00bc
	29.96cd
	7.14ef
	0.64c
	2,332.41cd
	49.83ef

	T5
	82.22 (65.13bcd)
	18.10cd
	12.50bc
	30.60cd
	7.45e
	0.66c
	2,516.59cd
	54.56de

	T6
	73.33 (59.01cde)
	17.61d
	11.50bc
	29.11de
	7.29ef
	0.64c
	2,144.26de
	47.72ef

	T7
	84.44 (66.83abc)
	20.40bc
	12.60ab
	33.00bc
	9.74c
	0.89b
	2,787.63bc
	75.65bc

	T8
	71.11 (57.49de)
	18.82cd
	11.81bc
	30.64cd
	7.15ef
	0.62c
	2,180.79de
	44.20ef

	T9
	84.44 (66.83abc)
	19.86bcd
	11.59bc
	31.45cd
	8.74d
	0.81b
	2,656.08cd
	68.94cd

	SEm (±)
	1.68
	0.47
	0.36
	0.712
	0.184
	0.02
	113.61
	3.24

	CD at 5%
	5.05
	1.42
	1.08
	2.132
	0.552
	0.07
	340.17
	9.70


(T1- Control, T2- GA3 25 ppm, T3- GA3 50 ppm, T4- IAA 25 ppm, T5- IAA 50 ppm, T6- GA3 25 ppm + IAA 25 ppm, T7- GA3 50 ppm + IAA 50 ppm, T8- GA3 25 ppm + IAA 50 ppm, T9- GA3 50 ppm + IAA 25 ppm)
(Figures in parentheses are Arc sine transformed values)

The data revealed that vigour index-I shows significant differences among the various treatments (Table 2). For this parameter, all the plant hormone treatments resulted in significant influence over control. The vigour index-I ranged from 1660.54 to 3652.31. The maximum vigour index-I was observed in T3 which was significantly higher than in other treatments whereas, minimum vigour index-I was recorded in T1. The results confirm the findings of Sarika et al. (2013), Lay et al. (2015), Behera (2016), and Kumari et al. (2017). The vigour index-I of seedlings is directly dependent on germination percentage and seedling length. Higher vigour index-I in GA3-treated seeds might be due to the cumulative effect of higher seedling length and germination percentage which were greatly influenced by GA3 in French bean seed at laboratory conditions. 
The vigour index-II ranged from 35.06 to 114.82. The maximum vigour index-II was observed in T3 which was found to be significantly higher and followed by T2 (85.92) and minimum vigour index-II was recorded in control (T1; 35.06). Non-significant differences existed among T4, T6, and T8 seedlings as well as between T7 and T9 seedlings. For expression of this parameter i.e., vigour status of the seed, total bio-mass production may have exerted a higher influence than the other factor (germination %). Lay et al. (2015), Behera (2016) and Kumari et al. (2017) provided information for justification of this result. Seed germination and seedling development parameters were higher when gibberellin was used individually than along with auxin and auxin separately might be due the fact that IAA has very minimal effect in case of French bean seed priming (Umeoka, 2023). 
4. Conclusion

This laboratory-based experiment showcased the vigour enhancement which also anticipates good overall crop performance under field condition. Among all the treatments, the influence of 50 ppm GA3 was found to be the most suitable growth regulator for germination and vigour enhancement of French bean, it revealed superior performance in most of the parameters viz., germination percent, shoot length, root length, seedling length, seedling fresh weight, seedling dry weight, vigour index-I and vigour index-II. Effect of both GA3 and IAA seed treatment also exhibited positive results over control but was not as effective as GA3 treatments. These findings suggest that GA3 could be a more effective growth hormone for improving seed germination, seedling quality, and facilitating initial French bean seedling growth. 
Further research is needed to specifically investigate broader range of concentrations and soaking times to establish a clear dose-response relationship. Some research exploring the influence of plant growth hormones on seed germination and seedling growth in other plant species and their cultivars would be valuable for the growers. Studies focusing on the combining effect of the plant growth regulators as seed priming agents are also warranted. By finding out the proper plant growth regulators and their doses as seed priming agents in French bean, it would be very economically very beneficial for the farmer’s community.  
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