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ABSTRACT

	
Aims: Laboratory experiments were conducted to evaluate the influence of different concentrations of some plant growth regulators (GA3 and 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 for 3-hours duration along with three replications in completely randomized design.	Comment by Kase: Response of seed quality parameters to seed soaking treatments with plant growth regulators in French bean 
?
Place and Duration of Study: Investigation carried out at 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 different concentrations i.e., 25 ppm & 50 ppm concentrations and their combinations and standard germination test was carried out in the laboratory by adopting the ‘glass plate’ method with minor modification at 25±10C. Observations were recorded on the date of final count (9th day).
Results: The treatment of GA3 @ 50 ppm (T3) was found to be significantly superior in all the attributes seed quality parameters asses assessed viz., germination (93.33 %), shoot length (24.767 cm), root length (14.367 cm), seedling length (39.133 cm), fresh weight (12.580 g), dry weight (1.230 g), vigour index - I (3652.314) & and  vigour index - II (114.827).  The whereas minimum parameters were recorded in control (T1). However, in case of germination and root length T3 & and T2 (25 ppm GA3 @ 25 ppm) 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 but were inferior to GA3 treatments. 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 the high quality French beans in field conditions as well.
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1. INTRODUCTION

French bean 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 per cent protein, 69.9 per cent carbohydrates, 1.7 per cent fat, 381 mg calcium, 425 mg phosphorous and 12.4 mg iron per 100 g of edible part (Ali and Kushwaha, 1987). French bean occupies special importance in terms of production, acreage and economic return among all the vegetables grown in New Alluvial zone of West Bengal. But non-application of adequate nutrients prevents the farmers for getting desired yield from this vegetable. According to Banerjee (1984), very less of our fields are sown in quality seed and the remaining areas are covered by seed produced by farmers, bulk of which is without any form of quality control. He also reported that  merely, by using quality seeds, yield could be increased substantially (Banerjee et al., 1984). Seed treatment plays a crucial role in the cultivation of French beans (Phaseolus vulgaris L.), a popular and economically significant leguminous crop. This practice involves applying plant growth regulators or protective agents to the seeds before planting to enhance germination, protect against diseases, and improve overall crop performance. Increasing the production of high quality French bean pods with high quality could be achieved through seed treatments of with growth hormones, i.e.such as GA3 and , IAA etc. Plant growth regulators can improve the physiological efficiency including photosynthetic ability and thereby helping in effective flower formation, fruit and seed development and ultimately enhance productivity of the crops (Kumar et al., 2018).Thus, the present investigation was done with the objective of finding out the influence of plant growth regulators (GA3 and IAA) and to check if the synergistic effect is present between GA3 and IAA together on seed quality parameters of French bean seed.	Comment by Kase: Put the scientific name in bracket	Comment by Kase: It is one word, ty to edit it	Comment by Kase: Needs a reference

2. material and methods 

A laboratory experiment was carried out at Department of Seed Science and Technology, Institute of Agricultural Science, University of Calcutta, to evaluate the influence of growth hormones seed treatment & compatibility of growth hormones in seed treatment on seed quality parameters of a French bean (Phaseolus vulgaris L.) genotype. The experiment was carried out to study the effect of IAA and GA3 with different concentrations i.e. 25 and 50 ppm and different combination of them for 3 hours on germination and growth of a local variety of French bean seedlings. 45 seeds were taken for 3 replications, the seeds were weighed. Required solution was given in 1:5 ratio of weight basis. There after seeds were placed for germination adopting the glass plate method as per the procedure given by ISTA Rules (Anonymous, 1996) with minor modification at 25° C in the seed germinator. 9 treatments were taken in consideration as described in table 1.	Comment by Kase: Do you mean  VARIETY?how do you select this genotype for the intended study?	Comment by Kase: Make it sensible, is it a control or the actual variety you use for the experment? 	Comment by Kase: Sentence should be begin in words  -fourty five

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 per cent (%), 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. 	Comment by Kase: Percent is one word. Try to correct throughout the document


3. results and discussion

The data revealed that all the treatments exhibited significant performance over control. Germination (%) ranged from 64.44 to 93.33 (Table 2). The significantly maximum germination (93.33%) was observed in T3 (GA3 50ppm) followed by T2 (GA3 25ppm) although T3 and T2 are statistically at par. Minimum germination was recorded in control T1 (64.44%). Maximum germination (%) was recorded when seeds soaked in GA3.  This might be due to the fact that GA3 involved in the activation of cytological enzymes which stimulates 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).Similar finding has been found by Anburani and Shakila (2010) in Papaya; Ghobadi et al. (2012) in Wheat.
In case of average shoot length also all the treatments were significantly better than the untreated control (Table 2). The shoot length ranged from 14.98cm to 24.76cm. The maximum shoot length (24.76cm) was observed in T3 (GA3 50ppm) which was found to be significantly superior followed by T2 (GA325 ppm) i.e., 22.13cm whereas, minimum shoot length was observed in control T1 (14.98cm). This improvement in shoot growth could be due to activation of dormant embryo of seeds with GA3 and also GA3 treatment helps to increase cell division, cell elongation and cell multiplication which might have reflected into maximum seedling shoot length. These results are in accordance with results obtained by Gawade (2008). Observation of Ghobadi et al. (2012) may support this finding.
The root length ranged from 10.73cm to 14.36cm. Significantly average longest root (14.36cm) was produced in T3 (GA3 50ppm) which was found to be significantly superior followed by T2 (GA3 25ppm) i.e., 13.237cm whereas, minimum root length was recorded in control T1 (10.73cm). The maximum root length with GA3 might be due to its influence to promoted more root formation through root cell elongation and more nutrient uptake. The observation of Ghobadi et al. (2012), Shivdeep and Dhillon (2021) can be cited in support of better radical length with GA3.
The maximum seedling length (39.133cm) was observed in T3 (GA3 50ppm) which was found to be significantly superior whereas, minimum seedling height was recorded in control T1 (25.71cm). Sarika et al. (2013) and Kumari et al. (2017) reported findings similar to this.	Comment by Kase: How similar with this findig? Try to make it comparative
[bookmark: _Hlk143151011]Average seedling fresh weight was found to be significantly maximum for T3 (GA3 50ppm) i.e., 12.58 g followed by T2 (GA3 25ppm) which weighted 11.38 g (Table 6). The data ranged from 6.50 g to 12.58 g whereas, the lowest magnitude was recorded in untreated control (T1; 6.50 g). The higher fresh weight of seedling with GA3 pre-soaking seed treatment can be correlated with higher overall growth in the corresponding treatment of GA3. Observations made by Elangbam et al. (2017) & Kumari et al. (2017) can be utilized in support of this finding.
[bookmark: _Hlk143151291][bookmark: _Hlk143152207]For production of seedlings with highest dry matter (Table 2), T3 (GA3 50ppm; 1.23g) occupied the top position followed by T2 (GA3 25ppm; 0.94g). The seedling dry weight ranged from 0.54g to 1.23g. Minimum seedling dry weight observed for control (T1; 0.54g). Hence, it can be stated that increase in overall growth of the seedling has lead to the overall assimilation and redistribution of food material with the seedling (Brian et al., 1955). Reports made by Ghobadi et al. (2012), Kumari et al. (2017), Lay et al. (2015) and Sarika et al. (2013) are in conformity of present finding.	Comment by Kase: How? Is it the concentration or seeding dry weight?  Does these author did  on french bean with plant regulators you used?

Table 2: Impact of seed treatment on seed quality parameters 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 (53.39)
	14.98
	10.73
	25.71
	6.50
	0.54
	1,660.54
	35.06

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

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

	T4
	77.78 (61.92)
	17.96
	12.00
	29.96
	7.14
	0.64
	2,332.41
	49.83

	T5
	82.22 (65.13)
	18.10
	12.50
	30.60
	7.45
	0.66
	2,516.59
	54.56

	T6
	73.33 (59.01)
	17.61
	11.50
	29.11
	7.29
	0.64
	2,144.26
	47.72

	T7
	84.44 (66.83)
	20.40
	12.60
	33.00
	9.74
	0.89
	2,787.63
	75.65

	T8
	71.11 (57.49)
	18.82
	11.81
	30.64
	7.15
	0.62
	2,180.79
	44.20

	T9
	84.44 (66.83)
	19.86
	11.59
	31.45
	8.74
	0.81
	2,656.08
	68.94

	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




[bookmark: _Hlk143153273][bookmark: _Hlk143153228]The data revealed that vigour index I shows significant difference among the various treatments (Table 2). For this parameter, all the treatments resulted significant influence over control. The V.I.-I ranged from 1660.54 to 3652.31.The maximum V.I.-I (3652.31) was observed in T3 (GA3 50ppm) which was found to be significantly superior than other treatments whereas, minimum V.I.-I was recorded in control (T1; 1660.54). The V.I.-I of seedlings is directly dependent on germination percentage and seedling length. Higher V.I.-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 results are in line with the findings of Sarika et al. (2013), Lay et al. (2015), Behera (2016) and Kumari et al. (2017).	Comment by Kase: Write  vigour index I
The V.I.-II ranged from 35.06 to 114.82. The maximum V.I.-II (114.82) was observed in T3 (GA3 50 ppm) which was found to be significantly superior followed by T2 (GA3 25 ppm; 85.92) whereas, minimum V.I.-II was recorded in control (T1; 35.06). Non-significant treatment influence was observed among T4, T6, and T8 as well as between T7 and T9.	Comment by Kase: See the above coment on VI.I
For expression of this parameter i.e., vigour status of the seed, total bio-mass production may have exerted 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.















Graph 1: Average Germination Percentage	Comment by Kase: Better to write Fig. and writeit at the base of the graph



4. Conclusion

Among all the treatments, influence of 50 ppm GA3 @ 50 ppm was found to be the most suitable growth regulator for germination and vigour enhancement of French bean. since it revealed superior performance in most of the parameter viz., germination percent (93.33%), shoot length (24.76 cm), root length (14.36 cm), seedling length (39.13 cm), seedling fresh weight (12.58 g), seedling dry weight (1.23 g), vigour index I (3,652.31) and vigour index II (114.82). Response towards combination of both GA3 and IAA seed treatment also exhibited positive results over control but not as good as GA3 treatments. These findings suggest that GA3 could be a more effective growth hormone for improving seed quality, germination and facilitating initial French bean seedling growth.
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