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Abstract
The Present investigation entitled “Effect of Foliar Spray of GA and Triacontanol on Growth, Physiology and Productivity of Soybean [Glycine max (L.) Merrill.]” was carried out at Experimental field of Botanical Garden, Department Plant Physiology Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh during Kharif (2023-24). Experiment was laid out in Randomized Block Design (RBD) with three replications. The soybean variety JS20 98 tested under different plant growth regulators management.The treatment consist of six treatment viz;T1: Control, T2: GA3 1.5 ml/L, T3: GA3 2.0 ml/L, T4: GA3 2.5 ml/L,T5: GA3 3.0 ml/L, T6:Triacontanol 0.5 ml/L, with two foliar sprays (first spray at Flowering and second at pod initiation stages for growth, yield and quality. The observation was recorded at different stages of crop. The result showed that the foliar application of Triacontanol@ 0.5 ml/L significant effect on number of seeds pod-1and GA3 @3.0 ml/L significantly increased the plant height (cm), LAI (Leaf Area Index), CGR (Crop Growth Rate g cm-2 day-1), number of branches plant-1, no. of seeds pods-1,100 Seed weight (g) in soybean.	Comment by HP: The foliar application of Triacontanol@ 0.5 ml/L was found to have significant effect on the number of seeds per pod. Foliar application of GA₃ at 3.0 mL L⁻¹ significantly increased plant height, leaf area index (LAI), crop growth rate (CGR), number of branches per plant, seeds per pod, and 100-seed weight in soybean.
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Introduction
Soybean [Glycine max (L.) Merrill.] is one of the most important commercial oilseed and protein crops worldwide and is known as the "Miracle crop", It is a legume crop belongs to the family Fabaceae. It is stated that pulses are both the rich man's and the poor man's meat. It is the major crop grown during the rainy season (July–October) in the rain-fed areas of Central and Peninsular India. The soybean serves as a primary source of protein and oil for both human and livestock consumption, i.e., 35–40% protein, 20% oil, 25–30% carbohydrate, 17% dietary fiber, 5% minerals, and several other components, including vitamins (Hou et al., 2009; Liu, 1997). Lower levels of blood cholesterol, prevention of cardiovascular disease, breast cancer, osteoporosis in women, and relief of menopausal symptoms are some of the beneficial health effects derived from the consumption of soybean protein (Gutiérrez et al., 2006). As global populations continue to rise, the demand for soybean production has increased substantially. In India, soybean cultivation is done on 119.984 lakh hectares, with an annual production of 124.110 lakh tons and an average productivity of 1084kg ha-1. Madhya Pradesh occupies the first position in cultivation, with an area of 50.645 lakh hectares and a production of 54 lakh tons, with an average productivity of 1069 kg ha-1 (SOPA, 2022). The major soybean producers in the world include USA, Brazil, Argentina, China, and India, contributing about 90% of global production (Rizzo & Baroni., 2018). The major soybean growing states are Madhya Pradesh, Maharashtra, Rajasthan, Karnataka, Andhra Pradesh, and Chhattisgarh. Plant growth regulators are known to enhance the source-sink relationship and stimulate the translocation of photo-assimilates thereby helping in effective flower formation, fruit and seed development and ultimately enhance productivity of the crop. Gibberellic acid (GA) and Triacontanol are two plant growth-promoting substances that have significant potential to enhance crop growth, and productivity.Gibberellins (GAs) are plant hormones that are essential for many developmental processes in plants, including seed germination, stem elongation, leaf expansion, trichome development, pollen maturation and the induction of flowering (Achard and Genschik, 2009). When applied as a foliar spray, triacontanol can improve photosynthetic efficiency, increase chlorophyll content, and enhance stress tolerance mechanisms (Kumar et al., 2018). The use of growth regulators proved better to increase the crop yields (Upadhyay and Ranjan, 2015). Growth regulators can improve the physiological efficiency including photosynthetic ability and can enhance the effective partitioning of accumulates from source to sink in the field crops (Solamaniet al., 2001). In light of this the current study was conducted with objective to examine the effect of GA and triacontanol on the growth, phenology, photosynthetic efficiency, and productivity of soybean	Comment by HP: Uniform citation style in text required	Comment by HP: Keeping these points in view, the current investigation was undertaken with the objective to examine the effect of foliar application of gibberellic acid (GA) and triacontanol on the growth, phenology, photosynthetic efficiency, and productivity of soybean.

Materials and methods 
The field experiment was conducted during Kharif season 2023 and 2024, in Randomized Block Design with three replications on soybean(JS20 98) was carried out at Experimental field of Botanical Garden, Department Plant Physiology Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P), India.Jabalpur (23°90′ N, 79°58′ E) exhibits a subtropical climate characterized by distinct seasonal variations in temperature and precipitation. Its elevation of 411.78 meters above mean sea level influences these patterns. The soil of experimental site was vertisol and uniform in fertility status. It is having almost uniform very light slope in one direction. In order to maintain the uniform fertility status in the experimental soil, the NPK @ 20:60:20 kg per hectare.The experiment with foliar application of growth regulators with different concentration, total six treatment as T1: Control, T2: GA3 1.5 ml/L, T3: GA3 2.0 ml/L, T4: GA3 2.5 ml/L, T5: GA3 3.0 ml/L, and, Triacontanol :0.5 ml/L, which were replicated three times, two foliar spray was done at flowering and at pod initiation time.A comprehensive analysis of growth and yield attributes, including plant height (cm) observed by five randomly selected tagged plants at maturity measured in centimetre from the ground level to the tip of the plant. The observation was recorded at 30, 45, 60, 75 DAS, also at the time of harvest and averaged., LAI (Leaf Area Index) that expresses the ratio of leaf surface (One side only) to the ground area occupied by the plant or a crop stand worked out as per specifications of Gardner et al. (1985)., CGR (Crop Growth Rate g cm-2 day-1) was determined as per the following formula suggested by (Watson, 1952)., number of branches plant-1 was recorded by counting the primary branches in all five randomly selected tagged plants at 30, 45,60 & 75 DAS from each replication at maturity and then the mean was computed. This was conducted to assess the influence of PGRs treatments on soybean growth. Yield attributes no. of seeds pods-1 was recorded from five randomly selected tagged plants in each plot at maturity and then averaged. 100- seed weight (g) was recorded by weight of 100 healthy seeds drawn randomly from each lot was taken in gram by using electronic balance were scrutinized to understand their effects on soybean productivity.	Comment by HP: Break long stentences to have more clearity of language	Comment by HP: Not clear
Result and Discussion	Comment by HP: More clarity in sentences are required in result and discussion part.
Include comprehensive yield data (e.g., 100-seed weight, total grain yield) 
Clarify the experimental duration (one vs. two seasons) 
The results obtained from the present investigation as well as relevant discussion have been summarized under following:
Growth and yield attributes:
Data presented in Table 1 shows that Plant height was significantly affected due to the foliar spray of different concentration of GA in various treatments. The present study revealed that the maximum plant height recorded in T5 GA3 @3.0ml L-1 (64.97 cm) however the minimum plant height found in T1 control (51.03). According to Taiz and Zeiger (2010) GA3 enhances growth activities of plant, stimulates the rate of cell division, cell elongation, and thus, also contributes to internode and stem elongation. GA3 induced higher plant height was reported earlier Growth in soyabean (Deotaleet al., 1998), okra (Kumer et al., 1996), regulators applied at different concentrations influenced the sesame (Sontakeyet al., 1991). A significant variation was observed in number of branches plant-1. In our experiment the maximum value exhibited in T5 (5.23) was obtained by foliar spray GA3 @3.0ml L-1, while the minimum was found in T1 control (3.26) (table 1). A foliar spray of GA3 @3.0ml L-1 exhibited an enhancement of 60.4% in over control in soybean. Observation was favors of Abdul et al. (1988) who noticed significantly increased number of branches per plant by increasing the concentration of GA3 (50 to 100 ppm) in pepper. It might be due to GA3 promote cell enlargement and cell division that enhance plant height, number of branches and number of leaves. Treatment with foliar spray of Triacontanol @0.5ml L-1 results exhibited a significantly maximum no. of seeds pod-1. The Present study revealed that significant higher no. of seeds pod-1 noted in T6 (2.51), while minimum was found in control (1.66) (table 1). According to Azizi et al. (2012) Positive correlation among yield parameters like number of seeds/pod in soybean. Present study revealed significant variation in no. of pods plant-1 the maximum value noted in T5 (72.58) spray with GA3@3.0ml L-1. on the other hand, the minimum number of pods plant-1 recorded in T1 control (41.48) (table 1). Showed also similar result by Akter et al. (2007) who reported that the number of seeds per siliqua was significantly influenced by different levels of GA3 treatments and, the highest number of seeds/siliqua was obtained for 50 ppm GA3. 
 Table 3 represented the data of CGR The present study revealed that GA3 @3.0ml L-1 had significantly maximum CGR. Whereas, (T1) Control noted minimum CGR. Our finding supported by Sarkar et al. (2002) reported that soybean plants treated with GA3 significantly increased CGR, RGR and NAR at 60 DAS compared to the control. Application of GA3 @3.0ml L-1 recorded higher LAI at 45 DAS (1.36), at 60 DAS (2.39), at 75 DAS (2.81) as compared to rest of other treatments shown in table 2. Minimum LAI noted in T1 control (0.89). our finding silmilar to Basuchaudhuri (2016) who Concluded that all the treatments were effective to increase LAI over control at all the growth stages. At 50, 60, 70 DAS and at harvest significantly higher leaf area index (2.80, 4.92, 3.43, 2.45) was observed in T3 (GA3 @ 100 ppm). Significantly higher mean leaf area index observed in treatment T3 (3.40), which was followed by T4 (3.29), T2 (3.19) T7 (3.03), T2 (2.95) and T8 (2.81), while control T11 (2.12) recorded the lowest leaf area index. 

Table 1: Effect of Gibberellic acid and Triacontanol on plant height (cm), no. of branches plant-1 no. of branches plant-1 no. of pods plant-1 no. of seeds pod-1	Comment by HP:  Statistical analysis of data is required.	Comment by HP: repeat
	Foliar spray Treatment
	Plant height (cm)
	No.of branches plant-1
	No.of pods plant-1
	No.ofseeds pod-1

	T1 (Control)
	51.03
	3.26
	41.48
	1.66

	T2 Foliar spray (Gibberellic acid @1.5 ml L-1)
	62.63
	4.80
	50.59
	2.37

	T3 Foliar spray (Gibberellic acid @2.0 ml L-1)
	60.77
	4.92
	50.59
	2.42

	T4 Foliar spray (Gibberellic acid @2.5 ml L-1)
	62.07
	4.38
	46.77
	2.36

	T5 Foliar spray (Gibberellic acid @3.0ml L-1)
	64.97
	5.23
	72.58
	2.45

	T6 Foliar spray (Triacontanol @ 0.5 ml L-1)
	64.80
	3.89
	61.56
	2.51

	Mean
	61.04
	4.41
	53.93
	2.29

	Sem ±
	0.75
	0.04
	0.28
	0.05

	CD at 5%
	2.36
	0.12
	0.91
	0.15
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Table 2: Effect of Gibberellic acid and Triacontanol on Leaf Area Index (LAI) during successive growth intervals in soybean under various treatments
	Foliar spray Treatment
	Leaf Area Index (LAI)

	
	45 DAS
	60 DAS
	75 DAS

	T1 (Control)
	0.89
	1.80
	2.21

	T2 Foliar spray (Gibberellic acid @1.5 ml L-1)
	1.11
	1.91
	2.31

	T3 Foliar spray (Gibberellic acid @2.0 ml L-1)
	1.22
	2.18
	2.50

	T4 Foliar spray (Gibberellic acid @2.5 ml L-1)
	1.32
	2.29
	2.72

	T5 Foliar spray (Gibberellic acid @3.0ml L-1)
	1.36
	2.39
	2.81

	T6 Foliar spray (Triacontanol @ 0.5 ml L-1)
	1.31
	2.12
	2.41

	Mean
	1.20
	2.11
	2.49

	SEm±
	0.02
	0.05
	0.05

	CD (5%)
	0.07
	0.17
	0.15



Table 3: Effect of Gibberellic acid and Triacontanol on Crop Growth Rate (CGR) (g cm2 day-1) during successive growth intervals in soybean under various treatments
	Foliar spray Treatment
	Crop Growth Rate (CGR) (g cm2 day-1)

	
	45-60 DAS
	60-75 DAS
	75-90 DAS

	T1 (Control)
	0.00139
	0.00140
	0.00020

	T2 Foliar spray (Gibberellic acid @1.5 ml L-1)
	0.00151
	0.00169
	0.00055

	T3 Foliar spray (Gibberellic acid @2.0 ml L-1)
	0.00186
	0.00185
	0.00068

	T4 Foliar spray (Gibberellic acid @2.5 ml L-1)
	0.00168
	0.00187
	0.00065

	T5 Foliar spray (Gibberellic acid @3.0ml L-1)
	0.00212
	0.00204
	0.00026

	T6 Foliar spray (Triacontanol @ 0.5 ml L-1)
	0.00165
	0.00116
	0.00064

	Mean
	0.00170
	0.00167
	0.00050

	SEm±
	0.00020
	0.00002
	0.00002

	CD (5%)
	0.00062
	0.00007
	0.00005





Conclusion	Comment by HP: Revision in the abstract and conclusion part are required to align with the actual data presented.
The present study showed that the influence of exogenous application gibberellic acid (GA) on phenology, growth, yield, and yield attributes of soybean crop. The present investigation outcome that foliar spray of Gibberellic acid @3.0ml L-1 would promote the growth, phenology and physiological efficiency of soybean which resulted into enhancement of yield and yield components i.e. foliar spray of Gibberellic acid @3.0ml L-1 significantly increase growth parameters, and yield attributes. Therefore, the foliar spray of Gibberellic acid @3.0ml L-1 is recommended for soybean growers to achieve maximum productivity, improved physiological efficiency, and enhanced seed quality. This strategy has the potential to contribute to augmented soybean production with improved seed quality and boost up the income of the farming community. 
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