Effect of Different Plant Growth Regulators on Growth, Yield and Quality of Cluster Bean [Cyamopsis tetragonoloba (L.) Taub.]



ABSTRACT
 
[bookmark: _Hlk216955518][bookmark: _GoBack]Cluster bean (Cyamopsis tetragonoloba (L.) is the most significant commercial crop grown in dry and semi-arid regions. Plant growth regulators are known to influence growth and development at very low concentrations, but inhibit plant growth and development at high concentrations. The Study aims to evaluate the response of cluster bean [Cyamopsis tetragonoloba (L.) Taub.] to foliar application of plant growth regulators (PGRs). A field experiment was conducted during the kharif season of 2024–25 at the Agricultural Research Farm, Suresh Gyan Vihar University, Jaipur (Rajasthan), India.  Ten treatments—control (T1), NAA at 50, 100 and 150 ppm (T2–T4), GA₃ at 50, 100 and 150 ppm (T5–T7), and cycocel/CCC at 750, 1500 and 2250 ppm (T8–T10)—were tested in a randomised block design with three replications using cv. Pusa Navbahar. GA₃ at 150 ppm (T7) produced the tallest plants at 30, 60 and 90 DAS (21.84, 47.32 and 82.38 cm, respectively). CCC at 750 ppm (T8) recorded the highest number of clusters per plant (13.87) and pods per cluster (4.33), and also improved yield attributes, including pods per plant (60.06) and pod length (9.53 cm). Early flowering was observed under NAA at 100 ppm (T3), with 50% flowering in 45.85 days. The maximum seed yield (62.46 g plant⁻¹, 2775.97 g plot⁻¹ and 9253.24 kg ha⁻¹), protein content (24.22%), net return (₹124,008) and benefit: cost ratio (3.91) were obtained with CCC at 750 ppm (T8). Overall, CCC at 750 ppm was the most effective treatment for enhancing productivity, seed quality and profitability of cluster bean under the semi-arid conditions of Jaipur.
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INTRODUCTION
	“Cluster bean (Cyamopsis tetragonoloba (L.) popularly known as guar, belongs to the family Leguminosae. It is grown for its young, tender, green immature pods, which are used as a nutritive vegetable. In spite of the commercial importance of cluster bean crop in our daily diet and widespread cultivation; availability of good quality cluster bean is not satisfactory. Several attempts have been made to increase the yield potential of pulses, but they are primarily concerned with the use of fertilisers, pesticides and better management practices coupled with genetic improvement. But, very little attention has been given to the physiological processes, which limit the crop productivity” (Patel et al., 2018b). 
	Cluster beans are the most significant commercial crop grown in dry and semi-arid regions. This tropical crop needs a temperature range of 30 °C to 35 °C to ensure optimal germination during seeding and a temperature range of 35 °C to 38 °C to promote healthy vegetative growth. The plant needs long days for vegetative growth and short days for flowering because it cannot withstand. A crop with a short growing season, cluster beans can be planted in the rainy and summer seasons with assured irrigation. This crop can tolerate a pH of up to 8.0 in the soil, although waterlogging conditions negatively impact the crop's development and growth. Cluster beans have well-developed lateral roots and a lengthy tap root (Deshmukh et al.2024)
	The given nutritional composition provides 35 kcal of energy, with 31 g of carbohydrates, 3 g of proteins, and 31 g of lipids, along with 7 g of dietary fibre and 2 g of sugar. It is also a rich source of minerals, supplying 156 mg of calcium and an exceptionally high amount of 96 mg of iron, while offering moderate vitamins such as 3 mg of Vitamin C and 200 IU of Vitamin A. This profile indicates a nutrient-dense food item that supports energy requirements, contributes to bone health, boosts haemoglobin formation, and aids in maintaining immunity and overall wellbeing (Delvadiya et al., 2018). 
	“Clusterbean (Cyamopsis tetragonoloba L.) is a legume species cultivated mainly in India and, to a lesser extent in Pakistan and the USA. Guar gum and its derivatives are extensively used as an emulsifier, thicker, strengthener and stabilizer in a wide range of industrial activities such as food, paper printing, textiles, cosmetics and oil industries” (Mudgil et al., 2014). India is a major producer of cluster bean and contributes to 80% of the world’s total production of cluster bean.
“Application of growth promoting hormones i.e., Plant Growth Regulators (PGRs) is a recent technique in this direction. Plant growth regulators are known to influence growth and development at very low concentrations but inhibit plant growth and development at high concentration” (Ibrahim et al, 2007; Patel et al., 2018b ) “Such substances are therefore potentially useful in horticulture, because suitable concentrations applied at appropriate times will increase the yield either by altering dry matter distribution in the plant or by regulating growth. Thus, application of plant growth substances on various leguminous crops were found effective for increasing growth and yield parameters” (Patel et al., 2018b) . 
	Thus, “application of plant growth substances on various leguminous crops which were found effective for increasing growth, yield and biochemical parameters have been attempted in present investigation to study the response of cluster bean to foliar application of plant growth regulators on different parameters. Such substances therefore potentially useful in agriculture, because suitable concentrations applied at appropriate times would increase the yield either by altering dry matter distribution in the plant or by regulating growth. However, studies on the effect of plant growth regulators would provide useful information regarding manipulations of growth and yield. Therefore, this experiment was designed to study the effect of different plant growth regulators in modifying the morphological, physiological and the yield” (Patel et al., 2018a).
MATERIALS AND METHODS
  	The experiment was conducted at the Agricultural Research Farm, Suresh Gyan Vihar University, Mahal  Road, Jagatpura, Jaipur during the kharif season 2024-2025. Geographically, this place is situated at 26o51' North latitude, 75o47' East longitudes and at altitudes of 390 m above mean sea level in the Jaipur district of Rajasthan. According to NARP, this region falls under Agro-climatic zone III-A (Semi-arid eastern plain zone) of Rajasthan. The meteorological observations for the period of experimentation i.e. July 2024 to October 2024 were obtained from meteorological observatory situated at Rajasthan Agricultural Research Institute (RARI), Jaipur (Rajasthan). The experiment comprised of ten treatments viz., T1 (Control), T2 (NAA 50  ppm ), T3 (NAA 100 ppm), T4 (NAA 150  ppm), T5 (GA3 50  ppm), T6 (GA3 100  ppm), T7 (GA3 150  ppm), T8 [Cycocel 750 ppm), T9 (Cycocel 1500 ppm) and T10 ( Cycocel 2250 ppm) with replicated three in Randomized Block Design. As per treatments, the sowing of seeds of healthy culsterbean was done in rows at 45 cm x 15 cm,  3-4 cm deep, keeping their growing ends upwards. Cluster Bean variety Pusa Navbahar was used as a test crop. 
Protein content (%)
Crude Protein content (%) The nitrogen content of grains was estimated in per cent, through the Micro Kjeldahl method (Kjeldahl method) and the value was multiplied by a factor of 6.25 to arrive at the protein content (Juliano et al 1973).
RESULTS AND DISCUSSION
Growth parameters
	Data presented in Table 1 show that foliar application of plant growth regulators (PGRs) produced clear and statistically testable differences in growth and phenology of cluster bean. Plant height increased progressively from 30 to 90 DAS across treatments, and the tallest plants at all stages were recorded under GA₃ 150 ppm (T7) (21.81, 47.32 and 82.38 cm at 30, 60 and 90 DAS, respectively). This response is consistent with the established role of gibberellins in promoting stem elongation through enhanced cell expansion and growth-related signaling (Olszewski et al., 2002). Similar GA₃-associated improvements in cluster bean growth and yield traits have also been reported by Alan Dev & Dawson (Alan Dev & Dawson, 2023). In contrast, Cycocel (CCC) treatments reduced plant height relative to GA₃, particularly at higher CCC doses (e.g., T10), which aligns with the known action of chlormequat-type growth retardants as inhibitors of gibberellin biosynthesis and hence internode elongation (Rademacher, 2000).

Interestingly, while CCC reduced plant height, it markedly improved architectural components linked to branching and reproductive site formation. The maximum number of clusters per plant was observed under CCC 750 ppm (T8) (13.87), and this advantage was significant at the 5% level compared with the next best treatment, as the mean difference exceeded the CD value. Similarly, pods per cluster were highest in T8 (4.33), which was statistically at par with GA₃ 150 ppm (T7; 4.31) based on the CD at 5%. Physiologically, such responses are explainable through shifts in apical dominance and assimilate partitioning: reduced gibberellin activity can suppress excessive elongation and favor branching/axillary development, while shoot branching itself is governed by coordinated hormone signaling involving auxin–cytokinin crosstalk and systemic regulation of bud outgrowth (Leyser, 2003; Shimizu-Sato et al., 2009; Dun et al., 2006). Comparable improvements in growth and yield-related traits following PGR use in legumes have also been reported under field conditions, supporting the practical relevance of these hormone-mediated responses (Bhadane et al., 2022; Patel et al., 2018a).

Regarding crop phenology, days to 50% flowering decreased substantially with PGR application compared with the control (52.32 days). The earliest flowering was recorded with NAA 150 ppm (T4) (45.76 days), which was statistically at par with NAA 100 ppm (T3) (46.22 days) based on the CD at 5%. Although auxin is classically associated with apical dominance, exogenous auxin can also modify developmental timing and source–sink relationships, and its downstream effects interact with other hormonal pathways that regulate shoot development and transition processes (Leyser, 2003; Shimizu-Sato et al., 2009). Overall, the present results indicate that GA₃ 150 ppm was most effective for maximizing plant height, whereas CCC 750 ppm optimized branching-associated traits (clusters per plant and pods per cluster), and NAA 150 ppm promoted earlier flowering—highlighting that the “best” PGR depends on whether the target is vegetative vigor, architecture/reproductive sites, or phenological advancement.

Yield parameter
	Marked treatment effects were observed for yield attributes and economic returns (Table 2). Cycocel (CCC) @ 750 ppm (T8) produced the highest number of pods plant⁻¹ (60.06), pod length (9.53 cm) and seed yield (9253.24 kg ha⁻¹), along with the maximum net return (₹124,008) and B:C ratio (3.91), and it was statistically superior to other treatments (CD_{5%} for seed yield = 283.09 kg ha⁻¹).  Compared with the control (T1), T8 increased seed yield from 4048.42 to 9253.24 kg ha⁻¹ (≈+128.5%), indicating substantial improvement in productivity and profitability. GA₃ @ 150 ppm (T7) ranked next (7981.99 kg ha⁻¹; net return ₹109,057; B:C 3.61), followed by salicylic acid @ 100 ppm (T6) (6682.33 kg ha⁻¹; net return ₹91,790; B:C 3.26). 
The superiority of CCC can be explained by its anti-gibberellin action, which suppresses excessive elongation and tends to favor assimilate partitioning and reproductive sink development, thereby improving yield formation (PirastehAnosheh et al., 2016). Similar yield-enhancing responses to bioregulators/PGR interventions have been reported in cluster bean and other legumes (Bhadane et al., 2022; Meena et al., 2016; Meena et al., 2018; Deshmukh et al., 2024). Same results were also observed by Rathod et al. (2015) in French bean and Prajapati et al. (2016) in green gram. The present study was also supported by Sharma and Lashkari (2009) in cluster bean, Pawar et al. (2018) in soybean, Patel et al. (2018a) and Naik et al. (2019) in cluster bean. The strong performance of GA₃ (T7) agrees with reports showing that GA₃-based interventions can enhance cluster bean yield under field conditions (Alan Dev & Dawson, 2023). Overall, these results reaffirm that optimized PGR dose selection can substantially improve legume productivity and farm profitability (Bhadane et al., 2022).
Quality parameter
	Protein content (%) of cluster bean seed was significantly influenced by foliar application of plant growth regulators (Table 2). Protein content ranged from 20.12% in the control (T1) to 24.22% under CCC (Cycocel) 750 ppm (T8), indicating an overall improvement in seed quality with PGR use. All PGR treatments recorded higher protein than the control, as the observed increases exceeded the CD (5%) = 1.06 for protein content. Among treatments, T8 (CCC 750 ppm) produced the highest protein content (24.22%) and remained statistically at par with GA₃ 150 ppm (T7; 23.87%), GA₃ 100 ppm (T6; 23.56%), NAA 150 ppm (T4; 23.50%), and CCC 2250 ppm (T10; 23.31%), suggesting that moderate CCC and higher GA₃ doses were most effective for improving protein concentration. Notably, increasing CCC beyond 750 ppm did not consistently enhance protein further (e.g., T9 = 23.14%; T10 = 23.31%), implying a dose ceiling for quality response under the present conditions. 
Physiologically, CCC (chlormequat chloride) is a gibberellin-biosynthesis inhibitor that can shift source–sink balance and strengthen assimilate partitioning towards reproductive organs (Rademacher, 2000). Empirically, CCC has also been reported to increase seed protein content alongside yield improvements in other crops (Prasad & Shukla, 1991). Protein estimation in the present study followed the standard Kjeldahl-based approach (Juliano et al., 1973), supporting comparability with earlier quality studies. Similarly, Devi et al. (2015) and Lawlor and Fock (1975) suggested that CCC-induced increase in photosynthesis was associated with an increase in the enzyme activity and nucleic acid metabolism.
Economics
	Economic analysis (Table 2) showed that foliar application of plant growth regulators significantly improved the profitability of cluster bean over the control. The highest net return (₹124,008 ha⁻¹) and benefit:cost (B:C) ratio (3.91) were recorded with CCC (Cycocel) 750 ppm (T8), corresponding to the maximum seed yield (9253.24 kg ha⁻¹). This treatment was statistically superior to all others, including the next-best GA₃ 150 ppm (T7) (net return ₹96,776; B:C 3.06), as the differences exceeded CD_{5%} = ₹3,893 for net return and 0.11 for B:C ratio. Compared with the control (T1), CCC 750 ppm increased net return from ₹33,467 to ₹124,008 and improved B:C ratio from 1.84 to 3.91, indicating a large gain in economic efficiency.  Notably, increasing CCC beyond 750 ppm reduced profitability (T9: ₹80,308; B:C 2.78; T10: ₹71,088; B:C 2.49), suggesting 750 ppm as the economically optimal dose under the present conditions. Similar result was recorded (Bhardwaj et al., 2019).
CONCLUSION
	Foliar application of plant growth regulators significantly influenced the growth, yield, quality and profitability of cluster bean. Among the treatments, Cycocel (CCC) @ 750 ppm (T8) proved most effective overall, recording the maximum reproductive performance (clusters and pods), the highest yield attributes and seed yield (9253.24 kg ha⁻¹), along with improved protein content (24.22%), net return (₹124,008 ha⁻¹) and the highest B:C ratio (3.91). GA₃ @ 150 ppm (T7) produced the maximum plant height at 30, 60 and 90 DAS, indicating its superiority for vegetative growth, while NAA @ 150 ppm (T4) resulted in the earliest 50% flowering. On the basis of one-season evidence under the present agro-climatic conditions, CCC @ 750 ppm may be recommended for achieving higher yield, better seed quality and greater economic returns in cluster bean.
Limitations
This study was conducted for a single season and single location with one variety; therefore, treatment responses may vary under different environments, soils, seasons and genotypes. The work evaluated a fixed set of PGR doses, but did not test alternative spray schedules (timing, number of sprays, spray volume), which can influence consistency of field performance. Quality assessment was limited mainly to protein content, while additional quality traits relevant to cluster bean seed and market preference were not examined. Moreover, residue/safety and regulatory compliance aspects for CCC use in edible legume systems were not assessed and should be verified before broad on-farm recommendations. Finally, the economics are based on the cost and price assumptions used during the study period; profitability may change with fluctuations in input costs and market prices.
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 Table 1. Effect of plant growth regulators on growth of cluster bean
	Notations
	Treatments
	Plant height (cm)
	Number of cluster per plant
	Number of pods per cluster
	Days taken to 50 per cent flowering

	
	
	At 30  DAS
	At 60 DAS
	At 90 DAS
	
	
	

	T1
	Control
	15.33
	42.34
	69.62
	7.53
	3.08
	52.32

	T2
	NAA 50  ppm
	16.29
	43.50
	72.72
	8.58
	3.41
	46.85

	T3
	NAA 100  ppm
	17.54
	43.59
	75.34
	9.25
	4.02
	46.22

	T4
	NAA 150 ppm
	18.34
	44.68
	76.20
	10.32
	4.12
	45.76

	T5
	GA3 50  ppm
	18.66
	44.85
	77.21
	9.13
	3.68
	49.62

	T6
	GA3 100  ppm
	19.97
	45.91
	78.15
	10.54
	4.23
	49.35

	T7
	GA3 150  ppm
	21.81
	47.32
	82.38
	12.02
	4.31
	49.00

	T8
	Cycocel 750 ppm
	15.12
	40.54
	67.64
	13.87
	4.33
	48.75

	T9
	Cycocel 1500 ppm
	15.04
	39.75
	65.28
	10.59
	4.27
	48.26

	T10
	Cycocel  2250 ppm
	14.19
	38.86
	63.18
	9.98
	4.29
	47.00

	
	SE.m.±
	0.98
	2.18
	3.60
	0.47
	0.06
	0.62

	
	CD at 5 %
	2.92
	6.48
	10.69
	1.40
	0.18
	1.85



Table 2. Effect of plant growth regulators on yield, quality and economics of cluster bean
	Notations
	Treatments
	Number of pod per plant
	Pod length (cm)
	Seed yield per plant (g)
	Seed yield per plot  (g)
	Seed yield ha-1 (kg)
	Protein content (%)
	Net return
	B:C ratio

	T1
	Control
	23.19
	6.23
	27.55
	1224.44
	4081.48
	20.12
	33467
	1.84

	T2
	NAA 50  ppm
	29.26
	6.47
	30.43
	1352.36
	4507.87
	21.35
	38942
	1.92

	T3
	NAA 100  ppm
	37.19
	7.28
	38.67
	1718.77
	5729.24
	22.54
	58726
	2.32

	T4
	NAA 150 ppm
	42.52
	7.65
	44.22
	1965.29
	6550.98
	23.50
	71318
	2.53

	T5
	GA3 50  ppm
	33.60
	7.90
	34.94
	1552.99
	5176.64
	22.35
	50880
	2.20

	T6
	GA3 100  ppm
	44.58
	8.23
	46.37
	2060.78
	6869.27
	23.56
	79047
	2.77

	T7
	GA3 150  ppm
	51.81
	9.14
	53.88
	2394.60
	7981.99
	23.87
	96776
	3.06

	T8
	Cycocel 750 ppm
	60.06
	9.53
	62.46
	2775.97
	9253.24
	24.22
	124008
	3.91

	T9
	Cycocel 1500 ppm
	45.22
	8.56
	47.03
	2090.14
	6967.12
	23.14
	80308
	2.78

	T10
	Cycocel  2250 ppm
	42.81
	7.45
	44.53
	1978.97
	6596.56
	23.31
	71088
	2.49

	
	SE.m.±
	1.60
	0.27
	1.51
	32.84
	95.32
	0.36
	1310
	0.04

	
	CD at 5 %
	4.75
	0.80
	4.48
	97.56
	283.23
	1.06
	3893
	0.11



