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Integrated Nutrient Approach: Role of Potassium and Zinc in Yield and Quality Optimization of Cluster Bean (Cyamopsis tetragonoloba L.)


[bookmark: _GoBack]ABSTRACT
Background:  Clusterbean (Cyamopsis tetragonoloba L.) is a important crops in India's arid and semi-arid regions, grown for seed, manure, fodder and vegetables uses. Clusterbean is a major cash generating crop because its seeds contain galactomannan, which is kept in the endosperm and has industrial uses. Various kinds biotic and abiotic stress effect the crop at different stages of growth, resulting in decreased yield and growth. The study was conducted to examine the influence of varying potassium and zinc application levels determine on clusterbean development, yield parameters and quality.
Methods: The research was conducted during the kharif season of 2022 at Crop Research Farm, SHUATS, Prayagraj, Uttar Pradesh. The experiment included ten treatment combination of potassium and zinc arranged in a randomized block design (RBD) with three replications.
Results: Application of potassium and zinc significantly improved growth parameters, yield components and quality parameters such as cellulose, lignin and gum content. The combination of 25 kg ha-1 potassium and 20 kg ha-1 zinc recorded the highest plant height, nodulation, dry biomass, seed yield, stover yield and quality. Economic analysis revealed that this treatment also produced the highest net returns of Rs. 54118.66 ha-1 and B:C ratio (2.32). Optimal application potassium 25 kg ha-1and zinc 20 kg ha-1 enhances the productivity, quality and profitability of cluster bean cultivation.
Keywords:   Cluster beans, Potassium, Zinc, quality and economics.
Introduction 
India is the world’s leading producer of pulses, contributing over one-fourth of global production and cultivating more then one-third of the total pulses growing area. Cluster bean, commonly referred to as guar, is a prominent legume crop valued for its green fodder and seeds, which are processed into guar gum an important ingredient for the food, pharmaceutical, and textile industries. The term “guar” originates from the Sanskrit word “Gauaahar,” meaning "fodder for cows," highlighting its historical significance as an animal feed.
Cluster bean is highly resilient and drought-tolerant, making it well suited to arid and semi-arid climatic zones. Its deep root system enables efficient moisture absorption, which allows to optimise moisture utilization. To further increase its adaptability to several kinds of climatic circumstances, the crop can tolerate moderate amounts of soil salt and alkalinity (Kherawat et al., 2013). Cluster bean are a great alternative for sustainable agriculture since they fix atmospheric nitrogen which improve soil health and provides nutrient dense cattle feed. Guar’s capacity to improve soil health and boost the yield of subsequent crops makes it a key ecological component.
India contributing 80% to the global cluster bean production, covering area of 3.14 million hectares and yielding 1.5 million tonnes with an average productivity of 484 kg/ha (DA&FW, 2021-22). In Uttar Pradesh, cluster bean is cultivated on 1979 hectares, yielding 1418 tonnes, and productivity of 0.72 tonnes/ha (DA&FW, 2021-22).
Among the essential macronutrients, potassium significantly influences the physiological and biochemical processes in plants. Potassium plays main role in stomatal regulation, photosynthesis, water-use efficiency and the synthesis of proteins and starches. In fodder crops like cluster bean, adequate potassium availability improves biomass production, plant vigor and stress tolerance, ensuring a higher yield of green fodder. Additionally, potassium enhances the crop’s resistance to drought, a crucial factor for its successful cultivation in dryland areas (Kherawat et al., 2013). The response to potassium application, however, varies based on soil type and climatic conditions.
Similarly, zinc is an essential micronutrient required for various enzymatic functions, protein synthesis and growth hormone production. Zinc deficiency can lead to stunted growth, reduced leaf expansion and delayed maturity, ultimately lowering biomass yield. Adequate zinc nutrition promotes better root development, increased flowering and improved pod filling, which contribute to higher fodder yield (Alloway et al., 2008).
Despite its economic and agricultural significance Indian soils often suffer from potassium deficiency, which negatively affects gum and protein content of cluster bean. Zinc plays a vital role in enzyme activation, auxin synthesis and meristematic activity, all of which are critical for best crop growth. However, most research on cluster bean nutrition has focused on major elements, with micronutrients like zinc often overlooked.
Given its adaptability, nutritional value, and soil-enriching properties, cluster bean holds great potential as a sustainable fodder crop. Its ability to thrive in challenging environments while providing high-quality feed for livestock makes it an important component of forage-based farming systems. With proper nutrient management, particularly in terms of potassium and zinc supplementation, in dryland agriculture, cluster beans can be a useful tool for enhancing soil health and livestock feed.
2. MATERIALS AND METHODS
A field experiment was conducted during the Kharif season of 2022 at Crop Research Farm (CRF), Department of Agronomy, SHUATS, Prayagraj (U.P.). The research site is location at 250 39” 42” N latitude, 810 67” 56” E longitude and at an altitude of 98 meters above sea level. The experiment was laid out in a randomized block design with three replication and ten treatments combinations, comprising varying levels of  potassium and zinc: T1 - 15kg ha-1 K + 10kg ha-1 Zn, T2 -15 kg ha-1 K + 15 kg ha-1 Zn, T3 -15kg ha-1 K + 20kg ha-1 Zn, T4 - 20kg ha-1 K + 10kg ha-1 Zn, T5 -20kg ha-1 K + 15kg ha-1 Zn, T6 - 20kg ha-1 K + 20kg ha-1 Zn, T7 - 25kg ha-1 K + 10kg ha-1 Zn, T8 - 25kg ha-1 K + 15kg ha-1 Zn, T9 -25kg ha-1 K + 20kg ha-1 Zn, T10 - Control (N:P:K 20:40:20).The soil at the experimental site was sandy loam, slightly alkaline pH (8.0), low organic carbon (0.42%) and available nitrogen (180.58 kg ha-1), but medium in available phosphorus (15.54 kg ha-1), and  potassium (198.67 kg ha-1). The crop was sown at 45×15cm spacing using 15 kg ha-1 seed rate. The recommended doses of nitrogen (20 kg ha-1), phosphorus (40 kg ha-1) and potassium (20 kg ha-1) and zinc were applied as per the treatments. Data on various aspects of crop growth and the dry matter accumulation after a fresh weight measurement, the sample as sun dried for a day before being dried in a hot air oven set at 65 ℃ for 48 to 72 hours, or until a consistent dry weight was reached. Plant nodules count (ten plants were chosen from each plot and their nodule counts were tallied before their mean was calculated). The number of seeds per pod was calculated by averaging the number of pods of five tagged plants from each net plot. Test weight grains were chosen at random from each treatment's net plot area, manually counted to the thousand and their weight was recorded in grams. Seed yield was measured in kilograms for each net plot after the pods were fully dried, threshed and cleaned. This was the basis for calculating and expressing yield in kg ha-1. Green fodder yield was calculated by weighing the weight of the plants that were gathered from a one square meter area. 
Quality parameters such as crude protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), cellulose, lignin, and gum content were measured using standard protocols (AOAC, 2002; Van Soest et al., 1991). Guar gum content was estimated based on the galactomannan composition using the method of Keys et al. (2006).
    


Statistical analysis was conducted using analysis of variance (ANOVA) as described by Fisher (1950). Treatment means were compared using the critical difference (CD) at a 5% probability level. Graphical representation was done using XLSTAT software.
RESULT AND DISCUSSION: 
Growth parameters 
Effects of potassium and zinc on growth parameters:
The data presented in Table 1 indicated that the nutrient sources significantly improved the growth parameters of cluster bean. Significantly highest plant height (35.42 cm), dry weight (8.69 g plant-1) and number of nodules (31.60 nodules plant-1 were recorded under T9- 25 kg ha-1 Potassium + 20 kg ha-1 Zinc which was statistically similar with T8- 25 kg ha-1 Potassium + 15 kg ha-1 Zinc at 40 day after sowing (DAS). Similarly, at 60 DAS maximum plant height (132.60 cm), dry weight (19.22 g plant-1) and number of nodules (50.12 nodules plant-1) were observed in T9- 25 kg ha-1 Potassium + 20 kg ha-1 Zinc. It was found statistically at par with T8- 25 kg ha-1 Potassium + 15 kg ha-1 Zinc. This may have been resulting from elevated potassium levels that activate over 60 enzyme systems, including the nitrogenous enzyme necessary for N2-fixationor or by the right amount of availability of potassium application (25kg ha-1). Additionally, potassium is necessary for the production of carbohydrates through photosynthesis, which gives bacteria in nodules the energy they need to fix atmospheric N2 and promotes healthy root growth. This allows the noduled to heave a suitable “home” in which to fix N, resulting in a maximum number of nodule plant-1 which increased plant growth. (Patil et al, 2019, Banti and Debbarma 2023) also reported a similar result. Furthermore, zinc application enhanced in availability creating a balanced nutritional environment for crop. It boosts plant growth through better nodule formation, leghaemoglobin synthesis and higher photosynthetic rate. (Meena et al, 2006) and (Kuniya et al, 2018) also reported a similar result.  
Effects on yield attributes and yield  
The data presented in Table 2 indicated that application of potassium and zinc significantly influenced yield attributes and yield of cluster bean. The higher number of pods plant-1 (73.13), test weight (29.53 g), seed yield (1363.69 kg ha-1) and stover yield (3208.91 kg ha-1) were recorded in T9- 25kg ha-1 Potassium + 20kg ha-1 Zinc which was statistically at par with T8- 25kg ha-1 Potassium + 15 kg ha-1 Zinc. This potassium application (25kg ha-1) may be the result of increased K levels, which are explained by robust soil exchange mechanisms, improved cell division and extension, effective nodulation and CO2 assimilation. In the long-term of developed photosynthetic surface in K receiving crop may have led to increased photosynthetic activity, which in turn diverted more metabolites towards crop development, increasing the yield attributes in seed yield and biomass. (Begadkar et al, 2020) reported Similar result. Further, the increased use of zinc may be since zinc is essential for the biosynthesis of Indole acetic acid (IAA), which starts the primordial reproductive parts and directs photosynthesis toward them, improving grain and biomass yield. Similar finding were also reported by (Ram et al, 2013 and Sunil et al, 2017).
Effects on quality of cluster bean: 
Table 2 indicates that the highest protein content (27.19%), ADF content (18.85%), NDF content (52.74%), cellulose content (18.52%), lignin content (0.48%), and gum content (26.76%) were observed with the basal application of T9- potassium at 25 kg ha-1 + zinc at 20 kg ha-1. The application of potassium at 25 kg ha-1 + zinc at 15 kg ha-1 was found to be statistically similar. In the figure 5. Correlation matrix and scatter plots illustrating the relationship between various Protein content, ADF, NDF, Cellulose, Lignin, gum content. Potassium and zinc play important roles in plant metabolism, which explain the improvement in these nutritional metrics. Potassium is essential for a number of physiological function that enhance protein content and fibre quality, including as photosynthesis, protein synthesis and enzyme activation. Zinc is essential for enzyme function and protein synthesis, which further improves the plant’s nutritional value. These nutrients were generally applied in combination to maximise metabolic processes, which resulted in increased protein and fiber component concentrations. These findings are in as compared to earlier studies that showed considerably improved crop crop quality indices when potassium and zinc were applied together. Similarly, Meena and Jat, (2016) found similar result.
Effects of potassium and zinc on economics: 
Table 2 indicates that T9, involving the application of potassium at 25 kg ha-1 and zinc at 20 kg ha-1, resulted in the highest gross returns (₹77,405.66 ha-1), net returns (₹54,121.66 ha-1), and a benefit-cost (B:C) ratio of 2.32. The superior economic outcomes associated with the 20 kg ha-1 zinc application can be attributed to the enhanced seed and biomass yields achieved with this treatment. This improvement is likely due to the synergistic effects of potassium and zinc on plant physiological processes.
Potassium plays a crucial role in enzyme activation, photosynthesis, and protein synthesis, thereby enhancing overall plant growth and yield. Zinc is essential for various enzymatic functions and protein synthesis, contributing to improved plant development and productivity. The combined application of potassium and zinc optimizes these physiological processes, leading to increased seed and stover yields, which in turn result in higher gross and net returns. These findings are consistent with those reported by Banti and Debbarma, (2023).
CONCLUSION: 
According to the above result, the highest seed yield and benefit- cost ratio were shown in Cluster bean treated with 25 kg ha-1 Potassium and 20 kg ha-1 Zinc. 
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[bookmark: _Hlk125622906]Table: 1 Influence of Potassium and Zinc on growth, yield and yield attributes of Cluster bean. 
	S.No.
	Treatment combination
	Dry weight (g plant-1)

	Number of seeds/pod
	Test weight
(g)
	Seed Yield
(kg/ha)
	Stover Yield
(kg/ha)

	
	
	At 40 DAS
	At 60 DAS
	
	
	
	

	1.
	Potassium 20 kg ha-1 + Zinc (10kg/ha)
	8.21d
	14.41c
	53.80de
	26.13c
	1093.96de
	2662.02de

	2.
	Potassium 20 kg ha-1 + Zinc 20 kg ha-1
	8.22d
	14.43c
	56.60cde
	26.70bc
	1127.85cde
	2670.36cde

	3.
	Potassium 20 kg ha-1 + Zinc 20 kg ha-1
	8.23d
	14.68c
	58.20cd
	26.96abc
	1150.56cd
	2766.89bcde

	4.
	Potassium 20 kg ha-1 + Zinc (10kg/ha)
	8.30cd
	15.11bc
	59.20cd
	26.93abc
	1164.42cd
	2840.29bcd

	5.
	Potassium 20 kg ha-1 + Zinc 20 kg ha-1
	8.28bcd
	14.91bc
	61.73bc
	27.33abc
	1170.02bcd
	2910.09bc

	6.
	Potassium 20 kg ha-1 + Zinc 20 kg ha-1
	8.41bcd
	17.35abc
	62.93bc
	27.46abc
	1196.44bc
	2937.19b

	7.
	Potassium 25 kg ha-1 + Zinc (10kg/ha)
	8.48abc
	18.35ab
	69.20ab
	27.50abc
	1261.89bc
	2988.80ab

	8.
	Potassium 25 kg ha-1 + Zinc 20 kg ha-1
	8.51ab
	19.21a
	72.00a
	28.83ab
	1266.69ab
	3005.02ab

	9.
	Potassium 25 kg ha-1 + Zinc 20 kg ha-1
	8.69a
	19.22a
	73.13a
	29.53a
	1363.56a
	3208.91a

	10.
	Control (N:P:K 20:40:20 kg/ha)
	7.97e
	14.15c
	49.66e
	25.86c
	1036.69e
	2576.74e

	
	CD (p=0.05)
	0.21
	3.48
	7.77
	2.67
	103.83
	244.42






Table:2 Influence of Potassium and Zinc on protein content, fibre content and gum content on Cluster bean

	S.No.
	Treatment combinations
	Protein content (%)
	ADF (%)
	NDF (%)
	[bookmark: _Hlk185843702]Cellulose (%)
	Lignin (%)
	Gum content (%)

	1.
	Potassium (15 kg/ha) + Zinc (10 kg/ha)
	19.45f
	18.85a
	52.74a
	16.23c
	0.32ef
	22.67de

	2.
	Potassium (15 kg/ha) + Zinc (15 kg/ha)
	20.96ef
	18.45abc
	52.46ab
	16.46bc
	0.35de
	22.86cde

	3.
	Potassium (15 kg/ha) + Zinc (20 kg/ha)
	21.71de
	17.85abc
	51.86ab
	16.87abc
	0.37de
	23.14cde

	4.
	Potassium (20 kg/ha) + Zinc (10 kg/ha)
	22.36de
	17.49bcd
	51.79abc
	17.35abc
	0.39cd
	23.25cde

	5.
	Potassium (20 kg/ha) + Zinc (15kg/ha)
	23.84cd
	16.59bcd
	51.46bcd
	17.56abc
	0.40bcd
	23.36cde

	6.
	Potassium (20 kg/ha) + Zinc (20 kg/ha)
	24.96bc
	16.35cd
	50.49cd
	17.98ab
	0.43abc
	24.45bcd

	7.
	Potassium (25 kg/ha) + Zinc (10 kg/ha)
	25.46abc
	16.12d
	50.16cd
	18.16a
	0.45ab
	24.87abc

	8.
	Potassium (25 kg/ha) + Zinc (15 kg/ha)
	26.29ab
	15.78d
	49.97d
	18.36a
	0.46a
	25.69ab

	9.
	Potassium (25 kg/ha) + Zinc (20 kg/ha)
	27.19a
	15.46d
	49.76d
	18.52a
	0.48a
	26.76a

	10.
	Control ( N:P:K 20:40:20  kg/ha)
	19.23f
	15.09a
	49.16a
	15.92c
	0.28f
	22.35e

	
	LSD(p=0.05)
	2.15
	1.54
	1.54
	1.66
	0.05
	2.05
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Fig.1 Mean weekly standard meteorological data weather parameters and total rainfall during the cropping season (kharif 2022).







	


Fig : 2 Influence of Potassium and Zinc on plant height of Cluster bean

Fig : 3 Influence of Potassium and Zinc on number of noduled plant-1 of Cluster bean





Fig: 4 Influence of Potassium and Zinc of economics on Cluster bean
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Figure 5. Correlation matrix and scatter plots illustrating the relationship between various Protein content, ADF, NDF, Cellulose, Lignin, gum content.   
Plant height (cm)

At 40 DAS	25.06	27.32	27.42	28.2	27.58	34.25	34.64	35.25	35.42	24	At 60 DAS	110.66	114.26	116.73	117.86	117.6	120.73	126.2	130.13	132.6	107.66	



Number of noduled/plant

At 40 DAS	22.06	23.7	24.36	24.46	24.46	25.73	27.43	29.26	31.6	21.93	At 60 DAS	40.33	41	41.13	41.53	42.83	43.63	44.96	47.48	50.12	39.93	



Economics

Cost of cultivation	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc (10kg/ha)	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Control ( N:P:K 20:40:20  kg/ha)	0	22080	22580	23080	22176	22676	23176	22284	22784	23284	21176	Gross return	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc (10kg/ha)	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Control ( N:P:K 20:40:20  kg/ha)	0	62538.33	64105.05	65609.66	66600.66	67201.66	68525.78	71772.929999999993	72026.33	77405.66	59534.93	Net return	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc (10kg/ha)	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Control ( N:P:K 20:40:20  kg/ha)	0	40458.33	41525.050000000003	42529.66	44424.66	44525.66	45349.78	49445.23	49242.33	54118.66	38385.93	B:C ratio	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc (10kg/ha)	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 20 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc (10kg/ha)	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Potassium 25 kg ha-1 + Zinc 20 kg ha-1	Control ( N:P:K 20:40:20  kg/ha)	1.83	1.84	1.84	2	1.96	1.95	2.21	2.16	2.3199999999999998	1.81	
(₹/ha)
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