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Abstract

A field experiment was conducted to study the influence of potassium and organic sources on soil properties and nutrient content of cluster bean (Cyamopsis tetragonoloba L.) during Kharif, 2024 at Instructional Farm, SKNAU, Jobner, Jaipur (Raj.). The study comprised treatments with different potassium levels Control, 100% RDK @ (20 kg K ha⁻¹) (SA), 75% RDK @ (15 kg ha⁻¹) (SA) + KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/ha), 50% RDK @ (10 kg K ha⁻¹) (SA) KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/ha) and KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/ha)) and organic sources Control, 100% RDFYM (FYM @ 5 t/ha), 100% RDV (Vermicompost @ 2.5 t/ha) and 50% RDFYM (FYM @ 2.5 t/ha) + 50% RDV (Vermicompost @ 1.25 t/ha) arranged in a factorial randomized block design with three replications and 20 treatment combinations. The results of experiment revealed that potassium application had no significant effect on soil pH, EC, bulk density,  organic carbon, available nitrogen and phosphorus, however, available potassium improved significantly (218.72 kg ha⁻¹ under 100% RDK), however treatment 75% RDK + KSB (217.90 kg ha⁻¹) was found statistically at par. Organic sources significantly improved soil organic carbon (0.269 % under FYM@ 5 t/ha), reduced bulk density (1.46 Mg m⁻³ under FYM @ 5 t/ha), and enhanced available N (152.04 kg ha⁻¹), P (23.15 kg ha⁻¹) and K (217.87 kg ha⁻¹) under vermicompost @ 2.5 t/ha. 100% RDFYM stimulated the highest microbial population and DHA (21.84 µg TPF g⁻¹), however, 50% RDFYM (FYM @ 2.5 t/ha) + 50% RDV (Vermicompost @ 1.25 t/ha) was found at par. Nutrient content in seed and straw was significantly influenced by potassium and organic sources. Maximum seed N (3.48%), K (0.516%) and straw N (0.72%), K (1.18%) occurred under 100% RDK, while Vermicompost @ 2.5 t/ha recorded highest seed N (3.49%), P (0.478%) and K (0.501%) content, however 50% RDFYM (FYM @ 2.5 t/ha) + 50% RDV (Vermicompost @ 1.25 t/ha) was found at par. The interactive effect K1O2 (100% RDK + vermicompost @ 2.5 t/ha) gave maximum seed N (3.60%) and K (0.552%) content, though K2O2 (75% RDK + KSB + vermicompost @ 2.5 t/ha) was found statistically at par with K1O2. It may be concluded that 75% RDK + KSB + vermicompost @ 2.5 t/ha not only saved 25% mineral K fertilizer but also sustained soil health and productivity, representing a sustainable nutrient management option for cluster bean in semi-arid eastern plain zone of Rajasthan.
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1. Introduction

	Cluster bean (Cyamopsis tetragonoloba L.)  popularly known as ‘Guar’ is a drought hardy, deep rooted and annual legume crop in India (Meena et al., 2016), grown during rainy season in semi-arid and arid regions of India for various purposes viz., vegetables, greenfodder, green manuring and seed (Grestaa et al. 2013). The major cluster bean cultivating countries are India, Pakistan, USA, Sudan, South Africa, Brazil, Malawi and Australia. India is the largest producer of guar with 80% among the world production followed by Pakistan with 10-15% (Anonymous, 2022-23). 
Potassium is the major nutrient, it is suggested as a solution for improve plant nutritive; enzyme activation, maintaining cell turgor; transportation of sugars and starches; improving crop quality; increasing resistance against stress condition such as pests and diseases. Though it is most abundant element in soils but K content varies from place to place based on physio-chemical properties of soil and minerals make up more than 90 to 98 per cent of soil potassium and most of it is unavailable for plant uptake and the issue of sustainable management of potassium in soil has partly been ignored during the last decades when the focus was aimed with use of nitrogen and phosphorus. With the introduction of high yielding crop varieties/hybrids and the progressive intensification of agriculture, the soils are getting depleted in potassium reserve at a faster rate. Moreover, due to imbalanced fertilizer application, potassium deficiency is becoming one of the major constraints in crop production. 
Biofertilizer is a substance that contains living microorganisms that, when applied to soil colonize the rhizosphere or the interior of the plant and promote growth by increasing supply or availability of primary nutrients to the host plant. Pseudomonas and Bacillus which known as KSB in silicate form play an important role in case of potassium (Narula et al., 2005). KSB plays an essential role in improving soil fertility and reduce the amount of chemical fertilizers (Zhang et al., 2013). The organic manures contain plant nutrients in small quantities as compared to the fertilizer. The presence of growth promoting substance like enzymes and hormones, besides plant nutrients make them essential for improvement of soil fertility and productivity. Vermicompost would not only increase organic carbon status of the soil but also increase the soil water holding capacity, flocculation of soil and availability of all micro and macronutrients. Thus, making the soil sustainable one (Rajkhowa et al., 2000). FYM, besides rich sources of micronutrients, also helps in improving physical condition of the soil. FYM is an important primary source of organic matter and nutrients (Lal, 2016).
Hence, research efforts are required to find out the ideal combination of organic manures and potassium fertilizer with KSB to improve soil health. Keeping these points in view, the present investigation entitled was carried out to investigate the effect of potassium and organic sources on soil properties and plant nutrient content.

2. Materials and Methods

The field experiment was conducted at Instructional farm, S.K.N. College of Agriculture, Jobner (Rajasthan) during kharif season of year 2024. The experiment was laid out in FRBD with three replications. The experimental soil analyzed for the physico-chemical properties. The soil was loamy sand in texture, alkaline in reaction (pH 8.12), low in organic carbon (0.21 %), and available nitrogen (144.61 kg/ha), medium in available phosphorus (21.69 kg/ha), potassium (194.25  kg /ha). The experiment conducted under five level of potassium K0(Control), K1[100% RDK @ (20 kg K ha-1) (SA)], K2 [75% RDK @ (15 kg ha-1) (SA) + KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/h), K3 (50% RDK @ (10 kg K ha-1) (SA) KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/ha)], K4 [KSB (5ml/kg seed) (ST) + KSB (SA) (2.5L/ha)] and four levels of organic sources viz., O0(Control), O1[100% RDFYM (FYM @ 5 t/ha)], O2 [100% RDV (Vermicompost @ 2.5 t/ha)], O3 [50% RDFYM (FYM @ 2.5 t/ha) + 50% RDV (Vermicompost @ 1.25 t/ha)] and thereby, making 60 treatment combinations.

Soil samples were collected from 0-15 cm depth after harvest of  cluster bean from all plots. Soil samples were air-dried, ground and passed through 2 mm sieve. They were further analyzed  by pursuing different standard analytical procedures. The pH of the post harvest soil in 1:2 soil and water solution were determined with the help of glass electrode pH meter (Piper, 1950).	 The electrical conductivity in the suspension of soil and water (1:2 ratio) was determined with the help of electrical conductivity meter (Piper, 1950). Organic carbon in the soil was estimated by Walkley and Black (1934) method. This method involved oxidation of organic matter with chromic acid and the unutilized potassium dichromate was back titrated against ferrous ammonium sulphate.  Soil samples were analyzed for available N using alkaline potassium permanganate, which oxidized and hydrolyzed the organic matter present in the soil (Subbiah and Asija, 1956). Available phosphorus was determined spectrophometrically by extracting the soil with 0.5 N NaHCO3 at pH 8.5 (Olsen et al., 1954) and measuring the intensity of blue color developed by ammonium molybdate-stannous chloride at 660 nm by spectrophotometer. Available K in soil was determined by extracting the soil with 1N neutral ammonium acetate (Jackson, 1973) and measured the concentration in the filtrate using flame photometer. For estimation of nitrogen, phosphorus, potassium of representative samples of seed and straw were taken at the time of threshing the samples were air dried and kept in oven at 70o C for drying until they attained constant weight. Each dried samples were separated part wise grind to a fine powder in a grinder having stainless steel blades. Nutrient content in seed and straw was estimated by using standard methods.  The experimental data recorded, were subjected to statistical analysis in accordance with the “Analysis of Variance” technique suggested by (Fisher, 1950). 
3. Results and Discussion
3.1 Effect of potassium sources  
Potassium sources exhibited no significant effect on soil pH, EC, available nitrogen, available phosphorus, organic carbon and bulk density, however, the available potassium content in soil, were improved significantly with potassium sources (Table 1 and 2). The highest available potassium was obtained under K₁ (100% RDK @ (20 kg K ha-1) (SA), whereas treatment K₂ (75% RDK @ (15 kg/ha) (SA) + KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1) remained statistically at par with treatment K1 (Table 2), as KSB converts unavailable indigenous potassium present in soil into available form. The results of the current experiment are in agreement with the findings of  Meena et al. (2016), who reported that the application of potassium solubilizing bacteria (KSB) significantly enhanced the availability of potassium in the soil by solubilizing fixed forms of potassium. Their study demonstrated that the inoculation of soil or seeds with KSB not only improved potassium solubility but also increased plant uptake, leading to improved soil fertility and crop yield. The synergistic effect observed when combining KSB with reduced doses of chemical potassium fertilizers supports the present observation where the KSB-treated plots with 75% recommended dose of potassium performed on par with 100% chemical potassium application. 
Potassium application significantly enhanced nitrogen content in seed and straw, potassium content in seed and straw. N and K content in seed and straw was highest under K1 (100 % RDK @ 20 kg ha-1 SA), however, K2 (75% RDK @ (15 kg ha-1) (SA) + KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1) was statistically at par with K1 (Table 3), this can be attributed to the adequate supply of potassium through K1, which plays a vital role in improving nutrient translocation, enzyme activation and protein synthesis. The comparable performance of K₂ indicates that the integration of potassium- solubilizing bacteria (KSB) with a reduced potassium dose in K2 enhanced nutrient availability and uptake efficiency, thereby improving seed quality even at lower chemical input levels (Yaghoubi et al., 2018). Also, potassium supports protein synthesis by enhancing nitrate reductase activity and amino acid transport. It is driven by improved nitrogen assimilation, photosynthesis and source sink dynamics. These insights support K‘s strategic role not just in yield enhancement, but also in improving nutritional quality.
Table1: Effect of potassium and organic sources on soil pH, EC, organic carbon and bulk density after harvest of cluster bean
	Treatment
	pH
	EC
(dS m-1)
	OC (%)
	BD (Mgm-3)

	Potassium Sources 

	K0 - Control 
	8.18
	0.40
	0.242
	1.50

	K1 - 100% RDK @ (20 kg K ha-1) (SA)
	7.97
	0.40
	0.252
	1.48

	K2 - 75% RDK @ (15 kg ha-1) (SA) + KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	8.05
	0.40
	0.251
	1.48

	K3 - 50% RDK @ (10 kg K ha-1) (SA) KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	7.90
	0.39
	0.246
	1.49

	K4 - KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	7.98
	0.40
	0.245
	1.50

	SEm+
	0.07
	0.00
	0.004
	0.01

	CD (P=0.05)
	NS
	NS
	NS
	NS

	Organic sources 
	
	
	
	

	O0–Control
	8.03
	0.39
	0.230
	1.52

	O1 - 100% RDFYM (FYM @ 5 t ha-1)
	8.00
	0.39
	0.269
	1.46

	O2-100% RDV (Vermicompost @ 2.5 t ha-1)
	8.01
	0.40
	0.249
	1.49

	O3 -50% RDFYM (FYM @ 2.5 t ha-1) + 50% RDV (Vermicompost @ 1.25 t ha-1)
	8.02
	0.40
	0.263
	1.48

	SEm+
	0.06
	0.00
	0.003
	0.01

	CD (P=0.05)
	NS
	NS
	0.008
	0.02




Table2: Effect of potassium and organic sources on soil available nitrogen, phosphorus and potassium content after harvest of cluster bean
	Treatment
	Available nutrients
(Kg ha-1)

	
	Nitrogen
	Phosphorus
	Potassium

	Potassium Sources

	K0 - Control 
	144.61
	21.69
	203.18

	K1 - 100% RDK @ (20 kg K ha-1) (SA)
	148.67
	22.80
	218.72

	K2 - 75% RDK @ (15 kg ha-1) (SA) + KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	148.66
	22.64
	217.90

	K3 - 50% RDK @ (10 kg K ha-1) (SA) KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	148.50
	22.59
	212.85

	K4 - KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	146.53
	22.03
	208.02

	SEm+
	1.21
	0.42
	1.62

	CD (P=0.05)
	NS
	NS
	4.39

	Organic sources 
	
	
	

	O0 – Control
	141.72
	21.09
	203.14

	O1 - 100% RDFYM (FYM @ 5 t ha-1)
	145.52
	22.08
	207.59

	O2-100% RDV (Vermicompost @ 2.5 t ha-1)
	152.04
	23.15
	217.87

	O3 -50% RDFYM (FYM @ 2.5 t ha-1) + 50% RDV (Vermicompost @ 1.25 t ha-1)
	150.29
	23.07
	215.08

	SEm+
	0.94
	0.33
	1.53

	CD (P=0.05)
	2.69
	0.93
	4.40






3.2 Effect of Organic Sources
Application of organic sources exhibited no significant effect on soil pH and EC, however, significantly improved soil organic carbon, soil bulk density, available nitrogen, available phosphorous and available potassium (Table 1 and 2). Treatment O1 recorded the highest values for OC and lowest for B.D. However, in case of OC treatment O3 was statistically at par with O1. The available N (152.04 kg ha-1), P (23.15 kg ha-1) and K (217.87 kg ha-1)
recorded highest in O2 (100% RDV (Vermicompost @ 2.5 t ha-1) however, treatment O3 (50% RDFYM (FYM @ 2.5 t ha-1) + 50% RDV (Vermicompost @ 1.25 t ha-1) was statistically at par with O2. These organic sources enhance soil aggregation and porosity. It can be attributed to the greater mass and fibrous nature of FYM, applied at a higher rate (5 t ha-1), contributes substantial organic residues that enhance soil aggregation and porosity, microbial population and enzyme activity over time. This improves soil aeration and water infiltration, thereby lowering bulk density. Additionally, the decomposition of FYM promotes the buildup of stable organic matter, leading to increased soil organic carbon. The nutrient availability in soil is highest with application of vermicompost, this can be attributed to the highly decomposed and nutrient-rich nature of vermicompost. Vermicompost contains readily mineralizable organic matter and a higher proportion of humic substances, which enhance nutrient solubility and availability in the soil. Its fine texture and microbial activity also accelerate the mineralization of nutrients, especially nitrogen and phosphorus, while organic acids released during decomposition may mobilize both exchangeable and fixed forms of potassium. These factors collectively contribute to improved nutrient dynamics and greater immediate availability of essential macronutrients in the soil under vermicompost application. 
Application of organic sources significantly improved nitrogen, phosphorous and potassium content in seed and straw (Table 3). NPK content was highest under O2 (100% RDV (Vermicompost @ 2.5 t ha-1) whereas, O3 (50% RDFYM (FYM @ 2.5 t ha-1) + 50% RDV (Vermicompost @ 1.25 t ha-1) was found statistically at par with O2. This can be attributed to vermicompost’s superior nutrient availability, microbial richness and soil structure improvement, which enhance nutrient mineralization and plant uptake. Vermicompost provides readily available N, P and K while supporting beneficial soil microbes, leading to greater absorption by plants, as reflected in the elevated nutrient concentrations in seed and straw. The synergistic effect of organic sources in O3 also maintained comparable performance due to improved nutrient release patterns and reduced losses.
Table 3: Effect of potassium and organic sources on N, P & K content in seed and straw of cluster bean
	Treatment
	N content (%)
	P content (%)
	K content (%)

	Potassium sources
	Seed
	Straw
	Seed
	Straw
	Seed
	Straw

	K0 - Control 
	3.16
	0.59
	0.444
	0.143
	0.432
	1.01

	K1 - 100% RDK @ (20 kg K ha-1) (SA)
	3.48
	0.72
	0.453
	0.150
	0.516
	1.18

	K2 - 75% RDK @ (15 kg ha-1) (SA) + KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	3.43
	0.71
	0.452
	0.149
	0.513
	1.16

	K3 - 50% RDK @ (10 kg K ha-1) (SA) KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	3.33
	0.67
	0.450
	0.148
	0.461
	1.11

	K4 - KSB (5 ml/kg seed) (ST) + KSB (SA) (2.5 L ha-1)
	3.22
	0.63
	0.446
	0.144
	0.447
	1.105

	SEm+
	0.02
	0.01
	0.010
	0.004
	0.002
	0.01

	CD (P=0.05)
	0.06
	0.02
	NS
	NS
	0.006
	0.03

	Organic sources

	O0 – Control
	3.15
	0.57
	0.412
	0.141
	0.428
	1.00

	O1 - 100% RDFYM (FYM @ 5 t ha-1)
	3.26
	0.68
	0.439
	0.145
	0.462
	1.11

	O2-100% RDV (Vermicompost @ 2.5 t ha-1)
	3.49
	0.73
	0.478
	0.157
	0.501
	1.16

	O3 -50% RDFYM (FYM @ 2.5 t ha-1) + 50% RDV (Vermicompost @ 1.25 t ha-1)
	3.47
	0.72
	0.467
	0.156
	0.498
	1.15

	SEm+
	0.01
	0.01
	0.007
	0.001
	0.002
	0.01

	CD (P=0.05)
	0.03
	0.02
	0.021
	0.002
	0.005
	0.02




Table 4: Interactive effect of K sources and organic sources on N content in seed
	Source
	O0
	O1
	O2
	O3

	K0
	2.880
	2.990
	3.240
	3.100

	K1
	3.280
	3.390
	3.601
	3.490

	K2
	3.272
	3.385
	3.597
	3.500

	K3
	3.165
	3.282
	3.494
	3.399

	K4
	3.060
	3.181
	3.370
	3.297

	
	SEm±
	CD
	
	

	K×O
	0.03
	0.100
	
	



Table 5: Interactive effect of K sources and organic sources on K content in seed
	Source
	O0
	O1
	O2
	O3

	K0
	0.374
	0.403
	0.461
	0.450

	K1
	0.469
	0.503
	0.552
	0.541

	K2
	0.463
	0.502
	0.549
	0.533

	K3
	0.428
	0.466
	0.529
	0.502

	K4
	0.404
	0.444
	0.480
	0.470

	
	SEm±
	CD
	
	

	K×O
	0.002
	0.007
	
	



Table 6: Interactive effect of K sources and organic sources on K content in straw
	Source
	O0
	O1
	O2
	O3

	K0
	0.970
	1.009
	1.052
	1.049

	K1
	1.132
	1.162
	1.232
	1.195

	K2
	1.100
	1.131
	1.230
	1.169

	K3
	1.069
	1.101
	1.162
	1.137

	K4
	1.037
	1.069
	1.12
	1.098

	
	SEm±
	CD
	
	

	K×O
	0.013
	0.037
	
	




3.3 Interaction effect of potassium and organic sources
Significant improvements in the content of nitrogen (N) in seed and potassium (K) content in both seed and straw were observed under K₁O₂ whereas K2O2 was observed statistically at par with K1O2 (Table 4 to Table 6). Potassium fertilization enhances the efficiency of nitrogen assimilation by activating key enzymes like nitrate reductase and vermicompost helps in solubilizing native potassium reserves, increasing its availability. 
 4. Conclusion
Based on the one year experiment, it may be concluded that highest nutrient content was obtained under treatment combination K1O2 (100% RDK @ 20 kg K ha-1 with Vermicompost @ 2.5 t ha-1), however, treatment combination K2O2 (75% RDK @ 15 kg ha-1 + KSB (5 ml/kg seed) + KSB (2.5 L ha-1) with Vermicompost @ 2.5 t ha-1) was found equally effective, alongside this the combination K2O2 was found to save the mineral K application by 25% and found beneficial in improving soil health and productivity of cluster bean.
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