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A field experiment was conducted during the kharif season of 2024 at CoA, BUAT, Banda (U.P.), to evaluate the effect of integrated application of sulphur (S) sources (Elemental-S and SSP) and vermicompost on the yield, nutrient content, and nutrient uptake of black gram (variety IPU 11-2). The experiment was laid out in a  RBD with eight treatments which replicated three times, including a control (T1​), Recommended Dose of Fertilizer (RDF, T2​), and combinations of RDF with three levels of S (15, 30, and 45 kg ha−1) and vermicompost (1, 2, and 3 tons ha-1).  The results indicated that the application of sulphur and vermicompost significantly increased both seed and straw yields. The highest seed yield (725.33 kg ha−1) and straw yield (1673.67 kg ha−1) were recorded in the treatment T8 (RDF+45 kg S (SSP) ha−1+3 ton vermicompost ha−1), which was statistically at par with T7​ (RDF+30 kg S (SSP) ha−1+2 ton vermicompost ha−1). Furthermore, T8​ also recorded the highest values for nutrient content (e.g., seed N content of 3.96% and seed S content of 0.94%) and total nutrient uptake for N, P, K, and S, demonstrating a positive synergistic effect between the two inputs. The total nitrogen uptake, for instance, peaked at 61.31 kg ha−1 in T8​, compared to 27.75 kg ha−1 in the control (T1​).The study concludes that the integrated use of inorganic sulphur (SSP) at 45 kg ha−1 along with 3 tons ha−1 of vermicompost is the most effective strategy for maximizing the productivity and improving the nutritional quality of black gram.
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INTRODUCTION
Pulses in India are typically grown on marginal soils under rainfed conditions with limited external inputs. Essential nutrients are often underutilized, affecting crop productivity. Major pulse crops include chickpea, pigeon pea, green gram, black gram, cowpea, lentil, and peas. Notably, black gram is highly adaptable and can thrive in diverse soils, tolerating a wide pH range, including acidic and alkaline conditions. This adaptability makes it a valuable crop for varied agro-climatic regions. Black gram (Vigna mungo L. Hepper) is a nutrient-rich legume, boasting high protein content (23.5-24.5%) and essential nutrients like calcium (154 mg), iron (9.1 mg), riboflavin (0.37 g), and thiamine (0.42 g). It also contains significant amounts of carbohydrates (63.4%), fiber (3.8%), and fat (1.6%). As a vital kharif pulse crop, black gram contributes around 10% to India's total pulse production, making it a valuable food source. Black gram is a significant pulse crop in India, ranking fourth in area, production, and productivity. It's grown on approximately 4.48 million hectares, yielding 2.8 million tonnes with an average productivity of 632 kg/ha. Its widespread cultivation across India makes it a valuable crop for diversifying cereal-based cropping systems. Key black gram-producing states in India include Madhya Pradesh, Maharashtra, Uttar Pradesh, Tamil Nadu, Odisha, and Gujarat. With the global population rising, there's increased pressure on natural resources. Balancing food production with resource conservation is a major challenge. Regions like Bundelkhand in Uttar Pradesh are crucial for pulse production, highlighting the need for sustainable agricultural practices. The Bundelkhand region significantly contributes to India's pulse production, accounting for 5.84% of the country's total pulse production and 53% of the state's pulse area. However, the region's pulse productivity is low, at 450 kg/ha, due to several factors, including inadequate access to quality seeds, imbalanced fertilizer use, poor soil fertility, insufficient pest and disease management, rainfed farming, and suboptimal post-harvest practices (Dhaker et al., 2021). Addressing these challenges can help improve pulse yields in the region. Sulphur is essential for plant growth, contributing to chlorophyll and oil synthesis. Plants absorb sulphur in the sulphate form (SO₄²⁻), which is converted into sulphur-containing compounds. Since most soil sulphur is bound to organic matter, sulphur-oxidizing bacteria (SOB) play a crucial role in converting it into plant-available sulphate, promoting better growth and higher yields (Ranadev et al., 2023; Rana, 2020). Sulphur oxidation plays a crucial role in soil fertility by converting sulphur into the sulphate form, which is available to plants. This process enhances nutrient uptake, nitrogen metabolism, and ultimately improves crop yield and quality. Despite making up a small fraction of total soil sulphur, the sulphate form is essential for plant growth and development. The study aims to assess the impact of various nutrient management practices on black gram production, building on the knowledge that integrating organic manures like farmyard manure and vermicompost with reduced inorganic fertilizers can enhance soil fertility, structure, and crop yields. This approach aligns with sustainable agricultural practices and may offer valuable insights for improving black gram productivity. 
Materials and Methods
A field experiment was conducted during the kharif season of 2024, at NRM block,  CoA,BUAT,Banda (U.P.). This experiment consisting of  eight treatment combinations viz., T1: Control, T2: RDF (25:60:25), T3: RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1, T4: RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1, T5: RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1, T6: RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1, T7: RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1, T8: RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD, which was replicator three time and Black gram  variety IPU11-2 was sown. After harvesting, grain and straw samples were collected from each plot, dried in a hot air oven at 70°C to constant weight, and preserved in paper bags for further analysis. This process ensures the samples are properly prepared for nutrient content analysis. 
The dried plant samples (grain and straw) were ground using a stainless steel blade Willey mill and then digested in a di-acid mixture (HNO3: HClO4 - 4:1). The volume was made up with double-distilled water, following the method described by Jackson (1979). The extract was filtered through Whatman filter paper No. 42. The digested plant samples were analyzed for phosphorus (using the vanadomolybdate yellow color method), potassium (via flame photometry), and sulphur. Seed and straw yields were recorded from the net plot and converted to a hectare basis. Statistical analysis was performed using Fisher's ANOVA technique, with treatment comparisons made at a 5% significance level. 
Results and Discussion
Grain and straw yield
The application of sulphur and vermicompost significantly impacted the seed and straw yields of black gram. Seed yield ranged from 399.67 kg/ha in the control (T1) to 725.33 kg/ha in treatment T8, with T8 and T7 being statistically at par. Similarly, straw yield increased with higher doses of sulphur and vermicompost, ranging from 1058.00 kg/ha in T1 to 1673.67 kg/ha in T8, with T8 and T7 showing no significant difference. Overall, T8 recorded the highest yields, while the control had the lowest.The application of sulphur and vermicompost significantly influenced the productivity of black gram, as reflected in the substantial improvement in both seed and straw yields. The increase in yield with the application of sulphur can be attributed to its vital role in chlorophyll formation, protein synthesis, and enzymatic activity, which collectively enhance photosynthetic efficiency and assimilate translocation. Vermicompost, being a rich source of macro- and micronutrients, along with beneficial microorganisms, improves soil physical properties, nutrient availability, and microbial activity, thereby fostering better crop growth and yield. The superior performance of treatment T8 may be due to the synergistic effect of sulphur and vermicompost, which enhanced nutrient uptake, nodulation, and nitrogen fixation, leading to higher biomass accumulation and seed development.  The statistical similarity between T8 and T7 further indicates that beyond a certain level, the yield response tends to plateau, suggesting an optimum dose combination for maximizing productivity without economic or environmental losses. The increase in yield might be due to vigorous growth which helped the plants in more absorption of nutrients from the soil (Singh et al., 1994). The results were in line with those of Dubey, (1996) and Karwasara and Roy, (1984).
Nutrient content 
The application of sulphur and vermicompost had a positive impact on the nutrient content of black gram (table 2 and table 3). Nitrogen content in seeds and straw increased with higher levels of sulphur and vermicompost, with seeds containing more nitrogen than straw. Treatment RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 (T8) recorded the highest nitrogen content in both seeds (3.96%) and straw (1.95%). Phosphorus content also increased with sulphur application, with seeds having higher phosphorus content (0.45-0.96%) than straw (0.53-0.94%), although the differences were not statistically significant. Potassium content increased with higher sulphur levels, with straw accumulating more potassium (1.55-1.96%) than seeds (0.60-0.96%). Sulphur content in seeds and straw increased significantly with higher sulphur application, with seeds having higher sulphur content (0.52-0.94%) than straw (0.43-0.95%). Treatment RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 (T8) recorded the highest sulphur content in both seeds and straw. Overall, the application of sulphur and vermicompost improved nutrient content in black gram. The higher nitrogen concentration in seeds compared to straw might be attributed to its preferential translocation to reproductive parts during grain filling.The improvement in phosphorus and potassium content may be due to the enhanced solubility and availability of these nutrients under improved soil biological activity stimulated by vermicompost application.  The significant increase in sulphur content in both seeds and straw under higher sulphur levels confirms its vital role in legume nutrition, particularly in the synthesis of sulphur-containing amino acids such as cysteine and methionine. Similar findings were reported by Mir et al. (2013), who observed that combined application of organic and inorganic sources of sulphur improved the nutrient content and quality parameters of black gram. Hence, the integrated use of sulphur and vermicompost not only enhanced nutrient availability but also improved the overall nutritional quality of black gram produce.
Nutrient uptake
The nitrogen uptake by seed ranged from 13.07 to 28.72 kg ha⁻¹, with the highest uptake (28.72 kg ha⁻¹) recorded in treatment T8, followed by T7 (26.55 kg ha⁻¹), T5 (24.90 kg ha⁻¹), T4 (23.81 kg ha⁻¹), T6, T3, T2, and the lowest in the control (T1). Treatment T8 was significantly superior to all other treatments except T7, and a similar trend was observed for nitrogen uptake by straw. The total nitrogen uptake by black gram ranged from 27.75 to 61.31 kg ha⁻¹, with the highest total uptake recorded in T8 and the lowest in the control. Phosphorus (P) uptake by both seed and straw also increased with higher levels of sulphur and vermicompost application, ranging from 1.81 to 6.94 kg ha⁻¹ in seed and from 1.81 to 7.10 kg ha⁻¹ in straw. The lowest phosphorus uptake was observed in the control (T1), while the highest occurred in T8, which was significantly superior to all other treatments except T7. Treatment T7 also performed significantly better than the lower levels of sulphur application, RDF (T2), and the control (T1). Potassium (K) uptake by seed ranged from 2.40 to 6.96 kg ha⁻¹, while uptake by straw ranged from 16.21 to 32.86 kg ha⁻¹, with T8 showing significantly higher values than all other treatments except T7. Treatment T7 was statistically at par with T5 but significantly higher than the remaining treatments. Sulphur (S) uptake by seed ranged from 2.07 to 6.80 kg ha⁻¹, and by straw from 4.59 to 15.84 kg ha⁻¹, while total sulphur uptake by black gram varied between 6.66 and 22.64 kg ha⁻¹. The highest sulphur uptake in both seed and straw was recorded in T8, followed by T7, both of which were significantly superior to the lower sulphur levels, RDF (T2), and the control (T1). For sulphur uptake by straw, T8 recorded the highest value and was significantly better than all other treatments except T5. Overall, the total nutrient uptake by black gram increased progressively with higher levels and integrated use of sulphur and vermicompost, indicating the positive influence of both elemental sulphur and SSP on nutrient absorption and translocation within the crop.


Table. 1 Effect of different treatments of sulphur and vermicompost on grain and straw yield   of black gram
	Treat. Serial No. 
	  Treatment
	Grain yield
(kg ha-1)
	Straw yield
(kg ha‑1)


	T1
	Control
	399.67
	1058.00

	T2
	RDF (25:60:25)
	593.00
	1396.67

	T3
	RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1
	605.00
	1403.00

	T4
	RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1
	646.33
	1552.00

	T5
	RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1
	667.67
	1636.00

	T6
	RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1
	640.00
	1420.00

	T7
	RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1
	699.67
	1651.67

	T8
	RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD
	725.33
	1673.67

	Sem±
	21.65
	51.46

	CD (0.05)
	65.65
	156.08

	CV (%)
	6.03
	6.05


Table. 2 Effect of different treatments of sulphur and vermicompost on nutrient contain in black gram.
	Treat. Serial No. 
	  Treatment

	Nutrient contain in grain (%) 
 


	
	
	Nitrogen
	Phosphorus
	Potassium
	Sulphur

	T1
	Control
	3.27 
	0.45
	0.60
	0.52 

	T2
	RDF (25:60:25)
	3.56
	0.59
	0.71
	0.73

	T3
	RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1
	3.59
	0.63
	0.77
	0.77

	T4
	RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1
	3.68
	0.79
	0.84
	0.87

	T5
	RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1
	3.73
	0.81
	0.90
	0.90

	T6
	RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1
	3.67
	0.77
	0.80
	0.80

	T7
	RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1
	3.79
	0.87
	0.93
	0.91

	T8
	RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD
	3.96
	0.96
	0.96
	0.94

	Sem±
	0.11
	0.05
	0.06
	0.06

	CD (0.05)
	0.32
	0.16
	0.17
	0.17

	CV (%)
	5.00
	12.43
	12.24
	12.34



Table. 3 Effect of different treatments of sulphur and vermicompost on nutrient contain in black gram.
	Treat. Serial No. 
	  Treatment

	Nutrient contain in straw (%) 
 


	
	
	Nitrogen
	Phosphorus
	Potassium
	Sulphur

	T1
	Control
	1.39
	0.53
	1.55
	0.43

	T2
	RDF (25:60:25)
	1.56
	0.69
	1.68
	0.48

	T3
	RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1
	1.60
	0.77
	1.73
	0.75

	T4
	RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1
	1.62
	0.82
	1.82
	0.84

	T5
	RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1
	1.78
	0.85
	1.88
	0.88

	T6
	RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1
	1.61
	0.80
	1.86
	0.80

	T7
	RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1
	1.84
	0.92
	1.91
	0.93

	T8
	RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD
	1.95
	0.94
	1.96
	0.95

	Sem±
	0.05
	0.05
	0.08
	0.05

	CD (0.05)
	0.15
	0.14
	0.24
	0.14

	CV (%)
	5.29
	9.96
	7.58
	10.40



Table. 4 Effect of different treatments of sulphur and vermicompost on nutrient  uptake in black gram.
	Treat. Serial No. 
	  Treatment

	Nutrient  uptake in grain (kg/ha) 
 


	
	
	Nitrogen
	Phosphorus
	Potassium
	Sulphur

	T1
	Control
	13.07
	1.81
	2.40
	2.07

	T2
	RDF (25:60:25)
	21.14
	3.47
	4.21
	4.37

	T3
	RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1
	21.74
	3.79
	4.65
	4.68

	T4
	RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1
	23.81
	5.10
	5.43
	5.62

	T5
	RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1
	24.90
	5.39
	6.03
	6.01

	T6
	RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1
	23.58
	4.93
	5.08
	5.20

	T7
	RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1
	26.55
	6.11
	6.54
	6.34

	T8
	RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD
	28.72
	6.94
	6.96
	6.80

	Sem±
	1.27
	0.37
	0.36
	0.49

	CD (0.05)
	3.86
	1.12
	1.09
	1.49

	CV (%)
	9.62
	13.65
	12.03
	16.53



Table. 5 Effect of different treatments of sulphur and vermicompost on nutrient  uptake in black gram.
	Treat. Serial No. 
	  Treatment

	Nutrient  uptake in straw (kg/ha) 
 


	
	
	Nitrogen
	Phosphorus
	Potassium
	Sulphur

	T1
	Control
	14.68
	1.81
	16.21
	4.59

	T2
	RDF (25:60:25)
	21.84
	3.99
	23.44
	6.71

	T3
	RDF + 15 kg Esulphur ha-1 + 1 ton vermicompost ha-1
	22.40
	4.35
	24.32
	10.52

	T4
	RDF + 30 kg E-sulphur ha-1 + 2 ton vermicompost ha-1
	25.14
	5.60
	28.30
	13.04

	T5
	RDF + 45 E-sulphur ha-1 + 3 ton vermicompost ha-1
	29.13
	6.03
	30.82
	14.39

	T6
	RDF + 15 kg S (SSP) ha-1 + 1 ton vermicompost ha-1
	22.91
	5.30
	26.34
	11.32

	T7
	RDF + 30 kg S (SSP) ha-1 + 2 ton vermicompost ha-1
	30.32
	6.46
	31.56
	15.29

	T8
	RDF + 45 kg S (SSP) ha-1 + 3 ton vermicompost ha-1 in RBD
	32.59
	7.10
	32.86
	15.84

	Sem±
	1.01
	0.43
	0.92
	0.70

	CD (0.05)
	3.08
	1.30
	2.80
	2.14

	CV (%)
	7.06
	14.58
	5.98
	10.64



Conclusion
The results of the study clearly indicate that the combined application of sulphur and vermicompost significantly enhanced the growth, yield, and nutrient dynamics of black gram. Among the treatments, the integrated application of RDF + 45 kg S (SSP) ha⁻¹ + 3 ton vermicompost ha⁻¹ (T8) proved to be the most effective, recording the highest seed and straw yields, as well as superior nutrient content and uptake. The synergistic interaction between sulphur and vermicompost improved soil fertility, microbial activity, and nutrient availability, which in turn promoted better nodulation, nitrogen fixation, and assimilate translocation.The increased yield and nutrient uptake can be attributed to the vital role of sulphur in chlorophyll formation, enzymatic activity, and protein synthesis, along with the contribution of vermicompost in enhancing soil structure and providing essential macro- and micronutrients. The statistical similarity between T8 and T7 indicates that beyond a certain level, the crop response tends to plateau, suggesting that this dose combination represents an optimum level for maximizing yield and nutrient uptake without incurring additional input costs or environmental risks.Therefore, it can be concluded that the integrated use of 45 kg S ha⁻¹ (through SSP) and 3 ton vermicompost ha⁻¹ along with RDF is the most efficient and sustainable nutrient management practice for achieving higher productivity, nutrient use efficiency, and overall soil health improvement in black gram cultivation under similar agro-climatic conditions.
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