


Effect of Phosphorus, Sulphur and PSB on Growth, Yield and Nutrient Uptake in Black gram (Vigna mungo L.) in Mid-Central Table Land Zone of Odisha.


ABSTRACT
A field experiment was conducted during Kharif 2020 and 2021 at the Regional Research and Technology Transfer Station (OUAT), Mahisapat to study the effect of phosphorus, sulphur, and phosphate-solubilizing bacteria (PSB) on growth, yield, and nutrient uptake in black gram (Vigna mungo L.). The soil of the experimental site was classified as Alfisol, low in available nitrogen (221 kg/ha), medium in phosphorus (11.6 kg/ha), and high in potassium (185 kg/ha), with an acidic pH of 5.6. The experiment was laid out in a Randomized Block Design (RBD) with three replications and eight treatment combinations, including control, varying levels of phosphorus (20 and 40 kg P₂O₅/ha), sulphur (20 kg S/ha), and PSB (4.0 kg/ha), applied alone or in combinations. The black gram cultivar PU-31 was used for the study. Among all treatments, T₆ (40 kg P₂O₅/ha + 20 kg S/ha + PSB 4.0 kg/ha) recorded significantly superior results across all growth, yield, and nutrient uptake parameters. This treatment resulted in maximum plant height (38.03 cm), branches per plant (6.34), number of pods per plant (20.2), pod length (4.1 cm), seeds per pod (6.27), and test weight (36.0 g), leading to the highest seed yield (8.50 q/ha) and haulm yield (18.56 q/ha). Correspondingly, T₆ also recorded the highest nutrient uptake: nitrogen (48.2 kg/ha), phosphorus (7.8 kg/ha), and potassium (36.7 kg/ha), followed by T₇ and T₅. The control plot (T₁) showed the lowest performance with only 26.3 kg/ha N, 3.2 kg/ha P, and 21.8 kg/ha K uptake. These results clearly demonstrate that the integrated application of phosphorus, sulphur, and PSB significantly enhances black gram productivity, nutrient use efficiency, and soil fertility under acidic soil conditions. Therefore, this nutrient management strategy can be recommended as a sustainable approach for improving black gram performance in the Mid-Central Table Land Zone of Odisha.
Keywords:  Black gram, Phosphorus, Sulphur, PSB, Growth and Yield.


INTRODUCTION
Black gram (Vigna mungo L.), also known as urad bean, is one of the most important pulse crops cultivated in India, serving as a rich source of protein and contributing significantly to soil fertility through biological nitrogen fixation. Globally, pulses are cultivated on approximately 93.18 million hectares (Mha), producing around 89.82 million tonnes (Mt), with an average productivity of 964 kg/ha. India leads the world in pulse cultivation, accounting for over 28 Mha under pulses, contributing approximately 31% of the global area and 28% of global production (Directorate of Pulses Development, 2021). Despite this, the national productivity of pulses remains suboptimal, recorded at 885 kg/ha in 2020–21, due to a combination of biotic, abiotic, and nutritional constraints (Pang et al., 2024).	Comment by Mohammed Saba: Citation 	Comment by Mohammed Saba: Source 	Comment by Mohammed Saba: Update production and yield data to the most recent year.
Focus on constraints and nutrient dynamics unique to the study region.
Cite every statement/sentence except when linked.
Explicitly state why Odisha’s Mid-Central Table Land Zone needs integrated nutrient management.
Among the key agronomic factors influencing black gram productivity, nutrient management—especially phosphorus (P) and sulphur (S) nutrition—plays a critical role. Phosphorus is essential for root proliferation, photosynthesis, energy transfer, and reproductive development. It is well documented that phosphorus deficiency adversely affects the growth and yield of legumes, including black gram (Logesh et al., 2024; Chen et al., 2023). However, the phosphorus use efficiency in Indian soils is low, with only 15–20% of the applied phosphorus utilized by plants; the rest becomes fixed in the soil as insoluble forms, especially in acidic and alkaline soils (Pang et al., 2024). This necessitates the exploration of synergistic approaches, such as the use of biofertilizers, to enhance phosphorus availability and uptake.
Sulphur, considered the fourth major plant nutrient after nitrogen, phosphorus, and potassium, is gaining attention for its vital role in chlorophyll synthesis, enzyme activation, and amino acid (cysteine and methionine) formation. It also enhances biological nitrogen fixation in legumes by supporting nodule development (Ramandeep et al., 2024). In recent years, sulphur deficiencies have become widespread in Indian soils, particularly in sandy and low organic matter soils, largely due to the extensive use of sulphur-free fertilizers such as urea and DAP. Consequently, sulphur supplementation has shown promising results in improving both the quantitative and qualitative traits of pulses (Ramandeep et al., 2024).
Moreover, the role of phosphate-solubilizing bacteria (PSB) in enhancing phosphorus bioavailability is well recognized. Microbial inoculants like Pseudomonas spp. and Bacillus spp. secrete organic acids and enzymes that convert insoluble phosphorus into plant-available forms, thereby enhancing nutrient use efficiency and plant productivity (Logesh et al., 2024; Pang et al., 2024). The use of such biofertilizers also contributes to sustainable agriculture by reducing dependence on chemical inputs (Chen et al., 2023).
Given the persistent yield gap in pulse crops and the increasing demand for sustainable nutrient management, it becomes imperative to integrate inorganic nutrient sources with biological inputs. Therefore, the present investigation was undertaken to evaluate the effects of the combined application of phosphorus, sulphur, and phosphate-solubilizing biofertilizers on growth, yield, and nutrient uptake of black gram under the agro-climatic conditions of the Mid-Central Table Land Zone of Odisha. This study aims to provide insights into optimized nutrient strategies that can enhance productivity and resource use efficiency in pulse-based farming systems.
MATERIALS AND METHODS
A field experiment was conducted at Regional Research & Technology Transfer Station (OUAT), Mahisapat situated at geographical parallels between 2003’ and 21016’ N latitudes and 8400’ and 8606’ E longitude, during kharif seasons of 2020 & 2021 on acidic Alfisols soils of Odisha with an objective to study the effect of Phosphorus, Sulphur and PSB on Growth, Yield and Nutrient Uptake in Black gram (Vigna mungo L.). The Black gram cultivar PU-31 was used for the experimentation. The soil of experimental site was sandy loam in texture, low in nitrogen (221 kg/ha) medium in phosphorus (11.6 kg/ha) and high in potassium (185 kg/ha) with pH 5.6. The average annual rainfall of the region was 1400 mm. The experiment was conducted in randomized block design with three replications and eight treatment combinations (T1 - Control, T2 - 40 kg P2O5 /ha , T3 - 40 kg P2O5 /ha + Soil application of PSB 4.0 kg/ha, T4 -  20 kg P2O5 /ha+ Soil application of PSB 4.0 kg/ha , T5 - 40 kg P2O5 /ha  + 20 kg S/ha , T6 - 40 kg P2O5 /ha + 20 kg S/ha + Soil application of PSB 4.0 kg/ha, T7 - 20 kg P2O5 /ha+ 20 kg S/ha + Soil application of PSB 4.0 kg/ha and T8 - Soil application of  PSB 4.0 kg/ha). The seed rate was 25.0 kg/ ha with a spacing of 30 cm row to row and 10 cm plant to plant. The crop was fertilized with recommended dose of nitrogen and potassic fertilizers of NK i.e., 20:20 kg/ ha through urea and MOP. Phosphorus and sulphur were applied through SSP and elemental S, respectively as per treatments. Further, the soil application of PSB was also done as per the treatments. For recording of data in each plot, five plants of black gram were selected randomly and labeled properly. The growth attributing characters viz. plant height (cm), number of branches/ plants, number of pods/plants, pod length, number of seeds/pods, seed yield and haulm yield in kg/ha were recorded at the time of harvest. The post-harvest soil analysis was done in the laboratory for available N, P and K.  All the data were subjected to the analysis of variance (ANOVA) as per the standard procedure (Gomez and Gomez, 1984).	Comment by Mohammed Saba: Present treatments in form of table

RESULTS AND DISCUSSION
The experimental data from Kharif 2020 and 2021 (Tables 1–3) revealed a significant influence of integrated nutrient management on the growth, yield, and nutrient uptake of black gram (Vigna mungo L.). Among all treatments, the combined application of 40.0 kg P₂O₅/ha, 20.0 kg S/ha, and phosphate-solubilizing bacteria (PSB) at 4.0 kg/ha (T6) consistently recorded the highest values across multiple agronomic and physiological parameters.
Growth Attributes
Maximum plant height (38.03 cm), number of branches per plant (6.34), leaf area index (0.98), nodule number per plant (23.5), and dry matter accumulation (9.2 g/plant) were observed in T6 (Table 1). These results indicate a synergistic effect of balanced phosphorus and sulphur nutrition along with enhanced microbial activity due to PSB. Phosphorus is crucial for early root growth, cell division, and energy transfer, which leads to better nutrient uptake and enhanced vegetative development. Sulphur contributes to chlorophyll synthesis, protein formation, and cell elongation, all of which collectively support plant biomass accumulation and nodulation (Ramandeep et al., 2024).
Biofertilizers such as PSB enhance phosphorus availability by solubilizing insoluble soil phosphates through organic acid production, thus improving root absorption and plant vigor (Logesh et al., 2024; Pang et al., 2024). Similar findings were reported by Muneer et al. (2023), who demonstrated improved black gram growth and nodulation with microbial inoculation under phosphorus-deficient conditions.
Yield and Yield Attributes
Yield parameters including number of pods per plant (20.2), pod length (4.06 cm), seeds per pod (6.27), and test weight (36.0 g) were also highest under T6 (Table 2). These attributes translated into significantly higher seed yield (8.50 q/ha) and haulm yield (18.56 q/ha), with the highest benefit-cost ratio (1.98), indicating both biological and economic superiority of this nutrient combination.
The improved reproductive output can be attributed to enhanced photosynthate accumulation and partitioning toward reproductive sinks during flowering and pod filling stages. Phosphorus enhances energy production via ATP, while sulphur supports nitrogen metabolism and amino acid synthesis—both of which are critical during reproductive development (Ramandeep et al., 2024). Additionally, the increased number of nodules and higher nitrogen fixation likely supported better seed filling.
The enhanced productivity in the presence of PSB also reflects the microbial role in promoting root development and improving phosphorus use efficiency, which is particularly important given that only 15–20% of applied phosphorus is typically available to crops due to fixation in Indian soils (Pang et al., 2024).
Nutrient Uptake
Table 3 data further support the growth and yield observations. Nutrient uptake (N, P, K) was significantly higher in treatments involving PSB and sulphur, with the highest uptake in T6: nitrogen (48.2 kg/ha), phosphorus (7.8 kg/ha), and potassium (36.7 kg/ha). This increase reflects better root system development, improved microbial activity, and efficient translocation of nutrients facilitated by optimal nutrient availability and balanced nutrition.
The PSB strains likely mobilized phosphorus from soil reserves, while sulphur helped improve nitrogen assimilation and enzyme activity related to nutrient uptake (Chen et al., 2023; Pang et al., 2024). The marked improvement in phosphorus uptake (144% increase over control) and nitrogen uptake (83%) demonstrates the efficacy of integrating biofertilizers with chemical inputs to overcome the inherent inefficiencies of conventional fertilization in pulse-based systems.
These results align with those of Awasthi et al. (2021), who reported enhanced phosphorus uptake and improved crop performance with microbial solubilizers, and with Kumar et al. (2022), who observed that sulphur nutrition improves nitrogen metabolism and yield in pulses.
Taken together, the results clearly indicate that the integrated application of 40 kg P₂O₅/ha + 20 kg S/ha + PSB 4 kg/ha improves the root growth and nodule formation, photosynthesis and chlorophyll content,nutrient use efficiency (especially P and N),  yield attributes and economic returns. This integrated approach addresses both macro- and micronutrient deficiencies and enhances the biological potential of black gram under the agro-climatic conditions of the Mid-Central Table Land Zone of Odisha.
CONCLUSION
The present investigation clearly demonstrates that the integrated application of 40 kg P₂O₅/ha, 20 kg S/ha, and phosphate-solubilizing bacteria (PSB) at 4.0 kg/ha significantly enhances the growth, yield attributes, nutrient uptake, and overall productivity of black gram under the Mid-Central Table Land Zone of Odisha. This treatment combination not only maximized plant height, pod formation, and seed yield but also substantially improved the uptake of nitrogen, phosphorus, and potassium, indicating superior nutrient use efficiency.The enhanced benefit-cost ratio under this integrated approach further highlights its economic viability for pulse farmers. The synergy between chemical fertilizers and biofertilizers, particularly PSB, plays a pivotal role in solubilizing otherwise unavailable phosphorus and supporting biological nitrogen fixation through improved nodulation. Therefore, this integrated nutrient management strategy can be recommended as a sustainable and resource-efficient practice to bridge the yield gap in black gram cultivation. Adoption of such holistic approaches will contribute significantly to pulse productivity, soil health, and long-term agricultural sustainability in semi-arid and rainfed agro-ecosystems.




Table 1: Effect of different levels of P, S and PSB on growth attributes of black gram (Pooled of Kharif, 2020 & 2021)

	Treatments
	Plant height
(cm)
	Branches/
Plant (nos.)
	Leaf area index
	Nodules per plant (nos.)
	Dry weight (g)

	T1
	25.73
	4.29
	0.70
	19.4
	7.4

	T2
	25.75
	4.29
	0.72
	21.2
	7.2

	T3
	36.82
	6.14
	0.85
	21.8
	7.5

	T4
	28.02
	4.67
	0.76
	22.7
	7.8

	T5
	37.37
	6.23
	0.81
	22.1
	8.1

	T6
	38.03
	6.34
	0.98
	23.5
	9.2

	T7
	37.57
	6.26
	0.92
	23.2
	8.4

	T8
	28.08
	4.68
	0.74
	20.6
	7.3

	SEm ( +)
	2.58
	0.80
	0.02
	0.48
	0.56

	CD (5%)
	5.05
	1.56
	0.05
	1.24
	1.57




Table 2: Effect of different levels of P, S and PSB on yield and yield attributes of black gram (Pooled of Kharif, 2020 & 2021)

	Treatments
	Number
of Pods/
plant
	Pod length
(cm)
	No. of Seeds/ pod
	Test weight
(g)
	Seed
Yield
(q/ha)
	Haulm Yield
(q/ha)
	B:C

	T1
	8.57
	3.19
	5.33
	34.2
	6.34
	13.65
	1.08

	T2
	11.52
	3.66
	5.70
	34.7
	6.90
	14.85
	1.32

	T3
	15.47
	3.73
	6.00
	34.4
	7.72
	16.70
	1.45

	T4
	13.40
	3.69
	5.87
	33.5
	7.44
	15.87
	1.35

	T5
	18.45
	3.78
	6.13
	35.1
	8.04
	17.31
	1.76

	T6
	20.20
	4.06
	6.27
	36.0
	8.50
	18.56
	1.98

	T7
	19.92
	3.81
	6.20
	35.4
	8.28
	17.69
	1.80

	T8
	14.90
	3.72
	5.93
	33.8
	7.47
	16.10
	1.44

	SEm (+)
	1.94
	0.20
	0.45
	0.27
	0.28
	0.59
	-

	CD (5%)
	3.80
	0.39
	0.89
	0.78
	0.55
	1.16
	-


Table 3 : Effect of different levels of P, S and PSB on Nutrient Uptake of Black  gram (Kharif, 2020 &2021)

	Tr.
No.
	Treatments
	 N
(kg/ha)
	P 
 (kg/ha)
	  K
( kg/ha)

	T1
	Control
	26.3
	3.2
	21.8

	T2
	40.0 kg P2O5/ha
	33.7
	4.3
	26.4

	T3
	T2 + Soil application of PSB  4.0 kg /ha
	40.5
	6.0
	29.7

	T4
	20.0 kg P2O5/ha + Soil application of PSB  4.0 kg /ha
	36.8
	5.0
	28.1

	T5
	T2 + 20 kg S/ha
	42.8
	6.5
	31.7

	T6
	T3 + 20 kg S/ha
	48.2
	7.8
	36.7

	T7
	T4 + 20 kg S/ha
	45.6
	7.1
	34.8

	T8
	Soil application of PSB @ 4.0 kg /ha
	37.1
	5.3
	28.6

	SEm
(+ )
	
	0.28
	0.08
	0.19

	CD
(P=0.05)
	
	0.85
	0.25
	0.54
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