



Effects of Phosphorus, Sulphur and Phosphate Solubilizing Bacteria (PSB) on Black Gram’s (Vigna mungo L.) Growth, Yield and Nutrient Uptake in Odisha's Mid-Central Table Land Zone, India


ABSTRACT

A field experiment was conducted during the kharif seasons of 2020 and 2021 at the Regional Research and Technology Transfer Station (OUAT), Mahisapat, to evaluate the effects of phosphorus, sulphur, and phosphate-solubilizing bacteria (PSB) on the growth, yield, and nutrient uptake of black gram (Vigna mungo L.). The experimental soil, classified as Alfisol, was low in nitrogen (221 kg/ha), medium in phosphorus (11.6 kg/ha), high in potassium (185 kg/ha), and acidic (pH 5.6). The study followed a randomized block design with eight treatments comprising combinations of phosphorus (20 and 40 kg P₂O₅/ha), sulphur (20 kg S/ha), and PSB (4.0 kg/ha), replicated thrice. The variety PU-31 was used. Among all treatments, T₆ (40 kg P₂O₅/ha + 20 kg S/ha + 4.0 kg PSB/ha) significantly outperformed others, recording the highest plant height (38.03 cm), branches per plant (6.34), pods per plant (20.2), pod length (4.1 cm), seeds per pod (6.27), test weight (36.0 g), seed yield (8.50 q/ha), and haulm yield (18.56 q/ha). This treatment also achieved the highest nutrient uptake: N (48.2 kg/ha), P (7.8 kg/ha), and K (36.7 kg/ha). In contrast, the control (T₁) had the lowest performance. The findings indicate that integrated nutrient management involving phosphorus, sulphur, and PSB significantly improves black gram productivity and nutrient use efficiency under acidic soil conditions, offering a sustainable strategy for the Mid-Central Table Land Zone of Odisha.
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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 (Ali & Kumar, 2006 and Choudhary & Kumawat, 2011). As of 2024, pulses are globally cultivated on approximately 96 million hectares, producing around 96 million tonnes, with an average productivity of 1,000 kg/ha (IndexBox, 2024). India remains the leading country in pulse cultivation, accounting for over 28 million hectares, which contributes about 31% of the global area and 28% of global production (Directorate of Pulses Development, 2021). Despite this large area, India’s national pulse productivity remains suboptimal, recorded at 885 kg/ha in 2020–21, primarily due to multiple constraints including biotic and abiotic stresses, poor soil fertility, and imbalanced nutrient application (Pang et al., 2024; ICAR, 2021).
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 (Manna et al.,2024). 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 during the kharif seasons of 2020 and 2021 at the Regional Research & Technology Transfer Station (OUAT), Mahisapat, located between 20°03′ and 21°16′ N latitude and 84°00′ and 86°06′ E longitude. The objective was to assess 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 acidic Alfisol, with a sandy loam texture. The soil tested 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 region receives an average annual rainfall of approximately 1400 mm.
The experiment was laid out in a Randomized Block Design (RBD) with three replications and eight treatment combinations, as shown in chart 1.
Chart 1: Treatment Combinations Used in the Experiment
	Treatment Code
	Treatment Description

	T₁
	Control (No phosphorus, sulphur, or PSB)

	T₂
	40 kg P₂O₅ /ha

	T₃
	40 kg P₂O₅ /ha + PSB (4.0 kg/ha)

	T₄
	20 kg P₂O₅ /ha + PSB (4.0 kg/ha)

	T₅
	40 kg P₂O₅ /ha + 20 kg S/ha

	T₆
	40 kg P₂O₅ /ha + 20 kg S/ha + PSB (4.0 kg/ha)

	T₇
	20 kg P₂O₅ /ha + 20 kg S/ha + PSB (4.0 kg/ha)

	T₈
	PSB only (4.0 kg/ha



Experimental Details
Plot size: 4.0 m × 3.0 m (12.0 m² per plot)
Spacing: 30 cm (row-to-row) × 10 cm (plant-to-plant)
Seed rate: 25.0 kg/ha
Border rows: One row on all sides of each replication was maintained as a border to minimize edge effects
Field layout: Plots were laid out with buffer spaces of 0.5 m between plots and 1.0 m between replications
Nutrient Application and PSB Inoculation
Basal Fertilization: All plots received a uniform basal dose of nitrogen and potassium at 20:20 kg/ha through urea and muriate of potash (MOP), respectively.
Phosphorus and Sulphur: Applied as per treatments through Single Super Phosphate (SSP) and elemental sulphur.
PSB Inoculation: A solid-based PSB formulation (carrier: charcoal; source: OUAT Biofertilizer Laboratory) was used. Seeds were uniformly coated with 4.0 kg/ha of PSB powder using a 10% jaggery solution as an adhesive. After coating, seeds were shade-dried for 30 minutes before sowing. In treatments requiring soil application, PSB was mixed with 10 kg of fine sand and broadcast uniformly at sowing.
Data Collection and Analysis
Five plants were randomly selected and labeled in each plot for recording the following parameters at harvest:
· Growth parameters: Plant height (cm), number of branches per plant
· Yield attributes: Number of pods per plant, pod length (cm), number of seeds per pod, test weight (g)
· Yield: Seed yield (q/ha), haulm yield (q/ha)
· Nutrient uptake: N, P, and K uptake in kg/ha
· Post-harvest soil analysis was carried out for available N, P, and K
Statistical Analysis
All recorded data were analyzed using Analysis of Variance (ANOVA) following the procedure outlined by Gomez and Gomez (1984). Treatment means were compared using the Least Significant Difference (LSD) test at the 5% level of significance (p < 0.05) to determine significant differences among treatments.

RESULTS AND DISCUSSION
The pooled data from the Kharif seasons of 2020 and 2021 (Tables 1–3) demonstrate the significant influence of integrated nutrient management on the growth, yield, and nutrient uptake of black gram (Vigna mungo L.). Notably, treatment T₆—comprising 40.0 kg P₂O₅/ha, 20.0 kg S/ha, and phosphate-solubilizing bacteria (PSB) at 4.0 kg/ha—consistently outperformed other treatments, highlighting the benefits of combining chemical fertilizers with biofertilizers under acidic soil conditions.
Growth Attributes
T₆ recorded the highest plant height (38.03 cm), number of branches per plant (6.34), leaf area index (0.98), nodules per plant (23.5), and dry matter accumulation (9.2 g/plant) (Table 1). The improvement in vegetative growth can be attributed to the synergistic role of phosphorus and sulphur in promoting root elongation, cell division, and protein synthesis. Phosphorus is known to stimulate early growth and energy transfer (ATP production), while sulphur supports chlorophyll formation and enzyme activation, leading to enhanced physiological functions (Ramandeep et al., 2024).
The significantly greater number of root nodules under T₆ indicates a conducive rhizospheric environment created by PSB inoculation, which facilitates rhizobial colonization and biological nitrogen fixation. PSB solubilize otherwise unavailable phosphate by secreting organic acids, chelating agents, and enzymes that mobilize nutrients into plant-available forms (Logesh et al., 2024). This aligns with findings by Muneer et al. (2023), who reported increased nodulation and biomass in black gram under phosphorus-deficient soils with PSB inoculation.
Treatment T₅ (40 kg P₂O₅ + 20 kg S/ha) also exhibited favorable growth but lacked the microbial synergy offered by PSB. Meanwhile, control plots (T₁) showed the poorest performance across all parameters, underscoring the necessity of nutrient supplementation in acidic Alfisols.

Yield and Yield Attributes
The highest yield-contributing traits were also observed under T₆: number of pods per plant (20.2), pod length (4.06 cm), number of seeds per pod (6.27), and 100-seed weight (36.0 g) (Table 2). These improvements translated into the highest seed yield (8.50 q/ha) and haulm yield (18.56 q/ha), with the greatest benefit-cost (B:C) ratio of 1.98.
The increased seed yield under T₆ can be attributed to efficient translocation of photosynthates, optimal reproductive development, and improved sink strength. Phosphorus and sulphur play key roles during flowering and pod development by supporting ATP synthesis and amino acid formation, respectively. Moreover, higher nodulation under this treatment would have facilitated greater nitrogen fixation, thus promoting better seed filling and protein synthesis (Pang et al., 2024; Kumar et al., 2022).
Treatments T₇ and T₅ also demonstrated commendable yield performance, indicating that even a reduced dose of phosphorus (20 kg P₂O₅/ha) combined with PSB and sulphur can substantially improve productivity, making T₇ a more cost-effective option for resource-poor farmers.
Nutrient Uptake
Nutrient uptake data (Table 3) further validates the observed growth and yield trends. The highest uptake of nitrogen (48.2 kg/ha), phosphorus (7.8 kg/ha), and potassium (36.7 kg/ha) was recorded under T₆. This confirms that integrated nutrient management enhances root activity and absorption capacity.
Notably, phosphorus uptake increased by 144% and nitrogen uptake by 83% over the control. These improvements can be linked to enhanced root proliferation, microbial activity, and nutrient solubilization facilitated by PSB. Sulphur supplementation likely improved the activity of nitrate reductase and other enzymes associated with nitrogen assimilation (Chen et al., 2023). Similar outcomes were observed by Awasthi et al. (2021), who reported increased phosphorus availability and uptake with microbial consortia.
The control treatment (T₁) exhibited the lowest nutrient uptake values, demonstrating the severe limitations of relying on native soil fertility alone under Alfisol conditions with high P fixation and low N availability.

Comparative and Economic Insights
While T₆ proved most effective agronomically and economically, T₇ (20 kg P₂O₅ + 20 kg S + PSB) also showed promising results, suggesting that phosphorus doses can potentially be optimized without compromising performance if supported by biofertilizers. This has significant implications for sustainable nutrient management and cost reduction.
The increased B:C ratios observed in T₆ and T₇ (1.98 and 1.80, respectively) affirm the profitability of integrated approaches, particularly in rainfed regions where fertilizer use must be both efficient and economical.
CONCLUSION
The present investigation highlights the crucial role of integrated nutrient management strategies in enhancing the growth, yield, and nutrient uptake of black gram (Vigna mungo L.) under the agro-climatic conditions of the Mid-Central Table Land Zone of Odisha. The combined application of phosphorus, sulphur, and phosphate-solubilizing bacteria (PSB) significantly improved plant height, number of pods per plant, seed weight, and ultimately, the grain and stover yield compared to individual nutrient treatments or the control.
Among the treatments, the integrated application of 60 kg P₂O₅ ha⁻¹ + 20 kg S ha⁻¹ + PSB (liquid formulation) not only registered the highest yield performance but also enhanced phosphorus and sulphur uptake, demonstrating the synergistic effect of combined nutrient sources. PSB inoculation played a key role in increasing phosphorus bioavailability by solubilizing the fixed soil phosphorus, while sulphur supplementation contributed to enhanced protein synthesis and enzymatic activity. The early application of PSB through seed treatment, followed by basal soil application of P and S at sowing, proved to be agronomically effective and operationally feasible. Given the inherently low nutrient availability and widespread sulphur and phosphorus deficiencies in the zone, integrated nutrient management emerges as a sustainable solution for enhancing pulse productivity. Moreover, this approach contributes to improving soil health and supports environmentally sound practices by reducing dependency on chemical fertilizers.
Therefore, it is recommended that farmers in the Mid-Central Table Land Zone adopt an integrated approach combining phosphorus, sulphur, and PSB to improve the productivity and sustainability of black gram cultivation. 



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
	-


[bookmark: _GoBack]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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