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Effect of Different Rates of Phosphorus and Sulphur Fertilization on the Growth, Yield, and Protein Content of Mung bean (Vigna radiata L.)
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ABSTRACT 

	This study aimed to evaluate the effects of different rates of phosphorus (P) and sulphur (S) on the growth, yield, and protein content of mung bean (Vigna radiata L.), to determine the combined effects, and to identify the optimal combination for maximum productivity and protein content of mung bean. The field experiment was conducted at the Department of Soil and Water Science Farm, Yezin Agricultural University, Myanmar, during the monsoon season from May to August in 2025, and post-monsoon season from October 2025 to January 2026. The experiment was laid out in a 4 × 3 factorial arrangement in a randomized complete block design (RCBD) with three replications. Four P levels (0, 30, 60, and 90 kg P₂O₅ ha⁻¹) and three S levels (0, 20, and 40 kg S ha⁻¹) were tested. Growth parameters (plant height, crop growth rate (CGR), and branches plant-1), yield components (pods plant-1, seeds pod-1, and 100-grain weight), grain yield, and protein content were recorded. The tallest plants (71.60 and 60.40 cm), maximum CGR (15.56 and 13.08 g m-2 day-1), branches plant-1 (2.20 and 2.0), pods plant-1(30.73 and 27.10), seeds pod-1 (12.47 and 11.23), highest yield (1632.20 and 1712.20 kg ha-1 ) and protein content (24.33 and 25.37 %) were recorded at the application of 90 kg P₂O₅ ha⁻¹ + 40 kg S ha⁻¹ (P₃S₂) during monsoon and post-monsoon seasons. These parameters were not significantly different from those of 60 kg P₂O₅ ha⁻¹ + 20 kg S ha⁻¹ (P2S1).  Therefore, P2S₁ is suggested as the most suitable nutrient combination for maximizing mung bean productivity and protein content in the study area. 
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1. INTRODUCTION 

Food and nutritional security are expected to become a critical global challenge due to climate change and the projected population of 9.1 billion by 2050 (FAO, 2017). In addition to staple crops and vegetables, pulses play an essential role in meeting the rising food demand. Pulses are rich in protein, dietary fiber, and essential micronutrients such as iron, zinc, magnesium, and folate (Mudryi et al., 2014). Beyond their nutritional value, they can increase high amounts of available N in the soil by maintaining a high rate of biological nitrogen fixation (Hossain et al., 2016), leading to improving soil fertility, which contributes to sustainable agriculture (Bairwa et al., 2014). Among the pulse crops producing countries, India is the world’s largest producer and consumer of pulses, accounting for one-fourth of global production (Joshi & Rao, 2017). In Myanmar, pulses rank second among domestic crops and are the country’s leading agricultural export by both volume and value. Mung bean, pigeon pea, and chickpea are the major pulse crops, placing Myanmar among the top five global producers (Myanmar Pulses Sector Development Strategy, 2017). Mung bean (green gram or golden gram) is one of the most important and resilient pulse crops. It is widely consumed in both savory and sweet dishes and is valued for its high protein content, easy digestibility, and non-flatulent nature (Karmokar, 2020). Its short growth duration, drought tolerance, and suitability for dryland farming make it an important crop. Additionally, mung bean improves soil physical properties, fixes atmospheric nitrogen, and is commonly grown as an intercrop. Its foliage and stems also serve as nutrient-rich livestock fodder (Kishor et al., 2021). Fertilizer application is essential for supplying nutrients required for plant growth. Balanced fertilization enhances yield and quality while supporting environmental sustainability, whereas improper use can negatively affect productivity and ecosystems (Pretty, 2018). Pulse crops have a high phosphorus requirement for optimal growth (Pandey, 2018). Phosphorus plays a central role in photosynthesis, energy transfer, cell division, root development, nodulation, and nitrogen fixation. As a component of adenosine triphosphate (ATP) and adenosine diphosphate (ADP), it promotes root growth, dry matter accumulation, grain formation, and overall yield improvement (Pandey, 2018; Sahu et al., 2020). Sulphur (S) is another essential nutrient for mungbeans and is considered the fourth major nutrient after nitrogen (N), phosphorus (P), and potassium (K) (Das, 2017). It enhances nodulation, chlorophyll formation, protein synthesis, seed development, and yield quality (Raj et al., 2023). Although mung bean has advantages such as rapid growth and early maturity, its yield often remains below potential due to nutrient deficiencies and improper fertilization. While its N requirement is relatively low, adequate P and S are necessary for optimum performance. In the study area, sandy loam soils with low water-holding capacity and declining fertility from intensive cropping further limit productivity. Moreover, limited information is available in Myanmar regarding the combined effects of P and S fertilization on the growth, yield, and protein content of mung bean. Therefore, this study was conducted (1) to evaluate the effects of different rates of P and S fertilization on the growth, yield, and protein content of mung bean, (2) to determine the combined effects of P and S fertilizations on mung bean, and (3) to identify the optimal combination for maximum productivity and protein content of mung bean.

2. Materials and methods 

The field experiments were conducted at the Department of Soil and Water Science Farm, Yezin Agricultural University, during the monsoon season from May to August in 2025, and the post-monsoon season from October 2025 to January 2026. The experimental site is geographically situated at 19° 10ʹ N latitude and 96°07ʹ E longitude with an altitude of 102 m above sea level. The experiment was laid out in a 4×3 factorial arrangement in a randomized complete block design (RCBD) with three replications. The individual plot size was 4 m × 3 m, and the plant spacing was 45 cm × 10 cm. Two fertilizers were applied as sources of P and S in the experiment, namely Triple Super Phosphate and Elemental S. The experiment included two factors: Factor A represented four P levels (0, 30, 60, and 90 kg P2O5 ha⁻¹), while Factor B comprised three S levels (0, 20, and 40 kg S ha⁻¹). Before conducting the experiment, a composite soil sample was collected from 20 sub-samples per hectare in the field at a depth of 0-15 cm using an auger in a zig-zag pattern. The collected soil was thoroughly mixed, air-dried, ground, and passed through a 2 mm sieve and analyzed for some important physicochemical parameters such as soil texture, pH, electrical conductivity (EC), organic matter, cation exchange capacity (CEC), total N, available P, available K, and available S at the Land Use Division of the Department of Agriculture. Some physicochemical characteristics of the initial soil before planting were presented in Table 1.



Table.1. Some physicochemical characteristics of the initial soil before the experiment
	Parameters
	Values
	Rating
	Analytical methods
(Authors, Year)

	Soil texture
	-
	Sandy loam
	Bouyoucos Hydrometer Method
(Black et al., 1983)


	Sand (%)
	66.90
	
	

	Silt (%)
	24.86
	
	

	Clay (%)
	8.24
	
	

	Soil pH
	5.93
	Moderately acid
	Soil Water Suspension (1:2.5)
(Rayment & Lyons, 2011)

	Electrical conductivity (mScm-1)
	0.06
	Very low
	Soil Water Suspension (1:5)
(Rayment & Lyons, 2011)

	Organic matter (%)
	1.12
	Low
	Walkey and Black Method
(Walkley & Black, 1934)

	Cation exchange capacity
 (cmol (+) kg-1)
	7.34
	Low
	Ca2+ and Mg2+ (Titration Method)
K+ and Na+ (Flame Photometric Method)
(Metson, 1957)

	Total nitrogen (%)
	0.09
	Very low
	Kjeldahl’s method
(Rayment & Lyons, 2011)

	Available phosphorus (mg kg-1)
	5.85
	Low
	Bray and Kurtz Method (Spectrophotometer)
(Rayment & Lyons, 2011)

	Exchangeable potassium
 (cmol (+) kg-1)
	0.09
	Low
	Flame Photometric Method
(Jackson, 1958)

	Available sulphur (mg kg-1)
	1.91
	Low
	Turbidimetric Method
(Shirisha et al., 2010). 



For fertilizer application, the recommended dose of 18.95 kg N ha⁻¹ and 30.76 kg K ha⁻¹ was applied to all plots, using urea and muriate of potash as sources of N and K, respectively. Muriate of potash, and half of the total N (as urea) were incorporated into the soil as a basal dose during the final land preparation. The remaining half of the urea was top-dressed at 21 days after sowing (DAS). Fertilizers used in the treatments included triple superphosphate, which was applied as a basal fertilizer at the time of sowing as band placement, and elemental S was incorporated into the soil 21 DAS. All fertilizers were applied evenly by broadcasting and thoroughly mixed into the soil. The tested variety was Yezin-16 (60-65 days) at a seeding rate of 30 kg ha⁻¹ in both experiments. Plant protection was done throughout the growing seasons as necessary.

2.1 Data collection  

Growth and yield parameters were assessed using five plants that were randomly selected and permanently tagged from the inner rows of each experimental plot to ensure representative sampling, and the following data were collected.

2.1.1 Plant height (cm) – It was measured from the base of the plants up to the growing tip of the main stem in weekly intervals from 21 DAS to 56 DAS. 

2.1.2 Crop growth rate (g m-2 day-1) – It was expressed as dry weight gained by a unit area of crop in a unit time. The values of plant dry weight at 21, 28, 35, 42, 49, and 56 DAS were used to calculate the CGR. The following formula was used to calculate the CGR. 
CGR  × 1/P
Where, 
W1 = Dry matter production per unit area at unit time t1 (g)
W2 = Dry matter production per unit area at unit time t2 (g)
t1    = Days to first sampling 
t2    = Days to second sampling 
P    = Ground area covered by the plant (m2)	
								(Watson, 1947) 

2.1.3 Number of branches plant-1 – The number of branches plant-1 was determined at harvest time by counting the total branches from five randomly selected plants in each plot. 

2.1.4 Number of pods plant-1 – It was counted for the five selected plant samples at harvest time, and the average pod number was then calculated.

2.1.5 Number of seeds pod-1 – It was counted from randomly selected ten pods of five plant samples in each plot, and then the average seed number was calculated.

2.1.6 100-grain weight (g) – 100 grains from five sampled plants in each plot were weighed on an electronic balance, and the weight was recorded in grams.

2.1.7 Grain yield (kg ha-1) – Plants within the central 1 m2 of the plot were harvested for grain yield. The grains were threshed, cleaned, weighed, and then recorded for each plot and expressed as kg ha-1.

2.1.8 Protein content (%) - Protein content in mung bean grains at maturity was determined from five randomly selected plants in each plot by multiplying the nitrogen percentage of the grains by 6.25 (Pandey, 2018).


2.2 Statistical analysis

The collected data were statistically analyzed using analysis of variance (ANOVA) with the Statistix 8.0 software. Mean differences were compared using the Least Significant Difference (LSD) test at a 5% probability level (Gomez and Gomez, 1984).  

3. results AND DISCUSSION

3.1 Plant height (cm)

Plant height of mung bean was significantly affected by P application at all growth stages in both the monsoon and post-monsoon seasons, whereas S and the interaction effect (P × S) remained non-significant throughout the crop growth period (Fig.1). Plant height increased progressively with increasing P levels, and the tallest plants were consistently recorded under the highest P rate (90 kg P₂O₅ ha⁻¹), particularly when combined with 40 kg S ha⁻¹, although the interaction was statistically non-significant. At 56 DAS during the monsoon season, the maximum plant height (71.60 cm) was observed under P₃S₂, while the control (P₀S₀) produced the shortest plants (49.20 cm). A similar trend was observed in the post-monsoon season, where the highest plant height (60.40 cm) was recorded under P₃S₂ and the lowest (45.07 cm) under the control treatment. Other combined treatments, such as P₃S₁, P₂S₂, and P₂S₁, also showed greater plant height compared to sole nutrient applications. In this study, the available P and available S content were low according to the soil analysis (Table 1), therefore, the combined application of P and S had a significant effect on the plant height of the mung bean. Similar results were reported by Sahu et al. (2021), who found that the combined application of P and S increased the plant height of mung beans. Phosphorus is essential for energy transfer, cell division, root development, and overall vegetative growth. Thus, its application improved nutrient availability and plant performance in the mung bean. Additionally, application of S increased the plant height due to cell division and differentiation, and root elongation, which resulted in higher absorption of nutrients and photosynthesis rate.

3.2 Crop growth rate (CGR) (gm-2day-1)

Fig.2 showed that the crop growth rate (CGR) of mungbean was markedly influenced by P and S fertilization during both the monsoon and post-monsoon seasons. In the monsoon season, P application significantly increased CGR at all growth stages, with values consistently rising from 0 to 90 kg P₂O₅ ha⁻¹. The highest P level (90 kg P₂O₅ ha⁻¹) produced the maximum CGR throughout the crop growth period, while the control treatment recorded the lowest values. Similarly, S application significantly enhanced CGR across all stages, with 40 kg S ha⁻¹ generally resulting in the highest growth rates. Crop growth rate increased progressively from 21–28 DAS and reached its peak at 42–49 DAS, followed by a slight decline at 49–56 DAS. The reduction in CGR during 49-56 DAS could be due to the transition from vegetative to reproductive growth, where a greater proportion of assimilates is allocated to pod and seed formation rather than vegetative biomass accumulation. Furthermore, aging of leaves and decreased photosynthetic efficiency during the maturity stage contribute to the decline in growth rate. However, the interaction effect between P and S was non-significant, indicating that their effects on CGR were independent. During the post-monsoon season, P significantly influenced CGR at all growth intervals, and the highest rate (90 kg P₂O₅ ha⁻¹) consistently produced superior growth rates. Sulphur significantly affected CGR at the mid-growth stages (28–49 DAS) but showed non-significant effects at the early (21–28 DAS) and late (49–56 DAS) stages. In both seasons, CGR peaked at 42–49 DAS before declining slightly towards maturity. Phosphorus enhances energy transfer, root development, and photosynthetic efficiency, leading to improved dry matter production. Sulphur also significantly improved CGR at most growth stages, particularly during the monsoon season. This effect might be attributed to its involvement in chlorophyll formation and protein synthesis. The decline in CGR at 49–56 DAS may be due to leaf senescence and translocation of assimilates to pods (Gardner, Pearce, & Mitchell, 2017). Treatments with higher P and S not only promoted stronger vegetative growth but also enabled plants to maintain greater dry matter production during critical growth stages. However, the interaction between P and S was non-significant. These results were similar to the findings of Dey et al. (2021) and Parmdeep et al. (2017).
3.3 Number of branches plant-1

Table 2 revealed that the number of branches plant⁻¹ was significantly influenced by P and S application in both monsoon and post-monsoon seasons. During the monsoon season, the highest number of branches (2.09 plant⁻¹) was obtained at 90 kg P₂O₅ ha⁻¹, which was significantly superior to all other treatments at the 1% level. In the post-monsoon season, the branch number also increased from 1.24 at control to 1.84 at 90 kg P₂O₅ ha⁻¹. Sulphur application also significantly influenced the branch number at the 5% level in both seasons. In the monsoon season, the branch number increased from 1.72 at 0 kg S ha⁻¹ to 1.82 at 40 kg S ha⁻¹, while in the post-monsoon season, it increased from 1.38 to 1.65. The highest S rate (40 kg S ha⁻¹) produced significantly more branches than the control, although it was statistically similar to 20 kg S ha⁻¹. Although the interaction effect between P and S (P × S) was non-significant in both seasons, P₃S₂ gave the maximum number of branches plant-1 (2.20 and 2.0) during the monsoon and post-monsoon seasons (Fig.3). Adequate P supply may enhance root development and improve nutrient and water uptake, thereby supporting the formation of more lateral shoots and branches. As S involves in chlorophyll synthesis and improves photosynthetic efficiency, S application results in better vegetative growth and branch development in the study. This result was similar to the findings of Parashar, Jain, & Nath (2020) and Serawat et al. (2018).

3.4 Number of pods plant-1

Table 2 indicated that the number of pods plant-1 was significantly affected by P and S application in both the monsoon and post-monsoon seasons. Pod number increased markedly with increasing P levels, rising from 17.57 to 29.69 in the monsoon season and from 13.64 to 26.29 in the post-monsoon season as P increased from 0 to 90 kg P₂O₅ ha⁻¹. Sulphur application also significantly enhanced pod formation, with 40 kg S ha⁻¹ producing the highest pod numbers in both seasons. Both P and S effects were highly significant, while the interaction effect (P × S) was significant in the monsoon season and highly significant in the post-monsoon season, indicating a synergistic influence on pod production. In both seasons, the maximum number of pods plant-1 was recorded under the combined treatment of 90 kg P₂O₅ ha⁻¹ and 40 kg S ha⁻¹ (P₃S₂), although treatments such as P₃S₁, P₂S₂, and P₂S₁ were not statistically different (Fig.4). The positive response to P might be attributed to its role in energy transfer, photosynthesis, and assimilate translocation to reproductive organs, while S supports protein synthesis, chlorophyll formation, and improved flower retention. Similar findings were reported by Marbaniang et al. (2020) and Kumawat et al. (2014).
3.5 Number of seeds pod-1

Phosphorus application significantly increased the number of seeds pod⁻¹ in both monsoon and post-monsoon seasons at the 1% level (Table 2). In the monsoon season, the highest value (12.27) was recorded at 90 kg P₂O₅ ha⁻¹, which was statistically similar to 60 kg P₂O₅ ha⁻¹ but superior to lower levels. During the post-monsoon season, the number of seeds pod⁻¹ increased from 9.31 in the control to 11.12 at 90 kg P₂O₅ ha⁻¹. Sulphur application also significantly improved seeds pod⁻¹ in both seasons. In the monsoon season, the highest values (11.94 and 12.15) were obtained at 20 and 40 kg S ha⁻¹, and 10.37 and 10.58 were achieved during the monsoon season, which were statistically superior to the control. The interaction effect (P × S) was significant at the 5% level in both seasons, indicating a combined influence of P and S on seed formation (Fig.5). The positive response to P may be attributed to its essential role in energy transfer, root development, and reproductive growth. Adequate P enhances flowering, fertilization, and translocation of assimilates to developing seeds, thereby increasing seed number pod-1. Sulphur also significantly enhanced seed pod⁻¹, which might be due to its involvement in enzyme activity under adequate S nutrition, likely promoting better seed setting and reduced flower or ovule abortion. The combined application of P and S further enhanced seed setting compared to their individual effects (Das, 2017), which was similar to the present study.

3.6 100-grain weight (g)

The mean comparison of 100-grain weight of mung bean as influenced by different rates of P and S application during the monsoon and post-monsoon seasons is presented in Table 3. The results indicated that 100-grain weight showed a slight increasing trend with increasing P levels in both seasons. During the monsoon season, the 100-grain weight increased from 5.41 g at 0 kg P₂O₅ ha⁻¹ to 5.60 g at 90 kg P₂O₅ ha⁻¹. Although the highest value was recorded at 90 kg P₂O₅ ha⁻¹, the differences among P levels were not significant. Similarly, in the post-monsoon season, 100-grain weight ranged from 5.77 g (0 kg P₂O₅ ha⁻¹) to 5.99 g (90 kg P₂O₅ ha⁻¹), but the effect remained statistically non-significant. Regarding S application, a slight improvement in 100-grain weight was observed with increasing S rates. In the monsoon season, 100-grain weight increased from 5.46 g at 0 kg S ha⁻¹ to 5.50 g at both 20 and 40 kg S ha⁻¹. In the post-monsoon season, the values increased from 5.78 g (0 kg S ha⁻¹) to 5.92 g (40 kg S ha⁻¹), but indicated non-significant differences among S treatments. The interaction effect of P and S (P × S) was also non-significant in both seasons. Individual grain weight in mung beans is relatively stable and largely governed by genetic factors rather than moderate variations in nutrient supply (Egli, 2006). Although P enhances energy transfer and assimilation movement, and S plays an important role in protein synthesis and nodulation, their influence may be more pronounced on yield components such as pod number and seed number rather than seed size. Similar findings have been reported by Punse et al. (2018) and Yadav et al. (2021), who observed improvements in overall yield without significant changes in 100-grain weight.

3.7 Grain yield (kg ha-1)

Phosphorus application significantly increased grain yield in both monsoon and post-monsoon seasons (Table 3). In the monsoon season, grain yield increased from 922.00 kg ha⁻¹ at 0 kg P₂O₅ ha⁻¹ to 1616.30 kg ha⁻¹ at 90 kg P₂O₅ ha⁻¹, with 60 and 90 kg P₂O₅ ha⁻¹ being statistically at par. During the post-monsoon season, the highest yield (1677.90 kg ha⁻¹) was recorded at 90 kg P₂O₅ ha⁻¹. Sulphur application also significantly improved grain yield in both seasons, with 40 kg S ha⁻¹ producing the maximum yield (1425.40 kg ha⁻¹ in monsoon and 1429.10 kg ha⁻¹ in post-monsoon). The lowest yields were consistently observed in the control treatments. The interaction effect (P × S) was highly significant in both seasons, indicating a combined influence on seed yield. Fig.6 showed that the highest yields were achieved under the highest P levels (P2 and P3) combined with sulphur, particularly in P3S2 treatment (90 kg P₂O₅ ha⁻¹+ 40 kg S ha-1) and P2S2 treatment (60 kg P₂O₅ ha⁻¹+ 40 kg S ha-1). Although P3S2 gave the maximum yield, it was not statistically different from P3S1 treatment (90 kg P₂O₅ ha⁻¹+ 20 kg S ha-1), P3S0 treatment (90 kg P₂O₅ ha⁻¹+ 0 kg S ha-1), P2S2 treatment (60 kg P₂O₅ ha⁻¹+ 40 kg S ha-1), and P2S1 treatment (60 kg P2O5 ha-1+ 20 kg S ha-1) in both seasons. The highly significant interaction (P × S) observed in both seasons indicated a synergistic effect of P and S on grain yield. Phosphorus improves root growth and nutrient uptake, while S enhances protein synthesis and N metabolism; together, they optimize physiological processes leading to higher yield. Similar synergistic effects of P and S were reported by Choudhary et al. (2023) and Dharwe et al. (2018) in mung bean, where the combined application resulted in significantly higher seed yield than individual applications.

3.8 Protein content (%)

Protein content of mungbean was significantly influenced by P and S application during both the monsoon and post-monsoon seasons, as presented in Table 3. Increasing P rates from 0 to 90 kg P₂O₅ ha⁻¹ progressively enhanced protein content, with the highest values recorded at 90 kg P₂O₅ ha⁻¹ in both seasons. Similarly, S application from 0 to 40 kg S ha⁻¹ significantly increased protein percentage, with maximum protein content observed at 40 kg S ha⁻¹. The interaction effect (P × S) was significant at the 5% level, indicating a synergistic effect of combined nutrient application. Fig.7 showed that the combined application of P and S significantly influenced the protein content of mung bean in both monsoon and post-monsoon seasons. Protein percentage increased progressively with increasing levels of P and S, and the interaction effect (P × S) was significant at the 5% level. The highest protein content was recorded under the treatment P₃S₂ (90 kg P₂O₅ ha⁻¹ + 40 kg S ha⁻¹), while the lowest value was observed in the control (P₀S₀). The progressive increase in protein percentage with increasing P levels (0 to 90 kg P₂O₅ ha⁻¹) indicated that P plays a vital role in enhancing seed quality. This may be attributed to the involvement of P in energy transfer (ATP), nucleic acid synthesis, and stimulation of root growth, which collectively improve nitrogen fixation and nitrogen assimilation in legumes (Marschner, 2011). Enhanced N fixation directly contributes to greater synthesis of amino acids and proteins in seeds. Similarly, S application significantly improved protein content in both seasons, with the highest values observed at 40 kg S ha⁻¹. Sulphur is an essential constituent of S-containing amino acids such as cysteine and methionine and is directly involved in protein synthesis and enzyme activation. The consistent increase in protein content with increasing S levels observed in this study supports this physiological role. The findings of the present investigation are in accordance with the findings of Serawat et al. (2020) and Singh et al. (2014).
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Fig.1. Mean values of plant height (cm) as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon season
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Days after sowing (DAS)


P0 - 0 kg P2O5 ha-1, P1  - 30 kg P2O5 ha-1, P2 - 60 kg P2O5 ha-1, P3 - 90 kg P2O5 ha-1, S0 - 0 kg S ha-1, S1  - 20 kg S ha-1, S2 - 40 kg S ha-1   



 			
     



Fig.2. Mean values of crop growth rate (CGR) as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon season
Table 2. Number of branches plant-1, number of pods plant-1, and number of seeds pod-1 of mung bean as influenced by different rates of phosphorus and sulphur fertilization during the monsoon and post-monsoon seasons, 2025

	Treatments
	Number of branches plant-1
	Number of pods plant-1
	Number of seeds pod-1

	
	Monsoon
	Post-monsoon
	Monsoon
	Post-monsoon
	Monsoon
	Post-monsoon

	Phosphorus levels
	
	
	
	
	
	

	P0 (0 kg P2O5 ha-1)
	1.38 d
	1.24 b
	17.57 d
	13.64 d
	11.37 c
	9.31 d

	P1 (30 kg P2O5 ha-1)
	1.67 c
	1.38 b
	24.09 c
	20.04 c
	11.94 b
	10.12 c

	P2 (60 kg P2O5 ha-1)
	1.93 b
	1.62 a
	27.33 b
	24.74 b
	 12.14 ab
	10.80 b

	P3 (90 kg P2O5 ha-1)
	2.09 a
	1.84 a
	29.69 a
	26.29 a
	12.27 a
	11.12 a

	LSD0.05
	      0.08
	         0.24
	0.98
	0.77
	0.26
	0.27

	Sulphur levels
	
	
	
	
	
	

	S0 (0 kg S ha-1)
	1.72 a
	1.38 b
	23.55 c
	19.78 c
	11.70 b
	10.07 b

	S1 (20 kg S ha-1)
	  1.77 ab
	  1.53 ab
	24.54 b
	21.53 b
	11.94 a
	10.37 a

	S2 (40 kg S ha-1)
	1.82 a
	1.65 a
	25.92 a
	22.23 a
	12.15 a
	10.58 a

	LSD0.05
	       0.07
	         0.21
	0.85
	0.67
	0.23
	0.24

	Pr>F
	
	
	
	
	
	

	P
	**
	**
	**
	**
	**
	**

	S
	*
	*
	**
	**
	**
	**

	P×S
	ns
	ns
	*
	**
	*
	*

	CV%
	4.52
	15.91
	3.89
	3.72
	2.25
	2.72


  In a column, means having the same letters are not significant. ** = Significant at 1% level. * = Significant at 5% level.  ns = not significant.
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Fig.3. Mean values of the number of branches plant-1 as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon seasonPr> F	       =  **
LSD0.05             =  1.34
CV(%)         =  3.72
Pr> F	       =  *
LSD0.05             = 1.64
CV(%)         =  3.89
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Fig.4. Mean values of the number of pods plant-1 as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon seasonPr> F	       =  *
LSD0.05             =  0.48
CV(%)         =  2.72
Pr> F	       =  *
LSD0.05             =  0.45
CV(%)         =  2.25
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Fig.5. Mean values of the number of seeds pod-1 as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon season
Table 3. 100-grain weight, grain yield, protein content of mung bean as influenced by different rates of phosphorus and sulphur fertilization during the monsoon and post-monsoon seasons, 2025

	Treatments
	100-grain weight (g)
	Grain yield (kg ha-1)
	Protein content (%)

	
	Monsoon
	Post-monsoon
	Monsoon
	Post-monsoon
	Monsoon
	Post-monsoon

	Phosphorus levels
	
	
	
	
	
	

	P0 (0 kg P2O5 ha-1)
	5.41
	5.77
	  922.00 c
	  810.00 d
	20.88 c
	20.95 d

	P1 (30 kg P2O5 ha-1)
	5.44
	5.79
	1268.50 b
	1274.20 c
	  21.21 bc
	22.31 c

	P2 (60 kg P2O5 ha-1)
	5.52
	5.87
	1562.00 a
	1587.60 b
	21.70 b
	23.78 b

	P3 (90 kg P2O5 ha-1)
	5.60
	5.99
	1616.30 a
	1677.90 a
	22.69 a
	24.73 a

	LSD0.05
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	ns
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	ns
	ns
	**
	**
	*
	*

	CV%
	2.92
	3.05
	4.35
	4.63
	2.37
	2.22


   In a column, means having the same letters are not significant. ** = Significant at 1% level. * = Significant at 5% level.  ns = not   significant.
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Fig.6. Mean values of grain yield (kg ha-1) as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon seasonPr> F	        =  *
LSD0.05              =  0.86
CV(%)          =  2.22
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LSD0.05              =  0.87
CV(%)          =  2.37

Protein content (%)
(b)
(a)


Protein content (%)

Treatments

Treatments

P0 - 0 kg P2O5 ha-1, P1  - 30 kg P2O5 ha-1, P2 - 60 kg P2O5 ha-1, P3 - 90 kg P2O5 ha-1, S0 - 0 kg S ha-1, S1  - 20 kg S ha-1, S2 - 40 kg S ha-1   



 			
     


Fig.7. Mean values of protein content (%) as influenced by the combined application of phosphorus and sulphur during the (a) monsoon season and (b) post-monsoon season

4. CONCLUSION

The present investigation clearly demonstrated that P and S fertilization significantly influenced the growth, yield attributes, grain yield, and protein content of mung bean during both the monsoon and post-monsoon seasons of 2025. Phosphorus application exerted a strong and consistent positive effect on plant height and CGR at all growth stages, indicating that P was a major limiting nutrient under the experimental conditions. Increasing P levels up to 90 kg P₂O₅ ha⁻¹ markedly enhanced vegetative growth, biomass accumulation, and reproductive development in both seasons. Although S had comparatively less influence on plant height and CGR than P, it significantly improved several yield components, particularly the number of branches plant-1, pods plant-1, and seeds pod-1. The interaction effect (P × S) was significant for pods plant-1, seeds pod-1, grain yield, and protein content, indicating a synergistic relationship between the two nutrients. The combined application of P and S proved more effective than their individual application in improving reproductive performance and seed formation. However, 100-grain weight remained statistically non-significant across treatments in both seasons, suggesting that seed size is relatively stable and largely governed by genetic factors rather than moderate variations in nutrient supply. Grain yield responded significantly to P and S fertilization in both seasons. The highest grain yields were recorded at 90 kg P₂O₅ ha⁻¹ and 40 kg S ha⁻¹, either alone or in combination. Protein content of mungbean seeds was also significantly enhanced by increasing levels of P and S. The highest protein percentage was also observed under the combined treatment of 90 kg P₂O₅ ha⁻¹ and 40 kg S ha⁻¹, indicating that balanced fertilization not only improves yield but also enhances protein content. Although P₃S₂ treatment (90 kg P₂O₅ ha⁻¹ + 40 kg S ha⁻¹) produced the maximum yield, and protein content, which were not significantly different from the treatments: P₃S1 (90 kg P₂O₅ ha⁻¹ + 20 kg S ha⁻¹), P2S2 (60 kg P₂O₅ ha⁻¹ + 40 kg S ha⁻¹) and  P2S1 (60 kg P₂O₅ ha⁻¹ + 20 kg S ha⁻¹) at 5 % level. Therefore, the P2S₁ treatment (60 kg P₂O₅ ha⁻¹ + 20 kg S ha⁻¹) is suggested as the optimal nutrient combination to enhance productivity and protein content of mung bean in the study area. The findings of the study provide a practical fertilization strategy for the scientific community to improve pulse crop performance and support regional food security.
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