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Abstract

This field study assessed the effects of integrated nitrogen and phosphorus nutrition with Rhizobium and phosphate-solubilising
bacteria (PSB) inoculation on the growth, yield and economic returns of mung bean (Vigna radiata L.) in Sri Ganganagar,
Rajasthan. The experiment was conducted during the Kharif season of 2025 at the Agricultural Research Farm, Tantia University.
Seven nutrient treatments were evaluated in a randomised block design with three replications, using the MH-1142 variety. The
experimental soil was alkaline (pH 8.65) and contained 0.17% organic carbon. Plant growth, nodulation, yield attributes, yield and
treatment economics were recorded. Among the evaluated treatments, the combination of Nso + Peo kg ha™" with Rhizobium and PSB
inoculation (T~) produced the highest recorded number of pods (22.27 per plant), grains per pod (11.53) and test weight (35.3 g). It
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also gave the highest reported grain yield (1,276.67 kg ha™'), compared with 860.00 kg ha™' in the control, together with the highest
gross returns (3116,211.93 ha™') and net returns (378,620.62 ha™'). The reported benefit—cost ratio was 2.09 under T-. These findings
suggest that the evaluated combination of mineral nutrients and microbial inoculation may improve mung bean performance under
the study conditions. Further field evaluations would be needed to assess its applicability across seasons and locations.

Keywords: Mung bean; Vigna radiata; nitrogen; phosphorus; Rhizobium inoculation; phosphate-solubilising bacteria, integrated
nutrient management,; nodulation; grain yield; economic returns.

1. Introduction

Mung bean (Vigna radiata L.), commonly known as green gram, is an important short-duration pulse crop widely cultivated in
tropical and subtropical regions. Pulses play a vital role in human nutrition and sustainable agriculture, as they are rich sources of
protein, carbohydrates, dietary fibre, vitamins, and minerals. Mung bean contains approximately 22-25% protein (Mohanty &
Satyasai, 2015) and is valued for its nutritional quality and its ability to improve soil fertility through biological nitrogen fixation
(Mubarak, 2005). India is a major producer of mung bean, with Rajasthan being one of the leading producing states (Indian Institute
of Pulses Research [IIPR], n.d.). However, crop productivity is often affected by low soil fertility and inadequate nutrient
availability. Therefore, efficient nutrient management is essential for achieving higher and more sustainable mung bean production.
A field study on green gram reported differences in seed nitrogen and phosphorus contents among integrated nutrient-management
treatments (Kamal et al., 2026).

Nitrogen and phosphorus are essential nutrients for the growth and development of mung bean. Nitrogen plays an important role in
protein synthesis, chlorophyll formation, and vegetative growth, while phosphorus promotes root development, nodulation, energy
transfer, flowering, and seed formation (Marschner, 2012; Taiz et al., 2015). Although mung bean can fix atmospheric nitrogen
through its symbiotic association with Rhizobium, effective nitrogen fixation depends on suitable soil conditions and efficient
bacterial strains (Dakora & Keya, 1997; Graham & Vance, 2003). Adequate phosphorus availability further promotes nodulation
and improves biological nitrogen fixation. Recent research on mung bean has examined how nitrogen and phosphorus fertilisation
influence biological nitrogen fixation and crop yield (Ge et al., 2025a). Another study reported that combined nitrogen—phosphorus
management was associated with changes in photosynthetic performance and grain formation in mung bean (Ge et al., 2025b). A
two-year field study reported differences in mung bean nodulation and yield following the application of microbial biofertilisers
(Yousefi et al., 2025). Research conducted in Rajasthan also evaluated the influence of mineral fertilisers combined with Rhizobium
and PSB inoculation on mung bean yield and economic returns (Verma et al., 2026).

In recent years, the use of biofertilisers such as Rhizobium and phosphate-solubilising bacteria (PSB) has gained importance as a
sustainable approach to nutrient management. Rhizobium enhances biological nitrogen fixation, whereas PSB increases phosphorus
availability in the soil. Their combined application with suitable nitrogen and phosphorus levels can improve nutrient uptake,
nodulation, plant growth, yield attributes, and mung bean productivity. The integrated application of chemical fertilisers and
biofertilisers may therefore improve crop productivity, profitability, and resource-use efficiency. However, limited information is
available on the combined effects of nitrogen, phosphorus, Rhizobium, and PSB under the agro-climatic conditions of Sri
Ganganagar, Rajasthan. Therefore, the present investigation was undertaken to evaluate the effects of nitrogen and phosphorus
levels, in combination with Rhizobium and PSB, on the growth, yield, and economics of mung bean.

2. Materials and Methods
2.1 Experimental Design and Treatments

The field experiment was laid out in a randomised block design (RBD) comprising seven treatments with three replications. Each
experimental plot measured 4.0mx=3.0m, with a net plot area of 2.8mx2.2m. The mung bean variety MH-1142 was used in the study.

The treatments were formulated to evaluate the effects of different nitrogen and phosphorus levels in combination with Rhizobium
and phosphate-solubilising bacteria (PSB) on the growth, yield, and economics of mung bean. The treatments consisted of Ti:
Control (no fertiliser), T2: Nio + P20 kg /ha, Ts: Nao + Pao kg /ha, Ta: Nso + Peo kg /ha, Ts: Nio + P20 kg /ha + Rhizobium + PSB, Ts: N2o
+ Pao kg /ha + Rhizobium + PSB, and T7: Nso + Peo kg /ha + Rhizobium + PSB. Recommended agronomic practices for mung bean
were followed uniformly across all treatments throughout the crop growth period. Rhizobium and PSB cultures were applied by seed
inoculation according to the respective treatments. Nitrogen and phosphorus were applied at the specified rates through suitable
fertiliser sources. Uniform irrigation, weed management, and plant protection practices were maintained to minimise experimental
variation.

The field experiment was conducted at the Agricultural Research Farm, Faculty of Agriculture, Tantia University, Sri Ganganagar,
Rajasthan, India (29.8°N, 73.9°E; altitude 178 m above mean sea level), during the Kharif season of 2025 to study the effects of
nitrogen and phosphorus levels in combination with Rhizobium and PSB on the growth, yield, and economics of mung bean (Vigna
radiata L.). The experimental site falls within Agro-climatic Zone I-b of Rajasthan, commonly known as the Irrigated North
Western Plain Zone, and is characterised by a semi-arid climate. During the crop growth period, the maximum temperature reached
36.84°C, while the minimum temperature ranged from approximately 25.84 to 28.78°C. Rainfall occurred at different intervals
during the experimental period, with relative humidity ranging from 54.43% to 92.43%.

Before sowing, composite soil samples were collected from five representative locations in the experimental field at a depth of 0—15
cm. The samples were air-dried, passed through a 2 mm sieve, and analysed using standard analytical procedures. The experimental
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soil, sampled at a depth of 0-15 cm, had a pH of 8.65, indicating alkaline conditions. The organic carbon content was 0.17%,
indicating a relatively low level of organic matter. The soil contained 125.44 kg /ha of available nitrogen, 16.9 kg /ha of available
phosphorus (P20s), and 147.84 kg /ha of available potassium (K20), which were described as being in the medium range in the
study. Soil pH was determined using a pH meter (Piper, 1966); organic carbon was determined using the Walkley and Black (1934)
wet oxidation method; available nitrogen was measured using the alkaline permanganate method (Subbiah & Asija, 1956); available
phosphorus was measured using Olsen's method (Olsen et al., 1954); and available potassium was measured using the flame
photometer method (Jackson, 1967). Overall, these observations indicated that the experimental soil was alkaline, low in organic
carbon, and had medium available N, P, and K status.

Table 1. Meteorological data during the experimental period (July 2025-September 2025, Sri Ganganagar, Rajasthan

Month Max. Min. Mean RH Mean RH Total Rainy Days Mean Pan
Temp. (°C) Temp. (°C) Max. (%) Min. (%) Rainfall Evaporation
(mm) (mm day™)
July 2025 34.69 26.67 71.48 56.97 343.30 6 2.14
August 2025  33.48 27.57 75.09 65.75 38.30 3 1.46
September 32.75 27.02 84.58 65.15 9.00 1 2.17
2025*

2.2 Observations Recorded

Growth observations of mung bean were recorded at 30 DAS, 45 DAS, and harvest from randomly selected plants in each plot.
Plant height, number of branches plant™ (at harvest), number of nodules plant™”, and pod length (cm) were recorded at the
appropriate growth stages.

Yield attributes included the number of pods per plant, number of grains per pod, and test weight of 1000 seeds (g). Grain and straw
yields were also recorded. Biological yield was calculated as: (BY= grain yield + the straw yield). Harvest index was calculated as:

HI (%) = (grain yield / biological yield) x 100.

The economic performance of each treatment was evaluated in terms of the cost of cultivation, gross returns, net returns, and
benefit:cost (B:C) ratio, calculated as B:C ratio = gross returns / cost of cultivation.

2.3 Statistical Analysis

The analysis was carried out using MS Excel software. The significance of treatment effects was tested using an F-test based on the
null hypothesis. The standard error of the mean [S.Em. (£)] was calculated for each parameter, and the critical difference (CD) at the
5% significance level was determined for comparisons of treatment means wherever treatment effects were significant. The
statistical procedures followed those described by Panse and Sukhatme (1967).

3. Results and Discussion
3.1 Growth Parameters

Plant height, number of branches, nodules per plant, and pod length of mung bean were significantly influenced by different
nitrogen and phosphorus levels, either alone or in combination with Rhizobium and PSB. Among all treatments, T7 (N3o + Pso kg /ha
+ Rhizobium + PSB) recorded the highest plant height at 30 DAS, 45 DAS, and harvest (20.35, 47.12 and 52.07 cm), number of
branches per plant (6.87), number of nodules plant™ at 45 DAS (19.70), and pod length (8.10 cm), remaining statistically at par with
Ts and T4 for most parameters. The lowest values were recorded under T: (control), with plant heights of 11.79, 32.20 and 36.64 cm,
4.00 branches plant™, 12.00 nodules plant™, and a pod length of 5.90 cm. The improved growth and yield attributes under T» may
be attributed to better nutrient availability, enhanced nodulation, and improved nutrient uptake following the combined application
of N, P, Rhizobium, and PSB. Similar improvements in growth parameters following combined nutrient and biofertiliser application
have been reported by Gavhane et al. (2024), Naushad et al. (2023), Harish et al. (2023), Kapat et al. (2024), Reddy et al. (2023),
Tadewos et al. (2022), Kalal et al. (2021), and Amruta et al. (2015).

Table 2. Effect of Various Treatments on growth attributes of moong bean

Treatment Plant height Number of Number of Pod
30 DAS 45 days At harvest branches at nodules per length(cm)
harvest plant at 45 DAS
T1 11.79 32.20 36.64 4 12.00 5.9
T2 13.32 34.69 39.11 4.27 13.00 6.1
T3 1591 39.07 43.93 5.33 15.00 6.8
T4 17.83 42.20 47.47 6.13 16.00 7.2
T5 14.61 36.26 41.00 4.93 14.00 6.6
T6 19.57 46.54 51.04 6.53 17.00 7.6
T7 20.35 47.12 51.40 6.87 19.67 8.1
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3.2 Yield Attributes and Yield

The data presented in Table 3 revealed that different levels of nitrogen and phosphorus, applied alone or in combination with
Rhizobium and PSB, significantly influenced the yield attributes and yield of mung bean. Among all treatments, T+ (N30 + Peo kg/ha+
Rhizobium + PSB) recorded the highest number of pods per plant (22.27), grains per pod (11.53), and test weight (35.3 g), followed
by Ts and T4. Grain yield per plant was also highest under T~ (6.63 g), which was statistically at par with Ts (6.03 g) and T4 (5.39 g).
Similarly, T7 recorded the highest grain yield (1276.67 kg /ha), followed by Ts (1183.33 kg /ha) and T (1096.67 kg /ha), whereas
the lowest grain yield (860.00 kg /ha) was observed under the control (T).

A similar trend was observed for straw and biological yields. T- recorded the highest straw yield per plant (8.68 g) and straw yield
(2374.33 kg /ha), followed by Ts and Ta. Biological yield was also highest under T-, at 15.03 g plant™ and 4257.36 kg /ha,
respectively, while the lowest values were recorded under Ti. The higher yield under T- may be attributed to the combined effects of
adequate nitrogen and phosphorus supply with Rhizobium and PSB, which may have enhanced nutrient availability, nodulation,
plant growth, and translocation of photosynthates towards reproductive organs. However, the harvest index followed a different
trend, with the highest value (30.06%) recorded under T: (control) and the lowest (28.90%) under Ts. Overall, the combined
application of Nso + Peo kg /ha with Rhizobium and PSB improved the yield attributes, grain yield, straw yield, and biological yield
of mung bean. Similar findings have been reported by Bajiya et al. (2025), Mohit and Kumar (2022), Naushad et al. (2023),
Tadewos et al. (2022), Singh et al. (2019), and Reddy et al. (2023).

Table 3. Effect of Various treatments on yield attributes and yield of moong bean

Treatment Number of Number of  Test Yield (kg/ha) Harvest index
pods/ plant grains/ pod weightat  Grain Straw Biological (%)
harvest
T1 18.20 8.80 322 860 1803 2864 30.06
T2 18.93 9.40 325 907 1851 3040 29.91
T3 19.87 10.00 332 1010 2011 3370 30.02
T4 20.87 10.40 33.8 1096 2125 3653 30.06
T5 19.67 9.73 329 966 1955 3349 28.90
T6 21.67 10.87 344 1183 2238 3946 30.03
T7 22.27 11.53 353 1276 2374 4257 29.99

3.3 Economic Analysis

The data presented in Table 4 revealed that different nutrient-management treatments significantly influenced the economics of
mung bean. The highest cost of cultivation was recorded under T7 (Nso + Peo kg /ha + Rhizobium + PSB) at 337,591.30 /ha, followed
by Ts (35,960.87 /ha), mainly because of the additional costs of fertilisers and biofertilisers; the lowest cost was recorded under T
(control) at ¥31,000.00 /ha. T~ recorded the highest gross returns (X116,211.93 /ha) and net returns (378,620.62 /ha), followed by Ts
(R107,783.66 and %71,822.79 /ha) and T4 (399,980.73 and 364,089.42 /ha), respectively. The lowest gross and net returns were
recorded under T: (X78,651.80 and 347,651.80 /ha). Similarly, the highest B:C ratio (2.09) was obtained under T, followed by Ts
(2.00) and T4 (1.79), whereas the lowest B:C ratio (1.54) was recorded under T: and T2. Overall, T» was the most economically
favourable treatment for mung bean production. Similar findings have been reported by Bajiya et al. (2025), Kishor et al. (2021),
and Naushad et al. (2023).

Table 4. Effect of various treatments on economics of moong bean

Treatment Cost of Cultivation Gross Return Net Return B:C Ratio
T1 31000.00 78651.80 47651.80 1.54
T2 32630.43 82886.98 50256.55 1.54
T3 34260.87 92177.80 57916.93 1.69
T4 35891.30 99980.73 64089.42 1.79
T5 34330.43 88276.33 53945.89 1.57
T6 35960.87 107783.66 71822.79 2.00
T7 37591.30 116211.93 78620.62 2.09

4. Conclusion

The field experiment demonstrated differences in the growth, yield attributes and economic performance of mung bean across the
seven nitrogen- and phosphorus-based treatments. The treatment comprising Nso + Pso kg ha™ with Rhizobium and PSB inoculation
(T7) produced the highest recorded number of pods per plant (22.27), grains per pod (11.53), test weight (35.3 g) and grain yield
(1,276.67 kg ha™'). The control yielded 860.00 kg ha™', indicating a favourable response to the integrated treatment under the
conditions examined. The same treatment was associated with the highest reported gross returns of 116,211.93 ha™' and net returns
of X78,620.62 ha™', with a reported benefit—cost ratio of 2.09. Although the harvest index did not follow the same pattern, the
combined nutrient and inoculant treatment performed most favourably for the principal yield and economic indicators assessed.
These findings support the potential usefulness of integrated nitrogen and phosphorus nutrition with microbial inoculation for mung
bean cultivation in the experimental area. Because the study was conducted during one growing season at a single site, broader
recommendations should await confirmation under additional agro-climatic and soil conditions.
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5. Limitations

The experiment was conducted at a single location during one Kharif season and evaluated only one mung bean variety.
Consequently, the findings may not represent responses under different soil conditions, seasonal environments or genotypes. The
seven treatments examined selected combinations of nitrogen, phosphorus and microbial inoculation rather than every possible
combination of these inputs. Accordingly, the conclusions are limited to the treatment levels and conditions investigated. Further
field studies across multiple seasons, locations and varieties would help establish the consistency and wider applicability of these
responses.
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