



Growth, yield parameters and economics of green gram (Vigna radiata L.) varieties as influenced by integrated nutrient management in saline region of West Bengal

ABSTRACT
A field experiment was conducted during kharif season (June-August) of 2023-24 in the Instructional Farm of the Neotia University, Sarisa, South 24 Parganas, West Bengal, India to study the effect of 3 green gram varieties (Virat, Samrat and IPM 02-03) under 5 integrated nutrient management treatments (Control, 100% RDF, 75% RDF, 75% RDF + 25% vermicompost, 50% RDF + 50% vermicompost) laid in split plot design with 3 replications in the experiment. Among the green gram varieties tested, ‘Virat’ with 50% RDF + 50% Vermicompost recorded maximum plant height at harvest, highest leaf area index at 50 DAS, dry matter accumulation at 50 DAS as well as harvest and highest number of nodules plant-1 at 50 DAS respectively. ‘Virat’ moong variety recorded highest seed yield (780.24 kg ha-1) due to superior plant population, no of pods plant-1, no of seeds pod-1 and test weight respectively. Highest stover yield (1523.77 kg ha-1) obtained with application of 50% RDF + 50% vermicompost. Maximum gross return was recorded in the combination of Virat with 50% RDF + 50% vermicompost i.e. Rs. 1,06,658, maximum net income and B:C ratio was found highest in the combination Virat with 75% RDF i.e. Rs. 61498 and 2.41 in this saline region of West Bengal. From the above experiment, we could conclude that green gram variety ‘Virat’ with 50% RDF+ 50% vermicompost or with 75% RDF + 25% vermicompost during rainy season might be recommended for profitable cultivation in saline region of West Bengal.
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1. INTRODUCTION
India is the largest producer of pulses in the world, with almost 25% share in the worldwide production (Pooniya et al., 2015). Through crop intensification and cropping system diversity, pulses contribute significantly to the sustainable provision of food, nutrition, and environmental security in Indian agriculture (Barik, 2021). However, in India, these crops are grown in low-energy environments, primarily on marginal and sub- marginal land and over ¾ of the pulse-growing region is still rainfed, which has a negative impact on crop yield (Choudhary, 2013). Pulses production scenario of West Bengal is very gloomy, like national production. Only 15- 20% of country’s demand can be met through the present production of West Bengal. At present West Bengal shares 0.78% of pulse area in India and contributes 1% of pulse production of India (Maji et al., 2019). Green gram (Vigna radiata L.) is also called mung or mung bean in Hindi or golden gram in English is the third important pulse crop in India.  Green gram is a rich source of protein (24%), negligible fat (1%), high fiber (16%), starch (62%), besides containing B3, B5 and B9 as well as calcium (132 mg 100 g-1) and magnesium (189 mg 100 g-1) (Joshi, 2018). It is produced on around 4.5 m ha, yielding 2.64 mt at a productivity of 548 kg ha-1, and making up 10% of all pulse production in 2020-21 (Mangaraj et al., 2022). 
Presently, indiscriminate use of synthetic agro-chemicals has resulted in deterioration of natural resources by polluting crop environment leading to unsustainable productivity of land (Patel et al., 2015). So, the potential of organic manures, composts, crop residues and their synergistic effect with chemical fertilizers should be utilized through the integrated nutrient management approach for boosting productivity and agricultural sustainability (Saha et al., 2015). It involves proper combination of chemical fertilizers, organic manure, N2-fixing crops like pulses such as rice bean, black gram etc. and oilseeds such as soybean and bio-fertilizers suitable to the system of land use and ecological, social and economic conditions (Vinay et al., 2020).  Replenishment of nutrients through organic and combination with organic and inorganic has a direct impact on soil health and crop productivity also. Traditional compost like vermicompost can easily provide proper plant nutrition as organic source if applied in proper quantity with chemical fertilizers in crop field because vermicompost has more NPK content than any other biofertilizer and it is comparatively least expensive and risk-free means of supply nitrogen to green gram through the well-known symbiotic nitrogen fixation process (Singh et al., 2019). 

The key components of the INM concept includes increasing the farmer’s awareness about the valuable use of INM practices, inviting them to forget the excessive use of chemical fertilizers, and encouraging them to focus on long-term plan for sustainable agriculture (De et al., 2011). Moreover, rather of focusing on just the profit that may be earned, growers must pay more attention to environmental issues and producing safe food. It's important to note that many buyers prioritize food safety above all else, regardless of price, and that following such procedures may boost a farmer's profits (Singh et al., 2019). In gangetic plains of Eastern India, two promising green gram varieties has been cultivated more than a decade namely ‘Samrat’ and ‘IPM 02-03’ which may be replaced by other location specific and potential varieties. Thus, the present study was undertaken to find out the appropriate nutrient management techniques for better growth, yield, quality and economics of green gram varieties during the kharif season in in Coastal Saline Zone of West Bengal.
2. MATERIALS AND METHODS
A field experiment was conducted during kharif season (June-August) of 2023-24 at the Instructional Farm (22° 26´ N latitude, 88° 19´ E longitude and 7 m above mean sea level) of the Neotia University, Sarisa, Diamond Harbour Road, South 24 Parganas, West Bengal, India. The experimental soil was clay loam with medium fertility and almost neutral (7.74) in reaction, low in organic carbon (0.10 %), medium in available N (310 kg ha-1) and high in P (34.12 kg ha-1) and K (346 kg ha-1). The experiment was laid out in a split-plot design with 3 replications consisting of 3 green gram varieties (V1: Virat, V2: Samrat, V3: IPM 02-03) in main-plots and 5 integrated nutrient managements (N1: Control, N2: 100% RDF, N3: 75% RDF, N4: 75% RDF + 25% vermicompost, N5: 50% RDF + 50% vermicompost) in sub-plots. The land was prepared properly with two deep ploughing by tractor followed by one ploughing with power tiller. At first, seeds of 3 green gram varieties were treated with the fungicide Bavisitin at 2 g kg-1 of seed. Then, mung bean seeds were dried in shed and mixed separately with Rhizobium culture (Rhizobium leguminosarum) at 25 g kg-1 and sown on 27th June 2023 following treatment schedule for seed rate of 15 kg ha-1 at a distance of 30 ×10 cm2. A uniform fertilizer dose of 20 kg N + 40 kg P2O5 + 40 kg K2O ha-1 and vermicompost at 5 t ha-1 was applied basal in each experimental unit. Hand weeding was done twice at 2 and 4 weeks after sowing to remove the weeds from the experimental plots. Though the crop was grown as rainfed crop, but need-based irrigations were given to save the crop from moisture-stress situation. The crop was harvested manually at physiological maturity, when the leaves become yellow and about 85 - 90% of green pods turned to golden straw colour. The crop after harvesting from the ground level were allowed for sun drying for 6 - 7 days. After drying, the harvested produce of net plot size was tied separately into bundles, labelled and the bundle weight was recorded with the help of weighing balance. The observations on dry-matter accumulation, leaf-area index, number of nodules plant-1 were recorded at 50 DAS and harvest whereas plant height, plant population, yield attributes and yield were recorded at harvesting stage. The economics of cultivation was calculated following local rates. The data obtained in the study were analysed using Analysis of Variance technique (ANOVA) following standard statistical procedures using online OPSTAT software.

3. RESULTS AND DISCUSSION
3.1 Growth attributes of green gram

Significant influence of variety and nutrient management was noted in the experiment conducted in green gram during kharif season of 2023-24. Among the growth attributes tested, the variety Virat (V1) attained maximum plant height (60.34 cm) at harvest followed by IPM 02-03 (V3) and Samrat (V2) i.e. 51.54 and 42.85 cm respectively. These might be attributed to the genetic variability, varietal difference and environmental adaptability. Among 5 nutrient management treatments, maximum plant height was found in the treatment N5 (50% RDF + 50% Vermicompost) i.e. 54.57 cm at harvest closely followed by N4 (75% RDF+ 25% Vermicompost) i.e. 53.05 cm at harvest (Table 1). This might be due to integrated use of organic and inorganic fertilizer which enhance the soil structure and improves plant growth attributes.  Similar results were also reported by Rathoure et al., (2015) and Banerjee et al., (2021) in their experimentation. The variety Virat (V1) gave the superior dry matter accumulation both at 50 DAS (114.11 g m-2) and harvest (272.89 g m-2) and crop growth rate (10.58 g m-2 day-1) at 50 DAS to harvest. This difference was due to the meteorological condition at that time and genetic characteristics among the varieties. Such varietal differentiation in dry matter accumulation were also reported by Jiotode et al., (2017) and Singh et al., (2019) in their findings. The maximum plant dry matter was found in N5 (50% RDF + 50% Vermicompost) i.e. 108.39 and 260.17 g m-2 at 50 DAS and harvest closely followed by N4 (75% RDF + 25% Vermicompost) i.e. 106.84, and 258.25 g m-2 respectively. Similar kind of observation was also found in calculated values of CGR of mung bean between 50 DAS to harvest (Table 1).  Nutrient dose N5 (50% RDF + 50% Vermicompost) recorded highest leaf area index at 50 DAS. This might be due to the increased availability of nutrients due to combined application of organics and inorganics resulted in better absorption, translocation and assimilation of nutrients.  Highest number of nodules plant-1 at 50 DAS was recorded with variety Virat (V1) i.e. 24.88 among the other varieties in the experiment. This might be due to genetic variability among the different green gram varieties in the experiment. Combined application of 50% RDF + 50% Vermicompost resulted superior number of nodules plant-1 i.e. 20.76 compared to other nutrient management options chosen in the study at saline region of Bengal (Table 1). It was probably due to the improvement in soil conditions under organic matter addition. Due to application of higher fertility level with organic fertilizer (vermicompost) which enhance the no. of nodules plant-1 and root growth. Similar results were recorded by Ahmed et al., (2023) in his field study at Bangladesh. 
3.2 Yield parameters of green gram  

The maximum number of plant m-2 was noted with Virat (33.48) followed by IPM 02-03 (28.74) and Samrat (24.69) in the experimentation. The highest number of plant population m-2 was found in the treatment N5 (50% RDF +50% Vermicompost) i.e. 32.10 followed by N4 (75% RDF + 25% Vermicompost) i.e. 31.34 in green gram (Table 2). The lowest no. of plant population m-2 was found in N1 (Control) i.e. 20.47 due to non-application of any fertilizers in those plots. With regard to number of pods plant-1 and seeds pod-1, Virat (V1) produced maximum number (23.51 and 9.64) followed by IPM 02-03 (18.47 and 8.30) and Samrat (13.82 and 6.84) respectively. Similar results were obtained by Jiotode et al., (2017) in their experiment. With regards to nutrient dose, treatment N5 (50% RDF + 50% Vermicompost) recorded highest number of pods plant-1 (20.94) as well as number of seeds pod-1 (8.54) also. This might be due to applying integrated organic and inorganic nutrient which provide balance nutrient to crops and last its good effect on pod production. Test weight being a genetical character although, highest test weight was observed in variety Virat (V1) i.e. 38.27 g followed by IPM 02-03 (V3) i.e. 36.03 g at the farm of the Neotia University during 2023-24 (Table 2). Significant variation was noted among 5 integrated nutrient management treatments regarding test weight in green gram. The data showed that, nutrient treatments could be arranged as: N5 (36.71 g) > N4 (36.52 g) > N2 (36.36 g) > N3 (36.24) > N1 (36.12 g) in green gram during kharif season.  Similar kind of variation was found by Pareek et al., (2024) in their experiment. Among the varieties, Virat (V1) recorded highest seed yield i.e. 780.24 kg ha-1 due to greater number of pods plant-1 followed by IPM 02-03 (V3) i.e. 750.30 kg ha-1 in the study at coastal saline zone of West Bengal. The superior seed yield was observed in nutrient dose N5 (50% RDF + 50% Vermicompost) i.e. 843.06 kg ha-1 followed by N4 (75% RDF + 25% Vermicompost) i.e. 838.14 kg ha-1. Similar results were discovered by Meena et al., (2016) in his experiment on mung bean. This was due to supply of organic nutrients along chemicals nutrients which provide all-rounder nutrient supply to plants and had its effect in plant production. Highest stover yield was found in variety Virat (V1) i.e. 1470.12 kg ha-1 followed by IPM 02 - 03 (V3) i.e. 1419.07 kg ha-1 maintaining the trend with growth and yield attributes of green gram. 4 nutrient doses treatment (N2 - N5) recorded nearly at par stover yield (1506–1524 kg ha-1) than control (N1) in the study also (Table 2).
3.3 Economics of green gram cultivation

 Form the Table 3, it was evident that cost of cultivation followed a particular trend in this experiment. Among the all-treatment combinations, highest cost of cultivation was recorded in the treatment combination V1N5 (Virat + 50% RDF + 50% Vermicompost), V2N5 (Samrat + 50% RDF + 50% Vermicompost), V3N5 (IPM 02 - 03 + 50% RDF + 50% Vermicompost) i.e. Rs. 67406 followed by V1N4 (Virat + 75% RDF + 25% Vermicompost), V2N4 (Samrat + 75% RDF + 25% Vermicompost), V3N4 (IPM 02 - 03 + 75% RDF + 25% Vermicompost) i.e. Rs. 56070 respectively. Maximum gross return was calculated in V1N5 (Virat with 50% RDF + 50% vermicompost) i.e. Rs. 106658 and maximum net income and B:C ratio was found in V1N3 (Virat with 75% RDF) i.e. Rs. 61498 and 2.41 in this saline region of West Bengal. The reason for increasing the gross returns, net returns and B:C ratio might be due to resulting in higher yield of the crop by supplying organic sources with chemical fertilizers.  Similar results were found by Priyadharshini et al., (2021) in their experiment.

4. CONCLUSION
Integrated nutrient management and different varieties had marked influence regarding all the parameters of green gram tested in the experiment during kharif season of 2023-24 at saline region of West Bengal. Thus, it could be concluded that, the combination of Virat with 50% RDF + 50% vermicompost or with 75% RDF + 25% vermicompost during kharif season may be recommended for the farmers regarding green gram cultivation for this region due to superiority of growth, yield and economic benefits also. 
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Table 1: Effect of variety and integrated nutrient management on growth attributes of green gram during kharif season
	Treatment
	Plant height at harvest
	Leaf Area Index (LAI) at

50 DAS
	Dry matter accumulation

(g m-2)
	Crop growth rate 50 DAS to harvest
	No. of nodules plant-1 at 50 DAS

	
	
	
	50 DAS
	Harvest
	
	

	Variety
	
	
	
	
	
	

	V1
	60.34
	2.77
	114.11
	272.89
	10.58
	24.88

	V2
	42.85
	2.29
	88.91
	225.94
	9.12
	13.64

	V3
	51.54
	2.56
	103.25
	251.68
	9.86
	19.41

	SEm ±
	0.12
	0.004
	0.09
	0.10
	0.0096
	0.04

	CD at 5%
	0.50
	0.016
	0.36
	0.42
	0.037
	0.16

	Nutrient Dose
	
	
	
	
	
	

	N1
	48.86
	2.46
	87.48
	225.99
	9.25
	17.86

	N2
	51.41
	2.54
	104.64
	255.39
	9.96
	19.34

	N3
	49.98
	2.50
	103.10
	251.06
	9.86
	18.61

	N4
	53.05
	2.58
	106.84
	258.25
	10.08
	19.87

	N5
	54.57
	2.62
	108.39
	260.17
	10.10
	20.76

	SEm ±
	0.24
	0.005
	0.12
	0.17
	0.017
	0.05

	CD at 5%
	0.71
	0.017
	0.35
	0.50
	0.050
	0.14


V1: Virat; V2: Samrat; V3: IPM 02-03; N1: Control; N2: 100% RDF; N3: 75% RDF; N4: 75% RDF+ 25% Vermicompost; N5: 50% RDF+50% Vermicompost

Table 2: Effect of variety and integrated nutrient management on yield parameters of green gram during kharif season
	Treatment
	Plant population m-2
	No. of pods plant-1
	No of seeds pod-1
	Test weight (g)
	Seed yield

(kg ha-1)
	Stover yield

(kg ha-1)

	Variety
	
	
	
	
	
	

	V1
	33.48
	23.51
	9.64
	38.27
	780.24
	1470.12

	V2
	24.69
	13.82
	6.84
	34.87
	723.74
	1363.24

	V3
	28.74
	18.47
	8.30
	36.03
	750.30
	1419.01

	SEm±
	0.06
	0.04
	0.007
	0.014
	0.21
	0.24

	CD at 5%
	0.26
	0.17
	0.030
	0.055
	0.85
	0.97

	Nutrient Dose
	
	
	
	
	
	

	N1
	20.47
	13.06
	7.99
	36.12
	413.4
	1025.15

	N2
	30.82
	19.83
	8.25
	36.36
	833.18
	1512.58

	N3
	30.12
	18.95
	8.11
	36.24
	829.35
	1506.73

	N4
	31.34
	20.22
	8.40
	36.52
	838.14
	1519.03

	N5
	32.10
	20.94
	8.54
	36.71
	843.06
	1523.77

	SEm±
	0.10
	0.10
	0.007
	0.018
	0.29
	0.36

	CD at 5%
	0.31
	0.31
	0.020
	0.052
	0.86
	1.05


V1: Virat; V2: Samrat; V3: IPM 02-03; N1: Control; N2: 100% RDF; N3: 75% RDF; N4: 75% RDF+ 25% Vermicompost; N5: 50% RDF+50% Vermicompost

Table 3: Effect of variety and integrated nutrient management on economics of green gram during kharif season
	Treatment
	Gross return

(Rs. ha-1)
	Cost of cultivation

(Rs. ha-1)
	Net income

(Rs. ha-1)
	B:C

ratio

	Interaction
	
	
	
	

	V1N1
	52192
	37250
	14942
	1.40

	V1N2
	105420
	44742
	60678
	2.36

	V1N3
	105068
	43570
	61498
	2.41

	V1N4
	106157
	56070
	50087
	1.89

	V1N5
	106658
	67406
	39252
	1.58

	V2N1
	49435
	37250
	12185
	1.33

	V2N2
	97652
	44742
	52910
	2.18

	V2N3
	97076
	43570
	53506
	2.23

	V2N4
	98126
	56070
	42056
	1.75

	V2N5
	98775
	67406
	31369
	1.47

	V3N1
	50272
	37250
	13022
	1.35

	V3N2
	101414
	44742
	56672
	2.27

	V3N3
	100945
	43570
	57375
	2.32

	V3N4
	102006
	56070
	45936
	1.82

	V3N5
	102642
	67406
	35236
	1.52


Cost of seed = Rs. 100 kg-1, Labour wages = Rs. 350 manday-1, Urea = Rs. 8 kg-1, SSP = Rs. 12 kg-1, MOP = Rs 20 kg-1, Vermicompost = Rs. 10 kg-1
V1: Virat; V2: Samrat; V3: IPM 02-03; N1: Control; N2: 100% RDF; N3: 75% RDF; N4: 75% RDF+ 25% Vermicompost; N5: 50% RDF+50% Vermicompost


