Integrated Nutrient Management Strategies for Improved Productivity and Profitability of Summer Black Gram

Abstract
In India, Soils are mostly deficient in micronutrients. The essential micronutrients for field crops are Zn, B, Cu, Fe, Mn, and Mo. Integrated use of chemical fertiliser and organic manure, like farmyard manure and crop residue, assumes greater significance. It is also important to ensure that such a production system would be within reach of Indian farmers. The aim of the study is to integrate nutrient management strategies for improved productivity and profitability of summer Black Gram. A field experiment was carried out during the Summer season 2023 at Shraddhey Bhagwati Singh Agriculture Farm, Hajipur, Chandra Bhanu Gupta Krishi Mahavidyalaya, B.K.T. Lucknow,(U.P.), India. The experiment was laid out in RBD with 7 treatment combinations along with three replications. The result showed that the growth parameter, viz., plant height, number of branches, dry matter accumulation, and leaf area index significantly increased due to the application of T7 (100% RDF-IF + Foliar spray of ZnSO4 at  0.5%/ha).Yield attributes viz. Pod length (cm), number of seeds/pod, weight of pod (g/plant) , and 1000 grain weight, grain and stover yield, total biological yield and harvest index, quality and economics of Black gram was significantly increased by the T7 (100% RDF-IF + Foliar spray of ZnSO4 at 0.5%/ha) .However, the highest B:C Ratio resulted due to the application of(100% RDF-IF + Foliar spray of ZnSO4at0.5%/ha). The results revealed that  application of 100% RDF- IF + Foliar spray of ZnSO4 at 0.5% ha-1 recorded the highest growth parameters, yield attributes, yield and qualities  along with economics.
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Introduction
“Pulses are an important protein source for billions of people around the world and are widely consumed as staple food in combination with cereals in many parts of the world. Pulses also provide energy, vitamins, phytochemicals and minerals” (Kumar et al., 2022). Pulses are an important group of food crops that can play a vital role in addressing national food and nutritional security and also tackle environmental challenges. The share of pulses to the total food grain basket is around 9-10 per cent and is a critical and inexpensive source of plant-based proteins, vitamins and minerals. Pulses are rich in proteins and found to be the main source of protein for vegetarian people of India. Black gram is rich in protein and contains about 26% protein, which is almost three times that of cereals and supplies a major share of the protein requirement of the vegetarian population of the country. It is also an excellent source of dietry fibre,  vitamin B complex, iron (7.57mg), copper (0.981mg), calcium (138mg), magnesium (267mg), zinc (3.35mg), potassium (983mg), phosphorus (379mg). Black gram is basically a warm-weather crop. It can be cultivated in areas receiving an annual rainfall of 600 to 1000 mm. It can be cultivated from sea level up to an altitude of 1800m. The optimum temperature requirement for the crop is 28°C to 32°C. If the temperature is lower than 10°C, germination does not occur. The black gram is a short-day plant and most of its cultivars flower in 12 to 13 hours of photoperiod. Flowering gets delayed with an extended photoperiod. As the altitude increases, flowering is delayed due to lower ambient temperature. 
“Blackgram (Vigna mungo) is one of the important pulse crops. Blackgram grows well in moisture-retentive light soil, but loamy and clay loam are suitable for the cultivation of Blackgram. Loam to clay loam with neutral PH is best suited for Blackgram cultivation” (Sasidhar et al., 2022). “It is widely considered as an excellent source of high-quality protein with good digestibility and also contains water-soluble vitamins and minerals of dietary significance. The crop is resistant to adverse climatic conditions and improves soil fertility by fixing atmospheric nitrogen in the soil. It has been reported that the crop produces equivalent to 22.10 kg of N ha-1, which has been estimated to be a supplement of 59 thousand tonnes of urea annually. It is also grown as a summer pulse crop with a short duration (90- 120 days). It is valued for its high digestibility and freedom from the flatulence effect. Besides, it is also used as nutritive fodder, especially for mulch animals” (Nazir Hussain et al., 2011). 
[bookmark: _GoBack]In India, Soils are mostly deficient in micronutrients. “Soils are the prime sources of nutrients for plant growth and development. Plants absorb the desired nutrients from soil in different proportions as per their requirements. Phytomicrobiome (microbial community associated with a plant) plays a pivotal role in enhancing nutrient availability and crop yield. Soil is linked to the well-being of animals and humans through agriculture and agricultural produces. Macronutrients are required in higher quantities by the plants, whereas micronutrients (otherwise called trace elements) are needed in smaller quantities, but both categories of nutrients play equally important roles in plant metabolism” (Shukla et al., 2021). “The essential micronutrients for field crops are Zn, B, Cu, Fe, Mn, and Mo. Analysis of soil and plant samples has indicated that 49% of soils in India are potentially deficient in Zn, 12% in Fe, 5% in Mn, 3% in copper (Cu), 33% in boron (B) and 11% in Molybdenum (Mo)”. Shanti et al. (2008) the application of Zn significantly increased the seed and haulm yields of black gram over the control. Higher seed yields were obtained with direct ZnSO4 greater, which was 17.7% higher than those of foliar treatments.
Integrated use of chemical fertiliser and organic manure like Farm yard manure (FYM) and crop residue assumes greater significance. It is also important to ensure that such a production system would be within reach of Indian farmers. “The existing system of fertiliser application is based on the nutrient requirement of individual crops, ignoring the carryover effect of manure or fertiliser applied to the preceding crop. Organic sources of nutrients applied to the preceding crop benefit the succeeding crop to a great extent, and the system productivity becomes sustainable through integrated use of organic and inorganic sources of nutrients” (Nambiar et al., 1992).  

The work done so far on Integrated Nutrient Management under the central plain zone of UP. Hence, the present study entitled “Effect of INM on growth and yield of black gram (Vigna mungo)” was conducted during the Zaid season 2023 at the Agronomy Research Farm of Shraddheya Bhagwati Singh Agriculture Research Farm, Hazipur, C.B.G. Ag. Pg. College, BKT, Lucknow.

Materials and Methods 

The present investigation was carried out in Zaid during 2023. The geographically experimental site is situated between 26.500C north latitude, 80.520C east latitude It. s height from mean sea level is about 123 m and has a sub-tropical climate. The experimental soil was silt-loam in texture, slightly alkaline reaction (pH 8.00), low in organic carbon(0.31%) and low in available nitrogen(180 kg/ha), medium phosphorus(16.5 kg/ha)and potassium(260 kg/ha The experiment was laid out in a Randomized Block Design with three replications. The experiment consisted of the 7 treatment combinations. The pure seed of Black gram (Shekhar-2) was obtained from the Research farm, Hazipur, C.B.G. Ag. Pg. College, BKT, Lucknow. Sowing was carried out on 11 April, 2023, at a spacing of 30 cm × 10 cm. Fertiliser application was done in (N:P:K@ 20:40:20 kg/ha) was calculated as per their nutrient content. Half of the nitrogen through urea and the full dose of Potassium (MOP) were applied  as common dose sowing. The required quantity of Single super phosphate (SSP) was calculated as per the level of phosphorus and applied before sowing of the crop seed plot-wise. The rest of the nitrogen was top-dressed after the first irrigation.. All the recommended cultural and plant protection measures were followed throughout the experimentation. The data on plant height, number of branches, dry matter accumulation, leaf area index, pod length (cm), pod weight (g/plant), test weight,  seed yield (q/ ha), stover yield (q/ha), total biological yield (q/ha), nutrient content and its uptake,  protein content (%) and protein production and economics of all treatment was worked out.
Result and Discussion
Plant Height
The significantly highest plant height was obtained at harvest, i.e. 40.96 cm. The significant increase in plant height may possibly be due to the synergistic effects of soil test-based NPK, FYM and foliar application of ZN. The combination of FYM, chemical fertilisers and foliar application of zinc had a pronounced effect on soil fertility and moisture conservation that resulted in better vegetative growth in terms of leaf area index, plant height and total dry matter. This finding is also in line with Sharma et al. (2010) and Dwivedi and Singh (2020).
Number of Branches.
Application of (100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1) was found maximum number of branches per plant-1 treatment T7 (3.15 at 30 DAS, 7.10 at 45 DAS, 7.90 at 60 DAS and at harvest 7.66).  Integration of inorganic fertilisers and organic manures resulted in dry weight accumulation, producing the best growth parameter accordance by Divyavani et al. (2020) and Dwivedi and Singh (2020).	
Dry matter accumulation 
Dry weight accumulation is an important index indicating the photosynthetic efficiency of the crop, which ultimately influences the crop yield. It is a direct index of plant proliferation. The maximum dry matter accumulation was obtained by T7 treatment at all growth stages i.e., 30 DAS, 45 DAS, 60 DAS and at harvest. The minimum dry matter accumulation was obtained in T5 at 30, 45, 60 DAS and at harvest.
Data pertaining at 60 DAS and the harvesting stage highest dry matter accumulation was 33.17 g and	 40.26 g by (T7) treatment (100% RDF- IF + Foliar spray of ZnSO4 @ 0.5%/ha)  followed by (32.51 g  and 38.40 g ) T6 (100% RDF- IF + 20kg ZnSO4 (Basal).
Integration of inorganic fertilisers and organic manures resulted in dry weight accumulation, producing the best growth parameter accordance to Valenciano et al. (2011) and Divyavani et al. (2020).
Leaf Area Index
It is obvious from the data that at 30 DAS various INM practices had less significant effect on LAI while at rest of the stage LAI was affected significantly due to different INM practices at reveal that treatment T7 (100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1) was recorded with highest efficiency as compared to other treatments at all the growth stages.
At 30 DAS (1.32), 45 DAS (2.77) and 60 DAS (5.43) with T7 (100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1) followed by treatment T6 (100% RDF- IF + 20kg ZnSO4 Basal) at 30 DAS (1.31), 45 DAS (2.48) and 60 DAS (5.40) .
This might be attributed to a greater number of branches and increased plant height, which ultimately increased the size and number of green leaves due to more favourable utilisation of nutrients and thus contributed to a higher leaf area index. A similar result was reported by Sharma et al. (2010), Quddus et al. (2011) and Salehin and Rahman (2012).


	Treatment
	Plant height
	Number of Branches
	Dry matter accumulation
	Leaf Area Index

	T1 -100% RDF at (basal)- IF
	33.10
	5.98
	33.70
	4.60

	T2 -75% RDF- IF 25% RDN- FYM (10t/ha)
	36.23
	7.36
	37.40
	5.13

	T3 -50% RDF- IF 50% RDN- FYM (20t/ha)
	35.95
	6.99
	36.60
	4.63

	T4 -25% RDF- IF 75% RDN- FYM (30t/ha)
	35.03
	6.27
	35.53
	4.63

	T5 -100% RDN- FYM (40t/ha)
	32.10
	6.03
	32.50
	4.56

	T6 -100% RDF- IF + 20kg ZnSO4 (Basal)
	39.80
	7.56
	38.40
	5.40

	T7 -100% RDF- IF + Foliar spray of ZnSO4 @ 0.5%/ha
	40.96
	7.66
	40.26
	5.43

	SE(m)±
	0.53
	0.22
	0.18
	0.02

	CD=0.05
	1.67
	0.70
	0.57
	0.06


Table 1: The variety of treatments of a plant


Yield attributes
A perusal of yield attributes data indicates that INM affected the yield attributes statistically except 1000 grain weight. Among the treatments, (100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1) treatment recorded significantly the maximum values of pods/plant (11.73), seeds/pod(7.26), weight of pods/plant (6.36 g), and 1000 grain weight (40.53 g). Significantly, the lowest values of all yield attributes were recorded with (100% RDN-FYM) .
The synergistic effects of inorganic fertilisers, FYM and Rhizobium in enhancing the growth, yield attributes and ultimately test weight due to increased nitrogenase activity. These results align with the findings of Patre et al. (2022).
Yield 
The highest values of yield, viz. Grain yield(11.97 q/ha) ,Straw yield(27.52 q/ha), Total Biological yield(39.49 q/ha) and harvest index(30.37) was recorded with Integrated Nutrient Management.
Combined use of integrated nutrient management and zinc can increase the grain yield, as found a similar set of findings Kumpawat (2010) and Meera et al. (2022).


Table 2: Results of Integrated nutrient management
	
Treatment
	No. of pods /plant
	No. of 
seeds /pods
	Weight of pods/
plant(g)
	Pod length (cm)
	1000
grain weight
	GrainYield
(q/ha.)
	Stover yield
(q/ha)
	Biological 
Yield(q/ha.)
	Harvest Index
(%)

	T1 -100% RDF at (basal)- IF
	9.33
	6.13
	4.50
	6.03
	37.43
	8.79
	18.43
	27.22
	32.26

	T2 -75% RDF- IF 25% RDN- FYM (10t/ha)
	11.03
	6.90
	5.96
	7.03
	39.53
	10.53
	22.12
	32.65
	32.22

	T3 -50% RDF- IF 50% RDN- FYM (20t/ha)
	10.20
	6.70
	5.13
	6.80
	39.03
	10.01
	22.09
	32.10
	31.25

	T4 -25% RDF- IF 75% RDN- FYM (30t/ha)
	10.03
	6.30
	4.90
	6.46
	38.46
	9.77
	21.52
	31.29
	31.22

	T5 -100% RDN- FYM (40t/ha)
	8.93
	5.86
	4.13
	5.83
	33.66
	7.97
	18.11
	26.08
	30.62

	T6 -100% RDF- IF + 20kg ZnSO4 (Basal)
	11.13
	7.06
	6.16
	7.30
	39.90
	10.98
	25.26
	36.24
	30.30

	T7 -100% RDF- IF + Foliar spray of ZnSO4 @ 0.5%/ha
	11.73
	7.26
	6.36
	7.80
	40.53
	11.97
	27.52
	39.49
	30.37

	SE(m)±
	0.23
	0.16
	0.08
	0.14
	1.43
	0.09
	0.27
	0.36
	0.12

	CD=0.05
	0.71
	0.50
	0.25
	0.43
	N/S
	0.30
	0.84
	1.13
	0.37



Economics
 Results revealed that Integrated Nutrient Management recorded the highest cost of cultivation( T5 ) (48,096 ha-1), while the lowest cost of cultivation (34,500 ha-1)and net income were recorded in control. It was observed that the highest gross return   (99,703 ha-1)   was observed with  100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1. This was because of a higher gross return as compared to a lower cost incurred 
However, treatment (T7 ) recorded the higher BCR (1.87), which was mainly because of the lower cost involved proportionately higher increase in net income as compared to a higher cost incurred and a proportionately marginal increase in gross or net income. 
The lowest benefit-cost ratio of 0.37 was found under the treatment T5 (100% RDN- FYM 40t/ha).



	Treatments
	Cost of Cultivation
	Gross return
	Net Return
	B:C Ratio

	T1 -100% RDF at (basal)- IF
	34,500
	72,148.50
	37,648.50
	1.09

	T2 -75% RDF- IF 25% RDN- FYM (10t/ha)
	37,899
	86,455.50
	48,556.50
	1.28

	T3 -50% RDF- IF 50% RDN- FYM (20t/ha)
	41,298
	82,823.50
	41,525.50
	1.00

	T4 -25% RDF- IF 75% RDN- FYM (30t/ha)
	44,697
	80,813.50
	36,116.50
	0.80

	T5 -100% RDN- FYM (40t/ha)
	48,096
	66,257.50
	18,161.50
	0.37

	T6 -100% RDF- IF + 20kg ZnSO4 (Basal)
	36,900
	91,467
	54,567
	1.47

	T7 -100% RDF- IF + Foliar spray of ZnSO4 @ 0.5%/ha
	34,800
	99,703.50
	64,903.50
	1.87


Table 3: Economic Analysis


Conclusion
The results revealed that application of 100% RDF- IF + Foliar spray of ZnSO4 @ 0.5% ha-1 recorded the highest growth parameters, yield attributes, yield and qualities along with economics.
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