


EFFECT OF RHIZOBIUM AND MOLYBDENUM ON GROWTH AND YIELD OF BLACK GRAM (Vigna mungo L.)



ABSTRACT
[bookmark: _Hlk174676989]	An experiment entitled, “Effect of Rhizobium and Molybdenum on growth and yield of black gram (Vigna mungo L.)” was conducted during kharif, 2024 at new experimental cum demonstration field, SVIAg, SVVV, Indore. The experiment consists of nine treatments. The treatments were replicated three times in Randomized Block Design which consists, the use of RDF, Rhizobium as bio-inoculants and various levels of molybdenum. The treatment includes T1: Absolute control, T2:  RDF (20:40:40 kg NPK ha-1), T3: RDF + Rhizobium, T4: RDF + 200 gm ha-1 Mo, T5: RDF + 400 gm ha-1Mo., T6: RDF + 600 gm ha-1 Mo, T7: RDF +Rhizobium + 200 gm ha-1 Mo, T8: RDF +Rhizobium + 400 gm ha-1 Mo and T9: RDF +Rhizobium + 600 gm ha-1 Mo. 
[bookmark: _Hlk173861420][bookmark: _Hlk174677092][bookmark: _Hlk174677186][bookmark: _Hlk174677113]	Treatment with application of RDF + Rhizobium + 600 gm ha-1 Mo recorded highest plant height (58.83 cm), no. of leaves plant-1 (36.06), no. of branches plant-1 (10.01), leaf area plant-1 (12.83), no. of nodules plant-1 (63.33), dry matter plant-1 (9.04 g) and no. of pods plant-1 (35.00), yield attributing characters viz., maximum no. of pods plant-1 (35.00), pod yield plant-1 (19.60 g), seed yield plant-1 (15.51 g) at harvest while the values were at par with those of treatment with application of RDF + Rhizobium + 400 gm ha-1 Mo. In a similar vein, noticeably higher seed yield (9.88 q ha-1), straw yield (16.34 q ha-1) and biological yield (26.23 q ha-1) was found in same treatment.
INTRODUCTION
	India's population has grown rapidly over the last century, and it's still growing. As of June 2023, India has become world's most populated country. The rapid increase in the India and world population has increased the demand for agricultural products which is a challenge for agricultural experts to supply food for survival as well as to conserve natural resources. To avoid this challenge, we need to conserve natural resources so that natural resources maintain their productivity. Pulses are one of the important segments of Indian agriculture after cereals and oilseeds with 33 % of the world’s area and 22 % of the production. Pulses occupy nearly 26.28 million ha of land with the production around 18.09 million tones and average productivity 6.9 q ha-1 in India (Anonymous, 2023).  
	Black gram (Vigna mungo L.) belongs to the family Leguminosae and is one of important pulse for export, grown throughout the country. India is the origin place of the black gram. It is known by different names in their regional languages in different regions of India like urd, urdi, maskalai, ulathamparuppu, manipappu, etc. Black gram is fourth major pulse crop in India, that contributes 13 and 10 percent of total area and production, respectively.  India currently represents the largest producer of black gram accounting for more than 70 per cent of the global production. Black gram stands next to soybean in its dietary protein content and MP, UP and AP are the major black gram growing states in India. It produces about 28.4 lakh tonnes of black gram annually from 47.6 lakh hectares of area, with an average productivity of 596 kg ha-1 in 2021-22. Black gram area accounts for about 29 per cent of India's total pulse acreage and contributes 10.25 per cent of total pulse production. (Directorate of Economics and Statistics, 2022). 
	Being, a leguminous crop, black gram fulfills major part of nitrogen requirement by symbiotic nitrogen fixation with the help of bacterium called Rhizobia. Rhizobium involve in symbiotic biological nitrogen fixation; survival in soil, Rhizosphere colonization, infection and nodule development and energy transformation during nitrogen fixation in root nodules. Inoculation of Rhizobium culture in legumes increases the crop yield leaving beneficial effect on the subsequent crop yield.. There is a good possibility and scope to increase pulse production by exploiting better colonization of the roots and rhizosphere through application of effective Rhizobium isolates.
	Numerous research efforts have realized the balanced supply of micronutrients to be extremely important for maximizing overall development of pulse crops. Among those micronutrients, molybdenum (Mo) is one of the major concerns. Molybdenum (Mo) may alleviate drought stress through enhancing antioxidant defense in plants; drought stress is a major environmental stress that limits plant growth and crop production. It acts as a cofactor for the enzymes namely nitrogenase and nitrate reductase, which take lead roles in biological fixation and subsequent assimilation of nitrogen in legumes. Thus, Mo plays a vital role in N metabolism and biosynthesis of protein. Besides, it also facilitates several physiological and biochemical processes in pulse crops. Application of Mo enhances the bioavailability of other essential nutrients to crops. Therefore, a successful husbandry of grain legumes necessitates the inclusion of Mo fertilization.
	When plants are grown under molybdenum deficiency, a number of varied phenotypes develop that hinder plant growth. Most of these phenotypes are associated with reduced activity of molybdoenzymes. These enzymes include the primary nitrogen assimilation enzymes such as Nitrate reductase (NR), and the nitrogen-fixing enzyme nitrogenase found in bacteroids of legume nodules. Biological nitrogen fixation (BNF) through rhizobium can act as a renewable and environmentally sustainable source of N and can complement or replace fertilizer inputs. 
MATERIALS AND METHODS
	The experiment entitled “Effect of Rhizobium and Molybdenum on growth and yield of black gram (Vigna mungo L.)” was carried out at new experimental cum demonstration field, Shri Vaishnav Institute of Agriculture, Shri Vaishnav Vidyapeeth Vishwavidyalaya, Indore during Kharif 2025. The topography of experimental field was levelled and well drained. The soil type was medium black clay in texture with low in available nitrogen (210.45 kg ha-1), medium in phosphorus (16.14 kg ha-1) and high in potassium (432.25 kg ha-1). The soil organic carbon content, pH, and EC was 0.50 per cent, 7.35, and 0.70 dSm-1 respectively. The experiment consists of nine treatments which were replicated thrice in Randomized Block Design. It included the use of RDF, Rhizobium as bio-inoculants and various levels of molybdenum. The treatment includes T1: Absolute control, T2:  RDF (20:40:40 kg NPK ha-1), T3: RDF + Rhizobium, T4: RDF + 200 gm ha-1 Mo, T5: RDF + 400 gm ha-1Mo., T6: RDF + 600 gm ha-1 Mo, T7: RDF +Rhizobium + 200 gm ha-1 Mo, T8: RDF +Rhizobium + 400 gm ha-1 Mo and T9: RDF +Rhizobium + 600 gm ha-1 Mo. Sowing was done using the dibbling method with a spacing of 30 x 10 cm, plot size: 3 X 4.5 m2 and black gram variety T9. The seeds of black gram treated with Rhizobium as per the treatment before sowing. The gap filling was carried out as soon as the mortality was notice after sowing to maintain the optimum plant population. Five representative plants were selected randomly from each net plot to monitor periodical growth and development stages of crop. The selected plants were fixed with wooden sticks and labelled with tags. The same plants were harvested separately for recording bio-metric observations. The standard method of analysis of variance was used for analysing the data for Randomized Block Design (Panse and Sukhatme,1985). The f test of significance was used for testing the null hypothesis and appropriate standard error of mean (SE+) for each treatment effect and where the treatment effect was significant, critical difference (C.D.) at 5 per cent probability level was worked out for testing the significance of treatment differences. 
RESULT AND DISCUSSION
Growth attributes
		The growth parameters such as plant height increased at every step of crop development till maturity. The number of branches increased up to 60 days and remained constant thereafter. The number of nodules increased positively up to flowering and decreased thereafter due to shrinkage of nodules. The number of leaves and leaf area increased up to 60 days and decreased thereafter towards maturity due to leaf senescence. Total dry matter increased at every growth stage from 30 DAS up to harvest. The development of pods started after flowering and increases continuously up to harvest. 
[bookmark: _Hlk173861365]		Highest plant height (58.83 cm) at harvest, no. of leaves plant-1 (36.08) at 60 DAS, no. of branches plant-1 (10.01) at harvest, leaf area plant-1 (12.83) at 60 DAS, and dry matter plant-1 (9.04 g) at harvest was recorded in treatment with application of RDF + Rhizobium + 600 gm ha-1 Mo throughout the entire crop growth period. The lower value of the above-mentioned parameters was recorded by absolute control treatment.
		The increased plant height, no. of leaves and leaf area all together must have resulted in increase in dry matter plant-1 with application of RDF + Rhizobium + 600 gm ha-1 Mo to black gram. The results were found to be similar with Bahadur and Tiwari (2014), Surya et al., (2016), Meera et al., (2019), Tripathi et al., (2021), Anand et al., (2022) and Menariya et al., (2024).
Yield attributes
[bookmark: _Hlk174677155]	Yield attributing characters viz., maximum no. of pods plant-1 (35.00) at harvest, pod yield plant-1 (19.60 g), seed yield plant-1 (15.51 g) at harvest were recorded in treatment with the application of RDF + Rhizobium + 600 gm ha-1 Mo while the values were at par with those of treatment with application of RDF + Rhizobium + 400 gm ha-1 Mo. Whereas the minimum values were recorded from absolute control treatment.
	The values of test weight as influenced by different treatments showed non-significant results.
Yield
[bookmark: _Hlk173861632]	The seed, straw and biological yield of maize was significantly influenced by different treatments and is presented in table 4.. Application of RDF + Rhizobium + 600 gm ha-1 Mo recorded maximum seed yield (9.88 q ha-1), straw yield (16.34 q ha-1) and biological yield (26.23 q ha-1) which was found to be at par with RDF + Rhizobium + 400 gm ha-1 Mo treatment. 	Comment by hp: Cut paste technology has led to this mistake
Significant improvement in growth and yield attributes of black gram due to application of RDF + Rhizobium + 600 gm ha-1 Mo resulted in production of superior growth and yield attributes over control. This helped in storage of more photosynthates and their translocation towards sink and this contributed to increased seed and straw yields. These findings are in accordance with those of Bahadur and Tiwari (2014), Mahilane and Singh (2018) and Serawat et al., (2018).
Table 1.	Growth attributes of black gram as influenced by different treatments
	Treatments
	Plant height (cm) plant-1
	Number of leaves plant-1
	Number of branches plant-1
	Leaf area (dm2) plant-1

	T1: Absolute control
	39.56
	23.75
	6.39
	7.49

	T2: RDF
	45.33
	26.23
	7.38
	8.83

	T3: RDF + Rhizobium
	46.60
	28.60
	7.77
	9.16

	T4: RDF + 200 gm ha-1 Mo.
	48.03
	29.50
	8.07
	9.83

	T5: RDF + 400 gm ha-1 Mo.
	48.83
	30.50
	8.27
	10.49

	T6: RDF + 600 gm ha-1 Mo.
	49.87
	31.37
	8.47
	10.66

	T7:  RDF + Rhizobium + 200 gm ha-1 Mo.
	50.77
	32.27
	8.85
	10.83

	T8:  RDF + Rhizobium + 400 gm ha-1 Mo.
	54.67
	33.50
	9.71
	11.66

	T9:  RDF + Rhizobium + 600 gm ha-1 Mo.
	58.83
	36.08
	10.01
	12.83

	S. Em. +
	1.43
	1.26
	0.35
	0.55

	CD at 5%
	4.29
	3.77
	1.04
	1.66

	General mean
	49.17
	30.20
	8.32
	10.20



Table 2.	Yield attributes of black gram as influenced by different treatments
	Treatments
	Number of pods plant-1
	Pod yield (g) plant-1
	Seed yield (g) plant-1
	Test weight (g)

	T1: Absolute control 
	15.33
	7.67
	4.40
	47.53

	T2: RDF
	18.33
	11.30
	8.37
	47.73

	T3: RDF + Rhizobium
	19.33
	12.77
	9.00
	47.71

	T4: RDF + 200 gm ha-1 Mo.
	23.00
	13.51
	10.19
	47.87

	T5: RDF + 400 gm ha-1 Mo.
	25.50
	15.11
	11.18
	47.67

	T6: RDF + 600 gm ha-1 Mo.
	27.33
	16.07
	12.19
	48.22

	T7:  RDF + Rhizobium + 200 gm ha-1 Mo.
	28.33
	17.57
	13.77
	48.10

	T8:  RDF + Rhizobium + 400 gm ha-1 Mo.
	33.33
	19.33
	15.13
	47.73

	T9:  RDF + Rhizobium + 600 gm ha-1 Mo.
	35.00
	19.60
	15.51
	48.33

	S. Em. +
	2.14
	0.58
	0.49
	0.80

	CD at 5%
	6.41
	1.75
	1.46
	NS

	General mean
	25.06
	14.77
	11.08
	47.88


 Table 3.	Seed yield (q ha-1), straw yield (q ha-1), biological yield (q ha-1) and harvest index of black gram as influenced by different treatments
	Treatments
	Yield (q ha-1)

	
	Seed yield
	Straw yield
	Biological yield
	Harvest index (%)

	T1: Absolute control 
	4.20
	7.75
	11.95
	34.73

	T2: RDF
	6.85
	11.37
	18.22
	37.77

	T3: RDF + Rhizobium
	7.11
	11.9
5
	19.06
	37.28

	T4: RDF + 200 gm ha-1 Mo.
	7.43
	12.60
	20.03
	37.26

	T5: RDF + 400 gm ha-1 Mo.
	7.95
	13.63
	21.58
	36.85

	T6: RDF + 600 gm ha-1 Mo.
	8.46
	13.95
	22.42
	37.74

	T7:  RDF + Rhizobium + 200 gm ha-1 Mo.
	8.66
	14.15
	22.80
	37.91

	T8:  RDF + Rhizobium + 400 gm ha-1 Mo.
	8.91
	14.60
	23.51
	37.92

	T9:  RDF + Rhizobium + 600 gm ha-1 Mo.
	9.88
	16.34
	26.23
	37.93

	S. Em. +
	0.34
	0.71
	0.84
	1.72

	CD at 5%
	1.02
	2.13
	2.53
	NS

	General mean
	7.72
	12.93
	20.64
	37.27


Economic studies
	Data pertaining to economics of black gram as influenced by different treatments is presented in table 4.  The mean gross monetary returns and net monetary returns and were ₹ 57098.76 ha-1 and ₹ 18292.55 ha-1, respectively. 
Table 4.	Economics of black gram as influenced by different treatments
	Treatments
	Economics

	
	Gross monetary returns
(₹ ha-1)
	Cost of cultivation
(₹ ha-1)
	Net monetary returns
(₹ ha-1)
	B: C
Ratio

	T1: Absolute control 
	31072.351
	30678.725
	393.626
	1.01

	T2: RDF
	50671.835
	36922.686
	13749.149
	1.37

	T3: RDF + Rhizobium
	52583.979
	37351.377
	15232.603
	1.41

	T4: RDF + 200 gm ha-1 Mo.
	54974.160
	38319.740
	16654.420
	1.43

	T5: RDF + 400 gm ha-1 Mo.
	58798.450
	39587.122
	19211.328
	1.49

	T6: RDF + 600 gm ha-1 Mo.
	62622.739
	40854.503
	21768.236
	1.53

	T7:  RDF + Rhizobium + 200 gm ha-1 Mo.
	64056.848
	40887.881
	23168.966
	1.57

	T8:  RDF + Rhizobium + 400 gm ha-1 Mo.
	65968.992
	41836.572
	24132.420
	1.58

	T9:  RDF + Rhizobium + 600 gm ha-1 Mo.
	73139.535
	42817.302
	30322.232
	1.71

	S. Em. +
	2524.191
	--
	2524.191
	--

	CD at 5%
	7567.523
	--
	7567.523
	--

	General mean
	57098.765
	38806.21
	18292.553
	1.46


[bookmark: _Hlk174676027][bookmark: _Hlk174676062][bookmark: _Hlk174676081]		The highest value of gross monetary returns (₹ 73139.53 ha-1), net monetary returns (₹ 30322.23 ha-1) and B:C ratio (1.71) was recorded from treatment with the application of RDF + Rhizobium + 600 gm ha-1 Mo followed by RDF + Rhizobium + 400 gm ha-1 Mo. These results are in confirmation with Jamir et al., (2022), Kumar et al., (2023) and Mishra et al., (2023).
CONCLUSION
		Based on the current investigation, we may conclude that; the highest values of growth attributes, yield attributes and yield can be obtained with the application of RDF + Rhizobium + 600 gm ha-1 Mo followed by RDF + Rhizobium + 400 gm ha-1 Mo. 
In the context of using Rhizobium and molybdenum, considering economic factors, it could be said that combine application of application of RDF + Rhizobium + 600 gm ha-1 Mo followed by RDF + Rhizobium + 400 gm ha-1 Mo can be used to achieve elevated gross returns, net monetary returns and benefit-cost (B:C) as this treatment are at par with each others. 
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