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Effect of Micronutrients on Growth and Yield of Lentil (Lens culinaris L.)




Abstract

The field experiment was conducted on Lentil, during Rabi season of 2024-25 at Crop Research Farm, Department of Agronomy. The treatment consisted of 3 levels of Zinc (5,7 and 9kg/ha) and 3 levels of Molybdenum (2, 4 and 6 kg/ha) along with recommended doses of Nitrogen, Phosphorus and Potassium and a control (20-40-20 NPK/ha). The experiment was laid out in a Randomized Block Design with 10 treatment and replication thrice. Application Zinc (9kg/ha) along with Molybdenum(6kg/ha) (treatment 9) recorded. Highest Plant height (57.95 cm), No. of Branches (23.93), No. of Nodules (17.27) Higher Plant dry weight (7.51g), higher Seed yield (1.87 t/ha) and Higher Stover yield (3.34 t/ha).
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Introduction

Lentil (Lens culinaris L.) is a major Rabi pulse in India, valued for its high protein and micronutrient content and for its role in improving soil fertility through biological nitrogen fixation. This combination of nutritional and agro ecological benefits makes lentil an important crop for sustaining smallholder incomes and for addressing rural nutritional security in India (Tripathi et al., 2022). 

Despite its importance, lentil productivity in India remains constrained by a relatively narrow genetic base, susceptibility to several biotic and abiotic stresses, and limited adoption of improved genotypes and management practices; these limitations have been highlighted in multi-location agronomic and breeding evaluations undertaken under Indian agro-ecological conditions (Singh et al., 2022). 

Recent Indian research has demonstrated that targeted interventions — optimized nutrient management, and micronutrient agronomic bio fortification — can simultaneously improve yield, resilience and seed nutritional quality of lentil (Dhaliwal et al., 2021). 

Therefore, agronomic research in India is focusing on (i) refining crop management (sowing dates, spacing, fertilizer and micronutrient regimes), and (iii) integrating bio fortification approaches to enhance both productivity and seed micronutrient density — all aimed at narrowing the yield gap and improving the nutritional impact of lentil cultivation in Indian farming systems (Naik et al., 2024).
Zinc (Zn) is an essential micronutrient that plays a crucial role in plant metabolism, enzymatic activation, protein synthesis, and auxin regulation, making it vital for the growth and productivity of pulse crops. Pulses, being protein-rich legumes, are especially sensitive to Zn deficiency, which adversely affects nodulation, nitrogen fixation, photosynthetic activity, and seed development. Zinc deficiency in soils is widespread in South Asia, including India, where intensive cultivation, imbalanced fertilizer use, and depletion of micronutrients have led to significant yield gaps in pulses. Several studies have reported that zinc application enhances vegetative growth, improves nodule number and activity, and increases grain yield and seed zinc concentration in pulses such as lentil, chickpea, mung bean, and pigeon pea. Foliar sprays of zinc sulfate at critical growth stages have been particularly effective in enhancing yield and bio fortification. Therefore, zinc nutrition is not only important for improving crop productivity but also for addressing hidden hunger through nutrient-dense pulse grains. (Alloway (2008) and Cakmak (2008))
Molybdenum (Mo) plays a vital role in pulse crops because it directly influences biological nitrogen fixation and overall nutrient efficiency. As a cofactor of nitrogenase and nitrate reductase, Mo enhances nodulation, increases nitrogen assimilation, and improves seed protein content, thereby boosting yield and quality of pulses. Deficiency of Mo, which is common in acidic and coarse-textured soils, leads to poor nodulation, reduced chlorophyll synthesis, and symptoms similar to nitrogen deficiency. Agronomical interventions such soil application, or foliar spray of molybdenum compounds (e.g., sodium molybdate or ammonium molybdate) have been shown to significantly improve nodulation, growth, and productivity of legumes (Kaiser et al., 2005). Moreover, recent advances emphasize that optimizing Mo nutrition not only enhances crop yield but also improves the efficiency of nitrogen-fixing symbiosis, making it a critical input for sustainable pulse production systems (Bursakov et al., 2023).
Materials and Methods

The experiment was conducted during the Rabi season of 2024–2025, at Crop Research Farm, Department of Agronomy, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj (U.P.), which is located at 25° 24′ 42” N latitude, 81° 50′ 56” E longitude and 98 m altitude above the mean sea level (MSL). The objective of the study was to evaluate the effect of micronutrients on growth and yield of lentil. The experimental soil was classified as sandy loam in texture, with a pH of 7.5, organic carbon content of (0.823%), and available nutrient levels of nitrogen (86.2 kg/ha), phosphorus (44.7kg/ha), and potassium (252.4). The experiment was laid out in a Randomized Block Design (RBD) with ten treatments, each replicated three times to ensure statistical validity. The treatment consisted of 3 levels of Zinc (5,7 and 9kg/ha) and 3 levels of Molybdenum (2, 4 and 6 kg/ha) along with recommended doses of Nitrogen, Phosphorus and Potassium and a control (20-40-20 NPK/ha).
The recommended fertilizer dose (RDF) of 20:40:20 kg/ha of N, P₂O₅, and K₂O was applied using urea, DAP, and MOP. Fertilizer application varied according to the treatment combinations assigned to each plot. Full dose of nitrogen, phosphorus and potassium were applied at the time of sowing as basal dose. Zinc and Molybdenum were applied by broadcasting method plot wise during field preparation as per the treatment design. The different doses of Zinc were applied through Zinc Sulphate that is 5 kg/ha, 7 kg/ha and 9 kg/ha. The different doses of Molybdenum were applied through Ammonium Molybdate that is 2 kg/ha, 4 kg/ha and 6 kg/ha. Data on pre harvest growth parameters such as plant height, number of branches per plant, nodules per plant, dry weight, crop growth rate and relative growth rate were recorded at 20, 40, 60, and 80 DAS, while post-harvest observations including number of pods per plant, seeds per pod, test weight, seed yield, stover yield, and harvest index were recorded after harvesting of the lentil crop.

Result and Discussion Growth and Yield attributes:
1. Plant height (cm)
Significantly higher plant height (57.95 cm) was recorded in treatment 9 (Zinc 9 kg/ha
+ Molybdenum 6kg/ha). However, treatment 2 (Zinc 5 kg/ha + Molybdenum 4 kg/ha), treatment  3 (Zinc 5 kg/ha + Molybdenum 6 kg/ha), treatment 4 (Zinc 7 kg/ha +
Molybdenum 2 kg/ha), treatment 5 (Zinc 7 kg/ha + Molybdenum 4 kg/ha), treatment
6 (Zinc 7 kg/ha + Molybdenum 6 kg/ha) , treatment 7 (Zinc 9 kg/ha + Molybdenum 2 kg/ha), treatment 8 (Zinc 9 kg/ha + Molybdenum 4 kg/ha) were found statistically at par with treatment 9.
Significantly higher plant height was observed with application of Zinc (9 kg/ha) because zinc participates in the synthesis of growth hormones such as auxin, which stimulates cell division and elongation, thus increasing plant height. Zinc deficiency, conversely, impedes these processes, resulting in stunted growth and poor yield. As a cofactor for various enzymatic reactions, adequate zinc promotes efficient photosynthesis, protein synthesis, and reproductive development, all contributing to taller and healthier plants. Similar results have been reported by (Swargiary et al., 2021) in Lentil. Further, significantly higher plant height was observed with application of Molybdenum 6 kg/ha might be because it acts as a cofactor for critical enzymes involved in nitrogen metabolism, such as nitrate reductase, and is vital for symbiotic nitrogen fixation in legumes. Enhanced molybdenum availability improves nitrogen uptake and utilization, directly resulting in increased cell division, leaf area, and stem elongation, which manifest as significantly taller plants. The positive impact on plant height with molybdenum fertilization is amplified in lentil grown in nutrient-deficient soils and in conjunction with phosphorus. Similar results have been reported by {Mahilane and Singh (2018)} in Blackgram.

2. Number of branches

Significantly higher number of branches (23.93) was recorded in treatment 9 (Zinc 9 kg/ha + Molybdenum 6 kg/ha). However, treatment 4 (Zinc 7 kg/ha + Molybdenum 2 kg/ha), treatment 5 (Zinc 7 kg/ha + Molybdenum 4 kg/ha), treatment 6 (Zinc 7 kg/ha
+ Molybdenum 6 kg/ha), treatment 7 (Zinc 9 kg/ha + Molybdenum 2 kg/ha), treatment
8 (Zinc 9 kg/ha + Molybdenum 4 kg/ha) were found statistically at par with treatment
9 (Zinc 9 kg/ha + Molybdenum 6 kg/ha).

Significantly higher number of branches was observed with application of Zinc (9 kg/ha) because zinc is directly involved in auxin biosynthesis and several enzyme systems, which promote active cell division and elongation at the apical and lateral meristems. This hormonal stimulation encourages lateral bud initiation and development, thereby increasing the number of primary and secondary branches. Zn application promotes vigorous vegetative growth, reflected in a higher number of branches per plant. Similar results have been reported by (Yadav et al., 2022) in Lentil. Further, significantly higher number of branches was observed with application of Molybdenum 6 kg/ha might be because Molybdenum functions as a cofactor for essential enzymes like nitrogenase and nitrate reductase, which facilitate biological nitrogen fixation and nitrogen assimilation in legumes, thereby enhancing protein synthesis and vegetative growth, including branch development. Overall, molybdenum application enhances physiological and biochemical activities in lentil plants, resulting in increased shoot initiation and a higher number of branches per plant. Similar results have been reported by (Mahesh et al., 2021) in Blackgram.
3. Number of nodules/plant
Significantly higher number of nodules (17.27) was recorded in treatment 9 (Zinc 9 kg/ha + Molybdenum kg/ha). However, treatment 5 (Zinc 7 kg/ha + Molybdenum 4 kg/ha), treatment 6 (Zinc 7 kg/ha + Molybdenum 6 kg/ha), treatment 7 (Zinc 9 kg/ha
+ Molybdenum 2 kg/ha), treatment 8 (Zinc 9 kg/ha + Molybdenum 4 kg/ha) were found to be statistically at par with treatment 9 (Zinc 9 kg/ha + Molybdenum 6 kg/ha).
Significantly higher number of nodules was observed with application of Zinc (9kg/ha) because Zinc plays a vital role in increasing nodule formation and nitrogen fixation in legumes by activating enzymes and aiding the production of growth

substances like indole acetic acid (IAA). A deficiency in zinc reduces nodule number and size due to its importance in leghemoglobin synthesis. Applying zinc enhances root growth, which supports better nodulation and overall plant development. Similar results have been reported by (Mounika et al., 2022) in Lentil. Further, significantly higher plant height was observed with application of Molybdenum 6kg/ha might be because Molybdenum is essential for legume nodulation and nitrogen fixation as it is a key component of the nitrogenase enzyme responsible for fixing atmospheric nitrogen. It also supports nitrate reductase activity, aiding nitrogen assimilation. Molybdenum application increases nodule number, size, and nitrogenase activity, which enhances nitrogen fixation and promotes better plant growth. Additionally, it helps maintain nodule health by preventing early senescence. Similar results have been reported by (Tahir et al., 2014) in Blackgram.
4. Plant dry weight (g)

Significantly higher plant dry weight (7.55 g) was recorded in treatment 9 (Zinc 9 kg/ha + Molybdenum 6 kg/ha). However, treatment 8 (Zinc 9 kg/ha + Molybdenum 4 kg/ha) were found statistically at par with treatment 9.
Significant increase in plant dry weight was observed with the application of zinc at 9 kg/ha. The positive effect of zinc on dry matter accumulation may be due to its role in enhancing root growth and nodulation, which in turn improves nitrogen fixation and nutrient uptake efficiency. Zinc is an essential cofactor for several enzymes involved in protein synthesis, photosynthesis, and auxin production, which collectively enhance vegetative growth and biomass production. Adequate zinc supply stimulates chlorophyll formation and carbohydrate metabolism, leading to greater assimilation of photosynthates and their translocation to various plant parts, thereby contributing to higher dry matter accumulation. Similar results were reported by (Krishna et al., 2022) in Greengram. Further, significantly increase in plant dry weight of lentil was observed with the application of molybdenum at 6 kg/ha improvement in dry matter accumulation can be attributed to the crucial role of molybdenum in legume physiology, as it is a structural component of the nitrogenase enzyme, which is responsible for atmospheric nitrogen fixation. Adequate molybdenum supply also enhances nitrate reductase activity, thereby facilitating efficient nitrogen assimilation and protein synthesis. This ultimately improves nodulation, delays nodule senescence,

and ensures continuous nitrogen supply throughout the crop growth period. The resulting increase in photosynthetic efficiency and assimilation of carbohydrates contributes to higher biomass production. Similar findings were reported by (Nasar and Shah 2017) in Lentil.
5. Crop growth rate (g/m2/day)

No significant difference was recorded among all the treatments. Statistically highest crop growth rate was recorded in treatment 9 (Zinc- 9 kg/ha + Molybdenum- 6 kg/ha).
6. Relative growth rate (g/g/day)

No significant difference was recorded among all the treatments. Statistically highest relative growth rate was recorded in treatment 2 (Zinc- 5 kg/ha + Molybdenum- 4 kg/ha).
7. Number of Pods/plant

Significant and maximum number of pod/plant (87.47 pods/plant) was recorded in treatment 9 (Zinc- 9kg/ha + Molybdenum- 6 kg/ha). However, treatment 8 (Zinc- 9kg/ha + Molybdenum- 4 kg/ha), treatment 7 (Zinc- 9kg/ha + Molybdenum- 2 kg/ha), treatment 6 (Zinc- 7kg/ha + Molybdenum- 6 kg/ha), treatment 5 (Zinc- 7 kg/ha + Molybdenum- 4 kg/ha), treatment 3 (Zinc- 5 kg/ha + Molybdenum- 6 kg/ha), treatment
2 (Zinc- 5 kg/ha + Molybdenum- 4 kg/ha) and treatment 1 (Zinc- 5 kg/ha + Molybdenum- 2 kg/ha) were found statistically at par with treatment 9.

Significant and maximum number of pods/plant was observed with the application of Zinc at 9 kg/ha is expected to significantly enhance pod setting by strengthening reproductive physiology and nitrogen metabolism, Similar Result were reported by Teja et al. (2021) in Lentil. Further, significantly higher number of pods/plant (87.47) observed with Molybdenum at 6 kg/ha .Similar results have been reported by Singh et al. (2017) in Lentil.
8. Number of Seeds/pod

Significant and maximum number of seeds/pod (1.79) was recorded in treatment 9 (Zinc- 9kg/ha + Molybdenum- 6 kg/ha). However, treatment 8 (Zinc- 9kg/ha + Molybdenum- 4 kg/ha), treatment 7 (Zinc- 9kg/ha + Molybdenum- 2 kg/ha), treatment 6 (Zinc- 7 kg/ha + Molybdenum- 6 kg/ha), treatment 3 (Zinc- 5kg/ha + Molybdenum- 6 kg/ha), treatment 2 (Zinc- 5kg/ha + Molybdenum- 4 kg/ha) and treatment 1 (Zinc- 5 kg/ha + Molybdenum- 2 kg/ha) were found statistically at par with treatment 9.
Adequate supply of zinc 9kg/ha has been found to significantly improve the number of seeds per pod (1.79) in lentil by enhances pollen formation, viability, and germination. With improved pollen function, the chances of successful fertilization increase, which directly contributes to higher seed formation inside pods. Similar Result were reported by Kumar et al. (2023) in Lentil. Further application of molybdenum 6kg/ha improves nitrogen metabolism, nodulation, pollen fertility, and nutrient utilization, which together enhance the reproductive success of lentil, resulting in significantly higher seeds per pod. Similar results have been reported by Anand et al. (2022) in black gram.
9. Test weight (g)

The highest test weight (34.07 g) was recorded in treatment 9 (Zinc- 9 kg/ha + Molybdenum- 6 kg/ha), although the differences among treatments were statistically non-significant.

10. Seed yield (t/ha)

Significant and maximum seed yield (1.87 t/ha) was recorded in treatment 9 (Zinc- 9 kg/ha + Molybdenum- 6 kg/ha). However, no other treatment was found to be statistically at par with treatment 9.
Significant and higher seed yield was observed with the application of zinc 9kg/ha enhanced chlorophyll formation, auxin synthesis, and enzyme activity, resulting in better pod setting and higher seed yield in pulses. Similar results have been reported by Ali et al. (2017) in Lentil. Further, molybdenum 6 kg/ha as soil application significantly increased seed yield of lentil by enhancing nitrogenase activity, improving nodulation, and better translocation of assimilates. Similar results have been reported by Hossain et al. (2020) in Lentil.
11. Stover yield (t/ha)

Significantly higher stover yield was recorded treatment 9 (3.34 t/ha) was recorded in treatment 9 (Zinc- 9 kg/ha + Molybdenum- 6 kg/ha). However, no other treatment was found to be statistically at par with treatment 9.
Significant and higher stover yield was observed with the application of Zinc 9 kg/ha fertilization improved vegetative growth, dry matter accumulation, and plant height, which contributed to higher stover yield similar results reported by Upadhyay et al. (2013) In Lentil. Further, Molybdenum 6 kg/ha fertilization promoted nodule activity, leading to higher N uptake and improved vegetative growth, which ultimately increased stover yield. Similar results have been reported by Ali et al. (2025) in Lentil.
12. Harvest Index (%)
Significantly higher Harvest Index (37.07 %) was recorded in treatment 4 (Zinc- 7kg/ha + Molybdenum- 2 kg/ha). However, treatment 9 (Zinc- 9kg/ha + Molybdenum- 6 kg/ha), treatment 8 (Zinc 9 kg/ha + Molybdenum 4 kg/ha), treatment 7 (Zinc 9 kg/ha
+ Molybdenum 2 kg/ha), treatment. 6 (Zinc 7 kg/ha + Molybdenum 6 kg/ha), treatment 3 (Zinc- 5kg/ha + Molybdenum- 6 kg/ha), treatment 2 (Zinc- 5kg/ha + Molybdenum- 4 kg/ha), treatment 1(Zinc- 5kg/ha + Molybdenum- 2 kg/ha).

Conclusion

It is concluded that the application of Zinc (9 kg/ha) along with Molybdenum (6 kg/ha) significantly improved growth, yield attributes, seed yield (1.87 t/ha), stover yield (3.34 t/ha). Hence this combination can be recommended as the most efficient practice for lentil cultivation.
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Table 1: Effect of Micronutrients on growth and growth attributes of Lentil.

	
	
	
	80 DAS
	
	
	60-80 DAS

	S. No
	Treatment combinations
	Plant height (cm)
	No. of Branches/plant
	No of nodules/plant
	Plant dry weight (g)
	CGR
(g/m2/day)
	RGR
(g/g/day)

	1.
	Zinc- 5kg/ha + Molybdenum- 2 kg/ha
	48.97
	19.50
	14.73
	5.49
	4.476
	0.029

	2.
	Zinc- 5kg/ha + Molybdenum- 4 kg/ha
	50.93
	20.1
	15
	6.14
	5.333
	0.039

	3.
	Zinc- 5kg/ha + Molybdenum- 6 kg/ha
	53.01
	21.53
	15.33
	5.72
	4.553
	0.028

	4.
	Zinc- 7kg/ha + Molybdenum- 2 kg/ha
	52.58
	21.7
	15.60
	5.48
	4.002
	0.026

	5.
	Zinc- 7kg/ha + Molybdenum- 4 kg/ha
	54.42
	22
	15.80
	6.34
	4.996
	0.025

	6.
	Zinc- 7kg/ha + Molybdenum- 6 kg/ha
	56.18
	22.2
	16.07
	6.51
	4.997
	0.027

	7.
	Zinc- 9kg/ha + Molybdenum- 2 kg/ha
	56.68
	22.47
	16.27
	6.65
	5.033
	0.028

	8.
	Zinc- 9kg/ha + Molybdenum- 4 kg/ha
	54.63
	23.27
	16.47
	7.25
	5.779
	0.029

	9.
	Zinc- 9kg/ha + Molybdenum- 6 kg/ha
	57.95
	23.93
	17.27
	7.51
	5.333
	0.030

	10
	Control (RDF)- 20-40-20 NPK kg/ha
	46.09
	18.93
	14.30
	5.22
	4.267
	0.024

	
	F-Test
	S
	S
	S
	S
	NS
	NS

	
	S. Em (±)
	1.87
	0.76
	0.51
	0.24
	0.54
	0.003

	
	CD (p= 0.05)
	5.57
	2.28
	1.52
	0.74
	-
	-
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	yield attributes and yield

	

Sr. No.
	

Treatment combinations
	Number of pods/plant
	Number of seeds/pod
	Test
weight (g)
	Seed
yield (t/ha)
	Stover
yield (t/ha)
	Harvest
Index (%)

	1.
	Zinc- 5kg/ha + Molybdenum- 2 kg/ha
	82.93
	1.533
	28.80
	1.27
	2.24
	36.15

	2.
	Zinc- 5kg/ha + Molybdenum- 4 kg/ha
	86.87
	1.599
	27.63
	1.28
	2.18
	37.05

	3.
	Zinc- 5kg/ha + Molybdenum- 6 kg/ha
	82.33
	1.553
	28.73
	1.24
	2.12
	37.03

	4.
	Zinc- 7kg/ha + Molybdenum- 2 kg/ha
	77.20
	1.267
	28.87
	1.30
	2.21
	37.07

	5.
	Zinc- 7kg/ha + Molybdenum- 4 kg/ha
	81.46
	1.267
	27.97
	1.25
	2.39
	34.43

	6.
	Zinc- 7kg/ha + Molybdenum- 6 kg/ha
	84.80
	1.467
	28.33
	1.40
	2.49
	36.12

	7.
	Zinc- 9kg/ha + Molybdenum- 2 kg/ha
	85.26
	1.733
	28.97
	1.36
	2.41
	36.24

	8.
	Zinc- 9kg/ha + Molybdenum- 4 kg/ha
	85.93
	1.467
	27.67
	1.28
	2.19
	36.95

	9.
	Zinc- 9kg/ha + Molybdenum- 6 kg/ha
	87.47
	1.799
	34.07
	1.87
	3.34
	35.91

	10.
	Control (RDF)- 20-40-20 NPK kg/ha
	74.46
	1.067
	27.97
	1.21
	2.06
	36.93

	
	F – Test
	S
	S
	NS
	S
	S
	S

	
	S.Em (±)
	2.45
	0.11
	1.79
	0.07
	0.15
	0.40

	
	CD (p= 0.05)
	7.29
	0.35
	-
	0.21
	0.46
	1.21



References




Ali, A., Ahmad, B., Hussain, I., Ali, A., & Shah, F. A. (2017). Effect of phosphorus and zinc on yield of lentil. Pure and Applied Biology (PAB), 6(4), 1397-1402. http://dx.doi.org/10.19045/bspab.2017.600150
Ali, M. I., Dawson, J., Kumar, A., & Rahman, M. W. (2025). Effect of boron and molybdenum on growth and yield of lentil (Lens culinaris L.). International Journal of Research in Agronomy, 8(9), 37–41. https://doi.org/10.33545/2618060X.2025.v8.i9a.3723
Alloway, B. J. (2008). Zinc in soils and crop nutrition (2nd ed.). Paris: International Zinc Association and International Fertilizer Industry Association. https://www.topsoils.co.nz/wp-content/uploads/2014/09/Zinc-in-Soils-and-Crop-Nutrition-Brian-J.-Alloway.pdf
Anand, A., Umesha, C., & Sanodiya, L. K. (2022). Effect of Phosphorous and Molybdenum on Yield and Economic of Black gram (Vigna mungo L.). The Pharma Innovation Journal, 11(5), 1417-1420. https://www.thepharmajournal.com/archives/2022/vol11issue5/PartQ/11-5-122-570.pdf
Bagadi, M. T., Singh, V., & George, S. G. (2021). Effect of sulphur and zinc on growth and yield of lentil (Lens culinaris M.). The Pharma Innovation Journal, 10(11), 370–372. https://www.thepharmajournal.com/archives/2021/vol10issue11/PartF/10-10-510-382.pdf
Bursakov, S. A., Kroupin, P. Y., Karlov, G. I., & Divashuk, M. G. (2023). Tracing the element: The molecular bases of molybdenum homeostasis in legumes. Agronomy, 13(9), 2300. https://doi.org/10.3390/agronomy13092300 
Cakmak, I. (2008). Enrichment of cereal grains with zinc: Agronomic or genetic bio fortification? Plant and Soil, 302(1–2), 1–17. https://doi.org/10.1007/s11104-007-9466-3
Dhaliwal, S. S., Sharma, V., Shukla, A. K., Kaur, J., Verma, V., Singh, P., & Hossain, A. (2021). Enrichment of zinc and iron micronutrients in lentil (Lens culinaris Medik.) through bio fortification. Molecules, 26(24), 7671.  https://doi.org/10.3390/molecules26247671
Hossain, A., Quddus, A., Alam, K., Naser, H. M., Anwar, B., Khatun, F., & Siddiky, A. (2020). Application of zinc, boron, and molybdenum in soil increases lentil productivity, nutrient uptake, and apparent balance. Canadian Journal of Soil Science, 101(1), 113-124. https://doi.org/10.1139/cjss-2019-0141
Kaiser, B. N., Gridley, K. L., Brady, J. N., Phillips, T., & Tyerman, S. D. (2005). The role of molybdenum in agricultural plant production. Annals of Botany, 96(5), 745–754 https://doi.org/10.1093/aob/mci226
Krishna, B. M., Kumar, H. S., Priyanka, G., NAIL, M., & Umesha, C. (2022). Influence of boron and zinc on growth and yield of green gram (Vigna radiata L.). Pharma Innov. J, 11(3), 1674. https://www.researchgate.net/profile/Banoth-Murali-Krishna/publication/370978098_Influence_of_boron_and_zinc_on_growth_and_yield_of_green_gram_Vigna_radiata_L/links/646cfaea6a0082273fa6a83d/Influence-of-boron-and-zinc-on-growth-and-yield-of-green-gram-Vigna-radiata-L.pdf
Kumar, Y. A., Singh, S., & Nawhal, A. (2023). Effect of Phosphorus and Zinc on Growth and Yield of Lentil (Lens culinaris L.). Int. J. Environ. Clim. Change, 13(9), 2633-2637. https://www.researchgate.net/profile/Y-Kumar-5/publication/372862814_Effect_of_Phosphorus_and_Zinc_on_Growth_and_Yield_of_Lentil_Lens_culinaris_L/links/64cb970f40a524707b944140/Effect-of-Phosphorus-and-Zinc-on-Growth-and-Yield-of-Lentil-Lens-culinaris-L.pdf
Mahesh, K., Umesha, C., Karthik, B., Spandana, R., & Priyadharshini, A. S. (2021). Performance of phosphorus and molybdenum levels on growth and economics of blackgram (Vigna mungo L.). The Pharma Innovation, 10(7), 867-869. https://d1wqtxts1xzle7.cloudfront.net/89196534/10-6-289-571-libre.pdf?1659426387=&response-content-disposition=inline%3B+filename%3DPerformance_of_phosphorus_and_molybdenum.pdf
Mahilane, C., & Singh, V. (2018). Effect of zinc and molybdenum on growth, yield attributes, yield and protein in grain on summer blackgram (Vigna mungo L.). International Journal of Current Microbiology and Applied Sciences, 7(1), 1156-1162 https://doi.org/10.20546/ijcmas.2018.701.140
Mounika, S., Mehera, B., Sathvik, D., & Chandan, N. (2022). Influence of Bio Fertilizers and Zinc on Growth and Yield of Lentil (Lens culinaris L.). International Journal of Environment and Climate Change, 12(10), 788-793. http://archive.go4subs.com/id/eprint/227/1/934-Article%20Text-1634-5-10-20221008.pdf

Naik YD, Sharma VK, Aski MS, et al. Phenotypic profiling of lentil (Lens culinaris Medikus) accessions enabled identification of promising lines for use in breeding for high yield, early flowering and desirable traits. Plant Genetic Resources: Characterization and Utilization. 2024;22(2):69-77.  https://doi.org/10.1017/S1479262124000042
Nasar, J., & Shah, Z. (2017). Effect of iron and molybdenum on yield and nodulation of lentil. ARPN J. Agric. Biol. Sci, 12(11), 332-339. https://www.researchgate.net/profile/Jamal-Nasar/publication/322095853_ARPN_Journal_of_Agricultural_and_Biological_Science_EFFECT_OF_IRON_AND_MOLYBDENUM_ON_YIELD_AND_NODULATION_OF_LENTIL
Singh, D. H. A. R. V. E. N. D. R. A., Khare, A., & Singh, S. U. K. H. V. I. R. (2017). Effect of phosphorus and molybdenum nutrition on yield and nutrient uptake in lentil (Lens culinaris L.). Annals of Plant and Soil Research, 19(1), 37-41. https://www.gkvsociety.com/control/uploads/DHARVENDRA%20SINGH,%20ARCHANA%20KHARE%20AND%20SUKHVIR%20SINGH%20Effect%20of%20phosphorus%20and%20molybdenum%20nutrition%20on%20yield%20and%20nutrient%20uptake%20in%20lentil%20(Lens%20culinar.pdf
Singh, M., Kumar, S., Mehra, R., Sood, S., Malhotra, N., Sinha, R., Jamwal, S., & Gupta, V. (2022). Evaluation and identification of advanced lentil interspecific derivatives resulted in the development of early maturing, high yielding, and disease-resistant cultivars under Indian agro-ecological conditions. Frontiers in Plant Science, 13, 936572. https://doi.org/10.3389/fpls.2022.936572
Swargiary, S., Umesha, C., & Dwivedi, N. (2021). Influence of spacing and zinc levels on growth and yield of Lentil (Lens culinaris). In Biol. Forum Int. J (Vol. 13, pp. 114-117). https://www.researchgate.net/profile/Nihal-Dwivedi/publication/360496472_Influence_of_Spacing_and_Zinc_Levels_on_Growth_and_Yield_of_Lentil_Lens_culinaris/links/627a76b2b1ad9f66c8b1b7fd/Influence-of-Spacing-and-Zinc-Levels-on-Growth-and-Yield-of-Lentil-Lens-culinaris.pdf
Tahir, M., Sher, A., & Majeed, M. A. (2014). Effect of molybdenum on yield and quality of black gram (Vigna mungo L.). Pakistan journal of life and social sciences, 12(2), 101-105. https://d1wqtxts1xzle7.cloudfront.net/98809831/101-105-libre.pdf?1676695827=&response-content-disposition=inline%3B+filename%3DEffect_of_Molybdenum_on_Yield_and_Qualit.pdf&Expires=1758656027&Signature=f0Q1U~5v0ILuxOzNqk4-ge1ywxVOi4jHeWKxCLPcMeQTcsJe8InSupl-FlX6In-GJ2ygXE9Jl31-9M8HOEimtHEW9sbaCVrnZbglNz~AwDRwBCWKLjGEWlBAXWe6JGB23Gw4nk3efw3y85PC6-~1nqNqrCW1QFTgiLm-1BRe0d1~-2XKBd3POFdCKrFbpB5pRqR90K6c9IXDMtdozoX7tR~sujSd-s9B2tdLYqQYgS6Y9faXDS7WxfsQpEuM0w1f~6f~ut2o2ginwO~fpt4hpPBLpFD-oSiiUqcgxKIGWedL8ay5js9fpqF95MrMqfZkwi6zKiz9mRlWvKAf3tWoRA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
Tripathi, K., Kumari, J., Gore, P. G., Mishra, D. C., Singh, A. K., Mishra, G. P., ... & Sarker, A. (2022). Agro-morphological characterization of lentil germplasm of Indian national genebank and development of a core set for efficient utilization in lentil improvement programs. Frontiers in Plant Science, 12, 751429. https://doi.org/10.3389/fpls.2021.751429
Upadhyay, A. K. (2013). Effect of sulphur and zinc nutrition on yield, uptake of nutrients and quality of lentil in alluvial soil. Annals of Plant and Soil Research, 15(2), 160-163. https://gkvsociety.com/control/uploads/Effect-of-sulphur-and-zinc-nutrition-on-yield-uptake-of-nutrients-and-quality-of-lentil-in-alluvial-soil.pdf
Yadav, P. K., Kumar, S., Verma, S., Dixit, V., Kumar, C., & Verma, S. (2022). Effect of Zn and B on Lentil (Lens culinaris) Growth Characteristics, Yield, and Available Nutrients in the Soil. International Journal of Environment and Climate Change, 12(11), 2766-2778). https://www.researchgate.net/publication/363801325_Effect_of_Zn_and_B_on_Lentil_Lens_culinaris_Growth_Characteristics_Yield_and_Available_Nutrients_in_the_Soil
