Original Research Article

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 among the earliest domesticated food legumes, believed to have originated in the Near East and Mediterranean regions. It is highly valued for its nutritional content, providing 22–24% protein, complex carbohydrates, essential amino acids, dietary fiber, and minerals such as iron and zinc. Being a cool-season crop, lentil is generally grown under rainfed conditions and has the ability to fix atmospheric nitrogen in symbiosis with Rhizobium leguminosarum, contributing to soil fertility. Its short duration, low input requirement, and adaptability to marginal lands make it an important pulse crop in dryland farming systems (Erskine et al., 2011).
Globally, lentil is cultivated in about 5.5 million hectares, with an average yield of 1.2 t/ha. The world production reached approximately 6.6 million tonnes in 2024–25, showing a 15% increase over the previous year. Canada remains the largest producer and exporter, followed by India, Australia, Turkey, and Nepal. Rising demand for plant-based protein, along with its resilience to resource-poor environments, has contributed to the expansion of lentil cultivation worldwide (FAOSTAT, 2023; Seedea, 2025).
In India, lentil ranks as the third most important winter pulse crop after chickpea and pigeon pea. The crop covers nearly 1.9 million hectares, producing around 1.6 million tonnes annually, with average productivity of about 900 kg/ha — much lower than the global average. Major producing states include Madhya Pradesh, Uttar Pradesh, Bihar, and West Bengal. Despite expansion in area, productivity remains constrained due to poor soil fertility, micronutrient deficiencies, and frequent abiotic stresses. Efforts are ongoing to improve yields through varietal improvement, better nutrient management, and adoption of improved crop practices (Kumar et al., 2022; MoAFW, 2024).
Zinc (Zn) plays a crucial role in enzyme activation, auxin metabolism, and reproductive processes in lentil. Deficiency of Zn adversely affects pollen viability, seed set, and dry matter accumulation, resulting in reduced yields. In India, zinc deficiency is widespread, with more than 50% of soils testing low in available Zn. Several field experiments have demonstrated that foliar application of zinc sulphate (0.04–0.08%) significantly improves plant height, branches per plant, and seed yield

in lentil, besides enhancing protein content of seeds (Alloway, 2008; Singh et al., 2019).
Molybdenum (Mo) is essential for nitrogen fixation in legumes as it forms part of nitrogenase and nitrate reductase enzymes. Deficiency of Mo in acidic soils leads to poor nodulation, nitrogen deficiency symptoms, and yield reduction. Application of Mo, either through soil (1–2 kg/ha sodium molybdate) or seed priming, enhances nodule formation, nitrogen assimilation, and seed yield in lentil. Studies have shown that the combined application of Mo with zinc foliar sprays significantly improves seed yield and dry matter partitioning, highlighting the importance of balanced micronutrient management in lentil cultivation (Gupta, 2017; Rahman et al., 2024).
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 measured at maturity.
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 (2020) 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 Singh et al. (2017) in Lentil.

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 (Swargiary et al., 2021; Kumar & Sen, at al., 2018). Further, significantly higher plant height 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 Devi, et al. (2023) in Lentil.
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 Kumar, et al. (2020) in chickpea. 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 Bhuiyan, et al. (2008) in cowpea.
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 Biradar et al. (2022) in chickpea. 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 Ahlawat et al. (2007) 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).
Application of zinc at 9 kg/ha has been shown to significantly enhance crop growth rate (CGR) in lentil. This improvement stems from zinc’s multifaceted physiological roles—it promotes root development, nodulation, and enzymatic activities essential for auxin synthesis, photosynthesis, and protein metabolism. These combined effects lead to increased nutrient uptake, enhanced chlorophyll content, and improved carbohydrate translocation, all contributing to sustained vegetative growth and biomass accumulation. Similar findings were reported by Ali et al. (2017). Further, significantly increase crop growth rate due to soil application of micronutrients including molybdenum led to higher biomass accumulation and growth performance in lentil. Similar findings were reported by Singh and Fattah (2009)
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 along with Molybdenum at 6 kg/ha is expected to significantly enhance pod setting by strengthening reproductive physiology and nitrogen metabolism. Islam et al. (2018). Further, significantly higher number of pods/plant observed with soil- applied molybdenum (3 kg/ha) increased pods per plant to ~91–92, compared to ~85– 86 in untreated controls. Similar results have been reported by Rehman et al. (2024).
8. Number of Seeds/pod

Significant and maximum number of seeds/pod (1.79 seeds/pod) 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 and molybdenum has been found to significantly improve the number of seeds per pod in lentil by enhancing pollen viability, fertilization efficiency, and effective nutrient utilization. Rehman et al. (2024) reported that the combined application of 3 kg/ha molybdenum with 0.5% foliar zinc increased seeds per pod to about 2.0 compared with untreated control. Similarly, Islam et al. (2018). In another study observed that zinc application (2–3 kg/ha), particularly with PGPR inoculation, significantly enhanced seeds per pod under rainfed conditions. These findings justify that higher doses of Zn (9 kg/ha) and Mo (6 kg/ha) in the present experiment are likely to improve reproductive efficiency and thereby increase the number of seeds per pod in lentil. Similar results have been reported by Mahmood et al. (2019).
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 Togay et al. (2008). 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 Rana et al. (2014).
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 Chaudhary et al. (2015). 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 Patra et al. (2018).
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
	-
	-



Table 2: Effect of Micronutrients on yield attributes and yield of Lentil.

	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
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