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ABSTRACT 

A field experiment was conducted during the Kharif season of 2024 at the Research Farm of Maharishi 

Markandeshwar (Deemed to be University), Mullana, Ambala, to study the effect of varying phosphorus 

levels and foliar zinc on green gram. The experiment was carried out in split plot design with three 

replications. Main plots included four phosphorus levels: M1-control, M2-75% recommended dose of 

phosphorus (RDP), M3-100% RDP, and M4-125% RDP while the sub-plots had three foliar zinc 

treatments: S1-control, S2-1.0% foliar zinc and S3-1.5% foliar zinc. Among different phosphorus levels, 

the results showed that 125% RDP significantly improved plant height (68.3 cm), branches/plant (6.0), 

leaf area index (3.09), and dry matter accumulation (16.46 g/plant) at harvest. It also produced 

significantly higher number of pods/plant (22.5), seeds/pod (8.8), pod length (7.9 cm), seed yield (1089 

kg/ha), and stover yield (2806 kg/ha). It was also observed that 100% RDP application recorded 

statistically at par results in all the parameters. Among zinc treatments, 1.5% foliar zinc significantly 

enhanced plant height (64.9 cm), leaf area index (2.98), dry matter accumulation (14.87 g/plant), 

pods/plant (8.3), seeds/pod (8.3), pod length (7.6 cm), seed yield (969 kg/ha), and stover yield (2451 

kg/ha), which was statistically at par with 1.0% foliar zinc application. Economic analysis revealed 

maximum gross returns, net returns, and B:C ratio with 125% RDP application and 1.5% foliar zinc 

spray. Further, interaction of both the factors showed that 100% RDP application with 1.0% foliar zinc 

spray resulted in seed and stover yield statistically similar to 125% RDP application with 1.5% foliar 

zinc spray. Thus, 100% RDP combined with 1.0% foliar zinc was identified as a promising and 

economical practice for enhancing green gram productivity and profitability. 
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Introduction 

Pulses serve as a valuable dietary protein source 

and contribute significantly towards meeting the food 

security of the world's constantly growing population. 

Green gram, locally known as moong (Vigna radiate 

L.), belongs to leguminaceae family. Being a short 

duration crop and having wider adaptability, it can be 

grown in Kharif as well as in summer season. Green 

gram is an excellent source of energy (334 Kcal), 

protein (24%), fat (1%), carbohydrates (57%), minerals 

(3%), fibre (4%), calcium (124 mg/100g), phosphorus 

(326 mg/100g), iron (4 mg/100g) (Kumar et al., 2022). 

Fertilizer management is one of the key agronomic 

techniques for boosting crop yield and preserving soil 

fertility among other production techniques. Among 

nutrients, phosphorus is one of the three crucial 

primary macronutrients that plant needs for optimal 

growth and development. Phosphorus is critical 

nutrient in pulse crop which plays important role in 

root proliferation, photosynthesis, energy transfer, 

signal transduction, macromolecular biosynthesis, 

respiration and atmospheric nitrogen fixation, and 

ultimately plays a vital role in higher yield of pulses 

(Rashmitha et al., 2021). Besides macronutrients, 

micronutrients are also necessary for the growth and 

development of plants. Zinc is an energy source for 

production of auxin and increases plant metabolic and 

enzymatic process (Rathod et al., 2020). Zinc 

contributes to several aspects of auxin metabolism, 
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including the production of tryptophan, proteins, and 

nucleic acids (Saini et al., 2022). Zinc also aids in the 

plant's uptake of phosphate and nitrogen. Additionally, 

it encourages nodulation and nitrogen fixation in 

leguminous crops (Naz et al., 2022). Foliar application 

of zinc has a significant impact on crop yield and plant 

growth. Zinc has a significant favourable impact on 

green gram seed and straw yields as well as the 

percentage of crude protein in the seeds (Movalia et al. 

2020). Therefore, this study was conducted to evaluate 

the performance of zinc foliar application in green 

gram under different phosphorus regimes with the 

objective to optimise dose of foliar zinc while 

enhancing the growth and productivity of green gram 

in irrigated conditions. 

Materials and Methods 

A field experiment was conducted during the 

Kharif season of the year 2024 at research farm of 

Maharishi Markandeshwar (Deemed to be University), 

Mullana, Ambala, Haryana. The experimental site was 

located at an altitude of 264 meter above mean sea 

level with geographical coordinates of 30° 17’0” N 

latitude and 77° 3’0” E longitude and average rainfall 

of approximately 700 mm annually. The soil of the 

experimental field was sandy loam in texture having 

54% sand, 32% silt and 11% clay content. Soil was 

found to be low in organic carbon (0.30%) and 

available N (169.34 kg/ha), on the other hand it was 

medium in  available P2O5 (13.43 kg/ha) and  available 

K2O (208.59 kg/ha). The experiment was carried out in 

split plot design with four treatments of varying doses 

of phosphorus in main plot viz. M1-control, M2-75% 

recommended dose of phosphorus (RDP), M3-100% 

RDP and M4-125% RDP while the sub plots comprised 

of three treatments of foliar application of zinc viz. S1-

control, S2-1.0% foliar zinc and S3-1.5% foliar zinc. 

The recommended dose of nitrogen was applied @ 20 

kg/ha uniformly as basal dose through urea. The 

recommended dose of phosphorus (RDP) was 40 kg/ha 

for green gram. The phosphorus dose was calculated 

and applied as per treatments details using single super 

phosphate while zinc sulphate was used for foliar spray 

of zinc. Green gram variety MH-1142 was sown on 

19
th
 July 2024 using seed rate of 20 kg/ha at row 

spacing of 30 cm. The data pertaining to biometric 

observations like plant height, number of 

branches/plant and leaf area index as well as yield 

attributes including number of pods/plants, number of 

seeds/pod and pod length were recorded from five 

tagged plants selected randomly from each plot while 

the dry matter accumulation/plant, was recorded 

periodically from five plants selected randomly in the 

second outermost row in each plot. The seed yield 

(kg/ha) was determined by weighing seeds from each 

net plot while the biological yield (kg/ha) was 

determined by weighing bundle weight from each net 

plot. The straw yield (kg/ha) was calculated after 

deducting seed yield from biological yield. The cost of 

cultivation of each treatment was computed using 

current market prices and benefit-cost ratio was 

determined as ratio of gross return to cost of cultivation 

using the given equation 

ncultivatioofCost

returnsGross
C:B =  

The crop data collected in the field, encompassing 

various parameters, underwent statistical analysis 

following the methodology outline by Cochran and 

Cox (1967).   

Result and Discussion 

Growth parameters 

The growth parameters of green gram including 

plant height, branches/plant, leaf area index and dry 

matter accumulation/plant have been presented in the 

Table 1. The data revealed that among different levels 

of phosphorus fertilization, application of 125% RDP 

(M4) recorded significantly higher plant height (68.3 

cm), branches/plant
 
(6.0), leaf area index (3.09) and 

dry matter accumulation (16.46 g/plant) at harvest and 

it was found statistically at par with application of 

100% RDP (M3). The increment in growth parameters 

might be attributed to proper availability of phosphorus 

which plays an important role in improving nutritional 

status of plant through increased photosynthetic 

activity and increased root nodulation (Kumari et al., 

2022). The increase in plant height might be due to 

enhanced photosynthetic activity, efficient 

translocation and utilization of photosynthates causing 

rapid cell elongation, cell expansion and cell division 

(Kumawat et al., 2022). Efficient utilization of 

nutrients might have resulted in attaining better crop 

canopy which further increased the absorption and 

utilization of radiant energy resulting in higher leaf 

area index, dry matter accumulation and number of 

branches/plant
 
(Patel et al., 2017). These results are in 

agreement with Masih et al. (2020). Similarly, among 

different doses of zinc foliar spray application, 1.5% 

foliar zinc application (S3) recorded significantly 

higher plant height (64.9 cm), leaf area index (2.98) 

and dry matter accumulation (14.87 g/plant) at harvest 

and further it was found statistically at par with 

application of 1.0% foliar zinc (S2). However, foliar 

application of zinc did not have any significant effect 

on number of branches/plant. The enhancement in 

growth parameters could be attributed to increased 
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availability of zinc which had a beneficial effect on 

raising the enzymatic activity of plants which 

ultimately enhanced photosynthetic activity, 

chlorophyll synthesis and overall plant metabolism. 

Similar results were also reported by Todawat et al. 

(2018) and Dhinagaran et al. (2021).   

Yield attributes 

The yield attributes of green gram including 

number of pods/plants, pod length (cm), number of 

seeds/pod
 

and 1000-seed weight (g) have been 

presented in the Table 2. The data revealed that among 

different levels of phosphorus fertilization, application 

of 125% RDP (M4) recorded significantly higher 

number of pods/plant (22.5), pod length (7.9 cm), 

number of seeds/pod
 
(8.8) and this treatment was found 

statistically at par with application of 100% RDP (M3). 

This might be due to higher dose of phosphorus 

application. Due to its significant involvement in root 

multiplication, nodule formation and subsequent 

atmospheric nitrogen fixation, phosphorus played an 

important role in better partitioning of photosynthates 

which ultimately increased the yield attributes of green 

gram in terms of number of pods/plant and number of 

seeds/pods. Similar findings were also reported by 

Kumar and Debbarma (2023) and Gorai and Mondal 

(2023). Likewise, among different doses of zinc foliar 

spray, 1.5% foliar zinc application (S3) recorded 

significantly higher number of pods/plant (21.2), pod 

length (7.6 cm), number of seeds/pod
 
(8.3) which was 

statistically at par with 1.0% foliar zinc application 

(S2). However, data pertaining to 1000-seed weight 

remained non-significant under varying doses of 

phosphorus and zinc foliar spray application. The 

application of zinc to green gram crop improved fruit 

growth by synthesizing tryptophan and auxin. The 

enhanced yield attributes of green gram might be 

attributed to the favourable influence of the zinc 

application on nutrient metabolism, biological activity 

and growth parameters and hence, applied zinc resulted 

in  higher enzyme activity which in turn encouraged 

higher number of seeds/pod and pods/plant. Similar 

findings have been reported earlier by Shekhawat and 

Shivay (2012) and Dhinagaran et al. (2021).  

Yield  

The yield of green gram including seed yield 

(kg/ha), stover yield (kg/ha) is presented in Table 3. 

The data revealed that among different levels of 

phosphorus fertilization, application of 125% RDP 

(M4) recorded significantly higher seed yield (1089 

kg/ha
 
) and stover yield (2806 kg/ha) and it was found 

statistically at par with 100% RDP (M3). The higher 

dose of phosphorus application increased the yield 

attributes such as number of pods/plant, number of 

seeds/pod, and 1000-seed weight due to superior 

source sink relationship and increased nitrogen 

fixation, consequently leading to higher seed and 

stover yields of green gram. Similar findings were 

reported by Hossain et al. (2016). Among different 

doses of zinc foliar spray, 1.5% foliar zinc (S3) 

recorded significantly higher seed yield (969 kg/ha
 
), 

stover yield (2451 kg/ha)  which was statistically at par 

with application of 1.0% foliar zinc (S2). The increase 

in seed and straw yield due to foliar application of zinc 

might be due to the concomitant increase in number of 

pods/plant, number of seeds/pod, and 1000-seed 

weight. These results are in conformity to those of  Tak 

et al. (2014). Further it was revealed that the seed and 

stover yield of green gram recorded significant 

interaction between varying doses of phosphorus and 

foliar zinc application presented in Table 4. The data 

presented in Table 4 revealed application of 125% 

RDP (M4) along with 1.5% foliar zinc application (S3) 

recorded significantly higher seed and stover yield 

which was statistically at par with application of 100% 

RDP (M3) along with 1.0% foliar zinc application (S2). 

Relative economics 

The relative economics of green gram calculated 

in terms of gross returns (Rs./ha), net returns (Rs./ha) 

and benefit-cost ratio (B:C) have been presented in the 

Table 3. The data revealed that among different levels 

of phosphorus fertilization, application of 125% RDP 

(M4) recorded numerically higher gross returns (Rs. 

94547/ha) and net returns (Rs. 60795/ha). However, 

maximum value of B-C ratio was recorded with the 

application of 100% RDP (M3) (2.81) which was 

closely followed by application of 125% RDP (M4) 

(2.80). Similarly, among different doses of zinc foliar 

spray, application of 1.5% foliar zinc application (S3) 

recorded maximum gross returns (Rs. 84157/ha), net 

returns (Rs. 50360/ha) and benefit-cost ratio (2.48) 

which were followed by application of 1.0% foliar zinc 

(S2). The increase in B-C ratio is attributed to increased 

seed yield of green gram. Almost similar findings were 

supported Gupta et al. (2022) and Omran et al. (2020). 

Conclusion 

The results of the experiment revealed that there 

was significant effect of both phosphorus and zinc on 

performance of green gram. Although 125% 

phosphorus and 1.5% foliar zinc application was 

significantly superior in almost all the parameters but 

100% phosphorus and 1.0% foliar zinc application 

were statistically similar to these treatments. Further 

interaction effect on yield revealed that application of 

100% phosphorus along with 1.0% foliar zinc 
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application resulted in statistically similar yield as of 

treatments with higher doses of nutrients making it 

ideal treatment for obtaining higher yield without 

substantially increasing cost of cultivation. 

  

Table 1: Effect of phosphorus and foliar spray of zinc on growth parameters of green gram 

Treatments 
Plant height 

(cm) 

Number of 

branches /plants 
Leaf area index 

Dry matter 

accumulation 

(g/plant
 
) 

Main plot (Phosphorus) 

Control (M1) 51.6 5.3 2.65 10.92 

75% RDP (M2) 61.0 5.6 2.68 14.17 

100% RDP (M3) 65.8 5.8 3.01 16.07 

125% RDP (M4) 68.3 6.0 3.09 16.46 

S.Em ± 1.70 0.1 0.07 0.29 

LSD (p=0.05) 5.0 0.3 0.21 0.85 

Sub plot (Foliar zinc) 

Control (S1) 58.1 5.5 2.72 13.74 

1.0% foliar zinc (S2) 62.0 5.7 2.87 14.61 

1.5% foliar zinc (S3) 64.9 5.8 2.98 14.87 

S.Em ± 1.48 0.1 0.06 0.25 

LSD (p=0.05) 4.3 NS 0.18 0.74 

Interaction LSD (p=0.05) 

M x S NS NS NS NS 

  
Table 2: Effect of phosphorus and foliar spray of zinc on yield attributes of green gram 

Treatments 
Number of 

pods/plant 
Pod length (cm) 

Number of 

seeds/pod 

1000-seed 

weight (g) 

Main plot (Phosphorus) 

Control (M1) 17.8 6.6 6.8 42.3 

75% RDP (M2) 20.6 7.1 7.5 42.7 

100% RDP (M3) 21.4 7.8 8.2 43.6 

125% RDP (M4) 22.5 7.9 8.8 43.8 

S.Em ± 0.5 0.1 0.2 0.6 

LSD (p=0.05) 1.4 0.4 0.6 NS 

Sub plot (Foliar zinc) 

Control (S1) 19.7 7.0 7.4 43.6 

1.0% foliar zinc (S2) 20.8 7.4 7.8 42.4 

1.5% foliar zinc (S3) 21.2 7.6 8.3 43.3 

S.Em ± 0.4 0.1 0.2 0.5 

LSD (p=0.05) 1.2 0.4 0.5 NS 

Interaction LSD (p=0.05) 

M x S NS NS NS NS 

 
Table 3: Effect of phosphorus and foliar spray of zinc on yield and relative economics of green gram 

Treatments 
Seed yield  

(kg/ha) 

Stover  yield  

(kg/ha) 

Gross returns 

(Rs./ha) 

Net returns 

(Rs./ha) 
B:C 

Main plot (Phosphorus) 

Control (M1) 645 1592 56013 25011 1.81 

75% RDP (M2) 870 2193 75549 42897 2.32 

100% RDP (M3) 1076 2746 93450 60248 2.81 

125% RDP (M4) 1089 2806 94547 60795 2.80 

S.Em ± 16 47 - - - 

LSD (p=0.05) 47 139 - - - 
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Sub plot (Foliar zinc) 

Control (S1) 847 2137 73579 42457 2.35 

1.0% foliar zinc (S2) 944 2415 81934 48897 2.47 

1.5% foliar zinc (S3) 969 2451 84157 50360 2.48 

S.Em ± 14 41 - - - 

LSD (p=0.05) 41 121 - - - 

Interaction LSD (p=0.05) 

M x S 82 241 - - - 

 
Table 4:  Interaction effect of phosphorus and foliar spray of zinc on seed and stover yield of green gram 

Seed yield (kg/ha) Stover  yield (kg/ha) 

Treatments Control (S1) 1.0% foliar 

zinc (S2) 

1.5% foliar 

zinc (S3) 

Control 

(S1) 

1.0% foliar 

zinc (S2) 

1.5% foliar 

zinc (S3) 

Control (M1) 607 644 684 1552 1574 1649 

75% RDP (M2) 854 866 890 2155 2202 2223 

100% RDP (M3) 958 1123 1148 2418 2889 2930 

125% RDP (M4) 970 1142 1155 2425 2994 3000 

LSD (p=0.05) 82 241 
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