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Abstract: A field experiment was conducted during kharif season of 2019 under a 

factorial randomized block design replicated thrice in Zn-deficient loamy sand soil of arid 

region to study Zn biofortification of mungbean in four different varieties including “GM 

4,” “GAM 5”, “GM 6”, and “IPM 02-3” under seven different Zn levels i.e., 0, 1, 2, 3, 4, 

5, and 6 kg Zn ha-1. Mungbean genotype ‘GM 4’ substantially fetched higher Zn 

concentration by grain (46.6 mg kg-1) and stover (36.0 mg kg-1) and Zn uptake by grain 

(52.1 g ha-1) and stover (99.6 g ha-1). Application of 6 kg ha-1 Zn resulted in significantly 

higher Zn concentration in the grain (39.6 mg kg-1) and stover (29.2 mg kg-1). Among the 

mungbean varieties, ‘GM 6’ fetched substantially higher ZUE (454.6 kg grain increased 

kg-1 Zn applied), IZUE (11.9 kg grain kg-1 Zn uptake), and PZUE (28.1 kg grain 

increment g-1 Zn uptake). Application of Zn to mungbean significantly influenced the Zn 

use indices. Increasing levels of Zn recorded decreasing ZUE (1035.8–187.9 kg grain 

increased kg-1 Zn applied), IZUE (9.89–9.15 kg grain kg-1 Zn uptake), AZUE (48.6–21.9 

kg grain increased kg-1 Zn applied), and PZUE (37.4–14.1 kg grain increment g-1 Zn 

uptake). Efficient genotype selection and appropriate Zn application are potential 

approaches for Zn biofortification of mungbean under Zn-deficient soil conditions. 
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1. Introduction 

Globally, zinc (Zn) deficiencies in soils have been 

documented as a nutritional constraint (Hui et al., 

2019; Khan et al., 2022) and are the most widespread 

deficiencies in crops including pulses (de Valença et 

al., 2017; Singh et al. 2016a). Moreover, Zn is one of 

the most important micronutrients essentially required 

and plays a vital role not only in plants nutrition but 

equivocally in animals and human nutrition (Bevis et 

al., 2023; Prasad 2012; Prasad et al. 2014). In plants, 

prolonged Zn deficiency reduces vegetative growth, 

sexual development, and lowered grain Zn 

concentration, shortening of internodes, epinasty, and 

reduction of leaf size (Natasha et al., 2022). 

India has one of the highest rates of Zn deficiencies 

in soils and people. Presently, ~50 % of Indian soils 

are Zn deficient and will be rising to 63% by 2025, if 

management precautions not advocated (IZA, 2017). 

Deficiency of Zn mainly depends on nature of parent 

material, processes of soil formation, climatic 

mailto:singhummed@yahoo.co.in
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conditions, and management practices. In Indian soils, 

Zn deficiency is widely spready, however, 

approximately half of the Indian soils are Zn deficient 

(Suganya et al., 2020).  

 Deficiency of Zn appears to be a limiting factor in 

several parts of the country including mungbean 

growing areas of India (Shukla et al. 2012). 

Henceforth, Zn fertilization is recommended in several 

crops and parts of the country (Rattan et al. 2008) 

mainly ascribed to two reasons (a) to enhance 

productivity and profitability and (b) to enrich Zn 

concentration in grains (Prasad et al. 2014) and thereby 

provide biofortified food to the consumers (Singh et al. 

2016b). Recommendation of Zn for the first reason is 

outcome of response of plant in terms of enhanced 

grain yield after Zn fertilization (Prasad et al. 2013); 

whereas the second reason is prevailing disquiet of Zn 

deficiency in humans and animals leading to 

micronutrient malnutrition not only in India but also 

throughout the world (Ali et al. 2021; Singh et al. 

2016c).  

Response of Zn fertilization is also recognized from 

its widespread deficiency in Indian soils (Shukla and 

Behera 2012), heavy removal of soil Zn through crop 

harvest (Shukla et al. 2012) and providing resilience 

against abiotic stresses (Akram et al. 2022). Further, 

the problem of Zn deficiency is more aggravated in the 

arid and semi-arid regions, wherein the soils are not 

only thirsty but also these are hungry and sick.  

On health front, there is a high degree of correlation 

between Zn deficiency in soils and that in human 

beings. Zn is an essential nutrient for human health 

(Sangeetha et al., 2022). Life on earth can rarely 

survive without Zn. Deficiency of Zn is the 5th leading 

cause of deaths, disorders and diseases in developing 

countries, however, it ranked 11th globally (Lagoriya 

et al., 2023). About one-third of the world’s population 

suffers from Zn deficiency (Das and Green, 2016). Zn 

deficiency is causing 45% of child deaths. According 

to the World Health Organization (WHO), death of 

approximately 800,000 humans is linked with the Zn 

deficiency, including 450,000 children under the age 

of five (De Benoist et al., 2007; WHO, 2000).  

To address micronutrient deficiencies 

comprehensively, several approaches are needed 

simultaneously (Bhatt et al., 2020; Gomes et al., 2023; 

Gupta et al., 2021). Despite past progress in mitigating 

micronutrient deficiencies through supplementation 

and food fortification, new approaches are required for 

expanded provision of food-based interventions (Ali et 

al., 2021). Biofortification, a promising approach that 

relies on agronomic interventions especially 

fertilization, along with conventional plant breeding 

and modern biotechnology to increase the 

micronutrient density of staple crops (Praharaj et al., 

2021). Biofortification potentially can improve the 

nutritional status and health of poor populations in 

both rural and urban areas of the developing world 

(Kiran et al., 2022). 

Pulses are major source of plant-based proteins, 

particularly for vegetarians. Pulses provide about 14% 

of the total protein of average Indian diet (Singh and 

Pratap, 2016). In India production of pulses (52 g day-

1 per capita) is inadequate even to meet minimum 

consumption requirement i.e., 80 g day-1 per capita. 

Moreover, this availability has been continuously 

decreasing. (DAC, 2017). In India, currently, 

mungbean is cultivated in an area of 5.13 million 

hectares and contributes 3.08 million tonnes of 

production with average crop yield of 601 kg ha-1 in 

the country (DES, 2021). Mungbean plays an 

important role not only in enriching the human diet, 

but also in improving soil health (Nath et al. 2023).  

Therefore, it important to search cultivars with 

higher Zn efficiency indices and accumulation in the 

edible parts (grains) and assess the suitable levels of 

Zn application to soil supplementation and their 

relation with Zn uptake, plant growth, grain yield and 

yield attributes. 

Therefore, present study was designed with a group 

of promising mungbean varieties under graded levels 

of Zn to find out genotypic variations in terms of Zn 

concentration, Zn use efficiency indices, and identify 

efficient varieties for Zn concentrations. Results of the 

present study would contribute to provide suitable 

mungbean genotype and level for Zn enrichment in 

mungbean grains to mitigate Zn deficiency and hidden 

hunger.  

2. Materials and Methods  

2.1. Experimental site and treatment details 

A field experiment was conducted during rainy 

season of 2019 at Instructional Farm, College of 

Agriculture, Jodhpur, India. Laboratory analysis was 

performed during winter season 2020. Geographically, 

experimental site was located between 26o 15' N to 26o 

45' North latitude and 73o 00' E to 73o 29' East 

longitude at an altitude of 231 meter above mean sea 

level. This region falls under agroclimatic zone IA 

(Arid Western Plains Zone) of Rajasthan, India.    
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Table 1. Physico-chemical characteristics of soil of the experimental soil (0-30 cm) 

Particulars Values Method of analysis Reference 

Organic carbon (%)  0.13 Walkley and Black’s method Walkley and Black, 1934 

Available N (kg ha-1)  174.0  Alkaline KMnO4 method Subbiah and Asija, 1956 

Available P (kg ha-1)  22.2  Olsen’s method Olsen et al. 1954 

Available K (kg ha-1)  325.0 Flame photometric Method Jackson, 1973 

Available S (mg kg-1) 10.6  CaCl2-extratable S Williams and Steinbergs, 1959 

Available Zn (mg kg-1)  0.48 DTPA extractable Zn using Atomic 

Absorption Spectrophotometer  

Lindsay and Norvell, 1978 

Available Fe (mg kg-1) 

 

 3.21 DTPA extractable Fe using Atomic 

Absorption Spectrophotometer 

Lindsay and Norvell, 1978 

EC (dSm-1) (1:2 soil water 

suspension at 25°C) 

 0.12 Method No. 4 USDA Handbook No.60 Richards, 1954 

pH (1:2 soil water 

suspension) 

 7.8 Method No. 21 b, USDA Handbook No. 

60 

Richards, 1954 

 

 
Fig. 1. Weather variables during rainy crop season 

(kharif), 2019. 

The average annual rainfall and evaporation of the 

zone is 367 mm and 1843 mm, respectively (Sihag et 

al., 2020). The details of weather variables recorded 

during the crop season are presented in Fig. 1. Soil of 
the experimental field was loamy sand in texture, non-

saline, slightly alkaline with a mechanical composition 

of 7.8% coarse sand, 68.4% fine sand, 10.7% silt and 

13% clay. Experimental field had low organic carbon, 

low available nitrogen, low available phosphorus, high 

available potassium, low DTPA–extractable Zn and 

iron (Fe). Details of physico-chemical characteristics 

of the experimental soil along with methodologies 

executed are given in Table 1. 

The experiment having twenty-eight treatment 

combinations and three replications with eighty-four 

plots in total was laid out in Factorial Randomized 

Block Design. The treatments were allocated randomly 

to different plots by using the random number table 

(Fisher and Yates, 1963). Treatments comprised of 

four varieties of mungbean (GM 4, GAM 5, GM 6 and 

IPM 02-3) and seven Zn levels (Control, 1, 2, 3, 4, 5 

and 6 kg Zn ha-1) were undertaken in the 

experimentation. 

2.2. Crop Establishment and Management 

In the well-prepared seedbeds, quality seeds of the 

mungbean varieties (GM 4, GAM 5, GM 6 and IPM 

02-3) were sown in 3rd week of July using the seed 

rate of 15 kg ha-1. Before sowing, the seeds were 

treated with thiram at 2 g kg-1 seed to prevent seed-

borne diseases. The mungbean seeds were sown 

manually (using ‘kera’ method), wherein, one man 

drops the seeds behind the furrow. Seeds were placed 

5-6 below the soil surface, and plant spacing was 

maintained (row × row 30 cm; plant × plant 10 cm). A 

basal dose of fertilizer (12 kg N ha-1; 30 kg P2O5 ha-1) 

was supplied to the crop using urea and diammonium 

phosphate (DAP), at the depth of 7 to 8 cm. In Zn 

treatment plots, in addition to N and P, Zn was 

manually applied in the furrows, as Zn oxide (80% Zn) 

considering treatments, as described earlier. Except 

treatment, all other recommended management 

practices were performed uniformly, and suitable 
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protection measures were adopted to keep crop stress 

free. Hoeing was done (31 days after sowing, DAS) of 

crop, to remove weeds. Due to prevailing dry spell, a 

life-saving irrigation was given to the crop at the pod-

development stage for achieving proper pod 

development.  

2.3. Chemical Analysis of Plant Samples 

Plant samples (grain, stover, root, leaf, stem and pod 

wall) were collected from the respective plots and 

grounded using mortar and pestle. For determination 

of micronutrients (Zn and Fe), finely ground plant 

material (0.5g) was transferred in 100 ml volumetric 

flask and added 10 ml of diacid acid mixture (nine 

parts of HNO3 and four parts of HClO4) for digestion. 

On completion of digestion, 30 ml of deionized water 

was added and filtered it through Whatman No. 1 filter 

paper into a 100 ml volumetric flask. After 3-4 

washings of 10-15 ml portions of distilled water the 

volume was made to 100 ml. A blank digestion was 

also carried out following all steps, excluding the plant 

material to avoid any impurity in the reagents. Mineral 

concentrations of the filtrates (Zn and Fe) were 

measured using Atomic Absorption 

Spectrophotometer for zinc (213.7 nm) and iron (248.7 

nm) (Singh and Praharaj, 2017). Concentrations of Fe 

and Zn in the sample was calculated using formulae:  

Zn/Fe in plant sample = AAS reading (μg/ml) × 

Dilution factor.  

Dilution factor= [(Final volume of digested sample 

(ml) ÷ Weight of plant tissue (g)].  

Here, final volume was made 100 ml and plant 

sample weight was 0.5 g.  

Zn/Fe concentration in the plant sample = 

Concentration read from the AAS × total dilution 

factor =Zn/Fe conc. (mg kg-1). 

Total nitrogen content in plant materials (grain and 

stover) was estimated through Kjeldahl method 

following digestion, distillation, and titration. Finely 

ground grain (0.2 g) and stover (0.5 g) samples were 

taken in digestion tube and added10 ml of concentrated 

H2SO4 for better digestion, 3g catalyst mixture 

(K2SO4+CuSO4; 5:1 ratio) was also added prior to 

H2SO4. The digestion tubes were placed on digestion 

block and set the digestion system to attain a 

temperature of about 410 °C and then attach the 

digestion tube to the heating unit as per the instructions 

given in the operation manual.  

Subsequently, content was allowed the digestions 

continuously till completion of aliquot (no black or 

brown colour). Water was added (10 ml distilled 

water) in the digestion tubes before distillation. 

Distillation was done through Automatic Nitrogen 

Analyser (Kelplus Classic-DX VA) using 4% boric 

acid and 40% NaOH. After completion of distillation, 

the boric acid containing mixed indicator was titrated 

against 0.1 N HCl. Blank was also run to the same end 

point as that of sample (Singh and Praharaj, 2017).   

2.4. Zn use efficiency indices 

In crop production system, nutrient use efficiency is 

a critically important, Zn use efficiency indices were 

measured by following the formulae (Yoshida, 1981; 

Singh and Ahlawat 2007; Fixen et al. 2015). 

2.4.1. Zinc Use Efficiency (ZUE) 

Zn use efficiency (ZUE) was calculated in terms of 

grain yield kg–1 of Zn fertilizer applied (Eq 1). 

𝑍𝑈𝐸 =
𝐺𝑌

𝑍𝑛 𝐴𝑝𝑝𝑙𝑖𝑒𝑑
    [1] 

where, grain yield kg ha–1); Zn Applied, amount of 

Zn applied, kg ha–1. 

2.4.2. Agronomic Zinc Use Efficiency (AZUE) 

Agronomic Zn use efficiency (AZUE) was 

calculated in terms of yield increased per unit 

of nutrient applied (Eq 2). 

𝐴𝑍𝑈𝐸 =
𝐺𝑌(𝑇𝑧𝑛)−𝐺𝑌(𝑐𝑘)

𝑍𝑛 𝐴𝑝𝑝𝑙𝑖𝑒𝑑
  [2] 

Where AZUE, agronomic Zn use efficiency; 

GY(Tzn), grain yield of Zn fertilizer treated plot (kg 

ha–1); GY(ck) grain yield of CK (without Zn 

application) plot (kg ha–1); Zn Applied, amount of Zn 

applied, (kg ha–1). AZUE) indicates yield increased per 

unit of nutrient applied. 

2.4.3. Internal Zinc Utilization Efficiency (IZUE) 

Internal Zn utilization efficiency of Zn (IZUE) was 

calculated as kg grain kg–1 Zn uptake (Eq 3) 

𝐼𝑍𝑈𝐸 =
𝐺𝑌

𝑇𝑈𝑧𝑛
    [3] 

IZUE, internal Zn use efficiency; GY, grain yield (kg 

ha–1); TUzn, total Zn uptake (kg ha–1); IZUE) indicates 

kg grain kg–1 Zn uptake. 

 

2.4.4. Physiological Zinc Use Efficiency (PZUE) 

Physiological Zn use efficiency (PZUE) was 

measured as the grain yield obtained per unit of Zn 

adsorbed. It was computed according to Eq 4. 
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𝑃𝑍𝑈𝐸 =
𝐺𝑌(𝑇𝑧𝑛)−𝐺𝑌(𝑐𝑘)

𝑈𝑧𝑛 (𝑇𝑧𝑛)−𝑈𝑧𝑛(𝑐𝑘)
  [4] 

Where PZUE, physiological Zn use efficiency; GY, 

grain yield (kg ha–1); TUzn, total Zn uptake (kg ha–1); 

IZUE) indicates kg grain kg–1 Zn uptake. 

2.4.5. Apparent Zinc Recovery Efficiency (AZRE) 

Apparent Zn recovery efficiency (AZRE) measured 

as the quantity of Zn absorbed per unit of Zn applied 

and is expressed as per cent. 

𝐴𝑍𝑅𝐸 =
Yt −Yo

Znt
 × 100  [5]   

Where Yt, Uptake of Zn in particular treatment (kg ha–

1); Yo, Uptake of Zn in unfertilized plot (kg ha–1); Znt 

= Quantity of Zn applied for the treatment (kg ha–1) 

2.4.6. Zinc Harvest Index (ZHI) 

Zn harvest index: Zn harvest index (ZHI) is the ratio 

between nutrient uptake in grain and nutrient uptake in 

grain plus straw or shoot and is expressed as per cent. 

 𝑍𝐻𝐼 (%) =
𝑈𝐺𝑍𝑛

𝑈𝐺𝑍𝑛 +𝑈𝑆𝑍𝑛
˟100   [6] 

Where ZHI, Zn harvest index (%); UGZn, Zn 

uptake by grain (g ha–1); USZn, Zn uptake by stover (g 

ha–1). 

2.5. Statistical analysis 

Analyses of variance (ANOVA) of experimental 

data, correlation and regression analysis were 

performed using linear model procedures of the 

Statistical Analysis System 9.2 (SAS Institute, Cary, 

NC) for RBD (Gomez and Gomez, 1984). Means of 

two treatments pairs were compared by using the least 

significant test (LSD) at 0.05 level of significance 

(Steel et al. 1997). Principal component analysis for 

different variables was performed by XLSTAT version 

2020.3. 

3. Results  

3.1. Crop Nutrient Content 

An overview of Zn content in different parts (root, 

stem, leaf, and pod wall) of the mungbean plant at 

different growth stages [25 days after sowing (DAS), 

52 DAS, and at harvest or maturity] varied 

substantially (Table 2). Mungbean varieties differed 

substantially in terms of Zn content in roots, stem and 

leave at 25 DAS, 50 DAS and harvest stages. At early 

growth stages (25 DAS), Zn content in roots (28.7 to 

39.8 mg kg-1) and stem (17.7 to 41.8 mg kg-1) parts 

were observed highest compared with later growth 

stages at 50 DAS and harvest or maturity stages.   

Table 2. Effect of varieties and zinc levels on zinc content (mg kg-1) in different plant parts of mungbean 

Mungbean 

Varieties 

Zn in Roots Zn in Stem Zn in Leaf Pod wall 

25 

DAS 

50 

DAS 

At 

harvest 

25 

DAS 

50 

DAS 

At 

harvest 

25 

DAS 

50 

DAS 

At 

harvest 
At harvest 

GM 4 39.9 13.1 23.8 38.0 26.8 11.2 49.2 57.4 26.9 21.7 

GAM 5 32.2 19.7 17.5 41.8 14.7 36.97 46.4 53.2 35.3 22.4 

GM 6 28.7 15.0 23.2 17.7 23.3 21.9 49.2 53.9 32.9 19.1 

IPM 02-3 34.9 16.3 34.3 36.6 23.3 34.5 44.9 51.4 38.4 18.2 

SEM± 0.27 0.17 0.21 0.23 0.23 0.28 0.33 0.62 0.33 0.25 

CD (P=0.05) 0.76 0.49 0.60 0.66 0.65 0.78 0.92 1.77 0.94 0.71 

Zinc levels (kg ha-1)        

Zn0 33.0 15.6 23.6 32.3 21.2 25.3 45.9 52.3 32.0 19.8 

Zn1 33.0 15.6 23.9 32.4 21.5 25.4 46.0 52.3 32.2 19.9 

Zn2 33.1 15.7 24.1 32.6 21.6 25.5 46.1 52.3 32.8 20.1 

Zn3 33.4 15.9 24.3 33.0 21.9 25.8 46.8 53.5 33.1 20.2 

Zn4 34.0 16.2 24.8 33.5 22.0 26.2 47.6 54.7 33.4 20.5 

Zn5 35.0 16.6 25.5 34.9 22.8 27.0 48.9 55.8 34.6 20.9 

Zn6 36.0 16.9 26.5 35.9 23.2 27.7 50.7 56.9 35.5 21.2 

SEm± 0.36 0.23 0.28 0.31 0.30 0.37 0.43 0.83 0.44 0.33 

CD (P=0.05) 1.01 0.64 0.80 0.87 0.85 1.04 1.22 2.34 1.25 0.94 

Zn × Cultivar Interaction        

SEM± 0.71 0.45 0.56 0.61 0.60 0.73 0.86 1.65 0.88 0.66 

CD (P=0.05) NS NS NS 1.74 NS NS NS 4.68 2.50 NS 

*Significant at 5% level of significance. Zn0 (control, without Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg 

Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1. 
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Fig. 2. Interaction effects of varieties and zinc level on zinc Stem Zn content (mg kg-1) in mungbean stem at 

25DAS, leaves at 50DAS and at harvest. Bar show standard error of mean with LSD value 1.72 (25 DAS), 4.64 (50 

DAS) and 2.50 (At harvest) at P=0.05 to determine the significant differences among the treatment mean. Zn0 (control, 

without Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 

kg Zn ha-1. 

However, the trend was different in case of 

mungbean leaves, wherein, highest Zn content in 

leaves was observed at 50 DAS (51.4 to 57.4 mg kg-1) 

compared with early growth stage (25 DAS) and later 

stage at maturity (at harvest). Further, it has also been 

observed that the genotype ‘GM 4’ had recorded the 

highest content of Zn in roots and leaves at early 

growth stage (25 DAS). Albeit the trend was not 

similar at later stages of the growth (50 DAS and at 

maturity). Among mungbean varieties, the highest Zn 

content in pod wall (22.4 mg kg-1) was observed with 

the mungbean variety ‘GAM 5’. 

Zn content analysis done in different plant parts 

(roots, stem, leaves and pod wall) at different growth 

stages (25 DAS, 50 DAS and at maturity) of mungbean 

crop provided somewhat contrasting results among 

treatments. Maximum Zn content in roots, stem and 

leaves was observed with the application of highest 

level of Zn i.e., 6 kg Zn ha-1 at all the growth stages 

(25, 50 DAS and at maturity) and remained 

significantly superior over control or no application of 

Zn. Among different plant parts, higher Zn content in 

roots and stem was noticed at early stage (25 DAS) 

followed by harvest stage and 50 DAS. However, in 

case of leaves, the trend of Zn content was in the order: 

50 DAS>25 DAS>at harvest. Furthermore, application 

of 6 kg Zn ha-1 substantially improved Zn content in 
all the tested plant parts viz: roots, stem, and leaves at 

all the growth stages (25, 50 DAS and at harvest) over 

control or no application of Zn. Likewise, application 

of 6 kg Zn ha-1 also enhanced Zn content in pod wall 

(21.2 mg kg-1). 

Statistical analysis of data visualizes interaction 

effect of mungbean varieties and Zn levels 

significantly on Zn content in mungbean stem at 25 

DAS, leaves at 50 DAS and at harvest stage and crude 

protein content in grain (Fig. 2). Application of 6 kg 

Zn ha-1to mungbean genotype ‘GAM 5’ substantially 

improved Zn content in stem at 25 DAS (45.0mg kg-1). 

However, highest Zn content in mungbean leaves at 50 

DAS was observed in ‘GAM 5’ mungbean with the 

same level of Zn application i.e., 6 kg Zn ha-1. Further, 

at harvest stage, application of 5 kg Zn ha-1 to 

mungbean genotype ‘IPM 02-3’ recorded the highest 

Zn content (42.0 mg kg-1).  

Mungbean varieties and zinc levels considerably 

influenced Zn, Fe, and nitrogen content in grain and 

stover of mungbean and crude protein content in grain 

(Table 3). Among varieties, the highest Zn content in 

grain (46.6 mg kg-1) and stover (36.0 mg kg-1) was 

recorded with ‘GM 4’ mungbean variety which was 

significantly superior over the rest of varieties. 

Whereas the highest Fe content in grain (80.7 mg kg-1) 

and stover (392.1 mg kg-1) was recorded with ‘IPM 02-

3’ genotype. 

 



Zinc Biofortification of Mungbean 
Open 

Access 

Research  

Article 
  

 
Dev et al., 2023  (7) J. Environ. Agric. Sci. 25 (1 & 2):1-17. 

Table 3. Effect of varieties and zinc levels on zinc, iron, nitrogen, and protein content in mungbean 

Treatments 

 

Zn content 

(mg kg-1) 

Fe content 

(mg kg-1) 

N content 

(%) 

Crude protein 

content (%) 

Grain Stover Grain Stover Grain Stover Grain 

Mungbean Varieties        

GM 4 46.6 36.0 73.2 175.0 3.59 2.44 22.5 

GAM 5 37.7 25.2 56.5 341.4 4.05 2.40 25.3 

GM 6 30.5 23.2 75.5 234.9 3.47 2.61 21.7 

IPM 02-3 33.5 26.1 80.7 392.1 3.73 2.04 23.3 

SEm± 0.24 0.30 0.90 2.62 0.04 0.04 0.27 

CD (P=0.05) 0.69 0.85 2.54 7.43 0.12 0.10 0.75 

Zinc levels (kg ha-1)        

Zn0 35.8 26.8 74.6 294.9 3.54 2.28 22.2 

Zn1 35.9 26.9 74.3 293.7 3.57 2.29 22.3 

Zn2 36.0 27.0 73.7 291.0 3.62 2.32 22.6 

Zn3 36.5 27.2 72.2 287.5 3.67 2.35 22.9 

Zn4 37.3 27.7 69.7 282.7 3.77 2.40 23.6 

Zn5 38.5 28.5 68.8 277.4 3.88 2.46 24.2 

Zn6 39.6 29.2 67.0 273.6 3.93 2.52 24.6 

SEm± 0.32 0.40 1.19 3.46 0.06 0.05 0.35 

CD (P=0.05) 0.92 1.13 3.36 9.82 0.16 0.13 1.00 

Zn × Cultivar Interaction       

SEm± 0.65 0.80 2.37 6.93 0.11 0.09 0.70 

CD (P=0.05) 1.83 NS NS NS 0.32 NS 1.99 

*Significant at 5% level of significance. Zn0 (control, without Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg 

Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1.  

 
Fig. 3. Interaction effects of varieties and zinc level on zinc content (mg kg-1), protein content (%) and nitrogen 

content in grain of mungbean. Bar show standard error of mean with LSD value 1.99 (protein content), 2.49 (Zn 

content) and 0.32 (N content) at P=0.05 to determine the significance differences among the treatment mean. Zn0 

(control, without Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-

1; Zn6: 6 kg Zn ha-1. 
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Fig. 4. Effect of varieties and zinc levels on zinc uptake by grain and stover (g ha-1) of mungbean. Bars show 

LSD values at P = 0.05 to determine the significance differences among treatment means. Zn0 (control, without 

Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-

1. 

Although, the trend in terms of nitrogen content in 

grain and stover was dissimilar. Statistically, the 

highest nitrogen (4.05%) and crude protein (25.3%) 

content in grain was fetched by the genotype ‘GAM-5’ 

and nitrogen content in stover (2.61%) by ‘GM 6’. 

Furthermore, application of 6 kg Zn ha-1to mungbean 

enhanced Zn (39.6 and 29.2 mg kg-1) and nitrogen 

content (3.93 and 2.52%) in grain and stover both at 

the harvest stage over control and preceded levels of 

Zn applied. Albeit, increasing levels of Zn to 

mungbean from 0 to 6 kg ha-1 decreased the Fe content 

both in grain and Stover. However, increasing levels of 

Zn enhanced crude protein content in grain. 

In mungbean grain, statistical differences as 

positive interaction was found in respect to Zn, 

nitrogen, and crude protein content (Figure 3). The 

highest Zn content in mungbean grain was observed 

with mungbean genotype ‘GM 4’ (51.5 mg kg-1) with 

the application of 6 kg Zn ha-1. Although, ‘IPM 02-3’ 
had the highest nitrogen content in grain (4.0%) when 

fertilized with same level of Zn i.e., 6 kg Zn ha-1. 

Contrary to this, the highest crude protein content in 

grain (28.6%) was attained by the genotype ‘GAM 5’ 

with the application of 6 kg Zn ha-1. 

3.2. Crop Nutrient Uptake 

Nutrient uptake is one of the important indicators 

of nutrient acquisition, enrichment, and mobilization 

in the plant parts. Mungbean varieties and Zn levels 

noticeably affected Zn (Figure 4), Fe (Figure 5) and 

nitrogen (Figure 6) uptake by the grain and stover. 

Among mungbean varieties, substantially higher 

uptake of Zn by the grains (52.1 g ha-1) and stover 

(99.6 g ha-1) was attained by ‘GM 4’ over ‘GM 6’, 

‘GAM 5’ and ‘IPM 02-3’. On the other hand, greatest 

Fe uptake by grain (99.2 g ha-1) was recorded with 

‘GM 6’ and by stover (1027.5 g ha-1) was attained with 

‘IPM 02-3’. Further, significantly higher uptake of 

nitrogen both in grain (45.6 kg ha-1) and in stover (78.7 

kg ha-1) was recorded by the genotype ‘GM 6’.  
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Table 4. Effect of varieties and zinc levels on zinc use efficiency indices 

Treatments 

ZUE 

(kg grain kg-1 

Zn applied) 

IZUE 

(kg grain g-1 

Zn uptake) 

AZUE 

(kg grain 

increased kg-1 Zn 

applied) 

PZUE 

(kg grain 

increment g-1 Zn 

uptake) 

AZR 

(%) 

Zinc 

harvest 

index (%) 

Mungbean Varieties      

GM 4 386.4 7.39 31.1 13.1 2.14 34.3 

GAM 5 353.0 9.77 31.6 18.3 1.41 36.8 

GM 6 454.6 11.94 29.4 28.1 1.11 36.4 

IPM 02-3 326.7 9.46 34.5 26.6 1.19 31.7 

SEm± 4.62 0.17 1.01 1.21 0.21 0.60 

CD (P=0.05) 13.10 0.49 2.87 3.38 0.53 1.70 

Zinc levels (kg ha-1)      

Zn0 ─ 9.55 ─ ─ ─ 33.5 

Zn1 1035.8 9.72 39.9 37.4 1.53 34.2 

Zn2 546.5 9.89 48.6 30.9 1.89 34.9 

Zn3 371.1 9.85 39.1 27.8 1.66 35.1 

Zn4 280.6 9.65 31.6 20.8 1.56 34.9 

Zn5 239.4 9.67 40.2 19.6 2.08 36.0 

Zn6 187.9 9.15 21.9 14.1 1.50 35.1 

SEm± 6.11 0.23 1.35 2.03 0.32 0.79 

CD (P=0.05) 17.32 0.65 3.78 5.81 0.71 2.23 

Zn × Cultivar Interaction      

SEm± 12.22 0.45 12.90 10.94 0.05 1.59 

CD (P=0.05) 34.65 NS NS NS NS NS 

*Significant at 5% level of significance. Zn0 (control, without Zn); Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg 

Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1.  AZR, Apparent Zn recovery efficiency; IZUE, 

internal Zn use efficiency; PZUE, Physiological Zn use efficiency; ZUE, Zinc use efficiency. 

 
Fig. 5. Effect of varieties and zinc levels on Fe uptake by grain and stover (g ha-1) of mungbean. Bars show LSD 

values at P = 0.05 to determine the significance differences among treatment means. Zn0 (control, without Zn); 

Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1. 

Interestingly, application of Zn up to highest level 

i.e., 6 kg Zn ha-1enhanced Zn uptake by stover (82.7 g 

ha-1), albeit, in case of grain (45.9 g ha-1) it was noticed 

highest up to application of 5 kg Zn ha-1 only. 

Contrarily, the analysis did not show any differences 

in Fe uptake by grain and stover in response to Zn 

application. Conversely, marked improvement in 

nitrogen uptake by both grain and stover was noticed 

with the application of Zn.  
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3.3. Zn use efficiency indices 

Indigenous nutrient supply and nutrient use 

efficiency indices are important parameters affecting 

crop growth and grain yield. Interestingly, mungbean 

varieties and varying levels of Zn had significant 

influence on Zn use efficiency, internal Zn utilization 

efficiency, agronomic Zn use efficiency, physiological 

Zn use efficiency, apparent Zn recovery and Zn harvest 

index (Table 4). Among the mungbean varieties, ‘GM-

6’ fetched substantially higher ZUE (454.6 kg grain kg-

1 Zn applied), IZUE (11.9 kg grain kg-1 Zn uptake) and 

PZUE (28.1 kg grain increment g-1 Zn uptake). 

However, markedly higher apparent Zn recovery 

(2.14%) and Zn harvest index (36.8%) was fetched by 

the mungbean genotype ‘GM 4’ and ‘GAM 5’, 

respectively. Unexpectedly, highest AZUE (34.5 kg 

grain increased kg-1 Zn applied) was noticed with ‘IPM 

02-3’. 

Application of Zn to mungbean influenced 

substantially Zn use indices. Increasing levels of Zn 

recorded decreasing trend of ZUE (1035.8–187.9kg 

grain kg-1 Zn applied), IZUE (9.89–9.15 kg grain kg-1 

Zn uptake), AZUE (48.6–21.9kg grain increment kg-1 

Zn applied) and PZUE (37.4–14.1 kg grain increment 

g-1 Zn uptake). Contrarily, application of 5 kg Zn ha-1 

fetched significant improvement in AZR (2.1%) and 

ZHI (36.0%). 

3.4. Regression 

Simple linear regression coefficients (b) of 

different characters on Zn content in grain varied due 

to plant characters (Table 5). The regression 

coefficients of all the characters were found highly 

significant with positive effects (values). The positive 

values of regression coefficients suggested that the rate 

of increases of Zn content in grain due to one unit 

increase in the independent variable (plant characters). 

The regression coefficient value of number of 

secondary branches (23.1) signifies that the Zn content 

in the mungbean grains which might have increased by 

increasing number of secondary branches. The highest 

regression coefficient was found in number of 

secondary branches (23.1) followed by LAI (13.8) and 

pod length (12.0). Similarly, Zn content in mungbean 

grain may also be enhanced by increasing the others 

plant characters. 

The coefficients of determination (R2) values of all 

the mungbean characters for grain yield under study 

were found in the range from 0.337 to 0.937. The 

highest value of R2 (0.937) was recorded in number of 

primary branches and number of grains pod-1, it 

suggests that 93.7% of the variation in grain yield 

could be explained by the number of primary branches 

and number of grains pod-1when others variables are 

kept constant. Hence, the traits like number of 

branches and number of grains pod-1 are the most 

important component of grain yield in mungbean 

followed by stover yield (R2=0.930), dry matter 

accumulation (R2=0.892), number of pods (R2=0.850) 

and so on.  

Table 5. Regression coefficients (b values) and intercept (a) of different component traits on grain yield in 

mungbean along with their coefficient of determination (R2) 

Plant characters 

Correlation 

coefficient 

 
a (Intercept) 

 b (Regression 

coefficients) 

 
R2 

Grain 

yield 

Grain 

Zn 

content 

 
Grain 

yield 

Grain 

Zn 

content 

 
Grain 

yield 

Grain 

Zn 

content 

 
Grain 

yield 

Grain 

Zn 

content 

Number of nodules plant-1 0.737** 0.423*  -525.07 -21.67  64.39** 5.48*  0.544** 0.179* 

Nodules fresh weight (mg) 0.603** 0.084  -204.75 89.77  2.87** 0.59  0.364** 0.007 

Nodules dry weight (mg) 0.580** 0.170  -323.03 54.69  20.38** 0.88  0.337** 0.029 

Crop Growth Rate (CGR)   0.718** 0.255  175.47 68.15  164.37** 8.625  0.517** 0.065 

Plant height (cm) 0.880** 0.512**  -126.55 10.98  27.09** 2.33**  0.774** 0.262** 

Dry matter accumulation (g) 0.944** 0.544**  48.75 26.94  60.08** 5.13**  0.892** 0.296** 

SCMR 0.736** 0.450*  -73.58 41.49  34.28** 1.21*  0.542** 0.202* 

Leaf area index (LAI) 0.726** 0.517**  -157.38 -15.61  416.23** 13.82**  0.525** 0.267** 

Number of primary branches 0.968** 0.441*  172.07 53.98  146.59** 9.91*  0.937** 0.159* 

Number of secondary branches 0.912** 0.631**  367.41 41.46  224.81** 23.05**  0.832** 0.339** 

Number of pods plant-1 0.922** 0.568**  128.02 27.91  34.60** 3.16**  0.850** 0.323** 

Pod length (cm) 0.881** 0.533**  -168.99 2.97  134.05** 12.02*  0.777** 0.284* 

Number of grains pod-1 0.968** 0.457*  29.00 41.78  109.85** 7.68*  0.937** 0.209* 

Test weight (g) 0.695** 0.181  -80.71 70.79  24.99** 0.97  0.483** 0.033 

Stover yield (kg ha-1) 0.964** 0.319  -1105.22 8.69  0.80** 0.04  0.930** 0.101 

* and **Significant at 5% and 1% level of significance respectively. Zn0 (control, without Zn); Zn1: 1 kg Zn ha-1; Zn2: 

2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1. SCMR=SPAD Chlorophyll 

Meter Reading. 
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Fig. 6. Effect of varieties and zinc levels on N uptake by grain and stover (kg ha-1) of mungbean. Bars show 

LSD values at P = 0.05 to determine the significance differences among treatment means. Zn0 (CK, without Zn); 

Zn1: 1 kg Zn ha-1; Zn2: 2 kg Zn ha-1; Zn3: 3 kg Zn ha-1; Zn4: 4 kg Zn ha-1; Zn5: 5 kg Zn ha-1; Zn6: 6 kg Zn ha-1. 

The R2 values of nodules dry weight (0.337), 

nodules fresh weight (0.364), 1,000-grains weight 

(0.483), CGR (0.517), LAI (0.525) and SCMR (0.542) 

were comparatively lower than the others plant 

characters. Thus, these variables had comparatively 

lesser influence on grain yield compared with other 

remaining variables. Further, the coefficients of 

determination (R2) values of all the mungbean 

characters for grain Zn content were recorded in the 

range from 0.007 to 0.339. The highest value of R2 

(0.339) for Zn content in grain was recorded in number 

of secondary branches followed by number of pods 

plant-1 (0.323), dry matter accumulation (0.296) and 

pod length (0.284). 

3.5. Principal Component Analysis 

The first two principles components were found to 

be sufficiently to explain the variation of plant 

characters i.e., 83.8% (Fig. 7). The first PC 1 

contributes 74.4% of total variation and PC 2 

contributes 9.3% of total variation. From the analysis 

it is evident that all the plant characters are found to be 

sufficiently associated to PC 1. Dry matter 

accumulation contributed maximum associated to the 

PC 1 followed by number of primary branches, number 

of grains pod-1, total nitrogen uptake and grain yield. 

Angles between the errors of plant character are found 

to be narrow, it justified that all the variables are 

associated with each other’s. 

4. Discussion 

Zn content and its uptake are interactively 

influenced by varying rates of Zn and different 

mungbean varieties (Table 2-3; Figure 2-4). In the 

present study, accumulation of Zn in plant parts viz., 

root, stem, leaf, pod wall, grain and stover at different 

developmental stages of mungbean showed a 

significant positive correlation with varieties and Zn 

levels. Zn contents in mungbean plant parts elevated 

with increasing soil Zn status. Roots had greater Zn 

accumulation than stems. The reason for greater 

sensitivity of roots to Zn than stems might be related 

to the fact that roots are the first organs to be in contact 

with Zn and consequently accumulate Zn at much 

higher amounts than stems, which agrees with the 

previous studies (Hassan et al., 2005). 
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Fig. 7. Relationship between plants characters and components (PCA). NN = Number of nodules plant-1; NDW = 

Nodules dry weight (mg plant-1); NFW = Nodules fresh weight (mg plant-1); CGR = Crop growth rate; LAI = Leaf 

area index; SCMR = SPAD chlorophyll meter reading; NPB = Number of primary branches plant-1; NSB = Number 

of secondary branches plant-1; PL = Pod length (cm); TW = Test weight (g); GY = Grain yield (kg ha-1); SY = Stover 

yield (kg ha-1); ZnU = Zinc uptake (g ha-1); NU = Nitrogen uptake (kg ha-1). 

Root tissues can have higher Zn accumulation of 

Zn as compared to stem tissues (Fan et al., 2021). A 

critical Zn concentration of 35.9 mg kg-1 in whole 

stems at early growth stage (25 DAS) of mungbean 

was determined in the present study. Roots had higher 

Zn content than the stem when no Zn was applied, but 

the concentration in the root did not increase until Zn 

was applied (Khan et al. 1998). The concentration of 

Zn in the plant varies considerably during different 

plant growth stages, which generally bears positive 

correlation with the dry matter yield. Further, leaves 

have been the most appropriate part of the plant to 

sample for nutrient status for Zn (Venkatesh et al. 

2014). In the present study, highest Zn content in leaf 

was observed with ‘GM 4’ variety followed by ‘GM 6’ 

variety at 25 and 50 DAS growth stage of mungbean 

crop while, minimum Zn content was observed in leaf 

at harvest stage. This can be attributed to significant 

genotypic variation, Zn levels and environmental 

effect (Saeed et al., 2021; Nawaz et al. 2015; 

Venkatesh et al. 2014;). Mungbean varieties 

significantly influenced tissue Zn concentration at 

different stages. Plant tissue Zn concentration was 

moderate to highly correlated with dry matter 

production throughout the mungbean crop growth 

stages. Based on the quadratic relationship with dry 

matter production, the critical concentration of tissue 

Zn was higher at early stage (25 DAS) which was 

reduced at 50 DAS where the concentration generally 

declines during the growing season. Considerable 

variation was also observed in critical Zn 

concentration with leaf position. Based on the 

variability of Zn concentration in plant tissues and 

relation with dry matter production, young fully 

expanded leaf at 50 DAS was found to be the efficient 

sampling plant part for the plant diagnostics of Zn 

(Venkatesh et al. 2014). Gradual increase in dose of Zn 

to mungbean through soil application help to attain 

higher availability of Zn in the rhizosphere coupled 

with better root development and thereby led to greater 

absorption of nutrients from the soil. The higher uptake 

of nutrients was also a consequence of increased seed 

and stover yield and their concentration in seed and 

stover under better treatments. Soil application of Zn 
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can increase grain and stover Zn content and uptake in 

plants with adequate Zn mobility in the phloem (Fan et 

al., 2021). 

Soil application of Zn significantly enhanced Zn 

content in root, stem and leaf at 25, 50 DAS and at 

harvest stage of mungbean crop. At early growth stage, 

high Zn content in seed has important physiological 

roles during seed germination and early seedling 

growth. It is well documented that, during seed 

germination, Zn concentration of newly developed 

radical and coleoptiles is extremely high (up to 200 mg 

kg-1), indicating critical physiological roles of Zn 

during early seedling development (Ozturk et al. 2006). 

In such highly metabolically active root and 

coleoptiles tissues, Zn is most probably used for 

protein synthesis, membrane function, especially 

membrane stability, cell elongation and tolerance to 

environmental stresses (Cakmak, 2000). Roots had 

higher Zn concentrations than the shoot, when no Zn 

was applied, but the concentration in the root did not 

increase until Zn was applied (Khan et al. 1998). 

Applying Zn fertilizers to crop grown in in Central 

Anatolia under field conditions improved not only 

productivity but also grain Zn concentration (Yilmaz 

et al. 1997).  

Soil application of Zn as Zn oxide significantly 

increased the content and uptake of Zn in grain and 

stover over control (0 kg Zn ha–1). The role of Zn in 

increasing the cation exchange capacity of roots might 

have led to more absorption of nutrients from soil and 

thereby more translocation to different vegetative and 

reproductive parts which ultimately led to higher 

content in the grain and stover of mungbean. Earlier, 

Karmaker et al. (2015) and Haider et al. (2018) 

obtained higher Zn content and uptake of mungbean 

due to Zn application. In present study, such increment 

in content of Zn in grains and stover with the 

application of Zn might be due to more availability and 

absorption of Zn in rhizosphere resulting from Zn 

application to deficient soil (0.48 mg Zn kg-1 soil).  

Content and uptake of Fe by mungbean grain and 

stover decreased with increasing levels of Zn (Table 3, 

Fig. 5). There is a complex interaction of Zn with other 

nutrients (Fan et al., 2021). Decreased Fe content and 

uptake with increased Zn application doses led to 

profuse plant vegetative growth and negative effect on 

Fe transportation under Zn deficient soils (Singh and 

Prasanna, 2020; Yaseen and Hussain, 2021). 

Furthermore, Zn fertilizer decreases Fe content in plant 

because of competition for the same carrier site in the 
casparian bands or plasmalemma. The antagonistic 

effect of Zn is especially prevalent with Fe and Cu 

(Tisdale et al. 2010). Genetic makeup of the plants 

further influences their ability to take up Fe from the 

soil. 

Nitrogen plays a critical role in uptake and 

translocation of Zn in plants. Zn-N crosstalk have 

confirmed synergistic interaction between both 

nutrients, and application of Zn results in increases 

accumulation of N and Zn and higher crude protein in 

grain (Fan et al., 2021; Samreen et al., 2017). Nitrogen 

content and its uptake in grain and stover and crude 

protein content in grain of mungbean influenced 

significantly by varieties and levels of Zn application 

(Table 3; Figure 3, 6). Deficiency of Zn affects 

nitrogen metabolism, and ultimately leading to 

reduced protein contents and amino acids in Zn-

deficient plant tissues (Khan et al., 2022). Plant 

tolerance to Zn deficiency varies widely among 

varieties (Venkatesh et al., 2014). Gradual increase in 

crude protein content in all the varieties due to 

increasing dose of Zn and higher crude protein content 

in grain under treatments might be the outcome of 

increased concentration of nitrogen in grain of 

mungbean by Zn application which promotes protein 

synthesis (Shivay et al. 2014).  

Application of Zn up to 6 kg ha-1 exhibited 

significant increment in nitrogen content and its uptake 

by grain and stover and crude protein content in grains. 

The increased crude protein content might be due to 

increased nitrogen content, as Zn takes part in nitrate 

conversion to ammonia in plants (Boorboori et al. 

2012). The role of Zn in indole acetic acid synthesis 

results in amino acids which in turn makes protein 

(Moussavi-Nik and Kiani 2012). The increase in 

protein content may also be due to increased 

photosynthetic rates and leaf chlorophyll content. The 

role of Zn in increasing the cation exchange capacity 

of roots might have led to absorption of more nutrients 

from soil and in turn led to more translocation to 

different vegetative and reproductive parts which 

ultimately resulted into higher content in the grain and 

stover of mungbean (Srivastava et al. 2006; Habibullah 

et al. 2014; Tak et al. 2014; Karmaker et al. 2015). 

Moreover, Zn is required as structural and catalytic 

components of protein and enzymes for normal growth 

and development (Natasha et al., 2022).  

It is not clear at present whether there are common 

factors or mechanism influences Zn use indices viz; 

ZUE, IZUE, AZUE, PZUE, AZR and ZHI. Under our 

study, varietal differences were noticed for Zn use 

indices. The variety ‘GM 6’ fetched higher ZUE, IZUE 
and PZUE. However, variety ‘GAM 5’ recorded 

higher AZUE and ZHI and the variety ‘GM 4’ had 
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higher AZR. Further, varying Zn levels also influenced 

the Zn use indices and the trend was not uniform for 

all the indices. It is Astonishing that the influences of 

varieties and varying Zn levels is not uniform in terms 

of Zn use indices recorded. In our study the increase in 

AZR and ZHI in mungbean with increasing doses of 

Zn could be attributed to relatively higher grain yield 

and Zn uptake by the crop. The reduction in ZUE, 

IZUE and PZUE with increasing levels of Zn ascribed 

to relatively lower Zn uptake and higher dry matter and 

grain yield (Shivay et al. 2015).  

There are significant genotypic variations for 

nutrient acquisition and translocation efficiencies, 

these processes are vital for the growth and 

development of plants and play a critical role in 

determining the nutritional content and potential for 

biomass production. Promising cultivars can be used 

for breeding programs aimed at development of 

nutrient enrichment (Fan et al., 2021; Ma et al., 2022; 

Rehman et al., 2018; Saudy et al., 2022; Sultana et al., 

2020). 

5. Conclusion 

Application of Zn to mungbean up to 6 kg ha-1  

enhanced concentration and its uptake and also 

nitrogen in edible plant parts i.e. grain and stover 

(animal fodder). Increasing levels of Zn to soil 

negatively influenced Fe concentration and its 

acquisition in mungbean under Zn deficient soil. 

Further, Zn use efficiency indices viz; ZUE, IZUE, 

AZUE, PZUE, AZR and ZHI were also markedly 

influenced with the mungbean varieties and levels of 

Zn applied. Thus, a pragmatic strategy for Zn 

biofortification of mungbean, selection of suitable 

varieties and Zn application could be an option for 

grain Zn biofortification in mungbean. 
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