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Highlights

Minerals’ deficiency is an extensive threat to large portion of global population.

Zinc fertilizers improve yield of mung bean in arid and semi-arid areas. 

Zinc was applied as basal, foliar and 50% basal + 50% foliar applications.

Zinc (10 kg ha-1) as basal application was the best option to improve mung bean yield.

Abstract

Minerals’ deficiency, including iodine (I), vitamin A, iron (Fe) and zinc (Zn) is a widespread threat to mankind. 

Around 2 billion people (children, women, and people of middle age group) across the globe suffer from 

mineral deficiencies. The productivity of mung bean is very low in arid and semi-arid regions due to little or 

no application of fertilizers. Majority of mung bean growing regions of Pakistan have low Zn concentration in 

soils. This study evaluated the impact of different Zn sources and their application methods on allometry, yield 

and grain biofortification of mung bean. Mung bean variety “Azri 2006” was used as experimental material. 

Three different Zn sources, i.e., zinc sulfate (ZnSO4), Zn-EDDHA and 50 % ZnSO4 + 50% Zn EDDHA were used. 

Application method included in the study was basal application, foliar application and 50% basal + 50% foliar 

application. The results indicated that Zn application improved allometric traits and productivity of mung 

bean. The ZnSO4 source of Zn with basal application resulted in the highest chlorophyll contents, leaf area 

index, number of sympodial and monopodial branches, and number of pods per plant, 1000-seeds weight, 

biological yield and seed yield as compared to control treatment. In conclusion, 10 kg ha-1 Zn application as 

basal application method seemed a viable option to improve mung bean productivity along with higher grain 

Zn biofortification.
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Resumo

Mais de 2 bilhões de pessoas em todo o mundo, incluindo mulheres, crianças e pessoas de meia-idade, 

sofrem de deficiências de vitaminas e minerais; principalmente iodo, ferro, vitamina A e zinco (Zn). A 

produtividade do feijoeiro mungo é muito baixa em solos áridos e semi-áridos com pouca ou nenhuma 

aplicação de fertilizantes. A maioria das regiões do Paquistão tem baixos teores de zinco (Zn). A variedade 

ung “Azri 2006” foi semeada sob Zn (10 kg ha-1) com diferentes fontes (ZnSO4, Zn EDDHA e 50% ZnSO4 + 

50% Zn EDDHA). O Zn foi aplicado como aplicação a lanço, aplicação foliar e aplicação foliar 50% basal + 

50%. O resultado mostrou que o feijoeiro-mungo apresentou melhor desempenho pela aplicação de zinco 

em relação a características alométricas e produtividade. Zn como ZnSO4 com aplicação basal resultou em 

teores máximos de clorofila, índice de área foliar, ramos simpodial e monopodial, número de vagens por 

planta, peso de 1000 sementes, rendimento biológico e produtividade de sementes em relação ao controle. 

Em conclusão, a aplicação de Zn a 10 kg ha-1 aplciado a lanço mostrou ser uma opção viável para melhorar 

a produtividade juntamente com maior biofortificação de Zn de grãos.

Palavras-chave: Feijão-mungo. Otimização. ZnSO4. Zn EDDHA. Aplicação em cobertura. Aplicação foliar.

Introduction

Pulses are important crops in Pakistan 
agriculture due to their high protein contents. 
Pulses are a cheap source of proteins in the 
country; therefore, large portion of country’s 
population relies on pulses to meet their protein 
needs (Usman, Hassan, & Ahmad, 2007). Mung 
bean (Vigna radiata L.) is an important pulse 
crop belongs to Fabaceae family. It is rich 
in proteins, minerals, and vitamins with high 
digestibility (Sarwar, Sadiq, Saleem, & Abbas, 
2004). Regarding nutritional quality, mung bean 
contains 60-65% carbohydrates, 22-28% 
protein, 3.5-4.5% fiber and 1-1.5% fat (Zaid, 
Khalil, & Khan, 2012). Nonetheless, inclusion 
of mung bean in existing cropping systems 
is highly beneficial to improve soil fertility 
because of its biological nitrogen fixation 
potential.

Zinc (Zn) nutrition plays a vital role in 
crop production and important for getting 
higher crop yields (Arif, Ali, Khan, Jan, & Akbar, 
2006; Haider, Hussain, & Farooq, 2019). The 

Zn plays key roles in chlorophyll synthesis, 
pollination and fertilization process, and seed 
germination (Cakmak, 2008; Souza, Moraes, & 
Moreira, 2019). Zinc application improves cell 
membrane integrity, especially of root cells 
along with suppressing the free radical damage 
to cells under stressful environments (Cakmak, 
2000). It also enhances plant resistance against 
disease causing pathogens. Furthermore, Zn 
mediates changes in plant physiology and 
anatomy for the development of resistance 
against pests and diseases. 

A major portion of world’s total 
cultivated land (~30%) is Zn-deficit (Khourgami 
& Fard, 2012). Furthermore, Zn deficiency is 
more dominant in the soils of Indo-Gagnetic 
plains, since ~50-70% soils in these plains 
are Zn-deficit (Alloway, 2008; Maqsood et al., 
2015). However, nutrients’ deficiency including 
Zn could be improved through various nutrient/
fertilizer application practices (Ali et al., 2008; 
Haider, Farooq, Nawaz, & Hussain, 2018a). 

The production of mung bean has 
been static during the last decade in Pakistan. 
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The main reasons behind low production 
are no or low application of macro and 
micronutrients, particularly Zn (Imran et al., 
2015; Haider, Hussain, Farooq, & Nawaz, 
2018b). The application of Zn has been found 
to improved number of seeds per plant, which 
ultimately contributed to higher productivity 
of mung bean (Rahman, Adan, Chowdhury, Ali, 
& Mahabub, 2015; Haider et al., 2018b). The 
Zn can be applied via soil, seed, and foliage 
to improve the productivity of arable crops 
grown in Zn-deficit soils (Khan, Hassan, & 
Maitlo, 2006; Haider et al., 2018a, 2019). Zinc 
sulphate (ZnSO4) is the leading Zn fertilizer 
used worldwide, which contains Zn along with 
sulfur (Aye, 2011).

Around 2 billion people, including 
women, middle-aged individuals and children 
around the world are suffering from minerals 
and vitamins’ deficiency, which primarily 
includes iodine (I), vitamin A, iron (Fe) and Zn. 
Low or no application of Zn not only lower the 
yield of crops including mung bean, but also 
results in low grain-Zn concentration (Cakmak, 
2009; Haider et al., 2019). 

Biofortification is a recent agronomic 
and breeding approach, which enhances 
nutritional quality of the economic parts of the 
plants (Dwivedi et al., 2012). Micronutrients 
can be applied to plants by different methods, 
including seed treatment, foliar application, 
and soil amendment (Johnson, Lauren, Welch, 
& Duxbury, 2005). Micronutrients’ application, 
i.e., foliar application of magnesium (Mg), 
manganese (Mn), Fe and Zn significantly 
enhanced mung bean growth and yield-related 
parameters (Kassab, 2005; Haider et al., 
2018b). However, soil Zn application is more 
effective than other application methods. Soil 
applied Zn increases grain yield because Zn 

remains available throughout growth period, 
whereas foliar application of Zn enhances 
grain Zn contents (Ehsanullah, Randhawa,, 
Anjum,  Nadeem, & Naeem, 2015). Zinc 
application improved wheat (Triticum aestivum 
L.) productivity and Zn concentration in leaves, 
straw and grain (Khan et al., 2006). 

Although improvement in yield and 
grain Zn concentration of mung bean with 
different Zn application methods is reported, 
information about the interactive effect 
of different Zn sources and Zn application 
methods is not available. Therefore, the 
objective of the study was to evaluate the 
impact of interactive effect of different Zn 
sources (ZnSO4, Zn EDDHA and 50 % ZnSO4 + 
50% Zn EDDHA) and Zn application methods 
(foliar and basal and combination of foliar and 
basal) on yield and grain Zn contents in mung 
bean.

Materials and Methods

Study site

This study was conducted during 
spring season, 2017 at Agronomy Research 
Farm, Bahauddin Zakariya University Multan, 
Pakistan. Soil samples (0-25 cm) were collected 
and tested to record the pre-experimental 
fertility status of the soil. The experimental 
soil was clay-loam in texture having pH 8.2, 
electrical conductivity 3.7 dS m-1 and contained 
0.59% organic matter. The available nitrogen, 
phosphorous and potassium were 0.026%, 
6.40 mg kg-1 and 220 mg kg-1, respectively. 
Moreover, the soil contained 0.65 mg kg-1 Zn. 
Meteorological data during the crop growing 
season are given in Table 1. 
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Table 1
Meteorological data during the crop growth cycle

Months
Monthly mean

temperature (°C)
Monthly mean relative 

humidity (%)
Total rainfall 

(mm)

March 21.8 68.4 0.0

April 30.0 53.5 5.3

May 34.0 63.1 0.1

June 33.1 74.9 45.6

Source: Weather Station, Department of Agricultural Engineering, Bahuddin Zakariya University, Multan.

Experimental details

Seeds of mung bean variety “Azri 
2006” were collected from Arid Zone Research 
Institute (AZRI), Bahawalpur, Pakistan and used 
in the experiments. Zinc was applied using two 
different experiment, i.e., ZnSO4, Zn-EDDHA 
and their combination, i.e., 50% ZnSO4 + 50% 
Zn-EDDHA. The Zn was applied either foliar 
or basal, or combination of 50% foliar + 50% 
basal application. There was no Zn applied in 
the control treatment of the study. For basal 
application, 10 kg Zn ha-1 (Haider et al., 2018b) 
was applied on the soil surface before crop 
sowing and mixed in the soil with tillage. In 
case of foliar application, 1% Zn solution was 
sprayed during reproductive phase of the 
crop (Haider et al., 2018a). In case of basal 
application and foliar application combination, 
50% of basal application dose (i.e., 5 kg ha-1) 
and 50% of the foliar application dose (i.e., 
0.5%) were used. The experiment was laid out 
in randomized complete block design (RCBD) 
with factorial arrangements. The Zn sources 
were kept in main plots, whereas Zn application 
methods were randomized in the sub-plots. 
The net plot size was 1.8 m × 5 m with three 
replications.

Crop husbandry

Before sowing, pre-soaking (locally 
called rouni) irrigation was given to field for 
proper seedbed preparation. When field 
attained appropriate moisture level, field 
was ploughed with tractor-drawn cultivator 
followed by planking.  

Crop was fertilized with phosphorus (P) 
and nitrogen (N) at the rate of 50 kg and 25 kg 
ha-1 using di-ammonium phosphate (DAP) and 
urea, respectively at sowing. To fulfill mung 
bean water requirement, field was irrigated four 
times. To maintain optimum plant population, 
thinning was done at 30 days after sowing 
(DAS). To reduce weed infestation, hand hoeing 
was done thrice during the growing season. 

Data recording

Crop allometric traits

The chlorophyll contents were recorded 
as SPAD value by SPAD meter. Data regarding 
crop growth rate (CGR) and leaf area index (LAI) 
were taken at 20 days interval starting from 
35 DAS and terminated at crop maturity. Ten 
plants were randomly harvested from each 
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experimental unit, their leaves were separated, 
and leaf area was recorded by using leaf area 
meter (MK2, DT, Delta T Devices, Cambridge 
UK). Further, LAI was recorded by using the 
formula devised by Watson (1947). Afterwards, 
fresh samples were weighed, and oven dried 
at 70oC till constant weight. The CGR was 
then determined by following Hunt (1978). For 
maintaining average values for CGR and LAI 
were calculated, presented, and interpreted. 

Morphological and yield-related traits

Ten randomly selected plants from 
each experimental unit were used to record 
average plant height, number of monopodial 
and sympodial branches, and number of pods 
per plant. Selected plants were harvested 
with intensive care and measuring tape was 
used to measures their height. Total number of 
monopodial and sympodial branches, and pods 
from harvested plants were carefully counted 
and averaged. All plants in each experimental 
unit were harvested and kept in plots for three 
days. Afterwards, the plants were tied into 
bundles and weighed using spring balance to 
record biological yield. All pods present on the 
plants were then manually separated, threshed 
to separate grains and weighed using electric 
balance to record grain yield. Both grain and 
biological yields were converted to tones ha-1 
using unitary method. Three randomly selected 
samples of 1000 grains were weighed and 
averaged to record 1000-grain weight. Harvest 
index was taken as a ratio of grain to biological 
yield expressed in percentage.

For the determination of grain Zn 
concentration, 0.5 g finely ground mung bean 
grains were digested in di-acid and burnt on a 

hot plate. Afterwards grain Zn concentration 
was estimated according to Prasad (2006) 
using atomic absorption spectrophotometer 
(Model: Perkin Almer, CA, USA).

Statistical analysis

Collected data were tested for normality 
by Shapiro-Wilk normality test, which indicated 
a normal distribution. Therefore, original data 
was used in statistical analysis. Two-way 
analysis of variance (ANOVA) was used (Steel, 
Torrie, & Dickey, 1997) to test the significance 
in the data (individual and interactive effects 
of Zn sources and Zn application methods). 
The means were separated by least significant 
difference post-hoc test at 5% probability. 
All statistical computations were performed 
on Statistix 8.1 software. Moreover, graphical 
representation of the data was done using 
Microsoft Excel Program along with ± S.E 
(standard errors of means). 

Results and discussion

Zinc sources, application methods 
and their interaction had significant effect on 
chlorophyll contents, leaf area index, plant 
height and crop growth rate, except the non-
significant effect of application methods and 
interaction among sources and methods of 
Zn application on crop growth rate (Table 2). 
Basal application of Zn using ZnSO4 recorded 
higher chlorophyll contents, leaf area index, 
plant height and crop growth rate compared 
with all other combinations; however, control 
(no application of Zn) performed poor in this 
regard (Figure 1). 
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Table 2
Analysis of variance for growth and yield-related traits of mung bean grown under different zinc sources 
and their application methods 

Plant traits Zn sources (Zn) Zn application methods (M) Zn × M

Chlorophyll contents 467.90** 14.24** 10.26**

Leaf area index 167.32** 5.29* 4.55**

Plant height (cm) 103.22** 16.98** 8.45**

Crop growth rate (g m-2 day-1) 306.46** 2.48NS 2.29NS

Monopodial branches 31.53** 11.17** 3.89**

Sympodial branches 0.37NS 25.59** 1.73NS

Number of grains per pod 341.84** 2.43NS 4.45**

1000-grain weight (g) 903.36** 3.77* 6.38**

Grain yield (t ha-1) 20.05** 202.83** 22.77**

Biological yield (t ha-1) 3565.64** 6.78** 3.06*

Harvest index (%) 116.02** 6.39** 12.97**

Grain zinc concentration (mg/kg) 5.34** 0.13NS 1.46NS

** = Significant at 1%; * = Significant at 5%; NS = Non-significant.

The Zn sources, application methods 
and their interaction had highly significant 
effect on number of sympodial branches 
per plant, number of grains per pods and 
1000-grain weigh with the exception of non-
significant effect for Zn application methods 
on number of grains per pod. However, only 
application methods had significant effect 
on number of sympodial branches per plant 
(Table 2). 

The ZnSO4 by basal application 
methods’ interaction resulted in the highest 
improvement of monopodial and sympodial 
branches per plant, number of grains per pod 
and 1000-grain weight (Figure 2). Nonetheless, 
10 kg ha-1 basal application of Zn using ZnSO4 
had the highest, whereas control treatment 
resulted in the lowest number of grains per 
pod, number of monopodial and sympodial 
branches per plant and 1000-grain weight 
(Figure 2). 
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Figure 1. Interactive effects of zinc sources and application methods on chlorophyll contents (SPAD values) 
(A), leaf area index (B), plant height (cm) (C) and crop growth rate (gm-2 day-1) (D) of mung bean ± SE. 
Means with different letters differ significantly from each other at p≤0.05. 
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA = Foliar 
application 
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of sympodial branches per plant, number of grains per pods and 1000-grain weigh with the exception of non-

significant effect for Zn application methods on number of grains per pod. However, only application 

methods had significant effect on number of sympodial branches per plant (Table 2).  

The ZnSO4 by basal application methods’ interaction resulted in the highest improvement of 

monopodial and sympodial branches per plant, number of grains per pod and 1000-grain weight (Figure 2). 

Nonetheless, 10 kg ha-1 basal application of Zn using ZnSO4 had the highest, whereas control treatment 

resulted in the lowest number of grains per pod, number of monopodial and sympodial branches per plant 

and 1000-grain weight (Figure 2).  
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Figure 1. Interactive effects of zinc sources and application methods on chlorophyll contents 
(SPAD values) (A), leaf area index (B), plant height (cm) (C) and crop growth rate (gm-2 day-1) (D) of 
mung bean ± SE. Means with different letters differ significantly from each other at p≤0.05.
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA 
= Foliar application
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The individual and interactive effects 
of Zn sources and Zn application methods 
had highly significant effect on grain and 
biological yields, and harvest index. However, 
only Zn sources had significant on grains Zn 
concentrations (Table 2). Application of ZnSO4 

as basal application resulted in the highest 
improvement in grain and biological yields, and 
harvest index (Figure 3). However, 10 kg ha-1 

  

 
 

 
Figure 2. Interactive effect of zinc sources and application methods on number of monopodial branches (A), 
number of sympodial branches (B), 1000-grain weight (g) (C) and number of grains per pod of mung bean ± 
SE. Means with different letters differ significantly from each other at p≤0.05. 
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA = 
Foliar application. 
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improvement in grain and biological yields, and harvest index (Figure 3). However, 10 kg ha-1 basal 

application of Zn using ZnSO4 was top-performing, while control (no application of Zn) treatment was poor-

performing treatment for number of grains, biological yield and harvest index (Figure 3). Zinc application as 

ZnSO4 resulted in the highest grains Zn concentration, while control treatment observed the lowest Zn 

concentration in grains (Figure 3). 
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Figure 2. Interactive effect of zinc sources and application methods on number of monopodial 
branches (A), number of sympodial branches (B), 1000-grain weight (g) (C) and number of grains 
per pod of mung bean ± SE. Means with different letters differ significantly from each other at 
p≤0.05.
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA 
= Foliar application.

basal application of Zn using ZnSO4 was top-
performing, while control (no application of Zn) 
treatment was poor-performing treatment for 
number of grains, biological yield and harvest 
index (Figure 3). Zinc application as ZnSO4 
resulted in the highest grains Zn concentration, 
while control treatment observed the lowest 
Zn concentration in grains (Figure 3).
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Figure 3. Interactive effects of zinc sources and application methods on grain zinc concentration 
(mg/kg) (A), grain yield (t ha-1) (B), biological yield (t ha-1) (C) and harvest index (%) (D) of mung bean 
± SE. Means with different letters differ significantly from each other at p≤0.05. 
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA 
= Foliar application. 

  

  

 
Figure 3. Interactive effects of zinc sources and application methods on grain zinc concentration (mg/kg) 
(A), grain yield (t ha-1) (B), biological yield (t ha-1) (C) and harvest index (%) (D) of mung bean ± SE. Means 
with different letters differ significantly from each other at p≤0.05.  
Here CK = no application of Zn; ZS = Zinc sulphate; ZEDT = Zinc chelate; BA = Basal application; FA = Foliar 
application.  
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The results of this study unveiled that 
basal application of Zn using ZnSO4 at the 
rate of 10 kg ha-1 proved the best treatments 
for improving mung bean performance as 
indicated through improved morphological 
parameters, allometric traits, grain yield and 
grains-Zn biofortification (Figure 1-3). Similar 
kind of findings was earlier reported for 

groundnut (Arachis hypogaea) by Prasad et al. 
(2012). 

Zinc is one of the essential 
micronutrients required for normal plant 
growth. Zinc is involved in various biochemical 
processes in plants, including chlorophyll 
biosynthesis, respiration and photosynthesis, 
and enzymes’ activation (Khan, Umar, Qasim, 
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& Jamil, 2002; Nishizawa, 2005). Zinc plays a 
dominant role in hormonal (auxin) metabolism; 
therefore, it stimulates plant nutrition (Penas, 
Gomez, Frias, & Vidal-Valverde, 2010). The 
Zn helps in cell defense mechanism against 
reactive oxygen species (ROS). Moreover, it 
acts like a protector against various chemical 
compositions of oxidation, including DNA, SH 
enzyme, chlorophyll, protein and membrane 
lipids (Cakmak, 2000). Aye (2011) also reported 
that ZnSO4 is being used across the globe as 
major source of Sulphur and Zn. 

Final productivity of any crop depends 
on the development of yield components 
under stressful and benign circumstances. 
Therefore, improvements in yield-related traits, 
i.e., number of sympodial and monopodial 
branches per plant, grains per pod and 
1000-grain weight was the key reason of 
higher yield with Zn application (Figure 2). Zinc 
application improved chlorophyll contents 
and leaf area index (Figure 1), which might 
result higher photosynthesis as evident from 
higher crop growth rate (Figure 1). Higher 
chlorophyll contents and leaf area index 
were noted with Zn application might be due 
to more interception of solar radiation and 
accumulation of more biomass because of 
higher photosynthesis, which collectively lead 
to significant improvement in yield-related 
traits. Recently, Haider et al. (2018a, 2019) 
also concluded that Zn application by different 
methods improved mung bean productivity 
as observed in this study. In this study basal 
application of ZnSO4 was most beneficial. 
Similar findings were also reported by Rahman 
et al. (2015), who observed that mung bean 
plants recorded significant improvements 
in growth and yield-related attributes with 

Zn application. Furthermore, Zn takes part in 
auxin production which is mainly responsible 
for improving cell size and number; therefore, 
it indirectly enhanced plant growth (Dashadi, 
Hossein, Radjabi, & Babainejad, 2013). Usman, 
Tahir and Majeed (2014) revealed that under 
ZnSO4 soil amendment, plant observed 
increase in number of pod-bearing branches, 
1000-grain weight, number of grains per pod, 
harvest index, and biological and grain yields.

Micronutrients are required in minute 
amount; therefore, soil and foliar application 
helps in improving crop yields and grain quality 
(Malakouti, 2008). In this study basal application 
improved allometric traits and productivity of 
mung bean, which might be due continuous 
Zn availability throughout the life cycle. 
Moreover, results of the current study also 
depicted that Zn application not only improved 
productivity, but also resulted in higher grain-
Zn concentration. Moreover, applied Zn might 
also transfer to the economics part, i.e., grains 
(Figure 3; Haider et al., 2018a; Haider, Hussain, 
Farooq, & Nawaz, 2020). Johnson et al. (2005) 
suggested that soil and foliar applications of Zn 
resulted in higher Zn uptake leading to higher Zn 
contents in the grains of chickpea, lentil (Lens 
culinaris L.), rice (Oryza sativa L.) and wheat 
compared to no Zn application. Soil application 
of Zn produced a greater number of grains as 
compare to foliar application because Zn was 
available throughout growth period. Earlier 
studies have indicated Zn play a major role in 
enzyme activation; therefore, it is responsible 
for cell division and elongation, which ultimately 
enhance plant growth (Nadergoli, Yarnia, & 
Khoei, 2011). In another study, Zn application 
significantly enhanced yield and yield-related 
traits of mung bean (Ali & Mahmoud, 2013).  
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Conclusion

In conclusion, Zn application by 
different methods significantly enhanced grain 
Zn concentration and yield-related traits of 
mung bean. However, Zn application as a basal 
dose at the rate of 10 kg ha-1 using ZnSO4 as 
Zn source improved crop allometry, yield and 
yield-related traits, and grain Zn contents. 
It is therefore recommended to apply 10 kg 
ha-1 Zn using ZnSO4 as Zn source for higher 
productivity and grain Zn concentration of 
mung bean.
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