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ABSTRACT

Zinc is an important micronutrient and is essential for plants. Zinc deficiency in soil is a worldwide issue that leads to
lower crop production, especially in cereals. In Pakistan, most of the soils are zinc deficient. This study aimed to assess
the different application methods and different doses of zinc in maize under zinc-deficient calcareous soil. The
experiment consisted of seven treatments including control (no zinc application), granular zinc 33% soil application,
foliar application of zinc 33%, granular zinc 33% soil application combined with foliar application of zinc 33%, EDTA-
chelated Zn 5% soil application, EDTA-chelated Zn 5% foliar application, and 1% EDTA-chelated granular zinc and 1%
EDTA-chelated zinc foliar application. Morphological and yield attributes i.e., plant height (21.37%), stem diameter
(50.41%), cob diameter (18.35%), cob length (56.84%),100-grain weight, 1000-grain weight, grain yield (20.25%) and
biological yield (45.34%) showed a significant increase in growth, size, and weight after the application of zinc treatment
(1% EDTA-chelated granular zinc and 1% EDTA-chelated zinc foliar) under calcareous soil conditions. Likewise, the
application of treatment consisting of 1% EDTA G-Zn+1% EDTA F-Zn treatment demonstrated a significant increase in
chlorophyll content (47.12%), starch content (22.56%), protein content (28.36%), oil content (5.35%), and Zn content

(50.41%) in maize grains under calcareous soil conditions as compared to the control treatment of zinc.

Keywords: Zinc sources, zinc application, summer maize, calcareous soils

INTRODUCTION

Maize is an important cereal crop belonging to the
Pinaceae family (Sood, 2019). It is often referred to as the
“queen of cereals” Maize is one of the three major global
cereal crops after wheat and rice (Saritha et al.,, 2020). It
not only caters to the nutritional needs of humans but
also serves as a significant food source for poultry and
livestock sectors (Mandal et al, 2023. Corn seeds and
grains are utilized as raw materials in various industries
such as the production of starch, oil, proteins, and
alcoholic beverages. Maize cultivation contributes 3% of
the value added in agriculture. Maize contributes 0.7%
GDP of Pakistan. In 2022-2023, maize crop was cultivated
in 1720 thousand hectares of land in Pakistan (Pakistan
Economic Survey 2022-23). The world maize production
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was estimated as 1235730 (1000MT), with the United
States being the largest producer, contributing to 32% of
the total global maize production. Pakistan ranked 14th,
contributing approximately 1% of the total production. In
2023, the annual production of maize in Pakistan was
estimated at 10500 tons (1000MT) (USDA-2023).

Due to the increasing global population, the demand for
maize has also increased. However, there are many
reasons behind low maize yields in Pakistan. The main
constraints are mainly: poor quality of seed, low inbred
lines, imbalanced use of fertilizers, lack of resources, and
the non-use of micronutrients (Waqas et al, 2021;
Erenstein et al,, 2022; Yin and Leng, 2022). Deficiency of
zinc may have a remarkable influence on maize crops,
which may result in chlorophyll loss, stunted growth, and
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reduced enzymatic activity (Saboor et al.,, 2021). It may
lead to lower crop yields and remarkably damage the
country’s economy. One of the basic reasons of zinc
deficiency in soil is the latter’s calcareous nature, which
lead to binds with zinc rendering it unavailable for plants
growth (Hafeez et al., 2013.). Conventional cultivation is
another sufficient contributor to the deficiency of zinc in
soil.

The most significant method to address zinc deficiency in
soil is its chemical application. Zinc monohydrate, zinc
heptahydrate, and chelated-EDTA zinc are used to
provide available forms of zinc. Chelated forms of zinc
such as EDTA have been used in this process (Suganya et
al, 2020.). Various methods have been utilized to apply
zinc to plants, with soil and foliar applications being the
most effective and widely used approaches for this
purpose. The combination of soil and foliar application is
also used to address the problems related to zinc
deficiency in soil (Saleem et al., 2022).

The most important function of a plant's defense system
is to protect the integrity of its cell membranes. Zinc plays
a very vital role in this process as it affects the auxin
hormone that promotes root and hair growth (Hussain et
al., 2015). Zinc also works in alliance with other essential
micronutrients like N and K. However, it is important to
be cognizant that the relationship between phosphorus
and zinc has an antagonistic nature.

To overcome zinc deficiency in developing countries, the
utilization of food with zinc supplementation is crucial.
Different methods, such as food biofortification and food
diversification, have been implemented to address this
deficiency (Praharaj et al., 2021). The objective of this
experiment is to identify the most effective source and
method for addressing soil zinc deficiency. Specifically,
this study aims to evaluate the effectiveness of two
application methods soil and foliar applications and
determine the most suitable zinc source for alkaline
calcareous soils. Additionally, it will explore the
differences between non-chelated and EDTA-chelated
zinc to provide comprehensive insights into combating
zinc deficiency.

Given the situation regarding zinc deficiency in maize
plants, it's crucial to research the optimal source and
application technique of zinc to promote growth. This is
not only essential for plant vitality, but also to combat
zinc deficiency in humans. It's been reported that roughly
70% of soils in Pakistan lack sufficient zinc levels. To
tackle this issue in both plants and humans, a technique
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known as biofortification is employed to enhance the zinc
content in food. To determine the most efficient
approach, our study utilized a range of chelated and non-
chellated zinc sources and application methods.

MATERIALS AND METHODS

Field Description

The study was performed at the Research Farm, Faculty
of Agriculture Science and Technology, Bahauddin
Zakriya University located in Multan, Pakistan during
2022-2023. The climate of Multan is categorized as semi-
arid, subtropical with mean annual precipitation of 175
mm and mean annual temperature of 25.6 °C. Soil
samples taken from the research site before sowing and
after land preparation were collected randomly at a depth
of 0-30 cm for analysis prior to fertilizer application. Soil
analysis revealed a sandy clay loam texture (68% sand,
15% silt, and 17% clay), an electrical conductivity (EC) of
1.68 ds.m-1, a pH around 8.3, 4.67% CaC03, and 0.57%
organic matter.

Experiment Steps

To assess the role of zinc application on maize, a field
experiment was laid out in a randomized complete block
design (factorial). The experiment was replicated thrice.
Each replication consisted of 7 plots, resulting in a total of
21 plots. The size of each plot was 2m x 5m. Maize seeds
were purchased from the Multan local market. The maize
hybrid variety P-4040 from Pioneer company was used in
this experiment. Sowing was performed on 10 February
2023 using a dibbling method at 75 cm apart. The
experiment focused on different sources and application
methods of zinc, including control (no zinc application),
granular zinc 33% soil application, foliar application of
zinc 33%, granular zinc 33% soil application combined
with foliar application of zinc 33%, EDT A-chelated Zn 5%
soil application, EDTA-chelated Zn 5% foliar application,
and 1% EDTA-chelated granular zinc and 1% EDTA-
chelated zinc foliar application.

At the time of sowing, the recommended dose of N:P:K at
a rate of 92:58:37 kg/acre was soil amended. The
nitrogen fertilizer was applied in three split doses.
Thinning was performed at the fourth leaf stage to
maintain the recommended plant population. Soil
application of zinc was performed at the time of sowing,
while foliar application of zinc was performed at the fifth
leaf stage of maize. The first irrigation was given at the
time of sowing, with subsequent irrigations according to
the crop water need. The doses of insecticide and
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weedicide were applied across all treatments, and
agronomic practices were Kkept uniform for all
treatments. The crop was harvested at the time of
physical maturity.

Data Recording

Morphological Attributes

Ten plants were arbitrarily selected from every treatment
plot to determine quantitative data. Morphological
attributes and parameters of yield such as plant height,
stem diameter, cob diameter, cob length, leaf area,
number of cobs per plant, number of grains per cob,
number of grain rows per cob, grain weight per cob, 100-
grain weight, 1000-grain weight, and plant population
were measured at physiological maturity and after
harvesting. Three samples of 1 m? were collected from
each plot to determine grain and biological yields at
harvest time.

Physiochemical Analysis

For the physiochemical analysis of plants, leaf near plants
ear were collected from selective plants in the two central
rows of each treatment plant. All samples were washed
with distilled water. The samples were sun-dried for 24
hours; and then oven-dried at 70 °C for two days. Samples
were ground using a stainless-steel electrical grinder and
then sieved. The final samples were transferred to plastic
bags for physiochemical analysis. Zinc concentration in
maize was determined by sample digestion using an
atomic absorption spectrophotometer (AAS)
(PerkinElmer, 2380). The wet digestion process was
conducted in which 1 g of the final prepared samples
were placed in a Pyrex flask. After that, concentrated
HNO3 of 10 ml was mixed, kept for one night, and then
concentrated HCLO4 4mL was added. The digestion of the
samples was done using a hot plate, and then, the sample
was filtered using filter paper of Whatman no 42 into a
flask of 50 mL (Walsh and Beaton, 1977).

Maize starch was calculated via iodine test using glucose
as standard as described by Sullivan (1935). Dried
samples from the above zinc analysis were added into an
iodine solution of 1 ml (1.27 g iodine and 4 g potassium
iodide) for 10 minutes. The absorbance reading was
observed at 660 nm with an AAS.

For protein, final prepared samples were used. Protein
was determined via the Biuret method as elaborated by
Gornall et al. (1949). Bovine serum albumin was used as
the standard protein. To prepare the biuret reagent, 0.9 g
of sodium potassium tartrate, 0.5 g of potassium iodide
(KI), and 0.3 g of copper sulfate pentahydrate
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(CuS04-5H20) were dissolved in distilled water, and the
volume was adjusted to 100 mL.

The biuret reagent of the same concentration was mixed
with samples of maize grains as well as standards.
According to the procedure, OD was noted
spectrophotometrically at 540 nm.

Oil content was calculated using the extract method.
Soxhlet apparatus was used for the calculation of oil
content as elaborated by Ajayi et al. (2004). 15 g of
samples were taken and kept in a thimble. Then, the
samples were transferred to a chamber filled with n-
hexane by 2/3rd cycles of n-hexane repeated 15 to 20
times. Afterwards, the oil extraction was stopped. Next, n-
hexane and oil were split on a rotary evaporator. The
weight and percentage of the oil content were calculated

using the formula;

0Oil percentage(%)
= Final weight(g) — Initital weight (g) X 100
+ total weight of sample

The chlorophyll content (SPAD value) was determined
using a SPAD meter (SPAD-502, Minolta, Osaka, Japan). A
mature leaf from each treatment block was selected,
specifically third leaf of the plant to measure the
chlorophyll. The reading was recorded in the early
morning at 10:00 am. Ten plants were randomly selected
from each treatment block and the mean was calculated.
The transpiration and photosynthetic rates were
determined using an IRGA (Infrared gas analyzer)
instrument after 45 days of sowing the top leaves of maize
plants.

Statistical Aanalysis

Comprehensive data analysis was performed using
Statistix 8.1, following standard procedures. The analysis
of variance technique and Tukey test at a 5% probability
level was used to compare the differences among
treatment means (Steel et al,, 1997).

RESULTS

Plant height, Stem diameter, Cob Diameter and Cob
Length

In this study, the effect of zinc was assessed on maize
plant morphological parameters under calcareous soil
conditions. Zinc application significantly enhanced plant
height, stem diameter, cob diameter, and cob length
compared to control (Figure 1). The application of 33% G-
Zn, 33% F-Zn, and 33% G-Zn+33% F-Zn resulted in
significant increases in plant height (3.38%, 7.43%, and
21.37%), stem diameter (0.73%, 14.91%, and 51.64%),
cob diameter (4.86%, 8.85%, and 18.00%), and cob
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length (11.51%, 26.62%, and 56.84%) in comparison
with the control as shown in Figure 1. Moreover, the
application of 5% EDTA G-Zn, 5% EDTA F-Zn, and 1%
EDTA G-Zn+1% EDTA F-Zn showed increases in plant
height (9.64%, 17.26%, and 29.33%), stem diameter
(19.27%, 32.73%, and 69.27%), cob diameter (11.09%,
16.05%, and 20.53%), and cob length (37.20%, 49.89%,
and 69.84%) compared to control (Figure 1 A-D)..

Leaf area, Number of Cob, Number of Grains, and
Number of Grain row

The application of zinc on maize under calcareous soil
conditions significantly increased leaf size and yield
contributing components (Figure 2 A-D). A significant
increase in leaf area (19.46%, 46.43%, and 72.66%), no.
of cob/plant (0%, 10.00%, and 33.33%), no. of grain cob
(5.05%, 7.22%, and 18.70%), and no. of grain rows/cob
(7.89%, 10.53%, and 18.42%) was observed after adding
33% G-Zn, 33% F-Zn, and 33% G-Zn and 33% F-Zn
treatment compared to the control. Using 5% EDTA G-Zn,
5% EDTA F-Zn, and 1% EDTA G-Zn+1% EDTA F-Zn
exhibited increases in leaf area (55.30%, 58.99, and
99.76%), no. of cob/plant (20.00%, 26.67%, and
60.67%), no. of grain cob (9.60%, 13.07%, and 25.05%),
and no. of grain rows/cob (13.16%, 18.42%, and 31.58%)
in comparison with the control (Figure 2A-D).

Maximum values for these parameters were recorded
Plant Population, Grain weight,100-grain weight, and
1000-grain weight

Zinc application significantly increased the number of
plants and grain weight of maize under calcareous soil
conditions compared to control (Figure 3 A-D). The data
presented in Figure 3A showed that plant population
increased respectively by 1.79%, 2.33%, and 4.49%, with
33% G-Zn, 33% F-Zn, and 33% G-Zn and 33% F-Zn
treatments, grain weight/cob rise by 1.27%, 20.99%, and
46.00%, 100-grain weight increased by 3.38%, 7.43%,
and 21.37%, and 1000-grain weight increased by 3.32%,
5.54%, and 20.41% compared to control. With 5% EDTA
G-Zn, 5% EDTA F-Zn, and 1% EDTA G-Zn+1% EDTA F-Zn
significant increases in Plant population (3.04%, 3.88%,
and 6.11%), Grain weight/cob (30.50%, 39.25%, and
54.68%), 100-grain weight (9.64%, 17.26%, and
29.33%), and 1000-grain weight (14.56%, 17.25%, and
29.11%) were recorded compared to control (Figure 3A-
D). Grain Yield, Biological Yield, and Chlorophyll Content
The data presented in Figure 4 showed significant
increases in main grain yields, biological yield, and
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chlorophyll content in leaves of maize plants compared to
control ones under calcareous soil conditions. The
application of 33% G-Zn, 33% F-Zn, and 33% G-Zn and
33% F-Zn treatment resulted in significant increases in
grain yield (1.67%, 5.27%, and 14.71%), biological yield
(4.64%, 16.03%, and 36.89%), and chlorophyll content
(9.62%, 27.88%, and 47.12%) in comparison with the
control (Figure 4 A-C). Adding 5% EDTA G-Zn, 5% EDTA
F-Zn, and 1% EDTA G-Zn+1% EDTA F-Zn treatment
caused increases in grain yield (8.26%, 12.07%, and
20.40%), biological yield (22.46%, 31.15%, and 45.34%),
and chlorophyll content (36.54%, 43.27%, and 51.92%)
compared to control (Figure 4- C). Transpiration rate,
Photosynthetic rate, and Starch Content

A significant transpiration rate,
photosynthetic rate, and starch content in grains was
recorded with the application of zinc in maize plants

increase in

under calcareous soil conditions (Figure 5 A-C). For
instance, the application of 33% G-Zn, 33% F-Zn, and 33%
G-Zn+33% F-Zn showed significant increases in
transpiration rate (25.45%, 41.82%, and 89.70%),
photosynthetic rate (8.44%, 13.88%, and 25.89%), and
starch in grain (10.37%, 15.24%, and 22.56%) compared
to control (Figure 5A-C). Similarly, using 5% EDTA G-Zn,
5% EDTA F-Zn, and 1% EDTA G-Zn+1% EDTA F-Zn
showed increase in transpiration rate (56.97%, 69.70%,
and 100.00%), photosynthetic rate (16.89%, 19.70%, and
29.83%), and starch in grain (18.29%, 19.51%, and
32.93%) in comparison with the control (Figure 5-C).
Protein content, Oil content, and Zn content in grain

Zinc application to maize plants significantly enhanced
the protein content, oil content, and zinc concentration in
maize grains compared to control under calcareous soil
conditions (Figure A-D). The application of 33% G-Zn,
33% F-Zn, and 33% G-Zn and 33% F-Zn treatment
resulted in significant increases in protein content
(7.77%, 13.55%, and 28.36%), oil content (1.13%, 2.59%,
and 5.35%), and Zn content in grains (25.60%, 37.33%,
and 50.41%) compared to control (Figure A-D). Similarly,
the application of 5% EDTA G-Zn, 5% EDTA F-Zn, and 1%
EDTA G-Zn+1% EDTA F-Zn treatments caused increases
in protein content (21.36% 24.61%, and 42.76%), oil
content (3.73%, 4.62%, and 6.32%), and Zn content in
grains (40.41%, 36.95%, and 10.41%) in comparison

with the control (Figure 6- C).


https://doi.org/10.33687/jacm.006.02.5437

J. Arab. Crops Market. 06 (02) 2024. 79-88 DOI: 10.33687 /jacm.006.02.5437

250

C
T ]
m o
==} =]

(8]
==}

Flant height {cm

==}

o GA0 A LAt oIt e

g @t o
G_:L &l &l e i
oSt ot
<0
Ao

Pyl

=18

215

12

Cob length

RS LS PO £ S - SR
e T SR «,Pf? ¥ o
At AR {55‘ {».-C' ?5:'
61@5}'3"' 4
= e
P.
i
’\°-°%

Figure 1. The effect of different treatments on plant height (A), stem diameter (B), cob diameter (C), and cob length (D)
of maize. The Tukey test measured significant differences at (p < 0.05); distinct letters on the bars are the mean of seven
replicates.
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Figure 2. The effect of different treatments on leaf area (A), no. of cob/plant (B), no. of grain cob (C), and no. of grain
rows/cob (D) of maize. The Tukey test measured significant differences at (p < 0.05); distinct letters on the bars are the
mean of seven replicates.
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Figure 3. The effect of different treatments on plant population (A), grain weight/cob (B), 100 grain weight (C), and
1000 grain weight (D) of maize. The Tukey test measured significant differences at (p < 0.05); distinct letters on the
bars are the mean of seven replicates.
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DISCUSSION

The significant increases in plant height, stem diameter,
cob diameter, and cob length observed with both
granular and foliar zinc applications can be attributed to
Zinc’s role in enhancing cell division and elongation
(Amin, 2022). Zinc is a co-factor for numerous enzymes
involved in DNA synthesis and protein metabolism
(Chasapis et al., 2020). This advances the production of
auxins, which are plant hormones essential for cell
elongation and division. Zinc also works in alliance with
other essential micronutrients like N and K. Particularly,
as a comparison of single application methods of Zinc,
the combined application of 33% G-Zn + 33% F-Zn and
1% EDTA G-Zn + 1% EDTA F-Zn have shown more
significant nutrition of zinc, strengthening these growth
processes more effectively. The involvement of zinc in
the synthesis of chlorophyll is a reason for the
enlargement in leaf area (Suganya et al., 2020). Zinc
plays an important role in the synthesis of auxin and
other hormones, including indole-3-acetic acid (IAA),
which is derived from tryptophan and promotes growth
and expansion of leaf. Its importance in plant
development is well documented (Zhang et al., 2022).
The increase in number of cobs per plant, number of
grain rows per cobs, and number of grains per cob show
the remarkable improvement in the reproductive
development of maize after zinc application. It may be
due to improved fertilization because zinc is required
for the formation of pollen tubes (Kandil et al.,, 2022).
Proper zinc availability can enhance plant population
and grain weight, maximizing seed germination and
seedling vigor. The findings of this experiment are
likewise to that of zinc in enhancing yield and grain
quality in rice (Patel et al., 2022), wheat (Lakshami et al.,
2021), maize (Djalovic et al., 2022), tomato (Sardar et
al.,2021) and common bean (Hacisalihoglu et al., 2004).
Zinc increases ribosomal RNA synthesis, which is
required to produce proteins during seed germination
(Suganya etal., 2020). In addition to this, the increase in
100-grain weight and 1000-grain weight shows that it
may be due to improved photosynthetic capability and
nutrient translocation after zinc application. Zinc
application also plays a part in improving
photosynthetic activity and chlorophyll content
(Palacio-Marquez et al., 2021). Zinc also plays a vital role
in the integrity of chloroplast structure. Chlorophyll
content improves the photosynthetic activity of plants
stimulating synthesis of biomass and grain yield. The
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results obtained in this study demonstrate that the
application of zinc enhances chlorophyll content in
maize plants grown under calcareous soil conditions.
Likewise, Liu et al. (2016) and Wasaya et al. (2017)
reported that the application of zinc in zinc-deficient soil
can increase chlorophyll content in maize plants. In this
experiment, the last treatment containing 1% EDTA G-
Zn+1% EDTA F-Zn was found to have a higher biological
yield, showing that the growth of a plant is supported by
optimum zinc uptake and utilization (Xu et al.,, 2022).
The transpiration rates and photosynthetic activity are
increased because of the role of zinc in the regulation of
stomatal capability. Zinc also affects carbonic
anhydrase, an enzyme that plays a vital role in CO2
fixation during photosynthesis (Rudenko et al., 2021).
The treatment (1% EDTA G-Zn+1% EDTA F-Zn)
demonstrates that increased photosynthetic rates cause
grains to accumulate more starch. These physiological
processes appear to be expanding because the chelated
forms of zinc (EDTA) appear more effective at
maintaining optimal zinc levels within the plant. Zinc's
contribution to nitrogen metabolism and unsaturated
fatty acid synthesis is responsible for the rise in grain
protein and oil content (Keshavarz et al., 2024). Zinc is
an essential component of the protein synthesis enzyme
RNA polymerase. Grain protein content rises because of
increased protein synthesis (Suganya et al., 2020). The
increase in oil content may also be due to role of zinc in
the synthesis of enzymes that are involved in lipid
metabolism. The increase in zinc content in grains of
maize with zinc applications significant
translocation and accumulation of zinc inside the grains
of maize, increasing their nutritional quality (Zhang et
al., 2020). The process of zinc uptake and transport in
plants can explain the higher performance of the
combined treatments (G-Zn + F-Zn and EDTA chelated
forms). Granular zinc, applied to the soil significantly
increases zinc availability for the growth of roots
(Abdullah et al., 2022), while foliar application of zinc
provides immediate zinc availability to the foliage,
bypassing soil-related limitations, such as pH and zinc-
binding compounds (Ahmed et al., 2021). Chelated
EDTA zinc develops zinc dissolvability, accessibility and
movement inside the plant. A more beneficial and
effective supply of zinc is possible with the combined
application of EDTA-chelated zinc in the soil as well as
foliar application strategies, ensuring improved growth
and yield parameters.

shows
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CONCLUSION

The aim of this experiment was to check the effects of
different sources of zinc with foliar, soil, combined
applications to soil, and foliar application of chelated
EDTA zinc and non-chelated zinc. The findings of this
study revealed that the treatment (1% EDTA G-Zn+1%
EDTA F-Zn) proved maximum increase in morphological
as well as physiochemical attributes of maize grains
under calcareous soil conditions. It can be suggested that
the combined application of EDTA granular zinc to the
and EDTA zinc as a foliar spray significantly enhances
both the quantitative and qualitative attributes of maize.
Future research could focus on optimizing the timing,
dosage, and environmental impact of combined EDTA
granular and foliar zinc applications to enhance maize
productivity across different varieties and agro-climatic
conditions.
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