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Abstract

Mineral nutrient deficiencies are a worldwide problem that is directly correlated with food insecurity. The most common of
these is iron (Fe) deficiency as more than one-third of the world’s population suffers from iron deficiency-induced anemia
mainly in developing countries. This study was planned to overcome iron deficiency through its biofortification in maize
plants. For this purpose, a pot experiment was conducted to monitor efficiency of iron biofortification on maize and soil health.
Fe was applied through seed, soil and foliar mode. The experiment had 07 treatments with 04 replicates; T, = Control, T, =
Seed priming with 1.0% FeSO, solution, T3 = Seed priming with 2.0% solution of FeSO,, T, = Addition of 10 kg ha™ FeSO, to
soil, Ts = Addition of 20 kg ha™ FeSO, to soil, Ts= Addition of 1% FeSO, solution to leaves as spray and T = Addition of 2%
FeSO, solution to leaves as spray. Seed priming with Fe solution was done before sowing. Soil treatments were applied one
week after sowing. Foliar application of iron was accomplished at 2 stages viz. 30 and 60 days after germination of maize
plants. Plant samples were obtained at maturity and analyzed for iron concentration. Soil samples were collected from all the
pots and subsequently analyzed for iron concentration. Results depicted that highest N (0.95%), P (0.20%), K (2.06%), Ca
(0.2%), Na (0.27%) and Fe (190 ppm) concentration in maize plant was achieved when Fe was applied as foliar application of
FeSO, @ 2 % solution (T;) compared to other treatments. However, soil organic matter (0.90 %), P (8.375 ppm) and K
(182.25 ppm) was recorded by the addition of 20 kg ha™ FeSO, to soil (Ts). Thus, the mode of foliar application of Fe had
beneficial effects on nutritional composition in maize crop and soil than soil application and seed priming. © 2022 Department
of Agricultural Sciences, AIOU
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Introduction

Maize (Zea mays L.) is cultivated in every part of the  (WHO) the constraints of Fe lead to serious consequences on

world. It has the ability to survive in a variety of climates
including temperate, subtropical and tropical regions. It is a
versatile crop which provides foodstuff for humans and
livestock (Abebe & Ronda, 2015). A grain of maize
consisted of the essential vitamins like A and B, protein
10%, starch 72%, sugar oil 8.5%, fiber 5.81% and ash 1%.
In Asia the maize occupies 2" position after rice, while in
Pakistan 3" most important crop after wheat and cotton.
The maize is grown in Pakistan on about 1168.5 thousand
hectares area while the total grain production is 4944.2
thousand tones. Average Yyield of maize in Pakistan is 4.23
t ha! which is two to three times lesser than the average
yield of developed countries (Awan & Aslam, 2015).
Maize is usually refined to make a few different varieties
of products like cereal, glucose, flour and breakfast wheat.
The corn flour is used for making chapatis or breadcrumbs
which are consumed in some northern states of India
(Mehta & Dias, 1999).

Iron deficiency is a widespread nutritional disorder in
the world. According to the World Health Organization

human body and economic growth of the countries (Becher et
al., 2017). Most people are affected by Fe deficiency all over
the world which may be five hundred million to two billion. Fe
deficiency is significantly high in under developed countries
(Ahmed et al., 2012; Ishfaq et al., 2021). Fe is a necessary
micronutrient for the production of plants and its deficiency
results in decreased photosynthesis causing leaves of plants
colorless (Malakoti & Tehrani, 1999). Fe exists in soil in the
form of ferrous Fe *" and ferric Fe **. The ferric compounds
have the least solubility in soil solution, but the availability is
depending upon the soil aeration and pH. The pH ranges from
7.4-85 will decrease the Fe concentration in alkaline
calcareous soil. The capacity of plants to respond to iron
availability in soil eventually influences human’s nutrition
either through reduced crop production or Fe content of
nutritive tissue (Morrissey & Guerinot, 2009).

Iron is the greatest plentiful micronutrient in the crust
present in the form of ferromagnesian silicate (Lopez-Millan et
al., 2013). The existence of iron in soil is approximately 1-5%
contained in the plough layer. The iron occurred in soil in the
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form soil silicate minerals like iron oxide, and hydroxide
which are responsible for the reddish and yellowish color
of the soil (Givnish et al., 2014).

Maize based diet is commonly lacking the compulsory
micro element like Fe, zinc (Zn), vitamin A and its
consumers get stunted growth, prone to anemia, less
recreation and infant mortality (Saltzman et al., 2013). In
the developed world the majority of residents depend on a
cereal-based diet having insufficient Fe bioavailability
(Cakmak et al., 2010). Fe biofortification is a sustainable
and cost-effective agricultural strategy to reduce
malnutrition (White & Broadley, 2009). Hemoglobin is the
non-heme enzyme that secures iron in a non-toxic shape
and hemoglobin iron is bioavailable in human beings as
iron sulfate (Lonnerdal, 2007).

Good nutritious foods depend upon the adequate
nutrient intakes and other compounds concentration.
Developing countries have a problem of less food quantity
with inferior quality and nutrition (Gani et al., 2018).
Different strategies could be wused to decrease the
malnutrition (Hussain et al., 2017; Grujcic et al., 2021), but
biofortification is an excellent, convenient, doable and
economical practice (Adeyeye et al., 2019; Nishanth et al.,
2021; Kiran et al., 2022). Insufficiency of micronutrients
ultimately leads to hidden hunger as intake of such food
can cause exposure to diseases due to malnutrition (FAO,
2021). The idea of biofortification is attractive and feasible
to improve the problematic soil and ultimately enhance the
growing conditions for crops. Biofortified foods have great
potential to combat nutritional disorders in countries with
poor diet resources (Jeong & Guerinot, 2008; Ko¢ &
Karayigit, 2021). Therefore, assessing the bio-availability
of iron is necessary in order to manage the iron nutrition in
crops. Krishnaraj et al. (2020) reported positive effects of
Fe and Zn foliar application on maize plant growth and
production of maize crop. Foliar application of Fe and Zn
formulation 17:17 at 0.2 % increased the production of the
maize crop by 21%. Over all the results depicted that foliar
application significantly increased crop growth and yield
performance compared to fertilizer
applications. Similarly, Qureshi et al. (2020) informed that
biofortification of Fe and Zn improves the plant average
yield of different maize varieties.

Keeping in view the low average yield of maize and
predominating iron deficiency in the human beings, this
research work was carried out to overcome the iron
deficiency through its biofortification in maize plants and
to study the impact of iron biofortification on the soil
properties.

Materials and Methods

A pot trail was carried out in the research area of
Department of Soil and Environmental Sciences University
of Sargodha, Punjab, Pakistan during the winter season,
2020 to investigate the effect of iron on growth and yield
of maize crop and differentiation in different methods of
application. Soil samples were taken from the research area
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of the college of agriculture. Seven treatments were applied
with four replications. Five seeds of maize (Hybrid R1) were
sown in twenty-eight pots and three healthy plants were
maintained in each pot after germination. Recommended dose
of NPK was applied to each pot. Canal water was applied to all
pots. All the agronomic practices were done as per necessity.
Iron application was done as per treatment plan. After
harvesting the yield and yield parameters were noted. Plant
samples were collected from each pot for nitrogen,
phosphorus, potassium, calcium and sodium determinations in
the laboratory. At the end, soil samples were also collected
from all the pots and shifted to the laboratory for chemical
analysis. According to the design, every pot was filled with 07
kg of soil for seed sowing. Hybrid R1 variety was used in this
experiment. Following treatments were used T, = Control, T, =
Seed priming with 1.0 % FeSO, solution, T3 = Seed priming
with 2.0 % solution of FeSO,, T, = Addition of 10 kg/ha
FeSO, to soil, Ts = Addition of 20 kg/ha FeSO, to soil, Tg =
Addition of 1.0 % FeSO, solution to leaves as spray, and T; =
Addition of 2.0 % FeSO, solution to leaves as spray.

Fertilizers of N, P, K were added to every pot at different
levels, individually. Different levels of iron were used: 1.0 %
solution, 2.0 % solution, 10 kg/ha, 20 kg/ha, 1.0 % solution of
foliar application and 2.0 % solution of foliar application. The
NPK sources used for fertilizer were urea for nitrogen 2 g/pot,
single super phosphate (SSP) for phosphorus 3 g/pot, and
muriate of potash (KCI) for potassium 1 g/pot. In every pot, 5-
6 seeds were sown. Plants were removed after 15-20 days of
seed germination and three plants per pot were left for best
growth. Pots were irrigated to maintain moisture at field
capacity.

Plant sampling and analysis

Plants were sampled from each pot. Wet digestion of plant
samples was adopted for the determination of N, P, K, Ca, Na
and Fe concentrations using nitric acid and perchloric acid
combination. P was determined with a colorimetric method
with a spectrophotometer. K and Na concentrations were
determined by flame photometer while Ca and Fe contents
were determined by atomic absorption spectrophotometer.

Soil sample collections and analysis

Soil samples were taken from each pot for physical and
chemical analyses. Preparation of soil samples was done
for further analysis. Analytical methods of United States
Department of Agriculture [USDA], (1969) or otherwise
mentioned were adopted for laboratory analysis. Soil extract
was obtained and then Fe was determined using a method
described by Lindsay & Norvell (1978). Walky & Black
(1934) method was adopted for organic matter investigation.
Determination of phosphorus was done using a
spectrophotometer following the protocol given by Olsen et al.
(1954). Flame photometer was hired for K analysis using a
method suggested by Affinnih et al. (2014). Statistical analysis
of data by using software statistics 8.1 were carried out (Steel
etal., 1997).
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Table 1 Soil physico-chemical analysis

Parameters Units Values
pH - 8.2
EC dsm™ 1.85
Carbonates m mol, L* -
Bicarbonates mmol. LY 6.6
Chlorides mmol, L  6.34
Sulphates mmol, LY  5.56
Calcium + Magnesium mmol. LT 7.0
Sodium mmol, L 10.25
Potassium ppm 1.25
Sodium adsorption ratio - 5.48
Soil organic matter % 0.76
Phosphorus ppm 6.2

Results and Discussion
Nitrogen (N) concentration (%) in maize plants

The minimum N concentration (0.7%) was recorded for
control treatment having zero dose of Fe. Foliar application
of Fe @ 2% solution (T;) remained better to all other
treatments. The observed N concentrations of maize plants
of these two treatments (T;and Ts) were 0.95 and 0.93 %
respectively (Fig. 1). Foliar application of Fe proved more
efficient than soil application in maize N concentration.
Although, seed priming and soil application also enhanced
the N concentration significantly when compared with
control. Results of Davieset al. (2020) reported that
biofortification of Fe at vegetative and productive stages of
maize enhanced N concentration in maize crop.

Phosphorus (P) concentration (%) in maize plants

The minimum P concentration (0.12%) was recorded for
control treatment having zero dose of iron. Foliar
application of Fe @ 2 % solution (T-,) remained better to
all other treatments. Foliar application of Fe proved more
efficient than soil application in maize P concentration
(Fig. 2). Seed priming and soil application also enhanced
the P concentration significantly when compared with
control. Results of Parentet al. (2020) favored these
findings. Hussain et al. (2017) also reported that P was
more at flowering and reproductive stage of maize
crop. (NH,),HPO,4 was the mode of when P coupled with
Fe.
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Fig. 1 Effect of Iron biofortification on N concentration
(%) of maize crop

£ 0.25 -
[ a a
o
= 0.2 - b
HA C
8 o015 {4 cd
S
28 01-
S o
o
< 0.05 -
8
S 0-
T1 T2 T3 T4 T5 T6 T7
Treatment

Fig. 2 Effect of Iron biofortification on P concentration
(%) in plant of maize crop

Potassium (K) concentration (%) in maize plants

The minimum K concentration (1.94%) was recorded for
control treatment having zero dose of iron (Fig. 3). Foliar
application of Fe @ 2 % solution (T;) remained better to all
other treatments. Foliar application of Fe proved more efficient
than soil application in maize K concentration. Seed priming
and soil application also enhanced the K concentration
significantly when compared with control. Results of Adnan
(2020) were also in the same direction. 1zsaki (2017) reported
that K was more at the flowering and reproductive stage of the
maize crop. K,SO4was in the mode of K when coupled with
iron.
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Fig. 3 Effect of Iron biofortification on K concentration
(%) in plant of maize crop

Calcium (Ca) concentration (%) in maize plant

The minimum Ca concentration (0.11%) was recorded for
control treatment having zero dose of iron that was reached
to maximum concentration of 0.2 % in treatment T (Fig.
4). Foliar application of Fe @ 2 % solution (T;) remained
better to all other treatments. Foliar application of Fe
proved more efficient than soil application in maize Ca
concentration. Seed priming and soil application also
enhanced the Ca concentration significantly when
compared with control. Results of Abbas et al. (2021)
favored these findings. Similarly, Gaj et al. (2018) reported
that Ca was more at flowering and reproductive stage of
maize crop when supplement with Fe.
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Fig. 4 Effect of Iron biofortification on Ca concentration
(%) in plant of maize crop

Sodium (Na) concentration (%) in maize plant

Data of this study suggested that Na concentration of
maize crop was increasing substantially due to Fe
fertilization in addition to recommended dose of NPK.
Application of Fe (soil application at different rates, seed
treatment and foliar application) produced more Na
concentration of maize. All treatments were different
significantly when compared with each other statistically
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(Fig. 5). The minimum Na concentration (0.2%) was recorded
for control treatment having zero dose of Fe. Foliar application
of Fe @ 2 % solution (T;) remained better to all other
treatments. Foliar application of Fe proved more efficient than
soil application in maize Na concentration. Results of Saroj et
al. (2018) also favored these findings. Likewise, Butcher et al.
(2018) reported that Na was more at flowering and
reproductive stage of maize crop.
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Fig. 5 Effect of Iron biofortification on Na concentration
(%) in plant of maize crop

Iron (Fe) concentration (mg kg™) in maize plant

Data of this study suggested that Fe concentration of maize
crop was increasing substantially due to Fe fertilization in
addition to recommended dose of NPK. Application of Fe (soil
application at different rates, seed treatment and foliar
application) produced more Fe concentration of maize. All
treatments were different significantly when compared with
each other statistically (Fig. 6). The minimum Fe concentration
(150 mg kg™) was recorded for control treatment having zero
dose of iron. Foliar application of Fe @ 2% solution (T)
remained better to all other treatments. Results of Stewart et al.
(2020) favored these findings. Results of Kumar & Salakinkop
(2018) proved that foliar application of Fe enhanced the iron
concentration in plants of maize crop. In another research,
Rout & Sahoo (2015) reported that plant metabolism such as
internal respiration and chemosynthesis of maize crop
significantly increased by applying the foliar application of Fe
on maize crop.
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Fig. 6 Effect of Iron biofortification on Fe concentration
(ppm) in plant of maize crop
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Organic matter (%) of soil

Soil organic matter (SOM) was significantly affected by
the use of Fe sulphate. Among all over the treatments, Ts
(soil application of 20 kg ha® FeSO,) produced the
maximum SOM (0.91%) (Fig. 7). Minimum SOM (0.76
%) was noted in T, (control) which was followed by Tg
(foliar application of 1.0% FeSO, solution) and T (foliar
application of 2.0% FeSO, solution) that recorded 0.77%
and 0.8% soil organic matter respectively. However,
results suggested by Kandil (2016) implied that soil
organic matter decreased with the use of iron sulphate in
soil. Results of Bjorneras (2019) also suggested that soil
properties like soil organic matter, cation exchange
capacity, soil texture, structure, porosity, soil chemistry,
electrical conductivity and soil color reduced significantly
due to Fe sulphate.
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Potassium (K) of soil (ppm)

K application in maize crop showed significant results to
FeSO,. Data about K (ppm) in maize crop displayed that iron
sulphate has significant effects on K (ppm) in maize. Among
all the treatments, the Tz (seed priming with 2.0 % FeSO,
solution) produced the maximum K (184.3 ppm) followed by
the treatments Ts (soil application of 20 kg ha™* FeSO,) with a
value of 182.25 ppm (Fig. 9). Contrary, minimum K value
(133.1 ppm) was found in T, (control). The work of the
previous scientists also supported these results who applied
FeSO, to the soil. Similar results were suggested by Awad-
Allah & Elsokkary (2020) who reported that K decreased with
the use of FeSQ, in soil.
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Fig. 7 Effect of Iron biofortification on organic matter (%)
of soil

Phosphorus (P) of soil (ppm)

P content was significantly affected by the use of Fe
sulphate. Among all the treatments, the Ts (soil application
of 20 kg ha' FeSO,) proved the maximum responsive
regarding soil P content (8.37 ppm) followed by the
treatments T, (soil application of 10 kg ha™ FeSO,) with
value of 8.05 ppm (Fig. 8). Minimum P was (7.08 ppm) in
T, (control). The work of the previous scientists also
supported these results that applied Fe sulphate to improve
the soil properties. Similar results were suggested by
Prasad and Chakraborty (2019) who reported that P
decreased with the use of Fe sulphate in soil.
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Fig. 8 Effect of Iron biofortification on Phosphorus (ppm)
of soil

Fig. 9 Effect of Iron biofortification on potassium
(ppm) of soil

Conclusion

Findings of present research implied that application of Fe as
micronutrient improved crop growth and Fe content of maize
plants. Biofortification of Fe significantly improved the Fe
content of maize and soil. Although application of Fe by any
method gave positive results. But the mode of foliar
application of Fe had the highest beneficial effects on
nutritional composition in maize crop and soil than soil
application and seed priming.
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