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ABSTRACT 
 

 

The study was conducted to evaluate the response of hybrid maize towards zinc (Zn) and iron (Fe) 
fertilization applied both as soil and foliar application. It is a possible way to increase the zinc and 
iron concentration in maize grain by the application of Zn and Fe fertilizers. To verify the claim an 
experiment was conducted. Maize hybrid was selected and three levels of Zn & Fe (viz.10, 20 and 
30 kg ha-1) were applied at the sowing time. The foliar appliance of zinc sulphate and iron sulphate 
at the rate of 0.1% Zn and Fe was applied. Nitrogen, Phosphorus and Potassium were applied at 
recommended levels. There was a control plot with no use of Zn and Fe. Maize crop was 
harvested, grains were separated. Maize grain yield was recorded and analyzed for their Zn and Fe 

Original Research Article  



 
 
 
 

Saleem et al.; JAERI, 7(4): 1-6, 2016; Article no.JAERI.24532 
 
 

 
2 
 

content. The results indicated that maize grain yield and their Zn and Fe content responded 
positively towards Zn and Fe application applied as soil or foliar application. The 30 kg of Zn and 
Fe ha-1 gave highest grain yield (7.76 t ha-1) which is at par with 7.64 t ha-1 grain yield from the 
plots receiving 20 kg of Zn and Fe/ha. The foliar reliance of Zn and Fe application raised the grain 
Zn (31.8 mg kg-1) and Fe (153.8 mg kg-1) contents. This increase is 55% and 51.8% in case of Zn & 
Fe, respectively over control. It is concluded from the study that iron and zinc fertilization is an 
effective way to increase corn yield, their concentration in maize grain and finally to get better 
quality corn. 
 

 
Keywords: Biofortification; fetilizers; iron; nutrient partitioning; response curve; zinc. 
 
1. INTRODUCTION 
 
Maize is the third most important cereal crop of 
the country. Its yield increased over the last few 
years but there is still a wide gap between the 
average maize yield at national level of Pakistan 
and developed countries [1]. Maize crop has a 
high monetary value as its use in livestock and 
poultry industries. It is processed on a bulk scale 
to manufacture a range of products for human 
use [2].  
 
The cereals crops are the main source of food to 
fulfill the nutritional requirement of the masses in 
the under developed countries [3]. These people 
not have enough resources to broaden their 
horizons of diet and are in front of many 
nutritional disorders [4]. The agriculture has met 
the challenge of feeding the increasing 
population but these people are not receiving the 
essential nutrients for a dietary health [5]. 
 
The two most important nutrients for humans that 
are limiting in the diet of developing world people 
are Zn and Fe [6]. Globally billions of people are 
facing Zn and Fe deficiency and there ratio are 
very frightening in children [7]. [8] reported that 
the deficiency of Zn causes DNA damage and 
poorly developed defense system and stunted 
physical growth which ultimately allow many 
health complications. Millions of people are 
anemic due to Fe deficiency in poor countries [9]. 
The main reason of Zn and Fe deficiency is 
minimum diversification in food items and less 
amount of bio-available forms of these essential 
nutrients.  
 
The challenge to agriculture is not only to feed 
the masses but also to provide the nutrient rich 
food to the poor people and for this have to 
design the agriculture that focused on the health 
of masses too [10]. The need is to increase the 
contents of these deficient nutrients in the edible 
part of the cereal crops. This enrichment of 
nutrients in the grains is a sustainable and 
continuing way of supplying the deficient 

nutrients to masses [11]. This study was 
designed to increase the Zn and Fe content in 
the grains to maize crop eventually to minimize 
the threat of human Zn and Fe deficiencies. 
 
2. MATERIALS AND METHODS 
 
A field trial was conducted at the farm area of 
Institute of Soil Chemistry and Environmental 
Sciences, Ayub Agricultural Research Institute, 
Faisalabad, Pakistan. The hybrid maize (hybrid-
919) was sown in August 2014 and harvested in 
December 2014 to estimate the effect of Zn & Fe 
appliance on grain Zn & Fe contents. Seeds of 
maize were sown in a plot size of 7.5 m × 4.5 m 
on ridges. The adjacent plots were separated by 
making boundaries and experiment was laid out 
in Randomized complete block design with three 
replications. Two seeds per hole were added 
made by the Dibbler on the ridges. The 
Recommended doses of Nitrogen, Phosphorus 
and Potassium by Agriculture Department in 
Government of Punjab, Pakistan for hybrid maize 
were applied @ 275 kg ha-1 N, 125 kg ha-1 P2O5 
and 75 kg ha-1 K2O, respectively as a basal dose. 
The urea, single super phosphate (SSP), 
potassium sulphate (SOP), ZnSO4 and FeSO4 
were used as fertilizer sources. On the maize 
crop following Zn and Fe treatments were 
applied. 
 

i. Control (No zinc & Fe) 
ii. Soil Zn & Fe (each @10 kg ha-1) 
iii. Soil Zn & Fe (each @20 kg ha-1) 
iv. Soil Zn & Fe (each @30 kg ha-1) 
v. foliar Zn  & Fe spray (each @ 0.1%) 

 
Half of the N, full phosphorus and potassium 
were applied at the time of sowing and ½ N after 
20 days of germination. All the soil applied Zn & 
Fe treatments were applied at the time of sowing. 
The foliar treatment of Zn and Fe was done to 
crop at silking and grain filling stage. After ten 
days of germination thinning was done to 
maintain the plant population and plant to plant 
distance. All the management practices for the 
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Table 1. Fertility status of field used for study 
 

Soil 
depth     
(cm) 

pHs ECe 
(dSm-1) 

O.M 
 (%) 

Available 
P 
 (mg kg-1) 

Extractable 
K  
(mg kg-1) 

DTPA Zn 
(mg kg-1) 

DTPA Fe 
(mg kg-1) 

Textural 
class 

0-15 8.13 1.20 0.89 8.32 220 0.96 3.04 Sandy clay 
loam 

15-30 8.09 1.13 0.76 8.00 200 0.87 3.39 Sandy clay 
loam 

 
maize crop were performed throughout the 
growing season. The canal water was used to 
irrigate the crop when required.  At crop maturity 
harvesting was done as black layer is formed in 
the tenth leaf [12]. The grains were separated 
from the cobs by thresher and grain yield was 
recorded and changed into globally used unit i.e. 
tons per hectare (t ha-1). 
 
2.1 Soil Sampling and Analysis 
 
Before sowing of the maize crop and prior to 
fertilizer addition composite soil samples from 
two depths (0-15 and 15-30 cm) were collected. 
The samples were air dried and grounded to 
pass through a 2 mm sieve to be used for 
analysis. The pH of soil was measured in 
saturated paste and from soil extract electrical 
conductivity (EC) was determined using [13] 
method.  Walkley-Black method [14] was used to 
determine the soil organic matter content of the 
soil. Olsen’s method [15] was used to measure 
the available phosphorus and for potassium, [16] 
method was used. The zinc and iron status of 
soil was determined using DTPA extraction [17] 
method. The pre-planting soil fertility status is 
given in above Table 1 above. The soil analysis 
showed that the soil was sandy clay loam in 
texture with 8.13 pH. There was no salinity and 
sodicity problem in the field. The organic matter 
content was low in soil. The phosphorus content 
of soil was moderate in range and available 
potassium was in adequate array. The fertility 
analysis indicated that Zn content in soil used for 
experiment was deficient while iron was 
adequate. 
 
2.2 Plant Sampling and Analysis 
 
After harvesting grains were separated from the 
cobs and samples of grain were collected for Zn 
and Fe analysis. The samples were dried in air 
circulation plant oven at 70°C till constant weight 
and ground in a Wiley micro mill. The 0.5 g of 
dried sample was digested in a tri-acid mixture 
i.e. sulphuric acid, nitric acid and perchloric acid 
(5:2:1) [18] and run on Atomic Absorption 

Spectrophotometer (Shemadzu 7000) for zinc 
and iron determination.  
 
2.3 Data Analyses 
 
The data obtained in this experiment was 
analyzed using the computerized system 
Statistix®. Least Significant Difference (LSD) 
among the treatment means were compared at 
5% probability level [19]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Maize Grain Yield 
 
The corn yield data is presented in Fig. 1. It was 
indicated from the results that corn yield 
increased with each addition of Zn and Fe 
fertilizers in all the treatments over the control 
(NPK alone). The treatments where 30 kg of Zn 
and Fe fertilizers ha-1 were applied gave highest 
corn yield i.e. 7.76 kg ha-1, followed by Zn and Fe 
application at the rate of 20 kg ha-1. The 
minimum yield (4.96 t ha-1) was found in case of 
control where there was no Zn and Fe appliance. 
The yield response to these two essential 
micronutrients was freeze after 20 kg ha-1 
application. The yield data showed that 10 kg ha-
1 application of these nutrients (Zn and Fe) gave 
statistically similar response towards grain yield 
as by two sprays of 0.1 % Zn & Fe. [20] reported 
that on high pH soil Fe deficiency causes 
decrease in the maize yield and its application 
enhanced the yield. Similarly, increase of maize 
yield was reported by [2] by Zn application. [21] 
showed significant increase in yield of maize with 
the application of micronutrients. The decline in 
yield in the absence of these micronutrients is 
due to nutrient imbalance as reported by [1]. 
 
3.2 Iron and Zinc Concentration in Maize 

Grain 
 
The data regarding Zn and Fe content of maize 
grain is presented in Table 2. The results showed 
that Zn and Fe contents were significantly 
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influenced by the application of these nutrients to 
the maize crop. It is clearly observed from the 
data that grain nutrients content increased with 
the application of each treatment comparing with 
the treatment where NPK was applied alone. The 
highest Zn (31.8 mg kg-1) and Fe (153.6 mg kg-1) 
content were calculated in treatments where 
foliar application of 0.1% was applied to the 
maize crop. This increase is 122.4% in case of 
Zn and 107.3% in case of Fe. The minimum 
contents were obtained in case of control i.e. 14. 
3 and 74.1 mg kg-1 of Zn and Fe, respectively. 
When all the treatments were compared it was 
further verified that more zinc and iron 
accumulation in grain occurred where foliar 
application was done as compared to soil 
application.  
 
Roemheld and El-Fouly [22] reported that foliar 
application of nutrients is a quick responsive way 

to increase the quality in terms of nutrient status 
of the crop. [23] indicated the fact that low 
organic matter and clay adsorption decreased 
the flow of nutrients in soil and preferred the 
foliar application of nutrients. [24] reported the 
accumulation of micronutrients in the grain with 
the addition of their fertilizers. [25] investigate 
that grain richer in iron was capable to inverse 
iron deficiency in six months’ time in children. 
 
3.3 Zn and Fe Response Curve 
 
Response curves of maize at different levels of 
Zn and Fe application was observed. The growth 
response curves are shown in Figs. 2 and 3 at 
different levels of Zn and Fe, respectively. At 
maximum grain relative growth yield zinc content 
of maize was 25.1 mg kg-1 (Fig. 3). The Fe 
content in maize grain was 122.7 mg kg-1 at this 
same relative grain yield of maize grain. 

 

 
 

Fig. 1. Effect of Zn & Fe application on the maize yield (t ha-1) 
 

 
 

Fig. 2. Critical Zn concentration for optimum yield of maize grain in maize hybrid 
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Fig. 3. Critical Fe concentration for optimum yield of maize grain in maize hybrid 
 

Table 2. Effect of Zn & Fe application on the zinc and iron contents of maize grain 
 

Treatments Fe Content  
(mg kg-1) 

% increase  ZnContent 
(mg kg-1) 

% increase 

NPK 74.1 -- 14.3 -- 
NPK+10 kg Zn & Fe 91.6 23.6 18.3 28.0 
NPK+20 kg Zn & Fe 107.6 45.2 23.2 62.2 
NPK+30 kg Zn & Fe 122.7 65.6 25.1 75.5 
NPK+ 0.1 % foliar spray of Zn  & Fe 153.6 107.3 31.8 122.4 

 
4. CONCLUSION 
 
The application of Zn and Fe increased the grain 
yield and Zn and Fe contents of maize. The foliar 
application of Zn & Fe proved a better way to 
increase the nutrients contents in maize grain. 
The increase in yield was freeze after 20 kg of Zn 
and Fe ha-1. The maximum accumulation of iron 
and zinc was in grains when foliar application of 
Zn & Fe @ 0.1% was applied. 
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