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Abstract 
To evaluate the impact of different zinc application methods on yield and 
yield components of various wheat cultivars, a field experiment was carried 
out at Student’s Farm, Department of Agronomy, University of Agriculture 
Faisalabad, during winter 2014-2015. The experiment was laid out in RCBD 
(Randomized Complete Block Design) with factorial arrangement. In this ex-
periment, all the treatments were replicated three times, using the net plot size 
of 1.8 m × 5.0 m. The experiment comprised of two factors. Factor A consists 
of two varieties: Faisalabad-2008 and Punjab-2011. While, Factor B consists of 
different methods of zinc application, control, zinc application in soil before 
planting 23 kg∙ha−1, zinc foliar application, 4% ZnSO4 solution at two stages 
(tillering and stem elongation stage). The data regarding different parameters 
were collected and analyzed from the crop using standard procedures. Re-
garding the impact of zinc application method maximum plant height at ma-
turity (103.6 cm), total number of tillers (564.67 m−2), spike length (10.83 cm), 
number of spikelets spike−1 (19.50), number of grains spike−1 (50.36), 
1000-grain weight (34.16 g), biological yield (11.93 t∙ha−1), grain yield (6.00 
t∙ha−1) and harvest index (39.25%) were recorded in treatment where zinc was 
applied both in the soil before planting and by foliar application on later 
growth stages. Similarly, grain zinc contents (33.11 mg∙kg−1), grain protein 
contents (10.1%) and grain carbohydrate contents (64.23%) were also ob-
served in the treatment where zinc was applied both in the soil before planting 
and by foliar application on later growth stages, which is better than all other 
treatments. In case of wheat varieties, Faisalabad-2008 performed better than 
Punjab-2011, with maximum method maximum total number of tillers 
(460.67 m−2), spike length (9.70 cm), number of grains spike−1 (48.80), 1000-grain 
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weight (33.81 g), biological yield (10.32 t∙ha−1), grain yield (5.0 t∙ha−1) and 
harvest index (33.93%). It is concluded that sowing of wheat cultivar Faisala-
bad-2008 + application of zinc in soil before planting with foliar application at 
later stages (tillering and stem elongation stage) of wheat could give better re-
sults in terms of yield. 
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1. Introduction 

Wheat is the cereal crop which ranks first among all the cereal crops and also the 
most important crop of Pakistan. It is also the staple food for most of population 
in Pakistan. Cultivation of wheat directly or indirectly affects the prosperity of 
the country. The area under wheat cultivation during the year 2014-2015 was 
9180 thousand hectares, from which 24,478 thousand tons of wheat was pro-
duced [1]. The average yield of the wheat is very low than that of its potential; 
imbalanced crop nutrition is most important factor which contributes towards 
the decrease in yield among all of the above mentioned factors [2]. The produc-
tion of the wheat could easily be increased in present situation just by increasing 
the yield per unit area. The major reason that contributes towards the lower 
yields is imbalanced nutrition of the crop. Continuous cropping on same piece 
of land without showing any interest towards the nutrient management results 
in decrease of the organic matter in the soil which ultimately results in the mi-
cronutrients deficiency [3]. Different crops have different requirements of macro 
and micronutrients to complete their life cycle [2]. 

The cereals which most commonly suffer from deficiency of zinc are wheat 
and rice [4]. In Pakistan, the zinc is applied to rice crop in the areas where there 
rice-wheat cropping system is followed, but application of zinc is rare in the 
areas where cotton-wheat cropping system is followed. Furthermore, the reason 
behind application of zinc in rice-wheat cropping sing system is that rice crop 
shows deficiency of zinc and also with application of zinc to rice in flooded con-
ditions of soil significantly increases its yield [5] and [6]. There is very less study 
that had been done on indexing of zinc and its application in areas where cot-
ton-wheat cropping system is followed. 

Deficiency of micronutrients in crop production is spreading worldwide. It 
has affected the one-half population of the developing world in which people 
mainly depend upon few staple food crops like, maize, rice and wheat. About 
50% of total cereal crops are growing on those soils which are deficient in mi-
cronutrients. Out of 16 essential elements, the elements which are included in 
the class of trace elements are zinc, copper, boron, iron, magnesium, chlorine, 
molybdenum and nickel. These elements perform vital role in the growth of crop 
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plants. One of the most important nutrients among the above mentioned ele-
ments is zinc. Zinc is the nutrient which performs its role in all six classes of en-
zymes i.e., ligases, isomerases, lyases, hydrolase, transferases and oxidoreductas-
es [7]. 

Under current Zn malnutrition scenario, to get higher concentrations of zinc 
in grain, higher amounts of zinc application may be recommended. But on the 
other hand, ranges of optimum and toxicity of zinc element and the rotation that 
was followed are of extreme importance to make any recommendation. The 
grain yield and concentration of zinc in grain is highly influenced by the method 
which is adopted to apply zinc [8]. Now, there is need of studies to find out far-
mer friendly method to apply Zn to attain high adoptability. 

From the above discussion, the goal towards which my research will be carried 
out is as follows: 
 To determine the best method for application of zinc on different wheat va-

rieties for higher grain yield. 

2. Materials and Methods 
2.1. Experiment and Treatments 

A field experiment to evaluate the impact of different zinc application methods 
on yield and yield components of various wheat (Triticuma estivum L.) cultivars, 
The study was conducted at the Agronomic Research Area, University of Agri-
culture, Faisalabad (latitude 31˚N, longitude 73˚E and altitude 184.4 m asl), Pa-
kistan, during Rabi season 2014-2015. 

This experiment was laid out under Randomized Complete Block Design with 
factorial arrangement. All the treatments were replicated three times. Gross plot 
size was 1.5 m × 6 m and net plot size was 1.5 m × 5 m. Row to row distance was 
22.5 cm. The treatments which were used in this experiment are given below. 

Factor A: (Varieties)  
V1 = Faislabad-2008 
V2 = Punjab-2011 
Factor B: (Zinc application methods) 
Z1 = Control 
Z2 = Soil application before planting @ 23 kg∙ha−1 
Z3 = Foliar application @ 0.4% Zn solution at two stages (tillering and stem 

elongation) 
Z4 = Soil application before planting @ 11.5 kg∙ha−1 + foliar Application @ 

0.4% Zn solution at two stages (tillering and stem elongation) 

2.2. Crop Husbandry 

Crop sown with the help of hand drill on November 29, 2010 using seed rate of 
125 kg∙ha−1 in 22.5 cm spaced rows. Fertilizers were applied at 100-90-75 
N-P2O5-K2O kg∙ha−1 using urea (46% N), diammonium phosphate (18% N, 46% 
P2O5) and sulfate of potash (50% K2O). Whole of the P, K and one third of the N 
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was applied as basal dose. Remaining N was applied with 1st and 2nd irrigation in 
equal splits. Selected herbicide (Atlantis (iodo + mesosulfuron) at 14.4 g a.i. ha−1) 
was applied as early post emergence to control weeds. In total, four irrigations 
(each of 3 acre inches) were applied to the crop during the growth period in ad-
dition to soaking irrigation of four acre inches. Crop was harvested on 24th of 
April, 2015 at harvest maturity and was threshed to record the yield and other 
related traits. 

2.3. Weather Data 

All weather data of crop season was obtained from Agro-metrological Observa-
tory, Department of Crop Physiology, University of Agriculture, Faisalabad, Pa-
kistan situated ~200 m away from the experimental site. The weekly main values 
of relative humidity, rainfall, and temperature are given in Figure 1. 

3. Results and Discussion 
3.1. Total Numbers of Tillers (m−2) 

From the data presented in Table 1, it is concluded that there was a significant 
difference between both varieties in case of total number of tillers produced. 
Maximum number of tiller (460.67 m−2) was produced by Faisalabad-2008 and 
minimum number of tiller (427.25 m−2) was produced by Punjab-2011. 

 
Table 1. Growth and yield related parameters of different wheat cultivar as influenced by zinc. 

 
Total no. of 
tillers (m−2) 

No. of  
spikelets spike−1 

No. of  
grains spike−1 

1000-grain  
weight (g) 

Biological  
yield  

(t∙ha−1) 

Grain  
yield 

(t∙ha−1) 

Grain zinc 
contents 
(mg∙kg−1) 

Grain  
protein  

contents (%) 

V1 = Punjab-2011 427.25 B 18.75 A 43.32 B 26.29 B 10.05 B 4.24 B 25.30 B 9.51 B 

V2 = Faisalabad-2008 460.67 A 17.58 B 48.80 A 33.81 A 10.32 A 5.00 A 25.68 A 9.80 A 

HSD value 31.60 0.66 2.30 1.81 0.46 0.44 0.25 0.22 

Z1 = Control 352.33 C 16.50 C 42.38 B 26.53 B 8.38 D 4.00 B 18.53 D 9.20 C 

Z2 = Soil 410.17 BC 17.83 B 45.03 B 29.86 B 9.63 C 4.16 B 22.76 C 9.46 BC 

Z3 = Foliar 448.67 B 18.83 AB 46.46 AB 29.65 B 10.78 B 5.03 B 27.57 B 9.68 AB 

Z4 = Soil + Foliar 564.67 A 19.50 A 50.36 A 34.16 A 11.93 A 6.00 A 33.11 A 10.10 A 

HSD value 60.54 0.127 4.42 3.46 0.89 0.85 0.49 0.43 

V1 × Z1 361.00 cd 16.67 cd 39.63 d 25.20 d 8.26 c 3.13 c 18.46 9.13 

V1 × Z2 406.33 b-d 18.66 a-c 41.60 cd 26.26 d 9.50 bc 3.93 bc 22.50 9.40 

V1 × Z3 440.67 b-d 19.67 a 42.50 b-d 24.12 d 10.63 ab 4.53 a-c 27.30 9.60 

V1 × Z4 501.00 b 20.00 a 49.56 ab 29.56 b-d 11.80 a 5.36 a 32.96 9.93 

V2 × Z1 343.67 d 16.33 d 45.13 a-d 27.86 cd 8.50 c 4.86 ab 18.60 9.26 

V2 × Z2 414.00 b-d 17.00 b-d 48.46 a-c 33.46 a-c 9.76 bc 4.40 a-c 23.03 9.53 

V2 × Z3 456.67 bc 18.00 a-d 50.43 a 35.16 ab 10.93 ab 5.53 a 27.83 9.76 

V2 × Z4 628.33 a 19.00 ab 51.16 a 38.76 a 12.07 a 5.20 ab 33.26 10.26 

HSD value 103.9 2.18 7.58 5.95 1.53 1.46 0.84 0.73 

Means sharing same letter do not differ significantly. 
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Figure 1. Weather data, 2014-15. 

 
In case of zinc levels, there was non-significant effect that was noticed. Maxi-

mum number of tiller (564.67 m−2) was produced where zinc was applied both in 
soil before and foliar application at later stages followed by (448.67 m−2) where 
zinc was applied only by foliar application method and minimum number of til-
ler (352.33) was produced in plots where no zinc was applied. 

The interactions were significant. Maximum numbers of tillers (628.33 m−2) 
were produced in plots where wheat variety Faisalabad-2008 was sown and zinc 
was applied in both sowing and foliar application method, followed by (501.0 
m−2) the plots where Punjab-2011 was sown and zinc was applied both in soil 
before planting and foliar application at later growth stages. Minimum number 
of tiller (343.67 m−2) was produced where Faisalabad-2008 was sown and no zinc 
was applied. These results are in line to the findings made by [9] and [10] which 
reported that application of zinc has a very little effect on total numbers of tillers 
produced by wheat. 

3.2. Number of Spikelets Spike−1 

Spikelet per spike is important factor that directly contributes towards the better 
yield of wheat crop. Due to its direct effect on number of grains per spike, it di-
rectly affects the grain yield of any wheat plot.  

Data which is presented in table shows that there is a significant difference 
noticed in spike length of varieties used in this experiment. Maximum number 
of spikelets per spike (18.75) was produced by Punjab-2011 and minimum 
number of spikelets per spike (17.58) was produced by Faisalabad-2008. 

From Table 1, it can be seen that there is also significant relationship between 
zinc application methods in case of number of spikelets per spike. Maximum 
number of spikelets per spike (19.50) was produced in plots where zinc was ap-
plied in both soil before planting and foliar application on later stages followed 
by (18.83) where zinc is applied through foliar application, (17.83) where zinc 
was applied in soil before planting of crop and minimum number of spikelets 
per spike was produced in plots where no zinc was applied. 

In case of interactions, there was also significant difference observed between 
wheat varieties and zinc application method. Maximum number of spikelets per 
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spike (20.00) was produced by Punjab-2011 in plots where zinc was applied in 
both soil before planting and foliar application on later stages followed by 
(19.67) by Punjab-2011 in plots where zinc is applied through foliar application, 
(19.00) by Faisalabad-2008 in plots where applied in both soil before planting 
and foliar application and minimum number of spikelets per spike (16.33) was 
produced by Faisalabad-2008 in plots where there zinc was not applied. 

Zinc is also involved in many plant processes including biomass accumulation 
(Kaya and Higgs, 2002; Cakmak, 2008), pollen viability fertilization and it is es-
sential in tryptophan synthesis that is an originator in creation of indole-3-acetic 
acid. They also describes that zinc has satisfactory effects on metabolism of plant 
which might be responsible for greater metabolites accumulation in reproduc-
tive organs (Kaya and Higgs, 2002; Panday et al., 2006). These results are in line 
to the findings that were made by Ali et al. (2008). He reported that application 
of zinc in form of zinc sulfate on wheat significantly enhances number of spike-
lets per spike of wheat. 

3.3. Number of Grains Spike−1  

The results calculated from means value are presented in table. From these re-
sults it is clear that there is a significant variation is present among means of 
wheat varieties in case of number of grains per spike. Maximum number of 
grains per spike (48.80) was recorded in Faisalabad-2008 and minimum number 
of grains per spike (43.32) was produced by Punjab-2011. 

In case of zinc application method significant difference among means was 
noticed. Maximum number of grains per spike (50.36) was recorded in the plots 
where zinc was applied both in soil before planting and foliar application on lat-
er stages, followed by (46.46) in plots where zinc was applied through foliar ap-
plication, (45.03) in plots where zinc was applied in soil before planting of wheat 
crop and minimum number of grains per spike was produced in the plots where 
there was no application of zinc was done. 

Interaction between varieties and zinc application method also showed signif-
icant variation. Maximum number of grains per spike (51.16) was produced in 
the plots where wheat variety Faisalabad-2008 was sown and zinc was applied in 
both soil before planting and foliar application of zinc at later stages, followed by 
(50.53) in plots where Faisalabad-2008 was sown and zinc was applied through 
foliar application, (49.56) in plots where Punjab-2011 was sown and zinc was 
applied in both soil before planting and foliar application of zinc at later stages. 
Minimum number of grains per spike (39.63) was produced in the plots where 
Punjab-2011 was sown and no zinc was applied. 

This is quite common observation that there is very close relationship between 
number of spikelets per spike and number of grains per spike. With increase in 
number of spikelets per spike there will be increase in number of grains per 
spike. With the application of zinc there is increase in grain setting is noticed 
due its involvement in processes such as pollination and fertilization due to their 
direct influence on formation of pollen tube [11] [12]. Zinc deficiency causes 
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poor pollination and fertilization, which is the cause of low grain formation in 
wheat. These results are in line to the findings of [13] who reported that foliar 
application of zinc at lateral growth stages of wheat significantly enhances grains 
per spike. These findings are in alliance to the results of [14] who concluded that 
application of micronutrients significantly enhances the number of grains per 
spike; same type of findings was reported by [15]. 

3.4. 1000-Grain Weight (g) 

The yield potential of any variety is determined by means of grain weight. The 
grain weight is vital yield contributing factor for considering the yield potential 
of wheat. The data presented in table depicts that there is a significant variation 
among varieties in case of 1000-grain weight. Maximum 1000-grain weight 
(33.81 g) was recorded in Faisalabad-2008 and minimum 1000-grain weight 
(26.29 g) was produced by Punjab-2011. 

In case of zinc application methods there was also significant relation noticed. 
Maximum 1000-grain weight (34.16 g) was recorded in the plots where zinc was 
applied both in soil before planting and foliar application on later stages, fol-
lowed by (29.86 g) in plots where zinc was applied in soil before planting, (29.65 
g) in plots where zinc is applied through foliar application method, and mini-
mum 1000-grain weight (26.53 g) was recorded in the plots where there no zinc 
was applied. Interactions between varieties and zinc application methods also 
found to be significant. Maximum 1000-grain weight (38.76 g) was recorded in 
the plots where Faisalabad-2008 was sown and zinc was applied both in soil be-
fore planting and foliar application on later stages, followed by (35.16 g) in plots 
where Faisalabad-2008 was sown and zinc was applied through foliar applica-
tion, (33.46 g) in plots where Faisalabad-2008 was sown and zinc was applied in 
the soil before planting of wheat and minimum 1000-grain weight (25.20 g) was 
recorded in the plots where Punjab-2011 was sown and no zinc was applied. 

Zinc plays an important role in synthesis of growth hormone, starch forma-
tion and maturation which increase the weight of seed [16]. Zinc application in-
crease 1000-grain weight that might due to zinc that has high phloem mobility 
from leaves to roots, stem and developing grains [17]. The results of this re-
search was found to be in li ne with the findings of [2] who concluded that 
1000-grain weight in significantly increased due to application of zinc. [18] also 
concluded that 1000-grain weight significantly increases with application of zinc 
on wheat. 

3.5. Biological Yield (t∙ha−1) 

Biological is a very vital character that determines the growth of plant and has an 
important correlation with crop yield. Biological yield determines the compara-
tive growth rate of plants as it reflected to net assimilation rate. Data presented 
in table describes that there is a significant variance present among the means of 
biological yield in case of varieties. Maximum biological yield (10.32 t∙ha−1) was 
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recorded from plots where Faisalabad-2008 was sown. Minimum biological yield 
(10.05 t∙ha−1) was produced by Punjab-2011. 

In case of zinc application methods a significant variation among the means is 
recorded. Maximum biological yield (11.93 t∙ha−1) was recorded in plots where 
zinc was applied both in the soil before planting and foliar application on later 
stages, followed by (10.78 t∙ha−1) in the plots where zinc was applied through fo-
liar application, (9.63 t∙ha−1) was produced by plots where zinc was applied in 
soil before planting the crop and minimum biological yield (8.38 t∙ha−1) was 
produced in plots where no zinc was applied. 

Interaction among wheat varieties and zinc application methods was also 
found to be significant. Maximum biological yield (12.07 t∙ha−1) was produced in 
plots where Faisalabad-2008 is sown and zinc is applied both in the soil before 
planting and foliar application on later stages, which is at par with (11.80 t∙ha−1) 
in plots where Punjab-2011 was sown and zinc was applied both in the soil be-
fore planting and foliar application on later stages and (10.93 t∙ha−1) in plots 
where Faisalabad-2008 was sown and zinc was applied through foliar applica-
tion. Minimum biological yield (8.26 t∙ha−1) was produced in plots where Pun-
jab-2011 was sown and no zinc was applied. 

Zinc may be endorsed increased photosynthesis, initial growth, nitrogen fixa-
tion which encourages biological yield. These finding are in line to results of [2] 
who testified that application of zinc on later growth stages of wheat enhances 
the biological yield. [19] also found similar results who observed that application 
of micronutrients on later growth stages of wheat significantly increases biologi-
cal yield. 

3.6. Grain Yield (t∙ha−1) 

Grain yield is an ultimate goal and facilitate the evaluation to check out the ef-
fectiveness of all the treatments and hence considered most important parame-
ter. It is an absolute product of final mechanisms, physiological and morpholog-
ical processes occurring in plants during growth and development. Data that is 
presented in table depicts that there is a significant relationship between means 
of both varieties in terms of grain yield. Maximum grain yield (5.00 t∙ha−1) was 
produced by Faisalabad-2008 and minimum grain yield (4.24 t∙ha−1) was pro-
duced by Punjab-2011. 

In case of zinc application methods significant variation among means was 
noticed. Maximum grain yield (6.00 t∙ha−1) was produced in the plots where zinc 
was applied both in soil before planting of and foliar application on later growth 
stages, followed by (5.03 t∙ha−1) in the plots where zinc is applied through foliar 
application and (4.16 t∙ha−1) in plots where zinc is applied in the soil planting of 
the crop. Minimum grain yield (4.00 t∙ha−1) was produced in the plots where no 
zinc was applied. 

Interaction among varieties and zinc application methods are also found to be 
significant. Maximum grain yield (5.36 t∙ha−1) was observed in plots where Pun-
jab-2011 was sown and zinc was applied both in soil before planting of and foliar 
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application on later growth stages, which is at par with (5.20 t∙ha−1) produced in 
plots where Faislabad-2008 was sown and zinc was applied both in soil before 
planting of and foliar application on later growth stages and (5.53 t∙ha−1) in plots 
where Faisalabad-2008 was sown and zinc was applied through foliar applica-
tion. Minimum grain yield (3.13 t∙ha−1) was produced in the plots where Pun-
jab-2011 was sown and no zinc was applied. Availability of micronutrients caus-
es increase in the yield of crops. This increase of yield may be due to the abun-
dant efficiency of enzyme activities which influence plant pigments because zinc 
is an important component of all classes of enzymes [20]. [21] 24% - 38% yield 
can be increased by the application of zinc as compared to controlled plots. [22] 
stated that grain yield was increased significantly by application of zinc. These 
results are in line to conclusions made by [2] and [19], both stated that increase 
in yield is observed when zinc is applied at lateral growth stages.  

3.7. Grain Zinc Contents (mg∙kg−1) 

Zinc is one of the most important to all form of life such as plants, animals and 
humans. Risk of zinc deficiency is quit a concerning problem as zinc is essential 
in working of more than 100 enzymes which contributes towards the fact that 
more the zinc contents in the higher will be quality of that grain. Data presented 
in table depicts that there is significant variance present among varieties in case 
grain zinc contents. Maximum grain zinc contents (25.68 mg∙kg−1) observed in 
the grains produced by Faisalabad-2008 and minimum grain zinc contents 
(25.30 mg∙kg−1) was observed in grain produced by Punjab-2011. 

In case of zinc application methods, significant variation is present among 
means of grain zinc contents. Maximum grain zinc contents (33.11 mg∙kg−1) was 
noticed in plots where zinc was applied both in soil before planting and foliar 
application at later stages, followed by (27.57 mg∙kg−1) in the plots where zinc 
was applied only through foliar application and (22.76 mg∙kg−1) in the plots 
where zinc was applied in the soil before planting. Minimum grain zinc contents 
(18.57 mg∙kg−1) were observed in the plots where no zinc was applied. 

Interaction among varieties and zinc application method was non-significant. 
Maximum grain zinc contents (33.26 mg∙kg−1) was observed in plots where Fai-
salabad-2008 was sown and zinc was applied both in soil before planting and fo-
liar application at later growth stages, this is at par with (32.96 mg∙kg−1) observed 
in grains from plots where Punjab-2011 was sown and zinc was applied both in 
soil before planting and foliar application at later growth stages. Minimum grain 
zinc contents (18.46 mg∙kg−1) were noticed in the plots where Punjab-2011 was 
sown and no zinc was applied. 

These results support the finding made by [23] who reported that application 
of zinc increase grain zinc contents significantly among different wheat varieties. 

3.8. Grain Protein Contents (%) 

Protein is most vital character of grain that describes it quality. Protein is re-
quired in large amount by our body so, the quality of the grain will be better 
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with increase in protein contents of grain. A good portion of grain produce is 
consumed by poultry and livestock animals. So, there is need of improvement in 
quality of grain in terms of protein. Data presented in table depicts that there is a 
significant variation present among means of varieties in terms of protein con-
tents. Maximum protein contents (9.80%) were observed in grains produced by 
Faisalabad-2008. Minimum grain contents (9.51%) were observed in grains 
produced from Punjab-2011. 

The means in terms of protein contents varied significantly in case of zinc ap-
plication methods. Maximum protein contents (10.1%) was observed in plots 
where zinc was applied both in the soil before planting and foliar application on 
later stages, which is at par with (9.68%) observed in the grains from plots where 
zinc was applied only by foliar application. Minimum grain protein contents 
(9.20%) were observed in grains obtained from plots where no zinc was applied. 

The interactions between means of varieties and zinc application methods in 
terms of grain protein contents were found to be insignificant. Maximum grain 
protein contents (10.26%) was notices in grains obtained from the plots where 
Faisalabad-2008 was sown and zinc was applied both in the soil before planting 
and foliar application on later stages, which is at par with (9.93%) in the grains 
form plots where Punjab-2011 was sown and zinc was applied both in the soil 
before planting and foliar application on later stages. Minimum grain protein 
contents (9.13%) were observed in grains from plots where Punjab-2011 was 
sown and no zinc was applied. 

These results are in line to the findings of [23] who declared that application 
of zinc significantly increases grain protein contents. 
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