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ABSTRACT 
Background Foliar application of nutrients assures their ready availability to 
crop for improving growth, yield and quality. Information regarding the 
influence of foliar zinc (Zn) application on grain yield and quality of wheat 
crop at different growth stages is scarce.  
Methodology A field study was conducted to ascertain the effect of foliar Zn 
application at 1500 mL per hectare in the form of chelated zinc sulfate 
(ZnSO4) at tillering, jointing, booting and heading developmental stages of 
wheat (cv. Faisalabad 2008) on its yield traits and grain quality characteristics. 
The experiment was conducted at the Research Area, University College of 
Agriculture, University of Sargodha, Sargodha, Pakistan during winter season 
2014-15.  
Results A significant increase in plant height (up to 6.4%), spike length (up to 
31.2%), number of grains per spike (up to 12.5%), grain yield (up to 11.0%), 
1000-grain weight (up to 9.1%), chlorophyll content (up to 6.0%), starch (up 
to 5.6%) and protein contents (up to 7.4%) was recorded as a result of foliar 
application of Zn at jointing and booting stages of wheat over control.  
Conclusion It is concluded that Zn should be applied at jointing and booting 
stages through foliage to obtain higher grain yield and quality of wheat in Zn 
deficient soils.  

INTRODUCTION 
 
Wheat is an important cereal crop of Pakistan and is 
ranked the first among cereals. It is the basic staple 
food for most of the population. The area under wheat 
cultivation in Pakistan is 9260 thousand hectares with 
a total production of 2548 thousand tonnes and 
national average yield of 2752 kg per hectare (GOP, 
2014). The higher wheat productivity is required to 
meet the food demands of increasing population. 
However, the average wheat yield is low than its yield 
potential due to several factors like poor nutrient 
management, shortage of good quality water, 
inadequate pest management, drought, salinity and 
water logging etc. Among all these factors, 
imbalanced crop nutrition is of significant importance. 
The proper amount of macro and micronutrients is 
required for each crop (Ali et al. 2008). By adequate 
crop nutrition, the yield per unit area of wheat crop can 
be enhanced. Crop nutrition is a phrase that 
describes the inter-relationship of mineral elements 

in the soil and solution phase and their functions in 
plants. These inter relationships hold multifaceted 
symmetry of important and valuable mineral elements 
for healthy plant growth. Continuous cultivation of 
same crop and inadequate nutrient supply to soil cause 
reduction in soil organic matter content which leads to 
the deficiency of nutrients, particularly micro-
nutrients. 

Micronutrients (i.e. Zn, Fe, Mn, B, Mo, Co, Cu, 
Cl and Ni), each of these has a very narrow range of 
deficiency and toxicity (Imtiaz et al. 2010). While, 
availability of micronutrients is more important for 
harvesting better yield of crop (Arshadullah et al. 
2002). Zinc (Zn) is a fundamental trace mineral 
element for crop plants and human beings and its 
application helps crop plants to survive under 
salinity, heat and other stressed conditions (Alloway 
2008). It is essential for protein synthesis and 
important component of ribosome. It is important part 
of many enzymes especially, Cu/Zn superoxide 
dismutase and carbonic anhydrase contain structurally 
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bound Zn (Cakmak 2002; Aravind and Prasad 2005). 
The major method of micronutrient application 

comprise of pre-sowing seed treatment, direct soil 
application and foliar spray on crop canopy. The 
nutrients application by foliar spray is more efficient 
than direct application to soil for overcoming the 
problem of nutrients deficiency. Foliar application on 
wheat with different micronutrients could be equal or 
more effective than other methods of application that 
can be used to correct the problem of micronutrients 
deficiency (Torun et al. 2001).  Kassab et al. (2005) 
observed that foliar application with a solution 
containing each of Fe, Mn, Zn and Mg significantly 
increased wheat yield components including grain and 
straw yields. The accessibility of micronutrients to 
plant is associated to the solubility of the forms 
present. 

Environmental factors like soil acidity, salinity 
and organic matter may affect the solubility of Zn 
sulfate. Soils that have intensive cultivation, high pH 
and high erodibility might be low in available Zn and 
iron. Advanced research has determined that a minute 
quantity of nutrients, predominantly Zn, Fe and Mn 
through foliar application improved the yield of crops 
significantly (Wissuwa et al. 2008). Foliar nutrition is 
a best choice when nutrient deficiency cannot be 
corrected by soil application (Sarkar et al. 2007), its 
time of application is very important that determines 
its effectiveness for increasing Zn concentration in 
grain. This can be achieved by its application at later 
growth stage (milking stage) (Ozturk et al. 2006).  

Therefore, the present study was conducted to 
evaluate the quality and yield response of wheat to 
foliar application of Zn at different growth stages 
under prevailing conditions of Sargodha, Pakistan.  
 
MATERIALS AND METHODS 
  
Site description  
The experimental site was located at the Research 
area, University College of Agriculture, University of 
Sargodha, Sargodha (latitude 31.32°N, longitude 
771.18°E and 190 m height from sea level), Punjab, 
Pakistan. The soil was sandy clay loam in texture and 
had pH 8.0. The organic matter content of soil was 
about 0.8% and available Zn in soil was 32 µg g-1. The 
mean monthly temperature during the wheat crop 
growing season ranged between 11.1oC to 25.3oC. The 
maximum temperature ranged between 15.7oC to 
30.7oC while minimum temperature was between 6.4 
to 19.9oC. The total precipitation during the wheat 
growing season was 142.5 mm.  
 
Experimentation 
A field experiment was conducted to assess the quality 
and yield response of wheat to foliar application of Zn 

at different growth stages under prevailing conditions 
of Sargodha during winter season 2014-15. 
Treatments included foliar Zn application at tillering, 
jointing, booting and heading stages of wheat crop at 
the rate of 1500 mL ha-1 in the form of chelated zinc 
sulfate (0.5% ZnSO4

 solution) mixed with calibrated 
volume of water. Each treatment receiving foliar 
application of same amount of water at all these 
growth stages was kept as control for comparison. The 
experiment was laid out in randomized complete block 
design (RCBD). Each treatment was replicated four 
times. Net plot size was 3m × 2m. After soaking 
irrigation when soil reached at proper moisture level, 
the seed bed was prepared by cultivating the soil 3 
times with tractor mounted cultivator to a depth of 12 
cm, each followed by planking. Wheat variety (cv. 
Faisalabad 2008) was sown as test crop. Crop seed rate 
of 125 kg ha-1 was used. Crop was sown on October 
28, 2014 with the help of single row hand drill keeping 
line to line distance of 25 cm.  N, P and K were applied 
@ 125, 85 and 62 kg ha-1 as urea, diammonium 
phosphate and sulfate of potash, respectively. While, 
full dose of P, K and half of the N were applied at the 
time of sowing. Rest of the N was applied with first 
irrigation after 25 days of sowing. Recommended 
agronomic practices were used uniformly to the whole 
experiment. 
 
Observations and data recording  
Data about yield and yield components of wheat was 
recorded at maturity by harvesting all plants in each 
plot. Plant height was measured from base to apex of 
ten randomly selected plants near maturity. Spike 
length of ten randomly selected plants was measured 
at harvest. Number of productive tillers, number of 
grain per spike, and 1000-grain weight were recorded 
at harvest using their standard procedures. Harvest 
index of wheat was calculated by dividing its grain 
yield with biological yield and expressing as 
percentage. Randomly ten plants were selected from 
each plot and then their upper, middle and lower leaves 
were tested for the chlorophyll contents by chlorophyll 
meter. Starch content of wheat was determined by 
colorimetric method as described by Gerhardt et al. 
(1994). In this method, firstly starch was hydrolyzed 
into simple sugars using dilute HCl. In hot acidic 
medium, glucose is dehydrated to hydroxyl methyl 
furfural that forms green colored compound anthrone 
with an absorption peak at 360 nm. Protein content in 
grain protein was estimated by micro-Kjeldhal 
distillation method based upon N estimation 
(Anonymous 1980). 
  
Statistical analysis 
Data were statistically analyzed using Fischer’s 
analysis of variance (ANOVA) technique and means 



J. Environ. Agric., 1(2): 106-110; 2016 
 

108 
 

were compared by Tukey’s honestly significant 
difference (HSD) test at 5% probability (Steel et al. 
1997) through software Statistix 8.1 (Analytical 
Software 2005). 
 
RESULTS AND DISCUSSION 
 
Growth and yield parameters of wheat 
Data regarding plant height showed that foliar 
application of Zn at jointing and booting growth stages 
of wheat substantially enhanced the plant height of 
wheat in comparison to control (Table 1). Maximum 
plant height (92.8 cm) of wheat was recorded as a 
result of foliar Zn application at booting stage that was 
at par to foliar Zn application at jointing stage (90.5 
cm). While, minimum plant height (87.2 cm) of wheat 
was observed in respective control. Zinc is very 
proficient micronutrient for the development and 
growth of plant. Significant increase in plant height of 
wheat by foliar Zn application might be the result of 
improvement in its vegetative growth in response to 
Zn availability. These findings are in agreement with 
Khan et al. (2010) who concluded that foliar Zn 
application at booting and jointing growth stages 
increased the plant height of wheat.  

Number of productive tillers have major 
contribution in grain yield of wheat. Results indicated 
that foliar application of Zn at all the four stages (i.e. 
tillering, jointing, booting and heading) could not 
brought about significant incline in number of 
productive tillers m-2 of wheat (Table 1). No influence 
of Zn on number of tillers might be owed to its 
application in Zn treatments at growth stages all 
beyond crown root initiation which determined the 
number of tillers. These findings are in conformity 
with the conclusions of Asad and Rafique (2000); 
Hussain et al. (2005) who stated that foliar application 
of micronutrients had no significant influence on 
number of tillers of wheat.  

Data revealed that in comparison to control, there 
was substantial promontory effect of Zn application at 
different growth stages on spike length in wheat 

(Table 1). Among growth stages, foliar Zn application 
at booting stage resulted in the highest (11.2 cm) spike 
length that was statistically at par with jointing and 
heading stages, respectively (Table 1). The increase in 
spike length of wheat by foliar Zn application at 
jointing and booting stages of crop might be due to the 
availability of Zn to developing spike primordia that 
promoted cell division and cell elongation processes 
of spike tissue (Cakmak 2002). Parallel results were 
also established by Khan et al. (2008) who determined 
that application of ZnSO4 on wheat significantly 
increased the spike length. Habib (2009) also obtained 
the similar outcomes by Zn application at different 
growth stages of wheat.  

Significant increase in grains per spike of wheat 
was found due to foliar Zn spray at jointing and 
booting growth stages. Highest number of grains (39.6 
and 41.4, respectively) per spike of wheat was 
obtained as compared to control. Increase in number 
of grains per spike of wheat by foliarly applied Zn at 
jointing and booting stages was obviously due to 
increased spike length in these treatments. Grain 
setting was improved in wheat by the application of Zn 
as it contributed to the pollination and fertilization 
processes due to its direct effect on the formation of 
pollen tube (Pandey et al. 2006). Zinc scarcity delays 
pollination and fertilization, which is the central 
reason of low grain development in wheat. These 
results are in agreement with the conclusions of Khan 
et al. (2010) who stated that foliar application of Zn at 
lateral growth stages of wheat significantly improved 
the number of grains per spike. Our results diligently 
settled with the findings of Chaudry et al. (2007) who 
described that use of micronutrients significantly 
augmented the number of grains per spike. The mean 
grain weight is the dynamic yield subsidizing factor 
for considering the yield potential of wheat. A 
significant increase in 1000-grain weight of wheat 
compared to control (without Zn application) by foliar 
Zn application at booting stage as the highest 1000-
grain weight (40.6 g) was recorded with this treatment 
(Table 1). Zinc catalyzed the biosynthesis of starch,

Table 1 Effect of foliar zinc at different growth stages on grain yield and yield components of wheat 
Growth stages  Plant height 

(cm) 
Number of 
productive 
tillers m-2 

Spike length 
(cm) 

Number of  
grains 
spike-1 

1000-grains 
weight (g) 

Grain yield 
(t ha-1) 

Control 87.2 c 296.3  8.46 c 36.8 c    37.2 b     3.70 c 
Tillering stage 89.1 bc 298.1 9.27 bc 38.0 bc    38.5 b     3.85 bc 
Jointing stage 90.5 ab 297.8 10.2 ab 39.6 ab    38.0 b     3.97 ab 
Booting stage 92.8 a 296.8 11.1 ab 41.4 a    40.6 a     4.11 a 
Heading stage 89.9 bc 297.2 9.79 abc 38.9 bc    37.9 b     3.76 bc 
LSD (p ≤ 0.01) 2.52 NS 1.41 2.46    1.34     0.242 

Means sharing the same letter in a column did not significantly differ at 5% probability level, NS = Non-significant, NS and 
**indicate non-significant and significant at p ≤ 0.01 level of probability, respectively
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growth hormone and maturation which are 
responsible for maximizing the grain weight (Starker 
et al. 2007).Our findings are in close association with 
the outcomes of Ali et al. (2008) who determined that 
the application of Zn by foliar means increased the 
1000-grain weight of wheat. Similarly, Torun et al. 
(2001) established that the foliar application of Zn 
significantly improved the 1000-grain weight of 
wheat. 

Data regarding grain yield showed that there was 
a significant increase in grain yield by foliar 
application of Zn at its various growth stages (Table 
1). Maximum grain yield (4.11 t ha-1) of wheat was 
obtained as result of foliar Zn application at booting 
stage that was statistically at par with jointing stage 
(3.97 t ha-1). The increase in grain yield might be due 
to increase in number of grains per spike and 1000-
grain weight (Malakouti 2007). Khan et al. (2010) 
stated that up to 39% yield could be increased in wheat 
by foliar application of micronutrients (Zn, Fe, Mn, Cu 
and B). According to their results, lowest increase in 
yield (24%) was attained when Zn and Fe were 
sprayed collectively whereas, the highest grain yield 
was recorded as a result of combined application of 
Zn, Fe and Mn. Our findings are also in alliance with 
Ali et al. (2008); Khan et al. (2008) who described that 
foliar Zn application at lateral growth stages 
considerably increased the yield of wheat. 
 
Leaf chlorophyll content and grain quality of wheat  
Data about chlorophyll content revealed that there was 
significant response of wheat leaf chlorophyll content 
to the foliar application of Zn at different growth 
stages of wheat (Table 2). Among growth stages, the 
maximum chlorophyll content (61.7) was attained 
when Zn was applied at booting stage of wheat crop 
which was statistically at par with leaf chlorophyll 
contents (2.16, 2.21, 2.26 and 2.37 mg g-1) recorded 
with Zn applications at heading, jointing and tillering 
stages, respectively. The lowest chlorophyll content 
(1.84 mg g-1) was recorded in control plot where 
nothing was applied. Improvement in leaf chlorophyll 
content of wheat by foliar Zn application might be the 

result of its enhanced synthesis in flag leaf by Zn-
activated enzymes. Starch and protein contents in 
wheat grain are important attributes that describes the 
grain quality. Data about starch and protein contents 
showed a substantial increase by foliar application of 
Zn in comparison to control. Maximum starch (up to 
61.7%) and protein (up to 10.4%) contents was 
obtained when Zn was foliarly applied at booting stage 
of wheat crop (Table 2). These values did not differ 
significantly from starch and protein contents noted in 
treatments receiving Zn foliar spray at tillering, 
jointing and heading growth stages of wheat. While 
the lowest starch (58.2%) and protein (9.69%) 
contents were recorded with control plot where 
nothing was applied. The primary role of Zn in 
metabolic reactions such as breakdown and synthesis 
of lipids, protein, starch and nucleic acids might be the 
cause of increased starch content (Auld 2001). Zinc 
also controls the amount of seedling growth and 
involves in the production of protein, cell enlargement 
and cell division. Zinc controls membrane function 
and resistance to environmental stress in plants 
(Cakmak 2002). A significant increase in protein 
content in wheat due to foliar application of Zn has 
also been reported by Ranjbar and Bahmanair (2007).  
 
CONCLUSION 
 
Foliar application of Zn at the jointing or booting 
stages of wheat crop increased the grain yield up to 
10% by increasing spike length, number of grains and 
grain weight. An improvement in grain quality of 
wheat as measured by about 5.6% increase in grain 
starch and 7.4% in grain protein compared to control  
was also observed by foliarly applied Zn at booting 
stage of wheat.  
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