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Abstract: A field experiment was conducted to maximize wheat yield through foliar application of sulfur and zinc
with and without farmyard manure (FYM). FYM was added to one plot at the rate of 20 t ha , while the other1

plots  remained  without  FYM.  Inorganic  fertilizers  N,  P  and  K  were  applied  to  the  field  at  the   rate   of
120-39.24- 49.8 kg/ha, respectively. Foliar spray of S and Zn were applied to the respective plots at the rate of
4 and 2 kg/ha, respectively. Results indicated that application of N, P, K, S and Zn significantly (p  0.05)
increased biological yield, grain yield, straw yield, spikes m  of wheat, number of grains spike , 1000 grains2 1

weight and Harvest Index. The highest biological yield (12568 kg/ha), grain yield (5320 kg/ha) and 1000 grains
weight (43.5 g) were recorded for the treatment where all N, P, K, S and Zn were applied with FYM. Results
suggested that foliar application of sulfur and zinc with FYM along with basal doses of N, P, K, increased yield
parameters of wheat. Hence foliar application of sulfur and zinc with FYM along with basal doses of N, P, K is
recommended to increase wheat yield due to its low dose and low cost per unit area as compared to soil
applications of nutrients.

Key words: Foliar application  Basal doses  Grain yield  Pirsabaq-2005  Pakistan

INTRODUCTION poor and they cannot afford these higher amounts of

In Pakistan the requirement of wheat is increasing application of nutrients directly to the plant leaves is
with the high rate of increase in population. To fulfill much suitable due to its low cost per unit area as
requirement  of  food  for  this  increased  population, compared to the application to soil [1].
wheat should be increased horizontally and vertically So  far,  farmers  use  nitrogen  (N),   phosphorus   (P)
because wheat is  the  most  common  food  in  Pakistan. and potassium (K) as plant nutrients, while secondary and
The production of wheat can be increased by taking micronutrients are not given much attention and the
advantages from recent advances in wheat production in deficiency of these secondary and micronutrients can
developed countries, such as using those varieties of reduce the production and the efficiency of the applied N,
wheat which give maximum yields and are resistant to P and K. Sulfur plays an important role in the production
diseases, also by giving optimum irrigation and suitable of cereal crops. Sulfur is becoming deficient in soil due to
amount of nutrients to the crop. The use of nutrients to the high production of plants and use of high yielding
the soil are used from ancient times and showed good varieties, decreasing sulfur deposition and the use of
responses in terms of increase in plant production but due fertilizers which have high amounts of phosphorous,
to losses of  huge  amount  of  these  essential  nutrients while the amount of sulfur is very low that produces the
from  the  soil  we  need  to  apply  very  high  amounts. symptoms of sulfur deficiency in wheat. Sulfur deficiency
The socioeconomic conditions of Pakistani farmers are has   become   widespread   in   many  countries  due  to

fertilizers. To overcome this problem, the use of foliar
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low   addition  of   atmospheric   sulfur   and   therefore, rarely  used  due  to  low  economical  status  of  farmers.
the requirement for sulfur fertilizers is increasing day by To overcome this problem the application of Zn as foliar
day. spray can be used to increase crop production due to its

Sulfur can be applied to soil and to plant leaves as low requirements per unit area. The foliar application of
foliar application. Plants essential nutrients when applied nutrients can increase the availability of essential
foliar spray are economically useful due to its low doses nutrients to plants and hence increases the production of
and quickly availability to plants. The application of S as wheat [8].
foliar fertilizer has shown good interaction with soil
applied N. Sulfur is present in some amino acids and Objectives:
vitamins and required for the production of chloroplast.
That’s why sulfur is very important for photosynthesis in To study the response of wheat to foliar application
green plant as its presence in iron sulfur complexes of the of sulfur and zinc with and without farmyard manure
transport chain. The deficiencies of sulfur first affect To enhance fertilizer use efficiency for increasing
younger tissues of plant because sulfur is immobile in grain yield of wheat.
plants. The deficiencies of sulfur are reported as the To select the best combination of sulfur, zinc and
appearance of these symptoms such as yellowing of plant farmyard manure to improve wheat yield under agro-
leaves and stunted growth of plants. The requirement of climatic conditions of Swat.
sulfur for many plants is as high as that for phosphorous
and in some cases sulfur is required in higher amounts MATERIALS AND METHODS
than of phosphorous. Sulfur is not only required for plant
growth but also required for root nodule formation in Experimental     Details:    The  experiment  was  laid  out
legumes and the protection mechanism of plants. in split plot design with three replications at Agricultural

When sulfur is not in the required amount needed for Research Institute (Maximum Temperature = 35°C,
a crop, the crop not only shows decrease in its production Minimum Temperature = 0.93°C and average rainfall =
but also decrease its quality in terms of low protein 124.36 mm), Mingora, Swat, during 2011-2012. Plot size
content and the crop cannot use the nitrogen efficiently was kept at 5 m x 6 m (30 m ). Seed of wheat variety
which is applied to the crop [2]. In intensive wheat pirsabaq-2005 was sown at  the  rate  of  100 kg/ha  with
production systems where higher amounts of nitrogen row-row distance of 25 cm. FYM was assigned to the main
fertilizers were applied showed significant responses to plots, while the fertilizers treatments were applied to the
the application of sulfur. That shows the need for sulfur subplots. The basal doses of N, Pand K were applied at
fertilization to wheat. Without application of sulfur to the the rate of 120, 39.24 and 49.8 kg/ha. Foliar application of
soil which are low in sulfur, while using nitrogen fertilizers S and Zn were applied at the rate of 4 and 2 kg/ha to the
constantly there will occur decrease in flour quality of respective plots. Half dose of N, all P and K were added to
wheat [3]. Sulfur increases the utilization of soil nitrogen, the soil before sowing, while the remaining half dose of N
improves grain quality and also improves the baking was supplied at boot stage. The foliar application of S and
quality of wheat [4]. Zn were applied in two splits; first foliar spray was applied

The deficiencies of micronutrients are well at tillering stage, while the second foliar spray of S and Zn
established in Asia due to its calcareous soils and high was applied at boot stage of wheat. Data were recorded
temperature. As a micronutrient, the deficiency of Zn in for biological yield, grain yield, straw yield, spikes m  of
calcareous soil is very high [5]. The role of zinc as a wheat, number of grains spike , 1000 grains weight and
micronutrient, including wheat cultivation, has been well Harvest Index. The following experimental arrangement
established [6]. The deficiency and response of zinc was used.
application in wheat have been reported from various
parts of the world. In Pakistani soils, zinc is deficient due Factor A: In the main plots, one was with FYM while the
to low or no addition of zinc to the soil. second main plot was without FYM.

In common, zinc deficient plants make poor growth
and interveinal leaf chlorosis and necrosis of lower leaves Factor B: The following fertilizer treatments were
occur. The appearance of reddish or brownish spot on assigned  the plots  within  each  sub  plot.  There  were
older leaves and decrease in seed production is mainly five   treatments  such  as  control  (no  NPK  fertilizers),
due to zinc deficiency [7]. The application of Zn to soil is NPK (120-39.24-49.8 kg N-P-K ha ), NPK  (120-39.24-49.8

2

2

1

1
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Table 1: Soil properties of the experimental site Table 2: Effect of FYM and Fertilizer Treatments on number of spikes

Parameter Unit Value

Clay % 14.4
Silt % 53.4
Sand % 32.2
Texture class - Silt loam T1 (Control) 222.6 228.8 225.7 d *
EC (1:5) dS m 0.1 T2 (NPK) 230.6 235.1 232.8 c1

pH (1:5) - 7.1 T3 (NPK + S) 235.7 241.5 238.6 b
Organic carbon % 2.37 T4 (NPK + Zn) 238.3 243.6 240.9 ab
Lime content % 2.5 T5 (NPK + S + Zn) 240.8 245.5 243.2 a
Total Nitrogen % 0.069
ABDTPA extractable Phosphorous mg/kg 5.23
ABDTPA extractable Potassium mg/kg 142
Available Sulfur mg/kg 18.6
ABDTPA extractable Zinc mg kg 0.86

kg N-P-K ha ) + S (4 kg/ha Foliar), NPK (120-39.24-49.81

kg N-P-K ha ) + Zn (2 kg/ha Foliar) and NPK (120-39.24-1

49.8 kg N-P-K ha ) + S+ Zn (4 and 2 kg/haFoliar,1

respectively).

Collection and Analysis of Soil Sample: A representative
soil samples from the experimental field was collected from
a depth of 0-30 cm before sowing of wheat crop,
application of fertilizers and analyzed for soil texture
described by Koehler et al. [9], pH (1:5) (w/v) soil water
suspension using pH meter [10], Lime content and soil E.C
as described by Black, [11] and Soil organic matter as
given by Nelson and Sommer [12]. Total N by Kjeldhal
method [13], Sulphate S by Bradley and Lancaster [14],
Potassium by   flame   photometer  and   zinc   was
determined by Atomic Absorption Spectrophotometer
[15]. Data regarded agronomic parameters were collected
properly and analyzed statistically according to the
procedure as given by Steel and Torrie [16] using
MSTAT-C package and Least Significant Difference
(LSD) test was used for any significant difference among
the treatments. The observed values for the mentioned
soil parameters with representative units are presented in
Table 1. The soil of the experimental field was silt loam,
slightly alkaline in reaction (pH 7.1), low in CaCO , medium3

in organic matter and non-saline. The soil was low in N, P,
S and Zn and adequate in K (Table 1).

RESULTS AND DISCUSSION

Spikes    m    of  Wheat:  The  effect  of  FYM  and2

fertilizer treatments  (Table  2)  was  significant  (p 0.05).
The interaction of FYM and fertilizers effect was
statistically non-significant (p 0.05). The number of
spikes m of wheat were highest (238.9) in the plot with-2

FYM as compared to that plot which  was  without  FYM

m of Wheat2

Spike m 2

-------------------------------------------------------------
Treatments Without  FYM With FYM Mean

Mean 233.6 b 238.9 a

LSD (p 0.05) FYM = 3.6 Fertilizers = 2.4 Interaction = 3.4
*Means followed by different alphabets are statistically different from one
another at p  0.5.

Table 3: Effect of FYM and fertilizer treatments on number of grains spike 1

of wheat

Grains spike 1

---------------------------------------------------------------
Treatments Without  FYM With FYM Mean

T1 (Control) 35.7 36.7 36.2 e *
T2 (NPK) 40.1 42.1 41.0 d
T3 (NPK + S) 44.8 45.8 45.3 c
T4 (NPK + Zn) 45.7 46.8 46.2 b
T5 (NPK + S + Zn) 47.3 48.5 47.9 a

Mean 42.7 b 44.0 a

LSD (p 0.05) FYM = 0.13 Fertilizers = 0.68 Interaction = 0.96
*Means followed by different alphabets are statistically different from one
another at p  0.5.

(233.6), while the fertilizers effect were also recorded
significant (p 0.05). Number of spikes m  (243.2 spikes2

m ) was highest in treatments where foliar application S2

and Zn was applied. The minimum number of spikes m 2

(225.7 spikes m ) was observed in control. The different2

treatments    were   significant   for   the   yield  parameter
of spikes  m .  Similar  results  were  also  reported  by2

Moral et al. [17], who observed that the maximum number
of spikes in wheat crop was produced with the foliar
application of sulfur. Arif et al. [8] also observed an
increase in spike m  of wheat by applying micronutrients2

as foliar spray.

Grains spike  of Wheat: Results of grains spike1 1

(Table 3) showed that the application of FYM has
significantly (p 0.05)increased the number of grains
spike . The highest number of grains spike  (44.0) was1 1

recorded in the treatment with FYM as compared to the
treatment without FYM (42.7), while the fertilizers effect
was also significant (p 0.05). The highest number of
grains spike  (47.9) was recorded when foliar application1

of  S  and  Zn  was  applied,  while  the  minimum  number
of   grains    spike    (36.2)    was    recorded    in   control1
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treatments.The results of the interaction between FYM was increased with foliar spray of macro and
and treatments was non-significant (p 0.05).  Arif et al. micronutrients. These results are similar with the results
[8] also observed increase in grains spike  of wheat by of Khan et al. [18], who reported that the 1000 grains1

application of micronutrients as foliar spray. Khan et al. weight of wheat were increased with foliar spray of S at
[18] recorded the same results for grains spike  with the different growth stages.1

foliar application of different micronutrients mixture
applied at tillering, boot stage and earing. Straw Yield (kgha ): Straw yield of wheat was also

Thousand Grains Weight: The results of 1000 grains (Table 5). The results showed that straw yield was
weight are significantly affected (p 0.05) by the increased in the plot with FYM (6387.1 kg ha ) as
application of FYM (Table 4). The highest 1000 grains compared   to   the   plot  without  FYM  (5968  kg  ha ).
weight (38.8 g) was recorded in the treatment with FYM as The     fertilizers   effect   were   also  significant  (p 0.05).
compared   to    the    treatment   without   FYM  (36.5 g). In plots with FYM highest straw yield (7347.3 kg ha )
The fertilizers effect was also significant (p 0.05). In plots was observed in treatments where N, P, K along with foliar
with FYM heaviest 1000 grains (43.5 g) were recorded in application of S and Zn were assigned, while the minimum
treatments where S and Zn were applied as foliar spray, straw yield (4743.0 kg ha ) was recorded in control.
whereas the minimum 1000 grains weight (34.3 g) was Similar results were also obtained in plots without FYM.
observed in control. In plots without FYM heaviest 1000 Interaction between FYM and treatments was also
grains   (40.6  g)   was   recorded   in  treatments  where significant (p 0.05). These results are in contract with
foliar application of S and Zn were  applied  as  compared those obtained by Asad and Rafique [19], who reported
to (31.7 g) 1000  grains  which  was  recorded  in  control. that the application of micronutrients have increased
The mutual interaction of FYM and fertilizer treatment was wheat straw yield.
also significant (p 0.05). Similar results were also
obtained by Arif et al. [8], who reported that grain weight Biological Yield of Wheat (kg/ha): Application of FYM

Table 4: Effect of FYM and fertilizer treatments on 1000 grains weight of
wheat

Thousand grain weight (g)
--------------------------------------------------------------

Treatments Without  FYM With FYM Mean

T1 (Control) 31.7 34.3 32.9 e*
T2 (NPK) 34.6 36.5 35.6 d
T3 (NPK + S) 37.2 39.5 38.4 c
T4 (NPK + Zn) 38.4 40.1 39.3 b
T5 (NPK + S + Zn) 40.6 43.5 42.1 a

Mean 36.5 b 38.8 a

LSD (p<0.05) FYM = 1.08 Fertilizers = 0.61 Interaction = 0.86
*Means followed by different alphabets are statistically different from one
another at p  0.5.

Table 5: Effect of FYM and Fertilizer Treatments on straw yield of Wheat

Straw yield kg ha 1

--------------------------------------------------------------
Treatments Without  FYM With FYM Mean

T1 (Control) 4184.3 4743.0 4463.7 e*
T2 (NPK) 5355.7 6089.0 5722.3 d
T3 (NPK + S) 6480.0 6708.7 6594.3 c
T4 (NPK + Zn) 6672.7 7047.3 6860.0 b
T5 (NPK + S + Zn) 7147.3 7347.3 7247.3 a

Mean 5968 b 6387.1 a

LSD (p 0.05) FYM = 355 Fertilizers = 244 Interaction =345
*Means followed by different alphabets are statistically different from one
another at p  0.5.

1

increased  significantly  (p 0.05)  with  applying  FYM

1

1

1

1

and fertilizers to wheat showed significant effect (p 0.05)
on biological yield (Table 6). The interaction between
FYM and fertilizers treatments was also significant
(p 0.05). The highest biological yield (12850 kg/ha) was
obtained in the treatment with FYM as compared to the
treatment without FYM (10059 kg/ha). The fertilizers effect
were also significant (p 0.05). The highest biological yield
(12568 kg/ha) was obtained in treatments where FYM
along with N, P, K, S and Zn were applied, while in plots
with FYM lowest biological yield (7162 kg/ha) was
recorded in control. Similar results were also recorded in
the plots without FYM. The results of this experiment are
similar with the results of Asad et al., [19], who  observed

Table 6: Effect of FYM and Fertilizer Treatments on biological yield of
Wheat

Biological yield kg/ha
------------------------------------------------------------

Treatments Without  FYM With FYM Mean
T1 (Control) 6794 7529 7162 e*
T2 (NPK) 8941 10116 9529 d
T3 (NPK + S) 10896 11264 11080 c
T4 (NPK + Zn) 11379 11908 11668 b
T5 (NPK + S + Zn) 12285 12850 12568 a 
Mean 10059 b 10733 a
LSD (p 0.05) FYM = 440 Fertilizers = 255 Interaction =360
*Means followed by different alphabets are statistically different from one
another at p  0.5.
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Table 7: Effect of FYM and fertilizer treatments on grain yield of wheat Table 8: Effect of FYM and fertilizer treatments on harvest index of wheat

Grain yield kg/ha
--------------------------------------------------------------

Treatments Without  FYM With FYM Mean

T1 (Control) 2610 2786 2698  e*
T2 (NPK) 3585 4027 3806 d
T3 (NPK + S) 4416 4555 4485 c
T4 (NPK + Zn) 4706 4860 4783 b
T5 (NPK + S + Zn) 5137 5503 5320 a

Mean 4091 b 4346 a

LSD (p 0.05) FYM = 85 Fertilizers = 69 Interaction =97
*Means followed by different alphabets are statistically different from one
another at p  0.5.

that the addition of micronutrients has increased the
wheat dry matter. Asad and Rafique [19] also observed an
increase in biological yield of wheat with applying
micronutrients.

Grain Yield (kg/ha): The highest grain yield (4346 kg/ha)
was obtained in the plots with FYM as compared to the
plots which were without FYM (4091 kg/ha). The fertilizers
effect was also significant (p 0.05). The highest grain
yield (5503 kg/ha) was obtained when N, P and K was
provided to the soil along with foliar application of S and
Zn while lowest grain yield (2786 kg/ha) in plots with FYM
was recorded in control (Table 7). The plots without FYM
also showed similar results  but  a  little low  grain  yield
was  recorded  as  compared  to  the  plots  with  FYM.
These results are similar to the results of Moral et al., [17],
who observed that the maximum grain yield was due to
the production of higher number of spikes and survival of
these spikes. Yilmaz et al., [20] observed that maximum
grain yield can be obtained by the application of Zn either
by soil or foliar application. Arif et al., [8] revealed that
maximum grain yield can be obtained by two foliar
applications of macro and micronutrients. Gupta et al.,
[21] reported maximum gain yield with using S at 60 kg/ha.
Similar    results   are   reported   by Haq   et   al.,   [22],
Zhang et al., [23], who observed an increase in grain yield
with applying S. The  results  are  in  promise  with  Asad
and Rafique [19], who stated that the application of
micronutrients  has  increased  the  wheat  grain  yield.
These results are also in agreement with those obtained
by Sajid et al., [24], who observed that grain yield of
wheat can be increased by foliar application of B and Zn.

Harvest Index of Wheat Crop (%): Application of FYM
has no significant (p 0.05) effect on harvest index of
wheat (Table 8). However, results show that harvest index
was high in the plot without FYM as compared to the plot
with   FYM.   Harvest  index  was  significant  (p 0.05)  for

Harvest index (%)
---------------------------------------------------------------

Treatments Without  FYM With FYM Mean
T1 (Control) 38.4 37.0 37.7 d *
T2 (NPK) 40.1 39.8 39.9 c
T3 (NPK + S) 40.6 40.4 40.6 bc
T4 (NPK + Zn) 41.4 40.8 41.1 b
T5 (NPK + S + Zn) 41.8 42.8 42.3 a
Mean 40.5 a 40.2 a
LSD (p 0.05) FYM = 0.82 Fertilizers = 1.01 Interaction = 1.43
*Means followed by different alphabets are statistically different from one
another at p  0.5

fertilizer application. The highest harvest index was
obtained in treatment where S and Zn foliar spray was
assigned along with basal doses of N, P and K, while the
lowest harvest index was recorded in control. Interaction
between FYM and treatments was also non-significant
(p 0.05).

CONCLUSIONS

Significant increase in yield and yield components of
wheat was recorded with the application of farmyard
manure. Application of N, P and K fertilizers improved
wheat production but with the addition of FYM further
increased the yield. Foliar application of S or Zn was also
increased the wheat yield but their combined effect was
much higher than their separate application. Thus foliar
applied S and Zn were proven to increase wheat yield
therefore, more attention should be given to foliar
application of S and Zn and their suitable doses should be
recommended. Further experiments should be carried out
in order to find out other nutrients suitable for foliar
applications.
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