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Introduction

Wheat is a self-pollinated, long day and winter 
crop and belongs to the plants family Poaceae. 

It is grown for grains as well as for fodder purposes 
to fulfill human and livestock requirements (Khalil et 
al., 2011). Globally, the use of wheat is more than it is 
produced (Anonymous, 2013). This lower production 
is due to inappropriate level and timing of fertilizers 

(Shah et al., 2011), alkalinity, nitrogen and organic 
matter deficit soils of the area (Shah et al., 2010). 
Huge quantity of inorganic N lost during the crop 
growth and causes pollution (Mattas et al., 2011). In 
such situation, organic and synthetic fertilizers ap-
plied in combination improve yield and yield com-
ponents of wheat and made the soil structure better 
(Zhang et al., 2016). 
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Nitrogen is the major element of chlorophyll, protein 
and amino acids and play an important role in wheat 
productivity (Khalil, 2008). Dwarfed wheat growth 
and lodging were recorded due to under-and over-ap-
plication of nitrogen respectively than the optimum 
level (Hawkesford, 2014). Nitrogen enhances spike 
population and has a greater contribution in yield 
components (Maqsood et al., 2014), increased leaf 
area index and grain yield (Bashir et al., 2017). Re-
search on synthetic nitrogen fertilizers depleted soil 
nitrogen (Mulvaney et al., 2009) showed that inor-
ganic N fertilizers mainly in ammonium form reduced 
the mass of organic carbon due to more consumption 
through microorganisms and decreased total nitrogen 
within the soil because of more nitrogen uptake by 
the grains. Chaudhary et al. (2009) have reported that 
high cost, degradation of soil and environmental pol-
lution are the major problems of commercial fertilizer 
applied alone. 

Organic source of N not only boosted wheat pro-
duction but also increased organic matter of the soil 
(Maltas et al., 2013), more nutrient bio-availability 
(Dikinya and Mufwanzala, 2010) and resultant high-
er yield (Naderi and Ghadiri, 2010). Synthetic N ap-
plied along with poultry manure not only enhance 
microorganism’s activity in the soil but also increase 
the availability of potash and phosphorus and brings 
lesser nitrogen loss (Zhang et al., 2016), develop pro-
tein content and economic yield (Ahmed et al., 2017) 
as compared to single inorganic fertilizer application. 
A field trial on nitrogen mineralization (Abbasi and 
Khaliq, 2016) pointed out that synthetic N along with 
poultry manure addition in soil converted unavailable 
N to available form of N. Due to better nutrition-
al status, farm yard manure might be replaced with 
poultry manure (Abbas et al., 2012).

Split application of inorganic N resulted in lesser ni-
trogen loss and better growth (Shahzad and Akmal, 
2017), more grains protein (Abedi et al., 2011) and 
target yield ( Jan et al., 2011). Higher protein content 
and 1000 grains weight have been achieved through 
application of N in split doses (Amanullah and Shah, 
2010). Higher grain filling rate, grain nitrogen con-
tent, 1000 grain weight and economic yield were re-
corded through split application of fertilizer nitrogen 
(Yildirim et al., 2016). Addition of nitrogen fertilizer 
at tillering or in three split doses (tillering, booting 
and anthesis stages) enhances protein content and 
does not decrease economic yield of wheat (Ferrari 

et al., 2016).

In the current research, a field experiment was car-
ried out to evaluate the best combination of fertilizer 
nitrogen (amount and time) and poultry manure for 
better crop growth and higher productivity in wheat. 

Materials and Methods

Fertilizer application treatments distribution
The experiment contained two factors i.e. Factor A 
consisted of Fertilizer N and Poultry manure (PM) 
and the various treatment combinations were (75, 100 
and 125 kg N per ha without PM or with 4 tonnes (t) 
PM per ha) and were allotted to main plot. Where, 
factor B comprised of fertilizers N application time 
(Full at land preparation, full at boot stage and 50% 
at land preparation and 50% at boot stage) were allot-
ted to subplot. Phosphorus was applied at the rate of 
90 kg/ ha in the form of DAP. Urea was used as an 
inorganic and poultry manure as an organic source of 
N. Full PM was incorporated in to the soil at the time 
of land preparation while N was added as planned. 
Total N was determined in soil (0.5 mg/ kg) and PM 
(2.93 mg/ kg) samples before planting with Kjeldhal 
apparatus.

Experimental model and data collection
The trial was carried out in randomized complete 
block (RCB) design with split plot arrangement rep-
licated four times. A subplot size of 4 x 2 m having 
eight rows, 25 cm apart with 4 m length. The crop was 
sown on 13th November 2010. Data was collected on 
productive tillers per sq. meter, leaf area, grains per 
spike, 1000 grain weight, biological yield, grain yield 
and harvest index. 

Productive tillers per sq. meter at three randomly select-
ed places in one-meter row length was recorded from the 
following formula: 

Productive tillers at three randomly selected places in 
one-meter row length =   Productive tillers counted

                                   ------------------------------
                              R-R x number of rows x row length

 
Leaf area was calculated as: 

Leaf area =leaf L × leaf W × 0.65
Where;
L and W are length and width of all the leaves from 
five randomly selected tillers taken with simple meter 
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rod and 0.65 is leaf area factor.

Biological yield was converted in to kg ha-1 by using 
formula:

 Biological yield of harvested rows
= -------------------------------- x 10000

  R-R x rows harvested x row length

Grain yield (kg ha-1) was determined as:
 

 Grain yield of harvested rows
= -------------------------------- x 10000

  R-R x rows harvested x row length

Harvest index for each treatment was measured as:

   Grain yield
= ------------------x 100

   Biological yield

Irrigation plan
Irrigations were applied at seedling, booting and grain 
development stages, while no irrigation was given at 
tillering and heading stages due to high rain fall and 
low temperature in the months of December, 2010 
and February, 2011 (Figure 1). Two weeding were 
done manually and chemical bactril super was used 
for controlling broad leaf weeds like fumaria indica, 
mellilotus parviflora etc. 
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Figure 1: Total rainfall and monthly average temperature from 
November, 2010 to April, 2011 for Peshawar-Pakistan.
Source: Pakistan Forest Institute, Peshawar, Khyber Pakhtukhwa.

Statistical data analysis
Fertilizer N amount, poultry manure and Fertilizer 
N application timing along with their interactive re-
sponses (N × PM, N × M, PM × M and N × PM × 
M) were compared through MS EXCEL software. 
The data were subjected to analysis of variance ( Jan et 
al., 2009). Least Significant Differences test was used 

to compare means among different treatments at α= 
0.05 level of probability when F test was significant. 

Results and Discussion

Productive tillers m-2

Synthetic N and, poultry manure and application 
time of synthetic N significantly affected productive 
tillers m-2. Similarly, all the interactive responses were 
found significant (Table 1). Less productive tillers per 
square m were recorded for N applications i.e. 75 kg 
ha-1 (222) and 125 kg ha-1 (227) as compared to 100 
kg ha-1 (238). This may be due to insufficient as well 
as excessive quantities of N had a negative impact 
on the crop growth and yield of wheat (Khalil et al., 
2011). Greater number of productive tillers m-2 (235) 
was observed through poultry manure Incorporation 
in comparison to control plots (223). Plenty of mois-
ture and nutrients availability in poultry manure in-
corporated plots (Abbasi and Khaliq, 2016) may have 
provided favorable environment for wheat growth. 
Application of inorganic N produced more produc-
tive tillers m-2 (239) than full at sowing (220) and/
or at boot stage (229). This may be associated with N 
availability in sufficient amount at suitable crop stage 
(Shahzad and Akmal, 2017), could enhance number 
of productive tillers. Interaction between N and PM 
indicated that in PM control plots, increased N rate 
enhanced productive tillers linearly, while in PM in-
corporated plots productive tillers showed a quadrat-
ic trend (Figure 2). Similar response to N and PM 
through interaction (N x PM) was also proved in all 
the parameters determined in this field trial (Figure 
5, 6, 7, 8, 11 and 14). N x M interaction clarified that 
boosting N rate at either application time, brought 
quadratic response with respect to productive tillers 
m-2 (Figure 3). Interactive response of PM and M, 
regardless of application time of N and increasing the 
PM level, resulted in linear improvement in the num-
ber of productive tillers (Figure 4).

Figure 2: Interactive reponse of fertilizer nitrogen (N) and poultry 
manure (PM) for produductive tillers per sq. meter.
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Leaf area
Data related to leaf area indicated that fertilizer N, 
poultry manure and time of fertilizer N had signifi-
cant effects (Table 1). N x PM was found significant, 
whereas other interactive responses were not signif-
icant for leaf area. The application of 100 kg N ha-1 
enhanced leaf area (27.87 cm2) in comparison to 75 
kg N ha-1 (25.12 cm2) and was not different from 125 
kg N ha-1 (26.68 cm2). Higher chlorophyll content in 
response to adequate N (Bashir et al., 2017) may in-
crease leaf area. Maximum leaf area (27.42 cm2) was 
recorded through poultry manure fertilization as op-
posed to non-fertilized plots (25.70 cm2). This may 
be correlated with best utilization of nutrients re-
leased through the decomposition of poultry manure 
(Ahmed et al., 2017), which may enhance leaf area. 
Addition of synthetic N in split doses and full at boot 
stage resulted in increased leaf area (27.90 and 27.16 
cm2), respectively in comparison to full N application 
at land preparation (24.62 cm2). This is in contradic-
tion with Yahya et al. (2008), who found that more 
nitrogen loss (gaseous form) at the end of vegetative 
stage that may cause reduction in leaf area. 

Table 1: Productive tillers m-2, leaf area, grains spike-1 
and 1000 grain weight of wheat as affected by Fertiliz-
er-N, poultry manure and Fertilizer-N application time. 
Treatments Parameters
Fertilizer-N
(kg ha-1)

Productive 
tillers m-2 

Leaf area 
(cm2)

Grains 
spike-1

1000-grain 
weight (g)

75 222 c 25.12 b 40 b 45.01 c
100 238 a 27.87 a 42 a 48.38 a
125 227 b 26.68 ab 41 ab 46.57 b
LSD 0.05 3.85 1.36 1.23 1.07
Poultry manure (PM)(t ha-1)
0 223 b 25.70 b 40 b 45.64 b
4 235 a 27.42 a 42 a 47.66 a
Significance ** * ** *
Time of N application (M)
Full at sowing 220 c 24.62 b 40 b 45.10 b
Full at boot stage 229 b 27.16 a 40 b 46.00 b
½ at sowing + ½ 
at boot

239 a 27.90 a 43 a 48.85 a

LSD 0.05 3.51 1.12 1.34 1.35
Interactions P-values
N x PM 0.00 0.01 0.01 0.00
N x M 0.01 0.86 0.86 0.20
PM x M 0.02 0.40 0.90 0.18
N x PM x M 0.00 0.06 0.32 0.58

**Significant at 1% level of probability

Figure 3: Interactive reponse of fertilizer nitrogen (N) and appli-
cation time of fertilizer N (M) for produductive tillers per sq. meter.

Figure 4: Poultry manure (PM) and application time of fertilizer N 
(M) interactive reponse for produductive tillers per sq. meter.

Figure 5: Interaction between fertilizer nitrogen (N) and poultry 
manure (PM) for leaf area.

Grains per spike
ANOVA for grains per spike revealed that fertilizer 
N, poultry manure and application time of fertilizer N 
had significant effects. All interactions were non-sig-
nificant except N x PM (Table 1). More grains per 
spike (42) were gained from 100 kg N/ ha application 
than N rate of 75 kg per ha (40), but was not statisti-
cally different from 125 kg ha-1 (41). These results are 
in line with Khalil et al. (2011) who reported that suf-
ficient nitrogen may have favorable effects on number 
and filling of grains. The plots where no PM was used, 
lesser grains spike-1 (40) were recorded than PM used 
plots (42). This may be due to prolong nutrients avail-
ability through the whole life cycle of wheat (Shah 
et al., 2010), which may have enhanced the number 
of grains. Synthetic N added in split doses resulted 
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greater quantity of grains per spike (43) where lesser 
from full applications either at planting (40) or boot 
stage (40). This response may be related with more 
nutrients available throughout growing season of the 
plant growth (Yildirim et al., 2016), which may bring 
vigorous growth and more grains.

Figure 6: Interaction between fertilizer nitrogen (N) and poultry 
manure (PM) for number of grains per spike.

Figure 7: Interactive response (N × PM) for thousand grains weight.

Figure 8: Interaction response of nitrogen (N) and poultry manure 
(PM) for biological yield.

Figure 9: Interactive response (N × M) for biological yield.

1000 grains weight

Statistical analysis of 1000 grain mass showed that 
inorganic N, poultry manure and time of inorganic N 
had significant effects. Only the interaction (N x PM) 
was significant while the others were non-significant 
(Table 1). Addition of 100 kg N per ha resulted in 
heavier grains (48.38 g) than nitrogen levels of 75 kg/ 
ha (45.01 g) and 125 kg/ ha (46.57 g). Similar find-
ings obtained by Maqsood et al. (2014) who recorded 
greater assimilate translocation from leaves and stem 
to grains in response to proper nitrogen level. High-
er thousand grains weight (47.66 g) was gained from 
poultry manure addition than plots having no poultry 
manure (45.64 g). Improvement in water and nutrient 
holding capacity due to poultry manure incorporation 
(Ahmed et al., 2017), could produce heavier grains. 
Split application of inorganic N produced heavier 
grains (48.85 g) than 100% at sowing (45.10g) and 
100% at boot stage (46 g). This may be related with 
more nitrogen accessibility and decrease in losses due 
to leaching etc. (Yildirim et al., 2016), which may 
have enhanced the weight of grains. 

Figure 10: Interaction between poultry manure (PM) and fertilizer 
N application time (M) for biological yield.

Figure 11: Fertilizer nitrogen (N) and poultry manure (PM) inter-
active response for grain yield.

Biological yieldx

Inorganic N Level, poultry manure and application 
time of N significantly affected biological yield (Ta-
ble 2). All interactions were significant for biological 
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yield of wheat. Higher biomass weight (7244 kg ha-1) 
was recorded in treatments involving addition of 100 
kg N ha-1 as compared to lowest nitrogen rate (6594 
kg ha-1) and highest one (6995 kg ha-1). Adequate ni-
trogen rate than lower and over doses may produce 
more productive tillers per unit area (Khalil et al., 
2011), which may improve the biomass production. 
Poultry manure control plots gave lower biological 
yield (6747 kg ha-1) than poultry manure applied plots 
(7141 kg ha-1). The variation in biomass production 
may be due to more moisture and nutrients available 
during whole season (Abbas et al., 2012). Split dose 
application of synthetic fertilizer N boosted biologi-
cal yield (7147 kg ha-1) than whole at planting (6686 
kg ha-1), but was not statistically different to whole at 
boot stage (6999 kg ha-1). This finding may be asso-
ciated with greater availability of nitrogen in critical 
stages of wheat growth (Shahzad and Akmal, 2017), 
thus higher biological yield may be acquired. Interac-
tion (N x M) showed that biomass weight was boost-
ed in linear trend by increasing N rate used as full 
at sowing, while full N at boot and/or in split doses 
indicated a quadratic response (Figure 9). Regardless 
of M, when PM was incorporated, enhanced biomass 
weight linearly (Figure 10). 

Figure 12: Interaction between fertilizer nitrogen (N) and applica-
tion time of fertilizer N (M) for grain yield.

Figure 13: Interaction between poultry manure (PM) and 
application time of fertilizer N for grain yield.

Grain yieldy

Grain yield was significantly affected by synthetic N 
rate and timings and poultry manure. All of the inter-

actions (N x PM, N x M, PM x M and N x PM x M) 
proved significant for grain yield (Table 2). The addition 
of 100 kg N ha-1 resulted in greater grain yield (2644 kg 
ha-1) than other two nitrogen levels ha-1 i.e. 125 (2510 
kg ha-1) and 75 (2197 kg ha-1). This is possibly due to 
enough nitrogen accessible to the crop (Bashir et al., 
2017), may result better growth and promoted leaf area. 
Using poultry manure brought higher grain yield (2639 
kg ha-1) than plots where no poultry manure was add-
ed (2262 kg ha-1). More nutrients availability and lesser 
N losses or more nitrogen uptake during life cycle of 
crop (Zhang et al., 2016), could bring higher grain yield. 
Concerning dose and times of inorganic N applica-
tion, better performance (2701 kg ha-1) was record-
ed through split application than whole both at boot 
stage (2449 kg ha-1) and at land preparation (2201 
kg ha-1). Nitrogen availability at the correct time and 
minimum N loss ( Jan et al., 2011), may enhance grain 
yield. Enhancing N levels boosted grain yield linear-
ly when applied in split doses, while full applications 
either at planting or boot stage presented a quadrat-
ic response (Figure 12). A linear trend was observed 
from control to PM incorporation when N applied in 
any amount at any growth stage (Figure 13). 

Table 2: Biological yield, grain yield and harvest index 
of wheat as affected by fertilizer-N, poultry manure and 
fertilizer-N application time.
Treatments
Fertilizer-N 
(kg ha-1)

Biological 
yield (kg 
ha-1)

Grain 
yield (kg 
ha-1)

Harvest 
index (%)

75 6594 c 2197 c 33.25 b
100 7244 a 2644 a 36.30 a
125 6995 b 2510 b 36.02 a
LSD 0.05 192.62 127.40 2.10
Poultry manure (PM)(t ha-1)
0 6747 b 2262 b 33.32 b
4 7141 a 2639 a 37.06 a
Significance ** ** **
Time of N application (M)
Full at sowing 6686 b 2201 c 32.90 b
Full at boot stage 6999 ab 2449 b 34.85 b
½ at sowing + ½ at boot 7147 a 2701 a 37.82 a
LSD 0.05 160.86 132.70 2.08
Interactions
N x PM 0.00 0.00 0.00
N x M 0.00 0.01 0.02
PM x M 0.04 0.03 0.01
N x PM x M 0.00 0.02 0.01
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**Significant at 1% level of probability.

Figure 14: Interaction response of N and PM for Harvest Index.

Figure 15: Fertilizer nitrogen rate and time interactive for harvest 
index.

Figure 16: Interaction between poultry manure and time of ferti-
lizer N application for harvest index.

Harvest indexz

The Table 2 shows that fertilizer N, poultry manure 
and time of fertilizer N significantly affected harvest 
index. Similarly, the overall interactions were also sig-
nificant. Higher harvest indices (36.30 and 36.02 %) 
were recorded through application of 100 and 125 
kg N ha-1, respectively as compared to 75 kg N ha-1 
(33.25 %). Improvement in grain yield relative to bi-
omass (Hammad et al., 2011), may have enhanced 
harvest index of the crop. Maximum harvest index 
(37.06 %) was obtained from N + PM application 
whereas lesser from without poultry manure (33.32 
%). Prolonged availability of water and essential ele-
ments may result bumper growth and enhanced leaf 
area (Kabesh et al., 2009), thus boosting harvest index 

of wheat. Application of inorganic nitrogen as full at 
planting or at boot stage produced lower harvest in-
dices (32.90 and 34.85 %) respectively than 50% at 
planting and 50% at boot stage (37.82 %). This result 
is similar to more development in economic yield in 
comparison to biomass production (Yildirim et al., 
2016) so that higher harvest indices means may be 
obtained. Interaction (N x M) revealed that through 
either application times, quadratic relationship was 
observed between N levels and harvest index except 
for split application, which presented linear enhance-
ment (Figure 15). Whole N applied at sowing and in 
split doses increased the harvest index linearly with 
PM incorporation except full N at boot stage, which 
resulted in decline of harvest index (Figure 16). 

Conclusions and Recommendation

It is concluded from the research work that applica-
tion of 100 kg N ha-1 applied as ½ at land preparation 
and ½ at boot stage along with poultry manure in-
corporation performed better regarding growth, yield 
and yield components of wheat and incorporation 
of optimum nitrogen level in split doses with poul-
try manure could be recommended for higher wheat 
productivity.
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