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Introduction

Utilization of soil resources for the purpose 
of agriculture and attaining sustainable 

agricultural system needs equal attention to physical, 
chemical as well as biological characteristics of soil 
fertility (Diacono and Montemurro, 2010). Total 
requirements of nutrients for sustainable crop 
production cannot be accomplished by a single 
source of crop nutrition (Korsaeth et al., 2002). 
Organic wastes and crop residues can be applied 

as soil amendments for increasing soil productivity. 
These organic materials are vital for growing crops 
and enhancing soil quality parameters (Davies and 
Lennartsson, 2005). Plant nutrients are removed 
from soil by harvesting, leaching, gaseous emissions 
and erosion. Poor plant nutrient replacement 
and continuous cropping further degrade soil 
quality in term of its physical, chemical and 
biological properties (Komatsuzaki and Ohta, 
2007). Inorganic fertilizers are high-priced and 
poor farmers in developing countries cannot use it 
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in recommended proportion due to their limited 
buying capability which resulting in meagre yield 
(Ahmad, 2000). Under such situations, integration 
of organic manures and wastes and inorganic 
fertilizers are vital for maintaining soil potential for 
crop productivity (Shafi et al., 2010). Management 
of organic wastes and crop residue are essential for 
increasing soil organic matter in case of intensive 
tillage and exhaustive crops cultivation (Bakht et al., 
2009; Shah et al., 2010). 

Recycling and returning of FYM, PM and crop 
residues to soil are important for increasing soil 
organic matter and sustainable crop production 
(Shafi et al., 2012). Soils applied with organic sources 
of plant nutrients have greater micro-fauna and high 
nitrogen and phosphorus contents than soils with 
inorganic fertilization (Herencia et al., 2007). Soil 
nutrients, organic matter and yield of succeeding crop 
were increased with carryover effects of plant nutrients 
from organic sources (Eghball et al., 2004). Interest in 
application of organic manures is increasing globally 
because of exhaustion of soil fertility. FYM (cow 
dung and feed wastes from cattle barn), PM, sheep 
manure and crop residues can be exploited for crop 
production as alternative source to chemical fertilizers 
which in various combination with each other had 
great beneficial effects on growth, development and 
yield (Abbas et al., 2012). 

Wheat is grown in Pakistan as the main staple food 
item of its people. Wheat production is affected by 
different management strategies operated during a 
year (Wiatrak et al., 2006). To boost per hectare yield 
of wheat is utmost important as the average yield of 
Pakistan and especially Khyber Pakhtunkhwa is very 
low. Enhancement of wheat productivity depends on 
farm management and adoption of recent technology 
(Tariq et al., 2014). Use of organic manures (David 
et al., 2005), integrating different organic wastes 
and nitrogen fertilizers (Ouedraogo et al., 2006) and 
proper nitrogen management (Torbert et al., 2001) 
are attributed to increase agriculture productivity. 
Thus, appropriate nitrogen source (organic, inorganic 
or their combinations) are needed to test their effects 
on wheat productivity.

Objectives of the experiments 
The aim of this research work was assessment of 
integrated utilization of various nitrogen sources for 
improvement of wheat productivity.

Materials and Methods

Experiments were carried out at Agricultural Research 
Station, Buner, Khyber Pakhtunkhwa, Pakistan during 
Rabi season of 2015-16 and 2016-17 consecutively 
for two years to appraise yield and yield components 
of wheat with integrated management of nitrogen 
sources. Figures 1, 2 and 3 respectively, displays 
climatic conditions like temperature and rainfall for 
the studies duration of the locality. Experiments were 
adjusted using randomized complete block design 
with three replications. Each experimental sub-
unit was consisted of 9 m2 which accommodated 6 
rows each of 5 m length with 0.30 m width between 
rows. Winter wheat variety Pirsabak-2015 was used 
in the trials. Each year sowing was done on 12th 
November using same piece of land following same 
randomized layout. Soil of the experimental site was 
of loam textural class. Farm Yard Manure (FYM) 
and Poultry Manure (PM) were used as organic 
while Urea as inorganic sources of nitrogen. FYM 
and PM were analyzed for their nutritional status 
using their representative samples. Phosphorus (90 
kg ha-1) and potassium (60 kg ha-1) were utilized 
during final seed bed preparation and kept constant 
for each experimental sub-unit. N @ 120 kg ha-1 was 
computed from each of the following combinations 
based on their nutritional analysis except N1 and 
applied once after final seed bed preparation each 
year. All treatments were properly incorporated into 
the soil before sowing the seeds. Nitrogen sources 
were N1 (Control), N2 (all added N from Urea), N3 
(all added N from FYM), N4 (all added N from PM), 
N5 (½ of added N from Urea + ½ from FYM), N6 
(½ of added N from Urea + ½ from PM) and N7 (½ 
of added N from FYM + ½ from PM). All standard 
agronomic practices were performed throughout the 
crop growing period. Quantification of FYM and PM 
at the required rate was done according to lab analysis 
of the samples. Nutritional composition of FYM and 
PM for both years are given below.

Nutrients 2015-16 2016-17
FYM PM FYM PM

N 0.64% 2% 0.68% 1.9%
P 0.5% 1.1% 0.46% 1.15%
K 1.5% 3% 1.45% 2.8%

Soil of the experimental site had loam texture 
possessing 50% sand, 40% silt and 10% clay having 
N (0.028%), P (8.75 mg kg-1), K (80 mg kg-1) and 
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OM (0.4%) with pH and EC of 8.3 and 0.2 dSm-1 
respectively.

Figure 1: Monthly average temperature and rainfall for 2015.

Figure 2: Monthly average temperature and rainfall for 2016.

Figure 3: Monthly average temperature and rainfall for 2017.

Measurements and procedures of data recording
Ten spikes were randomly chosen at maturity in 
each sub plot, measured their lengths and afterward 
computed average spike length in cm. Spikes m-2 

were noted at maturity stage by counting spikes in 
1 m long row at two random sites in each subplot, 
averages were calculated and then changed to spikes 
m-2. For average grains spike-1, ten randomly chosen 
matured spikes were threshed, the grains obtained 
were counted and afterward converted to average 
grains spike-1 for each subplot. Data on 1000 grains 
weight were obtained at maturity by randomly taking 
1000 grains from each sub unit and subsequently 
weighed using analytical weighing scale. To obtain 

data on grain yield, two middle rows were harvested, 
threshed and weighed and then adopted the following 
formula for converting to kg ha-1.

The data collected were analyzed statistically. LSD test 
(5% probability) was used for significant variations 
among treatments (Gomez and Gomez, 1983).

Results and Discussion

Spike length (cm)
Data obtained on spike length for two consecutive 
years as affected by integrated management of 
nitrogen sources are exhibited in Table 1. Utilization 
of different nitrogen sources had affected spike length 
significantly. During 2015-16, spike length fluctuated 
from 6.5 for N1 to 9.4 cm for N6 whereas during 
2016-17, it was found in the range of 6.1 to 10.3 cm 
for the same treatments, respectively. Based on mean 
data over 2015-16 and 2016-17, lengthier spikes 
(9.8 cm) were achieved by integrating ½ of added N 

from Urea + ½ from PM (N6) as compared to other 
N-sources whereas shorter spikes (6.3 cm) were 
produced by the control treatment (N1). 

Table 1: Spike length (cm) of wheat as affected by 
integrated management of nitrogen sources (N) over two 
consecutive years.
Nitrogen sources (N) 2015-16 2016-17 Means

Y × N
N1: Control 6.5 j 6.1 j 6.3 e
N2: 120 kg N ha-1 from Urea 7.4 i 8.4 fg 7.9 d
N3: 120 kg N ha-1 from FYM 7.8 hi 8.4 fg 8.1 d
N4: 120 kg N ha-1 from PM 8.5 efg 9.1 cd 8.8 c
N5: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from FYM

9.0 cde 9.8 ab 9.4 b

N6: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from PM

9.4 bc 10.3 a 9.8 a

N7: 60 kg N ha-1 from FYM + 
60 kg N ha-1 from PM

8.2 gh 8.9 def 8.5 c

Means 8.1 b 8.7 a

LSD Value at P≤0.05 for Years= 0.1939; N= 0.3628 and Interaction 
between Years and Nitrogen Sources (Y × N)= 0.5130. Means in 
each category having different letter(s) are significantly different 
using LSD test at P≤0.05.

Significant variation between years was noticed where 
lengthier spikes of 8.7 cm was observed during 2016-
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17 as compared to 8.1 cm during 2015-16. Interaction 
between years and nitrogen sources (Y × N) was found 
significant regarding spike length of wheat.

Spikes m-2 
The relevant data obtained for two consecutive years 
as affected by integrated management of nitrogen 
sources are presented in Table 2. During 2015-16, 
spikes varied from 202 m-2 for N1 to 283 for N6 
whereas during 2016-17, it was found in the range of 
191 to 324 for the same treatments respectively. Based 
on mean data over 2015-16 and 2016-17, more wheat 
spikes (303 m-2) were obtained by integrating ½ of 
added N from Urea + ½ from PM (N6) as compared 
to all other N-sources used in the trial.

Table 2: Spike m-2 of wheat as affected by integrated 
management of nitrogen sources (N) over two consecutive 
years.
Nitrogen Sources (N) 2015-16 2016-17 Means

Y × N
N1: Control 202 hi 191 i 196 e
N2: 120 kg N ha-1 from Urea 210 gh 224 fg 217 d
N3: 120 kg N ha-1 from FYM 216 fgh 223 fg 219 d
N4: 120 kg N ha-1 from PM 234 def 262 c 248 c
N5: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from FYM

249 cd 284 b 267 b

N6: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from PM

283 b 324 a 303 a

N7: 60 kg N ha-1 from FYM + 
60 kg N ha-1 from PM

229 efg 246 cde 237 c

Means 232 b 250 a

LSD Value at P≤0.05 for Years= 7.4662; N= 13.968 and Interaction 
between Years and Nitrogen Sources (Y × N)= 19.954. Means in 
each category having different letter(s) are significantly different 
using LSD test at P≤0.05

Significant variation between years was noticed 
regarding number of wheat spikes m-2. Maximum 
spikes (250 m-2) was noticed during 2016-17 as 
compared to 232 m-2 during 2015-16. Interactive 
response between Y and N (Y × N) was found 
significant regarding spikes m-2.

Grains spike-1

Data recorded on this parameter for two consecutive 
years as affected by integrated management of nitrogen 
sources are shown in Table 3. Utilizing different 
nitrogen sources during 2015-16, grains spike-1 
fluctuated from 19.3 for N1 to 40.7 for N6 whereas 
during 2016-17, it was in the range of 16.8 to 45.5 
for the same treatments, respectively. Adding N6 for 

two consecutive year exhibited 11.79% proliferation 
in grains per spike over the previous year. Based on 
mean data over 2015-16 and 2016-17, higher grains 
spike-1 (43.1) were noted by integrating ½ of added N 

from urea + ½ from PM (N6) as compared to other 
N-sources used in the trial, while minimum (18) by 
the control treatment.

Table 3: Grains spike-1 of wheat as affected by integrated 
management of nitrogen sources (N) over two consecutive 
years.
Nitrogen sources (N) 2015-16 2016-17 Means

Y × N 
N1: Control 19.3 h 16.8 h 18.0 f
N2: 120 kg N ha-1 from Urea 25.5 g 32.1 de 28.8 e
N3: 120 kg N ha-1 from FYM 27.6 fg 36.1 c 31.8 d
N4: 120 kg N ha-1 from PM 32.7 d 39.3 bc 36.0 c
N5: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from FYM

37.3 c 41.6 b 39.5 b 

N6: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from PM

40.7 b 45.5 a 43.1 a

N7: 60 kg N ha-1 from FYM + 
60 kg N ha-1 from PM

29.0 ef 37.2 c 33.1 d

Means 30.3 b 35.5 a

LSD Value at P≤0.05 for years= 1.2421; N= 2.3238 and Interaction 
between Years and Nitrogen Sources (Y × N) = 3.2864. Means in 
each category having different letter(s) are significantly different 
using LSD test at P≤0.05

Significant variation between years was observed 
where 35.5 grains per spike was noted during 2016-
17 and 30.3 during 2015-16. Interactive response 
between Y and N (Y × N) was also found significant.

Thousand grain weight (g)
Relevant data recorded for two consecutive years as 
affected by integrated management of nitrogen sources 
are displayed in Table 4. During 2015-16, thousand 
grain weight fluctuated from 17.33 g for N1 to 32.62 
g for N6 while for the same treatments during 2016-
17, it was in the range of 15.59 to 36.79 g, respectively. 
Based on mean data over two years, heavier (34.71 
g) thousand grains were attained by integrating ½ of 
added N from Urea + ½ from PM (N6).

Significant variation between years was noted 
regarding thousand grain weight of wheat. It 
significantly increased from 24.75 g during 2015-16 
to 29.09 g during 2016-17 showing an enhancement 
of 17.54% over 2015-16. Y × N was also found 
significant for it.
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Table 4: Thousand grain weight (g) of wheat as affected 
by integrated management of nitrogen sources (N) over 
two consecutive years.
Nitrogen sources (N) 2015-16 2016-17 Means

Y × N
N1: Control 17.33 i 15.59 i 16.46 f
N2: 120 kg N ha-1 from Urea 20.60 h 26.35 ef 23.47 e

N3: 120 kg N ha-1 from FYM 22.18 gh 28.87 de 25.52 d

N4: 120 kg N ha-1 from PM 26.32 ef 31.68 bcd 29.00 c
N5: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from FYM

30.02 cd 33.76 b 31.89 b

N6: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from PM

32.62 bc 36.79 a 34.71 a

N7: 60 kg N ha-1 from FYM + 
60 kg N ha-1 from PM

24.18 fg 30.60 cd 27.39 
cd

Means 24.75 b 29.09 a

LSD Value at P≤0.05 for Years= 1.0747; N= 2.0106 and Interaction 
between Years and Nitrogen Sources (Y × N)= 2.8435. Means in 
each category having different letter(s) are significantly different 
using LSD test at P≤0.05.

Table 5: Grain yield (kg ha-1) of wheat as affected by 
integrated management of nitrogen sources (N) over two 
consecutive years.
Nitrogen sources (N) 2015-16 2016-17 Means

Y × N
N1: Control 1837 g 1689 g 1763 f
N2: 120 kg N ha-1 from Urea 2351 f 2912 d 2631 e
N3: 120 kg N ha-1 from FYM 2459 ef 3240 c 2849 d
N4: 120 kg N ha-1 from PM 2922 d 3501 bc 3212 c
N5: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from FYM

3338 c 3726 b 3532 b

N6: 60 kg N ha-1 from Urea + 
60 kg N ha-1 from PM

3709 b 4125 a 3917 a

N7: 60 kg N ha-1 from FYM + 
60 kg N ha-1 from PM

2689 de 3370 c 3030 cd

Means 2758 b 3223 a

LSD Value at P≤0.05 for Years= 110.94, N= 207.56 and Interaction 
between Years and Nitrogen Sources (Y × N)= 293.53. Means in 
each category having different letter(s) are significantly different 
using LSD test at P≤0.05.

Grain yield (kg ha-1)
Data recorded on grain yield for two consecutive 
years as affected by integrated management of 
nitrogen sources are displayed in Table 5. Using 
different nitrogen sources during 2015-16, it varied 
from 1837 for N1 to 3709 kg ha-1 for N6 while grain 
yield for the same treatments during 2016-17 varied 

from 1689 for N1 to 4125 kg ha-1 for N6. Based on 
pooled data over two consecutive years more grain 
yield of 3917 kg ha-1 was attained by integrating ½ 
of added N from Urea and ½ from PM (N6) when 
compared with other N-sources used during the 
trial. 

Significant variation between years was noted as higher 
grain yield (3223 kg ha-1) was noted during 2016-17 
and lower (2758 kg ha-1) during 2015-16. Interactive 
response of Y × N was also found significant.

Longer spike, more spike m-2, more grains per spike, 
heaver grains and ultimately higher grain yield were 
attained by treatments receiving half of added N 
from Urea and half from PM in comparison with 
other nitrogen sources and control which may be 
ascribed to better harmonization of nutrient release 
and uptake by crops because of integration of 
different sources of nitrogen (Mugwe et al., 2009). 
Our findings are in line with Abbasi and Tahir 
(2012) who stated that integration of N-fertilizer 
with organic manures such as PM is an effective 
management approach for crop production on 
sustained basis. Their results revealed that combined 
use of Urea with PM increased N uptake and 
nitrogen use efficiency when compared with Urea 
alone. These findings are consistent with Ahmad et al. 
(2007) who disclosed that different type of organic 
wastes had variable impact on various characteristics 
of soil and nutrient supply to crops. Better yield of 
wheat might be due to greater N-mineralization 
from combined treatments of Urea and PM than the 
individual application of PM and Urea (Abbasi and 
Khaliq, 2016). Better wheat yield and its components 
during 2016-17 would likely be due to the carry-over 
effect as organic manures application developed soil 
physical healthiness, nutrient availability and yield 
over time (Yaduvanshi, 2003).

Conclusions and Recommendations

Results obtained from current experiments revealed 
distinctive benefits of combined incorporation of 
organic and inorganic nitrogen sources in soil. It was 
concluded that half of added N from Urea and half 
from PM resulted higher yield of wheat where it 
further increased with passage of time. Therefore, it is 
recommended to apply the required nitrogen as half 
from Urea and half from PM (N6) continuously for 
increasing wheat production.
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Novelty Statement

This research work has focused on integrated 
utilization of organic and inorganic nitrogen sources 
for increasing wheat productivity. Yield and yield 
components of wheat distinctively increased with 
incorporating the required nitrogen as half from 
urea and half from poultry manure. It will enable the 
farmers to efficiently utilize their organic sources of 
plant nutrients for enhancing crop productivity and 
ensuring food security.
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