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Integrated nutrient management is a well-documented strategy for soil fertility restoration provided that it 
is within permissible economic limits and are synchronized with existing farming practices. In this 
experiment, to restore fertility of soil various formulated combinations via three nutrient sources were 
tested in eroded agricultural field in District Swabi (34.72° N, 72.11° E). The combinations included a 
percentage share of the NPK recommended dose (RD; 120-90-60 kg N-P2O5-K2O ḥa-1), FYM (t ha-1) 
and poultry manure (PM, (t ha-1) on fresh weight basis. Fourteen combinations of %NPK: FYM t ha-1 : 
PM t ha-1 were prepared including 0:0:0 (T1, control), 100%:0:0, 0:20:0, 25%:15:0, 50%:10:0, 75%:5:0, 
0:0:10, 25%:0:7.5, 50%:0:5, 75%:0:2.5, 0:5:2.5, 25%:5:2.5, 50%:5:2.5 and 75%:5:2.5 and applied to soil 
according to recommended procedures. Results from this study revealed that 50%:5:2.5 combination of 
the NPK:FYM:PM increased the uptake of NPK significantly (by 200, 281 and 177%, respectively) and 
wheat grain yield (by 90%) over the control. Maximum post-harvest available NPK in soil (54, 31and 272 
kg ha 1) was recorded in 0:0:10 combination of NPK: FYM: PM whilst 50%:5:2.5 combination of the 
NPK:FYM:PM was also statistically similar to the former. It was evident from the results that poultry 
manure at the rate of 10 t ha-1 was required for soil the restoration of soil NPK level, however, with 
regard to nutrients availability, uptake and the resultant grain yield, the combination of 
50%:5:2.5combination of the recommended NPK: FYM: PM was superior amongst all treatments toward 
sustainable farming under eroded soil conditions.  
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INTRODUCTION 

Sustainability and conservation of basic 
natural resources such as soil and water has 
become top priorities in modern agriculture for 
enhancing crop production and securing the 
environment. Sustainable food security is one of 
the hot debates amongst policy makers due to 
rising population and stress on natural resources 

worldwide. Pakistan is no exception, where almost 
70% population is dependent on agriculture and 
allied professions (Usman, 2016).In population, 
Pakistan range sixth in the world (FAO. 2011) with 
extremely meagre per capita land resources. 
Therefore, the practice of cultivating sloping and 
marginal lands with inadequate farming methods 
has increased due to the increasing food 

http://www.isisn.org/


Ali et al. Enhancing Wheat productivity and Nutrients uptake through integrated plant nutrition 

 

                                               Bioscience Research, 2021 volume 18(3): 2355-2361                                                     2356 

 

requirements of the population, resulting in the 
deterioration of precious land resources (Ali et al. 
2007). Khan et al. (2001) reported heavy soil loss 
(2 to 104 t ha-1 year-1) in northern areas of 
Pakistan due to several factors like soil 
characteristic, amount of rainfall and inadequate 
soil management. Due to water erosion, heavy 
losses of soil P, N and OM (48, 24 and 18 kg ha-1 
year-1, respectively) (Bhatti et al. 1997) as well as 
the deficiency of macro nutrients P and K (2.68 
and 48 ppm, respectively) coupled with low 
organic matter has been reported (Bhatti et al.  
1998). Crops production in lands with severe 
water erosion problem can be improved through 
the application of adequate crop management 
strategies, conservation practices and 
supplementation of nutrient elements from 
different sources (Khan et al. 2007). To maintain 
improve soil conditions and obtain sustainable 
agriculture productivity via crop nutrition from 
integrated sources is if vital importance 
(Ramalakshmi et al. 2012). Ghosh et al. (2015) 
used 30 to 50% of nitrogen fertilizers and 45% of 
P fertilizers used for crop improvement. Crop 
nutrition from integrated sources can improve 
nutrients use efficiency (Kumar et al. 2014) whilst 
this can increase 20 to 30% wheat yield and other 
physiological traits for enhancing nutrients uptake 
(Mohanty et al. 2013; Yadav et al. 2013). Long 
term research trials conducted under various agro 
climatic conditions revealed that application of 
essential plant nutrients via chemical fertilizers 
had harmful effects on soil quality resulting in 
unsustainable crop production (Jaga, 2013). 
Consequently, an enhanced and efficient plant 
nutrient supplementation strategy is required in 
the form of nutrient management from integrated 
sources (Aulakh, 2010).Integrated nutrient 
management is a well-documented strategy for 
soil fertility restoration provided that they are 
within permissible economic limits and are 
synchronized with existing farming practices. In 
our agricultural areas, nutrients are managed 
mostly from NPK and farmyard manure and rarely 
from poultry manure without any formulation for 
soil fertility restoration. Furthermore, improper and 
unbalanced fertilizer application can result in 
decreasing fertilizer use efficiency which makes 
the use of fertilizer uneconomical and impose 
harmful effect on environment (Aulakh and Adhya, 
2005) as well as water quality in aquifers (Aulakh 
et al. 2009) resulting in serious health and climate 
change issues. Depending on chemical fertilizer, 
overuse is unsafe for environment, therefore, the 
native and organic plant nutrient sources are 

required to be investigated (Kumari et al. 2010) 
through specific formulation with fractions form 
inorganic NPK fertilizers. In this experiment, 
formulated combinations of three nutrient sources 
viz NPK, farmyard manure and poultry manure 
were tested for restoration of soil fertility, crops 
productivity and nutrient uptake by wheat crop 
under eroded soil conditions in District Swabi. 
  
MATERIALS AND METHODS 

Experimental site and climate 
 Experimental plot was located on water 

eroded agricultural field in District Swabi (34.72° 
N, 72.11° E), KP province-Pakistan. The average 
rainfall of the area varies from 450 to 750 mm and 
average temperature of the crop growth season 
was 18.85±3 oC. However maximum mean 
temperature was 25.7±3oC and minimum 
temperature was 9.2±3oC, with a relative humidity 
was 57.6% (Pakistan Metrological Department, 
Risalpur).  

Physic-chemical properties of soil 
The experimental sites was classified as 

Pirsabak soil series having USDA classification of 
fine, mixed, hyperthermic, Typic Haplustalf 
regarding the basic principle as prescribed in Key 
for the Soil Taxonomy (USDA, 1998). Soil sample 
(0–15 cm depth) was obtained from of the 
selected site prior to sowing and were analysed 
for the assessment of soil properties (Table 1). 
Table1: Nutritional value of Farm Yard 
Manures (FYM) and Poultry manure (PM) 
 

Parameters F.Y.M P.M 

N (%) 0.75 1.83 

OC (%) 14.43 24.05 

C / N Ratio 19.25 13.14 

P (%) 0.204 0.992 

K (%) 0.52 1.36 

Treatments structure and experimental design  
The experimental trial was carried out in 

randomized complete block design (ŔĊƁƊ) 
replicated three times and plot size was 3 m x 5 
m. The treatments were formulated from 
percentage usage of recommended N:P2O5:K2O 
(120-90-60 kg ḥa-1), 20 t ha-1 FYM and 10 t ha-1 

Poultry manures (PM) and as such the given 14 
treatments were formed ; 0-0-0 (control), 100:0:0, 
0:20:0, 25:75:0, 50:50:0, 75:25:0, 0:0:100, 
25:0:75, 50:0:50, 75:0:25, 0:25:25, 25:25:25, 
50:25:25 and 75:25:25. The chemical composition 
of farmyard manure and poultry manure has been 
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illustrated in Table 2. All the organic fertilizer 
doses were applied to respective plots 15 days 
before sowing. Wheat variety as was sown @ 
120kg ha-1seed rate. As sources for NPK Urea, 
DAP as well as SOP were applied, respectively. 
Nitrogen was given in 2 separate doses vis half 
during sowing while the other half dose during 
tiller formation. However, at during sowing Ṗ and 
Ḳ doses were given to field followed by uniform 
agronomic practices. 
Table 2: Fertility status of the experimental 
site before conducting the experiment 
 

Properties. Concentration. 

Texture Silt loam 

pH (1:5) 7.80 

EC (1:5) (dS m-1) 0.53 

OM (%) 0.69 

N (mineral) (mg kg-1) 13.6 

Extractable P (mg kg-1) 2.43 

(Extractable K (mg kg-1) 65.8 

Traits examined  
Data were recorded on grain yield, N, P and K 

uptake and post-harvest nutrients contents for N, 
P and K. Grain yield was obtained on whole plot 
harvest and threshing. 

Analysis of Nutrients (N, P and K) and their 
uptake in Wheat plant 

In wheat grain and straw the total nitrogen 
was calculated using the standard protocol as 
mentioned by Bremner (1996). The total N uptake 
was calculated as N concentration in wheat grain 
and straw multiplied with their respective biomass. 
Standard procedure for determination of P and K 
in plant samples was adopted as mentioned by 
Kue (1996) using spectrophotometer for P and 
flame photometer for K determination. The P and 
K uptake were calculated from their respective P 
and K concentration in wheat grain and straw. 
Available nitrogen in soil samples was determined 
by the method mentioned by Mulvany (1996). 
Soltanpour and Schawab (1977) procedure was 
used for the determination of available P and K in 
soil sample.  

 Statistical analysis 
The data recorded on different parameters 

were subjected to analysis of variance (ANOVẠ) 
by using Statistics 8.1 software. Mean values 
were compared using least significant difference 
(LSD) test at the p ≤ 5% (Steel et al. 1997). 
 
RESULTS AND DISCUSSION 

Grain yield 
Soil supplementation with nutrients from 

different sources increased the grain yield 
significantly (p<0.05). The highest grain yield 
(4206 kg ha-1) was recorded in treatment receiving 
50% of the recommended NPK, 25% (5 t ha-1) 
FYM and 25% (2.5 t ha-1) poultry manure 
(50:25:25 percentage of NPK: FYM: PM) (Table 
3). The lowest grain yield (2211 kg ha-1) was 
recorded for control. The 50% NPK: 5 t ha-

1FYM:2.5 t ha-1PM enhanced the yield by 90% 
over the control treatment (Fig. 1 (a)). The use of 
organic manure might have improved soil nutrient 
holding capacity and boosted nutrients availability 
to crop. Application of mineral fertilizer might have 
enhanced crop yield and growth through 
supplementation of nutrients for immediate plant 
requirements whilst the decomposing organic 
manures might have served for plant food 
availability at the later growth stages of the crop 
resulting in higher grain yield from the treatment 
plots. The findings of this investigation are 
identical with result of Pooran et al. (2002), who 
concluded that statistically highest maximum grain 
yield was observed on treatment that were more 
fertile with proper water availability and better crop 
management. 

 

 
 

Figure 1 A: Per cent increase in (a) grain yield 

NPK uptake by wheat crop. 
 Integrated sources of macro nutrients have 

significantly (p≤0.05) improved the uptake  of N, P 
and K by wheat crop (Table 3).The maximum 
uptake for N, P and K were 94.66, 22.33 and 
115.33 kg ha-1, recorded in treatment with 
50%:25%:25% combination of NPK: FYM: PM 
(50% NPK with FYM 5 and PM 2.5 t ha-1) whereas 
the minimum uptake for N, P and K (31.33, 5.66 
and 41.66 kg ha-1) was recorded in the control 
(Table 3). 
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Table 3: Uptake values for N, P and K (kg ha-1) and wheat grain yield (kg ha-1) 
 

Treatments. 
(NPK%:FYM t ha-1:PM t ha-1) N P K Grain yield 

0:0:0 31.3 i 5.7f 41.7g 2211g 

100%:0:0 50.7h 9.3def 50.3 fg 2493fg 

0:20:0 54.0 gh 8.7ef 63.3 efg 2855defg 

25%:15:0 68.3 def 11.7cde 93.7abc 3544abcd 

50%:10:0 76.3 bcd 14.7bc 88.3 bcd 3311bcde 

75%:5:0 87.0ab 10.7de 65.3ef 2738efg 

0:0:10 60.3 fgh 9.3 def 66.7def 2991cdef 

25%:0:7.5 72.7cde 15.0 bc 84.7bcde 3597abc 

50%:0:5 63.7efg 16.0 b 102.0 ab 3878ab 

75%:0:2.5 83.3 abc 13.0 bcd 74.0 cde 3042cdef 

0:5:2.5 48.3h 10.7de 69.7def 3253bcde 

25%:5:2.5 75.0 bcde 13.0 bcd 96.3 abc 3900ab 

50%:5:2.5 94.7a 22.3 a 115.3 a 4206a 

75%:5:2.5 91.7a 20.3 a 106.0 ab 4066a 

LSD (P ≤ 0.05) 12.06 3.67 22.93 739 

NPK (per cent of the recommended dose (120-90-60 Kg N-P2O5-K2O ḥa-1): FYM (t ha-1): Poultry manure 
(PM, (t ha-1); Mean values followed by same letter are not significantly different at the p<0.05. 

However, results from 50%:25%:25% 
combination of NPK: FYM: PM for the N, P and K 
uptake were found statistically at per with 
75%:25%:25% combination of NPK: FYM: PM. 
Application of 50%:50%:25% combination of NPK: 
FYM: PM increased nitrogen uptake by 199%, P 
uptake by 280% and K uptake by 177% (Fig. 1(b)) 
over the control. Ayeni et al. (2008) demonstrated 
that the availability of macro and micro nutrients is 
based on increased concentration of poultry 
manure. 

 
Figure 1b: N, P and K (b) N, P and K uptake of 
wheat crop as a result of combined used of N-
P-K and organic nutrient sources over the 
control. 

The probable cause of higher N could be 
ascribed to higher N concentration in PM which 
resulted in its increased availability (Iqbal et al. 
2008). Furthermore, higher N uptake by wheat 
crop with 50%:50%:25% combination of 
NPK:FYM:PM possibly is because of presence of 

the N from non-organic fertilizers immediately 
after its application and from organic amendment 
at the delayed growth stages thus serving the 
plants with N availability throughout the plant 
growth cycle as compared to individual fertilizer, 
thus enhancing utilization of the applied nutrients 
(Kumar et al. 2014). Tatpurkar et al. (2014) 
concluded that integrated application of plant 
nutrients increased the uptake of macro and 
micronutrients. Kumar et al. (2011) demonstrated 
that co-applied organics with NPK increased 
nutrients availability and plant growth rate 
resulting in further enhanced absorption of P from 
soil. Although by application of several organic 
amendments will improve the organic contents 
which provide several vital nutrients through 
process of mineralization using organic acid as 
insoluble nutrients (Blair et al. 2006). 

Post-harvest nutrients status in soil  
Data revealed highly significant differences (p 

≤ 0.05) for combined organic and mineral nutrient 
amendment on soil available N, P and K contents 
(Table 4). Data showed that maximum mineral N, 
P and K (54, 31 and 272 kg ha-1) was taken given 
plot treated with 0:0:100% (0:0:10 t ha-1) 
combination of NPK:FYM:PM which is statistically 
identical to plot received 50%:50%:25% (50%:10 
t: 2.5 t) and 75%:50%:25% (75%:10 t:2.5t) 
combinations of NPK:FYM:PM, respectively. The 
current investigation exhibited that poultry manure 
if applied alone or combine form with other 
organic manures and mineral NPK fertilizers 
improved post-harvest available N and P in soil.  
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Table 4:  Post-harvest soil N, P and K (kg ha-1) 
content  
 

Treatments 
 (NPK%:FYM t ha 

-1:PM t ha-1) 

N P K 

0:0:0 22e 4f 127d 

100%:0:0 30de 9ef 221abc 

0:20:0 36cde 27ab 203c 

25%:15:0 44abcd 16cde 227abc 

50%:10:0 39bcd 15cde 236abc 

75%:5:0 33cde 12def 232abc 

0:0:10 54a 31a 272a 

25%:0:7.5 39bcd 28ab 263ab 

50%:0:5 35cde 21abcd 242abc 

75%:0:2.5 31cde 21bcd 240abc 

0:5:2.5 38cd 22abcd 219abc 

25%:5:2.5 41abcd 23abc 213bc 

50%:5:2.5 44abc 24abc 259ab 

75%:5:2.5 52ab 22abc 239abc 

LSD (P ≤ 0.05) 14 10 54 

NPK (per cent of the recommended dose (120-90-
60 Kg N-P2O5-K2O ḥa-1): FYM (t ha-1): Poultry 
manure (PM, (t ha-1); Mean values followed by 
same letter are not significantly different at the 
p<0.05. 

The result of this experiment are highly 
correlated with the finding of Salako,(2008) who 
suggested that use of either organic manure 
surely will improve the status of soil micro 
nutrients. Ano and Agwu,(2006) stated that 
nutrients availability enhanced from organic 
manure might be due to better soil environment 
for microorganism to decompose it. 

However, keeping the duration of availability 
as required for potential plant growth and yield, 
the sole application of poultry manure cannot be 
recommended because availability of these 
nutrients might be higher post-harvest but not for 
the current crop. Therefore, as evident from 
statistically similar available N and P contents 
from 50%:5:2.5 and 75%:5:2.5 combinations of 
NPK:FYM:PM with the maximum value, combined 
formulated application of inorganic and organic 
nutrients can be pick out due the immediate 
presence of these specific plant nutrients for early 
growth from the applied mineral NPK fertilizer 
portion and the availability of these nutrients form 
the organic portion of the formulation. The 
minimum post-harvest available soil N, P and K 
(22, 4 and 127 kg ha-1) were calculated in control. 
Our results are in close agreement to the findings 
of Ayeni and Adetunji, (2010) who observed that 
use of NPK with organic manure increased 
nutrients availability in soil. Application of 
inorganic sources alone reduced P availability 

while in combination with organic manure 
enhanced soluble P in soil (Ibrahim et al. 
2008).The present experiment results were also in 
line with the Ayeni and Adetunji (2010) who 
concluded that availability of K in soil statistically 
increased through joint uses of organic manures 
with NPK. 

CONCLUSION 
Results from this experiment suggested that 

combined application of organic manure with 
mineral NPK statistically improved, the yield, NPK 
uptake and post-harvest soil available NPK status. 
Amongst different formulations for NPK, farmyard 
and poultry manure, the 50%:5:2.5 combination of 
NPK: FYM: PM stood eminent for enhanced grain 
yield, NPK uptake and post-harvest soil NPK 
status of water eroded land. 
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