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Phosphorus (P) unavailability and lack of organic matter in the soils under semiarid climates are the two major constraints 
for the low wheat productivity and profitability. A two consecutive year’s i.e. 2017-18 (Y1) and 2018-19 (Y2) field 
experiment was conducted to study the impact of P and tillage management on wheat productivity and profitability. The 
experiment was accomplished at the Agronomy Research Farm of The University of Agriculture Peshawar. The 
experiment was comprised of two tillage depths, shallow (15 cm) and deep (30 cm)), organic sources [animal manures: 
(poultry manure & cattle manure) vs. crops residues: (mungbean residues & sugar cane residues) each applied at the 
rate of 10 t ha-1] and four P levels (0, 60, 90 and 120 kg ha-1). The experiment was conducted in a randomized complete 
block (RCB) design with split plot arrangement, having three replications. Tillage depths and organic sources were 
allotted to main plots and P-levels into sub-plots. Plot size was kept 3m x 5m (15 m2) having 10 rows, 30 cm apart and 5 
m long. Seed rate of 120 kg ha-1on flat beds were used. The results showed that deep tillage produced maximum number 
of spikes m-2(279) grains spike-1 (39), thousand grains weight (36.8 g), biological yield (9511 kg ha-1), grain yield (3614 kg 
ha-1). Poultry manure produced higher biological yield (9716 kg ha-1), grain yield (3664 kg ha-1). Phosphorus (P) 
application at the rate of 90 kg P ha-1 produced highest grain yield (4068 kg ha-1 and harvest index (40.4%). From the 
results it was concluded that most of the agronomic and quality parameters of wheat were higher with integrated use 
of120 kg P ha- 1and poultry manure under deep tillage system. Therefore, application of 120 kg P ha-1 along with poultry 
manure and deep tillage system could increase wheat productivity and profitability under semiarid climate of Peshawar.. 
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INTRODUCTION 

Wheat (Triticumaestivum L.) is a staple food crop and 
cultivated over 225 million hectares all over the world from 
Scandinavia to South America and across Asia. Globally 
wheat trade is estimated about US $50 billion. In about 89 
countries, wheat is consumed as first and foremost food 
crop. Wheat is consumed as a rich source of proteins and 
second after rice as a rich source of calories in low and 
middle-income nations in the world. In 2019, world 
production of wheat was 736.1million tones making it the 
second most-produced cereal after maize (FAO, 2019). In 
Pakistan wheat crop cover 8,740 thousand hectares, 
which produced 25.195 million tones with mean 
production of 2979 kg ha-1, while the total land area under 
wheat cultivation in Khyber Pakhtunkhwa is 769.5 
thousand hectares, which produced 1204.5 thousand 
tones with average production of 1767 kg ha-1. The area 
and production of wheat increased by 0.5%and 1.1 %, 
respectively as compared to 2018-2019 (Economic survey 
of Pakistan, 2019). In the last twenty years no significant 
increase in wheat area occurred, however average yield 
increased due to improved agronomic practices and the 

use of high yielding varieties (Kiss, 2011). 
Additionally, wheat occupied more than 36.3% of the 

total cropped area of Pakistan which is still below the 
average production of wheat as compared with developing 
countries (Manzoor et al. 2013). One of the most 
important factor which increases wheat crop production is 
the supply of nutrients in an adequate amount (Jamal et 
al. 2018, Amanullah, 2019). Similarly, Tariq et al. (2017) 
also considered the adequate and proper supply of 
nutrients to wheat crop as key factor for optimum 
production. One of the major yields limiting factors of 
wheat are calcareous soil, which make precipitation of the 
P ions and bind them to the soil particles and lowers down 
its availability. In plants, P plays an important function in 
many physiological processes, viz. photosynthesis, 
storage of energy and its transfer, respiration and cell 
enlargement and cell division etc. Essential energy rich 
phosphate compounds which derive various biochemical 
reactions within the plant include adenosine triphosphate 
(ATP) and adenosine diphosphate (ADP). The function of 
P in plants is not limited to the metabolic reactions. The 
structure of biochemical components of living things, viz. 
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nucleic acid (DNA, RNA),nucleotides, phospholipids and 
phosphor proteins are not possible without P. P deficiency 
is a yield reducing factor. 

As soils of Pakistan are alkaline in reaction and 
calcareous in nature that’s why P fixation in these soils is 
a serious problem when chemical P fertilizers are added 
to the soil, the soils rapidly and tightly adsorbed large 
amount of P and this adsorbed P is not available to plants 
(Jamal et al. 2018). According to Ahmad and Jalil (1992), 
about 93 % of Pakistani soils are deficient in available P 
due to calcareous in nature, which are not only low in the 
parent material containing the P mineral, but its alkaline 
nature further reduces P availability in soils, containing 
less than 10 mg P2O5 kg-1 soil (Jamal et al. 2018). The 
lower plant availability of applied P coupled with low levels 
of its application due to soaring prices of P 
fertilizers(Ahmad et al. 1992, Amalluah et al. 2018), impel 
to devise alternate strategies aiming at increasing P 
utilization efficiency in agriculture. Several strategies have 
been proposed for the efficient P utilization by plants 
(Alam et al. 2005; Amanullah et al. 2019, Kosar et al. 
2003, Hinsinger, 1998). In wheat, P deficiency reduces 
number tillers and plant leaf area by producing smaller 
and a smaller number of leaves (Sato et al. 1996). 

To fill the gap between potential yield and actual yield 
P fertilizer should be applied in proper amount 

according to the requirement of the crop (Anon, 2002). 
Optimum P application result in high dry matter (DM) 
formation which promote high physiological attributes such 
as 1000 grains weight, grains spike-1 and ultimately high 
yield (Kaleem and Ansar, 2009).P application enhance 
flag leaf area, plant height, total leaf area per plant, and 
1000 gain weight (Xing et al.2015). Varied P levels affects 
plant height, fertile tillers unit-1 area, spikelet’s spike-1, 
grains per spike, 1000-grainsweight (g), straw yield (tha-1), 
grain yield (tha-1) and fertilizer use efficiency (Majeed et al. 
2014). 

Additionally, decomposition and nutrient availability of 
organic matter (OM) present in soil is affected by tillage by 
altering chemical and physical properties of soil, it also 
enhances soil microbial and enzymatic activity which also 
promote soil OM decomposition and nutrient uptake by 
plants (Redel et al. 2011). Deep plough tillage has positive 
effect on soil physical properties i.e. soil bulkiness and 
strength; improve water holding capacity and nutrient 
uptake in semiarid climate where soils are very hard. 
Deep plough and P application have positive effect on 
growth yield and yield components of maize (Jan et al. 
2016).Long-term shallow tillage helps to form hard 
ploughing pan and increases subsoil compaction, which 
restrict root penetration and reduce water and nutrient 
uptake from deep layers, results in low yield (Yang et al. 
2008; Bengough et al. 2011; Mu et al. 2016). Deep tillage 

has been demonstrated to improve soil structure by 
breaking the dense soil layer, increasing the total porosity 
and creating a favorable environment for microbial 
metabolism and crop growth (Varsa et al. 1997; Sun et al. 
2017). 

Similarly, deep tillage in rotation with shallow till age 
significantly minimized soil compaction and favored a 
better soil water status, which help in crop development 
and increase water use efficiency (Rashidi et al. 2007; 
Hou et al. 2011). However, there have been conflicting 
results regarding the appropriate interval time under 
different crop systems, soil type and climate (Varsa et al. 
1997; Sun et al. 2017; Rashidi et al. 2007; Hou et al. 
2012; Carter at el., 2007). Soil tillage is among the 
important factors properties and crop yield. The judicious 
use of tillage practices overcome the edaphic constraints, 
whereas inopportune till age may cause a variety of 
undesirable outcomes, for example ,soil structure 
destruction, accelerated erosion, loss of organic matter 
and fertility, and disruption in cycles of water, organic 
carbon, and plant nutrients (Lal, 1993). Similarly, Tillage 
improves soil physical and chemical properties and 
increase crop yield, improve water holding capacity and 
porosity level of the soil bulk density, field capacity, 
porosity, particle density (Alamet al. 2014). Effect of tillage 
on soil physical and chemical properties as well as on 
crop production has been reported earlier by Unger 
(1991). Good tillage practices improve water retention in 
soils, root proliferation, nutrient uptake and ultimately crop 
yield increased (Carter et al. 1982). 

Keeping in view the aforementioned discussion, the 
present experiment was managed with intention to 

determine the optimal P level and sources under different 
tillage depths for higher productivity and profitability of 
wheat. 
 
MATERIALS AND METHODS 

Field experiments were conducted to study the impact 
of phosphorus (P), organic sources and tillage 
management on wheat productivity and profitability. The 
experiment was accomplished at the Agronomy Research 
Farm of The University of Agriculture Peshawar, Pakistan 
for two years 2017-18 (Y1) and 2018-19 (Y2).The 
experimental site has continental climate and is located at 
34027'12.46'' N latitude and 71027'56.4'' E longitude with 
altitude of 359 m above sea level. The experiment was 
conducted in randomized complete block (RCB) design 
with split plot arrangement, having three replications. 
Peshawar is located about 1600 km north of the Indian 
Ocean and has continental type of climate. The research 
farm is irrigated by Warsak canal from river Kabul. Soil 
texture is clay loam, low in organic matter (0.87 %), 
extractable P (6.57 mg kg-1), exchangeable potassium 
(121 mg kg-1), and alkaline (pH 8.2) and is calcareous in 
nature. The climate of Peshawar is semiarid where the 
mean annual rainfall is very low (300 to 500 mm), 60-70% 
rainfall occurs in summer, while the remaining 30-40% 
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rainfall occurs in winter. The experiment was composed of 
three factors i.e. tillage depths, organic sources and P 
levels. The combination of factor-A (tillage depths), for 
shallow tillage depth rotavator, while for deep tillage mold 
bold plough was used. The implements ware first adjusted 
for the particular depth and factor-B (organic sources) was 
allotted to main plots and factor-C (Plevels) into sub-plots. 
Plot size was 3m x 5m having 10 rows. A seed rate of 120 
kg ha-1on flatbeds with 30 cm apart rows were used. 
Recommended dose of nitrogen (140 kg ha-1) in the form 
of urea was applied in three equal splits. The organic 
sources (poultry manure, cattle manure, mungbean and 
sugarcane residue) were applied and incorporated in soil 
30 days before sowing. The concentration of NPK in 
organic sources i.e. poultry manure (2.28, 1.93 and 1.61 
%, respectively), cattle manure (0.84, 0.37 and 0.59 %, 
respectively), mung bean residue (0.84, 0.33 and 1.5 %, 
respectively) and sugar cane residue (0.92, 0.21 and 1.7 
%, respectively). 

 
Figure 1: Mean monthly maximum and minimum 
temperature and rainfall data of the experimental site 
during growing season 2017-18 and 2018-19. 

The experiment comprised of the following factors and 
their levels: 
Factor – A: Tillage depths (Main plot) 
  TD1 = Shallow (15 cm) 
  TD2 = Deep (30 cm) 
Rotavator and mold bold plough was used as shallow and 
deep tillage implements, respectively.  
Factor – B: Organic sources (Main plot) (10 t ha-1)  
  OS1 = Poultry manure 
  OS2 = Cattle manure 
  OS3 = Mungbean residues 

  OS4 = Sugar cane residues 
Factor – C: P levels (kg P ha-1) (Sub plot) 
  P1 =  0  
  P2 =  60  

  P3 =  90 
  P4 =  120  

I. Yield and yield components 
1. Number of spikes m-2 
2. Number of grains spike-1 
3. 1000 grains weight (g) 
4. Biological yield (kg ha-1) 
5. Grain yield (kg ha-1) 
6. Harvest Index (%) 

Spike data was recorded by counting the numbers of 
spike in-central three rows of each subplot and was 
converted into numbers of spike m-2 using the formula: 

1
lenght  row  rows No. R-R

 counted spikes of No.
m Spike 2- 




 

Grains spike-1 

At random grains of 10 selected spikes of each plot 
was counted and then averaged subsequently. Thousand 
grains from each plot was counted and weight with the 
help of electronic balance. Eight central rows were 
harvested for recording biological data, the material was 
sun dried up to constant weight, weighted with digital 
balance and converted into kgha-1.The harvested material 
for biological yield was thrashed separately using a mini 
thresher, seeds ware cleaned and weight with digital 
balance and sample data was converted into kg-ha-1 with 
the following formula.  

Grain yield (kg ha−1) =
Grain yield of harvested rows 

R-R × No. rows ×  row lenght 
× 10000 

Harvest index (HI) data was Figure out by using the 
following formula: 

Harvestindex =
Eonomic yield(grain)

Biological yield
x 100 

Statistical analysis 
 Statistical analysis of the data for analysis of 
variance (ANOVA) was done by the technique described 
by Gomez and Gomez (1984). For statistical analysis 
software MSTATC was used. The significance of 
differences among mean values was compared by using 
the LSD test at P≤0.05 (Jan et al. 2009). 
 
RESULTS 

Number of grains spike-1 
A significant variation was observed in grains spike-1 

as affected by year, tillage depth, organic sources, 
different P levels (Table 1), while all the interactions were 
found not significant. Deep tillage produced more grains 
spike-1(39) than shallow tillage (37). Mean data of organic 
manure revealed that poultry manure application produced 
higher grain spike-1(39), followed by cattle manures (38), 
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which were statistically similar to sugar cane residues and 
the lowest number of grains spike was counted in 
sugarcane residues (37). Moreover, P application at the 
rate of 120 kg ha-1produced maximum grains spike-1 
(40)which were statistically similar to90 kgha-1(40), 
followed by 60 kg ha-1(38) while lowest grains spike-1(34) 

was recorded in control. Additionally, a higher grainspike-1 
were recorded in Y2(39) than in Y1 (37). Interactive 
between T x P showed that increasing rate of P up to 90 
kg ha-1 enhanced grains spike-1 under deep tillage, while 
under shallow tillage depth grains spike-1were enhanced 
with increasing P rate (Fig. 2). 

 
Table 1:Effect of phosphorus, organic sources, and tillage depths on grains spike-1 of wheat 

 

Tillage depths 
Year (Y) 

Mean 
2017-2018 2018-2019 

Shallow(15 cm) 37 38 37 

Deep (30 cm) 38 40 39 

LSD (0.05) for Tillage 0.7 0.6 0.4 

Organic sources 
 (OS)    

Poultry manure 38 40 39 

Cattle manure 37 39 38 

Mungbean residues 37 39 38 

Sugar cane residues 36 39 37 

LSD (0.05) for OS 0.9 0.8 0.6 

P levels (kg ha-1) 
  

0 33 34 34 

60 37 39 38 

90 39 40 40 

120 39 42 40 

LSD (0.05) 

 for P 
1.6 0.8 0.9 

Year 
   

2017-2018 
  

37 

2018-2019 
  

39 

Significance 
  

** 

Interaction Significance Interaction Significance 

T x OS ns T x P x OS ns 

Y x T ns Y x P ns 

Y x OS ns Y x T x P ns 

Y x T x OS ns Y x P x OS ns 

T x P * Y x T x P x OS ns 

P x OS ns 
  

ns, *, ** stand for non-significant, significant at 5 and 1% probability, respectively. 
 

 
Figure 2: Interactive effect of tillage depths and phosphorus levels on grains spike-1 of wheat. 
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Table2: Effect of phosphorus, organic sources, and tillage depths on spike m-2 of wheat. 

Tillage depths 
Year (Y) 

Mean 
2017-2018 2018-2019 

Shallow(15 cm) 273 275 274 b 

Deep (30 cm) 275 282 279 a 

LSD (0.05) for Tillage ns 4 2 

Organic sources(OS) 
   

Poultry manure 284 288 286 a 

Cattlemanure 274 282 278 b 

Mungbean residues 270 268 269 c 

Sugar cane residues 267 276 271 c 

LSD (0.05) for OS 2 6 3 

P levels (kg ha-1) 
  

0 260 268 264 d 

60 281 271 276 c 

90 275 286 280 b 

120 280 290 285 a 

LSD (0.05) 

 for P 
4 5 3 

Year 
   

2017-2018 
  

274 b 

2018-2019 
  

279 a 

Significance 
  

** 

Interaction Significance Interaction Significance 

T x OS ns T x P x OS * 

Y x T * Y x P ** 

Y x OS ** Y x T x P ns 

Y x T x OS ns Y x P x OS ** 

T x P ns Y x T x P x OS ns 

P x OS ** 
  

ns, *, ** stand for non-significant, significant at 5 and 1% probability (p ≤. 0.05 

 
Table3: Effect of phosphorus, organic sources, and tillage depths on thousand grains weight (g) of wheat. 

Tillage depths Year (Y)  Mean 

 2017-2018 2018-2019  

Shallow (15 cm) 35.5 36.2 35.8 b 

Deep (30 cm) 36.3 37.3 36.8 a 

LSD (0.05) for Tillage 0.3 0.2 0.2 

Organic sources (OS)    

Poultry manure 36.4 36.8 36.6 a 

Cattle manure 35.9 37.1 36.5 a 

Mungbean residues 35.5 36.6 36.0 b 

Sugar cane residues 35.8 36.5 36.1 b 

LSD (0.05) for OS 0.5 0.3 0.3 

P levels (kg ha-1)   

0 32.2 31.9 32.0 c 

60 37.1 37.8 37.4 b 

90 37.0 38.7 37.8 a 

120 37.3 38.7 38.0 a 

LSD (0.05) for P 0.5 0.7 0.4 

Year    

2017-2018   35.9 b 

2018-2019   36.7 a 

Significance   ** 

Interaction Significance Interaction Significance 

T x OS * T x P x OS * 

Y x T ns Y x P ** 

Y x OS ns Y x T x P ns 

Y x T x OS ns Y x P x OS ns 

T x P ** Y x T x P x OS ns 

P x OS ns   

ns, *, ** stand for non-significant, significant at 5 and 1% probability, respectively. 
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Table 5: Effect of phosphorus, organic sources, and tillage depths on biological yield of wheat 

Tillage depths Year (Y)  Mean 

 2017-2018 2018-2019  

Shallow (15 cm) 9011 9595 9303 b 

Deep (30 cm) 9211 9811 9511 a 

LSD (0.05) for Tillage 90.1 98 64 

Organic sources 
(OS) 

   

Poultry manure 9344 10089 9716 a 

Cattle manure 9260 9760 9510 b 

Mungbean residues 8961 9516 9238 c 

Sugar cane residues 8879 9447 9163 d 

LSD (0.05) for OS 128 139 90 

P levels (kg ha-1)   

0 8082 8837 8460 d 

60 9348 9754 9551 c 

90 9432 10077 9754 b 

120 9583 10144 9864 a 

LSD (0.05) for P 150 132 99 

Year    

2017-2018   9111 b 

2018-2019   9703 a 

Significance   ** 

Interaction Significance Interaction Significance 

T x OS ns T x P x OS ns 

Y x T ns Y x P ** 

Y x OS ns Y x T x P ns 

Y x T x OS ns Y x P x OS ns 

T x P ** Y x T x P x OS ns 

P x OS ns   

ns, *, ** stand for non-significant, significant at 5 and 1% probability, respectively. 
Table 6: Effect of phosphorus, organic sources, and tillage depths on grain yield (kg ha-1) of wheat 

Tillage depths 
Year (Y) 

Mean 
2017-2018 2018-2019 

Shallow (15 cm) 3419 3610 3515 b 

Deep (30 cm) 3552 3675 3614 a 

LSD (0.05) for Tillage 48 48 34 

Organic sources (OS) 
   

Poultry manure 3593 3735 3664 a 

Cattle manure 3503 3686 3594 b 

Mungbean residues 3445 3539 3492 c 

Sugar cane residues 3403 3611 3507 c 

LSD (0.05) for OS 76 68 48 

P levels (kg ha-1) 
  

0 2700 2617 2658 d 

60 3747 3824 3785 c 

90 3702 4068 3885 b 

120 3794 4063 3928 a 

LSD (0.05) for P 77 50 45 

Year 
   

2017-2018 
  

3486 b 

2018-2019 
  

3643 a 

Significance 
  

** 

Interaction Significance Interaction Significance 

T x OS ns T x P x OS ns 

Y x T ns Y x P ** 

Y x OS ns Y x T x P * 

Y x T x OS ns Y x P x OS ** 

T x P ns Y x T x P x OS ns 

P x OS ** 
  

ns, *, ** stand for non-significant, significant at 5 and 1% probability, respectively. 
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Table 7:  Effect of phosphorus, organic sources, and tillage depths on harvest index (%) of wheat 
 

Tillage depths 
Year (Y) 

Mean 
2017-2018 2018-2019 

Shallow (15 cm) 37.8 37.4 37.6 

Deep (30 cm) 38.4 37.3 37.9 

LSD (0.05) for Tillage NS NS NS 

Organic sources (OS) 
   

Poultry manure 38.3 36.9 37.6 

Cattle manure 37.7 37.5 37.6 

Mungbean residues 38.3 37.0 37.6 

Sugar cane residues 38.1 38.0 38.1 

LSD (0.05) for OS ns ns ns 

P levels (kg ha-1) 
  

0 33.4 29.6 31.5  b 

60 40.1 39.3 39.7 a 

90 39.3 40.4 39.8 a 

120 39.6 40.1 39.9 a 

LSD (0.05) for P 1.1 0.7 0.7 

Year 
   

2017-2018 
  

38.1 

2018-2019 
  

37.3 

Significance 
  

ns 

Interaction Significance Interaction Significance 

T x OS ns T x P x OS ns 

Y x T ns Y x P ** 

Y x OS ns Y x T x P ns 

Y x T x OS ns Y x P x OS * 

T x P ** Y x T x P x OS ns 

P x OS ** 
  

 
ns, *, ** stand for non-significant, significant at 5 and 1% probability, respectively. 

 

Spikes m-2 
Spikes m-2 of wheat were significantly affected by 

year, tillage depth, organic sources and different P levels 
(Table 2). All the interactions effects were found non-
significant except Y x P interaction. Statistical analysis of 
the data showed that higher number of spikes m-2(279) 
was recorded under a deep tillage than in a shallow tillage 
(274). A significant variation was observed among organic 
sources, maximum spikes m-2 was observed in poultry 
manure applied plots (286), followed by cattle manure 
(278) and while minimum spikes m-2(269) was recorded in 
mungbean residues which were statistically similar with 
sugarcane residue applied plots (271). Among different P 
levels, maximum spikes m-2(285) were recorded when P 
was applied at the rate of 120 kg ha-1 followed by 90 kg 
ha-1(280) and 60 kg ha-1of P (276) while the minimum was 
recorded in control (264).  

phosphorus levels on spikem-2 of wheat. 
Additionally, higher spikes m-2 was recorded in Y2 

than in Y1. Interaction of Y x P showed that during the Y1 
increasing the rate of P increase spikes m-2 while in the 
Y2maximum spikes m-2 was recorded when P was applied 
at the rate of 60 kg ha-1 further increase in P decrease 
spikes m-2. Increasing P rate along with poultry manure 
enhanced spikes m-2 under deep tillage (Fig. 3). 

 

 

 
 
 

Figure 3: Interactive effect of organic sources and  

Thousand grains weight (g) 
Data regarding thousand grains weight (TGW) of 

wheat as affected by tillage and P management are 
presented in Table 3. Analysis of the data showed that all 
the applied treatment showed a significant effect on TGW 
of wheat.  Among the interactive effects T x OS, T x P, T x 
P x OS and Y x P were found significant. Deep tillage 
produced heavier grains (36.8 g) as compared with 
shallow tillage (35.8 g). In the case of organic source, the 
application of poultry manure produced higher TGW (36.6) 
which was statistically similar with cattle manure (36.5 g), 
while minimum TGW (36 g) was recorded in mungbean 
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and in sugarcane residues applied plots. Additionally, 
maximum TGW (38 g) was recorded in the case of P 
application at the rate of 120 kg ha-1 which was 
statistically similar with 90 kg ha-1 (37.8 g) while the 
minimum TGW was recorded in control plots (32 g). 
Moreover, heavier grains were recorded for the Y2as 
compared with the Y1. Interaction between T x P showed 
that under deep tillage system more TGW of wheat was 
recorded with each increment in P rate (Fig. 4). All organic 
sources had positive effect on TGW while increasing P 
rate especially under deep tillage (Fig. 5). T x OS revealed 
that poultry manure and cattle manure enhanced grain 
weight under deep tillage system (Fig. 6). P application at 
the rate of 90 and 120 kg ha-1performs better during Y2 
than Y1. 

 
 
Figure 4: Interactive effect of tillage depths and 
phosphorus levels on thousand grains weight (g) of 
wheat. 
 

 
 
Figure 5: Interactive effect of tillage depths, organic 
sources and phosphorus levels on thousand grains 
weight (g) of wheat. 
 

 
Figure 6: Interactive effect of T and OS on thousand 
grains weight (g) of wheat. 

Biological yield (kg ha-1) 
Data regarding the biological yield of wheat are 

presented in Table 4 Biological yield (BY) was significantly 
affected by tillage depth, organic sources, and P levels. 
Interactions between T x P and Y x P were found 
significant. Deep tillage significantly increased BY(9511 kg 
ha-1) than shallow tillage depth (9303 kg ha-1). Among 
organic manures, poultry manure application produced the 
highest BY(9716 kg ha-1), followed by cattle manure (9510 
kg ha-1), while minimum BY(9238 kg ha-1) was recorded 
for sugarcane residues (9163). In the case of P levels, 
maximum BY(9864 kg ha-1) was recorded when P was 
applied at the rate of 120 kg P ha-1, followed by 90 kg P 
ha-1 (9754 kg ha-1), while minimum BYwas recorded in 
control (8460 kg ha-1). Higher BYwas recorded during Y2 
than in the Y1.  The T x P interaction showed that under 
deep tillage system BY was increased with increase in the 
rate of P from 0 kg P ha-1up to 90 kg P ha-1 and then 
become constant with further increase in P (Fig. 7). 
 

 
Figure 7: Interactive effect of tillage depths and 
phosphorus levels on biological yield (kg ha-1) of 
wheat. 

Grain yield (kg ha-1) 
Grain yield (GY) of wheat was significantly affected by 

year, tillage depth, organic sources and different P levels 
(Table 5). Interactions P x OS, Y x P, Y x T x P, and Y x P 
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x OS were found significant, while all the remaining 
interactions were found not significant. Deep tillage 
produced significantly higher GY as compared with 
shallow tillage depth. Among organic manure, poultry 
manure application considerably enhanced GY (3664 kg 
ha-1), followed by cattle manure (3594 kg ha-1) and lower 
GY (3492 kg ha-1) was recorded with incorporation of 
mungbean residues being at par with sugarcane residues 
(3507 kg ha-1). P application at the rate of 120 kg ha-

1produced maximum GY (3928 kg ha-1) of wheat followed 
by 90 kg ha-1 (3785 kg ha-1) and 60 kg ha-1 (3785 kg ha-1) 
while minimum GY was recorded in control (2658 kg ha-1). 
Higher GY was recorded in Y2 than Y1. Increasing P rate 
up to 60 kg ha-1enhanced GY of wheat under all organic 
manures, however further increase in P rate had not 
significantly increased GY (Fig. 8). P at the rate of 90 kg 
ha-1 along with poultry manure increased GY during Y2 
produced higher than Y1. 

 

 
Figure8: Interactive effect of organic sources and 
phosphorus levels on grain yield (kg ha-1) of wheat. 

Harvest index (%) 
Data concerning harvest index (HI) of wheat as 

influenced by year, tillage depth, organic manure, and P 
level are presented in Table 6. Statistical analysis of the 
data revealed that tillage depth and organic manure had 
not significantly affected HI, while P level significantly 
affected HI. The maximum HI(39.9 %) was recorded with 
P applied at the rate of 120 kg P ha-1 which was 
statistically similar with 90 and 60 kg P ha-1 , while 
minimum HIwas recorded in control (31.5 %). P at the rate 
of 60 kg ha-1 under deep tillage enhanced HI(Fig. 9). 
Increasing P rate up to 60 kg P ha-1 exponentially 
increased HIunder all types of organic sources, however 
promising increase in HIwas observed with application of 
sugarcane residue (Fig. 10). 

 

 
Figure 9: Interactive effect of tillage depths and 
phosphorus levels on harvest index (%)     ofwheat. 
 

 
Figure 10:Interactive effect of organic sources and 
phosphorus levels on harvest index  (%) of wheat. 
 
DISCUSSION 

Grains spike-1, spike m-2and thousand grains weight 
 Depth tillage produced more grains spike-1, spike 

m-2, and TGW than shallow tillage depth. Deep tillage is 
more for soil management and soil physical properties 
than shallow tillage (Ali et al. 2013). These results are in 
line with Ali et al. (2012) who reported higher TGW under 
deep tillage as compared with shallow tillage. The 
increased in TGW under a deep tillage might be due to 
finer seedbed for vigorous emergence and a soft bed for 
the root penetration. The increased in grain weight might 
be due to the balanced supply of the essential nutrients to 
the plant during the whole growing session. Similar results 
were reported by Garg and Bahla, (2008) and Rutunga et 
al. (1998). Khan et al. (2010) concluded that maize grown 
with deep tillage produced higher grain yield as compared 
to shallow tillage. In general, deep tillage loosens the 
upper layer of the subsoil and promotes a deeper and 
wider root system to absorb water and nutrients from 
deeper soil horizons and a larger soil volume (Sen, 2003). 
In eastern Punjab, Ghuman and Sur, (2001) reported that 
wheat and maize under shallow tillage yielded less than 
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those under deep tillage. Deep tillage reduced the 
resistance to penetration, and increased water holding 
capacity as compared to shallow. The use of deep tillage 
tools in the soil can make the soil loosen and thus provide 
good environment for plant growth (Alcántara et al. 2016). 
Our results are in line with Iqbal et al. (2015) who stated 
that deep tillage significantly increased growth and TGW.  

In case of organic sources poultry manure 
incorporation produced higher grains spike-1, spike m-2, 
and thousand grains weight followed by cattle manures 
while the lowest number of grain spike was counted in 
mungbean residues. The increase in grain weight may be 
due to the fact that poultry manure supplies direct 
essential nutrients (i.e. NPK) to the plants and 
improvement of soil physical properties particularly in 
heavy clay soils result in heavy grains as reported by 
(Haris et al.2002). The increased in grain weight with 
application of poultry manures may be due to better 
nutrient availability and its uptake by plant (Singh and 
Agarwal, 2001; Akram et al. 1982; Iqbal et al. 2002). 
Poultry manure is a good source of plant macronutrients, 
due to which wheat yield components increased (Khalid et 
al. 2011 and Kramer et al. 2002).Plant nutrients and 
organic compounds released during the decomposition of 
organic matter enhances the crop growth and yield 
attributes (Martens et al. 1992; Hendrix et al. 1994). 

P application at the rate of 90 and 120 kg ha-1 
produced grains spike-1, spike m-2, and TGW. The increase 
might be due to better root system development due to P 
application enhanced water and nutrients uptake which 
readily translocate towards developing sink might be the 
possible reasons for more grains per spike. Our findings 
are in line with those of Kaleem et al.(2009) who 
documented that grains spike-1 significantly increased with 
the application of P. Significant difference was found in 
control vs. rest for grains spike-1 of wheat crop. P helps in 
the development of a strong and healthy root system 
which results in efficient uptake of essential nutrients 
required for maximum dry matter production. The absence 
of P in control plots did not develop a healthy root system 
to facilitate better and timely absorption of nutrients and 
water thus led to lower dry matter production (Amanullah 
et al. 2016). The increase in number of spikes m−2 and 
grains per spike with increase in P level probably may be 
the major cause for increasing total DM accumulation and 
greater amount of partitioning into various plant parts 
especially the reproductive parts which increased grain 
yield. Memon et al. (2011) and Rahim et al. (2010) 
reported that grains spike-1 in wheat increased with 
increase in P level. Recently Amanullah and khan, (2015), 
found that phosphorus levels had significantly (P ≤ 0.05) 
affected number of grains ear−1 and 1000 grains weight. 
Decrease in P level not only decreased yield and yield 
components of maize but also declined the income of 
growers under semiarid climates (Amanullah et al. 2010, 
and Amanullah and khan, 2015). Moreover, P application 
at the rate of 120 kg ha-1produced maximum grains spike-

1, spikes m-2 and thousand grains weight while lowest 
grains spike was recorded in control. Poulsen et al. (2005) 
reported that the application of phosphatic fertilizer 
significantly enhanced the number of grains spike-1, which 
ultimately increased the grain yields. Nawaz (1989) and 
Brennan (1992) observed a progressive increase in 1000-
grains weight with the gradual increase in P dose from 60 
to 120 kg P ha-1. Yaseen et al. (1998) reported a higher 
grain yield of wheat crop with P application. Ascher et al. 
(1994) suggested that with an adequate amount of P 
application more than 20 % of grain yield of wheat can be 
obtained. that might have contributed to better root 
development and nutrient absorption from the soil. 
Profound effect of higher doses of P on grains per spike 
was also reported by Hussain et al. (2004). It was found 
that higher dose of P and early sown crop produced 6% 
more grain weight as compared to lower level of P, 

Biological and Grain yield 
 The increase in biological yield reflects the better 

growth and development of the plants due to the balanced 
and more availability of nutrients throughout the growing 
period. Deep tillage significantly increased wheat 
biological and grain yield than shallow tillage. The 
increased in grain and biological yield might be due to the 
reason that deep tillage loosens the upper layer of the 
subsoil and promotes a deeper and wider root system to 
absorb water and nutrients from deeper soil horizons and 
a larger soil volume hence increase the growth and 
photosynthetic efficiency of wheat (Sen, 2003; (Ali et al. 
2013).These results are also in line with Ali et al. (2012) 
who reported that deep tillage increase thousand grains 
weight of plant as a result increased grain yield. Khan et 
al.(2010) concluded that maize grown with deep tillage 
produced higher grain yield as compared to conventional 
and zero tillage systems. In eastern Punjab, Ghuman and 
Sur (2001) reported that wheat and maize under shallow 
produced less yield than those under deep tillage. 
Similarly, Busscher et al. (2000) and Akhtar et al. (2005) 
reported higher yield with deep tillage.  

Among organic sources, poultry manure significantly 
increased grain and biological yield as compared with 
other organic sources. The positive effect of poultry 
manure might be due to an adequate supply of nutrients. 
Danniset al. (2004) reported that as compared to farmyard 
and other restudies, the poultry manure has high nutrient 
in term of crop production. Hussain, (2001) obtained 
statistically similar yields with 5 t ha-1 FYM and 1.5 t 
poultry manure both along with ¾ NPK, indicating that 
poultry manure supplied a greater amount of available 
plant nutrients than by FYM. Hussain, (2001) reported that 
about 74% of total P and 40% of total N in poultry manure 
are in the available form (Shepherd and Withers, 1999). 
Our results ware in line with Patil and Bhilare, (2000) who 
reported maximum grain yield of wheat with application of 
poultry manure. The higher yield may be due to the fact 
that these poultry manure supplies direct available 
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nutrients such as nitrogen to the plants 
(Channabasanagowda et al. 2008). Similarly, Boateng et 
al. (2006) also reported that poultry manure significantly 
increased the grain yield. Bodruzzaman et al. (2010) 
reported higher grain yield application of poultry manure. It 
has been reported that role of organic manures in 
improving crop yield is attributed to the supply of all 
essential nutrients due to their continuous mineralization 
(Abbas et al. 2012). Our result was in lined with the 
published literature many investigators reported significant 
effect of pouitry manures on wheat crop production (Matsi 
et al. 2003; Rehman et al. 2006). Similarly the dominant 
effect of poultry manure on wheat biological yield was also 
reported by (Bodruzzaman et al. 2010). In another study 
maximum biological yield (22.2 t ha-1) of maize was 
obtained with application of 12 t ha-1 poultry manure 
(Farhad et al. 2010). This was because of the fact that 
approximately 74% of total P and 40% of total nitrogen in 
poultry manure were in the available form (Shepherd and 
Withers, 1999. Increased in wheat grain yield with poultry 
manure and P application can be attributed to more 
number of tillers and grains (Pedro et al. 2011) and more 
grain weight (Masoniet al. 2007). Poultry manure enhance 
nutrient use efficiency by slow releasing of nutrients and 
reducing their losses (Nevens and Reheul, 2003).  

 In the case of P application maximum biological and 
grain yield was recorded when P was applied at the rate of 
120 kg ha-1. Hussain et al. (2004) reported that a 
significant increase in biomass yield can be obtained in 
wheat crop with the application of P at 75 to 100 kgha-1. 
Our results are in line with the finding of Mumtaz et al. 
(2014), that P application at the rate of 120 kg ha-1 
significantly increased grain yield of wheat. In recent 
research on Swabi soil revealed that 90 kg ha-1 P along 
with 6 t ha-1 poultry manure is sufficient for obtaining the 
optimum yield of wheat crop (Ali at el., 2004). Similarly, 
the result of the study performed by (Zia et al. 2000) 
suggested that wheat grain yield increased with increasing 
level of P over control. Increase in dry matter yield with the 
application of phosphatic fertilizer has also been reported 
by Hameed et al. (2002) and Hussain et al. (2004). The 
improvement in growth and yield parameters might be due 
to the stimulating effect of phosphorus on plant process, 
namely, cell division and root elongation in merismatic 
tissues. The possible reason for increased in biological 
yield could be correlated with the increased number of 
tillers. The increased numbers of tillers production 
ultimately enhanced the dry matter production. Such 
increased in tiller production could be the effect of 
increased root biomass through cell division and 
multiplication (Mumtaz et al. (2014). Besides, phosphorus 
being the component of ATP—the energy currency in the 
metabolic activities—might have directly contributed to a 
larger photosynthetic and luxuriant vegetative growth. 
These observations confirm the findings of Lu and Barber, 
(1995) and Sharma and Parmar, (1998). Further a large 
canopy development under the increased levels of 

phosphorus seems to have a greater absorption and 
utilization of radiant energy resulting in high dry matter 
accumulation by crop plants. The increase in P uptake 
may be attributed to higher P content as well as grain and 
straw yields with higher dose of P (Mumtaz et al. 2014). 
The results are in conformity with the findings of 
Choudhary et al. (1997). Sharma et al. (2012) and Pareek, 
(2004) reported that the biological yield was increased 
with an increase in P level for proper germination, 
increased availability of nutrients, improvement of soil 
water holding capacity and reduction of volatilization of 
nitrogenous fertilizer to NH3 gas. According to Edward and 
Daniel (1992), if poultry manure was added in combination 
with chemical fertilizer, it supplemented all nutrients to 
crop and increased the productivity of the crop. 

 

CONCLUSION 
From the results, it is concluded that  

Implementation of deep tillage (30 cm), enhanced 
grains spike-1, spike m-2, thousand grains weight, 
biological and grain yield. 

Among different organic manure, poultry manure 
significantly improved grains spike-1, spike m-2, thousand 
grains weight, biological and grain yield of wheat and  

The application of P at the rate of 120 kg ha-

considerbly enhanced grains spike-1, spike m-2, thousand 
grains weight, biological and grain yield of wheat. 

On the base of conclusion it is recommended that 
combine application of poultry manure and P at the rate of 
120 kg ha-1 under deep tillage (30 cm) is recommended 
for obtaining higher productivity and profitability of the 
wheat crop under the Agro climatic, condition of 
Peshawar. 
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