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ABSTRACT 
 

This trial was conducted to assess the phosphorus (P) fertilization techniques under assorted 
irrigation levels to exploit the wheat yield and phosphorus use efficiency (PUE). P was implemented at 0, 
50, 100 and 150 kg P2O5 ha-1 as band placement or by broadcasting in the wheat irrigated at four irrigation 
levels (0, 2, 3 & 4 irrigations). Phosphorus rates were computed to accustomed soil solution P levels (0.0, 
0.1, 0.2 & 0.3 mg P L-1) in soil solution via Freundlich Model. Escalating P rate up to 100 kg P2O5 ha-1 
(0.2 mg P L-1 in soil solution) enhanced the economic yield, yield associated characters, kernel and straw P 
contents, total P uptake, net revenue and benefit-cost ratio (BCR) of the wheat. Nevertheless, P fertilization 
at 50 and 150 kg P2O5 ha-1 (0.1 & 0.6 mg P L-1 in soil solution) caused elevated PUE and the Olsen P, 
respectively. Band placement was more efficient and cost-effective than broadcasting technique. Three 
irrigations at the crown root initiation, booting and grain enlargement phases were more efficient to attain 
elevated economic yield and net revenue of the wheat. Conclusively, band placement of P at 100 kg P2O5 
ha-1 (0.2 mg P L-1 in soil solution) with the 3 irrigations (at crown rooting, booting & grain enlargement 
phases) is the most excellent alternative to harvest utmost wheat production, PUE and net financial returns 
in the sandy clay loam soils. 
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Introduction 
 

Improvement in the production of bread wheat (Triticum aestivum L.) on persistent basis is 
mandatory to nourish the rising population the world over. In the Indo-Gangetic plains, wheat inhabits a 
foremost area during winter season but its yield is extreme lower than the potential of accessible wheat 
cultivars (Mann et al., 2004). Water scarcity at decisive growth phases, conventional technique of the 
seedbed preparation for previous crop (e.g., rice), postponed planting, deprived weeds management, and 
non-judicious and disproportion utilize of fertilizers along with numerous other disagreements diminish the 
wheat production (El-Gizawy, 2009). 

The unavailability and insufficient deliver of critical plant nutrients is another aspect accountable for 
stumpy yield in the area. For example, 90% soils are lacking in nitrogen (N) and phosphorus (P) and 40% 
in potassium in the Pakistan (Ahmad and Rashid, 2004). Between all the nutrient elements required by a 
plant, P has primary significance for crop productivity and stress is being given on the proficient employ of 
P fertilizers for sustainable crop productivity (Ryan, 2002). In Pakistan, over 90% soils are little in 
accessible P, suffer from reasonable to harsh P paucity due to alkaline calcareous character of the soil 
(Iqbal et al., 2003); as P fixation is a harsh predicament in alkaline (pH>7) and calcareous (CaCO3>3%) 
soils (Sharif et al., 2000). Main fraction (over 80%) of added P gets rigid and only a diminutive section of 
it goes to soil solution which might be either taken up by crops or precipitates (Leytem and Mikkelsen, 
2005). Furthermore, the adsorbed P becomes rigid to discharge in soil solutions, ensuing in diminish in 
effectiveness of P fertilizer with time (Delgado et al., 2002). This P insufficiency is more provoked due to 
60% slighter use of suggested P (Hussain et al., 2008). To grab the full yield potential of modern wheat 
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genotypes, optimal P deliver is very important (Clark, 1990); as it acts a critical role in energy storage and 
transmit within the cells, pace up root expansion, assists superior N uptake and results in elevated kernel 
protein. 

As P is little movable, fewer soluble and extremely prone to soil fixation; efficiency of applied P 
depends on the properties of fertilized soil, fertilizer itself and time and technique of its application (Iqbal 
et al., 2003). Thus, it is significant to make location definite and crop specific P fertilization on scientific 
basis (Rahim et al., 2010). Phosphorus adsorption isotherms can be proficiently exploited to guess the P 
rates necessary to correct soil solution P at the preferred level after recognizing optimal soil solution P 
level for wheat (Rahim et al., 2010). 

To improve phosphorus use efficiency (PUE) of used P fertilizer, time and technique of its 
fertilization are decisively essential, because diverse P fertilization method vary in PUE. In Indo-Gangetic 
plains, P is usually broadcasted on soil surface pursued soil incorporation prior to sowing of the crop, 
which results in the exchange of soluble P to insoluble forms and therefore diminishes its use effectiveness 
(Shah et al., 2006). Fixation of broadcasted P is greatly superior than the fertilizer used in bands because of 
fewer contact with P fixing components (Rehman et al., 2006). P application in dilute solution (less than 
5%) with irrigation water confirmed enhanced to improve PUE (Zafar et al., 2003). Recently, Rahim et al. 
(2010) accounted enhanced PUE from band placement of P than its broadcasting. Nevertheless, split 
fertilization of P by top dressing or by fertigation is superior decision to harvest superior economic yield 
and PUE than soil incorporation at sowing under several conditions (Latif et al., 2001). 
For booming crop productivity in modern agriculture, enough and sufficient deliver of irrigation water 
from either source is the requirement. Though, irrigated farming is in front of an severe scarcity and 
opposition for little cost and elevated quality irrigation water (Howell, 2001). In this view, water judicious 
cultivation is the requirement of time and it is thus, necessary to find out the most critical plant growth 
phases, where the irrigation ought to be applied to evade moisture stress and obtain normal yield (Farooq 
et al., 2009; Hussain et al., 2009). 

This trial was performed to find out optimal P level, calculated according to accustomed soil 
solution P levels via Freundlich Model, fertilization method and cautious irrigation arrangement for 
exploiting wheat production, PUE and net financial return.  
 
Materials and Methods 

 
Trial location depiction:  
 

This work was conducted at Agricultural Research Station Harichand, Pakistan (340 8’ 43’’ North, 
710 43’ 53’’ East 282 m above sea level) during winter season 2015-16. The investigational area was 
relatively consistent and calcareous (CaCO3> 5%) in character. Trial soil was sandy clay loam with ECe 
2.4 dS m-1, pH 7.9, organic matter 0.9%, Oslen P 7.8 mg g-1 and Extractable K 180 mg g-1. Weather data 
during the trial phase is specified in Table I. 

 
Table I: Mean monthly weather data during the course of study 

Month Temperature (°C) Relative Total monthly 
  humidity (%) rainfall (mm) 
November 20.9 47.0 12.8 
December 15.5 57.4 46.2 
January 12.5 67.4 0.0 
February 15.5 67.1 55.9 
March 19.4 47.0 41.3 
April 28.9 35.1 0.0 

 
Trial details:  
 

Wheat seed (TriticumaestivumL.cv. Pirsabak-2013) was obtained from Cereal Crop Research 
Institute Pirsabak, Pakistan having 11.6% moisture contents with over 97% germination percentage. The 
research was arranged in randomized complete block design (RCBD) (split-split plot design) with three 
replications and net plot dimension of 1.8 m × 4 m. Irrigation levels, P fertilization techniques and P levels 
were allotted to main, sub and sub-sub plots, respectively. Phosphorus was used at 0, 50, 100 and 150 kg 
P2O5 ha-1 (according to accustomed soil solution P levels i.e., 0.0, 0.1, 0.2 & 0.3 mg P L-1 in soil solution 
by the Freundlich Model) by band placement and broadcasting at the four irrigation levels viz. 0 (no 
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irrigation), 2 (each at crown root initiation & booting stages), 3 (each at initiation of crown root, booting & 
grain enlargement phases) and 4 (each at the crown root initiation, booting, anthesis& grain enlargement 
phases). 

 
Phosphorous adsorption isotherms and implementation of model:  
 

Phosphorus (P) adsorption capabilities of the soils were estimated by shaking 2.5 g soil sample with 
25 mL 0.01 M CaCl2 including 0, 5, 20, 40, 60, 80, 100, 200, 300, 400 and 500 µg P mL-1 as KH2PO4 for 
24 h at 25oC. The sorption isotherms were created according to the techniques depicted by Rowell (1994). 
The quantity of P adsorbed was anticipated via the difference of P added and P left over in the solution 
after P equilibrium was recognized. The adsorption data were fixed to the customized Freundlich equation 
(Samadi, 2003). 

 
Modified Freundlich model:  
 

The easy form of the Freundlich model used in the current study was planned by Le Mare (1982) as 
follows: 
 
P = a C b 

Where a is the quantity of P adsorbed (μg g-1), when the concentration of C is 1 μg mL-1 and b (mL g-

1), is the buffer power distinct by the gradient of the sorption curve at the point where P/C = 1 (mL g-1). 
The customized Freundlich model used to illustrate the soils in this effort is as given: 
 
P = a C b / a 
 

The factor ‘a’ and ‘b’ were calculated by regression of the logarithmic form of the data resulting from 
adsorption isotherms. Theoretical dosages of P and phosphatic fertilizers necessary to build up P levels in 
soil solutions under field circumstances were estimated from this equation and applied in the field trial. 

 
P adsorption by the soils:  
 

Adsorbed P (x/m) demonstrated progressive raise as quantity of added P was enlarged (Fig. 1) in the 
soil but the raise was not linear. 
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Fig. 1: Adsorption isotherms of the sandy clay loam soil 
Equilibrium phosphorus concentration was recognized after adding phosphorus in the soil solution 

 
Freundlich adsorption isotherm:  
 

The created adsorption isotherm was tested according to the linear shape 
of the Freundlich expression [Log x/m vs. Log EPC] that provide a linear fit (Fig. 2) and an analogous 
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linear association was noted. The empirically derivative Freundlich adsorption expression (Pant and Reddy 
2001) used in this work is: 
x/m = Kf (EPC) 1/n 
 
 

L
og

 x
/m

 

y = 0.6845x + 2 R² = 0.96 

 
Log EPC (mg L-1) 

Fig. 2: Freundlich adsorption isotherm (Adsorbed phosphorus against phosphorus in the soil solution) 
 

The values of exponent 1/n were established fewer than one (0.171) in Freundlich adsorption 
expression, which point out elevated P equilibrium concentration in the soil. If 1/n value is more than one 
it specifies little equilibrium P concentration in soil solution. In this work P concentration in soil solution 
augmented with escalating level of added P and the value of 1/n  noted in this trial was 0.172 L kg-1. The 
Kf value specifies the capability factor; soil with superior Kf value has better adsorbing capability than a 
soil having lesser Kf value. The Kf estimated value might be used to differentiate soils having diverse P 
adsorption capabilities. Zhou and Li (2001) affirmed that small Kf values shows little P adsorption 
capabilities at small P concentrations (≤1 mg P L-1); furthermore, a great quantity of P might be maintained 
by the procedure of precipitation at elevated P concentration. Therefore, Kf value only specifies the 
quantity of adsorbed P at little P concentration and not the precipitation. The linear conversion of the data 
point out that all the lines on the graphs are linear. By means of these P adsorption values, the Freundlich 
plot expression for sandy clay loam soil was created as: 
x/m = 78.22 (EPC) 0.171. 
 
Calculation of fertilizer P dosages for wheat by Freundlich expression:  
 

Linear form of resulting Freundlich adsorption expression [Log x/m = Log Kf + 1/n (Log EPC)] was 
used for computing fertilizer dosages to correct the soil solution P level of, 0.10, 0.20 and 0.30 mg L-1 for 
the sandy clay loam soil. The regression expression can be explained for any preferred solution P level 
(0.0, 0.1, 0.2 & 0.3 mg L-1) by placing the value of Log EPC on X-axes and Log x/m on Y-axes from the 
equation achieved, for requisite solution P level. The computed quantity of P (0, 50, 100 & 150 kg ha-1) 
was transformed to P2O5 (0, 50, 100 and 150 kg ha-1) by multiplying it with the 2.29. 

 
Crop husbandry:  
 

The ten cm pre-soaking irrigation was applied earlier than seedbed preparation and seedbed was 
crafted by cultivating the field two times with the tractor-mounted cultivator each pursued by planking 
when the soil arrived at to sufficient moisture level. Wheat (Pirsabak-2015) was sown on November 15, 
2016 with sole row cotton drill via seed rate of 130 kg ha-1 and retaining row to row distance of 22.5 cm. 
Seed was treated with the fungicide benlate at 2.5 g kg-1 wheat seed prior to sowing. Calculate levels of P 
along with 140 kg N and 50 kg K ha-1 were used from triple super phosphate (TSP), urea and sulphate of 
potash (SOP), correspondingly as sources.  The half N and full P and K were used at sowing as blanket 
application, whereas left over half N was applied with 1st irrigation; while full N was applied at sowing 
time in the treatment getting no irrigation. All additional agronomic techniques were maintained 
homogeneous to all the treatment combinations to maintain crop liberated from weeds, insect pests and 
diseases. Harvesting of  mature crop was done on April 20, 2016. 
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Parameters recorded:  
 

At ultimate harvest, number of tillers, kernels in a spike and weight of 1000-grains was calculated 
from a sample harvested arbitrarily from unit area at four diverse sites in every plot. Two mid rows were 
harvested and sun dehydrated for the three days, threshed physically, grains were alienated and weighed on 
an electric balance to determine the economic yield and then transformed into kg ha-1. Economic yield was 
then accustomed to the 10% moisture contents. 

One gram oven dried out straw and kernel sample was digested in 10 mL of di-acid mixture 
(concentrated HNO3& 72% HC1O4, with 9:4 ratio) cooled the digest, transferred to the 100 mL volumetric 
flask and prepared volume (US Salinity Laboratory, 1954).  The five mL of the digested aliquot was taken 
in 50 mL volumetric flask, added 5 mL of ammonium vanadate (0.25%) and ammonium moly date (5%), 
made the volume and permitted to situate for 15-30 min. Reading was documented on the 
spectrophotometer. Then from the standard arch, P concentration (%) in kernel and straw was determined. 
Soil samples composed after harvesting of wheat were scrutinized for Olsen P (Olsen et al., 1954). Total P 
uptake by straw and kernels was estimated via the following expression: 

 
P uptake (kg ha-1) = P contents(%) in plant part (dry matter) x Yield (kg ha-1) 

       100 
 
Phosphorus use efficiency (PUE) was determined according the expression specified by Fageria et al. 
(1997) as under: 
 
PUE (%) = [Total P uptake (kg ha-1) in treated plots] - [Total P uptake (kg ha-1) in control plots] 
     P doses applied (kg ha-1) 

Kernel protein contents were computed according to Chapman and Parker (1961). The samples were 
digested with concentrated sulfuric acid in the existence of digestion mixture including K2SO4, CuSO4 and 
FeSO4 (90: 10: 1). The resultant mixture was more diluted with NaOH via steam in micro Kjeldahl 
distillation equipments. The ammonia formed was collected in 2% boric acid solution and N contents were 
calculated by titrating against 0.1 N H2SO4. Protein contents were estimated by multiplying nitrogen with a 
factor of the 6.25. 

 
Economic analysis:  
 

A benefit–cost analysis was performedto approximate the financial viability of diverse rates and 
methods of P fertilization, and irrigation regimes to improve wheat production and net financial returns. 
The cost of P2O5 was PKR 150 kg-1 (1 PKR = 0.014 US$). The production expenditure of wheat 
incorporated field preparation, seed, sowing, fertilizing, weeding, crop protection actions and the 
harvesting. The gross returns was anticipated by means of the existing average market price of wheat grain 
in Pakistan, PKR 32.75 kg-1. 

 
Statistical analysis:  
 

The compiled data were analyzed statistically via the Fisher’s analysis of variance method and least 
significant difference test was applied for contrasting the treatment’s means at 0.05% level of probability 
(Steel et al., 1997). 
 
Results 
 

Various phosphorus (P) levels, irrigation levels and P fertilization methods significantly (p=0.01) 
influenced the wheat yield associated characters excluding the non-significant effect of P fertilization 
methods on the grains per spike and economic yield of wheat (p=.05). Interactive effect of P levels and 
irrigation regimes significantly affected number of tillers and economic yield whereas the affect was 
insignificant on grains per spike and 1000-grain weight (p=.05). Similarly, the interactive effect of P levels 
and fertilization method with irrigation regimes on grain yield and associated characters was not 
significant (p=.05). 

Superior number of tillers, 1000-grain weight and economic yield were documented from P 
fertilization at 100 kg ha-1 through band placement with three the irrigations at crown root, booting and 
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grain improvement phases (Table II). Nevertheless, lowest grain yield, number of tillers and grains per 
spike and grain protein contents were documented from wheat grown without P fertilization and irrigation 
(Table II). On the other hand, utmost grain protein contents were compiled from P fertilization at 100 kg 
ha-1 through band placement with three irrigations regimes (Table II). 

Diverse phosphorus levels and fertilization methods, irrigation levels, and interaction among P levels 
and fertilization methods, and P rates and irrigation levels had significant outcome on grain and straw P 
contents, Olsen P and PUE of wheat (p<0.01). Interactive effect between P application methods and 
irrigation levels was non-significant for kernel and straw P contents and significant for the Olsen P and 
PUE of wheat (p<0.01). Nevertheless, the interactive effect of P levels and fertilization methods with 
irrigation levels had non-significant effect on grain and straw P contents, and PUE whereas significant 
outcome on Olsen P (p<0.05). 
 
Table II: Impact of phosphorus fertilization methods at varying rates on grain yield, related traits and grain proteins of 

wheat under different irrigation levels 

Treatments Number of tillers  
(m-2) 

Number of grains 
per 

1000-grain 
weight 

Grain yield  
(t ha-1) 

Grain protein  
contents 

  spike (g)  (%) 

P levels (P) kg ha-1      
P1 = 0 215.00 d 25.76 c 28.04 c 2.11 d 7.28 d 
P2 = 50 278.00 c 30.35 b 39.29 b 3.28 c 9.30 c 
P3 = 100 303.00 a 34.23 a 40.69 a 4.07 a 10.03 b 
P4 = 150 294.00 b 32.36 a 40.04ab 3.81 b 11.38 a 
LSD at 5% 8.18 1.93 1.13 0.16 0.09 
Irrigation Regimes (I)      
I1 = 0 250.00 c 28.71 c 34.73 d 2.62 c 9.19 c 
I2 = 2 262.00 b 30.11bc 36.31 c 3.40 b 8.56 d 
I3 = 3 291.00 a 32.53 a 39.11 a 3.89 a 10.67 a 
I4 = 4 284.00 a 31.34ab 37.91 b 3.26 b 9.57 b 
LSD at 5% 8.18 1.93 1.13 0.16 0.08 
P application methods (M)      
M1 = Band placement 275.00 a 31.07 37.49 a 3.75 a 9.60 a 
M2 = Broad cast 268.00 b 30.27 36.54 b 3.68 a 9.39 b 
LSD at 5% 5.78 NS 0.80 0.11 0.06 

 
P fertilization gradually improved the grain and straw P contents, P uptake and Olsen P with each 

augmentation of P and greatest grain and straw P contents along with elevated P uptake and Olsen P were 
noted at upper rate of P fertilization (142 kg ha-1), whereas utmost PUE was stated at 50 P2O5 kg ha-1 
(Table III). Similarly, wheat grown with four irrigations regimes at crown root, booting, anthesis and grain 
enlargement phases demonstrated superior grain and straw P contents with elevated P uptake and PUE, 
whereas lowest PUE, P uptake and superior Olsen P were transcribed from wheat sown with no irrigation 
(Table III). Similarly, P fertilization though band placement resulted in enhanced grain and straw P 
contents with elevated P uptake and PUE, while P broadcasting resulted in further Olsen P (Table III). 
 
Table III: Impact of phosphorus fertilization methods at different rates on Olsen P, grain and straw P contents, P uptake and 

PUE of wheat under diverse irrigation levels    

 Treatments Olsen P 
(mg kg-1) 

Grain P contents  
(%) 

Straw P contents 
(%) 

Total P uptake  
(kg ha-1) 

P use efficiency 
(%) 

 P levels (P) kg ha-1        
 P1 = 0 3.15 d 0.106 d 0.070 d 4.03 d  0.00 c  
 P2 = 50 5.16 c 0.141 c 0.092 c 8.93 c  10.79 a  
 P3 = 100 6.36 b 0.163 b 0.121 b 12.98 b  10.23 b  
 P4 = 150 11.83 a 0.225 a 0.141 a 16.41 a  9.91 b  
 LSD at 5% 0.012 0.007 0.003 0.41  0.37  
 Irrigation Regimes (I)        
 I1 = 0 7.86 a 0.113 d 0.066 d 5.30 d  2.72 d  
 I2 = 2 6.89 b 0.141 c 0.0980 c 8.86 c  6.30 c  
 I3 = 3 6.21 c 0.169 b 0.126 b 12.81 b  9.77 b  
 I4 = 4 5.54 d 0.212 a 0.133 a 15.37 a  12.15 a  
 LSD at 5% 0.012 0.007 0.003 0.41  0.37  
 P application methods (M)        
 M1 = Band placement 6.21 b 0.169 a 0.110 a 11.30a  8.49 a  
 M2 = Broad cast 7.04 a 0.148 b 0.102 b 9.87 b  6.98 b  
 LSD at 5% 0.008 0.005 0.002 0.29  0.26  

Values of means not sharing the similar letter with in a column vary significantly from each other at 5% probability level 
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Wheat sown with the three irrigations at the crown root, booting and grain development stages of 
crop revealed superior net returns with elevated benefit-cost ratio (BCR; Table IV). While utmost net 
returns and BCR P were transcribed from P fertilization at 100 kg P2O5 ha-1 pursued by 50 kg P2O5 ha-1 
(Table IV). Similarly, band fertilization of P confirmed higher with improved net returns and BCR of 
wheat over broadcasting (Table IV). 
 
Table IV: Impact of phosphorus fertilization methods at different rates on net returns and benefit-cost ratio of wheat under 

diverse irrigation levels.  

 
Treatments 

Total expenditure  
(Rs.) 

Gross income  
(Rs.) 

Net income 
(Rs.)  

Benefit-cost 
ratio 

 P levels (P) kg ha-1       
 P1 = 0  44474 49875 5401  1.12 
 P2 = 50  52964 77663 24699  1.47 
 P3 = 100  59144 96425 37281  1.63 
 P4 = 150  64230 90250 26020  1.41 
 Irrigation Regimes (I)       
 I1 = 0  54144 61988 7844  1.14 
 I2 = 2  56644 80513 23869  1.42 
 I3 = 3  57894 92150 34256  1.59 
 I4 = 4  59144 77188 18044  1.31 
 P application methods (M)       
 M1=Band placement  59144 88825 29681  1.50 
 M2 = Broad cast  59144 87163 28019  1.47 

 
Discussion 

This study specifies that wheat yield, PUE and net income can be augmented if P is applied 
judiciously with band placement even with little water application. In this trial utmost yield was achieved  
by P fertilization at 100 kg P2O5 ha-1 on the other hand yield was reduced beyond this level (Table II). This 
point out that P might also be noxious, if applied in surplus. Optimal P deliver enhanced the yield 
associated characters as well as number of tillers, grains per spike and grain size, ensuing in superior yield 
harvest (Table II). Phosphorus not only controls the energy storage and transmits within the cells, is 
structural element of numerous essential compounds but also activates the meristematic activities in the 
emergent roots and assists the uptake of N and the other mineral nutrients. Nevertheless, P paucity 
distorted the normal pattern of tiller coming out, root improvement and plant growth (Daniel et al., 1998) 
as a result damaging the harvest of superior yields (Table II). 

Band placement of P achieved well contrasted with broadcasting; as emergent roots were in close 
contact with P-enriched soil adjoining to fertilizer particles in case of band appliance. In addition, there 
was a diminutive contact of used P, through band placement, with the alkaline soil  carbonates and soil 
colloids, which are partly accountable for precipitation, fixation and preservation of phosphorus fertilizer 
resultantly P accessibility to plants was enhanced (Shah et al., 2006; Rahim et al., 2010). Similarly, wheat 
grain yield gradually augmented with escalating irrigation levels up to three; after which no more boost in 
grain yield was noted (Table II). Thus, three irrigations at the crown root, booting and grain improvement 
phases of wheat are sufficient to harvest superior wheat yield. Crop grown with no irrigation did not carry 
out well with least grain yield due to overwhelming effect of all yield associated characters on the entire 
yield contributing components. As water is the means of nutrient mobility in the soil, its scarcity strongly 
effects the nutrient dynamics in the soil and its uptake ensuing in destruction of crop growth, rate of photo-
assimilation and therefore the grain yield (Farooq et al., 2009). Augment in P fertilization considerably 
amplified the grain protein contents (Table II). This was possibly due to superior nitrogen uptake with 
enhance in P rate. 

Enhancement in grain and straw P contents with augment in P application level appears due to 
elevated P contents in soil solution, which were accessible to plant (Table III). Similarly, at elevated P 
fertilization the adsorption of P augmented because the plants eagerly exploit only 8-33% of applied P in 
the first growing season and left over portion remained fixed that consequently resulted in elevated Olsen 
P (Hussein, 2009). Nevertheless, elevated PUE at inferior P level may be the result of extreme root 
antagonism and thus an proficient utilization of applied P. Likewise, at elevated P application rates plants 
used lesser proportion of fertilizer P that resulted in little PUE (Rahim et al., 2010). Elevated Olsen P in 
broadcasted P contrasted with band appliance may be due to fixed and unutilized P remained as more soil 
to fertilizer contact might occur in broadcasting than band appliance; causing further adsorption of P 
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(Rehman et al., 2006). Band appliance of P improved the straw and grain P contents that resulted in 
elevated P uptake; as the emergent roots were in close contact with P-enriched soil contiguous to fertilizer 
particles in band placement relatively than broadcasted P. However, there were little probability for P 
adsorption in band placement over broadcast because of fewer contact with soil. Thus, elevated P uptake 
by band appliance resulted in elevated PUE in wheat in this work. 

Ceiling grain and straw P contents and P uptake at elevated irrigation regimes may be the rationale of 
improved root growth and more accessible P contents due to elevated soil moisture contents. Inferior 
irrigation levels considerably declined the PUE but improved the Olsen P in the soil (Table III); as lesser 
soil water contents condensed P diffusion through soil to the root surface that eventually resulted in 
inferior P uptake by the crop (Rahim et al., 2010). 

Superior net returns and BCR from the three irrigations viz. at the crown root, booting and grain 
development phases of crop, P fertilization at 100 kg P2O5 ha-1 and band appliance technique P was the 
direct result of enhanced grain yield (Table II) due to more proficient exploitation of applied fertilizer. 
 
Conclusion 

Conclusively, phosphorus utilize ought to be based on the soil testing and Freundlich Model might be 
used to evaluate P requirements for diverse soils and crops, as it takes care of eagerly accessible soil 
solution P. In this trial, wheat yield and its characters augmented considerably with the use of P and the 
optimal rate for sandy clay loam soil is 100 kg P2O5 ha-1. Band placement is advantageous method for P 
fertilization to develop PUE. Moreover, three irrigations viz. at the crown root, booting and grain 
formation phases might assist to save water but it ought to be location specific. 
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