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Abstract 
Extensive variations exist among crop species and even genotypes within 

species for their nutritional requirements. Therefore, formulating genotype-

specific fertilizer recommendations is pivotal to achieve higher yields per 

unit area and sustain agricultural productivity. Field experiments were 

conducted at the Nuclear Institute of Agriculture (NIA), Tando Jam during 

two consecutive years (Rabi 2013-14 and 2014-15) in order to exploit the 

yield potential of wheat genotype NIA-MB-2 under different nitrogen (N) 

and phosphorus (P) regimes. The analysis of pooled data for both years 

revealed that the maximum plant height and straw yield were obtained in the 

treatment where N-P2O5 was applied at the rate of 150-110 kg ha
-1

. The 

maximum spike length, no. of grains per spike, 100-grain weight, and grain 

yield was achieved in plots receiving 120 kg N and 90 kg P2O5 ha
-1

. The 

highest total N and P uptake were recorded in treatment having 150-110 kg 

N-P2O5 ha
-1

, which were statistically identical with that obtained at 120 kg N 

and 90 kg P2O5 ha
-1

. Moreover, apparent recovery efficiency (ARE), 

agronomic efficiency (AE) and physiological efficiency (PE) of both 

nutrients were markedly affected under various N and P combinations. The 

economic analysis further revealed that maximum net income (USD 993 ha
-1

) 

and profit (USD 798 ha
-1

) was accrued when 120 kg N along with 90 kg P2O5 

was applied per hectare. Hence, it may be concluded that N-P2O5 @ 120-90 

kg ha
-1

 combined with 4:3 ratio can be the most balanced dose for the 

maximum economic harvest of wheat genotype NIA-MB-2. 
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Introduction 

Wheat (Triticum aestivum L.) earns a highly 

important spot among staple food crops and is the 

main source of nutrients for most of the world’s 

population [1]. Its grain generally contains 

carbohydrates (60-90%), protein (10-18%), lipids 

(1.5-2%) and about 1% vitamins [2]. In Pakistan, 

wheat is a leading food grain crop and occupies the 

largest area under cultivation. It contributes 2.1% to 

GDP and 10% in value addition. During the year 

2015-16, wheat was cultivated in an area of 9.26 

million hectares and production stood at 25.48 

million tons [3]. The average yield of wheat in 

developing countries like Pakistan is much below 

compared to the other developed countries of the 

world. Mineral nutrient deficiencies, especially of 

macronutrients nitrogen (N) and phosphorus (P) are 

among the leading causes that greatly limit wheat 

production in Pakistan. 

Despite the green revolution, the food situation is 

precarious in most of the developing countries. About 

40% additional demand of wheat at the global level is 

projected till 2020 [4]. Inorganic fertilizers are 

responsible for 40-60% of food production on most 

of the arable lands around the globe [5]. Imbalanced 

fertilization (inadequate or excessive/over 

fertilization) negatively affects crop quality and 

inhibits the expression of yield potential in many 

countries [6]. Generally, nutrient recovery efficiency 

is high where crop demand is high or if fertilizer use 

is relatively low. Nutrient recovery efficiency reduces 

substantially due to over-fertilization on soils where 

indigenous nutrient supply is high and having a good 

degree of synchrony between nutrient demand and 

supply [7]. Degradation of soil quality, particularly 

nutrient depletion is strongly related to declines in 

crop yields [8]. Imbalanced and insufficient use of 

fertilizers is the major reason for nutrient depletion 

[9]. Balanced fertilization has a key role in sustaining 

high yields and efficient use of costly fertilizers. 

Both N and P influence source-sink relations 

directly or indirectly in cereals by influencing 

assimilate production and distribution [10]. Nitrogen 

has a central role in cell metabolism and determines 

plant growth by influencing leaf area development, 

photosynthetic efficiency and dry matter allocation to 

reproductive organs [11]. Phosphorus plays a pivotal 

role in biochemical reactions relating to 

carbohydrates and protein metabolism, energy 

transfer within cell organization, cell division, and 

transformation of heredity characteristics. Deficiency 

of P diminishes biomass accumulation in a fashion 

different to N and is reported to affect the number of 

grains and yield in wheat [12]. Because of the 

synergistic relationship between N and P, an 

adequate level of N leads to increased P absorption in 

plants by stimulating root growth, increasing P 

translocation, increasing the solubility of P fertilizers 

through lowering soil pH due to the absorption of 

NH4
+
 ion [13]. 

Currently, the world is facing the shortage of 

mineral fertilizers and this situation is worst in 

developing countries. Moreover, the importance of 

improved fertilizer use efficiency might not be 

underestimated, even when fertilizer supply is 

satisfactory. Various crop genotypes may respond 

differently to applied nutrients based on their genetic 

and agronomic traits [14, 15]. Plant growth and yield 

are manifestly affected when crops are fertilized with 

N and P either below or in excess than optimum 

level. Therefore, it is necessary to investigate the 

adequate requirements of N and P for newly evolved 

genotypes to realize the maximum economic harvest 

and increase nutrient use efficiency. Hence, the 

present study was proposed to exploit the yield 

potential of a candidate wheat genotype NIA-MB-2 

under varying levels of N and P. 

Materials and methods 

Experiment location and soil properties 

Field experiments were carried out for two 

consecutive years during Rabi 2013-14 and 2014-15 

in the research area of the Nuclear Institute of 

Agriculture (NIA), Tando Jam, Pakistan 

(25.42557N/68.54060E). Soil samples were collected 

from upper 20 cm soil layer prior to the sowing of 

wheat and were subjected to the analysis o different 

physicochemical characteristics like soil texture [16], 

pH [17], EC [18], organic matter [19], Kjeldahl 

nitrogen [20] and extractable P and K [21]. Soil of 

experimental site was clay loam in texture (according 

to the USDA classification system, 21.7% sand, 
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42.2% silt and 36.1% clay), alkaline in reaction (pH 

= 7.8), and non-saline (ECe = 2.3 dS m
-1

), with 0.91% 

organic matter, 0.077% Kjeldahl N and 5.51 and 178 

mg kg
-1 

AB-DTPA extractable P and K, respectively. 

Experimental design and crop establishment 

The experiment was carried out during both years on 

a fixed layout following randomized complete block 

design (RCBD). Three rates of nitrogen (90, 120 and 

150 kg N ha
-1

) and nine rates of phosphorus (23, 30, 

40, 45, 60, 70, 75, 90 and 110 kg P2O5 ha
-1

) were 

applied in 4:1, 4:2 and 4:3 N: P2O5 ratios. Ten 

combinations of N and P2O5 (90-23, 90-45, 90-70, 

120-30, 120-60, 120-90, 150-40, 150-75 and 150-110 

kg N-P2O5 ha
-1

) along with control (without N and P) 

were replicated thrice. A constant dose of 60 kg K2O 

per hectare was applied in all treatments. The entire 

required amount of K2O and P2O5 was applied at 

sowing, while N was used in three equal splits, i.e., 

1/3
rd

 at sowing, 1/3
rd

 after 25 days of sowing (crown 

root initiation stage) and 1/3
rd

 after 60 days of sowing 

(jointing stage). Wheat was sown in individual plots 

of size 4m × 4m using single row hand drill and at an 

inter-row spacing of 30 cm with the seed rate of 150 

kg ha
-1

. Five irrigations viz., after 25, 60, 90, 110 and 

125 days of sowing were applied to the crop. The 

crop was harvested at maturity, and data regarding 

biological and grain yield were recorded. Five plants 

were randomly collected from each experimental unit 

and were subjected to observation for various 

agronomic traits. 

Plant analysis and nutrient relations 

The straw and grain samples were oven dried at 70
o
C 

for 48 hours and subsequently ground using Thomas 

Wiley’s mill (3383L10, Thomas Scientific, USA). 

About 0.5 g of ground plant material was digested in 

H2SO4 to determine the total N following modified 

Kjeldahl method [20]. For total P determination, 

samples were digested in a di-acid mixture of HNO3: 

HClO4 prepared in 5:1 ratio [22]. Total P in the 

digested material was determined following 

metavanadate yellow color method [23] using a 

double beam Spectrophotometer (U-2900UV/VIS, 

Hitachi, Japan). 

The nutrient relations, i.e. apparent recovery 

efficiency, agronomic efficiency and physiological 

efficiency of N and P were calculated by the 

formulae of Fageria et al. [24]. 

Apparent recovery efficiency (ARE) 

ARE (%) =
Nuf –  Nuc

Na
× 100 

Where Nuf is nutrient uptake (grain plus straw) in 

fertilized treatment (kg), Nuc is nutrient uptake (grain 

plus straw) in the control treatment (kg), while Na is 

the amount of applied nutrients (kg), i.e. N or P2O5. 

Agronomic efficiency (AE) 

AE (kg yield/kg  nutrient applied) =
GYf –  GYc

Na
 

Where GYf is grain yield from fertilized treatment 

(kg), GYc is grain yield from the control treatment 

(kg), while Na is the amount of applied nutrients (kg), 

i.e. N or P2O5. 

Physiological efficiency (PE) 

PE (kg biological yield / kg nutrient absorbed)

=
BYf –  BYc

Nuf –  Nuc
 

Where BYf is biological yield from fertilized 

treatment (kg), BYc is biological yield from the 

control treatment (kg), Nuf is nutrient uptake (grain 

plus straw) in fertilized treatment (kg), while Nuc is 

nutrient uptake (grain plus straw) in the control 

treatment (kg). 

Statistical analysis 

The data were statistically analyzed using software 

STATISTIX 8.1
® 

(Analytical Software, Inc., 

Tallahassee, FL, USA). Significant differences 

among treatment means were obtained using the 

Least Significant Difference (LSD) test at 5% 

probability level [25]. 

Results and discussion 

As there was no significant year × treatment 

interaction for almost all parameters, therefore, the 

results in the present article were reported as an 

average of two years. 

Plant height (cm) 

The data pertaining to plant height (Table 1) indicates 

that application of nitrogenous and phosphatic 
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fertilizers in different combinations significantly (P ≤ 

0.05) influenced the plant height. The magnitude of 

plant height varied from 80.6 cm in the control 

treatment to 101.2 cm in treatment fertilized with 150 

kg N and 110 kg P2O5 ha
-1

. According to Khan et al. 

[26], plant height increases significantly with the 

increasing rates of N and P2O5. Nitrogen is the 

constituent of multiple plant components, including 

chlorophyll, which is known as the heart of 

photosynthesis. Plant growth is markedly affected by 

the increased level of N that may influence the rate of 

photosynthesis. Generally, a significant positive 

interaction between nitrogen and phosphorous on 

plant growth has been reported [27]. The increase in 

plant height with the application of phosphorus and 

nitrogen might be due to balanced mineral nutrition. 

It is commonly inferred that a synergistic effect 

among both N and P results in stimulatig plant 

growth and increased absorption of these nutrients 

[13]. Similar results were also reported by Ahmad et 

al. [28], which signify a linearly increasing trend in 

plant height of wheat with a corresponding increase 

in N and P rates. 

Number of productive tillers plant
-1

 

Improved yield and better crop stand might be 

ensured through increased number of productive 

tillers. The highest tiller count per plant (4.6) was 

recorded in case of 150-75 kg N-P2O5 ha
-1

, which 

was statistically identical to the treatment receiving 

N-P2O5 @ 120-90 kg ha
-1

. Whereas, least number of 

tillers plant
-1

 (2.63) were observed in control plots. 

Enhanced crop growth results from better 

development of the root system when sufficient 

nutrients in a balanced proportion are available to 

crop [13]. Our results regarding the number of tillers 

per plant are the confirmation of the fact that 

balanced and adequate availability of nutrients leads 

the crops to produce more fertile tillers. These 

findings are same as reported by Khan et al. [26]. 

Spike length (cm) 

Spike length is another important yield contributing 

parameter because longer spikes contain more 

number of grains in comparison to shorter spikes 

which affect crop yield considerably [29]. In the 

present study, spike length varied significantly (P ≤ 

0.05) by the application of various fertilizer 

combinations (Table 1). Numerically the highest 

average spike length (13.4 cm) was observed in 

treatment receiving N and P2O5 at the rate of 120 and 

90 kg per hectare which was statistically at par with 

the values of 13.22 and 13.02 cm recorded in 

treatments having 150-110 and 150-75 kg N-P2O5 ha
-

1
, respectively, while, control plots produced shorter 

spikes (9.72 cm). Improved spike length at 120-90 kg 

N-P2O5 ha
-1 

might be due to the appropriate and 

adequate availability of nutrients to plants at this 

combination. A number of scientists have reported 

substantial variations in spike length of wheat grown 

under different combinations of N and P levels [26, 

30, 31]. 

Number of grains spike
-1

 

It is evident from the data that different combinations 

of N and P fertilizer influenced significantly (P ≤ 

0.05) the no. of grains per spike (Table 1). The 

highest no. of grains per spike (65.27) were recorded 

in plots where fertilizer was applied at the rate of 120 

kg N and 90 kg P2O5 ha
-1

, while control plots 

produced the least no. of grains spike
-1 

(45.93). The 

application of nutrients in balanced proportion is 

known to enhance spikelet count per spike and 

eventually no. of grains spike
-1

, leading to improved 

crop yield [32, 33]. 

100-grain weight (g) 

The 100-grain weight is a decisive agronomic trait 

related positively to grain yield, i.e. higher the 100-

grain weight, more will be grain yield. Data revealed 

that various combinations of N and P influenced 

significantly (P ≤ 0.05) the 100-grain weight (Table 

2). The highest 100-grain weight (4.03 g) was noticed 

in plots supplied with 120 kg N + 90 kg P2O5 ha
-1

, 

followed by 3.84 g at 150-75 kg N-P2O5 ha
-1

. The 

plots without external addition of either N or P2O5 

(control) yielded minimum 100-grain weight (3.17 g) 

which was significantly lower than all other fertilizer 

treatments. Imtiaz et al. [34] has also observed a 

distinct increase in 100-grain weight of wheat 

genotype SI-91195 with the successive increment of 

N and P2O5 rates that might be due to their influence 

on plant growth, seed formation, and development. 
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Table 1 Mean values (average of 2 years) of various agronomic parameters for wheat genotype NIA-MB-2 under fertilization with different N and 

P combinations. 

Treatments 

(N-P2O5 kg ha-1) 

Plant height 

(cm) 
No. of tillers plant-1 

Spike length 

(cm) 
No. of grains spike-1 

Control 80.60 d 2.63 e 9.72 e 45.93 c 

90-23         (4:1) 89.57 c 3.25 de 12.17 d 49.60 c 

90-45         (4:2) 90.13 c 3.52 cd 12.45 cd 51.50 bc 

90-70         (4:3) 90.30 c 4.20 abc 12.53 cd 56.63 abc 

120-30       (4:1) 92.00 c 3.68 cd 12.78 bcd 59.02 ab 

120-60       (4:2) 96.53 b 3.87 bcd 13.00 abc 60.67 a 

120-90       (4:3) 97.43 b 4.60 ab 13.47 a 65.27 a 

150-40       (4:1) 98.40 ab 4.52 ab 12.80 bcd 62.50 a 

150-75       (4:2) 99.83 ab 4.63 a 13.02 abc 60.67 a 

150-110     (4:3) 101.23 a 4.10 abc 13.22 ab 61.23 a 

LSD0.05 3.73 0.76 0.67 8.80 

Treatment means sharing same letter (s) in the same column indicate non-significant difference from each other at 5% level of significance. 

 

Table 2 Influence of different levels of N and P fertilizers on the mean values (average of 2 years) of yield parameters for wheat genotype NIA-

MB-2. 

Treatments           

(N-P2O5 kg ha-1) 

100-grain weight  

(g) 

Grain yield          

 (kg ha-1) 

Straw yield          

(kg ha-1) 

Biological yield     

(kg ha-1) 

Control 3.17 g 2187.3 d 3229.3 d 5417 f 

90-23         (4:1) 3.43 f 2858.3 c 5479.3 c 8338 e 

90-45         (4:2) 3.57 ef 3001.7 c 5679.7 c 8681 e 

90-70         (4:3) 3.61 de 3102.3 c 6524.3 b 9627 d 

120-30       (4:1) 3.64 cde 3400.3 c 7137.0 ab 10538 c 

120-60       (4:2) 3.79 bc 4109.0 b 7022.7 ab 11131 bc 

120-90       (4:3) 4.03 a 4776.3 a 7482.7 a 12259 a 

150-40       (4:1) 3.76 bcd 4493.7 ab 7358.3 a 11852 ab 

150-75       (4:2) 3.84 b 4744.3 a 7269.7 a 12014 a 

150-110     (4:3) 3.82 b 4352.3 ab 7529.0 a 11881 ab 

LSD0.05 0.18 581.44 710.52 807.91 

Treatment means sharing same letter (s) in the same column indicate non-significant difference from each other at 5% level of significance. 

 

Nutrient fertilization in the balanced ratio may result 

in the production of heavier wheat grains [35]. 

Grain and straw yield (kg ha
-1

) 

Both grain and straw yield were significantly (P ≤ 

0.05) influenced by subsequent increasing levels of N 

and P2O5 in different combinations (Table 2). The 

highest grain yield (4776 kg ha
-1

) was produced by 

the plots fertilized with 120 kg N + 90 kg P2O5 ha
-1

, 

which was statistically at par with grain yield (4744 

kg ha
-1

) recorded at 150-75 kg N-P2O5 ha
-1

, while 

minimum grain yield (2187 kg ha
-1

) was observed in 

control plots (Table 2). The increase in grain yield 

with the application of 120 kg N in combination with 

90 kg P2O5 ha
-1

 might be due to the elevated 

performance of yield driving attributes, i.e. number 

of spikelets per spike, spike length, 100-grain weight 

etc. which were highest at this level in comparison to 

other treatments [36]. The balanced addition of N and  

 

P has a stimulatory effect on the expansion of better 

root system and grain formation [37]. On the other 

hand, adequate supply of N enhances protein contents 

in both foliage and grains of cereals [38]. Similar 

increasing trend in wheat grain yield by the addition 

of N and P2O5 in the ratio of 4:3 was reported by 

Khan et al. [26, 39]. 

Different ratios of N and P2O5 significantly (P ≤ 

0.05) affected the production of straw yield (Table 2). 

Straw yield increased linearly with the addition of 

nitrogen and phosphorus levels. Numerically the 

highest straw yield of 7529 kg per hectare was 

obtained in plots supplemented with N-P2O5 at the 

the rate of 150-110 kg ha
-1

, while least straw yield 

was produced by the control plots (3229 kg ha
-1

). 

Total biomass produced (biological yield) was also 

influenced significantly (P ≤ 0.05) with the addition 

of various ratios of nitrogen and phosphorus. The 

treatment with 120-90 kg N-P2O5 per hectare 
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Table 3 Nitrogen and phosphorus uptake in the grain and straw of wheat genotype NIA-MB-2 at different combinations of N and P fertilizers 

(means are averaged over 2 years). 

 

Treatments             

 (N-P2O5 kg ha-1) 

Nitrogen uptake (kg ha-1) Phosphorus uptake (kg ha-1) 

Grain Straw Total Grain Straw Total 

Control 43.95 d 6.71 f 50.65 e 3.01 g 1.49 f 4.51 f 

90-23         (4:1) 66.85 c 13.99 e 80.84 d 5.61 f 2.90 e 8.51 e 

90-45         (4:2) 70.13 c 15.49 de 85.62 d 8.03 de 3.75 de 11.77 d 

90-70         (4:3) 72.62 c 18.16 d 90.78 d 11.16 c 5.30 b 16.46 c 

120-30       (4:1) 76.20 c 25.62 c 101.82 c 6.92 e 3.88 cd 10.80 d 

120-60       (4:2) 88.42 b 29.93 b 118.35 b 11.38 c 4.69 bc 16.07 c 

120-90       (4:3) 102.03 a 31.42 ab 133.45 a 14.45 ab 7.37 a 21.82 a 

150-40       (4:1) 102.76 a 32.75 a 135.50 a 8.67 d 3.14 de 11.81 d 

150-75       (4:2) 99.59 a 31.67 ab 131.26 a 13.23 b 5.32 b 18.55 b 

150-110     (4:3) 101.26 a 32.28 ab 133.54 a 15.73 a 7.57 a 23.31 a 

LSD0.05 9.71 2.73 10.39 1.31 0.94 1.64 

Treatment means sharing same letter (s) in the same column indicate non-significant difference from each other at 5% level of significance. 

 

Table 4 Various nutrient relations (values are an average of 2 years) for wheat genotype NIA-MB-2 as influenced by different combinations of N 

and P fertilizers. 

Treatments             

(N-P2O5 kg ha-1) 

ANRE  

(%) 

APRE    

(%) 

ANE          

(kg kg-1 N) 

APE         

(kg kg-1 P) 

PNE        

(kg kg-1 N) 

PPE                

(kg kg-1 P) 

Control - - - - - - 

90-23         (4:1) 33.54 e 17.39 bc 7.45 d 29.17 bcd 109.68 ab 773.31 b 

90-45         (4:2) 38.86 de 16.14 c 9.05 d 18.09 de 100.31 b 466.09 cd 

90-70         (4:3) 44.58 cd 17.07 bc 10.15 cd 13.07 ef 110.83 a 356.81 d 

120-30       (4:1) 42.64 de 20.97 a 10.11 cd 40.43 b 104.99 ab 822.05 a 

120-60       (4:2) 56.41 b 19.27 ab 16.01 b 32.02 bc 84.32 c 500.54 c 

120-90       (4:3) 69.33 a 19.23 ab 21.58 a 28.77 bcd 82.72 c 398.12 d 

150-40       (4:1) 56.56 b 18.3 abc 15.38 b 57.66 a 76.01 cd 893.31 a 

150-75       (4:2) 53.74 bc 18.7 abc 17.04 ab 34.09 b 82.29 c 474.21 cd 

150-110     (4:3) 55.25 b 17.09 bc 14.43 bc 19.68 cde 78.03 cd 344.10 d 

LSD0.05 9.73 3.02 4.89 13.69 8.91 100.60 

ANRE, apparent nitrogen recovery efficiency; APRE, apparent phosphorus recovery efficiency; ANE, agronomic nitrogen efficiency; APE, agronomic phosphorus 

efficiency; PNE, physiological nitrogen efficiency; PPE, physiological phosphorus efficiency                                                                     

Treatment means sharing same letter (s) in the same column indicate non-significant difference from each other at 5% level of significance. 

 

produced the highest biological yield (12259 kg ha
-1

) 

which was statistically identical with 12014 kg ha
-1

 

recorded at 150-75 kg N-P2O5 ha
-1

. However, 

control treatment showed minimum biological yield 

of 5417 kg ha
-1

. The pronounced effect of nitrogen in 

enhancing vegetative growth might be the reason 

behind better plant growth and straw yield with the 

subsequent increase in N rates [40]. Beside this, 

additive effect of N with P when supplied in balanced 

proportion also results in improved crop growth [41]. 

Khan et al. [39] has also reported the similar results 

as revealed in the present study.  

Nutrients uptake (kg ha
-1

)  

Total nitrogen and phosphorus uptake by the tested 

wheat genotype was significantly (P ≤ 0.05) affected 

by the application of N and P in varying ratios. The 

magnitude of difference for total N uptake ranged  

 

from 50.65 to 133.54 kg ha
-1

 as N levels were 

increased from 0 to 150 kg ha
-1 

(Table 3). Moreover, 

successive increase in P2O5 rates at each N level 

considerably enhanced N-use efficiency suggesting a 

synergistic relationship between both nutrients. 

Identical findings were also reported by Van Keulen 

and Stol [42]. A linear increasing trend for 

phosphorus uptake was noticed with the 

corresponding application of P rates at each N level 

(Table 3). The highest value of total P uptake (23.3 

kg ha
-1

) was observed at 150-110 kg N-P2O5 ha
-1

, 

which was statistically at par with 21.82 kg ha
-1 

obtained at 120 kg N + 90 kg P2O5 ha
-1

. However, 

control treatment showed a lower value of total P 

uptake (4.51 kg ha
-1

). These results are in close 

agreement with the results of Brink et al. [43] who 

stated that nutrients uptake by plants from rooting 

medium can be facilitated if nutrients are used in an 
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Table 5 Value cost ratios (VCR) and net income (USD) generated under various combinations of N and P fertilizers. 

Treatments                      

(N-P2O5 kg ha-1) 

Net production value (USD)  

(wheat grain + straw) 

Fertilizer cost  

(USD) 

Profit 

(USD) 
VCR 

Control --- --- --- --- 

90-23         (4:1) 326 92 234 3.55 

90-45         (4:2) 379 119 260 3.19 

90-70         (4:3) 458 150 308 3.06 

120-30       (4:1) 579 121 458 4.77 

120-60       (4:2) 775 158 616 4.89 

120-90       (4:3) 993 195 798 5.08 

150-40       (4:1) 905 155 750 5.85 

150-75       (4:2) 971 198 773 4.90 

150-110     (4:3) 874 241 633 3.63 

United States Dollar (USD) @ 105 Pakistani Rupee (PKR), Wheat grain @ Rs 1200 per 40 kg, straw @ Rs 250 per 40 kg 

 

appropriate fraction. 

Apparent recovery efficiency 

Apparent recovery efficiency of any nutrient can be 

defined as the amount of a particular nutrient taken 

up by the plants per unit of applied nutrient [24]. 

Nitrogen and phosphorus recovery efficiencies were 

affected significantly (P ≤ 0.05) by the application 

of N and P rates. The highest N recovery (69.33%) 

was achieved in plots supplied with N-P2O5 at 120-

90 kg ha
-1

, which was notably different from all 

other treatments (Table 4). However, N recovery 

efficiency was stagnant with subsequent increment 

in N levels. Recovery efficiency of N can be 

improved by the addition of P at a particular N level 

[44]. Hossain et al. [45] have also disclosed the 

identical findings. Various combinations of N and P 

rates influence markedly on the efficiency of P 

recovery. The maximum P recovery (20.97 %) was 

recorded where P2O5 was applied @ 30 kg per 

hectare along with 120 kg N per hectare, while least 

value of P recovery efficiency (16.14 %) was 

observed in treatment fertilized with 45 kg P2O5 + 

90 kg N ha
-1 

(Table 4). Similar findings were 

revealed by Brink et al. [43] while studying P-

uptake by temperate grasses like wheat, oat and rye, 

and legumes. Apparent recovery efficiencies of both 

nutrients can be enhanced using appropriate 

combinations and keeping in view the crop 

requirement of the said nutrients. Recoveries of both 

nutrients can be improved by tightening the ratio 

between N and P signifying that a reasonable 

amalgamation of elements is crucial to enhance their 

use efficiency [15]. 

 

Agronomic and physiological efficiency 

Agronomic efficiency (AE) can be described as the 

economic produce obtained per unit of nutrient 

applied. The data presented in Table 4 clearly 

indicates that combinations of N and P applied in 

various ratios significantly (P ≤ 0.05) affected the 

agronomic efficiency of both nutrients. The 

maximum AE of nitrogen (21.58 kg yield per kg of 

N applied) was achieved at 120 kg N plus 90 kg 

P2O5 per hectare
 
applied in 4:3 ratio. Moreover, 

further addition of N resulted in the decline of AE. 

The highest AE of phosphorus (57 kg yield per kg 

of P applied) was achieved at 150-40 kg N-P2O5 per 

hectare, which was statistically different from all 

other treatments. At each N level, AE of phosphorus 

was decreased with the successive addition of P2O5. 

Fageria and Baligar [46] disclosed the similar type of 

findings which indicated that genotypes having a 

higher value of AE also produce higher yields. 

The data regarding physiological efficiency (PE) 

of both N and P is presented in Table 4 showing that 

the values of PE varied significantly (P ≤ 0.05) under 

various combinations of N and P2O5. The PE is 

generally defined as the biological yield (total 

biomass) produced per unit of absorbed nutrient. 

Numerically, the maximum value of PE for nitrogen 

was observed at the lowest level of N and it reduced 

with corresponding higher N rates. The higher PE for 

N (110.83 kg biomass per kg of N absorbed) was 

obtained where 90 kg N was integrated with 70 kg 

P2O5 ha
-1

. The PE of phosphorus was highest in those 

treatments where N and P2O5 were used in 4:1 ratio 

as compared to the ratios of 4:2 and 4:3. The highest 

PE of phosphorus (893.31 kg biomass per kg of P 
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absorbed) was recorded at 150-40 kg N-P2O5 ha
-1

, 

while minimum (344.10 kg biomass per kg of P 

absorbed) was noticed in treatment receiving 150 kg 

N plus 110 kg P2O5 ha
-1

 (Table 4). The PE of 

nitrogen and phosphorus decreases substantially by 

the additional inputs of the respective element [47]. 

Value cost ratio (VCR) and net income 

Economics of any commodity produced can be 

described better using the criteria of VCR that 

ultimately determine the net profit [26]. The 

calculations presented in Table 5 indicate the net 

income generated and VCR at different combinations 

of N and P2O5 rates. The data clearly shows that 

maximum net income (USD 993 ha
-1

) and profit 

(USD 798 ha
-1

) was achieved where N-P2O5 were 

added at the rate of 120-90 kg ha
-1

. The treatment 

receiving 90 kg N + 23 kg P2O5 ha
-1

 showed 

minimum net income (USD 326 ha
-1

) and least profit 

(USD 234 ha
-1

). The highest values of VCR (5.85 and 

5.08) were obtained in treatments fertilized with N-

P2O5 @ 150-40 and 120-90 kg ha
-1

, respectively. It is 

evident from our findings that use of fertilizers either 

below or above the optimum level is neither 

economical nor profitable. Therefore, unnecessary 

application of costly inputs must be avoided and 

nutrients should be used judiciously to achieve higher 

profitability. 

Conclusions 

With the keen observation of our findings, it may be 

concluded that wheat genotype NIA-MB-2 responded 

significantly to various combinations of applied N 

and P2O5. The addition of 120 kg N + 90 kg P2O5 ha
-1

 

in the ratio of 4:3 was found as an optimum fertilizer 

dose for the tested wheat genotype. Any additional 

input of N and P either showed a decreasing trend in 

yield or increased the yield non-significantly. 

Furthermore, the results also directed that balanced 

use of nutrients, i.e. nitrogen and phosphorus can 

improve fertilizer use efficiency and consequently 

help in upholding crop productivity on low input 

agricultural systems. 

Conflict of interest 

The authors declare that they have no conflict of 

interest. 

References 

[1] Sramkova Z, Gregova E, Sturdík E. Chemical composition and 

nutritional quality of wheat grain. Acta Chimica Slovaca 2009; 

2:115-138. 

[2] Belderok B, Mesdag H, Donner DA. Bread making quality of 

wheat: a century of breeding in Europe. Springer; 2000. 

[3] Pakistan Economic Survey 2015-2016. Ministry of Finance, 

Government of Pakistan, Islamabad, Pakistan. p. 29. 

[4] Gill H, Singh A, Sethi S, Behl R. Phosphorus uptake and use 

efficiency in different varieties of bread wheat (Triticum 

aestivum L.). Arch Agron Soil Sci 2004; 50:563-572. 

[5] Stewart WM, Dibb DW, Johnston AE, Smyth TJ. The contribution 

of commercial fertilizer nutrients to food production. Agron J 

2005; 97:1-6. 

[6] Glenn JC, Gordon TJ, Florescu E, Starke L. State of the Future- 

The Millennium Project. World Federation of United Nations 

Associations; 2008. 

[7] Cassman KG, Dobermann A, Walters DT. Agroecosystems, 

nitrogenuse efficiency, and nitrogen management. AMBIO 2002; 

31:132-140. 

[8] Roy RN, Misra RV, Lesschen JP, Smaling EM. Assessment of soil 

nutrient balance: approaches and methodologies. No. 14. FAO; 

2003. 

[9] Tan ZX, Lal R, Wiebe KD. Global soil nutrient depletion and 

yield reduction. J Sust Agric 2005; 26:123-146. 

[10] Arduini I, Masoni A, Ercoli L, Mariotti M. Grain yield, and dry 

matter and nitrogen accumulation and remobilization indurum 

wheat as affected by variety and seeding rate. Eur J Agron 2006; 

25:309-318. 

[11] Prystupa P, Savin R, Slafer GA. Grain number and its 

relationship with dry matter, N and P in the spikes at heading in 

response to N×P fertilization in barley. Field Crops Res 2004; 

90:245-254. 

[12] Elliot DE, Reuter DJ, Reddy GD, Abbot RJ. Phosphorus nutrition 

of spring wheat (Triticum aestivum L.). 1. Effects of phosphorus 

supply on plant symptoms, yield, components of yield, and plant 

phosphorus uptake. Aust J Agric Res 1997; 48: 855-867. 

[13] Wilkinson SR, Grunes DL, Sumner ME. Nutrient Interactions in 

Soil and Plant Nutrition. In: Sumner ME, ed. Handbook of Soil 

Science, Boca Raton, FL: CRC Press; 1999. p. 89-112. 

[14] Manzoor Z, Awan TH, Safdar ME, Ali RI, Ashraf MM, Ahmad 

M. Effect of nitrogen levels on yield and yield components of 

basmati. J Agric Res 2006; 44: 115-120. 

[15] Abbas M, Shah JA, Irfan M, Memon MY. Growth and yield 

performance of candidate wheat variety ‘BWQ-4’ under different 

nitrogen and phosphorus levels. Am-Eurasian J Agric Environ 

Sci 2016; 16: 952-959. 

[16] Bouyoucos GJ. Hydrometer method improved for making 

particle size analysis of soils. Agron J 1962; 54: 464-5. 

[17] Mclean EO. Soil pH and lime requirement. In: Page AL, Miller 

RH, Keeney DR, eds. Methods of soil analysis. Part 2: 2nd 

Edition. American Society of Agronomy, Madison, WI, USA; 

1982. p. 199-208. 

[18] Richards LA. Diagnosis and improvement of saline and alkali 

soils. Vol. 78. No. 2. LWW; 1954. 

[19] Nelson DW, Sommers LE. Total carbon, organic carbon and 

organic matter. In: Page AL, Miller RH, Keeney DR, eds. 

Methods of Soil Analysis. Part 2. Chemical and microbiological 

properties. American Society of Agronomy, Madison, WI, USA; 

1982. p. 539-579. 



 
Science Letters 2017; 5(1):13-21 

21 
 

[20] Jackson ML. Soil chemical analysis. Englewood Cliffs, New 

Jersey: Prentice Hall Inc; 1962.  p. 151-153. 

[21] Soltanpour PN, Workman S. Modification of the NaHCO3 DTPA 

soil test to omit carbon black. Commun Soil Sci Plant Anal 1979; 

10:1411-1420. 

[22] Jones JRJ, Case VW. Sampling, handling and analyzing plant 

tissue samples. In: Westerman RL, ed. Soil Testing and Plant 

Analysis. 3rd Ed. SSSA, Madison, WI, USA; 1990. p. 389-428. 

[23] Chapman HD, Pratt PF. Methods of analysis for soils, plants and 

waters. University of California, Division of Agri. Sci. Riverside, 

USA; 1961. 

[24] Fageria NK, de Morais O, dos Santos A. Nitrogen use efficiency 

in upland rice genotypes. J Plant Nutr 2010; 33:1696-1711. 

[25] Steel RGD, Torrie JH, Dicky DA. Principles and Procedures of 

Statistics-A Biometrical Approach. McGraw-Hill Book Inter. 

Co., Singapore; 1997. p. 204-227. 

[26] Khan P, Imtiaz M, Memon MY, Aslam M. Response of wheat 

genotype ‘MSH-14’ to different levels/ratios of nitrogen and 

phosphorus. Sarhad J Agric 2009; 25:59-64. 

[27] Sumner ME, Farina MPW. Phosphorus interactions with other 

nutrients and lime in field cropping systems. Adv Soil Sci 1986; 

5:201-236. 

[28] Ahmad I, Jamal Y, Ibrahim M, Muhammad H, Alam M, Rahman 

I, Hidayatullah. Response of irrigated wheat to various levels of 

nitrogen and phosphorus in Peshawar Valley. Am-Eurasian J 

Agric Environ Sci 2015; 15:2461-2465. 

[29] Ali H, Sarwar N, Ahmad S, Tariq AW, Shahzad AN. Response 

of wheat crop to phosphorus fertilizers and application methods 

grown under agro-climatic conditions of southern Punjab. Pak J 

Agric Sci 2012; 49:485-489. 

 [30] Ahmad N, Rashid M. Fertilizers and their uses in Pakistan. 

NFDC. Planning and Development Division, Islamabad; 2003. p. 

17. 

[31] Memon MY, Khan P, Imtiaz M, Shah JA, Depar N. Response of 

candidate wheat variety ‘NIA-8/7’ to different levels/ratios of 

nitrogen and phosphorus. Pak J Bot 2011; 43:1959-1963. 

[32] Zarei L, Cheghamirza K, Farshadfar E. Evaluation of grain yield 

and some agronomic characters in durum wheat (Triticum 

turgidum L.) under rainfed conditions. Aust J Crop Sci 2013; 

7:609-617. 

[33] Dilbaugh M, Chaudhry GA, Makhdum MI, Shabab UD. 

Influence of phosphorus application in different proportion with 

nitrogen and potassium on wheat yield under irrigated 

conditions. Pak J Sci Ind Res 1988; 32:206-211. 

[34] Imtiaz M, Shah KH, Khan P, Siddiqui SH, Memon MY, Aslam 

M. Response of wheat genotype ‘SI-91195’ to increasing N and 

P levels and their ratios under agro-climatic conditions of Sindh. 

Pak J Soil Sci 2003; 22:58-63. 

[35] Ali J, Bakht J, Shafi M, Khan S, Shah WA. Uptake of nitrogen as 

affected by various combinations of nitrogen and phosphorus. 

Asian J Plant Sci 2002; 47:79-81. 

[36] Maqsood M, Akbar M, Yousuf N, Mehmood MT, Ahmad S. 

Effect of different rate of N, P and K combinations on yield and 

components of yield of wheat. Int J Agric Biol 1999; 1: 359-361. 

[37] Brady NC, Weil RR. The Nature and Properties of Soils. 13th Ed. 

New Jersey: Prentice Hall; 2002. p. 543-596. 

[38] Villar-Mir JM, Claudio-Stocckle PV, Ferrer F, Aran M. On-farm 

monitoring of soil nitrate-nitrogen in irrigated cornfields in the 

Ebro Valley (Northeast Spain). Agron J 2002; 94:373-380. 

[39] Khan P, Imtiaz M, Aslam M, Shah KH, Depar N, Memon MY, 

Siddiqui SH. Effect of different nitrogen and phosphorus ratios 

on the performance of wheat cultivar ‘Khirman’. Sarhad J Agric 

2008; 24:233-239. 

[40] Ma BL, Yan W, Dwyer LM, Fregeau-Reid J, Voldeng HD, Dion 

Y, Nass H. Graphic analysis of genotypes, environment, nitrogen 

fertilizer and their interaction on spring wheat yield. Agron J 

2004; 96:169-180. 

[41] Ahmad N, Thakar MW, Malik NA, Shah ML, Ahmad S. Effect 

of NPK on growth, yield and yield components of Sunflower. J 

Agric Res 1992; 30:20-24. 

[42] Van Keulen H, Stol W. Quantitative aspects of nitrogen nutrition 

in crops. Fertilizer Res 1991; 27:151-160. 

[43] Brink GE, Peterson GA, Sistani KR, Fairbrother TE. Uptake of 

selected nutrients by temperate grasses and legumes. Agron J 

2001; 93:887-890. 

[44] Fixen PE, Jin J, Tiwari KN, Stauffer MD. Capitalizing on multi-

element interactions through balanced nutrition-a pathway to 

improve nitrogen use efficiency in China, India and North 

America. Sci China Ser C Life Sci 2005; 48:1-11. 

[45] Hossain MF, White SK, Elahi SF, Sultana N, Chaudhry MHK, 

Alam QK, Rother JA, Gaunt JL. The efficiency of nitrogen 

fertilizer for rice in Bangladeshi farmer’s field. Field Crops Res 

2005; 93: 94-107. 

[46] Fageria NK, Baligar VC. Lowland rice response to nitrogen 

fertilization. Commun Soil Sci Plant Anal 2001; 32:1405-1429. 

[47] Yaseen M, Malhi SS. Variation in yield, phosphorus uptake, and 

physiological efficiency of wheat genotypes at adequate and 

stress phosphorus levels in soil. Commun Soil Sci Plant Anal 

2009; 40:3104-3120. 

 

 

 

 

 

 

 

 

 


