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Abstract 

 

Field experiments were conducted for two consecutive years (2007-08 and 2008-09) to evaluate the response of a 

candidate wheat variety NIA-8/7 to different ratios of nitrogen and phosphorus. Four levels of N (0, 120, 150 and 180 kg ha-

1) and nine levels of P2O5 (0, 30, 40, 45, 60, 75, 90, 110 and 135 kg ha-1) along with 60 kg K2O ha-1 in 10 combinations were 

employed in 4:1, 4:2 and 4:3 N:P2O5 ratios. The results showed that the grain yield increased significantly (P <0.05) with 

fertilizer levels up to 150 kg N, and 110 kg P2O5 ha-1. The differences in grain yield at 150:110 and 180:135 levels of N: 

P2O5 were not significantly different with each other during both years. Yield traits viz., spike length, number of grains per 

spike and 100-grain weight were higher at 150:110 kg N and P2O5 ha-1 as compared with other treatments. The test genotype 

NIA-8/7, produced significantly highest yield (5417 kg ha-1) at 150 kg N and 110 kg P2O5 ha-1, therefore, it is observed that 

it could be adopted as the most economical dose for obtaining the maximum yield from this wheat genotype under the agro-

climatic conditions of Sindh. 

 

Introduction 
 

Plant nutrition is the science that studies the effect of 

element on plant growth and development, determines the 

forms and conditions of availability and uptake, and 

establishes the ranges of beneficial and detrimental effects 

(Jones, 2003). Optimization of the mineral nutrition is one 

of the factors that limit plant growth and production. 

Among the mineral elements, nitrogen (N) is one of the 

major plant nutrients applied in the form of chemical 

fertilizers. It is essential for the formation of amino acids, 

the building blocks of proteins (Ma, 2004). Phosphorus is 

another essential plant mineral involved in the formation 

of nucleic acids, phospholipids and ATPs (Schachtman et 

al., 1998). Phosphorus counter balances the effect of 

excessive nitrogen by hastening plant maturity, improving 

grain quality and retarding excessive vegetative growth 

(Theodorou & Plaxton, 1993). When the soil is deficient 

in phosphorous, the response of crop to nitrogen would 

also be reduced (Senigagliesi et al., 1983; Tahir, 1980). 

However, the judicious use of these elements in the form 

of fertilizers can increase yield from 30-47 % (Maseh, 

1994). 

Increasing population, waterlogging and salinity are 

converting the arable land into non-agricultural uses 

(Alam & Khan, 1999) and these are considered as main 

obstacles to modern agriculture and ultimately affecting 

crop productivity. Moreover, population is increasing in 

the geometric ratio while crop productivity increases in 

arithmetic ratio (Khan et al., 2010). Therefore, there is a 

dire need to improve vertical crop productivity rather than 

longitudinal increase. The vertical increase can be 

obtained by cultivating high yielding genotypes endowed 

with better agronomic practices and adequate package of 

production technology. Crop genetic contributes only 20-

30% in the enhancing the crop productivity (Khan et al., 

2002), whereas, agronomic practices share 70-80% in the 

discipline of crop productivity. 

Wheat (Triticum aestivum L.) is amongst the major 

cereal crops in Pakistan and contributes 14.4% to 

agriculture sector and 3.1% to the GDP. It is being grown 

on 9.05 million hectares, with an average yield of 2639 kg 

ha-1 in Pakistan (Anon., 2010), which is very low as 

compared to other wheat producing countries of the 

world. Improper use of fertilizer is one of the major 

dilemma to achieve high crop productivity. Balanced 

fertilization not only accelerates nutrient uptake and 

maintains soil nutrient balance, but also increases grain 

yield and farmers income. The importance of balanced 

fertilization in maintaining soil fertility for sustainable 

production is highly evident. Genotype response always 

depends on the environment whereas, rhizosphare 

environment depends on the soil and application of 

fertilizer. Different nutritional requirements are needed by 

different genotypes which need to be investigated for 

obtaining high crop productivity. The self sufficiency in 

wheat can only be obtained by applying balance fertilizer 

to each genotype. The present study was therefore, 

planned to investigate the optimum and balanced doses of 

nitrogen and phosphorus for exploiting maximum 

potential of new candidate wheat variety NIA-8/7 

developed by NIA, Tando Jam, Sindh. 

 

Materials and Methods 

 

Field studies were carried out on a fixed layout 

during two growing seasons (2007-08 and 2008-09) at 

Nuclear Institute of Agriculture (NIA), Tando Jam to 

study the response of wheat crop to N and P fertilizer 

application. The experimental site was silty clay in 

texture, non-saline in nature (ECe, 0.63 and 0.59 dS m-1), 

low in organic matter (7.8 and 8.5 g kg-1), Kjeldahl N 

(0.05 and 0.045 %) and Olsen’s P (6.4 and 6.9 mg kg-1). 

Four levels of N (0, 120, 150 and 180 kg ha-1), nine levels 

of P2O5 (0, 30, 40, 45, 60, 75, 90, 110 and 135 kg ha-1) 

along with 60 kg K2O ha-1 in ten combinations were 

employed in 4:1, 4:2 and 4:3 N: P2O5 ratios. The 

experiment was laid out in a randomized complete block 

design with four replications. The net plot size was 4m x 

4m in both the years. Phosphorus in the form of triple 

super phosphate (TSP) was applied at the time of sowing 

according to the quantity required for each treatment. The 

required quantity of N in the form of urea was applied in 

two splits; half at sowing and the remaining half at the 
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time of second irrigation. Pre-sowing soil samples upto 30 

cm depth were collected and analyzed for their physico-

chemical properties such as soil texture (Koehler et al., 

1984), soil pH(1:5) (Mclean, 1982) using 105 Ion Analyzer 

pH Meter, soil organic matter (Nelson & Sommers, 1982) 

and  P by Spectrophotometer “Spectronic 21” using 

required standard solutions. Total nitrogen in soil and 

plants was determined using Kjeldahl distillation 

procedure as described by Bremner, 1996. Seed of the 

candidate wheat variety NIA-8/7 was sown with single 

row hand drill at inter-row spacing of 30 cm with the seed 

rate of 150 kg ha-1. The requisite agronomic measure was 

adopted during the entire growth period. At maturity the 

data were recorded for biological yield after harvesting 

the crop. The plant samples were then collected randomly 

from each treatment and threshed for grain and straw. 

Both of the plant parts were dried at 70 oC in an oven at a 

constant weight for determination of N and total P. A 

uniform sub portion of the dried material was ground in 

Wiley’s mill and a known quantity of the ground material 

was digested by modified Kjeldahl’s method in which N 

is converted in NH4
+ form by digestion with H2SO4. The 

NH3 was distilled into boric acid and determined by 

titration with standard H2SO4 (Jackson, 1962). Total P 

was also determined by digesting the plant material in 

HNO3: HClO4 mixture prepared in 5:1 ratio. The digested 

material was analysed to determine total P by 

metavanadate yellow colour method as described by 

Jackson (1962). The data obtained were subjected to 

statistical analysis by computer software (Anon., 1982). 

 

Results and Discussion 

 

Plant height, number of grains spike-1 and spike length 

(cm): The overall results showed that plant height was 

significantly influenced by various combinations of 

fertilizer (Table 1). The treatment receiving 180 kg N and 

135 kg P2O5 ha-1 produced the maximum plant height 

(102.3 cm) while the treatment 150 kg N and 110 kg P2O5 

ha-1 produced plant height of 98.8 cm. Minimum plant 

height of 77.1 cm was recorded in control. All the 

fertilizer treatments were significantly different from 

control. The treatment 120 kg N+ 30 kg P2O5 and 120 kg 

N + 60 kg P2O5 ha-1 gave 89.4 and 91.3 cm plant heights 

respectively which was significantly lower than the other 

fertilizer treatments.  

Data pertaining to number of grains per spike given 

in Table 1 revealed that various nitrogen and phosphorus 

rates significantly affect the number of grains per spike. 

The highest number of grains per spike (66.8) was 

recorded in case of 150 kg N with110 kg P2O5 ha-1 

followed by 120 kg N & 90 kg P2O5 ha-1 (62.1) grains per 

spike. The lowest number of grains per spike (33.5) was 

recorded in control treatment. These results are in 

accordance with those of Kadry et al., (1984) and 

Dilbaugh et al., (1988).  

Significant (p<0.05) differences were observed for 

spike length among various fertilizer treatments (Table 2). 

Treatment 150 kg N & 110 kg P2O5 ha-1 produced the 

longest spikes (13.6 cm). This was followed by treatment 

180 kg N & 135 kg P2O5 ha-1 produced 12.9 cm long 

spikes. The shortest spike length (8.6 cm) was noted in 

control. Our findings are in agreement with those reported 

by Ahmad & Rashid (2003). 

The results are in accordance with the findings of 

Khan et al., (2009) who reported that the plant height 

increased significantly with increasing the application of 

N and P2O5. Nitrogen is a part of many critical plant 

components including chlorophyll, which is considered to 

be the heart of photosynthesis. The increased level of N 

may have increased the rate of photosynthesis which 

increased the growth and plant height. At the same time 

adequate phosphorous enhances many physiological 

processes including seed production (both number of seed 

and weight) and the fundamental processes of 

photosynthesis thus helping in plant growth. The ratio of 

N P @ 4:3 reflects the balance adequacy of these nutrients 

for plant which cause maximum plant height and gave 

higher numbers of grain (Brady & Weil, 2002).  

 

100-grain weight (g): A similar impact of balanced 

fertilization was observed in 100-grain weight (Table 2) 

as noted in case of spike length. Similarly, lowest 100-

grain weight (3.09 g) was recorded in the control. The 

highest grain weight of 4.56 gm was recorded with the 

application as N and P2O5 at 150 and 110 kg ha-1 

respectively and which was significantly different from 

other treatments. The 100-grain weight was enhanced 

significantly with the successive increments in the 

application rates of N and P2O5, which may have been due 

to the effect of these nutrients on growth, seed formation 

and seed development (Imtiaz et al., 2003). These results 

are similar to those of Kirrilov & Pavlov (1989), who 

reported that application of nitrogen markedly increased 

the 100-grain weight. 

 

Straw and grain yield: Straw and grain yield increased 

with increasing levels of N and P2O5 but the effect of 

different ratios of N and P2O5 was more significant (Table 

3), the highest straw yield (6608 kg ha-1) was recorded 

with 180 kg N and 135 kg P2O5 ha-1 and the lowest was 

observed in control. The better growth and higher straw 

yield with increase in N levels might be due to the role of 

N, in enhancing the vegetative growth (Ma et al., 2004). 

Phosphorus seems to have an additive effect on crop 

growth in a balanced proportion to that of applied N 

(Bhatti et al., 1988; Brink, 2001; Imtiaz et al., 2003; Khan 

et al., 2008). Our findings are in line to those reported by 

Ahmad et al., (1992). 

In the present study, different fertilizer treatments 

significantly affected the grain yield of wheat genotype 

NIA-8/7 (Table 3). Treatment of 150 kg N and 110 Kg 

P2O5 kg ha-I gave the highest grain yield of 5417 kg ha-I 

which was statistically at par with the treatment 180 kg N 

and 135 kg P2O5 ha-1 (5260 kg ha-1). The lowest grain 

yield of 2630 kg ha-l was recorded in control. Khan et al., 

(2008) also reported that grain yield increased 

significantly with the application of nitrogen and 

phosphorus at ratio of 4:3. The increase in grain yield 

might be due to the driving behaviour of other yield 

attributes (Maqsood, et al., 1999; Das & Yaduraju, 1999) 

viz., spike length, number of grains per spike and 100-

grain weight which  were higher at 150 N + 110 P2O5 kg 

ha-1 than other treatments. Also the supply of adequate 

nitrogen increases the plumpness of cereal grains protein 

contents of both seed and foliage (Villar-Mir et al., 2002). 

It can dramatically stimulate plant productivity whether 

measured in tons of grain or other plant parts. On other 
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hand addition of P in balance with N may have additional 

effect on root development and seed formation (Brady & 

Weil, 2002). A similar study on the yield trend clearly 

indicated that application of N and P2O5 at 4:3 ratios 

improved grain yield (Khan et al., 2009). Thus, it has 

been observed from the present studies that application of 

N and P2O5 at 4:3 ratios may be considered as a balanced 

and economical dose for the test cultivar NIA-8/7 and it 

can be revealed that this ratio will be enough to satisfy its 

nutrient requirements. 
 

Value cost ratio (VCR) and net income: Value cost ratio 

is an important criterion which is related to the economics 

of commodity produced and determines the net profit for 

the farmers (Khan et al., 2009). On the basis of economic 

analysis, net income and benefit-cost ratio was calculated 

as indicated in Table 4. The maximum net income of Rs. 

61433 per hectare was obtained when the crop was 

fertilized with 150 kg N and 110 P2O5 kg ha-1 and 

minimum net income of Rs. 28128 per hectare recorded 

with 120 kg N and 30 kg P2O5 ha-1. The maximum cost-

benefit ratio (6.29) was observed in case of 150 kg N and 

40 kg P2O5 ha-1 while the minimum cost-benefit ratio 

(4.47) was obtained when fertilized with 180 kg N and 

135 kg P2O5 ha-1. It is evident from the results that the 

unnecessary application of higher fertilizer doses with 

marginal yield increases; are neither economical nor 

profitable. It is thus necessary to use the costly inputs 

judiciously for greater profitability. 

 

Table 1.  Effect of different fertilizer levels and ratios on agronomic parameters of wheat genotype NIA- 8/7. 

Treatments 

(N- P2O5 kg ha-1) 

Plant height (cm) Number of grains spike-1 

2007-08 2008-09 Mean 2007-08 2008-09 Mean 

Control 73.0 f 81.3 f 77.13 e 35.7 d 31.2 d 33.5 d 

120-30 (4:1) 80.7 e 98.0 e 89.38 d 49.5 c 47.0 c 48.3 c 

120-60 (4:2) 82.2 de 100.3 d 91.25 d 51.5 c 50.2 c 50.9 c 

120-90 (4:3) 85.5 cd 102.6 bc 94.04 c 61.7 ab 62.5 a 62.1 b 

150-40 (4:1) 86.2 cd 101.8 c 94.05 c 49.7 c 51.5 c 50.5 c 

150-75 (4:2) 88.2 c 102.5 bc 95.38 c 58.0 b 61.2 ab 59.6 b 

150-110 (4:3) 94.5 b 103.1 ab 98.79 b 67.7 a 65.7 a 66.8 a 

180-45 (4:1) 95.0 b 103.0 abc 98.99 b 63.5 b 57.2 b 60.4 b 

180-90 (4:2) 99.7 a 103.5 ab 101.6 a 60.7 b 62.5 a 61.8 b 

180-135 (4:3) 100.5 a 104.0 a 102.3 a 60.5 b 62 ab 61.3 b 

LSD 4.739 1.216 2.487 6.099 4.967 3.823 
Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

 
Table 2. Effect of different fertilizer levels and ratios on agronomic parameters of wheat genotype NIA- 8/7. 

Treatments 

(N- P2O5 kg ha-1) 

Spike length (cm) 100-grain weight (g) 

2007-08 2008-09 Mean 2007-08 2008-09 Mean 

Control 8.3 e 8.8 g 8.6 g 3.7 d 2.53 e 3.09 e 

120-30 (4:1) 11.2 d 9.3 fg 10.3 f 3.9 c 3.69 d 3.79 d 

120-60 (4:2) 12.3 c 9.9 ef 11.1 e 4.2 b 4.17 bc 4.21 b 

120-90 (4:3) 13.3 ab 10.5 de 11.9 d 4.4 b 4.29 ab 4.34 b 

150-40 (4:1) 12.9 bc 10.5 d 11.7 d 4.0 c 3.95 cd 3.97 c 

150-75 (4:2) 13.3 ab 11.9 bc 12.6 bc 4.3 b 4.26 abc 4.29 b 

150-110 (4:3) 13.9 a 13.4 a 13.6 a 4.6 a 4.53 a 4.56 a 

180-45 (4:1) 13.3 ab 11.6 c 12.4 c 4.4 b 4.33 ab 4.35 b 

180-90 (4:2) 13.4 ab 12.0 bc 12.7 bc 4.4 b 4.28 ab 4.32 b 

180-135 (4:3) 13.5 ab 12.4 b 12.9 b 4.3 b 4.20 bc 4.22 b 

LSD 0.7813 0.5947 0.4696 0.1947 0.3078 0.1734 

 

Table 3. Effect of different fertilizer levels and ratios on the yield of candidate wheat variety  NIA-8/7. 

Treatments 

(N-P2O5 kg ha-1) 

Yield (Kg ha-1) 

Straw Grain 

2007-08 2008-09 Mean 2007-08 2008-09 Mean 

Control 3610 g 3397 g 3503 h 2485 f 2775 g 2630 f 

120-30 (4:1) 4985 f 4430 f 4707 g 4438 e 3695 f 4066 e 

120-60 (4:2) 5047 f 4946 e 4996 f 4656 de 3961 ef 4309 e 

120-90 (4:3) 5500 e 5202 de 5351 e 5031 bc 4158 de 4595 d 

150-40 (4:1) 5657 de 5330 d 5493 de 4938 cd 4342 cde 4640 cd 

150-75 (4:2) 5875 cd 5388 d 5631 d 5111 bc 4769 b 4940 b 

150-110 (4:3) 6375ab 6525 a 6450 ab 5485 a 5350 a 5417 a 

180-45 (4:1) 6110 bc 5825 c 4967 c 5313ab 4409 bcd 4861 bc 

180-90 (4:2) 6375 ab 6141 b 6258 b 5297 ab 4594 bc 4946 b 

180-135 (4:3) 6610 a 6607 a 6608 a 5282 ab 5238 a 5260 a 

LSD 371.8 310.1 249.9 329.0 425.8 264.3 
Means followed by different letters in the same column are significantly different from each other at 5% level of significance 
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Table. 4. Value cost ratios (VCR) at different levels and ratios of  

N and P for wheat genotype NIA-8/7. 

Treatments 

(N-P2O5 kg ha-1) 

Production value 

(wheat grain + bhoosa) (Rs) 

Fertilizer cost 

(Rs) 

Profit 

(Rs) 

VCR 

Control - -  - 

120-30 (4:1) 34650 6522 28128 5.31 

120-60 (4:2) 41633 8870 32763 4.69 

120-90 (4:3) 50046 11217 38828 4.69 

150-40 (4:1) 52500 8348 44152 6.29 

150-75 (4:2) 58249 11087 47162 5.25 

150-110 (4:3) 75259 13826 61433 5.44 

180-45 (4:1) 48497 9783 38714 4.96 

180-90 (4:2) 66557 13304 53253 5.00 

180-135 (4:3) 75272 16826 58446 4.47 

 
Nitrogen and phosphorus uptake: The uptake of both 

nutrients was significantly affected by their respective 

fertilizer application rates (Tables 5 and 6). Nitrogen 

uptake by wheat genotype was enhanced varying from 

36.5 to 139.8 kg ha-1 as N application rate increased from 

120 to 180 kg ha-1. Our findings are in close agreement to 

those reported by Van Keulen & Stol (1991). Successive 

increments in P2O5 fertilization at each N dose 

significantly improved the efficiency of N usage, which 

reflects strong synergism between both elements. 

Phosphorus harvest also increased linearly with the 

corresponding increase in P2O5 application rates. The 

highest P uptake (27.35 kg ha-1) was recorded with 110 kg 

P2O5 ha-1 and the lowest (2.82 kg ha-1) in the control. The 

results of the present study are similar to those recorded 

by Brink et al., (2001), who reported that appropriate 

proportion of nutrients in the soil facilitate their uptake by 

plants.

 

Table 5. Nitrogen uptake as influenced by different N and P application. 

Treatments       

(N-P2O5, kgha-1) 

N uptake (kg ha-1) 

2007-08 
Total 

2008-09 
Total Mean 

Grain Straw Grain Straw 

Control 29.97 f 7.14 e 37.1e 31.29 e 4.52 f 35.82 e 36.47 f 

120-30 (4:1) 78.48 e 15.81 d 94.3 d 79.50 d 13.77 e 93.27 d 93.78 e 

120-60 (4:2) 81.58 de 16.51d 98.1 cd 88.78 cd 15.07 e 103.85 cd 101.0 de 

120-90 (4:3) 88.97 cd 18.80 d 107.8 c 89.72 c 17.03 e 106.75 c 107.3 cd 

150-40 (4:1) 83.92 cde 23.88 c 107.8 c 90.56 c 24.67 d 115.23 bc 111.5 c 

150-75 (4:2) 92.49 bc 28.28 b 120.8 b 94.38 bc 27.00 d 121.38 b 121.1 b 

150-110 (4:3) 102.84 a 34.23 a 137.1 a 109.49 a 31.52 c 141.01 a 139.0 a 

180-45 (4:1) 98.90 ab 32.96 a 131.9 ab 103.59 ab 35.38 ab 138.96 a 135.4 a 

180-90 (4:2) 99.75 ab 33.74 a 133.5 a 101.25 ab 33.07 bc 134.32 a 133.9 a 

180-135 (4:3) 100.60 ab 34.69 a 135.3 a 106.35 a 38.05 a 144.40 a 139.8 a 

LSD 9.713 3.987 7.113 10.13 3.655 2.622 8.256 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

 

Table 6.  Phosphorus uptake as influenced by different N and P application rates and ratios. 

Treatments       

(N-P2O5, kgha-1) 

P uptake (kg ha-1) 

2007-08 
Total 

2008-09 
Total Mean 

Grain Straw Grain Straw 

Control 1.78 h 2.55 f 4.34 h 0.8 f 0.51 e 1.31 g 2.82 h 

120-30 (4:1) 4.53 g 4.36 e 8.89 g 11.8 e 7.20 cd 18.98 f 13.93 g 

120-60 (4:2) 7.80 e 5.70 cd 13.51 e 12.9 e 7.32 cd 20.26 ef 16.89 f 

120-90 (4:3) 12.22 c 6.27 bc 18.49 c 16.1 bc 6.70 d 22.78 de 20.64 de 

150-40 (4:1) 5.53 f 5.50 d 11.03 f 13.7 de 9.13 b 22.80 de 16.92 f 

150-75 (4:2) 10.18 d 6.80 b 16.97 d 16.8 bc 7.96 c 24.72 cd 20.85 d 

150-110 (4:3) 15.65 a 8.14 a 23.80 a 21.6 a 9.25 b 30.90 a 27.35 a 

180-45 (4:1) 5.77 f 6.10 c 11.87 f 15.3 cd 11.38 a 26.65 bc 19.26 e 

180-90 (4:2) 11.36 c 7.57 a 18.93 c 17.6 b 9.36 b 26.96 bc 22.95 c 

180-135 (4:3) 14.06 b 8.09 a 22.15 b 17.5 b 10.62 a 28.11b 25.13 b 

LSD 0.9851 0.5730 1.138 2.056 0.8583 0.5066 1.463 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 
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Conclusion  

 

The genotype NIA-8/7 performed well with the 

increasing N and P2O5 levels and ratios. The maximum 

yield was produced with optimum inputs of 150 N + 110 

P2O5  kg ha-1. Hence, it can be considered as the most 

economical dose for this genotype when grown on silty 

clay soil.  
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