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ABSTRACT  
Both P and Zn are important for obtaining good yield although they are antagonistic in nature to each other. A field experiment was 
conducted to examine interactive effect of phosphorus (45, 90 and 135 kg ha-1) and Zn (0, 5, 10, 15 kg ha-1) with control on wheat quality 
and soil properties at Malakandare Research Farm, the University of Agriculture Peshawar during 2012-13. Experiment was laid out in 2 
factorial contrast RCB design with 3 replications.  Results showed that soil and plant P concentration and uptake significantly improved with 
increase in P application rate at each Zn level and decreased with increasing rate of  Zn application. Similarly, soil and plant Zn concentration and 
uptake increased with increasing Zn application however at each Zn rate Zn uptake decreased by increasing application rate of P. Soil and 
wheat Zn and P concentration and uptake showed more significant response at 90 kg P2O5 ha-1 applied in combination with10 kg Zn ha-

1.Thus it is suggested that 90 kg P2O5 ha-1 with 10 kg Zn ha-1 is useful under the similar agro-climatic conditions for obtaining improved 
wheat yield and soil properties. 
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INTRODUCTION 
 
 Wheat is considered the most staple food across the globe. Wheat is one of the most important cereal crops 
in Pakistan and occupies about 66% of the total area under cultivation. It is a direct source of many nutrients 
needed by the human body, i.e. provides about 60% of proteins and also provides 55% of the calories in the 
average diet [1].The quality and production of wheat crop may be influenced by the management of 
macronutrients (NPK) but is also physiologically dependent to the management of different micronutrients 
along the major nutrients [2]. 
 Phosphorus is the essential plant nutrient and is second most extensively deficient nutrient after nitrogen, in 
cereal chain across the world [3]. Crops phosphorus use efficiency (PUE) ranged from 10-30% [4]. Significantly 
maximum yield of grain in wheat has been obtained by many researchers with optimum use of P fertilizer [5-6] 
Similarly, Zinc is required for wheat vigorous growth and also responsible for activating some enzymatic 
processes i.e. carbonic anhydrase, dehydrogenase, proteinase and peptidase [7]. A lot of experiment has been 
proven to highlight the effects of zinc to enhanced wheat and yield quality of wheat [8]. 
 Deficiencies regarding soil phosphorus (P) and zinc (Zn) observed widely spread in several regions across 
the globe [7].Zinc disposal and uptake by the plant is adversely affected by increasing the phosphorus fertilizer 
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[9-10]. Both the elements are important for obtaining more yields although they have antagonistic in nature to 
each other. This antagonism is known to cause yield reduction in many crops. 
 The objective of this study isto find out the optimum level of Zn and P for better wheat quality and soil 
physico-chemical properties in agro-climatic conditions of Peshawar as zinc and phosphorus application and it 
interaction in crop depends on soil and agro climatic conditions of an area and is not widely available for 
Peshawar region.  
 

MATERIALS AND METHODS 
 

 A field trial was practiced to find out the interactive effect of P and Zn on wheat quality and soil properties. 
The wheat variety Siran with a seed rate of 100 kg ha-1 was grown in two factorial randomized complete block 
design with contrast arrangement having three replications. The experiment was consisting of three P levels (45, 
90 and 135 kg ha-1), four Zn levels (0, 5, 10 and 15 Kg ha-1) and control. There were 13 treatments per 
replication, each applied to a plot of 3×4 m2 while keeping row to row distance of 30 cm. DAP and zinc sulphate 
were used as a source of fertilizers for P and Zn respectively. Nitrogen and potassium were applied as a basal 
dose to each treatment at the rate of 120 kg N ha-1 and 60 Kg K2O ha-1from urea and SOP respectively. Nitrogen 
was applied as two split applications where as all P, K and Zn was applied at sowing time. A composite soil 
sample at the depth of 0-20cm was taken from the field before treatment application for base line data. Post-
harvest soil and plant samples from each treatment plot were analyzed for phosphorous [11] and Zn [12]. P and 
Zn uptake in plant samples were taken as a product of biological yield and concentration of each respective 
treatment plot.The collected data were analyzed to the procedure as given by [13]. Least Significant Difference 
(LSD) test was used for any significant difference between the treatments. 
 

RESULTS AND DISCUSSIONS 
 

 Soil of the experimental site was non saline ( 0.56 d Sm-1),alkaline (8.3), Silt loam in texture, low in organic 
matter (0.87%), calcareous in nature (15.87%) and low in total nitrogen (0.03%) as mentioned in table 1. 
 
Table 1: Physico-chemical characteristics of experimental site. 

Physico-chemical properties Units Values 
Textural Class  Silt loam 
Organic matter % 0.87 
Lime Content % 15.87 

pH - 8.3 
EC d Sm-1 0.56 

Phosphorous mg kg-1 2.99 
Zn mg kg-1 0.52 

 
Soil Phosphorous concentration: 
 Soil phosphorus content as affected by phosphorus and zinc application rate is presented in Table 2. 
Statistical perusal of the data indicated that P and Zn application had significant effect on soil P content. 
Similarly, the P x Zn interaction was also found significant. Higher soil P content (7.28 mg Kg-1) was recorded 
at 135 kg P2O5 ha-1 followed by (5.53 mg Kg-1) plots treated with 90 kg P2O5 ha-1. Soil P content was lower in 
plots treated with 45 kg P ha-1. Regarding Zn effect, higher soil P (7.55mg Kg-1) was found in samples collected 
from plots where no Zn was applied. Zn applied at the rate of 5 kg ha-1produced 6.15 mg Kg-1of soil Zn which 
was statistically higher than soil zinc content (5.36 mg Kg-1) of plots treated with 10kg Zn ha-1while 
significantly lower than 5 kg Zn ha-1. Zn application at the rate of 15 kg ha-1 resulted in lower soil P content 
(4.59 mg Kg-1). The P x Zn interaction revealed higher P concentration in plots treated with 135 kg P ha-1 
without zinc (Fig 1).Generally with increasing Zn application soil P content decreased however, at each Zn 
levelhighest soil P was observed at 135 kg P ha-1. This may be due to the antagonistic effect of Zn and P over 
each other as they make insoluble complexes with one another in soil thus reduces their availability. Our results 
are further supported by the findings of [12] who also foundincreasing trend in soil P content with P application  
at low rate of Zn containing fertilizers . Our results are also in confirmation with findings of [14]. The control 
treatment showed significantly lower soil P concentration than rest of the treatments. 
 
Plant Phosphorus concentration: 
  Statistical analysis of the data indicated that Zn and P application significantly affected plant P 
concentration of wheat (Table 2). Higher  P concentration (2631.5mg Kg-1)  was observed for 135 kg P2O5 ha-1 
followed by (2248.3mg Kg-1) P application at the rate 90 kgP2O5 ha-1, while lower P concentration(2099.2mg 
Kg-1) were recorded at  plots treated with 45 kgP2O5 ha-1. Similarly, higher P concentrationwas recorded in plots 
where no Zn was applied which were significantly higher than 2340.5mg Kg-1  of  10 Zn kg ha-1 while lower 
plant P content was documented in 15 kg ha-1 zinc treated plots. The P x Zn interaction was found significant for 
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plant P concentration (Fig 2) and indicated that P concentration gradually decreased with the increase in Zn 
application, however at each application rate of Zn P content was higher in plots which received more 
P.Maximum plant P was found in plots where P was applied at the rate of 135 kg ha-1with control Zn while 
minimum was observed for plots amended with 45 kgP2O5 ha-1and 15 kg Zn ha-1. [15] also concluded that 
increasing P in the soil increased plant  P concentration , our results are further confirmed by the findings of 
[16].The control treatment showed significantly lower plant P concentration than rest of the treatments. 
  
Plant P uptake: 
 Data regarding plant P uptake as affected by Zinc, Phosphorus application rate and their interaction are 
reported in Table 2. Analysis of the data showed that plant p-uptake was significantly affected by Zn, P and Zn 
x P interaction (Fig 3). Higher plant p uptake (20.37 kg ha-1) was found in plots treated 135 kgP2O5ha-1 followed 
by (18.11 kg ha-1) 
 90P2O5 kg ha-1whereas, lower plant P uptake (13.27 kg ha-1) was noted in plants treated with 45 kg P2O5 ha-

1. Similarly, higher P uptake was recorded in plants treated with 5 kg Zn ha-1 which was statistically at par to 
(18.27 kg ha-1)   10 kgZn ha-1while lower plant p uptake (15.96 kg ha-1) was noted in plots treated with 15 kg Zn 
ha-1which was statistically similar to P uptake recorded for Zn controlled plot . Resultsregarding the Zn x P 
interaction (Fig. 3) exhibited that P uptake increased with increasing P application upto135 kg P2O5 ha-1at all Zn 
application rate however, at 5 and 10 kg Zn ha-1it was statistically at par to 90kg P2O5  ha-1while increasing Zn 
application had no significant effect on plant P uptake.Higher P uptake was found in plots treated with 90  
kgP2O5  ha-1 in combination with 5 kg Zn ha-1. It may be attributed to increased dry matter yield and P 
concentration at 90 kg P2O5  ha-1applied in combination with 15 kg Zn ha-1. [17] also revealed that P-uptake in 
wheat plant was maximize by application of P and Zn fertilizer in proper proportion to each other.Same results 
were also stated by [18]. The control treatment showed significantly lower plant P uptake than rest of the  
treatments. 
 
Table 2: Soil, Plant P concentration and uptake as influenced by combine application of phosphorus and zinc. 

Zinc (Kg ha-1) 
Soil P 

(mg kg-1) 
Plant P 

(mg kg-1) 
P uptake 
(Kg ha-1) 

0 7.55a 2603.6 a 16.41 b 
5 6.15b 2340.5 b 18.36 a 
10 5.36c 2227.9 c 18.27 a 
15 4.59d 2133.3 d 15.96 b 

LSD(0.05) 0.36 14.24 1.53 
Phosphorus (Kg ha-1)    

45 4.39c 2099.2 c 13.27 c 
90 5.53b 2248.3 b 18.11 b 
135 7.82a 2631.5 a 20.37 a 

LSD(0.05) 0.31 12.33 1.33 
Control vs Rest    

Control 3.13 1536 4.03 
Rest 5.92 2370 17.25 

Significance level * * * 
Z x P *Fig 1 *Fig 2 *Fig 3 

LSD(0.05) 0.63 24.67 2.66 

 

 
 
Fig. 1: Interactive effect of P and Zn on soil P concentration. 

 
Soil Zinc content: 
 Data regarding post-harvest soil Zn content as affected by P and Zn application rates are showed in Table 3. 
Statistical analysis of the data indicated that post-harvest soil Zn content showed significant response to P and 
Zn application rate. Similarly, the P x Zn interaction was also found significant (Fig. 4). Higher post-harvest soil 
Zn content (2.24 mg kg-1) was recorded in plots treated with 45 kg P2O5 ha-1 followed by90 kgP2O5 ha-1. Soil 
post-harvest Zn content was lower in plots treated with 135 kg P2O5  ha-1. Furthermore, higher soil Zn content 
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(3.32 mg kg-1) was investigated in plots where Zn was applied at the rate of 15 kg ha-1while lower soil Zn 
content (0.58 mg kg-1) was recorded in plots where no Zn was applied. The P x Zn interaction revealed higher 
soil Zn content in plots treated with 45 kg P2O5  ha-1 in combination with 15 kg Zn ha-1. Generally soil Zn 
content increased with increasing Zn application rate at all P levels but with increasing P rate Zn concentration 
in soil decreased at same Zn application rate. This might be due to the application more Zn fertilizer to the soil 
which ultimately increased the soil Zn. Our findings are more similar to the study of [1], and was confirmed 
latter on by the [19].Soil Zn concentration was found significantly higher in treatments amended with P and Zn 
than control. 

 

 
 
Fig. 2: Interactive effect of P and Zn on plant P concentration. 
 

 
 
Fig. 3: Interactive effect of P and Zn on plant P uptake. 
 
Plant Zinc Concentration: 
 Wheat tissue Zn concentration was significantly affected by Zinc, phosphorus application rate and their 
interaction as reported in Table 3. . Maximum  tissue Zn concentration (29.93 mg kg-1) was found in plots 
treated 90  kg  P2O5 ha-1 followed by P application at the rate of 45 kg ha-1 whereas lower tissue Zn 
concentration (23.08 mg kg-1)  was recorded  in plants treated with 135 kg P ha-1. These results indicated that 
plant Zn concentration increased with application of P up to 90 kg P2O5 ha-1and then declined by further 
increase in P application. Similarly, higher tissue Zn concentration (42.18 mg kg-1)   was recorded in plants 
treated with 15 kg Zn ha-1 followed by  10 kg Zn ha-1 while lower plant Zn content (14.38 mg kg-1)  was noted in 
plots where no Zn was applied. Interactive effect of P and Zn demonstrated   higher tissue Zn concentration in 
plots treated with 90 kg P ha-1 in combination with 10 kg Zn ha-1(Fig 5). Zn concentration in plant increased 
with increasing application rate of Zn at all P levels however at same Zn application rate Zn content was found 
significantly higher at 90 kg  P2O5 ha-1. This may be as a result of antagonistic effect of Zn and P with each 
other [20] enclosed that increasing Zn in the soil with optimum P applicationincreased the Zn concentration in 
the plant, as due to more uptake, our results are further confirmed by the findings of [14]. The control treatment 
showed significantly lower plant Zn concentration than rest of the treatments. 
 
Plant Zn uptake: 
 Application of phosphorus and zinc at different rates convincingly affected plant Zn uptake (Table 2). The 
Zn x P interaction was also found significant for plant Zn uptake (Fig. 6). In case of P application rate, Zn 
uptake was higher (0.24  kg ha-1) in plots treated with 90 kg P2O5 ha-1 followed by 45 kgP2O5 ha-1which was at 
par to Zn uptake (0.18   kg ha-1)  recorded at 135 kgP2O5 ha-1. Main effect Zn indicated that, Zn uptake was 
higher in plots treated with Zn at the rate of 15 kg ha-1 followed by Zn application at the rate of 10 kg ha-1. 
Lower  Zn uptake (0.09  kg ha-1) was observed  in Zncontrol plots . Furthermore higher Zn uptake was recorded 
in plant samples collected from plots treated with 90 kg P2O5 ha-1 in combination with 15 kg Zn ha-1while lower 
Zn uptake was observed at 135 kg P2O5 ha-1in Zn controlled plots. Zinc uptake by plant increased with 
increasing Zn application rate however at each Zn rate Zn uptake decreased by increasing application rate of P. 
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The greater zinc availability in the soil might have increased the zinc uptake by wheat crop. These results are in 
agreements with the finding of [21], who reported higher zinc uptake in zinc applied plots compared to control 
plots. 
 
Table 3: Soil, Plant ZN concentration and uptake as influenced by combine application of phosphorus and zinc  

Zinc (Kg ha-1) 
Soil Zn 

(mg kg-1) 
Plant Zn 
(mg kg-1) 

Zn uptake 
(Kg ha-1) 

0 0.58 d 14.38 d 0.09 d 
5 1.38 c 21.83 c 0.16 c 
10 2.35 b 27.39 b 0.22 b 
15 3.32 a 42.18 a 0.31 a 

LSD(0.05) 0.08 1.48 0.02 
Phosphorus (Kg ha-1)    

45 2.24 a 26.33 b 0.17 b 
90 1.86 b 29.93 a 0.24 a 
135 1.61 c 23.08 c 0.18 b 

LSD(0.05) 0.07 1.28 0.01 
Control vs Rest    

Control 0.74 6.35 0.03 
Rest 1.64 26.45 0.20 

Significance level * * * 
Z x P *Fig 4 *Fig 5 *Fig 6 

LSD(0.05) 0.14 2.57 0.03 

 

 
 

Fig. 4: Interactive effect of P and Zn on soil Zn concentration. 
 

 
 

Fig. 5: Interactive effect of P and Zn on plant Zn concentration. 
 

 
 

Fig. 6: Interactive effect of P and Zn on plant Zn uptake. 
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Conclusion and Recommendations:  
 Zinc and phosphorus interaction was found significant for soil plant Zn and P concentration and 
uptake.Wheat and soil P, Zn concentration and their  uptake showed good response at 90 kg P2O5 ha-1 applied 
with 10 kg Zn ha-1 thus, it is recommended as a best combination for improved wheat quality and soil properties 
in existing soil and environmental conditions. 
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