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Influence of phosphorus and zinc on yield, quality and nutrients content and uptake and soil fertility status after harvest of wheat

Abstract

A field experiment was conducted during Rabi season of 2020-21 at Agronomy Instructional Farm, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar,  to evaluate the influence of phosphorus and zinc on wheat yield, quality, nutrients uptake and post-harvest soil fertility status. The soil of experimental field was loamy sand in texture with neutral in reaction (pH 7.01) and electrical conductivity within safe limit (0.19 dSm-1). The soil was low in organic carbon (0.39 %), DTPA-extractable Fe (2.59 mg kg-1), DTPA-extractable Mn (4.51 mg kg-1); medium in available P2O5 (41.26 kg ha-1), K2O (162.65 kg ha-1), DTPA– extractable Zn (0.71 mg kg-1) and DTPA– extractable Cu (0.31 mg kg-1). 
The experiment comprised of two factors each having four levels each of phosphorus (P0–0 kg P2O5 ha-1, P1–30 kg P2O5 ha-1, P2–60 kg P2O5 ha-1 and P3–90 kg P2O5 ha-1) and zinc (Zn0–0 kg Zn ha-1, Zn1–2.5 kg Zn ha-1, Zn2–5.0 kg Zn ha-1 and Zn3–7.5 kg Zn ha-1). Total sixteen treatment combinations were laid out in factorial randomized block design withthree replications. Results
 revealed that phosphorus content in grain and straw was significantly increased with the application of 90 kg P2O5 ha-1 (P3) over  rest of the treatments; which was found at par with 60 kg P2O5 ha-1 (P2). Significantly
 the highest N, P, K 
uptake by grain and straw was observed with the application of 90 kg P2O5 ha-1 (P3); which was remained at par with 60 kg P2O5 ha-1 (P2). Available P2O5 content in soil was significantly increased with the application of 90 kg P2O5 ha-1. Significantly the highest N, P, K uptake by grain and straw was recorded with the application of Zn @ 7.5 kg ha-1; which was remained at par with 5.0 kg Zn ha-1. 
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1. Introduction

Mexican Dwarf Wheat (Triticum aestivum L.) presently grown in India and everywhere called common bread wheat, was evolved by Dr. N. E. Borlaug of Mexico at CIMMYT. Wheat is a self-pollinated, C3 and hexaploid plant. It is the dominant crop in temperate countries being used for human food and livestock feed. Its success depends not only on its adaptability and high yield potential but also on the gluten protein fraction which confers the visco elastic properties that allow dough to be processed into bread, pasta, noodles and other food products. It also contributes essential amino acids, minerals, vitamins, beneficial phytochemicals and dietary fiber components to the human diet and these are particularly enriched in whole-grain products.

Wheat grains are comparatively better source of protein consumed in India.  About 10-12% protein requirement is met by wheat
. Direct application of different fertilizers could increase the productivity of the wheat crop and the protein content. Comparatively, lower productivity in Gujarat is due to several constraints like lack of irrigation facilities, imbalance use of fertilizers and lack of knowledge of modern Agro-techniques such as suitable genotypes, proper sowing times, seed rate, spacing, weed control, fertilization and plant protection measures etc.

In India, where majority of population is vegetarian, phosphorus (P) deficiency is a major constraint to crop production as 80% of the soils in Indian are low to medium in P availability, necessitating P additions to obtain optimum plant growth and higher productivity (Cakmak, 2008). With the introduction of high yielding dwarf wheats from Mexico in the mid-sixties the P fertilization practices for wheat's was found to be appreciably responsive to P. In field experiments conducted under All India Co-ordinated Wheat Improvement Project of the Indian Council of Agricultural Research (1969) a significant response to P was obtained at most of the research centers and it ranged from 5 to 10 q ha-1 when P was applied at 40 kg ha-1 P2O5. This worked out to 12.5 to 25 kg additional grain per kg P2O5. The experiments conducted under All India Co-ordinated Agronomic Experiments Scheme of the Indian Council of Agricultural Research at 24 Centers located in ten major soil groups of India during the year 1967-68 and 1968-69 showed that response of wheat to P belonging to black mixed red and black and alluvial soil groups (Mahapatra and Leelavahti, 1971).

Zinc (Zn) deficiency also decreases nutritional quality of wheat grain and contributes to health problems in human beings, mainly in developing countries where cereals are major staple food (Kalayci et al., 1999). It is reported that P fertilization may aggravate Zn deficiency in many crops (Alloway, 2015; Haldar and Mandal; 1981; Orabi et al., 1981.). In this regard, a diminishing effect of P fertilization on plant Zn content was reported in wheat (Ova et al., 2015; Zhu et al. 2001).  The Zn-P interaction was explained by numerous reasons such as the dilutions of Zn with P in soil (Alloway, 2015; Pasricha et al., 1987). In wheat, high soil P supply induced Zn deficiency which was the main cause for reduced shoot growth. In maize, high soil P supply resulted in reduced shoot growth and higher than adequate shoot P concentrations and lower than adequate shoot Zn concentrations suggested that P toxicity and Zn deficiency were the main contributing factors for reduced shoot growth (Kizilgoz and Sakin, 2010).
 

2. Materials and methods


The field experiment was carried out during Rabi, season of 2020-21 at Agronomy Instructional Farm, Chimanbhai Patel College of Agriculture, S. D. Agricultural University, Sardarkrushinagar, Banaskantha (Gujarat). Geographically, this place is located at 72°19’ East longitude and 24°19' North latitude at 154.52 meters above the mean sea level and situated in North Gujarat agro climatic zone of Gujarat state. The soil of the experimental field had a uniform topography with gentle slope with good drainage. In order to know the physico-chemical properties of the soil before sowing a composite soil sample was taken from the experimental field to know the initial status of nutrients in soil as well as physico-chemical properties of soil. The soil of experimental field was loamy sand in texture with neutral in reaction (pH 7.01) and electrical conductivity within safe limit (0.19 dSm-1). The soil was low in organic carbon content (0.39 %), DTPA-extractable Fe (2.59 mg kg-1), DTPA-extractable Mn (4.51 mg kg-1); medium in available P2O5 (41.26 kg ha-1), K2O (162.65 kg ha-1), DTPA– extractable Zn (0.71 mg kg-1) and DTPA– extractable Cu.  


The experiment consisted of two factors each having four levels each of phosphorus (P0 - 0 kg P2O5 ha-1, P1 – 30 kg P2O5 ha-1, P2 – 60 kg P2O5 ha-1 and P3 - 90 kg P2O5 ha-1) and zinc (0 kg Zn ha-1, 2.5 kg Zn ha-1, 5.0 kg Zn ha-1 and 7.5 kg Zn ha-1. Total sixteen treatment combinations were laid out in factorial randomized block design with three replications.  
Wheat variety GW- 451 was sown at a row distance of 22.5 cm. The weather conditions were almost favorable for the crop growth and there was no any severe attack of insect and disease during the course of investigation.

 

3. Results and discussion

3.1 Effect of phosphorus and zinc on yield parameters of wheat 
3.1.1 Grain and straw yield 

Data presented in table 1 illustrated that application of phosphorus had significant effect on grain and straw yield of wheat. The treatment 90 kg P2O5 ha-1 gave significantly higher grain and straw yield
 over the control and 30 kg P2O5 ha-1. However, they were at par with 60 kg P2O5 ha-1. The maximum improvement over control was to the tune of 25.10 and 27.12 per cent higher by grain and straw yield. Application of phosphorus at 30, 60 and 90 kg ha-1 has resulted in the increase in mean grain by 12.43, 20.36 and 25.10 and straw by 13.76, 23.20 and 27.59 percent, respectively over control. The main reason for increase in grain yield with different levels of phosphatic fertilizer might be due to the higher 1000-grain weight which might be due to higher rate of photosynthesis and better crop health which ultimately increased the final grain and straw yield.
 Plants showed normal growth with the application of phosphorus and resulted in improved agronomic traits which lead toward improved grain yield. Vyas et al. (2012); Jat et al. (2016); Muhammad et al. (2016); Panotra et al. (2016) and Bairwa et al. (2018) also recorded significant improvement in wheat grain yield with increased  phosphorus levels. Early tiller formation is vital to plant health and ultimately final yield potential. The initial tillers formed by the plant have higher yield potential than late tillers or delayed tillers.
 Tillers are just healthier and productive when adequate phosphorus is available.
 The significant increased in straw yield due to application of phosphorus could be attributed to the increased vegetative growth, possibly a result of the effective uptake and utilization of nutrients absorbed through its extensive root system developed under phosphorus fertilization
.

The data given in table 1 indicated that grain yield was significantly affected due to different doses of zinc. Significantly
 higher grain (3978 kg ha-1) and straw (4850 kg ha-1) yield was recorded with the application of Zn @ 7.5 kg ha-1; which were at par with 5.0 kg Zn ha-1. Application of Zn @ 7.5 kg ha-1 increased the grain yield by 19.55 and 11.64 per cent over control and 2.5 kg Zn ha-1, respectively. Graded levels of Zn application at 2.5, 5.0 and 7.5 kg ha-1 resulted in the increase in mean straw yield by 8.70, 16.95 and 18.91 percent, respectively over control. The increase in the yield due to zinc application may be attributed to the fact that the initial status of available zinc in the experimental soil was low. Under such a situation an increase in the yield is quite natural
. Further, increased grain yield is the manifestation of increase in yield attributes i.e. number of effective tillers, number of grains per spike and spike length. Similar results reported by Dwivedi et al. (2002); Khan et al. (2008) and Sharma et al. (2016). The interaction effect of phosphorus and zinc was found to be non-significant with respect to grain yield of wheat
.
3.2 Effect of phosphorus and zinc on nutrient content of wheat 

3.2.1 Nitrogen content

The different levels of phosphorous application did not exert significant effect on nitrogen content in wheat grain. The maximum nitrogen content  in grain and straw (2.28% and 0.93%, respectively) were reported with 90 kg P2O5 ha-1 and minimum were  observed under control (2.06% and 0.87%, respectively). Comparable outcomes have been reported by Singh and Rai (2002); Dewal and Pareek (2004); Singh et al. (2004) and Mehta et al. (2005). Perusal of data given in table 1 revealed that different levels of zinc application did not exert significant effect on nitrogen content in wheat grain. Application of 7.5 kg Zn ha-1 recorded maximum nitrogen content) in grain and straw (2.22% and 0.92%, repectively) while, minimum content in grain and straw was observed with control (2.10% and 0.88%, respectively).
 The findings of present study are akin to the Choudhary (2004) and Mahdi et al. (2012). It is clear from the table 1 that interaction effect was found to be non-significant with respect to nitrogen contents in grain of wheat.

3.2.2 Phosphorus content


Data presented in table 1 indicates that different levels of phosphorous application significantly  influenced the phosphorus content in wheat grain. Application of 90 kg P2O5 ha-1 significantly increased the P content (0.36% and 0.29%) in wheat grain over rest of the treatments. The lowest phosphorus content was recorded with control (0.32% and 0.22%). However, it was at par with 30 kg P2O5 ha-1 and 60 kg P2O5 ha-1. Moderate supply of phosphorus is needed for growing period of wheat for improving nutrient content in grain. The results are in close agreement with those reported by Sharma et al. (2012). The increase in P content might be due to effective and well-developed root system and increased availability of nutrients in the rhizosphere. Because the soil of the experimental fields was deficient in phosphorus, and fertilization with phosphorus improved the fertility status which led to increased content and uptake of nutrient. Increased P content in grain of different crops due to phosphorus application have also been reported by Singh and Rai (2002), Paswan et al. (2014), Sharma et al. (2012), Jat et al. (2018), Dewal and Pareek (2004) and Singh et al. (2004).

Different levels of zinc were found to be non-significant with respect to P content in grain and straw (Table 1). The maximum P content (0.35 % and 0.26%
) in grain and straw was noted under Zn3 level (7.5 kg Zn ha-1) and minimum P content (0.33 % and 0.24%) 
in grain and straw were noted under Zn0 (0 kg Zn ha-1). The reduction in the content of phosphorus owing to application of zinc may be due to the antagonistic reaction between zinc and phosphorus. The increased concentration of zinc created hindrance in absorption and translocation of phosphorus from the roots to the above ground parts
. Their interaction in the soil may also be partially responsible for this. The interaction effect of phosphorus and zinc on P content in grain (Table 1) was found to be non-significant.
3.2.3 Potassium content

The different levels of phosphorous application did not exert significant effect on potassium contents in wheat grain and straw. The maximum potassium content (0.68% and 1.13%) in grain and straw were 
reported with 90 kg P2O5 ha-1 and minimum potassium content (0.64% and 1.07%) in grain and straw were noted under control. These findings are also supported by Singh et al. (2004) and Bhunia et al. (2006). Data presented in table 1 indicates that different levels of zinc application did not exert significant effect on potassium content in grain. Maximum potassium content (0.68% and 1.11%) in grain and straw were  observed with application of 7.5 kg Zn ha-1. These findings are also supported by Choudhary (2004) and Parihar et al. (2005). It is clear from the table 1 that interaction effect was found to be non-significant with respect to potassium content in grain.
3.3 Effect of phosphorus and zinc on nutrient uptake of wheat 

3.3.1 Nitrogen uptake

A perusal of data given in table 2 revealed that N uptake by wheat grain and straw were significantly influenced due to different levels of phosphorus. Application of 90 kg P2O5 ha-1 recorded the highest N uptake (92.14 kg ha-1 and 46.13 kg ha-1) by grain and straw; but it was remained at par with 60 kg P2O5 ha-1. Minimum N uptake (66.61 kg ha-1 and 34.04 kg ha-1) by grain and straw was noted under control. The magnitude of increase in N uptake by grain due to P2O5 @ 90 kg ha-1 was 38.32% and 21.28% and N uptake by straw due to P2O5 @ 90 kg ha-1 was 35.51% and 17.28%  over control and 30 kg P2O5 ha-1, respectively. Comparable outcomes have been reported by Singh and Rai (2002); Tanwar (2002); Dewal and Pareek (2004) and Singh et al. (2004).

The significant effect of different levels of zinc was noticed on its uptake by grain and straw (Table 2). Application of 7.5 kg Zn ha-1 registered significantly highest N uptake (88.70 kg ha-1 and 44.74 kg ha-1) by grain and straw over rest of levels of zinc; but it was remained at par with 5.0 kg Zn ha-1. Minimum N uptake (69.85 kg ha-1 and 35.80 kg ha-1) by grain and straw was noted under control. The magnitude of increase in N uptake by grain due to Zn @ 7.5 kg ha-1 was 26.98 and 16.78 percent and 24.97 and 15.72 percent by straw over control and 30 kg P ha-1, respectively. Zinc regulates the auxin concentration and stimulates most of physiological and metabolic process in plant that might have facilitated the in absorption of greater amount of nutrients from soil. These findings are in agreement with the results of Choudhary (2004); Verma (2005); Parihar et al. (2005) and Kumar et al. (2011). The interaction effect of phosphorus and zinc was found to be non- significant with respect to N uptake by grain (Table 2).
3.3.2 Phosphorus uptake 

the difference in P uptake by grain and straw was found to be significant due to different levels of phosphorus. The highest P uptake (14.47 kg ha-1 and 14.57 kg ha-1) by grain and straw was noted under P3 level (90 kg P2O5 ha-1) and minimum P uptake (10.45 kg ha-1 and 8.62 kg ha-1) by grain and straw was noted under control
. The magnitude of increase in P uptake by grain due to P2O5 @ 90 kg ha-1 was 38.46 and 21.90 percent over control and 30 kg P ha-1, respectively. While, the magnitude of increase in P uptake by straw due to P @ 90 kg ha-1 was 69.02 and 38.36 percent over control and 30 kg P ha-1, respectively. Among various levels of P, the higher level could probably maintain the available P status in soil to facilitate its uptake at an optimum level. This increase in P uptake may be attributed to higher P content as well as grain and straw yields with higher dose of P. These results are in accordance with those reported by Singh and Rai (2002); Paswan et al. (2014); Dewal and Pareek (2004) and Singh et al. (2004).

A perusal of data given in Table 2 revealed that P uptake by grain and straw of wheat were significantly influenced due to different levels of zinc. Application of Zn @ 7.5 kg ha-1 recorded the highest P uptake (13.88 kg ha-1 and 12.61 kg ha-1) by grain and straw; but it was 
remained at par with 5.0 kg Zn ha-1. Minimum P uptake (10.99 kg ha-1 and 9.78 kg ha-1) by grain and straw was 
noted under control. The magnitude of increase in P uptake by grain due to Zn @ 7.5 kg ha-1 was 26.29 and 17.03 percent over control and 7.5 kg Zn ha-1, respectively. While, the extent of increase in P uptake by straw due to Zn @ 7.5 kg ha-1 was 28.93 and 16.11 percent over control and 2.5 kg Zn ha-1, respectively. The reduction in uptake of phosphorus with the application of Zn might be due to the antagonistic relationship between P and Zn. These observations are in close proximity with the findings of Choudhary (2004) and Parihar et al. (2005). 
3.3.3 Potassium uptake by grain 


thThe K uptake by wheat grain and straw were significantly influenced due to different levels of phosphorus. Application of 90 kg P2O5 ha-1 recorded the highest K uptake (27.49 kg ha-1 and 56.47 kg ha-1) by grain and straw; but it was remained at par with 60 kg P2O5 ha-1. Minimum K uptake (20.72 kg ha-1 and 41.64 kg ha-1) by grain and straw was noted under control. This result is in accordance with those reported by Singh et al. (2004); Bhunia et al. (2006) and Jat et al. (2018)
. A perusal of data given in table 2 revealed that K uptake by grain and straw of wheat was found significant results due to different doses of zinc. Application of Zn @ 7.5 kg ha-1 recorded the highest K uptake (26.78 kg ha-1 and 53.62 kg ha-1) by grain and straw; which was at par with 5.0 kg Zn ha-1. The results obtained in present investigation are in close conformity with those of Choudhary (2004) and Parihar et al. (2005).
 The interaction effect of phosphorus and zinc was found to be non- significant with respect to K uptake by grain (Table 2).
3.4 Effect of phosphorus and zinc on quality parameters of wheat 

3.4.1 Protein content in grain


the effect of phosphorus application on protein content in grain was found non-significant. The maximum protein content (13.11%) in grain was noted under P3 level (90 kg P2O5 ha-1) and minimum (11.86%) was noted under control. Comparable outcomes have been accounted for by Vyas et al. (2012); Sharma et al. (2005) and Savaliya et al. (2017). Data presented in Table 3 indicated that effect of different levels of zinc application on protein content in grain was found non-significant. The maximum protein content (12.79%) in grain was noted under Zn3 level (7.5 kg Zn ha-1) and minimum protein content (12.09 %) in grain was noted under control. The interaction effect of phosphorus and zinc was found to be non- significant with respect to protein content in grain.
3.4.2 Gluten content in grain


The data obtained in table 3 indicated that effect of different levels of phosphorus application on gluten content in grain was found non-significant. The maximum gluten content (29.60%) in grain was found with the application of 30 kg P2O5 ha-1; while, minimum gluten content in grain (29.17%) was found under control. Similarly, the effect of different levels of zinc on gluten content in grain was found non-significant. The maximum gluten content (29.44%) in grain was noted under Zn3 level (7.5 kg Zn ha-1); while, minimum (29.28 %) was noted under Zn2 (5.0 kg Zn ha-1). The interaction effect of P and Zn on gluten content in grain was found non-significant.

3.5 Effect of phosphorus and zinc on nutrients status of soil after harvest 
3.5.1 Soil pH


The data presented in table 4 indicates that different levels of phosphorus application did not show any significant change in soil pH. The maximum soil pH was recorded with the application of 60 kg P2O5 ha-1 (7.69) and minimum (7.55) was recorded with 90 kg P2O5 ha-1 after harvest of crop. Similarly, soil pH was not significantly influenced by different levels of zinc. The maximum soil pH after harvest was found with the application of 5.0 kg Zn ha-1 (7.65) and minimum (7.57) was observed with 2.5 kg Zn ha-1. The findings of present study are akin to the Keram et al. (2012). The interaction effect of P and Zn on soil pH after harvest of wheat crop was found to be non-significant. 
3.5.2 Electrical conductivity 


Perusal of data given in the table 4 revealed that different levels of phosphorus application did not influence the electrical conductivity of soil after harvest. The maximum EC (0.29 dSm-1) of soil after harvest was recorded with 90 kg P2O5 ha-1; while, the minimum EC (0.27 dSm-1) was noted under control. Similarly, the different levels of zinc did not differ with respect to EC of soil after harvest. Application of zinc @ 5 kg ha-1 recorded maximum EC (0.29 dSm-1) of soil after harvest and minimum EC (0.27 dSm-1) was found with control.  Similar findings were also reported by Keram et al. (2012). The interaction effect of P and Zn was found to be non- significant with respect to EC of soil after harvest of wheat crop.

3.5.3 Organic carbon


Application of phosphorus did not show any significant effect on organic carbon content in soil after harvest (table 4). Numerically, maximum organic carbon content (0.24%) in soil was observed with 60 kg P2O5 ha-1 and minimum organic carbon content (0.22%) was recorded with control. The results exhibited in table 4 presented that organic carbon content in soil after harvest of wheat crop was found to be non-significant with respect to the application of different levels of zinc. The maximum organic carbon content (0.24%) in soil was recorded with the application of 7.5 kg Zn ha-1; while minimum (0.22%) was observed with control. These findings are also supported by Keram et al. (2012). The interaction effect of P and Zn level on organic carbon content in soil after harvest of crop was found to be non- significant.
3.5.4 Available  phosphorus 

A perusal of data presented in table 4 revealed that differences in available P2O5 content in soil due to different levels of phosphorus were found to be significant. Significantly higher build-up of available P2O5 (45.83 kg ha-1) content in soil after harvest was recorded with the application of 90 kg P2O5 ha-1 over rest of the treatments. The minimum available P2O5 (40.79 kg ha-1) content in soil at harvest was recorded under control. The magnitude of increase in available P2O5 content in soil at harvest due to P3 level was 12.35 % over P0. The results obtained in present investigation are in close conformity with those of Singh and Rai (2002); Rajput et al. (2014) and Vyas et al. (2012). 
The data regarding available P2O5 content in soil as influenced by different levels of zinc are furnished in table 4. Significantly higher build-up of available P2O5 (45.53 kg ha-1) content in soil after harvest of wheat was recorded with the application of Zn @ 7.5 kg ha-1 over rest of the treatments. The minimum available P2O5 (40.74 kg ha-1) content in soil at harvest was recorded under control. The interaction effect of phosphorus and zinc failed to show its significant effect on available P2O5 content in soil after harvest. 

3.5.5 Available  potassium 

 Thedifferent levels of phosphorus application did not show significant effect on available K2O content in soil after harvest of wheat crop (table 4). The application of 30 kg P2O5 ha-1 to wheat recorded maximum available K2O content (166.92 kg/ha) in soil; while, minimum (157.00 kg/ha) was recorded with control.
From the table 4 it is clear that available K2O content in soil after harvest was not significantly influenced by the application of zinc to wheat. Maximum available K2O content (166.01 kg ha-1) in soil after harvest was observed under application of Zn @ 5 kg ha-1 to wheat and minimum available K2O content (160.23 kg ha-1) in soil was observed with control. It has been cleared from the table 4 that interaction effect of P x Zn was found to be non-significant with respect to available K2O content in soil after harvest of wheat.
4. CONCLUSIONS
5. RECOMMENDATIONS
DISCLAIMER (ARTIFICIAL INTELLIGENCE)
COMPETING INTERESTS
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Table 1. Effect of phosphorus and zinc application on yield and nutrients content in grain and straw of wheat
	Treatments 
	Yield (kg ha-1)
	Nutrients content (%) 

	
	Grain
	Straw
	Nitrogen 
	Phosphorus 
	Potassium 

	
	
	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	Phosphorus levels (kg ha-1) 

	P0 : 0 kg P2O5 ha-1
	3229
	3903
	2.06 
	0.87 
	0.32 
	0.22 
	0.64 
	1.07 

	P1 : 30 kg P2O5 ha-1
	3630
	4440
	2.09 
	0.89 
	0.33 
	0.24 
	0.66 
	1.09 

	P2 : 60 kg P2O5 ha-1
	3886
	4809
	2.20 
	0.89 
	0.34 
	0.25 
	0.67 
	1.11 

	P3 : 90 kg P2O5 ha-1
	4040
	4980
	2.28
	0.93 
	0.36
	0.29 
	0.68
	1.13 

	S.Em. ±
	77
	124
	0.06 
	0.01 
	0.01 
	0.01 
	0.02 
	0.03 

	C.D. (P = 0.05)
	222
	359
	NS 
	NS 
	0.03 
	0.02 
	NS 
	NS 

	Zinc levels (kg ha-1) 

	Zn0 : 0 kg Zn ha-1
	3327
	4079
	2.10 
	0.88 
	0.33 
	0.24 
	0.66 
	1.09 

	Zn1 : 2.5 kg Zn ha-1
	3563
	4433
	2.12 
	0.87 
	0.33 
	0.24 
	0.66 
	1.10 

	Zn2 : 5.0 kg Zn ha-1
	3917
	4770
	2.18 
	0.90 
	0.34 
	0.26 
	0.66 
	1.11 

	Zn3 : 7.5 kg Zn ha-1
	3978
	4850
	2.22
	0.92 
	0.35
	0.26 
	0.67
	1.10 

	S.Em. ±
	77
	124
	0.06 
	0.01 
	0.01 
	0.01 
	0.02 
	0.03 

	C.D. (P = 0.05)
	222
	359
	NS 
	NS 
	NS
	NS 
	NS 
	NS 

	Interaction 

	P x Zn
	NS
	NS
	NS
	NS 
	NS
	NS 
	NS
	NS 

	C.V. (%)
	7.20
	9.50
	10.20
	5.70 
	9.01
	8.29 
	10.25
	9.25 


Table 2. Effect of phosphorus and zinc on nutrients uptake by grain and straw of wheat
	Treatments 
	Nutrients uptake (kg ha-1) 

	
	Nitrogen 
	Phosphorus 
	Potassium 

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	Phosphorus levels (kg ha-1) 

	P0: 0 kg P2O5 ha-1
	66.61
	34.04
	10.45
	8.62
	20.72
	41.64

	P1: 30 kg P2O5 ha-1
	75.97
	39.33
	11.87
	10.53
	23.91
	48.51

	P2: 60 kg P2O5 ha-1
	85.61
	42.79
	13.35
	11.91
	26.19
	53.34

	P3: 90 kg P2O5 ha-1
	92.14
	46.13
	14.47
	14.57
	27.49
	56.47

	S.Em. ±
	2.92
	1.31
	0.33
	0.41
	0.78
	1.92

	C.D. (P = 0.05)
	8.43
	3.78
	0.94
	1.19
	2.26
	5.55

	Zinc levels (kg ha-1) 

	Zn0: 0 kg Zn ha-1
	69.85
	35.80
	10.99
	9.78
	22.07
	44.54

	Zn1: 2.5 kg Zn ha-1
	75.95
	38.66
	11.86
	10.86
	23.48
	48.85

	Zn2: 5.0 kg Zn ha-1
	85.82
	43.10
	13.42
	12.38
	25.98
	52.94

	Zn3: 7.5 kg Zn ha-1
	88.70
	44.74
	13.88
	12.61
	26.78
	53.62

	S.Em. ±
	2.92
	1.31
	0.33
	0.41
	0.78
	1.92

	C.D. (P = 0.05)
	8.43
	3.78
	0.94
	1.19
	2.26
	5.55

	Interaction 

	P x Zn 
	NS 
	NS
	NS 
	NS
	NS 
	NS

	C.V. (%)
	12.62
	11.17
	9.01 
	12.52
	11.02 
	13.31


Table 3. Effect of phosphorus and zinc application on protein and gluten content in grain of wheat
	Treatment
	Protein content (%)
	Gluten content (%)

	Level of Phosphorus (P)

	P0 : 0 kg P ha-1
	11.86
	29.17

	P1 : 30 kg P ha-1
	12.01
	29.60

	P2 : 60 kg P ha-1
	12.63
	29.42

	P3 : 90 kg P ha-1
	13.11
	29.24

	S.Em. ±
	0.37
	0.71

	C.D. (P = 0.05)
	NS
	NS

	Level of Zinc (Zn)

	Zn0 : 0 kg Zn ha-1
	12.09
	29.40

	Zn1 : 2.5 kg Zn ha-1
	12.22
	29.30

	Zn2 : 5.0 kg Zn ha-1
	12.52
	29.28

	Zn3 : 7.5 kg Zn ha-1
	12.79
	29.44

	S.Em. ±
	0.37
	0.71

	C.D. (P = 0.05)
	NS
	NS

	Interaction 

	P x Zn
	NS
	NS

	C.V. (%)
	10.20
	8.38


Table 4. Effect of phosphorus and zinc pH, EC, OC and available P2O5 and K2O contents in soil after harvest of wheat
	Treatment
	pH
	Electrical conductivity (dSm-1)
	Organic carbon (%)
	Available P2O5
(kg ha-1)
	Available K2O

(kg ha-1)

	Phosphorus levels (kg ha-1)

	P0: 0 kg P2O5 ha-1
	7.64
	0.27
	0.228
	40.79
	157.00

	P1: 30 kg P2O5 ha-1
	7.59
	0.28
	0.231
	41.70
	166.92

	P2: 60 kg P2O5 ha-1
	7.69
	0.28
	0.240
	42.87
	165.36

	P3: 90 kg P2O5 ha-1
	7.55
	0.29
	0.234
	45.83
	165.16

	S.Em. ±
	0.09
	0.01
	0.01
	0.97
	4.48

	C.D. (P = 0.05)
	NS
	NS
	NS
	2.79
	NS

	Zinc levels (kg ha-1)

	Zn0: 0 kg Zn ha-1
	7.64
	0.27
	0.226
	40.74
	160.23

	Zn1: 2.5 kg Zn ha-1
	7.57
	0.28
	0.233
	42.72
	162.59

	Zn2: 5.0 kg Zn ha-1
	7.65
	0.29
	0.232
	42.20
	166.01

	Zn3: 7.5 kg Zn ha-1
	7.62
	0.28
	0.243
	45.53
	165.61

	S.Em. ±
	0.09
	0.01
	0.01
	0.97
	4.48

	C.D. (P = 0.05)
	NS
	NS
	NS
	2.79
	NS

	Interaction

	P x Zn
	NS
	NS
	NS
	NS
	NS

	C.V. (%)
	3.94
	9.29
	8.35
	7.83
	9.49
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