
 

 

 

  International Journal of Farming and Allied Sciences 
Available online at www.ijfas.com 

©2014 IJFAS Journal-2014-3-11/1194-1200/ 30 November, 2014 

ISSN 2322-4134 ©2014 IJFAS 

 

Influence of Sulphur Rates on Phosphurus and 
Sulphur Content of Miaze Crop and its Utilization in 

Soil 
 

Muhammad Imran1, Sajida Parveen1, Amjad Ali2*, Fazli Wahid1, Arifullah3 and Fayaz 
Ali2 

 
1.Department of  Soil and Environmental Sciences, The University Agriculture, Peshawar-Pakistan 
2.College of Natural Resources and Environment, Northwest A&F University, Yangling, P. R. China 

3.College of Economics and Management, Northwest A&F University, Yangling, P. R. China 
 

           Corresponding author: Amjad Ali 
 

ABSTRACT: A field experiment was conducted to study the effect of different levels of sulfur on the S and 
P uptake of maize at the University of Agriculture, Peshawar-Pakistan during spring season 2010. Different 
levels of sulfur were applied at the rate of 25, 50, 75 and 100 kg ha-1 with basal doses of N, P and K in a 
RCB design with 3 replications. Results revealed that leaf phosphorus increased, when S was applied @ 
50 kg ha-1 and SO4-S concentration increased by increasing S rate. The soil P concentration at silking and 
post harvest stage decreased significantly by the addition of S beyond 50 kg ha-1. Phosphurus and sulphur 
uptake by plant significantly increased by the addition of S @ 50 kg ha-1 along with NPK fertilizer. It was 
conclude that application of sulfur beyond 50 kg ha-1 is not economical and encounter P antagonism. 
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INTRODUCTION 
 

 Maize (Zea mays L.) is an important feed and food crop after wheat and rice and ranks third in 
the world and also in Pakistan due to its prolonged use in the agro-industries. It is known as a most 
important profitable crop of great agro-financial value. It is grown widely in subtropical, tropical and 
temperate region in the world; however it performs poorly under high temperature and low humidity 
conditions, resulting in the foliage and interferes with proper pollination and in poor grain formation. 
 According to Agricultural Statistics of  Pakistan (2008-2009), maize covered an area of 1.05 m 
ha, producing 3.6 m tons of maize, with a yield of 3415.0 Kg ha-1, however 509.5 k ha area are 
covered in Khyber Pakhtunkhwa and producing 957.9 thousand tons of maize and yield is 1880.0 
kg ha-1. Maize production show decrease of 0.32% in 2008-09 from 2007-08 which is due to 
excessive rain, shortage of power, minimal use of fertilizers and hike in diesel price  (MINFAL, 2008-
2009). 
 Maize is an exhaustive crop and absorbs huge quantity of nutrient from the soil during different 
stages of growth. Sulphur is an essential nutrient for animal and all plant life. Plant takes up 
approximately the same amount of sulfur as that of phosphorus (Tandon, 1991). Sulfur importance 
is increasing in all regions of the world and in some areas is second to nitrogen in importance. 
Sulfur deficiencies are occurring with greater frequency in more locations throughout the world. As 
a result of its importance many agriculturists are now classifying it as fourth major nutrient. About 
15% of Pakistani soils are deficient in sulfur (<10 mgkg-1 SO4), 30% fall in satisfactory range (11-
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30 mgkg-1 SO4), 33% are in adequate range (31-99 mgkg-1 SO4), and 22% qualify as high range 
(>100 mgkg-1 SO4) (NFDC, 1992).  
 Sulfur is essential for synthesis of the amino acids, a component of vitamin A and activates 
certain enzyme systems in plants (Havlin ., 2004). Under S deficient conditions, the efficiency of 
applied NPK fertilizers may be seriously affected and crop yield levels may not be sustainable 
(Ahmad ., 1994). Continuous removal of S from soils through plant uptake has led to widespread 
S deficiency and affected soil S budget (Aulakh, 2003) all over the world. It was reported that sugar 
crops yield increase at 60 Kg ha-1 sulphur application in the form of gypsum and observed residual 
effects on the growth of the ratoon crop (Mathew ., 2003). Fertilizers, which contain sulphur as a 
combining ingredient, are being replaced with high analysis fertilizers that are low in sulphur. S 
fertilization increases oil, protein and glucosinolate in seed (Malhi ., 2007). Nitrogen use efficiency 
also improves with S and thus maintains adequate fatty acid quality and oil level (Fismes ., 2000). 
Sulphur deficiency has become a major constraint in crop production in coarse textured soils 
(Takkar ., 1989). Introduction of high yielding crop varieties, intensive and multiple cropping and 
the decreased use of farmyard manures seem to have lead to a wide occurrence of S deficiency. 
Sulphur deficiency has been reported from over 70 countries worldwide (Tandon, 1991). Crop yield 
and quality can be effected with inadequate S supply as S is necessary for the structure of 
methionine and cystein, protein certain amino acids, and enzyme synthesis (Hearn, 1981)  
 Restorative crop need less amount of S than oilseed and legumes (Reisenaue and Duke, 
1986). For most crops enough S available in soil (Johnson ., 2000) due to S inputs by atmospheric 
deposition (Zhao ., 1999). Mostly commonly used sulfur fertilizers are ammonium sulfate, gypsum, 
pyrites, elemental sulfur and potassium sulfate. Seed yield of sunflower was significantly increased 
with S @ 40kg ha-1 (Aggrawal and Verma, 1998). Application of different S fertilizers (10-50 kg S 
ha-1) significantly increased the yield of crop (Subhani ., 2003). In view of this fact, the present study 
was designed to assess the effect of different sulfur levels on sulphur uptake by dry matter, grain 
and S and P utilization by maize in Peshawar region. 
 

MATERIALS AND METHODS 
 

Experimental Details 
 A field experiment was conducted at the University of Agriculture, Peshawar during spring 
season 2010 to study the response of maize (cv. Jalal) to sulphur application. The experiment was 
laid out in RCB design with six treatments in three replications. The plot size was 20 m2. Four levels 
of S (25, 50, 75 and 100 kg ha-1) were used in the form of ammonium sulfate. A basal dose of 120 
Kg N, 90 Kg P2O5, and 60 Kg K2O ha-1 was also applied in the form of urea (46% N), DAP (46% 
P2O5), and KCl (52% K2O). All P, K, and S with half dose of N were applied through broadcasting 
at sowing, whereas half dose of N was side dressed at hoeing when the crop was knee stage.  
 
Soil and plant analysis 
 Composite soil sample (0–15 cm) was collected from experimental site before sowing and 
analyzed for general physico-chemical properties and extractable SO4-S (Table 1). Soil samples 
(0-15 and 15-30cm) from each treatment were collected at silking and harvest stage for 
determination of extractable SO4-S and P. Standard methods were used for soil texture (Koehler . 
1984), EC and pH (McClean, 1982), organic matter (Nelson and Sommers, 1982), lime content 
(Richard, 1954), total nitrogen (Bremner, 1982), extractable P and K (Soltanpour & Schwab, 1977), 
available SO4-S (Bardsley and Lancaster, 1960). At silking stage, 10 fully developed leaves were 
collected from each treatment for SO4 (Bardsley and Lancaster, 1960) and P (Ryan . 2001) 
determination 
 

RESULTS AND DISCUSSION 
 

Soil physico-chemical properties of soil 
 Results presented in table 1 shows that soil under study was silt clay loam in texture, alkaline 
in reaction with no salinity problem (0.13 dS m-1) and calcareous in nature. The soil was low in 
organic matter content and poor in available phosphorus, total nitrogen and marginal in available 
sulfate.  
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Table 1. Soil physico-chemical properties of soil 

 
Properties Units Values 

Clay % 32.60 
Silt % 53.40 
Sand % 14.00 
Textural class - Silty clay loam 
pH (1:5) - 8.30 
EC(1:5) dS m-1 0.13 
Lime % 20 
Soil Organic Matter % 0.85 
Total nitrogen % 0.08 
AB-DTPA extractable P mg kg-1 5.65 
AB-DTPA extractable K mg kg-1 105 
Available SO4-S mg kg-1 15.3                                                          

 
Soil extractable P at silking and harvesting stages 
 The results obtained on AB-DTPA extractable P in soil at silking and post harvest stage are 
presented in Table 2 graphically shown in figures 1 and 2. The concentration of extractable P in 
soil varied with soil profile at silking stage. Mean value of the data showed that P concentration was 
high in the surface soil (0-15 cm) and decreased gradually with increasing depth. The higher 
concentration of P (10.35 mg kg-1) was observed in T4 (0-15 cm) and lower P concentration (6.79 
mg kg-1) was observed in T1 (0-15 cm depth). In soil 15-30cm depth the higher concentration of P 
(8.12 mg kg-1) was observed in T4 and lower concentration of P (5.88 mg kg-1) was observed in 
control. Ali (1991) reported antagonistic interaction at 60 kg P + 40 kg S ha-1. The results obtained 
on AB-DTPA extractable P in soils also varied with depths at post harvest stage. Statistical analysis 
of the data showed that P concentration was higher in 0-15 cm as compared to 15-30 cm. The high 
P concentration (2.46 mg kg-1) was observed in T4 and lower P concentration (0.73 mg kg-1) was 
observed in T1 (0-15cm). In subsoil (15-30 cm) the higher concentration of P (1.57 mgkg-1) was also 
observed in T4 followed by lower concentration of P (0.51 mg kg-1) in control. Shankalingappa ., 
(2000) observed an antagonistic effect of P and S when thy applied together at higher rate (72 kg 
P and 40 kg S ha-1). These finding were also supported by the research work of Khan . (2006). 
 

Table 2. Effect of sulfur and NPK on P content in soil at silking and post harvest stage 
Treatment P at Silking mg/kg P at post harvest mg/kg 

 0-15cm 15-30cm 0-15cm 15-30cm 
Control 6.79  d 5.89  e 0.73 d 0.51  e 
N+P+K 9.19  ab 6.69  c 1.88  b 1.22  bc 
N+P+K+S (25) 9.49  ab 7.35  b 1.93  ab 1.42 ab 
N+P+K+S (50) 10.35 a 8.13  a 2.46  a 1.57  a 
N+P+K+S (75) 8.57  bc 6.53  cd 1.51  bc 0.93 cd 
N+P+K+S (100) 7.68  cd 6.24  de 1.22  cd 0.82  de 
LSD (P ≤ 0.05) 1.38 0.44 0.58 0.34 
CV (%) 8.69 3.50 19.43 17.10 

     
 

 
 

Figure 1. Soil P concentration as effected by 
different level of S at silking stage 

Figure 2. Post harvest soil P concentration as 
effected by different level of Sulfur 
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Available SO4-S concentration of soil at different stages of growth 

 Result on sulfur concentrations in soil at different growth stages are presented in Table 3, 
graphically shown in figures 3 and 4. The higher SO4 concentration (29.46 mg kg-1) at silking was 
observed in T6 followed by T5 (0-15 cm). At 15-30 cm depth the high concentration (24.93 mg kg-1) 
of sulfur was observed in T6 where 100 kg ha-1 sulfur was applied followed by T5 (75 kg ha-1 S). 
The low concentration (16.35 mg kg-1) was observed in T1 (control). This SO4–S build up in soil 
with increasing sulfur addition has also been noted by Barbora (1995) and Sreemanarayana and 
Raju (1994). 
 

Table 3. Effect of S and NPK on SO4-S content in soil at silking and post harvest 
 

Treatment SO4-S at Silking (mg/kg) SO4-S at post harvest (mg/kg) 

 0-15cm 15 - 30cm 0 -15cm 15 – 30cm 
Control 18.42  b 16.35 c 14.34 d 17.08  c 
N+P+K 19.86  b 18.10 c 15.83 cd 18.60  c 
N+P+K+S (25) 22.61  ab 18.95 c 17.28  bc 20.44  bc 
N+P+K+S (50) 23.26  ab 21.99 b 18.27  bc 23.22  ab 
N+P+K+S (75) 25.16  ab 24.30 ab 19.34   ab 25.14  a 
N+P+K+S (100) 29.46  a 24.93 a 21.69  a 26.91  a 
LSD (P ≤ 0.05) 7.81 2.78 2.58 3.97 
CV (%) 18.57 7.36 7.97 9.96 

 
 The sulfur concentration of soil at both depths at post harvest stage was statistically significant 
at various level of sulfur application. The high S concentration (21.69 mg kg1) was observed in T6 
where 100 kg ha-1 sulfur was applied and low concentration (14.34 mg kg-1) was observed in T1 in 
upper soil depth (0-15 cm). The high S concentration (26.91 mg kg-1) was observed in T6 and low 
concentration (17.08 mg kg-1) was observed in control in lower depth (15-30 cm) at post harvest 
stage. The sulfur concentration increased with increasing sulfur application. These results are in 
agreement with the work of Barbora (1995), who found that available SO4–S increase by 4 mg kg-

1 per annual application of 20 kg ha-1, and with Sreemanarayana and Raju (1994), who reported 
that application of S beyond 20 kg ha-1, significantly improve SO4–S status of soil. 
      

 
 

Figure 3. Soil SO4-S concentration at silking 
stage affected by level of sulfur 

 

 
Figure 4. Soil Post harvest SO4-S concentration 

affected by level of sulfur

Phosphorus and Sulphur (SO4) in leaves (%)    
 Result on the P and S concentration in maize leaves are presented in Table 4. The data 
indicated that results were significant in all treatments. Mean value of the data showed that highest 
P concentration (0.30 %) was observed in T5. The lowest P concentration (0.22 %) was observed 
in control. Phosphorus concentration increased in plant tissue with the addition of S up to 75 kg ha-

1, beyond which it decreased. The P concentration in another study increased when sulfur was 
applied between 60 to 80 kg ha-1 as reported by Nasreen and Huq (2002). Statistical analysis of 
the data showed increase in S concentration in leaf tissue with increasing sulfur rate. The highest 
S concentration (0.18%) was observed in T6 where 100 kg ha-1 was applied. The lowest (0.09%) S 
concentration was observed in control. The crop responded positively to the addition of S and it 
accumulated higher concentration of SO4 with the increase in S application. The concentration of 
S in plant tissue increased with increasing rates of S application in other studies as well (Rahman 
,. 2008 and Mandata ., 1994). 
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Table 4. Effect of different level of sulfur on S and P content in leaves at silking stage 

 
Treatment % P % SO4 

Control 0.22   c 0.09  d 
N+P+K 0.25   bc 0.11  d 
N+P+K+S (25) 0.29   ab 0.13  c 
N+P+K+S (50) 0.29   a 0.14  bc 
N+P+K+S (75) 0.30   a 0.16  b 
N+P+K+S (100) 0.27  ab 0.18  a 
LSD (P ≤ 0.05) 0.043 0.019 
CV (%) 8.76 7.68 

 
Phosphurus and Sulphur uptake by dry matter and grains 
 Data on P and S uptake in dry matter and grains is presented in Table 5, shown graphically in 
figure 5 and 6. The highest P uptake (29.42 kg ha-1) in the plant dry matter was observed in T4. 
Phosphorus uptake in T5, T3 were also higher than control (14.53 kg ha-1). The data further 
demonstrated that phosphorus uptake in the plant dry matter in T2 was higher by 32 % over control. 
Sulfur addition in further increased P uptake by 34 % over T2. The P uptake had been the highest 
(6.48 kg ha-1) in T4 in case of grains. The next higher P uptake was observed in T5 followed by T3 
and T6. The lowest P uptake (2.52 kg ha-1) was obtained in control. 57 % increase in grain P was 
observed with addition of NPK over control and a further increase of 55 % was obtained when S 
was supplemented with NPK. Paliwat . (1992) observed that S application increased the P content 
of grain significantly. Rahman ., (2008) reported that P content increased when S was applied @ 
20 kg ha-1.  
 

Table 5. Effect of different level of sulfur on P and S uptake of dry matter and grain 

 
 
 
 
 
 
 
 
 
 

Data showed that highest S uptake (15.29 kg ha-1) was obtained in T5 followed by T4, T6 and T3 

and the lowest S uptake (6.30 kg ha-1) was obtained in control. Islam . (1987) reported that the 
highest S content in plant when 30-40 kg S ha-1 were added to the soil. S uptake by grain showed 

that higher S (3.29kg ha-1) uptake was recorded in T4 followed by T5. Lowest S (1.13 kg ha-1) 
uptake was observed in control. Rahman . (2008) and Yadav  (2011) reported that S uptake 

increase dry matter and grain when sulfur is applied @ 20 kg ha-1.

Treatment Phosphurus uptake ( Kg ha-1) Sulphur uptake ( Kg  S ha-1) 

 Dry matter Grain Dry matter Grain 
Control 14.54  c 2.52   c 6.30  d 1.13  d 
N+P+K 20.20  b 3.97   b 8.91  c 1.77  c 
N+P+K+S (25) 27.16  a 6.15  a 12.15 b 2.78  b 
N+P+K+S (50) 29.42  a 6.48  a 14.91 a 3.29  a 
N+P+K+S (75) 27.71 a 5.78  a 15.29 a 3.15  ab 
N+P+K+S (100) 19.49  b 4.39  b 13.17 b 2.93   ab 
LSD (P ≤ 0.05) 4.85 1.20 1.65 0.49 
CV (%) 11.53 13.47 10.75 7.68 
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    Figure 5. Effect of different levels of S on 
uptake of dry matter and grain 

 
Figure 6. Effect of different levels of S on S 

uptake of dry matter and grain 

 
Conclusions 
 It is concluded that fertilization of NKP (120:90:60 kg ha-1) and sulfur at the rate of 50 kg ha-1 is appropriate and 
economical rate of S for obtaining maximum Sulphur utilization by maize in agro-ecological condition of Peshawar-
Pakistan. Maximum sulphur and P uptake in maize dry matter and grain was reported at 50 kg ha-1 S application in 
combination with basal dose of NPK. Higher than 50 kg ha-1 S application have antagonistic effect on the P uptake 
and recorded a gradual decrease in P utilization and increase in the S content in plant. Further experimentation is 
required for the confirmation of the results on different ecological condition of Pakistan. 
 
Abbreviations used in the manuscript: 
N: Nitrogen 
P: Phosphurus 
K: Potassium 
S: Sulphur 
EC: Electrical Conductivity 
AB-DTPA Extractable: Ammonium Bicarbonate Diethylene Triamine Penta Acetic Acid 
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