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ABSTRACT: The objective of this work was to investigate the effect of molybdenum, 

phosphorus and sulfur on the growth and elements content in wheat (Triticum aestivum L) 
grown under saline soil conditions. To achieve this work, a field experiment was conducted at 
the experimental research station of Faculty of Agriculture, Saba Basha, Alexandria University. 
Four rates of molybdenum (0, 50, 100, and 200 g Mo /fed.), four phosphorus rates (0, 7.5, 15 
and 22.5 kg P/fed.) and four sulphur rates (0, 50, 100 and 200 kg S/fed) were applied in a split 
split plot design with three replicates. Molybdenum, phosphorus and sulphur significantly 
improved grain yield of wheat. The highest grain yield (1.91 ton/ fed) was obtained with 
application of 200 kg S/ fed, 22.5 kg P/fed and 100 g Mo/fed rates. The contents of N, P, K, and 
S in wheat leaves were also increased due to phosphorus and sulphur application rates, but Mo 
concentration in the leaves was depressed due to sulphur application and increased with 
phosphorus and molybdenum applications.  
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INTRODUCTION 
 

Wheat (Triticum aestivum L) is the main food crop in Egypt. Because of 
the great gap between the consumption and production, Egypt imports above 
five million tons of wheat grains (USDA, 2013).  Salinity is the major abiotic 
stress that reduces plant growth and crop productivity worldwide (Tiwari et al., 
2010).  Salinity has inhibitory effect on wheat phonological aspects such as leaf 
number, leaf rate expansion and total dry matter yield (El-hendawy et al., 2005). 

  
Sulphur is one of the essential nutrients for plant growth (Ali et al., 2008).  

It is a building block of protein and a key ingredient in the formation of 
chlorophyll (Jamal et al., 2009). The grain protein in wheat being low when S is 
deficient, the vegetative symptoms of S deficiency are stunting, yellowing of the 
whole plant and severe yellowing of the younger leaves when S deficiency is 
persistent (Wurst et al., 2010). Sulfur deficient plants have also less resistance 
under stress conditions (Doberman and Fairhurst, 2000). Its fertilization is a   
feasible technique to suppress the uptake of excess Na and CI because of the 
antagonistic relationship (Zhang et at., 1999). 
 

Phosphorus is the second most important macronutrient next to nitrogen 
in limiting crop growth, this nutrient is involved in an array of process in plants 
such as photosynthesis, energy generation (ATP) , nucleic acid biosynthesis 
and as an integral component of several plant structures such as phospholipids 
(Vance et al., 2003). It is suggested that proper P fertilization under saline 
condition would be useful to increase yield of some plant species by minimizing 
the adverse effect of salinity (Aslam and Qureshi, 1998).  
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Molybdenum is essential for most organisms and occurs in more than 60 
enzymes catalyzing diverse oxidation-reduction reactions in plant metabolism 
(Zimmer and Mendel, 1999). Because of its involvement in the nitrate 
assimilation, nitrogen fixation process, and transport of nitrogen compounds in 
plants, molybdenum plays a crucial role in nitrogen metabolism in plants (Li et 

al., 2013). Wu et al. (2014) indicated that Mo application significantly enhanced 
chlorophyll, dry matter, and grain yield in wheat. Availability of Mo to plants is 
influenced by soil parameters like pH, organic matter, and clay content. (Behera 
et al., 2011). 

 
The present study was undertaken to investigate the effect of sulphur, 

phosphorus and molybdenum on the growth and elements contents in leaves of 
wheat grown in saline soil.  

 

MATRIAL AND METHODS 
 

A field experiment was conducted at the Experimental Research Station, 
Faculty of agriculture, Saba Basha, Alexandria University during the season of 
2014/2015 (18 /11/2014). Wheat cultivar (Triticum aestivum, L), Giza 89 was 
used in this study as a test crop. Treatments were arranged using the split split 
plot design with three replicates. The experimental plot area was 2 x 3 meters 
and the experiment included 64 treatments. The main plot contained sulphur (0, 
50, 100 and 200 kg/fed) which added before planting.  

 
The sub plots contained phosphorus (0, 7.5, 15 and 22.5 kg P/fed) which 

added also before planting as calcium superphosphate fertilizer 15.5% P2O5. 
The sub sub plots contained molybdenum (0, 50, 100 and 200 g Mo/fad) which 
added after planting and before expulsion of spikes as ammonium molybdate.  

 
The recommended dose of nitrogen (73.6 kg N/fad) was applied as urea 

fertilizer (46% N) after planting to the soil. The wheat grain yield was recorded 
at the time of harvesting (30/4/2015) and samples of plant leaves were collected 
at stage of expulsion of spikes. 
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Table (1). Some physical and chemical properties of the experimental soil 

Soil properties Results 

Particle size distribution  
Clay   % 
Silt    % 
Sand  % 

43.40 
42.30 
14.30 

Soil texture Clay loam soil 
Chemical properties:  
pH (1:2.5) 
EC (1:1water extract), dS/m 

8.32 
3.65 

Organic matter % 0.60 
1) Soluble cations (1: 1) (meq/L):  
Ca++ 
Mg++ 
Na++ 
K+ 

8.60 
6.50 

18.88 
1.70 

Soluble anions (1: 1) (meq/L):  
HCO3

- 
Cl- 
SO4

-- 

7.60 
23.20 
7.42 

SAR 6.87 
Available nutrients(mg/kg soil) :  
Available N 
Available P 
Available K 
Available Mo 
Available S 

150 
12.5 
275 
0.35 
44.9 

 
The plant samples (leaves) were washed by tap water then by distilled 

water and oven dried at 65°C for 48 hours and grinded using a stainless steel 
mill. Ground plant samples powder divided into two portions, the first portion was 
wet digested with H2SO4- H2O2 digest (Lowther, 1980) for measuring potassium 
by flame photometer (Jackson, 1973), nitrogen, phosphorus by 
spectrophotometry (Jackson, 1973) and molybdenum using thiocyanate and 
thioglycollic acid (Mir et al., 2012) The second portion was digested with HNO3- 
H2O2 (Zheljazkov and Nielson, 1996) to determine sulphur as described by 
Jackson (1973).The main physical and chemical properties of the experimental 
soil are presented in Table (1) and the soil was saline in nature. The analysis of 
soil was carried out according to the methods outlined by Black (1965), The 
obtained results were statistically analyzed according to the analysis of variance 
technique and the multiple regression equations were calculated using costat 
software (CoHort softwere 1995). 

 

RESULTS AND DISCUSSION 
Grain yield 

Data in Table (2) showed that the grain yield (ton/fed) was significantly 
affected by S, P and Mo application rates. Table (3) revealed that increasing S 
rates from 0 to 200 kg/fed significantly and progressively increased the grain 
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yield as compared with the control treatment. The highest grain yield (1.82 ton 
fed) was obtained with the application of 200 kg S/fed which is 14.5 % higher 
than the control treatment. Similar results have been reported by El-Badawy et 

al. (2011). This is most probably due to healthy soil environment for plant 
growth (Ali et al., 2012). The main action of S is minimizing the soil pH and this 
will minimize the possibility of NH3 loss by volatilization or the accumulation of 
nitrite and consequently the gaseous loss of N due to its presence (Nasseem 
and Nasrallah, 1981).Table (3) showed that grain yield of wheat increased 
gradually as the application of P increased. It is increased by 1.17, 1.75 and 
1.34% for rated of 7.5, 15 and 22.5 kg P/fed, respectively, relative to the control 
treatment. The positive effect of P most probably due to modification of root 
architecture, development of large root system, longer root hairs and thinner 
roots and improved the ability of  plant to produce higher dry matter yield 
(Balemi and Negisho, 2012; Haling et al., 2013 and Paez-Garcia et al., 2015). 
Addition of P not only helped for overcoming P deficiently but also improved the 
restricted root growth under saline condition (Feigin, 1985).  

                                      
Table (2). Wheat yield (ton/fed) as affected by sulphur, phosphorus, and 

molybdenum application rates 
 

Treatments Molybdenum, g/fed 

Sulphur kg/fed 
Phosphorus 

kg/fed 
0 50 100 200 

0 

0 1.57 1.58 1.61 1.59 
7.5 1.57 1.59 1.61 1.59 

15.0 1.57 1.59 1.62 1.60 
22.5 1.57 1.59 1.62 1.60 

50 

0 1.69 1.71 1.73 1.70 
7.5 1.70 1.71 1.74 1.71 

15.0 1.69 1.71 1.74 1.71 
22.5 1.70 1.71 1.74 1.72 

100 

0 1.75 1.76 1.78 1.75 
7.5 1.75 1.76 1.79 1.76 

15.0 1.75 1.77 1.79 1.77 
22.5 1.75 1.76 1.79 1.76 

200 

0 1.81 1.82 1.84 1.80 
7.5 1.81 1.83 1.85 1.82 

15.0 1.81 1.83 1.85 1.82 
22.5 1.81 1.83 1.91 1.81 

LSD (0.05) 
Sulphur 0.005 
Phosphorus 0.004 
Molybdenum 0.004 
sulphur* phosphorus 0.007 
sulphur* molybdenum 0.008 
phosphorus * molybdenum 0.009 
Sulphur* phosphorus* molybdenum 0.017 

 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 330    
Vol. 22 (2), 2017 

 

 

Application of molybdenum (Table 3) produced higher values of grain 
yield (2.35, 3.35 and 1.2%) at 50,100 and 200 g Mo/fed rates, respectively, as 
compared with control. The highest value of grain yield (1.84 ton/fed) was 
obtained at 100 g Mo/fed rate. Molybdenum occurs in several enzymes 
catalyzing diverse oxidation – reduction reaction in plants (Mengel and Kirkby, 
2001). Because of its involvement in the nitrate assimilation, nitrogen fixation 
process, and transport of nitrogen compounds in wheat plants, molybdenum 
plays a crucial role in nitrogen metabolism in plants (Li et al., 2013). The effect 
of molybdenum on increasing plant yield is often related to increasing the ability 
of the plant to utilize nitrogen (Biscaro et al, 2011).                                                                                                                       

Table (3). The grain yield of wheat plants as affected by sulphur, 
phosphorus and molybdenum application rates 

Treatments Yield Ton / fed 
Sulphur rate, kg / fed 

0 1.59 
50 1.72 
100 1.78 
200 1.82 

LSD 0.05 0.005 
Phosphorus rate, kg/fed 

0 1.71 
7.5 1.73 

15.0 1.74 
22.5 1.75 

LSD 0.05 0.004 
Molybdenum rate, g/fed 

0 1.70 
50 1.74 
100 1.76 
200 1.73 

LSD 0.05 0.004 

 

Table 4 indicated a significant interaction effect between sulphur and 
phosphorus rates on grain yield. The highest value of grain yield was obtained 
with applying 200 kg S/fed and 22.5 kg P/fed rates. The synergistic effect of P 
and S may be due to utilization of high quantities of nutrients through the 
development of root system which resulted in better growth and grain yield. 
Similar results were reported by Yadav (2011) for wheat. Also, the interaction 
between sulphur and molybdenum had significant effect on grain yield of wheat. 
The highest yield was obtained at 200 kg S/fed with 100 g Mo/fed rates (Table 
5). Application of S fertilizer is a feasible technique to suppress the uptake of Na 
and Cl due to the antagonistic relationship. Thus its application is useful to 
improve soil conditions for healthy crop growth (Zhang et al., 1999). The 
interaction effect between phosphorus and molybdenum on grain yield of wheat 
was significant and the highest value of grain yield was obtained with 22.5 kg 
P/fed and 100 g Mo /fed rates (Table 6). According to Modi (2002), both Mo and 
P increased seed protein content and seed yield in wheat. The second order 
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interaction between sulphur, phosphorus and molybdenum rates had significant 
effect on grain yield of wheat. The highest value of grain yield of wheat was 
obtained with 200 kg S/fed and 22.5 kg P/fed and 100 g Mo/fed application 
rates. 

Table (4). The interaction between sulphur and phosphorus application 
rates on wheat grain yield 

 

Sulphur kg/fed Phosphorus kg/fed Grain Yield Ton/fed 

0 

0 1.58 
7.5 1.71 

15.0 1.76 
22.5 1.82 

50 

0 1.58 
7.5 1.72 

15.0 1.78 
22.5 1.84 

100 

0 1.59 
7.5 1.72 

15.0 1.79 
22.5 1.85 

200 

0 1.59 
7.5 1.73 

15.0 1.79 
22.5 1.87 

LSD  0.05 0.029 

 

     Table (5). The interaction between sulphur and molybdenum 
application rates on wheat grain yield  

 

Sulphur kg/fed Molybdenum g/fed Grain Yield Ton/fed 

0 

0 1.56 
50 1.58 

100 1.61 
200 1.59 

50 

0 1.70 
50 1.72 

100 1.74 
200 1.72 

100 

0 1.76 
50 1.78 

100 1.80 
200 1.77 

200 

0 1.83 
50 1.84 

100 1.88 
200 1.83 

LSD  0.05 0.008 
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    Table (6). The interaction between phosphorus and molybdenum 
application rates on wheat grain yield  

 

Phosphorus kg/fed Molybdenum g/fed Grain Yield Ton/fed 

0 

0 1.70 
50 1.72 
100 1.74 
200 1.71 

7.5 

0 1.72 
50 1.73 
100 1.76 
200 1.73 

15.0 

0 1.72 
50 1.73 
100 1.76 
200 1.73 

22.5 

0 1.72 
50 1.74 
100 1.77 
200 1.74 

LSD  0.05 0.009 

 

Considering the three variables (S, P and Mo), the grain yield (Y) was 
regressed against sulphur rate (X1), phosphorus rate (X2) and molybdenum rate 
(X3). The regression equation for this relationship was:                                              

Y= 1.61+1.1×10-3X1 + 4.7×10-4 X2+ 6.6×10-5X3 

R2= 0.854       P< 0.01 

The comparison of slopes of each variable in the equation (1.1×10-3: 
4.7×10-4: 6.6×10-5) gives a quantitative estimate for the efficiency of one 
variable to the other. Thus the efficiency of sulphur, phosphorus and 
molybdenum levels would be equal to (1:0.42:0.06). The comparison of the b 
values of S, P and Mo indicated that efficiency of S for increasing grain yields 
was the higher followed by the efficiency of the other two.                                                                               

Elements content in leaves  
Table (7) showed that increasing sulphur rates from 0 to 200 kg S/fed 

progressively and significantly increased N, P, K and S concentrations but 
decreased Mo concentration in wheat plant leaves. The main effect of sulphur 
(Table 8) showed increaseed nitrogen by about 1.15, 3.04 and 5.19% and 
phosphorus increased by about 1.09, 8.33 and 18.75%, respectively over the 
control (without sulphur) with the application of 50, 100 and 200 kg S/fed, 
respectively. The corresponding relative values for potassium and sulphur 
concentrations were 10.64, 14.48, 21.48 and 9.17, 36.69, 49.54 % respectively. 
On the other hand, the relative decrease in molybdenum concentration was 
13.6, 24.82 and 31.20% with application of 50, 100 and 200 kg S /fed, 
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respectively as compared with the control treatment. The addition of sulphur 
decreased the concentration of Mo, showing the antagonistic relationship. 

 
The biochemical oxidation of S produces H2SO4 which acts for relatively 

lower decrease of soil pH. This improves soil conditions for more favorable 
plants growth due to increasing the availability of plant nutrients (Motior et al., 
2011). Xie et al. (2004) found that the sulphur fertilizer application increased N, 
P, K concentrations in plant and the requirements for sulphur are closely linked 
to nitrogen availability. Similar results were also reported by Kumar et al. (2012) 
for rice and wheat. On the other hand, plants take up molybdenum as the 
molybdate ion (MoO4

-2) which causes antagonism with high levels of sulfate 
ions (Schulte and Kelling, 1992).  

 
Table (8) showed increases relative values of 261.1, 694.4 and 983.3% 

for P; 1.87, 4.56 and 7.40 % for K; 3.84, 5.38 and 8.46 % for S, 1.63, 2.78 and 
3.27 % for N; 11.29, 15.61 and 19.60 % for Mo with the application of 0, 7.5, 15 
and 22.5 kg P/fed, respectively as compared with the control treatment. The 
highest values of N, P, K, S and Mo concentration were obtained with 
application of  22.5 kg P/fed. Haling et al. (2013) stated that increasing P levels 
significantly increased macronutrients and micronutrients in two common bean 
varieties.  Similar results were observed by Sharma et al. (2012) who reported 
that increasing levels of phosphorus increased the uptake of N, P, and K in 
wheat plants. Barshad (1951) reported that a complex phosphomolybdate 
anion, more readily absorbed and translocated than the MoO4

-2 alone, the 
synergistic effects exist between Mo and P application, so that formation of 
anionic complexes between P and Mo (which are more likely to be absorbed by 
plant roots) could be accounted for such effects. Also, high availability of P and 
Mo ions can be due to ligand exchange mechanism (Zakikhani et al., 2014). 
Similar results were reported by Modi (2002) in wheat.  

Table (8) showed that only Mo concentration in leaves of wheat plants 
was significantly affected by molybdenum application. The main effect of 
molybdenum rates showed increasing in Mo concentrations in leaves of wheat 
plants as compared with control treatment. The highest values of Mo were 
obtained at 200 g Mo/fed rate. According to the obtained results, Mo has no 
significant effect on P content in wheat leaves under the experimental 
conditions. This effect may be due to the presence of available S (Modi, 2002). 
In contrast, other researcher reported that application of Mo decreased P in 
mustard due to hindering P enzyme activity such as phosphatase (Chatterjee et 

al., 1985). Table (9) showed that the highest concentration values of N, P, K 
and S were obtained at 200 kg S/fed and 22.5 kg P/fed application rates. Also, 
the highest Mo concentration was obtained without sulphur and 15 kg P/fed 
application rates. The lowest Mo concentration was obtained with 200 kg S/fed 
and 22.5 kg P/fed application rates (Table 9). Yadav, (2011) discussed the 
synergistic effect of phosphorus and sulphur on N, P and S concentration of 
cluster beam. The interaction effect between sulphur and molybdenum 
application rates on Mo concentrations showed that the highest molybdenum 
concentration was obtained without sulphur and 200 g Mo/fed and the lowest 
value of Mo was obtained at 200 kg S/fed without Mo application (Table 10). 
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The interaction effect between phosphorus and molybdenum rates showed that 
the highest value of molybdenum concentration was obtained with 22.5 P/fed 
and 200 g Mo/fed rates, while the lowest value was obtained without 
phosphorus and molybdenum applications (Table 11). The second order 
interaction between sulphur, phosphorus and molybdenum rates on 
molybdenum concentration (Table 7) showed that the highest value of 
molybdenum concentration was obtained without sulphur, 22.5 kg P/fed and 
200 g Mo/fed rates, while the lowest value was obtained with 200 kg S/fed, 7.5 
P/fed and without molybdenum application. 

 
Table (7). Effect of sulphur, phosphorus and molybdenum application 

rates on elements contents in wheat leaves 
 

Mo    
mg/kg  
(d.m.) 

S K P N Treatments 

g/kg, (d.m.) Mo g/fed 
Phosphorus 

 kg/fed 
Sulphur 
 kg/fed 

0.70 1.04 19.33 0.16 12.05 0 

0 

0 

12.10 1.04 19.29 0.16 11.95 50 
4.10 1.04 19.57 0.16 11.91 100 
7.90 1.04 19.06 0.16 12.05 200 
0.77 1.03 18.93 0.60 12.07 0 

7.5 
2.30 1.03 19.53 0.63 12.03 50 
4.43 1.03 18.99 0.59 12.10 100 
8.23 1.03 18.97 0.60 12.08 200 
0.89 1.13 19.27 1.26 12.23 0 

15.0 
2.49 1.13 19.26 1.25 12.23 50 
4.66 1.13 19.24 1.25 12.22 100 
8.87 1.13 19.23 1.21 12.21 200 
0.92 1.15 19.42 1.79 12.31 0 

22.5 
2.73 1.16 19.42 1.83 12.31 50 
5.07 1.26 19.43 1.92 12.31 100 
9.07 1.16 19.47 1.87 12.33 200 
0.50 1.14 20.55 0.17 12.11 0 

0 

50 

1.77 1.14 20.67 0.17 12.13 50 
3.60 1.15 20.72 0.17 12.11 100 
7.10 1.14 20.59 0.17 12.09 200 
0.60 1.13 21.03 0.58 12.20 0 

7.5 
2.00 1.13 21.07 0.63 12.20 50 
3.92 1.14 21.19 0.62 12.26 100 
7.13 1.13 21.07 0.60 12.27 200 
0.63 1.24 21.63 1.32 12.41 0 

15.0 
1.99 1.24 21.72 1.25 12.40 50 
4.07 1.24 21.57 1.25 12.37 100 
7.20 1.24 21.69 1.25 12.42 200 
0.79 1.27 21.96 1.82 12.42 0 

22.5 
2.11 1.27 22.00 1.83 12.44 50 
4.43 1.27 21.84 1.86 12.43 100 
8.33 1.28 21.94 1.89 12.45 200 
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    Table (7). Continue. 
 

Mo    
mg/kg  
(d.m.) 

S K P N Treatments 

g/kg,(d.m.) 
Mo 

g/fad 
Phosphorus 

kg/fad 
Sulphur kg/fad 

0.40 1.38 21.04 0.18 12.27 0 
0 
 

100 
 

1.48 1.38 20.94 0.19 12.27 50 
2.90 1.39 20.99 0.19 12.28 100 
6.40 1.37 21.06 0.18 12.30 200 
0.45 1.60 21.95 0.65 12.57 0 

7.5 
 

1.72 1.59 21.82 0.69 12.57 50 
3.63 1.59 21.84 0.66 12.54 100 
6.63 1.58 22.01 0.63 12.58 200 
0.46 1.49 22.40 1.32 12.65 0 

15.0 
 

1.73 1.49 22.48 1.38 12.67 50 
3.83 1.50 22.49 1.32 12.66 100 
6.90 1.50 22.53 1.30 12.68 200 
0.55 1.53 22.78 2.03 12.57 0 

22.5 
 

1.79 1.53 22.88 2.03 12.59 50 
3.49 1.53 23.00 2.03 12.60 100 
6.74 1.53 22.92 2.01 12.61 200 
20.3 1.67 22.28 0.21 12.40 0 

0 
 

200 
 

1.35 1.67 22.28 0.20 12.38 50 
2.70 1.67 22.27 0.22 12.38 100 
4.86 1.67 22.19 0.19 12.40 200 
0.34 1.66 22.59 0.72 12.78 0 

7.5 
 

1.56 1.65 22.74 0.76 12.77 50 
3.55 1.65 22.61 0.72 12.75 100 
6.47 1.66 22.73 0.72 12.80 200 
0.42 1.58 23.69 1.55 12.91 0 

15.0 
 

1.68 1.59 23.65 1.51 12.89 50 
3.49 1.59 23.49 1.55 12.88 100 
6.44 1.59 23.70 1.53 12.95 200 
0.47 1.63 25.12 2.14 13.06 0 

22.5 
 

1.63 1.62 25.07 2.10 13.08 50 
3.20 1.63 25.13 2.06 13.10 100 
6.38 1.63 25.15 2.08 13.09 200 

LSD (0.05) 
0.09 0.011 0.24 0.04 0.09 Sulphur 
0.07 0.010 0.19 0.03 0.08 Phosphorus 
0.09 NS NS NS NS Molybdenum 
0.14 0.02 0.36 0.06 0.15 sulphur* phosphorus 
0.18 NS NS NS NS sulphur* molybdenum 
0.19 NS NS NS NS phosphorus*molybdenum 
0.37 NS NS NS NS Sulphur*phosphorus* molybdenum 
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Table (8). The main effects of sulphur, phosphorus and molybdenum 
application rates on elements contents in wheat leaves 

  

Treatments 
N P K S Mo 

g/kg, (d.m) mg/kg,(d.m) 
Sulphur rate, kg / fed 

0 0.96 19.27 1.09 4.07 
50 12.29 0.97 21.32 1.19 3.51 

100 12.52 1.04 22.06 1.49 3.06 
200 12.78 1.14 23.41 1.63 2.80 

LSD 0.05 0.09 0.04 0.24 0.01 0.09 
Phosphorus rate, kg/fed 

0 12.20 0.18 20.80 1.30 3.01 
7.5 12.40 0.65 21.19 1.35 3.35 

15.0 12.54 1.43 21.75 1.37 3.48 
22.5 12.60 1.95 22.34 1.41 3.60 

LSD 0.05 0.08 0.03 0.19 0.010 0.07 
Molybdenum rate, g/fed 

0 12.43 1.03 21.49 1.35 0.57 
50 12.43 1.03 21.55 1.35 1.90 

100 12.43 1.03 21.52 1.36 3.81 
200 12.45 1.02 21.51 1.35 7.16 

LSD 0.05 NS NS NS NS 0.09 

 
Table (9). The interaction between sulphur and phosphorus application 

rates on elements contents in wheat leaves  
 

Sulphur, 
kg/fed 

Phosphorus, 
Kg/fed 

N P K S Mo 
g/kg,(d.m) mg/kg,(d.m) 

0 

0 11.98 0.16 19.31 1.03 3.70 
7.5 12.06 0.6 19.11 1.04 3.93 

15.0 12.22 1.24 19.24 1.12 4.22 
22.5 12.31 1.85 12.43 1.18 4.44 

50 

0 12.11 0.16 20.63 1.13 3.24 
7.5 12.23 0.6 21.08 1.14 3.41 

15.0 12.39 1.26 21.65 1.24 3.47 
22.5 12.43 1.85 21.93 1.27 3.91 

100 

0 12.27 0.18 21.01 1.38 2.79 
7.5 12.56 0.65 21.91 1.49 3.10 

15.0 12.66 1.32 22.47 1.53 3.23 
22.5 12.59 2.02 22.89 1.59 3.14 

200 

0 12.39 0.2 22.25 1.59 2.30 
7.5 12.77 0.72 22.66 1.63 2.97 

15.0 12.91 1.5 23.63 1.65 3.00 
22.5 13.08 2.09 25.11 1.67 2.92 

LSD  0.05 0.15 0.06 0.36 0.02 0.14 
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Table (10). The interaction between sulphur and molybdenum application 
rates on molybdenum concentration in leaves of wheat leaves 

 

Sulphur, kg/fed Molybdenum, g/fed Mo, mg/kg d.m. 

0 

0 0.81 
50 2.40 
100 4.56 
200 8.51 

50 

0 0.63 
50 1.96 
100 4.00 
200 7.44 

100 

0 0.46 
50 1.68 
100 3.46 
200 6.66 

200 

0 0.38 
50 1.55 
100 3.23 
200 6.03 

LSD  0.05 0.18 

 

Table (11). The interaction between phosphorus and molybdenum 
application rates on molybdenum concentration in leaves of 
wheat leaves 

 

Phosphorus, kg/fed Molybdenum, g/fed Mo, mg/kg d.m. 

0 

0 0.47 
50 1.67 

100 3.32 
200 6.56 

7.5 

0 0.53 
50 1.89 

100 3.88 
200 7.11 

15.0 

0 0.60 
50 1.97 

100 4.01 
200 7.35 

22.5 

0 0.68 
50 2.06 

100 4.04 
200 7.63 

LSD  0.05 0.19 
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The results showed highly significant positive correlation (0.01 
probability) between grain yield and the content of nitrogen (r = 0.756), 
phosphorus (r =0.837), potassium (r =0.855), sulphur (0.837) and molybdenum 
(r = 0.755). This indicates that the presence of significantly higher potassium 
contents is due to sulphur application (Table 8) which helps plants to attain 
more potassium to avoid sodium uptake. This has been considered an added 
advantage to alleviate salinity apart from enhancing soil fertility and physical 
properties. The obtained results indicate that application of sulphur combats 
salinity by enhanced uptake of potassium.  

CONCLUSIONS 
  

Salinity is a major abiotic stress factor affecting plant growth and 
productivity worldwide. Plants develop several mechanisms to induce tolerance 
to overcome salinity effects. Of the several possible mechanisms to reduce the 
effect of salinity stress is management of mineral nutrients status of plant can 
be the efficient defense system. Sulphur, phosphorus and molybdenum 
applications caused increase in yield and N, P, K, S and Mo in wheat. Sulphur 
at 200 kg/fed, 22.5 kg P/fed and 100 g Mo/fed rates were efficient as compared 
to other treatments for grain yield of wheat under the saline soil condition. The 
application of sulphur helped in the utilization of added phosphorus, but 
appeared to depress molybdenum utilization showing and antagonistic 
relationship and when phosphorus was applied, however, the antagonistic effect 
of sulphur was overcome. Also, the application of phosphorus helped in the 
utilization of added and native soil sulphur.  

REFERENCES 

Ali A., M. Arshadullah, S.I. Hyder, I.A. Mahmood and B. Zaman. (2012). Rice 
productivity and soil health as affected by wheat residue incorporation 
along with nitrogen starter dose under salt-affected soil. Pak. J. Agric. 
Res., 25: 257–265 

Ali R., M.J. Khan and R.A. Khattak. (2008). Response of rice to different 
sources of Sulfur (S) at various levels and its residual effect on wheat in 
rice-wheat cropping system. Soil Environ, 27: 131–137. 

Aslam, M. and Quresshi. (1998). Fertilizer management in salt-affected soils 
for high productivity. In: Nisar and Hamid (eds.) Proc. Of symposium on 
Plant Nutrition Management for sustainable Agriculture Growth. NFDC. 
Islambad. 

Balemi, T. and K. Negisho. (2012). Management of soil phosphorus and plant 
adaptation mechanisms to phosphorus stress for sustainable crop 
production: a review. J. Soil Science and Plant Nutrit, 12(3): 547-562.  

Barshad I. (1951). Factors affecting the molybdenum content of pasture plants: 
II. Effect of soluble phosphates, available nitrogen, and soluble 
sulphates. Soil Sci., 71: 387-398. 

Behera, S.K., M.V. Singh, K.N. and S. Singh Todwal. (2011). Distribution 
variability of total extractable zinc in cultivated acid soils of India and their 
relationship with some selected soil properties. Geoderma, 162: 242–
250. 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 339    
Vol. 22 (2), 2017 

 

 

Biscaro GA, A.Y.A. Motomiya, R. Ranzi, M.A.B. Vaz, E.A.F. Prado, and 
B.L.R. Silveira. (2011). Desempenho de milho safrinha irrigado 
submetido adiferentes doses de nitrogênio via solo e foliar. Revista 
Agrarian,4:10-19. 

Black, C.A. (1965). Methods of Soil Analysis. Am. Soc. of Agron. Madison, 
Wisconsin. 

Chapman, H. D. and P. F. Pratt (1978). Methods of Analysis for Soils, Plant 
and Water, 50: 309.Univ. Calif., Dept. Agric. Sci., Priced Publication, 
4034, USA. 

Chatterjee, C, N. Nautiyal., and S. C. Agarwala. (1985). Metabolic changes 
inmustard plants associated with molybdenum deficiency. New 
Phytol.,100:511-18. 

CoHort Software. (1995). CoStat Statistical Software. Version 5.01. CoHort 
Software, Minneapolis. MN. 

Dobermann, A. and T. Fairhurst. (2000). Rice: Nutrient Disorder and Nutrient 
Management, p: 91. Handbook Series. Potash and Phosphate Institute of 
Canada and International Rice Research Institute 

El-Badawy, A. M.; R. G. Silva, B. Morris, K. G. Scheckel, M. T. Suidan and 
T. M. Tolaymat. (2011). Surface charge-dependent toxicity of silver 
nanoparticles. Environ. Sci. Technol., 45 (1): 283–287. 

El-Hendawya, S.E., Y. Hua, G.M. Yakout, A.M. Awad , S.E. Hafizb. and U., 
Schmidhalter. (2005). Evaluating salt tolerance of wheat genotypes 
using multiple parameters. Europ. J. Agron., 22: 243-253. 

Feigin A. (1985). Fertilization management of crops irrigated with saline water. 
Plant Soil 89, 285± 299. 

Haling RE, L.K. Brown, and A.G. Bengough. (2013). Root hairs improve root 
penetration, root-soil contact, and phosphorus acquisition in soils of 
different strength. J. Experim. Botany 64: 3711–3721 

Jackson, M. L. (1973). Soil chemical Analysis.Prentice Hall of Englewood                        
.cliffs, New Jersey, USA, 1973. 

Jamal A, K. Ko, H.S. Kim, Y.K. Cho, H. Joung and K. Ko. (2009). Role of 
genetic factors and environmental conditions in recombinant protein 
production for plant molecular biofarming. Biotech Advan 27: 914-923. 

Kumar, R. A., V. K. Singh, R. P. Sharma, and G. Y. A. N. Singh. (2012). 
Impact of Nitrogen, Phosphorus, Potash and Sulphur on Productivity of 
Rice-Wheat System in Sub-humid Region. Journal of Agricultural 
Physics, 12(1): 84-88.  

Li ,X, H. Jiang, F. Liu, J. Cai, T. Dai, W. Cao and D. Jiang. (2013). Induction 
of chilling tolerance in wheat during germination by pre-soaking seed with 
nitric oxide and gibberellin. Plant Growth Regul.; 71:31–40. 

Lowther, J.R. (1980). Use of single H2SO4-H2O2 digest for the analysis of 
Pimusradiata needless. Con. Soil Sci. Plant Analysis, 11: 175-188. 

Mengel K. and E.A. Kirkby. (2001). Principles of Plant Nutrition. 5th Edition. 
Kluwer Academic Publishers, Dordrecht, Boston, London, 849. 

Mir, S. A., A. A. Ahangar and A. S. Bhat. (2012). An improved thiocyanate 
method for determination of molybdenum using thioglycollic acid as 
reductant. Inter. J. ChemTech Res, 4: 565-571.  

Modi, A. T. (2002). Wheat seed quality in response to molybdenum and 
phosphorus. J. Plant Nutrit., 25(11): 2409-2419.  



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 340    
Vol. 22 (2), 2017 

 

 

Motior MR, A.S. Abdou, H.A.D. Fareed and M.A. Sofian. (2011). Responses 
of sulfur, nitrogen and irrigation water on Zea mays growth and nutrients 
uptake. Aust. J. Crop Sci., 5(3):347-357 

Nasseem, M. G., and A. K.  Nasrallah. (1981). The effect of sulfur on the 
response of cotton to urea under alkali soil conditions in pot 
experiments. Plant Soil, 62(2): 255-263.  

Paez-Garcia, A., C.M. Motes, W.R. Scheible, R. Chen, E.B. Blancaflor and 
M.J. Monteros. (2015). Root traits and phenotyping strategies for plant 
improvement. Plants, 4: 334–355. 

Schulte, E.E. and K.A. Kelling. (1992). Understanding Plant Nutrient series: 
Soil and applied calcium, A2523; Soil and applied sulfur, A2525. 
University of Wisconsin-Extension. 

Sharma, S., A. Mustafiz, S. L. Singla-Pareek, P. Shankar Srivastava, and S. 
K.  Sopory. (2012). Characterization of stress and methylglyoxal 
inducible triose phosphate isomerase (OscTPI) from rice. Plant Signaling  
Behavior, 7: 1337-1345.  

Tiwari, J.K., A.D. Munshi, R. Kumar, R.N. Pandey, A. Arora, J.S. Bhat, and 
A.K. Sureja. (2010). Effect of salt stress on cucumber: Na+/ K+ ratio, 
osmolyte concentration, phenols and chlorophyll content. Acta Physiol. 
Plant., 32: 103-114. 

USDA. (2013). USDA Gain: Egypt grain and feed annual 2013: Forex 
availability impacts grain imports. USDA Foreign Agricultural Service, on 
18.10.2013 http://www.thecropsite.com/reports/?id=1880/. 

Vance, C.P., C. Uhde-Stone and D. Allan. (2003). Phosphorus acquisition and 
use: critical adaptation by plants for securing non-renewable resources. 
New Phytologist, 15:423-447. 

Wu, Y. T., P. Nash, L. E. Barnes, T. Minett, F. E. Matthews, A. Jones and C. 
Brayne. (2014). Assessing environmental features related to mental 
health: a reliability study of visual streetscape images. BMC P.H. , 14(1): 
1.  

  Wurst M, N. Wilhelm and R. Brennan (2010). Winter cereal nutrition: The 
use guide. Primary Industries and Resources South Australia. pp99. 

Xie, R.Z., S.T. Dong and C.H. Hu. (2004). The Difference of sulfate on 
absorption and utilization of nitrogen, phosphorus and potassium in 
genotypes of maize (Zea mays L.). J. Maize Sci., 12(22): 114-117. 

Yadav, B.K. (2011). Interaction Effect of Phosphorus and Sulphur on yield and 
quality of Cluster bean in Typic Haplustept. World J.  Agric. Sci., 7: 556-
560. 

Zakikhani, H., M. Yusop, A. Anuar, O. Radziah, and A. Soltangheisi. (2014). 
Effects of Different Levels of Molybdenum on Uptake of Nutrients in Rice 
Cultivars. Asian J. Crop Sci., 6: 236-244. 

Zhang, Z.Y., K.G. Sun, A.Y. Lu and X.B. Zhang. (1999). Study on the effect of 
S fertilizer application on crops and the balance of S in soil. J. Agric. Sci., 
5: 25–27 

Zheljazkov, V. D., and N. E. Nielsen. (1996). Effect of heavy metals on 
peppermint and cornmint. Plant Soil, 178, 59-66.  

Zimmer W. R. Mendel. (1999). Molybdenum metabolism in plants. Plant Biol., 
1: 160–168. 

 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 341    
Vol. 22 (2), 2017 

 

 

������ �	
���  

 �
� 
������� ��������� ����������� ����������� �������  ����� �� �� ����

�� ��� !�"�� #��
��� $�%� ��  
  

 & ����� ��� �� � & ���� �'��' �( �)��� �'��� ��� *�' �  

 �������� 	
������
 ������ ���–  
�
� 
�
� ������� ����– ��������� ���
�  

  

 
�
� ������� ����� �������� ��
���� ����� ��� � ����� !���" ������
��� ��#$� �
��%� ��������� ���
� 
�
�

�� &
���
 '
(���� ��� !������
 �
)�)��
*��
�� �+ �(
��  ��
 .-.�/
� 0�#$�� 1�" �+ ��
��� 2� ��

���� !��%���� 3
 !������ !
�
���� )5  675 6855 6955 ����
 (;��+ /!���� ����  �
)�)�� ;� !
�
���

3
� )5  6=.7 6876 99.7 ����
 (;��+ /�
)�+ ���� 3
 ������
��� ;� !
�
���� )5 675 6855 6955  ��

 ;���� � ����� >� �� ���(� �+ (;��+ /������
�?.#�
 !�����  ;� @A
���� !��
� ��
 !������ ���%���

 ���� !�
� ?�� 2� �� !
��� �
���� '
(�� �+ ��
��� 0�
�� ��� &�" ������
���
 �
)�)��
) �� ��8.B8 

 &
��� ��� (;��+/;�955  
 ;��+ /!���� ���99.7  
 ;��+/�
)�+ ���855  ��� ��
 .;��+/������
� ��

 
����.�
)�)��
 !�����
� �������  ���%��� ��� !������
 �
��
�
���
 �
)�)��
 ;��
������ ;� 2� �� *��
" C
���

 ��� ������
��� ;� 2� �� !
�� *��
� &
��� '� *��
� &
��� ��� ;��
 !������ ;� D)��%� !
�
��� ���%���

�
)�)�� ���%��� ��� ������
��� ;� 2� ��. 

 

 

 

 

 


