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ABSTRACT 
 

A pot experiment was conducted at the greenhouse of Soils, Water and 
Environment Research Institute, Giza, during the two winter seasons of 2007/2008 
and 2008/2009. The study aimed to evaluate the effect of different strategies of reuse 
of low quality drainage water (drainage water, alternating, blended with Nile water), 
some, amendments application either to the soil (gypsum) or to the irrigation water 
(Ammonium Thio Sulfate ; ATS) and small split application of  fertilizers through 
irrigation water at high rates on both soil properties and wheat crop response to water 
salinity. The irrigation water salinity levels were, 0.36, 4.42 and 2.34 dSm

-1
 for Nile 

water (control), drainage and blended water, respectively. The NPK fertilizers were 
applied at the rates of 0, 100 % and 125 % from the recommended doses, the high 
rate was applied to alleviating soil salinity stress. The obtained results indicated that 
soil salinity (ECe), sodicity (SAR and ESP) tended to increase with increasing salinity 
levels of irrigation water, i.e., from 5.41 to 6.00, 7.22 and 9.87 dSm

-1
 in the first 

season and from 5.62 to 6.64, 7.69 and 12.74 dSm
-1

 in the second season for Nile, 
alternating, blended and drainage water, respectively. The values of soil SAR and 
ESP took place similar trend for ECe values. Application of gypsum and ATS led to 
reduce the hazardous effect of irrigation water salinity and sodicity. These favourable 
soil amelioration were positively reflected on wheat yields of grain and straw and NPK 
uptake. These benefit effects were maximized by increasing the NPK doses from 100 
% to 125 %. 
Keywords: Soil; saline agricultural drainage water; soil &water management; 

amendments; gypsum; ATS;  NPK rates; wheat crop 

 

INTRODUCTION 
 

The shortage of the Nile fresh irrigation water is one of the limiting 
factors for agricultural development in order to meet the growing demand for 
increasing population. Therefore, alternative water resources of low quality 
water  such as agricultural drainage water can be used for irrigation to 
partially satisfy the need of irrigation water. The use of low or marginal quality 
water for irrigation without proper management could produce negative 
effects on both soil quality and crop-production (Ould et al, 2007).  

The salts accumulation in soils was closely related to the salt 
concentration of irrigation water, however,  soil salinity and sodicity 
parameters increased as a result of the use of drainage and mixed water 
(Ragabe et al, 2008 ; Jiang et al, 2008 and Amer, 2010). Thus , proper 
management of irrigation water regardless of its quality, is essential for good 
crop production. It is even more important when saline water is used. In this 
context several management practices were recommended (Hamdy, 1998 ; 
Feizi, 2004 ; Abdel Gawad et al, 2005 and Yurtseven et al, 2005). 
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As a general policy in reusing drainage water for irrigation, it is 
agreeable to obtain  satisfactory yields by selecting salt-tolerant crops and 
varieties and proper soil and water management, but reuse of these waters 
should not deteriorate the irrigated soils (Qadir and Oster, 2004). The prime 
requirements of irrigation management for  salinity control are timely 
irrigation, adequate leaching, adequate drainage and controlled water table 
(Luedeling et al, 2005 ; Ayars et al, 2006 and Feizi et al, 2010).The amount of 
water applied should be sufficient to meet both the water requirement of 
crops and satisfy the leaching requirement to maintain a favourable salt 
balance in the root zone, but not enough to overload the drainage system 
(Mostafazadeh-Fard et al, 2009). Several physical, chemical and biological 
soil management help and facilitate the use of saline water in crop production 
(Wu et al, 2002 ; Yang et al, 2006 Jalali and Ranjbar, 2009 and Bezborodov 
et al, 2010). Brackish drainage water can be used for crop production 
provided the soil is amended with certain chemical amendment either to the 
soil or to the irrigation  water, i.e., gypsum (Mitchell et al, 2000 ; Choudhary et 
al, 2002 ; Jalali and Ranjbar, 2009 and Rashid et al, 2009), sulfur (Shabana 
et al , 1999 and Elsharawy, 2008), ammonium thiosulfate (ATS)Yakout 
(2003).  

Timing and placement of proper fertilizers are important and unless 
properly applied, they may contribute to or cause a salinity  problem. (Hart, 
1998 ; Simonne and Hochmuth, 2003 and Laboski, 2008) recommended that 
the lower the salt index of the fertilizer, the less danger there is of salt burn 
and damage to seedling. A split application of small amount of fertilizers 
through saline irrigation water and increasing the NPK fertilizers rate more 
than those which are considered optimum under non saline condition, may 
overcome some of the inhibitory  effects of water salinity ( Yakout, 2003 and 
Esmaili et al., 2008). 

The current investigation aims to evaluate the negative effect of  
saline agricultural drainage water reuse as an alternative irrigation water 
resources on soil properties and wheat growth plants taking into 
consideration the effective role of some soil and water amendments, i.e., 
gypsum and ammonium thiosulfate (NH4)2 S2O3, respectively and proper 
fertilization on eliminating the adverse effect of water salinity on both soil 
properties and crop production. 

 

MATERIALS AND METHODS 
 
A pot experiment was conducted during the two winter seasons of 

2007/2008 and 2008/2009 on a clay loam soil collected from the upper soil 
layer (0-30 cm) at Zawyet Naim, Abu-Homos Center, El-Beheira 
Governorate, Egypt. Some soil physical and chemical properties are 
presented in Table 1. Portions of 9 kg of air-dried soil were packed in plastic 
pots. The used plastic dimensions were 25 cm diameter and 20 cm height, 
with a bottom hole for water drainage.   

In  each pot 15 grains of  wheat (Triticum aestivum L. Sakha 93 cv.) 
were planted, and three weeks after germination they were thinned to five 
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plants per pot. The experimental design was a randomized complete block, 
factorial; involving three factores: (1) the kind of irrigation water includes; Nile 
water as a control [EC (0.36 dSm

-1
), SAR (1.05)], agricultural drainage water 

from El-Omoum drain [EC (4.42 dSm
-1

), SAR (11.9)], blended water of Nile 
and drainage (1:1) [EC (2.34 dSm

-1
), SAR (8.16)] and alternating irrigation 

with the Nile and drainage  water, i.e., one irrigation with drainage water 
followed by another one of the Nile and so on. Some chemical properties of 
irrigation water, i.e., EC and SAR were determined using Jackson (1967). 
Irrigation water requirements were estimated using the following equations 
(FAO, 1985): 

1- ETc = ETo x Kc 
2- LR = ECir  / (5 x Max ECe – EC ir) 
3- IR = ETc  /  (1- LR) 

Where :     
ETc = Crop evapotranspiration (mm/day) 
ETo = Potential evapotranspiration (mm/day) 
Kc   = Crop coefficient (mm/day) 
LR   = Leaching requirement 
ECir = Electrical conductivity of irrigation water 
Max ECe (dS/m) = Maximum electrical conductivity of soil saturated extract 

which lead to 10 % yield decreases in  wheat yield 
 
  Two soil and water amendments, i.e., gypsum (CaSO4.2H2O) and 
ammonium thiosulfate (ATS), (NH4)2 S2O3 (34 % S and 16 % N), respectively 
were applied at a rate of 200 kg S  fed.

-1
. Gypsum was thoroughly mixed well 

with the whole soil of each pot before planting, and  ATS was added in 
solution form with irrigation water at a rate of 50 cm

3 
ATS per pot at three 

times (sowing, 11 and 22 days after planting, respectively). (3) fertilizer 
treatments of N, P and K at three rates, i.e., 0, 100 % and 125 % of the 
recommended doses. Ammonium nitrate (75 kg N fed.

-1
) and potassium 

sulfate (24 kg K2O fed.
-1

) were added in five equal doses (at 21, 31, 41, 51, 
and 60 days after planting). Superphosphate (15 kg P2O5 fed.

-1
) was added in 

one dose during the preparation of soil. 
Plant samples were collected from each pot at harvest (150 days 

after planting), dried at 70 
o
C, crushed, digested using a perchloric-sulfuric 

acids mixture (1:1) and analyzed for nitrogen, phosphorus and potassium. 
Total nitrogen was determined using the standard procedure of micro-kjeldahl 
as described by Bremmer (1965). Total phosphorus was determined 
according to Murphy and Riley (1962). Total potassium was determined 
according to Horneck and Hanson (1998). Soil samples were collected after 
harvest.              

All the obtained data were statistically analyzed and compared by 
using least significant difference (L.S.D) according to the procedure 
described by Gomez and Gomez (1984). 
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Table 1: Some physical-chemical properties of the studied soil before 
planting. 

Physical properties 

Particle size distribution % 

Texture class 

FC WP AV 

Coarse 
sand 

Fine 
sand 

Silt Clay (%, v/v) 

5.1 33.4 22.1 39.4 Clay loam 39.0 19.0 20.0 

Chemical properties 

EC 
dSm

-1
 

Soluble ions (meq L
-1

) 

CEC SAR ESP 
Ca

++
 Mg

++
 Na

+
 K

+
 

CO3
=
+

 

HCO3
- Cl

-
 SO4

=
 

4.95 17.43 13.66 25.56 0.43 3.12 20.84 33.12 43.50 6.49 14.78 
FC: field capacity, WP: wilting point, AV: available water, EC: in soil paste extract, CEC: 

cation exchangeable capacity, SAR: sodium adsorption ratio, ESP: exchangeable 
sodium percentage  

 

RESULTS AND DISCUSSION 
 
Effect of different treatments, on ECe, SAR and ESP 
Data in Table 2  show that the values of ECe, SAR and ESP were negatively 
affected by the water sources ( alternating, blended and drainage water) 
compared to the values of Nile water, and that occurred at the both 
successive seasons. The highest mean values of ECe, SAR and ESP in the 
first season (irrespective of soil or water amendments) were 9.31. 10.91 and 
15.36, respectively and that recorded in the treatments received drainage 
water source. These finding are in agreement with those obtained by Amer 
(2010), who found that the soil solution salinity (ECe) and sodium adsorption 
ratio (SAR) significantly increased as salt concentration of irrigation water 
increased. Also, Choudhary et al. (2004) found that  sustained sodic and 
saline-sodic irrigations caused increased ECe and ESP. On the other hand, 
alternate irrigation with Nile water and drainage water was positively effective 
in reducing values of the aforementioned parameters more than the irrigation 
with blended water. Results in the second season (2008-2009) followed a 
trend resembled to that of the first season (2007-2008) but the values were 
rather higher in magnitude. Wahdan (2009) reported that the continuous 
usage of saline low quality water directly or in a mixture with the fresh Nile 
water build up salts in irrigated soils, and accumulated salts were 
proportionally increased with increasing the ECiw of irrigation water. 

Concerning the effect of applied soil and water amendments, results 
show that the values of ECe, SAR and ESP decreased considerably with the 
addition of gypsum for soil or ATS with irrigation water compared to the 
unamended treatments. Soil and water amendments markedly differed in 
their effects in respect to the aforementioned parameters with superiority of 
gypsum as compared with ATS since it gave lower values for SAR and ESP. 
This could be attributed to that the gypsum is more effective and rapid source 
of calcium to replace exchangeable sodium and to reduce alkalinity and 
improve physical and chemical properties of the soil (Jalali and Ranjbar, 
2009). There were no significant differences in the ECe values between 
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gypsum and ATS, and that occurred in both growing seasons. The values of 
these parameters in the second season were higher to some extent than 
those obtained at the first season.  
 
Table 2. Effect of different treatments on ECe, SAR, ESP, after 2007-2008 

and  2008-2009 seasons. 
Treatments 2007-2008 season 2008-2009 season 

Irrigation water 
(I) 

Amendment 
(A) 

ECe SAR ESP ECe SAR ESP 

Nile 
 water 

Control 5.41 6.06 14.49 5.62 6.24 13.83 

Gypsum 5.21 4.72 12.36 5.45 5.04 11.85 

ATS 5.14 5.80 13.51 5.28 6.14 13.38 

Mean 5.25 5.53 13.45 5.45 5.81 13.02 

Alternating 
irrigation 

Control 6.00 6.55 14.72 6.64 7.14 14.32 

Gypsum 5.74 5.60 13.57 6.29 6.13 13.71 

ATS 5.66 6.17 13.62 6.06 6.84 13.83 

Mean 5.80 6.11 13.97 6.33 6.70 13.95 

Blended  
water 

Control 7.22 7.01 15.32 7.69 7.55 16.10 

Gypsum 7.03 6.20 14.28 7.47 6.83 14.41 

ATS 6.81 6.80 14.56 7.30 7.36 14.96 

Mean 7.02 6.67 14.72 7.49 7.25 15.16 

Drainage 
water 

Control 9.87 11.45 16.26 12.74 14.27 18.05 

Gypsum 9.19 10.12 14.68 11.95 12.68 14.67 
15.02 ATS 8.88 11.16 15.13 

15.36 

11.73 13.89 

Mean 9.31 10.91 12.14 13.61 15.91 

Mean effects of applied treatments 

Different 
irrigation water 
resources 

Control 7.13 7.77 15.20 8.17 8.80 15.58 

Gypsum 6.79 6.66 13.72 7.79 7.67 13.66 

ATS 6.62 7.48 14.21 7.59 8.56 14.30 

Mean 6.85 7.30 14.38 7.85 8.34 14.51 

LSD 0.05 (I) 0.32 0.35 
 

0.37 0.40 
 

LSD 0.05 (A) 0.28 0.30 0.32 0.34 

ATS: ammonium thiosulfate, SAR: sodium adsorption ratio, ESP: exchangeable sodium   
 percent       

 
Grain yield 

Grain yield of wheat as affected by different treatments at both 
successive seasons, is presented in Table 3. Data show that the different 
water sources significantly differ in their effect on grain yield with superiority 
of Nile water over the other water sources and followed in the order of 
effectiveness by alternating irrigation > blended water > drainage water. The 
values of grain yield at the second season were lower to some extent than 
those obtained at the first one. These results agree with those reported by 
Ragab et al. (2008), who found that increasing irrigation water salinity 
drastically decreases the grain yield of wheat. Also, Murtaza et al. (2006) 
found that wheat grain yield with saline-sodic water was drastically lower and 
the adverse effects could be further aggravated if use of saline-sodic water is 
continued for longer periods.  
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         Regarding the effect of applied NPK, results show a pronounced 
increase in grain yield in the two seasons due to NPK application and 
progressed with increasing rate of NPK from 100 to 125 %. The percentage 
of increase in the first season (irrespective of water sources and soil or water 
amendments) was 11.67 and 16.82 % for the rates of 100 and 125 %, 
respectively. The corresponding increases for the second season were 25.36 
and 36.47 %, respectively. These results are  in agreement with those of 
Zahran (2007), who found that grain yield of wheat significantly increased by 
increasing the rates of nitrogen fertilization from 60 to 100 kg N fed.

-1
. Also, 

Yakout (2003) found that increasing the fertilization rate over that 
recommended under non saline conditions had significantly increase the 
yield.  These results revealed that under irrigation with saline water, it is 
advisable to increase the fertilization rate than that recommended under non 
saline conditions.  

The application of gypsum or ATS had a significant positive effect on 
grain yield and the treatments received these amendments recorded higher 
values as compared to those treatments with no soil and water amendments 
addition and that occurred with the two NPK rates and the four water sources. 
These results are in conformity with those reported by Yakout (2003) and 
Rehm (2005), they reported that application of ammonium thiosulfate  
increased the yield. Also, Zahran (2007) found that the application of gypsum 
gave significant increase in grain yield of wheat. Data also indicated that ATS 
was a better amendment compared with gypsum since it gave higher grain 
yield in both seasons, and the former surpassed the latter by 8.59 and 15.79 
% with regard to both seasons. Because ATS is rapidly oxidized in soil to 
sulfate after 1 or 2 weeks. The addition of ATS significantly reduced nitrogen 
losses, consequently, led to an increase of spring wheat yield (Goos and 
Johnson, 2001). 

In this concern, the greatest values of grain yield (20.01 and 19.99 
gpot

-1
 ) for the first and second season, were produced by the combined 

application of ATS with the rate of 125 % NPK under the Nile water irrigation. 
These finding agreed with that obtained by Yakout (2003). 

 
Straw yield 

Straw yield of wheat as affected by different treatments at both 
successive seasons, is presented in Table 4. Data show that the different 
water sources significantly differ in their effect on straw yield with superiority 
of Nile water over the other water sources and followed in the order of 
effectiveness by alternating irrigation > blended water > drainage water. The 
values of straw yield at the second season  were lower to some extent than 
those obtained at the first season. These results could be confirmed with 
those reported by Ragab et al. (2008), Murtaza et al. (2006).  

Regarding the effect of applied NPK, results show a pronounced 
increase in straw yield in the two seasons due to NPK application and 
progressed with increasing rate of NPK from 100 to 125 %. The percentage 
increases in the first season (irrespective of water sources and soil or water 
amendments) were 13.87 and 22.55 % for the rates of 100 and 125 %,  
respectively. 
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The corresponding increase values for the second season were 10.56 and 
21.93 %, respectively. These results are  in agreement with those of Zahran 
(2007), Yakout (2003).  

The application of gypsum or ATS had a significant positive effect on 
straw yield and treatments received these amendments recorded higher 
values as compared to those treatments with no soil and water amendments 
addition and that occurred with the two NPK rates and the four water sources. 
These results are in conformity with those reported by Yakout (2003), Rehm 
(2005), Zahran (2007). Data also indicated that ATS was a better amendment 
compared with gypsum since it gave higher straw yield in both seasons, and 
the former surpassed the latter by 8.11 and 10.43 % with regard to both 
seasons; 2007-2008 and 2008-2009. These results could be enhanced  with 
those of (Goos and Johnson, 2001). 

In this concern, the greatest values of straw yield (36.54 and 35.57 
gpot

-1
) for the first and second season, were produced by the combined 

application of ATS with the rate of 125  
% NPK under the Nile water irrigation which agree with the results obtained 
by Yakout (2003). 
Nitrogen, phosphorus and potassium uptake by grains 

Nitrogen, phosphorus and potassium uptake by grains as affected by 
different treatments at both successive seasons, are presented in Tables 5, 6 
and 7. Data show that the different water sources significantly differ in their 
effect on nitrogen, phosphorus and potassium uptake by grains with 
superiority of Nile water over the other water sources and followed in the 
order of effectiveness by alternating irrigation > blended water > drainage 
water, in both seasons. The obtained findings are in agreement with the 
results of Abdel-Shaheed (2006), who found that application of low quality 
irrigation water adversely effected nitrogen, phosphorus and potassium 
uptake by wheat grains since the N, P and K uptake were decreased as 
compared with the Nile irrigation water treatment due to the osmotic stress, 
nutritional imbalance and specific ion toxicity. The values of the N, P and K 
uptake by grains at the second season  were lower to some extent than those 
obtained at the first season. These results are in accordance with those 
obtained by Sallam et al.(2008). There are no significant differences between 
Nile and alternating irrigation and between blended and drainage water for 
phosphorus uptake by grains only in the first season.  

   Regarding the effect of applied NPK, results show a pronounced 
increase in nitrogen, phosphorus and potassium uptake by grains  in the two 
seasons due to NPK application and progressed with increasing rate of NPK 
from 100 to 125 %. For the nitrogen uptake, the percentage increases in the 
first season (irrespective of water sources and soil or water amendments) 
were 20.77 and 29.97 % for the two rates, respectively. The corresponding 
increases for the second season were 29.06 and 47.86 %, respectively. For 
the phosphorus uptake, the percentage increases in the first season 
(irrespective of water sources and soil or water amendments) were 23.24 and 
37.78 % for the rates of 100 and 125 %, respectively. The corresponding 
increases for the second season were 32.28 and 55.68 %, respectively. For 
the potassium uptake,  
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The percentage increases in the first season (irrespective of water sources 
and soil or water amendments) were 18.15 and 25.78 % for the rates of 100 
and 125 %, respectively. The corresponding increases for the second season 
were 30.22 and 46.35 %, respectively. These results are  in agreement with 
those of Selim (2004), who found that with increasing the rat of N, P, and K 
fertilization to 125 % from the recommended dose under saline soil 
conditions, i.e., 10 dSm

-1
, increased nitrogen, phosphorus and potassium 

uptake by wheat grains.  
  The application of gypsum or ATS had a significant positive effect 

on nitrogen, phosphorus and potassium uptake by grains and treatments 
received these amendments recorded higher values as compared to those 
treatments with no soil and water amendments addition and that occurred 
with the two NPK rates and the four water sources. Data also indicated that 
ATS was a better amendment compared with gypsum since it gave higher N, 
P and K uptake by grains in both seasons, and the former surpassed the 
latter by 13.04 and 18.46 % with regard to both seasons; 2007-2008 and 
2008-2009 for the nitrogen uptake and by 23.31 and 30.69 % with regard to 
both seasons for the phosphorus uptake and by 3.52 and 11.10 % with 
regard to both seasons for the potassium uptake. These findings agreed with 
those obtained by Rehm (2005), who reported that fluid sources of S, i.e., 
ammonium sulfate and ammonium thiosulfate rapidly oxidized  to sulfate in 
soils more than dry sources of S, consequently, more decrease in soil pH and 
increasing nutrients availability and uptake to the growing plants. Also, the 
superiority of ATS may be due to that the availability of N, P and K was 
increased due to the more decrease in soil pH than gypsum, as reported by 
Abou-Baker (2003).   

In this concern, the greatest values of nitrogen, phosphorus and 
potassium uptake by grains were (273.5 and 243.8 mg Npot

-1
 ), (56.11 and 

53.30 mg Ppot
-1

) and (90.64 and 84.63 mg Kpot
-1

) for the first and second 
season, respectively. Where, they were produced by the combined  
application of ATS with the rate of 125 % NPK under the Nile water irrigation. 
Nitrogen, phosphorus and potassium uptake by straw 

Nitrogen, phosphorus and potassium uptake by straw as affected by 
different treatments at both successive seasons, are presented in Tables 8, 9 
and 10. Data show that the different water sources significantly differ in their 
effect on nitrogen, phosphorus and potassium uptake  with superiority of Nile 
water over the other water sources and followed in the order of effectiveness 
by alternating irrigation > blended water > drainage water, in both seasons. 
Similar results were obtained by Abdel-Shaheed (2006). The values of 
nitrogen, phosphorus and potassium uptake by straw at the second season  
were lower to some extent than those obtained at the first season. There are 
no significant differences between alternating , blended and drainage water 
for nitrogen uptake by straw only in the first season. Also, there are no 
significant differences between Nile, alternating, blended and drainage water 
for phosphorus uptake by straw in the first season  and between Nile and 
alternating water in the second season. 
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         Regarding the effect of applied NPK, results show a pronounced 
increase in the N, P and K uptake by straw  in the two seasons due to NPK 
application and progressed with increasing rate of NPK from 100 to 125 %. 
For the nitrogen uptake, the percentage increases in the first season 
(irrespective of water sources and soil or water amendments) were 26.86 and 
40.00 % for the rates of 100 and 125 %. The corresponding increases for the 
second season were 26.57 and 45.98 %, respectively. For the phosphorus 
uptake, the percentage increases in the first season (irrespective of water 
sources and soil or water amendments) were 24.18 and 49.83 % for the rates 
of 100 and 125 %, respectively. The corresponding increases for the second 
season were 23.67 and 49.72 %, respectively. For the potassium uptake, the 
percentage increases in the first season (irrespective of water sources and 
soil or water amendments) were 16.81 and 27.31 % for the rates of 100 and 
125 %, respectively. The corresponding increases for the second season 
were 16.47 and 30.47 %, respectively. These results are  in conformity with 
those reported by Selim (2004), who found that with increasing a rat of 
nitrogen, phosphorus and potassium fertilization to 125 % from the 
recommended dose under saline soil conditions, i.e., 10 dSm

-1
, increased the 

N, P and K uptake by wheat straw.   
The application of gypsum or ATS had a significant positive effect on 

nitrogen, phosphorus and potassium uptake by straw and treatments 
received these amendments recorded higher values as compared to those 
treatments with no soil and water amendments addition and that occurred 
with the two NPK rates and the four water sources. Data also indicated that 
ATS was a better amendment compared with gypsum since it gave higher 
nitrogen, phosphorus and potassium uptake by straw in both seasons, and 
the former surpassed the latter by 11.27 and 15.73 % with regard to both 
seasons; 2007-2008 and 2008-2009 for the nitrogen uptake and by 24.63 and 
25.09 % with regard to both seasons for the phosphorus uptake and by 9.50 
and 12.40 % with regard to both seasons for the potassium uptake. These 
results could be supported with those obtained by Rehm (2005) and Abou-
Baker (2003).  

 In this concern, the greatest values of nitrogen, phosphorus and 
potassium uptake by straw were (212.0 and 199.2 mg Npot

-1
 ), (69.51 and 

60.46 mg Ppot
-1

 ) and (428.7 and 409.1 mg kpot
-1

 ) for the first and second 
season, respectively. Where, they were produced by the combined 
application of ATS with the rate of 125 % NPK under the Nile water irrigation. 

 

REFERENCES 
 
Abou-Baker, N.H.A. 2003. Studies on phosphorus in some soils of Egypt. 

M.Sc. Thesis,  Fac. Agric., Cairo Univ., Egypt. 
Abdel Gawad, G.; Arslan, A.; Gaihbe, A. and Kadouri, F. 2005. The effects of 

saline irrigation water management and salt tolerant tomato varieties 
on sustainable production of tomato in Syria (1999-2002). Agricultural 
Water Management, 78: 39-53. 



El-Morsy, E. A. et al. 

 764 

Abdel-Shaheed. 2006. Effect of irrigation water quality on soil and plant in 
some regions of El-Fayoum Governorate. M.Sc. Thesis, Dept. Environ. 
Agric. Sci., Inst. Environ. Studies & Research, Ain Shams Univ., Egypt. 

Amer, K.H. 2010. Corn crop response under managing different irrigation and 
salinity levels. Agricultural Water Management, 97: 1553-1563. 

Ayars, J.E.; Christen, E.W. and Hornbuckle, J.W. 2006. Controlled drainage 
for improved water management in arid regions irrigated agriculture. 
Agricultural Water  Management, 86: 128-139. 

Bezborodov, G.A.; Shadmanov, D.K.; Mirhasshimov, R.T; Yuldashev, T.; 
Qureshi, A.S.; Noble, A.D. and Qadir, M. 2010. Mulching and water 
quality effects on soil salinity and sodicity dynamics and cotton 
productivity in Central Asia. Agric. Ecosystems & Environment, 138: 
95-102. 

Bremmer, J.M. 1965. Total Nitrogen. In Methods of Soil Analysis, Part 2. 
Agron. 9, 1149- 1178, Amer. Soc. Agron. Madison, Wisconsin, USA. 

Choudhary, M.R.; Iqpal, M. and Subhani, K.M. 2002. 18 
th
 Congress irrigation 

and drainage. Montreal 2002. 180-182. 
Choudhary, O.P.; Jasan, A.S.; Bajwa, M.S. and Kapure, M.L. 2004. Effect of 

sustained sodic and saline-sodic irrigation and application of gypsum 
and farmyard manure on yield and quality of sugarcane under semi-
arid conditions. Field crops research, 87: 103-116. 

Elsharawy, M.A.O. 2008. Improvement of some chemical properties and 
productivity of some salt affected calcareous soils. Egypt j. Soil Sci. 48, 
No. 2: 159-168. 

FAO. 1985. Water quality for irrigation. FAO irrigation and drainage Pap. 29. 
Rev. 1, FAO, Roma. 

Esmaili, E.; Kapourchal, S.A.; Malakouti, M.J. and Homaee, M. 2008. 
Interactive effect of salinity and two nitrogen fertilizers on growth and 
composition of sorghum. Plant Soil Environ. 54 (12): 537-546. 

Feizi, M. 2004. Effects of saline irrigation water on sunflower yield. Iranian J. 
Soil Water Sci.18(2): 179-188. 

Feizi, M.; Hajabbasi, M.A. and Mostafazadeh-Fard, B. 2010. Saline irrigation 
water management strategies for better yield of safflower (Carthamus 
tinctorius L.) in an arid region. Australian J. Crop Sci., 4 (6): 408-414. 

Gomes, K.A. and Gomez, A.A. 1984. Statistical Procedures for Agricultural 
Research. 2

nd
 ed,  John Wiely and Sons, New York, USA. 

Goos, R.J. and Johnson, B.E. 2001. Thiosulfate oxidation by three soils 
influenced by temperature. Commun. Soil Sci. Plant Anal., 32 (17&18): 
2841-2849. 

Hamdy, A. 1998. Sustainability of irrigation: An overview of salinity problems 
and control strategies. Saline irrigation management for a sustainable 
use of non conventional water resources in the Mediterranean region. 
Aleppo-Syria, April 18-30: 209-246. 

Hart, J. 1998. Fertilizer and lime materials. Dept. Agric. Oregon State Univ., 
USA. 

 
 



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (7), July, 2011 

 765 

Horneck, D.A. and Hanson, D. 1998. Determination of potassium and sodium 
by flame emission spectrophotometry, In: Handbook of Reference 
Methods for Plant Analysis, Ed., Y.P. Karla. Crc Pres, Washington, 
D.C., pp. 157-164. 

Jackson, M.L. 1967. Soil Chemical Analysis. Prentice-Hall, Inc. N.J., USA. 
Jalali, M. and Ranjbar, F. 2009. Effects of sodic water on soil sodicity and 

nutrient leaching in poultry and sheep manure amended soils. 
Geoderma, 153: 194-204. 

Jiang, J; Feng, S.Y.; Sun, Z.H. and Huo, Z.L. 2008. Effects of non-sufficient 
irrigation with saline water on soil water-salt distribution and spring corn 
yield. Ying Yong Sheng Tai Xue Bao., 19 (12): 2637-2642.   

Laboski, C.A.M. 2008. Understanding salt index of fertilizers. Wisconsin 
Fertilizers, Aglime  & Pest management conference, 47: 37-41.  

Luedeling, E.; Nagieb, M.; Wichern, F.; Brandt, M.; Deurer, M. and Buerkert, 
A. 2005. Drainage, salt leaching and physico-chemical properties of 
irrigated man-mode terrace soils in a mountain oasis of northern Oman. 
Geoderma, 125: 273-285. 

Mitchell, J.P.; Shennan, C.; Singer, M.J.; Peters, D.W.; Miller, R.O.; Prichard, 
T.; Gratten, S.R.; Rhoades, J.D.; May, D.M. and Munk, D.S. 2000. 
Impact of gypsum and winter cover crops on soil physical properties 
and crop productivity when irrigated with saline water. Agriculture 
Water Management, 45 (1): 55-71. 

Mostafazadeh-Fard, B.; Mansouri, H.; Mousavi, F. and Feizi, M. 2009. Effects 
of different levels of irrigation water salinity and leaching on yield and 
yield components of wheat in an arid region. J. Irrig. and Drain. Eng. 
American Society of Civil Engineering, 135 (1): 32-38. 

Murphy, J. and Riley, J.P. 1962. A modified single solution method for the 
determination of phosphate in natural waters. Anal. Chim. Acta 27: 31-
36. 

Murtaza, G.; Ghafoor, A. and Qadir, M. 2006. Irrigation and soil management 
strategies for using saline-sodic watrer in a cotto-wheat rotation. 
Agriculture Water Management, 81: 98-114.  

Ould, A.B.A.; Yamamoto, T. and Inoue, M. 2007. Response of drip irrigated 
sorghum varieties growing in dune sand to salinity levels in irrigation 
water. J. Appl. Sci. 7: 1061-1066. 

Qadir, M. and Oster, J.D. 2004. Crop and irrigation management strategies 
for saline-sodic soils and waters aimed at environmentally sustainable 
agriculture. Sci. Total environ, 5; 323 (1-3): 1-19.   

Ragab, A.A.M.M.; Hellal, F.A. and Abdel-Hady, M. 2008. Irrigation water 
salinity effects on some soil water constants and plant. Australian J. of 
Basic and Applied Sciences, 2 (2): 225-233. 

Rashid, A.; Khan, R.U. and Marwat, S.K. 2009. Response of wheat to soil 
amendments with poor quality irrigation water in salt affected soil. 
World J. of Agricultural Sci., 5 (4): 422-424. 

Rehm, G.W. 2005. Sulfur management for corn growth with conservation 
tillage. Soil Sci. Soc. Am. J. 69: 709-717. 



El-Morsy, E. A. et al. 

 766 

Sallam, A.M.; Shaban, K.A. and Soluman, M.A.M. 2008. Effect of irrigation 
water sources on productivity and grain quality of wheat. Third Environ. 
Conf. Fac. Sci., Zagazig Univ., Egypt. 59-75. 

Selim, A.M. 2004. Response of wheat to different N-applications and 
irrigation under arid conditions. Int. Conf. on Water Resources & Arid 
Environment. 

Simonne, E.H. and Hochmuth, G.J. 2003. Soil and fertilizer management for 
vegetable production in Florida. Hort. Sci. Dept. Florida Univ., USA. 

Shabana, M.K.; Wassif, M.M.; Saad, S.M. and Ashour, I.A. 1999. Effect of 
some soil amendments on the quantity and some chemical properties 
of wheat yield under irrigation with saline water. Desert Res. Institute 
Bulletin. Egypt, 48 (1): 197-207. 

Wahdan, M.E.M. 2009. Impact of water quality on soil environment and 
grown plants in east Nile delta area. Ph.D. Thesis, Dept. Agric. Sci., 
Inst. Environ. Studies & Research, Ain Shams Univ., Egypt. 

Wu, Z.; Zhang, H.; Xu, G.; Zhang, Y. and Liu, C. 2002. Effect of returning 
corn straw into soil on soil fertility. Ying Yong Scheng Tai Xue Bao, 13 
(5): 539-542. 

Yakout, H.I. 2003. Integrated management for sustainable crop production 
under saline condition. Ph.D. Thesis, Fac. Agric., Cairo Univ., Egypt. 

Yang, Y.M.; Liu, Y.J; Li, W.Q. and Li, C.Z. 2006. Effect of different mulch 
materials on winter wheat production in desalinized soil in Heilonggang 
region of North China. J. Zhejiang univ. Sci. Biology, 7 (11): 858-867. 

Yurtseven, E.; Kesmez, G.D. and Unlukora, A. 2005. The effects of water 
salinity and potassium levels on yield, fruit quality and water 
consumption of a native central Anatolian tomato species (Lycopersion 
esculantum L.). J. Agr. Water manage, 78: 128-135. 

Zahran, S.F.A.F. 2007. Effect of addition of fertilizers and some soil 
amendments on improving some properties of salt affected soils. M.Sc. 
Thesis, Dept. Environ. Agric. Sci., Inst. Environ. Studies & Research, 
Ain Shams Univ., Egypt. 

 

 الإدارة الملائمة للأرض والمياه تحت الظروف الملحية
 2، محمد يحيى حلمي 2، عادل محمد خليفة 1، سيد طه أبو زيد 1السعيد أحمد المرسى

 مصر  -الجيزة  –جامعة القاهرة  -كلية الزراعة   -قسم علوم الأراضي  -1

 مصر -لجيزة ا –مركز البحوث الزراعية  –معهد بحوث الأراضي والمياه والبيئة  -2
 

 خةل  صوبة معهد بحوث الأراضي والمياه والبيئة بمحافظةة الجية   فى أجريت تجربة أصص      
 الاسةةتراتيجيات المختة ةةة تقيةةيت تةة  ير بهةةد  2008/2009و  2007/2008شةةتويي  الموسةةمي  ال
و  لنية   ا) مياه الصر  و التناوب والخةة  مةم ميةاه الجود   منخ ضة عاد  استخدات مياه الصر  لإ

ضةافة الإو   يوكبريتةات الأمونيةوت )الجةب(  أو لميةاه الةر  ) لةتربةة إمةا  إضافة  بعة  المصةةحات
عةةى كةلم مة  خةواص التربةة واسةتجابة صغير  للأسمد  خةل  ميةاه الةر  بمعةدلات عاليةة المج أ  ال

 2334 ، 4342،  0336مسةةتويات مةوحةةة ميةةاه الةةر   كانةةت .ميةةاه الةةر لمةوحةةة  محصةةو  القمةة  
الأسمد  النيتروجينية  أضي ت ديسيمين /ت لمياه الني  )الكنترو   و مياه الصر  والخة  عةى التوالي.

 أضةي  ٪ مة  الجرعةات الموصةى بهةا ،125 ،  ٪100،  وال وسة اتية والبوتاسةية بمعةدلات صة ر
   خ ي  إجهاد مةوحة التربة.المعد  العالي لت
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     النتائج المتحصل عليها علي أن :دلت 
و نسبة الصوديوت المتباد   لةت ايد  مةوحة التربة والصودية )نسبة إدمصاص الصوديوتاتجهت  -1

ديسةيمين /ت  9387 ، 7322،  6300إلةي  5341مم  ياد  مستويات مةوحة ميةاه الةر  أ  مة  
حالةة الةر   في فى الموست ال اني 12374 ، 7369،  6364إلي  5362فى الموست الأو  وم  

   ، التناوب ، الخة  و الصر  عةي التوالي.مياه النيب
لقةيت  اتجاهةام مشةابهام قيت نسبة إدمصاص الصةوديوت و نسةبة الصةوديوت المتبةاد  لةتربةة أظهرت  -2

 مةوحة التربة.
لمةوحةة وصةودية ميةاه  الخ يةر التة  يرإضافة الجب( و يوكبريتةات الأمونيةوت إلةي خ ة  أدت  -3

القمة  مة  الحبةوب والقة   محصةو عةةى إيجابيةام  الر . هذا التحسي  المرضةي لةتربةة انعكة(
ب يةةةاد  أقصةةاه   وصةةة وامتصةةاص النيتةةروجي  وال وسةةة ور والبوتاسةةيوت. هةةةذا التةة  ير الم يةةد 

 ٪.125إلي  ٪100جرعات النيتروجي  وال وس ور والبوتاسيوت م  

 
 قام بتحكيم البحث

 جامعة المنصورة –كلية الزراعة  خالد حسن الحامدىأ.د / 
 القاهرة جامعة –كلية الزراعة  محمدى ابراهيم الخرباوىأ.د / 
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Table 3. Effect of different treatments on grain yield of wheat, (gpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 15.65 14.12 12.51 11.96 13.56 11.67 11.01 9.03 5.53 9.31 

Gypsum 15.85 14.91 12.93 12.88 14.14 13.09 11.96 9.06 7.65 10.44 

ATS 16.47 16.04 15.92 14.96 16.00 14.57 12.84 11.09 8.78 11.82 

Mean 15.99 15.02 13.79 13.27 14.57 13.11 11.94 9.73 7.32 10.53 

100 

Control 15.99 15.25 14.17 13.70 14.78 15.60 13.41 9.56 9.32 11.97 

Gypsum 17.86 17.11 16.42 14.87 16.62 16.99 13.61 10.92 9.88 12.85 

ATS 19.79 18.12 16.79 15.55 17.47 19.45 13.75 13.55 12.31 14.77 

Mean 17.88 16.83 15.79 14.71 16.27 17.35 13.59 11.34 10.50 13.20 

125 

Control 16.76 15.88 15.42 13.75 15.44 14.04 14.57 10.38 9.53 12.63 

Gypsum 17.94 17.32 16.92 16.33 17.08 17.32 15.54 11.68 11.25 13.95 

ATS 20.01 19.25 18.12 16.80 18.55 19.99 16.46 14.83 14.79 16.52 

Mean 18.24 17.48 16.82 15.63 17.02 17.78 15.52 12.30 11.86 14.37 

Amendment 

Control 16.13 15.08 14.03 13.12 14.59 14.44 13.00 9.66 8.13 11.31 

Gypsum 17.22 16.45 15.42 14.69 15.95 15.80 13.70 10.55 9.59 12.41 

ATS 18.76 17.80 16.94 15.77 17.32 18.00 14.35 13.16 11.96 14.37 

Overall mean 17.37 16.44 15.47 14.53 15.94 16.08 13.68 11.12 9.89 12.70 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

0.14 
0.12 
0.23 
0.12 
0.23 
0.20 
0.41 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

0.26 
0.22 
0.44 
0.22 
0.44 
0.38 
0.77 

 ATS = Ammonium thiosulfate 
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   Table 4. Effect of different treatments on straw yield of wheat, (gpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 25.68 23.28 21.27 20.33 22.64 23.40 21.23 20.12 18.14 20.72 

Gypsum 28.12 25.28 21.98 21.89 24.32 25.42 22.18 21.61 19.65 22.22 

ATS 29.18 27.06 26.44 25.43 27.03 26.65 24.52 25.83 21.59 24.65 

Mean 27.66 25.21 23.23 22.55 24.66 25.16 22.64 22.52 19.79 22.53 

100 

Control 28.89 26.35 25.93 23.28 26.11 28.31 23.09 20.66 18.34 22.60 

Gypsum 30.56 28.76 28.00 26.95 28.57 29.61 26.29 22.36 21.57 24.96 

ATS 32.97 28.91 28.54 27.76 29.55 32.10 27.84 26.78 21.95 27.17 

Mean 30.81 28.01 27.49 25.99 28.08 30.01 25.74 23.27 20.62 24.91 

125 

Control 30.50 26.61 26.21 24.09 26.85 29.90 25.51 23.67 20.05 24.78 

Gypsum 32.64 30.36 29.44 29.09 30.38 31.91 28.05 26.31 21.77 27.01 

ATS 36.54 33.64 32.72 30.80 33.43 35.57 31.28 30.07 23.58 30.13 

Mean 33.23 30.20 29.46 27.99 30.22 32.46 28.28 27.35 21.80 27.47 

Amendment 

Control 28.36 25.41 24.47 22.56 25.20 27.20 23.28 21.48 18.84 22.70 

Gypsum 30.44 28.13 26.47 25.97 27.75 28.98 25.51 23.43 21.00 24.73 

ATS 32.90 29.87 29.23 28.00 30.00 31.44 27.88 27.56 22.37 27.31 

Overall mean 30.57 27.81 26.73 25.51 27.66 29.21 25.56 24.27 20.74 24.95 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

0.24 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

0.36 

0.20 0.32 

0.41 0.63 

0.20 0.32 

0.41 0.63 

0.35 0.55 

0.71 1.09 

  ATS = Ammonium thiosulfat 
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  Table 5. Effect of different treatments on nitrogen uptake by wheat grains, (mgpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 169.6 162.9 150.1 143.5 156.5 127.9 128.8 106.2 67.27 107.6 

Gypsum 189.3 182.0 157.3 164.4 173.2 145.3 142.1 109.0 93.86 122.6 

ATS 198.6 196.8 201.1 198.9 198.9 165.1 154.5 135.3 110.9 141.5 

Mean 185.8 180.5 169.5 168.9 176.2 146.1 141.8 116.8 90.67 123.9 

100 

Control 191.8 186.0 174.7 178.5 182.8 179.4 158.9 114.4 115.9 142.2 

Gypsum 221.5 217.4 221.2 203.2 215.8 199.3 163.7 132.1 123.4 154.6 

ATS 256.0 245.9 232.7 225.0 239.9 238.1 168.2 168.9 156.0 182.8 

Mean 223.1 216.4 209.6 202.3 212.8 205.6 163.6 138.5 131.8 159.9 

125 

Control 206.7 200.1 194.3 183.3 196.1 190.2 176.3 128.0 120.2 153.7 

Gypsum 229.0 232.1 231.3 227.5 230.0 210.1 195.3 157.2 154.9 179.4 

ATS 273.5 266.3 255.5 248.1 260.9 243.8 209.6 202.6 210.1 216.5 

Mean 236.4 232.9 227.0 219.6 229.0 214.7 193.7 162.6 161.7 183.2 

Amendment 

Control 189.4 183.0 173.0 168.4 178.5 165.9 154.7 116.2 101.1 134.5 

Gypsum 213.3 210.5 203.3 198.4 206.3 184.9 167.0 132.8 124.0 152.2 

ATS 242.7 236.3 229.8 224.0 233.2 215.7 177.4 168.9 159.0 180.3 

Overall mean 215.1 209.9 202.0 196.9 206.0 188.8 166.4 139.3 128.1 155.6 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

4.07 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

4.01 

3.52 3.47 

NS 6.94 

3.52 3.47 

NS 6.94 

6.10 6.01 

12.21 12.03 

  ATS = Ammonium thiosulfate 
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  Table 6. Effect of different treatments on phosphorus uptake by wheat grains, (mgpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 32.89 31.05 23.77 27.50 28.80 24.10 23.10 19.26 11.98 19.61 

Gypsum 35.97 34.31 28.47 35.19 33.49 27.92 25.95 21.42 19.64 23.73 

ATS 44.50 43.28 43.54 41.88 43.30 36.42 33.81 28.84 24.58 30.91 

Mean 37.79 36.22 31.93 34.85 35.20 29.48 27.62 23.17 18.73 24.75 

100 

Control 36.76 36.59 34.02 34.25 34.41 33.79 29.51 22.31 21.11 26.68 

Gypsum 44.63 42.80 44.31 40.18 42.98 39.05 31.30 27.30 25.70 30.84 

ATS 55.40 52.51 50.92 48.22 51.76 50.56 38.96 37.95 35.30 40.69 

Mean 45.60 43.97 43.08 40.88 43.38 41.14 33.26 29.19 27.37 32.74 

125 

Control 41.87 41.81 40.09 37.10 40.22 36.75 35.45 26.30 25.10 30.90 

Gypsum 49.00 47.94 45.65 47.38 47.49 42.72 42.43 30.75 31.50 36.85 

ATS 56.11 61.55 58.02 55.47 57.79 53.30 48.27 43.99 45.85 47.85 

Mean 48.99 50.43 47.92 46.65 48.50 44.25 42.05 33.68 34.15 38.53 

Amendment 

Control 37.17 36.48 32.63 32.95 34.81 31.55 29.36 22.63 19.39 25.73 

Gypsum 43.20 41.68 39.48 40.92 41.32 36.56 33.23 26.49 25.61 30.47 

ATS 52.00 52.45 50.83 48.52 50.95 46.76 40.35 36.93 35.24 39.82 

Overall mean 44.13 43.54 40.98 40.79 42.36 38.29 34.31 28.68 26.75 32.01 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

2.02 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

0.83 

1.75 0.72 

NS 1.44 

1.75 0.72 

NS 1.44 

NS 1.25 

NS 2.50 

  ATS = Ammonium thiosulfate 
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  Table 7. Effect of different treatments on potassium uptake by wheat grains, (mgpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 63.15 56.96 46.67 43.44 52.56 44.33 39.66 31.60 19.14 33.68 

Gypsum 69.75 64.10 53.45 51.08 59.60 54.55 47.41 35.61 28.04 41.40 

ATS 68.61 64.15 64.18 55.82 63.19 57.79 48.36 40.68 31.29 44.53 

Mean 67.17 61.74 54.77 50.12 58.45 52.22 45.15 35.96 26.16 39.87 

100 

Control 70.88 62.02 55.74 52.97 60.40 62.43 49.13 34.43 33.28 44.82 

Gypsum 83.33 79.88 69.52 60.47 73.30 73.04 56.30 44.07 37.86 52.82 

ATS 87.08 76.75 69.44 60.65 73.48 79.09 55.45 51.94 45.97 58.11 

Mean 80.43 72.88 64.90 58.03 69.06 71.52 53.63 43.48 39.04 51.92 

125 

Control 75.46 68.28 63.69 55.47 65.73 65.02 58.28 39.08 35.56 49.49 

Gypsum 85.55 76.25 72.19 68.53 75.63 76.78 65.22 48.24 43.88 58.53 

ATS 90.64 83.42 76.11 66.67 79.21 84.63 68.02 58.83 56.71 67.05 

Mean 83.89 75.98 70.66 63.56 73.52 75.48 63.84 48.72 45.38 58.35 

Amendment 

Control 69.83 62.42 55.37 50.63 59.56 57.26 49.02 35.04 29.32 42.66 

Gypsum 79.54 73.41 65.06 60.03 69.51 68.13 56.31 42.64 36.59 50.92 

ATS 82.11 74.78 69.91 61.05 71.96 73.84 57.28 50.48 44.66 56.57 

Overall mean 77.16 70.20 63.44 57.24 67.01 66.41 54.20 42.72 36.86 50.05 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

1.78 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

1.27 

1.54 1.10 

NS 2.20 

1.54 1.10 

NS 2.20 

2.67 1.90 

5.34 NS 

  ATS = Ammonium thiosulfate 
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  Table 8. Effect of different treatments on nitrogen uptake by wheat straw, (mgpot

-1
).   

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 109.6 101.7 106.3 105.7 105.8 92.79 91.26 87.17 84.61 88.96 

Gypsum 126.5 121.4 112.9 117.5 119.6 109.4 99.81 97.88 91.69 99.69 

ATS 138.1 137.1 136.6 139.1 137.7 116.3 115.2 123.1 114.5 117.3 

Mean 124.7 120.1 118.6 120.8 121.0 106.2 102.1 102.7 96.92 102.0 

100 

Control 135.7 138.8 143.5 128.0 136.5 129.3 108.6 98.51 89.21 106.4 

Gypsum 165.2 154.4 155.1 151.7 156.6 155.0 136.6 118.6 115.8 131.5 

ATS 185.6 162.9 159.8 161.0 167.3 172.3 154.1 147.4 123.7 149.4 

Mean 162.2 152.0 152.8 146.9 153.5 152.2 133.1 121.5 109.6 129.1 

125 

Control 155.5 141.9 145.1 134.9 144.3 146.5 133.5 127.8 110.3 129.5 

Gypsum 178.4 171.0 166.8 167.7 171.0 168.0 152.5 144.7 121.2 146.6 

ATS 212.0 192.9 182.2 183.8 192.7 199.2 174.3 172.5 136.0 170.5 

Mean 182.0 168.6 164.7 162.1 169.4 171.2 153.4 148.3 122.5 148.9 

Amendment 

Control 133.6 127.5 131.6 122.9 128.9 122.9 111.1 104.5 94.71 108.3 

Gypsum 156.7 148.9 144.9 145.7 149.1 144.1 129.6 120.4 109.6 125.9 

ATS 178.6 164.3 159.5 161.3 165.9 162.6 147.9 147.7 124.7 145.7 

Overall mean 156.3 146.9 145.4 143.3 148.0 143.2 129.5 124.2 109.7 126.6 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

3.91 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

3.50 

3.38 3.03 

6.76 6.05 

3.38 3.03 

6.76 6.05 

NS 5.24 

NS NS 
  ATS = Ammonium thiosulfate 
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   Table 9. Effect of different treatments on phosphorus uptake by wheat  straw, (mgpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 27.38 30.29 27.67 29.14 28.62 21.06 24.07 22.16 21.15 22.11 

Gypsum 32.78 37.07 30.80 32.10 33.19 27.95 28.84 29.54 28.13 28.61 

ATS 43.73 42.42 43.18 39.84 42.29 34.73 34.34 39.59 31.69 35.09 

Mean 34.63 36.59 33.89 33.70 34.70 27.91 29.08 30.43 26.99 28.60 

100 

Control 37.52 36.02 38.04 34.14 36.43 33.96 32.28 26.17 26.29 29.68 

Gypsum 41.83 42.22 42.04 44.86 42.74 38.50 39.40 31.31 31.53 35.19 

ATS 52.79 48.20 49.50 49.98 50.12 45.01 44.56 41.05 34.41 41.26 

Mean 44.05 42.15 43.19 42.99 43.09 39.16 38.75 32.84 30.74 35.37 

125 

Control 41.72 41.71 38.44 39.35 40.30 38.87 37.48 34.01 29.49 34.96 

Gypsum 49.01 49.54 50.07 53.37 50.50 44.69 41.12 39.37 34.81 40.00 

ATS 69.51 64.03 65.44 61.64 65.15 60.46 56.28 54.05 43.23 53.51 

Mean 53.41 51.76 51.31 51.45 51.99 48.00 44.96 42.48 35.84 42.82 

Amendment 

Control 35.54 36.00 34.72 34.21 35.12 31.30 31.28 27.44 25.64 28.91 

Gypsum 41.20 42.95 40.97 43.45 42.14 37.05 36.45 33.41 31.49 34.60 

ATS 55.34 51.55 52.71 50.49 52.52 46.73 45.06 44.90 36.44 43.28 

Overall mean 44.03 43.50 42.80 42.71 43.26 38.36 37.60 35.25 31.19 35.60 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

NS W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

1.94 

2.21 1.68 

NS 3.35 

2.21 1.68 

NS NS 

3.83 2.90 

NS NS 

 ATS = Ammonium thiosulfate 
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   Table 10. Effect of different treatments on potassium uptake by wheat straw, (mgpot
-1

).  

Treatments 
2007-2008 2008-2009 

Source of irrigation water Source of irrigation water 

NPK % of the 
recommended 

dose 
Amendment Nile Alternating Blended Drainage Mean Nile Alternating Blended Drainage Mean 

0 

Control 289.0 255.4 222.6 211.5 244.6 253.5 212.4 190.5 162.6 204.8 

Gypsum 315.8 281.4 240.4 232.0 267.4 279.7 239.5 225.4 186.0 232.7 

ATS 328.7 302.2 291.7 276.4 299.8 296.7 266.4 271.3 220.9 263.8 

Mean 311.2 279.7 251.6 240.0 270.6 276.6 239.4 229.1 189.8 233.7 

100 

Control 327.3 293.4 285.2 252.3 289.6 312.5 243.9 215.6 186.4 239.6 

Gypsum 352.5 328.0 310.0 295.5 321.5 332.6 288.2 243.8 229.4 273.5 

ATS 381.3 331.4 325.5 310.9 337.3 363.9 310.9 296.3 242.2 303.3 

Mean 353.7 317.6 306.9 286.2 316.1 336.3 281.0 251.9 219.4 272.2 

125 

Control 348.7 301.6 291.8 265.1 301.8 334.9 283.0 255.8 213.9 271.9 

Gypsum 379.6 349.2 331.7 321.9 345.6 363.8 315.2 290.3 237.2 301.6 

ATS 428.7 391.3 377.4 347.1 386.1 409.1 354.7 337.8 262.7 341.1 

Mean 385.7 347.3 333.6 311.3 344.5 369.2 317.6 294.6 237.9 304.9 

Amendment 

Control 321.7 283.5 266.5 242.9 278.6 300.3 246.5 220.6 187.6 238.8 

Gypsum 349.3 319.5 294.0 283.1 311.5 325.3 281.0 253.2 217.6 269.3 

ATS 379.6 341.7 331.6 311.5 341.1 356.6 310.7 301.8 241.9 302.7 

Overall mean 350.2 314.9 297.4 279.2 310.4 327.4 279.4 258.5 215.7 270.3 

LSD at 0.05 

W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

5.02 W 
NPK 
W x NPK 
Am 
W x Am 
NPK x Am 
W x NPK x Am 

5.79 

4.35 5.01 

NS 10.03 

4.35 5.01 

NS 10.03 

7.53 NS 

15.06 NS 

  ATS = Ammonium thiosulfate 

 


