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Abstract 
 

A greenhouse pot experiment was conducted to evaluate the influence of water management using 
diluted sea water and organic manure application on salinity build up in a calcareous soil (Typic 
Calciorthents) from the area west of the Nile Delta, Southern Tahreer, El-Beheira Governorate, cultivated 
with wheat plant (Triticum aesitivum L.V. Sakha 92). The modes of saline water application included 
irrigation with water having 6720 ppm (1:5 diluted sea water), 8768 ppm (1:3 diluted sea water) and a tap 
water as a control having 256 ppm. Chicken manure application was done as a soil amendment (1.5% w/w), 
while water management practices were done as the following irrigation frequencies, namely, (a) irrigation 
with diluted sea water along the growth period, (b) irrigation with diluted sea water until pre-flowering stage 
then with tap water and (c) irrigation with saline water for three times and once with tap water along the 
growth season. Certain chemical properties of the studied soil were evaluated during different growth 
periods and after harvesting of wheat plant. Actual evapotranspiration (ETa) ratio and water use efficiency 
(WUE) were calculated. The obtained results indicated that increasing water salinity increased soluble 
cations and anions with different rates. For instance, S04

-- concentration in soil extract showed considerable 
increases as the time increases, reaching 6 folds of those found for the soils irrigated with tap water. Also, 
SAR increases to about 288, 325 and  57 % for the vegetative, yield formation and harvesting stages, 
respectively. On the other hand, increasing salinity level of irrigation water decreased the actual 
evapotranspiration (ETa) and water use efficiency (WUE) values of wheat plant as compared to plants 
irrigated with tap water. Regarding the effect of irrigation frequencies on soil salinity, the lowest values of 
EC and SAR as well as soluble ions were associated with (c) frequency while the highest ones were 
associated with (a) frequency. In addition, irrigation frequency (c) gave the highest values of Eta and WUE 
as compared to the other two irrigation frequencies request alternation of saline and fresh water at a sequence 
of 3 to 1 caused considerable attenuation of salinity build-up as indicated by increasing its levels in the soil. 
Such increases reached about 5 folds comparing to those irrigated with tap water. Chicken manure 
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application increased soil EC values as well as ETa and WUE, but lowered SAR values. It can be concluded 
that addition of organic manure and water management as (c) water irrigation frequency had promotive 
effect on reducing the salt stress in the plant root zone and providing the growing plants with adequate 
amounts of water and available nutrients as with as avoiding loss caused by extended periods of water stress 
under saline conditions. 
Key words:  Diluted sea water, Calcareous soil, Chicken manure, irrigation frequencies, EC, SAR, ETa 
and WUE. 
 

Introduction 
 

The irrigation regime, the amount of applied water, the method of irrigation 
and soil texture are some of the most important factors governing soil Stalinization 
(Balba, 1995).  The presence of salts in irrigation water influences most of the chemical 
soil characteristics such as soil pH, soil EC, soluble ions and SAR as well as actual 
evapotranspiration and water use efficiency. Soil pH values were inversely proportional 
to salinity level of irrigation water of more than 4000 ppm (Alawi et al., 1980 and 
Mostafa et al., 1992). On the other hand, concentration of soluble Ca2+, Mg2+, K+ and 
Na+ were sharply increased as salinity level of irrigation water increased up to 4000 
ppm (Abd El-Nour, 1989). With respect to soluble anions, Abo El-Defan (1990) found 
that increasing salinity of irrigation water up to 15.8 dS/m significantly increased the 
soluble ions in different soils as compared to the tap water treatment. However, 
Mostafa et al. (1992) stated that the use of saline water (4000 ppm) for irrigation led to 
slightly and negatively effect on HC03

- concentration in calcareous soils, while the 
concentration of Cl- and S04

--significantly increased. The U.S. Salinity Laboratory used 
the ratio SAR as an index of sodicity hazard of irrigation water therefore; it is also 
extremely used for characterization of soil solution. Some authors suggested the 
adjusted SAR but recently Ayers and Westcott (1985) reported that this adjusted SAR 
is not longer recommended because it over predicts the sodium hazard. On the other 
hand, water use efficiency of wheat grown on high salty conditions was decreased due 
to salinity effect (Holloway and Aiston, 1992).The aim of this work was to study the 
effect of water management, salinity stress (irrigation with diluted sea water) and 
organic manure application on some chemical properties of a calcareous soil cultivated 
with wheat plant, actual evapotranspiration and water use efficiency. 

 
Materials And Methods 

 
Cultivation:  

A greenhouse pot experiment was carried out faculty of agriculture, Ain 
Shams University, Cairo, Egypt, using plastic pots with a hole in the bottom (24 cm 
diameter and 30 cm height) filled with 10 kg calcareous soil (Typic Calciorthents,  
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loamy mixed, Thermic) collected from Maryout, West Delta, Southern Tahreer, El-
Beheira Governorate. Some physical and chemical properties of the used soil are     
shown in Table (la). Half of these pots were treated, 15 days before cultivation, with 
1.5% (w/w) chicken manure as a dry basis (Table, lb), while the other ones received no 
chicken manure. 

All pots received the recommended doses of mineral fertilization as follows: 
single super phosphate fertilizer (15% P2O5) was added at a rate of 20 kg P/fed. (200 
mg P) mixed thoroughly with the soil sample, three days before cultivation, urea 
(45%N) was added at a rate of 60 kg N/fed. (600 mg N/pot), 10 days after sowing and 
potassium sulphate (48%K2O) was added at a rate of 48 K2O/fed. (480mg K), 10 days 
after sowing. 

 Pre-experiment was conducted using three wheat varieties i.e. Giza 157, 
Sakha 8 and Sakha 92 to select the most salt tolerant one for cultivation. Sakha 92 
variety was selected as the best one. Fifteen seeds of wheat (Triticum aesitivum L.V. 
Sakha 92) were sown in each pot and thinned to ten seedlings after 10 days from 
cultivation. The seedlings were irrigated with tap water equal to soil field capacity for 
14 days, then irrigated with different saline waters (1:3, 1:5 diluted sea water and tap 
water) having electrical conductivities of 13.7, 10.5 and 0.4 dS/m, respectively).The 
irrigation water included excess water of 50% added as leaching requirement. Some 
chemical properties of the used water are shown in Table (1c). All pots were irrigated 
with different diluted sea waters as the following irrigation management (a) irrigation 
with diluted sea water along the period of the experiment (165 days), (b) irrigation with 
diluted sea water until pre-flowering (75 days from sowing), then tap water was added 
to the end of the experiment (90 days), and (c) irrigation with diluted sea water as three 
times and once with tap water. The control treatments were irrigated with tap water 
along the period of the experiment. Treatments were arranged on greenhouse benches 
in a randomized design with five replicates for each.  
 
Soil, organic manure and water analysis: 

The surface soil sample (0-30 cm depth) was air dried, ground in wooden 
mortar, sieved and chemically analyzed as follows: Calcium carbonate equivalent 
(Richards, 1954); the mechanical analysis (Gee and Bouder, 1986), organic matter,  

soluble ions, and chemically available elements (Jackson, 1967). Organic matter, water 
analysis as well as determination of elements were done according to Jackson (1967). 

 
Sampling: 

Representative soil samples were taken from each treatment after 75, 135 and 
165 days from planting to determine the chemical properties. PH values were 
determined in 1:2.5 soil: water suspension using a glass electrode pH meter, then EC  



 
 

M.A. Mostafa, M.O. Elsharawy, and F.M. Elboraei 
4 
 
values were determined in the extract, soluble ions and SAR values were determined 
according to Jackson (1967). Actual evapotranspiration (mm) were calculated for the 
various plant growth 

stages using the estimated average soil moisture contents. Water use 
efficiency (g.cm) was calculated by dividing the crop yield by the amount of seasonal 
evapotranspiration for wheat plant according to Giriappa (1982) 
 

Results And Discussion 
Soil pH: 

Soil pH may be one of the most important parameters which pinpoint the over 
all changes in soil chemical properties. Data presented in Table (2) indicate that soil pH 
values, during the different growth stages, decreased as a salinity level of irrigation 
water increased, the rate of this decrease was getting smaller with increasing period of 
plant growth. This may be due to that H+ ions are released from the exchanger complex 
by the influence of other soluble cations in the applied saline waters (Mahrous et al., 
1983) or due to increasing the solubility of CaSO4 and sulfate transformation which led 
to decrease in the soil pH values (El Sawaby, 1965). 

Regarding the effect of irrigation frequencies on soil pH values, data show 
that the highest values were associated with “c” frequency and the lowest ones were 
obtained for “a” frequency. This means that irrigation with saline water during the 
whole growth period led to slight decrease in the soil pH values compared to the other 
two irrigation frequencies, i.e. “b” and “c”ones. This effect was more pronounced at the 
first growth period compared to the late ones. In other words, the magnitude of 
increases relative to “a” frequency treatment reached 5.9, 3.6 and 2.2% at the three 
growth stages, respectively. 

Addition of 1.5% chicken manure slightly decreased soil pH value by about 
0.1 units. This effect was expected and held true at different wheat growth periods due 
to the formation of CO2 and other organic acids through decomposition of the added 
organic manure.  

In addition data in Table (3) reveal that the soil pH values were clearly 
affected by the combined effect between diluted sea water and irrigation frequency as 
compared with the corresponding values obtained by irrigation with tap water, where 
the highest values were associated with the treatment of 1:5 diluted sea water + “c” 
frequency, while the lowest ones were achieved with the treatment of 1:3 diluted sea 
water +“a” frequency. In this respect, the combined effect between  1:3 diluted sea 
water treatment +1.5% chicken manure gave the highest values , while the opposite 
trend was found for the treatment of those irrigated with fresh water + chicken manure 
application. Further more the tri-interaction effect among 1:5 or 1:3 diluted sea water  
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+“a” frequency +1.5% chicken manure gave the the lowest values , indicating the role 
of water management under both saline conditions and organic manure application. 
 
Soil Electrical conductivity (ECe): 

Due to the diversity of water type used for irrigation, it was necessary to set up 
particular criteria for evaluating the quality of irrigation water. In this respect, the most 
important characteristics that may be considered here in determining water quality are 
salinity (expressed as electrical conductivity values ECw, and sodium adsorption ratio 
(SAR). Based on salinity of irrigation water, the following classification for water 
quality introduced by the U.S. Salinity lab. And published by FAO (1985) it could be 
mentioned that EC <0.7 dS/m, no restriction from its use, such as the used tap water in 

 

Table (2): The main effects of diluted sea water, irrigation frequency and chicken 
manure on pH, EC, Soluble Ions and SAR in soil at different wheat growth stages. 

Soluble Ions me. L-1 

Cations Anions 
 
  Treatments 
 

pH 
 
1:2.5 

EC 
(dS/
m) 
 

 
SAR 

Ca++ Mg++ Na+ K+ CO3
-- HCO3

-- Cl- SO4
-- 

At 75 days from planting 

Fresh water 7.90 1.34 7.60 1.70 1.51 9.6 1.25 - 0.36 8.4 5.1 
Diluted sea 

water  

1:5 7.59 2.88 16.08 1.89 1.76 21.8 3.41 - 0.40 21.4 6.6 

1:3 7.34 6.71 29.50 3.22 2.59 47.4 9.30 - 0.73 49.7 12.4 
Irrigation 
frequency  

a 7.20 5.63 23.12 2.81 2.28 37.6 6.46 - .0.62 39.1 8.7 

b 7.46 4.78 26.94 2.36 2.14 37.5 6.47 - 0.64 35.8 11.4 

c 7.63 3.96 18.26 2.80 2.11 28.5 6.14 - 0.54 31.8 8.4 

Chicken manure  

0.0 7.70 4.11 22.22 2.35 1.89 19.0 2.45 - 0.48 18.3 6.9 

1.5 7.66 5.47 13.22 2.19 1.80 25.1 5.15 - 0.45 25.7 7.7 
At 135 days from planting 

 



M.A. Mostafa, M.O. Elsharawy, and F.M. Elboraei 
6 

 

 
Treatments 

 

pH 
 
1:2.5 

EC 
(dS/
m) 
 

 
SAR 

Solu
ble 
Ions 
me. 
L-1 

 
Treat
ments 
 

pH 
 
1:2.5

EC 
(dS/m
) 
 

 
SAR 

Soluble 
Ions 
me. L-1 

 
Treat
ments 
 

pH 
 
1:2.5 

Fresh water 7.62 1.45 6.71 1.80 2.31 9.6 0.81 - 0.26 9.9 2.9 
Diluted sea water            

1:3 7.33 7.22 28.55 5.12 4.84 60.0 2.27 - 0.52 35.9 17.8 

Irrigation 
frequency            

a 7.20 7.62 27.00 4.44 4.66 54.6 2.36 - 0.47 48.9 16.8 

b 7.41 5.74 23.70 3.84 4.15 47.2 2.25 - 0.50 83.6 18.0 

c 7.46 5.13 20.77 4.57 4.13 40.3 2.30 - 0.40 73.2 13.6 

Chicken manure            

0.0 7.55 6.42 19.84 2.28 2.68 27.4 1.95 - 0.42 23.6 9.3 

1.5 7.44 5.24 16.84 4.63 3.95 29.7 1.52 - 0.30 27.8 9.5 

At 165 days from planting 

Fresh water 7.42 1.20 12.38 0.76 0.56 9.9 0.96 - 0.48 9.2 2.2 

Diluted sea 
water            

1:5 7.35 3.85 19.21 3.23 2.34 32.2 0.68 - 0.43 25.9 12.3 

1:3 7.30 6.14 19.48 6.45 4.80 44.1 0.70 - 0.36 39.9 12.4 

Irrigation 
frequency            

a 7.22 5.51 19.05 5.50 4.14 47.3 0.71 - 0.41 39.9 12.8 
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Treatments 

 

pH 
 
1:2.5 

EC 
(dS/
m) 
 

 
SAR 

Solu
ble 
Ions 
me. 
L-1 

 
Treat
ments 
 

pH 
 
1:2.5

EC 
(dS/m
) 
 

 
SAR 

Soluble 
Ions 
me. L-1 

 
Treat
ments 
 

pH 
 
1:2.5 

b 7.37 4.84 20.52 5.16 3.71 38.7 0.70 - 0.40 34.7 3.4 

c 7.38 3.57 18.46 3.86 2.86 28.5 0.67 - 0.40 24.5 10.7 

Chicken manure            

0.0 7.43 3.91 18.04 2.84 1.70 20.7 0.56 - 0.42 18.2 6.6 

1.5 7.32 6.08 16.00 4.12 2.43 27.4 0.82 - 0.46 24.0 7.9 
 

Table (3): Tri-interaction effect among the studied treatments on pH, EC, Soluble ions 
and SAR in soil at different wheat growth stages.   

Soluble ions me. L-1 
Cations Anions

Treatments 
 
Irrigation 
frequency 

pH 
 
1:2.5 

EC 
(dS/
m) 
 

 
SAR Ca++ Mg++ Na+ K+ CO3

-- HCO3
-- Cl- SO4

-- 

At 75 days from planting ( without chicken manure addition ) 
Fresh water 7.93 1.22 6.08 1.80 1.60 6.60 2.2 - 0.36 7.69 4.88 
Diluted sea 
water  

                      a 7.20 2.50 14.06 1.88 1.68 18.702.8 - 0.78 15.40 8.8 
1: 5                b 7.70 2.15 12.42 1.60 1.70 15.902.6 - 0.66 12.90 7.8 
                      c 7.77 1.59 7.81 1.90 1.40 10.002.6 - 0.68 9.84 5.3 
                      a 7.20 7.27 17.43 3.60 3.40 32.605.2 - 0.43 38.60 7.5 
1: 3                b 7.24 6.45 33.15 2.80 2.08 51.708.1 - 0.81 51.20 12.90 
                     c 7.35 4.70 15.83 4.62 3.88 32.206.3 - 0.63 38.50 8.0 
At 75 days from planting ( with chicken manure addition ) 
Fresh water 7.86 1.54 9.11 1.60 1.42 11.200.3 - 0.35 8.89 5.3 
  Diluted sea    
water  

                   a 7.20 3.99 23.25 2.05 3.32. 31.603.9 - 0.44 28.40 5.6 
 1: 5               b 7.61 3.57 17.27 2.04 2.46 26.404.8 - 0.51 28.40 6.7 
                    c 7.70 3.45 21.37 1.88 1.02 27.903.7 - 0.63 33.60 5.5 
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Soluble ions me. L-1 
Cations Anions

Treatments 
 
Irrigation 
frequency 

pH 
 
1:2.5 

EC 
(dS/
m) 
 

 
SAR Ca++ Mg++ Na+ K+ CO3

-- HCO3
-- Cl- SO4

-- 

                    a 7.20 8.77 37.70 3.70 2.70 67.5013.9 - 0.53 74.10 12.9 
1: 3              b 7.27 6.95 44.88 1.80 1.32 56.1010.4 - 0.43 50.70 18.3 
                    c 7.35 6.08 28.01 2.80 2.41 43.9011.9 - 0.63 45.40 14.6 
At 135 days from planting ( without chicken manure addition ) 
Fresh water 7.70 1.40 6.07 1.98 2.22 8.80 1.00 - 0.20 9.50 1.5 
Diluted sea 
water  

                    a 7.20 4.70 28.00 1.64 2.38 39.703.30 - 0.48 34.30 12.13 
1: 5               b 7.50 4.50 20.20 2.54 3.94 36.202.31 - 0.44 29.80 14.70 
                    c 7.55 3.20 15.10 2.64 2.52 24.302.60 - 0.42 23.10 8.40 
                    a 7.20 7.06 33.40 3.05 3.74 61.502.30 - 0.72 54.50 15.30 
1: 3              b 7.83 6.51 30.60 3.20 3.50 55.902.60 - 0.68 44.10 20.50 
                    c 7.44 5.46 33.20 2.60 1.62 48.202.30 - 0.38 36.10 18.00 
At 135 days from planting ( with chicken manure addition ) 
Fresh water 7.54 1.50 7.34 1.62 2.40 10.400.61 - 0.31 10.70 4.35 
Diluted sea 
water  

                    a 7.80 5.36 21.50 4.02 4.28 43.801.50 - 0.38 36.40 16.70 
1: 5               b 7.41 4.45 16.90 4.00 4.18 34.202.10 - 0.32 22.90 21.10 
                    c 7.40 4.40 13.00 5.80 5.38 30.702.15 - 0.32 28.90 14.70 
                    a 7.72 6.36 25.20 9.04 8.24 73.902.33 - 0.36 70.40 23.00 
1: 3              b 7.31 7.50 27.20 5.60 4.96 62.501.95 - 0.50 57.80 16.60 
                    c 7.59 7.45 21.80 7.22 6.99 58.202.12 - 0.46 60.80 13.10 
At 165 days from planting ( without chicken manure addition ) 
Fresh water 7. 51 1.12 13.16 0.53 0.54 9.61 0.52 - 0.41 9.38 1.44 
Diluted sea 
water  

                      a 7.23 4.12 19.21 3.70 2.64 34.200.67 - 0.46 26.80 13.80 
1: 5                b 7. 43 3.11 28.78 1.00 0.95 28.500.73 - 0.49 20.80 10.10 
                      c 7.44 2.97 23.25 1.60 1.02 26.500.57 - 0.47 20.80 8.38 
                     a 7.20 6.14 20.04 6.98 4.96 48.900.58 - 0.39 50.10 10.80 
1: 3               b 7.40 5.02 15.54 6.96 4.92 37.900.42 - 0.36 31.80 18.00 
                     c 7.40 2.11 16.07 3.72 2.62 14.50 0.59 - 0.37 11.20 9.50 
At 165 days from planting ( with chicken manure addition ) 
Fresh water 7.33 1.27 11.59 0.98 0.58 10.20 0.86 - 0.55 9.10 2.93 
Diluted sea water . 
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Soluble ions me. L-1 
Cations Anions

Treatments 
 
Irrigation 
frequency 

pH 
 

1:2.5 

EC 
(dS/
m) 
 

 
SAR Ca++ Mg++ Na+ K+ CO3

-- HCO3
-- Cl- SO4

-- 

a 7.23 4.70 10.71 4.22 3.06 39.00 0.68 - 0.38 34.00 14.00 
1: 5                b 7.35 4.22 16.50 4.86 3.16 33.00 0.76 - 0.41 27.50 14.30 
c 7.37 3.97 16.79 4.10 3.90 31.90 0.63 - 0.38 25.50 13.40 
a 7.20 7.o6 26.24 7.10 5.88 66.90 0.87 - 0.34 47.80 12.70 
1: 3               b 7.30 7.00 21.26 7.82 5.77 55.50 0.85 - 0.31 58.60 11.10 
c 7.32 5.22 17.71 6.10 4.60 40.90 0.86 - 0.40 40.40 11.50 

 
this experiment (ECw = 0.4 dS/m), 0.7 to 3.0 dS/m is considered slight to moderate but 
more than 3.0 dS/m is restricted in its use. Consequently 10.5 dS/m of 1:5 diluted sea 
water or 13.7 dS/m of 1:3 diluted sea water are very high saline water for irrigation. So, 
as expected irrigation with high water salinity increased ECe values over the control 
treatment, where irrigation with 1:3 diluted sea water gave the highest values (Table, 
2). It is obvious that the obtained values were highly significant at all plant growth 
stages and reached about 5 folds of those irrigated with tap water. Similar results were 
obtained by Abd El Nour (1989). It is worth to mention that soil ECe value at the 
beginning of the experiment was 3.05 dS/m, then at all growth stages, ECe of the soils 
irrigated with tap water decreased to values less than 1.5 dS/m due to the uptake of 
wheat plants the minerals occurred in the root zone. However, wheat plants can tolerate 
salinity of soil reaching 6.0 dS/m and salinity water having ECe 4.0 dS/m for irrigation 
produce 100% yield potential but soils of ECe 7.4 dS/m and irrigation water of ECe 4.0 
dS/m  produce only 75% yield of wheat compared to those irrigated with non-saline 
water   ( Maas,1984). 

Concerning the effect of irrigation frequencies, the obtained data show that the 
highest values of soil electrical conductivity were associated with “a” frequency due to 
the irrigation with saline water along the plant growth periods and this is expected, 
while the lowest values were associated with “c” frequency treatment due to the 
alternative irrigation with saline or non-saline water. 

Addition of 1.5% chicken manure gave higher soil EC values compared to 
those received no organic manure. This effect of chicken manure rendered to the nature 
of these materials that already contain high saline substances as indicated by its EC, 5.1 
dS/m . Similar results were obtained by Valdares et al. (1983). 

          With respect to the combined effect between diluted sea water and irrigation 
frequency, data in Table (3) show that the lowest EC values were attained for the 
treatment of 1:5 diluted sea water + “c” frequency compared to the other irrigation  
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treatments, indicating the role of irrigation frequency particularly “c” one in decreasing 
soil EC values compared to the corresponding ones attained for the individual effect of 
saline irrigation water. Regarding the irrigation with different saline irrigation waters 
combined with chicken manure, the obtained data showed an increase in soil EC values 
compared to the other combined treatments. On the other hand, the combined effect of 
chicken manure +“c” frequency had a positive effect on decreasing EC values under 
saline conditions. At the same time, the tri-interaction effect among the investigated 
treatments confirmed the aforementioned results. 
 
Soluble ions: 

To substantiate the influence of salt level in irrigation water on the soluble 
cations and anions in the soil under cultivation, the obtained results reveal that 
increasing salinity level of irrigation water increased all the studied cations and anions 
in soil with different rates, exception being the concentration of HC03

- ions in soil. 
These increases are proportional to the increase in salts introduced through irrigation 
water. Irrigation with 1:3 diluted sea water resulted differences values reached 89, 184 
and 749% for Ca2+ at the three growth stages, respectively, while being 72, 110 and 
757% for Mg2+, 396, 525 and 345% for Na+ and 644, 180 and 1% for K+ comparing 
with those irrigated with tap water. The complementary additions of salts through 
irrigation water, beside those of the soil extract under the practiced irrigation 
frequencies resulted different levels of soluble ions and SAR values. For monovalent 
ions, Na+ as well as K+ concentrations in soil irrigated with saline water were more 
affected by the salinity level of irrigation water rather than the divalent cations, Ca+2 
and Mg+2 . However, data reveal that Ca+2 and Mg+2 were decreased to the lowest 
levels and this may be due to the selective uptake of these ions by wheat plants rather 
than Na+. The increase in Cl- concentration due to irrigation with 1:5 or 1:3 diluted sea 
water was 3 times or 5 times higher than those irrigated with tap water. The 
concentration of SO4

2- in soil extract showed considerable increases as the time 
increase due to its accumulation in the soil and reached 6 folds of that of soil irrigated 
with tap water. 

Regarding the effect of irrigation frequencies on reducing salinity effect due to 
irrigation with very high saline water, data reveal that “c” frequencies resulted lower 
salt concentrations in the soil compared to “a” frequencies. Differences reached 42% at 
the 3rd growth stage for Ca2+, 45% for Mg2+, 66% for Na+, 6% for K+, 1% for HC03

-, 
62% for Cl- and 8% for S04

2- ions, respectively. 

Although chicken manure application improved some physical, chemical and 
biological characteristics, it caused some increases in salt content of the soil amended 
with 1.5% chicken manure. These increases reached 45% at the 3rd stage for Ca2+, 43% 
for Mg2+, 32% for Na+, 46% for K+, 10% for HC03

-, 32%for Cl- and 20% for S04
2-  
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compared to untreated soil, respectively. These findings may be due to the high content 
of these ions in irrigation water or in the used chicken manure. Similar results were 
obtained by Abd El Nour (1989). 

 

Sodium Adsorption Ratio (SAR): 

Sodium hazard, expressed as sodium adsorption ratio (SAR) is considered one 
of the major factors governing water quality. If the proportion of sodium in irrigation 
water is high, the alkali hazard is high, too. In the classification of water according to 
SAR values and the electrical conductivity  Ewe, thereby salt concentrations, were also 
taken in account. Accordingly as suggested here, tap water of EC 0.4 dS/m and SAR 
<10 is considered low, 1:5 diluted sea water of ECe 10.5 dS/m and SAR 14.6 is 
medium and 1:3 diluted sea water of EC 13.7 dS/m and SAR 14.2 is high to very high ( 
Ayers and Westcott ,1985). Data show that the highest SAR values were associated 
with irrigation with 1:3 diluted sea water. The magnitude of increases reached 288, 325 
and 57% relative to the control treatment (tap water) at all the studied growth stages, 
respectively. This may be due to the high sodium values existed at the first growth 
stage and so alkali hazard is high but it decreased with increasing the plant age. Similar 
results were obtained by Kenneth (1990). 

Concerning the ECe values of soil extract, changing SAR values are attributed 
to the effect of diluted sea water on the activity of Na+, Ca2+ and Mg2+ ions. In other 
words, the increase in SAR values led to decrease in the activity of the monovalent ions 
particularly (Na+) with a relative increase in the activities of both Ca2+ and Mg2+, this 
may be due to the nature of SAR equation. The numerator (Na+) is reduced as a result 
of dilution at a greater rate than the dominator (Ca2++Mg2+) because the denominator is 
reduced the squire root of the dilution as discussed by Ayers and Westcott (1985). 

“C” frequencies resulted the lowest SAR values in the soils irrigated with 
saline water compared to “b” frequencies with differences reached 48, 30 and 11%, 
respectively. This may be due to the high level of Na+ ions associated with “b” 
irrigation frequency treatment which added more salts to soils through irrigation along 
the growth period until the flowering stage. In this respect, addition of chicken manure 
to soil decreased SAR values compared to the untreated soil. This finding held true at 
the three growth stages. This may be due to the release of organic acids and CO2 
through decomposition of organic manure that reduces the Na concentration in soil and 
consequently SAR values. 

It is worth to mention that the combined effect between diluted sea water and irrigation 
frequency, data in Table (3) showed a discrepancy between positive and negative 
depending on the stage of growth where no definite trends were obtained. On the other  
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hand, the combined effect between diluted sea water (1:3) and chicken manure (1.5%)  
gave a positive effect on increasing SAR values. Also the tri-interaction effect among 
the investigated treatments confirmed the role of irrigation frequencies in reducing soil 
SAR values than that of chicken manure application. 
 
Actual evapotranspiration (ETa): 

Data in Table (4a) show that increasing salinity level of irrigation water 
decreased the actual evapotranspiration by wheat plant to about 6 and 10%due to 
irrigation with diluted sea water 1:5 and 1:3, respectively compared to irrigation with 
tap water at the vegetative stage (75 days after planting). While these decreases reached 
6 and 18% at the yield formation stage (135 days after planting) and 8 and 10% at the 
harvest stage (after 165 days from planting), at the same order. This may be interpreted 
that increasing salinity of irrigation water increased tensions which water is held by soil 
and a relative slow rate of water conductivity through the soil compared to the great 
evaporative power of the atmosphere. Similar findings were obtained by Kanemasu et 
al. (1976). 

The lowest ETa values were obtained as a result of using “a” frequency 
treatment and this could be explained that continuous irrigation with high saline water 
along the growth period induced ETa depression compared to “c” frequency, besides 
decreasing the vegetative growth and subsequently the evapotranspiration and water 
consumptive use during the growing season of plant. Similar results were obtained by 
Bhatnager and Kunder (1990). 

In this respect, chicken manure addition increased ETa values compared to the 
untreated soil and this may be attributed to the high capacity of organic manure which 
keep a lot of water and provide high moisture content for a long time subsequently 
allow to increase actual evapotranspiration and  water consumptive use. Similar results 
were obtained by Ahmed et al. (1990). 

In addition, the combined effect between irrigation with tap water under 1.5% 
chicken manure addition achieved the highest actual evapotranspiration values, 
whereas the lowest ones were associated with no organic manure addition under  
irrigation with 1:3 diluted sea water. Differences reached 51, 34 and 36% at three 
growth stages, respectively, relative to irrigation with 1:3 diluted sea water only. In 
addition, the treatment of "c" frequency combined with 1:5 diluted sea water gave the 
highest ETa values, relative to "a" frequency and 1:3 diluted sea water. It is important 
to mention that under all the studied treatments, data in Table (4b) show that the 
highest values of calculated actual evapotranspiration were obtained at the yield 
formation stage (2ndgrowth stage) followed by the vegetative stage (1st growth stage) 
while at the harvest stage (3rd growth stage), resulted the lowest ones, indicating the 
metabolic process reached its maximum value at the yield formation, while at harvest  
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stage the growing plants didn't need more water. Therefore the late growth 
stage shows the lowest value of actual evapotranspiration. 

 
Table (4a) The main effect of the studied treatments on the actual               
evapotranspiration (mm.) for wheat plant. 

Date from planting, days Treatments 
165 135 75  

199.10 
 

109.43 
106.00 

201.40 
 

190.04 
165.99 

146.4 
 

137.35 
131.14 

Fresh water(control) 
Diluted sea water :* 

1:5 
1:3 

 
100.20 
110.51 
112.43 

 
168.95 
180.13 
184.95 

 
109.15 
132.65 
139.92 

Irrigation frequency 
a 
b 
c 

 
101.24 
121.78 

 
177.87 
193.75 

 
117.29 
159.30 

Chicken manure application rate 
(%): 
0.0 
1.5 

 
Table (4b) The tri-interaction effect among the studied treatments on the actual 
evapotranspiration (mm.) for wheat plant. 

Date from wheat planting, days 
165 135 75 

Irrigation 
frequency 

Treatments 
 

Without Chicken manure application 
108.20 
98.80 
99.44 
102.50 
89.00 
98.40 
98.40 

198.80 
170.20 
181.00 
197.80 
150.20 
151.40 
153.80 

126.80 
110.40 
113.20 
122.80 
103.60 
108.60 
116.60 

 
a 
b 
c 
a 
b 
c 

Fresh water 
Diluted sea water :* 

1:5 
 
 

1:3 

With Chicken manure application 
130.00 
111.20 
121.80 
122.80 
101.80 
122.40 
126.00 

204.00 
195.40 
196.80 
199.00 
160.00 
191.30 
189.20 

166.00 
158.20 
159.40 
160.08 
148.40 
149.40 
160.20 

 
a 
b 
c 
a 
b 
c 

Chicken manure, %. 
 
 

1:5 
 

1:3 
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Water Use Efficiency (WUE): 

Data presented in Table (5a) show that increasing salinity level of irrigation 
water progressively decreased water use efficiency. The percentages of decrease 
reached 25, 25%; 10, 30% and 29, 35% for 1:5 and 1:3 diluted sea water at the three  
 
growth stages, respectively compared to irrigation with tap water. This may be due to 
the decrease of dry matter yield with increasing salinity level of irrigation water which 
increases the energy that plant must expend to acquire water from the soil and make the 
biochemical adjustments necessary to survive as reported by Kenneth (1990). 
 

Table (5a) The main effect of the studied treatments on the water use 
efficiency  (Kg.m-3) for wheat plant. 

Date from planting, days 
165 135 75 

Treatments 
 

170 
 
 
120 
110 

100 
 
 
90 
70 

40 
 
 
30 
30 

Fresh water(control) 
Diluted sea water : 
1:5 
 
1:3 

 
110 
110 
120 

 
80 
80 
90 

 
30 
30 
40 

Irrigation frequency 
a 
b 
C 

 
 
100 
170 

 
 
60 
110 

 
 
20 
40 

Chicken manure application 
rate (%): 
0.0 
1.5 

 
Use of (c) frequency treatment for irrigation as well as chicken manure 

application increased WUE by wheat plants due to improving soil characteristics which 
gave suitable conditions for giving higher yields and growth. 

As shown in Table (5b) the highest water use efficiency was associated with 
the combined treatment of 1:5 diluted sea water + "c" frequency, while the lowest one 
was associated with 1:3 diluted sea water + "a" frequency.  

Table (5b) The tri-interaction effect among the studied treatments on the water 
use efficiency (Kg.m-3) for wheat plant. 

 
 At the same time, irrigation with fresh water during the whole growth period 

+ 1.5% organic manure achieved the highest water use efficiency. The opposite trend 
was true when irrigation with 1:3 diluted sea water was only used. It is worth to  
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mention that  irrigation with tap water + 1.5% organic manure + "c" frequency 

gave the highest value of water use efficiency, Whereas the lowest one was attained 
with 1:3 diluted sea water + "a" frequency + no organic manure addition.  
 

Date from wheat planting, 
days 

165 135 75 

Irrigation 
frequency 
 

Treatments 
 

 Without Chicken manure 
130 
90 
90 
100 
60 
60 
70 

60 
60 
50 
60 
50 
50 
50 

30 
20 
20 
30 
20 
20 
30 

 
a 
b 
c 
a 
b 
C 

Fresh water 
Diluted sea water : 
1:5 
 
 
1:3 

200 
140 
140 
160 
150 
130 
140 

130 
90 
110 
130 
90 
80 
110 

40 
30 
40 
40 
20 
30 
30 

 
a 
b 
c 
a 
b 
C 

Fresh water 
Diluted sea water : 
1:5 
 
 
1:3 

 
Conclusion 

 
Water management as "c" frequency and organic manure addition under saline 

conditions have a positive role in reducing the hazardous effect of salinity in plant root 
zone and subsequently the investigated soil chemical properties as well as the water use 
efficiency of wheat plants were improved. 
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ثري على الصفات الكيميائية للتربة تألا .II :استخدام مياه البحر لرى القمح
  فاءة استخدام املياه نتح الفعلى وك-والبخر

  2 حممد الربعييرك فو 1 حممد عثمان الشعراوى ، 1حممد أمحد مصطفى

األراضى1 مشس–قسم عني جامعة الزراعة الصحراء2كلية حبوث مصرالقاهرةمركز

املخففة امللخص البحر مياه استخدام أثر تقييم دف الصوبة ظروف حتت أصص جتربة مبـستوياتأجريت
الدواجن5:1و3:1 خملفات اضافة مع خمتلفة رى فترات نظام الـصفات1.5حتت بعـض على

والبخر للتربة القمحالكيميائية لنبات املياه استخدام وكفاءة الفعلى جرييـة92سخانتح تربة ىف املزروع
البحرية حمافظة التحرير جنوب مريوط منطقة من ىفمأخوذة املائية االدارة كاألتىوتتمثل رى فترات

النموأ فترة طول املخففة البحر مبياه قبـلب،يوم165الرى مـا املخففـةحىت البحـر مبياه الرى
التجربةيوم75األزهار اية حىت الصنبور مبياه الرى ويوم90مث ثالثج، املخففة البحر مبياه الرى

الصنبور مبياه واحدة ومرة امرات الكنترولباالضافة معاملة نبـاتىل منـو فترة طول الصنبور مبياه الرى
يلىالقمح ما اىل النتائج أهم وتشري

خمتلفـة • مبعـدالت الذائبة واألنيونات الكاتيونات زيادة اىل أدى الرى مياه ىف األمالح تركيز زيادة
وصل حىت الوقت مرور مع الذائبة الكربيتات انيون تركيز ازداد مقارنـةفمثال أضـعاف ستة اىل

بلغـت حـىت املتبادل الصوديوم نسبة قيم ايضا زادت ، الكنترول ىف288،325،57مبعاملة
الترتيب على السنابل تكوين ومرحلة اخلضرية مـناملرحلة كـل قيم اخنفضت أخرى ناحية ومن

املل–البخر باملياه القمح نبات رى عند ملياه ا استخدام وكفاءة الفعلى تـروىنتح بالىت مقارنة حية
العذبة  باملياه

مصاحبة • كانت املتبادل الصوديوم نسبة و الكهرىب للتوصيل القيم أقل فان املياه ادارة تأثري خبصوص
املائبة املائيةجباالدارة دارة لأل مصاحبة وأعلى لكـلأ، قيم أعلى ان ايضا النتائج أوضحت ،

البخر اس–من وكفاءة الفعلى املائبةنتح لالدارة مصاحبة ملياه ا باملعـامالتجتخدام مقارنـة
الدراسة حتت األخرى
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والبخر • الكهرىب لتوصيل ا من كل قيم زيادة اىل الدواجن خملفات اضافة وكفاءة–أدت الفعلى نتح

املتبادل الصوديوم نسبة قيم اخنفضت بينما ملياه ا استخدام
بني • التفاعالت تداخل علـىتأثري معتمدة متباينة بدرجات السابقة النتائج اكدت املختلفة املعامالت

املائبة وادارة الدواجن خملفات واضافة الرى مياه ملوحة ومستوى النمو هلمجمراحل كان حيث
النبـات وامـداد اجلـذور منطقة ىف األمالح مستوى ىف الزيادة أثر وتقليل خفض ىف مشجع أثر

الكافي املياه القمحبكميات نبات منو مراحل أثناء فقدها وتقليل ة
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