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ABSTRACT 

 
Soil infiltration is a key factor to water movement in soil and subsequently 

leaching of saline soils. A laboratory column experiment was conducted to examine 
the rate of water flow during the downward movement of various types of infiltrated 
water for El-Tina plain soil. Transparent perspex columns, 10.4 cm in diameter and 
100 cm in length were used in this experiment. The treatments included the use of the 
River Nile water, and two water mixtures between the Suez Canal and the River Nile 
water of 1:15 and 1:1. The redistribution of salts after water infiltration was also 
assessed, and the changes in selected soil properties were evaluated. Results 
showed that the accumulated water intake (cm) were higher when infiltrating with the 
1:1 water mixture as compared to both the River Nile and the 1:15 water mixture. The 
elapsed time required for the wet front to reach the bottom of the soil column with the 
1:1 water mixture was only half of the time required using the River Nile water. 
Alkalinity build-up occurred during infiltration with the River Nile water, even in the 
presence of the gypsum requirements in the upper 15 cm soil layer. Salt redistribution 
showed that infiltration with low salinity water caused more accumulation of salt at the 
lower soil layers. pH values decreased as the salt content increased in the lower soil 
layers. Sodium was found to be the major cation, followed by magnesium and 
calcium. Magnesium concentrations were extremely higher in the lower soil layers as 
compared to the upper soil layers. Chloride was the dominant anion followed by 
sulfate.  
Keywords: Infiltration, Wet front, Salt redistribution, El-Tina plain.  

 

INTRODUCTION 

 
In Egypt, land and water resources are very limited. The total area of 

salt affected soils in Egypt is approximately 35% of the agricultural lands, 1 
Mha, GARE (1992). El-Mowellhey, (1998) reported that the reasons for the 
presence of such saline soils in Egypt are different and probably related to 
soil formation, Mediterranean sea-water intrusion, use of low quality irrigation 
water, and poor drainage. However, due to the large expansion in Egyptian 
population, agriculture progress should be made horizontally and vertically. 
One of the major horizontal agriculture expansions is the development of 
about 620,000 feddan in the El-Salam Canal agriculture national project. 
Most of this area lies east of the Suez Canal. El-Tina plain area, which is 
approximately 50,000 feddan, lies within this area. Its soils are rather highly 
saline and alkali, Bayoumy (1998) and Farag (1999). Consequently, leaching 
practices should be carefully evaluated and implemented in order to utilize 
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this area in agriculture. Moreover, most of the soils in El-Tina plain are heavy 
in texture, a condition that will further complicate leaching processes.  

Among the most important physical properties determining the 
efficiency of the leaching process is the rate of the downward water flow 
through the soil surface. The infiltration process is dynamic and varies with 
soil, vegetation, and climatic parameters. Initially, soil infiltration capacity is 
high and tends to decrease with time until it approaches a steady state 
infiltration rate, Scott (2000).  

Soil infiltration depends on the EC of the applied water and soil ESP 
value. Increasing the EC of the applied water will increase soil infiltration. 
This is attributed to the prevention of colloids from free swelling by reducing 
the equality of cations and anions concentrations at their medial plane, as 
well as to the osmotic and hydrostatic pressure differences. As a result, the 
soil pores remain open and infiltration is encouraged, Kamel (1999). On the 
other hand, Bethune and Batey (2002) reported that soil exchangeable 
sodium has an adverse effect on infiltration process. In part, it is attributed to 
the effect of clay particles dispersion. Structure instability of sodic soil, and 
low electrolyte concentration of infiltrated water, lead to aggregates 
breakdown and dispersion of colloids producing low steady state infiltration 
rates, Levy and Mamedov (2002). Generally, runoff increases with low soil 
EC and high ESP values due to aggregates dispersion, and the degree of 
dispersion differs among clay minerals and soil types, Buckland et al. (2002). 

The objectives of the current research were to: (1) determine the rate 
of water flow during the downward movement of various types of infiltrated 
water; (2) examine the salt redistribution process during water infiltration; and 
(3) evaluate the changes in selected soil properties after infiltration with water 
of various levels of salinity.  

 

MATERIALS AND METHODS 
 
The selected soil profile is a deep fine texture soil with water table ≥ 

100 cm. Its soil unit covers about 27,918 feddan (i.e., about 67% of the total 
El-Tina plain area, 41,391 feddan). Samples were collected separately from 
each soil layer. The total depth of samples was 75 cm. The 75 cm soil profile 
consisted of 2 layers. All samples were air dried, crushed with a wooden 
hammer and sieved through a 2.0 mm sieve holes. All soil layers of the soil 
profile are extremely saline alkali as indicated by the electrical conductivities 
of the saturation paste extracts (ECe), and from the pH values of soil water 
suspension. Some properties of the investigated soil are listed in Table (1). 
According to the Soil Survey Staff, (2006), the soil profile is classified as 
Typic Haplosalids, 

Three transparent perspex columns, 10.4 cm in diameter and 100 cm 
in length were used in this experiment. The end of the columns was covered 
with cheesecloth and the columns were placed on a steel frame. The soil 
layers were packed in the columns having similar depths as those in the field 
to a total depth of 75 cm. They consisted of 2 successive soil layers. The bulk 
densities of the two packed soil layers were 1.25 Mg m-3. Incremental packing 



J. Agric. Sci. Mansoura Univ., 34 (6), June, 2009 
 

 7117 

of the soil samples involved the use of five centimeters soil depths packed in 
each column. Each soil depth was packed using a powder funnel with a 
plastic extension tube in order to reach deep down in the column. The 
extension tube was gradually raised to minimize particles segregation as 
packing proceeded, Bellini et al. (1996). At the bottom of the column, a layer 
of 2 cm in thickness of pre-washed coarse sand, having particles diameter 
between (2.0 and 1.0 mm), was packed. A wooden rod with a studded 
surface was used during the successive packing of each 5 cm soil section to 
bring the soil bulk density to the desired value and to prevent partial particles 
layering within each soil section.  
 

Table (1): Some properties of the investigated soil and the infiltrated 
waters. 

parameters 

Soil layers Water types 

0-25 25-100 River Nile 1:15** 1:1*** 

Physical properties      
Soil particles distribution (%)      
Coarse Sand  0.66 0.12    
Fine Sand  24.94 14.29    
Silt 42.55 52.10    
Clay  31.85 33.49    
Texture class Clay loam Silty clay loam    
Chemical properties      
ECe  (dSm-1) 114.5 144.9 0.336 5.02 32.1 
Total dissolves salts TDS (g l-1) 197.8 263.0 0.215 3.00 23.900 
pH 8.19* 8.18* 7.30 8.26 8.19 
Gypsum  % 2.79 0.31    
Calcium carbonate CaCO3 % 0.58 0.44    
Organic matter % 1.26 1.79    
CEC (meq / 100 g soil) 32.83 37.62    
ESP % 54.05 64.69    
Soluble cations (meq l-1)       
Ca++ 24.1 16.3 0.8 1.5 6.1 
Mg++ 220.5 180.9 0.7 8.2 39.8 
K+ 8.8 10.0 0.6 1.4 8.1 
Na+ 891.5 1241.8 1.2 39.1 267.0 
Soluble anions (meq l-1)      
CO3

-- N.D N.D N.D N.D N.D 
HCO3

- 2.1 1.8 1.3 2.1 2.3 
Cl- 731.4 1103.2 1.2 30.5 193.9 
SO4

-- 411.5 344.0 0.8 17.5 124.8 
SAR  80.6 125.1 1.4 17.7 55.7 

N.D not detected.   * Soil: water suspension (1:2.5) 
**   1:15 mixture of Suez Canal and River Nile Water. 
*** 1:1 mixture of Suez Canal and River Nile Water.  

 

Agricultural trade gypsum was added to one soil column. The rate of 
application was 50 ton ha-1 as suggested by Ashworth et al. (1999). Its 
amount was incorporated with the top 15 cm soil section before packing. The 
infiltrated water was obtained by diluting the Suez Canal water with River Nile 
water. The treatments included River Nile, a mixture of 1:15 (Suez Canal: 
River Nile water), and a mixture of 1:1. Table (1) shows the total salt 
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concentration and some chemical properties of the infiltrated water. The 
gypsum amended soil column was treated by the River Nile water. Gypsum 
was not added to the other two soil columns. One soil column was treated by 
the 1:15 water mixture, and the last soil column was treated by the 1:1 water 
mixture. During infiltration, 10 cm head of the chosen type of water was 
allowed to drop 1 cm due to the downward water movement, then the 10 cm 
head was restored with the same type of added water. The depths of 
infiltrated water and their elapsed times as well as the advance of wet fronts 
were recorded. Downward water movement in the soil column that was 
treated by the River Nile water completely stopped after certain time. 
Therefore, few drops of Phenol-Phethalin indicator (Ph.Ph) were added to the 
water head, Tanji (1990), and the pink color formed indicated that alkalinity 
was building. Consequently, 1.4 ml of 1N HNO3 was applied to the water 
head until its pink color disappeared. Afterwards, water movement was 
regained and the infiltration test continued. The application of acid was made 
when the wetting front reached 23.1 cm after 20.2 hrs. Additional two 
applications of 1.4 ml of 1N HNO3 were added when the depth of wet fronts 
reached 36.0 and 56.5 cm at 88.75 and 573.3 hrs, respectively. 

When the wet front reached the end of the soil column, the head of water 
was immediately removed and the soil was quickly dissected into 10 cm 
sections. All soil sections were analyzed for EC, pH, major cations and 
anions concentrations, and salt and water contents. 

 

RESULTS AND DISCUSSION 
 

The infiltration tests were terminated just when the wetting front 
reached the bottom of each soil column. The relationship between the 
elapsed time (hr) of the River Nile infiltrating water and its accumulated intake 
(cm) is given in Table (2) and presented in Figure (1). The data reveal that, 
as time progressed, the accumulated water intake increased. The derived 
formula for such function is as follows: 

309.0429.3 TD    R2= 0.9966       (1) 

Where D is the accumulated water intake (cm) and T is the elapsed times 
(hr). 

Water intake rates (I) were calculated from the obtained data for the 
accumulated intake (cm) divided by the elapsed times (hr). The results are 
presented in Figure (2). The derived formula for this function is as follows:  

691.0429.3  TI                            R2= 0.9993    (2) 

Where I is the water intake rate (cmhr-1) and T is the elapsed time (hr). 
These forms of equations align with those reported by Israelsen and 

Hansen (1962), Kirkham and Powers (1971), and Scott (2000). It should be 
noted that, if the intake rate (I) was obtained from the derivative of the 
accumulated water intake (D) the formula for (I) according to Israelsen and 
Hansen (1962) should be : 

691.00596.1  TI
                                (3) 

Where I is the water intake rate (cmhr-1) and T is the elapsed time (hr). 
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Table (2): River Nile infiltrating water intake rates and advancing wet 

front through El-Tina plain 75 cm soil treated with gypsum in 
the upper 15 cm depth. 

Elapsed 
Time 
 (hr) 

Accumulate
d Water 

Intake (cm) 

Intake 
 Rate 

(cm hr-1) 

Depth to 
 wet Front 

 (cm) 

Rate of Advancing  
Wet Front   
(cm hr-1) 

0.020 1.0 50.7614 1.6 81.2183 
0.250 2.0 8.0000 4.5 18.0000 
0.817 3.0 3.6733 7.3 8.9384 
1.717 4.0 2.3301 10.1 5.8834 
3.567 5.0 1.4017 13.2 3.7006 
5.967 6.0 1.0055 15.7 2.6311 
8.583 7.0 0.8156 17.6 2.0506 

13.867 8.0 0.5769 20.2 1.4567 
20.167 9.0 0.4463 23.1 1.1454 
27.500 10.0 0.3636 25.6 0.9309 
41.167 11.6 0.2818 28.8 0.6996 
53.000 12.6 0.2377 31.0 0.5849 
66.667 13.6 0.2040 33.0 0.4950 
88.750 14.8 0.1668 36.0 0.4056 
115.000 15.8 0.1374 38.9 0.3383 
144.000 16.8 0.1167 41.0 0.2847 
180.867 17.8 0.0984 43.4 0.2400 
243.000 18.8 0.0774 45.7 0.1881 
329.033 19.9 0.0605 48.4 0.1471 
387.667 20.9 0.0539 50.5 0.1303 
457.417 22.4 0.0490 53.8 0.1176 
573.267 23.6 0.0412 56.5 0.0986 
664.750 24.6 0.0370 58.7 0.0883 
768.750 25.9 0.0337 62.1 0.0808 
908.750 26.9 0.0296 65.0 0.0715 

1035.000 28.2 0.0272 68.0 0.0657 
1176.250 29.2 0.0248 70.7 0.0601 
1387.833 30.5 0.0220 73.7 0.0531 
1460.000 31.2 0.0214 75.0 0.0514 

 
It is clearly shown from Equations (2) and (3) that the rate of change, 

slope of the lines, between the calculated I and derived I were constant. 
Moreover, the difference between the formulae coefficients was small. 

The obtained trends for the intake rate (cmhr-1) and the rate of 
advancing wet front (cmhr-1) almost coincide with each other, Table (2). 
Moreover, the rate of advancing wet front always decreased due to the 
proportionality between the hydraulic gradient (H) and soil depth (L) 
according to Darcy's law as stated by Richards (1954). It is interestingly 
noticed that, there are three zones for the obtained values of the advancing 
wet front. The upper zone dealt with soil depth treated with gypsum, 15cm, 
where the obtained rates sharply decreased from 81.22 to 2.63 cmhr-1 and 
the depth to the wet front reached 15.7 cm. The second zone dealt with the 
advancing wet front for the remaining top soil layers, from 15 to 25 cm. It 
decreased from 2.05 to 0.93 cmhr-1, and the depth of wet front reached 25.6 
cm. The third zone for the calculated advancing wet front of the silt clay loam 
soil layer, from 25 to 75 cm, decreased from 0.7 to 0.05 cmhr-1, and the wet 
front reached the bottom of the soil column. These results indicate that the 
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decrease in the rate of advancing wet front for the lower soil layer sharply 
diminished and became almost constant as compared to its decrease in the 
upper soil layer. 

The salinity levels of infiltrating water mixtures used in this 
experiment were 32.1 and 5.02 dSm-1, for a mixing ratio between the Suez 
Canal and River Nile water of 1:1 and 1:15, respectively, Table (1). The 
relationship between the elapsed time of the 1:15 infiltrating water mixture 
and its accumulated water intake for the fine texture soil is given in Table (3), 
and presented in Figure (1). The results show similar trends as that obtained 
for the use of the River Nile water, however, the accumulated intake was in 
general lower than that obtained with the River Nile water. The derived 
formula representing the relationship is as follows:  

 
Table (3): Mixed infiltrating water (1: 15 mixture of Suez Canal and River 

Nile water) intake rates and its advancing wet front through El-
Tina plain 75 cm soil depth.  

Elapsed 
Time (hr) 

Accumulated 
Water Intake (cm) 

Intake Rate 
)1-(cm hr 

Depth to wet 
Front (cm) 

Rate of Advancing Wet 
)1-Front  (cm hr 

0.086 1.0 11.6550 2.4 27.9720 
0.533 2.0 3.7502 5.4 10.1256 
1.733 3.0 1.7308 8.2 4.7309 
4.050 4.0 0.9877 10.9 2.6914 
7.933 5.0 0.6303 13.6 1.7143 

12.267 5.8 0.4728 15.8 1.2880 
22.183 7.1 0.3201 19.2 0.8655 
32.767 8.1 0.2472 22.1 0.6745 
46.350 9.3 0.2006 25.5 0.5502 
59.433 10.2 0.1716 27.6 0.4644 
79.767 11.3 0.1417 30.0 0.3761 

102.267 12.3 0.1203 32.2 0.3149 
150.933 13.8 0.0914 36.0 0.2385 
226.683 15.6 0.0688 40.5 0.1787 
309.433 17.1 0.0553 44.8 0.1448 
386.933 18.4 0.0476 48.1 0.1243 
467.017 19.4 0.0415 50.6 0.1083 
539.267 20.2 0.0375 53.1 0.0985 
634.350 21.2 0.0334 56.5 0.0891 
734.517 22.3 0.0304 60.0 0.0817 
851.183 23.3 0.0274 62.5 0.0734 
970.183 24.4 0.0251 66.5 0.0685 

1113.017 25.5 0.0229 69.7 0.0626 
1226.267 26.6 0.0217 72.4 0.0590 
1345.017 27.6 0.0205 75.0 0.0558 

 
3364.04734.2 TD       R2= 0.999   (4) 

Where D is the accumulated water intake (cm) and T is the elapsed 
times in (hr).  The obtained trends for 1:15 infiltrating water mixture intake 
rate and the rate of advancing wet front were approximately similar to those 
obtained for River Nile infiltrating water. However, the magnitudes of the 
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initial values for both variables were higher upon the use of River Nile water 
than for the use of 1:15 infiltrating water mixture. Nevertheless, their final 
values were almost similar to each other. The relationship between the 1:15 
infiltrating water mixture intake rate and its elapsed time is presented in 
Figure (2). The derived formula is as follows: 

6633.04734.2  TI     R2= 0.9997          (5) 

Where I is the intake rate (cmhr-1) and T is the elapsed time (hr). 
The obtained results for the use of 1:1 mixture infiltrating water with 

the fine texture soil are given in Table (4). The relationship between the 
elapsed time of the infiltrating water and accumulated water intake clearly 
shows higher accumulated intake as compared to infiltration using both the 
River Nile water and 1:1 water mixture, Figure (1). On the other hand, the 
time required to wet the entire 75 cm soil depth was 1460 hrs upon the use of 
River Nile water, while it only required 820.4 hrs upon the use of the 1:1 
water mixture. Hence, using such saline water in infiltration decreased the 
time of wetting for the 75 cm soil column into half that is required when 
infiltrating using the River Nile water. The relationship between the elapsed 
time of the 1:1 water mixture and its accumulated water intake is presented in 
Figure (1). The derived formula for the relationship is as follows: 

3367.00296.3 TD       R2= 0.9981   (6) 

Where D is the accumulated water intake (cm) and T is the elapsed times in 
(hr). 

The trends for the intake rate and rate of advancing wet front 
calculated after the use of the 1:1 water mixture were similar to those 
calculated for the use of River Nile water. The magnitudes of the initial rates 
were low for the use of 1:1 mixed water compared to the use of River Nile 
water, Figure (2). Nevertheless, their final values were lower for the use of 
River Nile water. The relationship between the elapsed time of the 1:1 water 
mixture and its intake rate is presented in Figure (2), and the derived formula 
is as follows: 

6633.00296.3  TI     R2= 0.9995     (7) 

Where I is the intake rate (cmhr-1) and T is the elapsed time (hr). 
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Figure (1): The relationship between the elapsed times of the infiltrated 

water and their accumulated intake for El-Tina plain soil. 
 

 
 
 
Figure (2): The relationship between the elapsed times of the infiltrated 

water and the intake rate for El-Tina plain soil. 
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Table (4): Mixed infiltrating water (1: 1 mixture of Suez Canal and River 
Nile water) intake rate and advancing wet front through El-
Tina plain 75 cm soil depth.  

Elapsed  
Time (hr) 

Accumulated  
Water Intake 

(cm) 

Intake  
Rate  

)1-(cm hr 

Depth to 
 wet Front  

(cm) 

Rate of  
Advancing Wet 

)1-Front  (cm hr 

0.027 1.0 36.7350 1.5 55.1025 
0.358 2.0 5.5814 4.8 13.3954 
1.083 3.0 2.7692 7.0 6.4616 
2.717 4.0 1.4724 10.2 3.7546 
5.083 5.0 0.9836 12.9 2.5377 
8.517 6.0 0.7045 15.4 1.8082 

12.867 7.0 0.5440 17.7 1.3756 
22.817 8.8 0.3857 22.0 0.9642 
30.900 9.8 0.3172 24.6 0.7961 
46.850 11.6 0.2476 28.8 0.6147 
57.733 12.6 0.2182 31.5 0.5456 
78.067 13.7 0.1755 34.2 0.4381 

100.567 14.7 0.1462 37.0 0.3679 
149.233 16.5 0.1106 41.9 0.2808 
224.983 18.7 0.0831 47.8 0.2125 
271.233 19.9 0.0734 50.5 0.1862 
336.983 21.3 0.0632 54.8 0.1626 
387.733 22.3 0.0575 57.0 0.1470 
461.983 23.6 0.0511 60.5 0.1310 
534.150 24.8 0.0464 63.1 0.1181 
628.233 26.4 0.0420 67.8 0.1079 
729.400 27.9 0.0383 71.8 0.0984 
820.400 29.1 0.0355 75.0 0.0914 

 
Initial soil porosities were determined for the two soil layers present in 

the field, by means of determining moisture content after saturating specific 
volume of soil having 1.25 Mgm-3 bulk densities. The values varied among 
the two soil layers, and the calculated weighted average total soil porosity for 
the entire 75 cm soil column was 58.844 %. Therefore, the corresponding 
total pore volume was 3748.92 cm3. On the other hand, the total depth of 
applied infiltrating water was 31.2, 27.6, and 29.1 cm for River Nile, the 1:15, 
and the 1:1 water mixtures, respectively. The depth of the added water 
resulted in a total water volumes of 2650.32, 2344.51, 2471.93 cm3, 
respectively. These values prove that drainage did not occur, and the soils 
were not completely saturated. These results are supported by the soil 
moisture contents values, which showed gradual decrease with increasing 
soil depth, Tables (5 to 7). The initial distribution of salt contents for the 0 to 
15 and 15 to 25 soil sections were 200.906 and 133.937g, respectively. 
Moreover, salt content for every 10 cm soil depth in the remaining 25 to 75cm 
soil section was 187.745g. Consequently, the soil column total salt content 
was 1273.568g.  

The data presented in Tables (5 to 7) show the redistribution of salt 
contents throughout the soil columns at the end of the infiltration process.  
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Evidently, the EC values and the salt contents tremendously increased as soil 
depth increased. Such increase was prominent as the salinity of infiltrated 
water was low (i.e. infiltrating with the River Nile water). Nevertheless, the 
total salt content for the various soil columns using the previously mentioned 
types of water were 1273.71, 1280.79, and 1332.24g, after infiltrating with the 
River Nile water, the 1:15 water mixture, and the 1:1 water mixture, 
respectively. Consequently, the amounts of salt added after infiltration with 
the various types of water were 0.142, 7.222, and 58.669g, respectively. The 
increased amount in the salt content was loaded with the applied infiltrating 
water.  

In general, pH values decreased as the salt content increased in the 
lower soil layers. This was evident by pH values less than 8.5 at 65, 45, and 
45 cm soil depth, after infiltrating with the River Nile water, the 1:15 water 
mixture, and the 1:1 water mixture, respectively. Nevertheless, the obtained 
data of the pH values after infiltration generally indicate that all soil layers 
could be classified as saline-alkali. In this respect, Richards (1954) stated 
that for saline-alkali soils, under conditions of excess salts, the soil pH are 
seldom higher than 8.50. However, he also reported that when the soil 
solution (or infiltrated water) is having SAR value higher than 11.0, and EC 
value are higher than 2.25 dSm-1, then alkalinity hazard will be very high. Ion 
concentrations were determined from the saturation past extracts, and 
sodium was found to be the major cation, followed by magnesium and 
calcium. Magnesium concentrations were extremely higher in the lower soil 
layers as compared to the upper soil layers, Tables (5 to 7). Chloride was the 
dominant anion followed by sulfate. Apparently, the trend for SAR values 
somewhat coincide with sodium ion concentrations. An exception was found 
for the lowest soil section, which exhibited low SAR value due to the very 
high magnesium concentration. 

 
Summary and Conclusions 

The current experiment showed that infiltrating the saline soils in El-
Tina plain with low salinity water (i.e. River Nile) required much longer time 
for the advancing wet front to reach the bottom of soil columns, and 
increased the risk for alkalinity build-up, with its subsequent effect on the slow 
downward water movement. The accumulation of salts at lower layers upon 
water infiltration greatly decreased with both the 1:15 and 1:1 water mixtures 
as compared to the River Nile water. This could help to obtain a more uniform 
leaching of excessive salts and enhance the long-term leaching efficiency. El-
Salam canal water with its moderate salinity levels could provide a good 
source of water to leach the high saline soils in El-Tina plain area, assuming 
soil alkalinity will be monitored and controlled using soil amendments.  
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سأأ ا الني أأ  ب سأأتي ا  ميأأ    أ اضأأ الأمأأ ف  أأ   توزيأأ  وإعأأ   للمأأ   الت بأأ    شأأ  تأأر  
 ميتلف  الملوح .
 علأأ  يوسأأ    يأأ  و ،سأأمي  علأأ  محمأأ   ،الي بأأونل   عبأأ  النيأأ  احمأأ  عبأأ  ال لأأي 
 هش   محم  عب  

   م   ق    السويس -كلي  الز اع   -قس  الأ اض  و المي  

 

اة ت زيممأ لاتمملت ةمتس ممد   مما  ت يممد تممد اسة ممد ت مما ا سرمم  ةمتس ممد م تمم       مم 
تتمس  قلسام   1رف فد تن زجم   ةم س م  ط ل مهم   لا تاهةمسر .  قا ة تخاد مهذه ةماسة د 

 نتيتتس  نفط ةمتتم  أ ةمل يمي  75 نتيتتس. تد ت  ئد ةمتس د في اذه ةلأ تاة حتى  تق  10.4
مل يتمي  3لمنمد 1.25امي ةمت ج ا في ةمحيل.   نا ةم ث فد ةمظ اسيد ةمت تخاتد في ةمت  ئد 

 50تد تخصيص ثلث لا تاه.  قما تمد  فم فد ةمجم ط ةمزسة مي م  تم ا ةلأ ل  ت مال  .ةمتس د
 نتيتتس ةم  ي  لاثنم   ةمت  ئمد.  فمأ فم نل تمن  15. تد خ ل ةمج ط في ل يد ةمـ ه ت سلن م 

د  ممنتيتتسةا   ممي  ممل  اممذة ةم تمم ا. ةلأ تمماة ةلأخممس   نيممس ةمت  ت مم 10تمم   ةمنيممل   ممت  
  مج ط تد  فأ ةمف نل ةمتم ئي مهم   منفط ةم تمق  م من تمن تخ م ل تمن تم   قنم ة ةم م يط 

لأحاي ةم ت اين   ةلأخس تن تخ  ل تن ت   قن ة ةم  يط  ت   ةمنيمل  1:1 ت   ةمنيل  ن  د 
 منتيتتس ثمد ي م ا  ممي  تيمل ةلأصمل  1.   ن ي ت  م ف نل ةمتم ئي    نخفم   15:1 ن  د 

ت تخاد تسة لاخسي. تد ت جيل ةمزتن ةمتنيفي    تق ةمت   ةمتتسر   ممي  نفط ن ع ةمت   ةم
ةمتس د   تق ج هد ة  تلل. تد  نه    ت يمد ةمسرم  ت  رمسة   ما  صم ل ج همد ة  متلل  ممي 
ق ع  ت ا ةمتس مد. حيمث تمد تي ميد ةم تم ا  ممي لاجمزة   ة متخاتا ةمتس مد ةمتمي  هم  فمي تيمايس 

 حي   ةمتس يز ةلأي ني م تح  ل ةلأسفي  سقمد ةمحت فمد ةمتحت ي ةمسل  ي   ةمتحت ي ةمت
م تس د. ظهس تن ةمنت ئج لان  زي اة ت  حد ةمت   ةمتتسر  يزاةا ت مال ةمسرم   تم  ييمل ةممزتن 
ةملزد م ص ل ج هد ة  تلل  مي ق ع ةم ت ا. تد تت أ ج هد ةم  مل   فم ت  تم  تمد ةمحصم ل 

ي تممأ ةم تممق. ظهممس تممن نتمم ئج تيممايس   ممي نظمم د تتجمم نط تممن ةنخفمم   ةمتحتمم ي ةمسلمم  
ةمتحت ي ةمت حي لأجزة  ةمتس د   ا ةنته    ت يد ةمسر  حما ث  ت يمد ن ميل رمايا م تملت 

  ةمتمي لاظهمسا تن ةمل ي ا ةم لحيد. تسة تا اذه ةمتملت فمي ةلأجمزة  ةم مف يد تمن ةمتس مد 
 ة  ي تحت ي ا ت حيد.
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Table (5): El-Tina plain soil properties after infiltration with River Nile Water.  
Soil 

depth (cm) 
eEC 

)1-(dSm 
pH Өm 

Salt content, 
g /layer 

)1-Ion Concentration (meq l 
SAR ++Ca ++Mg +Na +K * -3HCO -Cl --

4SO 

0-15 4.97 8.84 0.6250 9.175 18.1 6.2 23.3 2.1 2.1 7.2 40.4 4.1 

15-25 9.25 9.04 0.5114 9.431 19.2 19.2 52.7 1.5 2.0 53.8 36.7 126.7 

25-35 9.87 9.22 0.4422 11.027 8.3 8.9 79.6 1.8 2.2 23.8 72.7 190.3 

35-45 37.10 9.20 0.4156 37.245 8.2 15.1 344.2 3.5 1.7 120.8 248.4 194.3 

45-55 >200 9.12 0.2600 344.594 13.3 126.1 3045.2 21.7 2.4 2751.8 452.0 191.5 

55-65 >200 8.62 0.2500 361.790 12.8 551.4 2782.2 19.9 2.4 2559.1 804.7 632.1 

65-75 >200 8.39 0.2227 500.445 6.0 1167.7 3298.5 26.5 3.3 3614.5 880.9 326.7 

* CO3
-- Not detected 

 

Table (6): El-Tina plain soil properties after infiltration with 1:15 Suez Canal and River Nile Water mixture.  
Soil 

depth (cm) 
eEC 

)1-(dSm 
pH Өm 

Salt content, 
g /layer 

)1-Ion Concentration( meq l 
SAR ++Ca ++Mg +Na +K * -3HCO -Cl --

4SO 

0-15 6.95 8.73 0.6023 7.240 13.7 12.7 38.8 4.2 2.2 26.4 40.8 10.7 
15-25 8.50 8.91 0.4306 5.953 11.2 8.0 62.1 3.7 2.3 26.7 56.0 20.0 
25-35 48.80 8.99 0.4276 74.115 15.9 14.9 447.0 10.2 3.0 258.3 226.7 113.9 
35-45 >200 8.52 0.2903 261.12 12.6 249.8 3524.6 61.8 1.4 3676.1 171.2 307.7 
45-55 >200 8.33 0.2600 268.243 16.7 66.1 3823.8 47.1 1.6 3939.4 12.7 594.1 
55-65 >200 8.18 0.2492 293.347 4.4 1154.3 3096.4 68.6 1.8 4186.7 135.2 128.6 
65-75 >200 8.11 0.1876 370.775 5.1 2319.9 3056.2 83.7 5.1 4865.2 594.7 89.6 

    * CO3
-- Not detected 

Table (7): El-Tina plain fine texture soil properties after infiltration with 1:1 Suez Canal and River Nile Water 
mixture. 

Soil 
depth (cm) 

eEC 
)1-(dSm 

pH Өm 
Salt content, 

g /layer 
)1-Ion Concentration (meq l 

SAR ++Ca ++Mg +Na +K * -3HCO -Cl --
4SO 

0-15 32.1 8.60 0.6322 27.091 31.1 42.8 238.9 8.1 3.9 194.7 122.4 39.3 

15-25 33 9.05 0.4302 18.288 32.4 20.7 267.8 9.1 3.1 202.9 124.0 52.0 

25-35 180.9 9.10 0.4005 151.366 29.7 24.7 1735.4 19.3 2.4 1599.9 206.7 332.9 

35-45 >200 8.73 0.3826 254.775 7.0 80.1 3847.5 62.9 1.6 3640.4 355.5 582.9 

45-55 >200 8.48 0.2579 258.758 17.5 191.2 3778.5 72.8 2.7 3610.3 447.1 369.9 

55-65 >200 8.30 0.2572 267.84 6.9 1065.3 3064.6 65.7 2.6 3821.4 378.5 132.4 

65-75 >200 8.25 0.1916 354.119 8.9 2471.4 2995.9 80.2 6.4 5045.4 504.4 85.1 

* CO3
-- Not detected         
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