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ABSTRACT: The present investigation was carried out for drawing the 
attention to the deteriorative effect of irrigation with drainage water on the 
soil chemical characteristics. Soil samples were taken from nine profiles of 
Al-Hamul regions. Kafr El-Sheikh governorate, long term irrigated with 
drainage water for chemical analysis. The obtained results manifested that 
application of drainage water obviously appeared the degradability in the 
chemical properties of the soil wherever, the EC, pH, Na+ and SAR of the 
surface layer  (0-30cm) for some profiles recorded, 6.34 dSm-1, 8.3, 46.45 
meqL-1 and 45.2 respectively. However these characteristics in addition to 
some of the soluble cations and anions were evidently diminished with the 
depth of profile. Other chemical properties like as CEC, Exchangeable 
cations, ESP, EKP, ECaP and EMgP were slightly affected. Soluble chloride 
was the dominant anions followed by carbonate and sulphate.   
Key words: Clayey soils, drainage water, irrigation, chemical properties, 
degradation. 
 
INTRODUCTION 

In many countries of the arid and semiarid regions as Egypt the immense 
need for maximizing the agricultural land so searching for a new sources of 
water for irrigation directed the attention to reuse the low quality water in 
irrigation, However this application in addition to the consequence of 
intensive agricultural systems, is considered one of the main causes of 
secondary salinization and land degradation, that represents an ever greater 
environmental hazard . Kandil et al. (2003) found that in the last few years, 
reuse of low quality water become part of the extension program for 
maximizing the use of water resources. However, the uncontrolled 
application of such water must have unfavorable effects on both soils and 
grown plants, especially in the long term use. Perez et al. (2003) stated that 
reuse of poorly purified water in semiarid areas led to progressive 
desertification. Hafez (2004) found in their study on Shubrakhit, El-Lowia, El-
Khairy, El-Atf, El-shamasma and Idko drains along the studied locations have 
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salinity less than 3 ds/m and were classified as slight to moderate grade, 
while both El-kosor drain and toson drain more than 3 ds/m were classified 
as severe grade  for irrigation. Seyam et al. (2005) reported that lack of water 
is an obstacles confronting development in many countries of the arid and 
semiarid regions as Egypt. Drainage water could be used for irrigation to 
partially satisfy the need of water. Also, all drains and mixed canals are 
considered under division of increasing salinity problems of irrigation water, 
as well as the main drain is considered high salinity for irrigation and 
classified as sever salinity problems. Abdel-Mawgoud et al. (2006) found that 
irrigation with low quality water causes increase of soil salinity (EC) Ollson et 
al. (2002) studied plots irrigated with water of electric conductivity EC = 0.1 , 
0.8 , 2.5 , 4.5 and 7.5 ds/m for summer of 1991/1992 to 1994/1995. With those 
4 years, soil were sodified at irrigation treatment salinities greater than 0.8 
ds/m. Zein et al. (2002) found that soluble cations and anions were higher in 
the soil irrigated with drainage water than those irrigated with mixed water. 
Noufal (2000) studied the effect of use of drainage water on the soil. He found 
that the value of SAR in the sandy soil increased from 7.6 to 14.7 and from 
7.9 to 10.5 in the clay soil. This indicated that SAR values in the sandy soil 
were higher than those in the clay one. Khater et al. (2002) observed that the 
soil pH tends to increase with increasing the salinity level of the soils 
irrigated with drainage water. Therefore, these soils have a marked increase 
in the applied soluble Na+ leading to a pronounced increase in the 
exchangeable Na+ and in turn soil pH. Walker and Lin (2008) observed that 
after four decades of irrigation with waste water of forested land, the soil pH 
has increased considerably since 1970. Ahmed (2005) found that OM in salt 
affected soils was reduced due to the increase of the concentration of basic 
ions specially Na+ which may be resulted in more dissolution of soil organic 
matter. Jala Li et al. (2008) conducted soil columns with two soils to asses 
the effect of irrigation with waste water on soil quality. Upon the application 
of waste water, exchange occurs between solution sodium Na+ and 
exchangeable cations (Ca2+, Mg2+ and K+), whereby these cations were 
released into solution. The average ESP of the soils increased during 
leaching from 9 to 21 and 28.8 to 29.7 after applying 5.0 and 3.5 (about 7 and 
6 pore volumes) of waste water to the soil columns, respectively. Adverse 
effect of high Na+ concentration in the waste water on raising ESP was less 
pronounced in the soils having initial high ESP than in the soils with low 
initial ESP.  The main objective of this paper was to explore the detrimental 
influence of irrigation with low quality water (drainage water of the main El-
Gharbia drain) on the chemical properties of the the cultivated soil in Al-
Hamul regions. Kafr El-Sheikh governorate. 
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MATERIALS AND METHODS 
Soil Sampling: 

This work carried out to study the effect of irrigation with drainage water 
on the soil chemical properties. For this purpose, areas irrigated with 
drainage water were selected of Al-Hamul, Kafr El-Sheikh governorate. Nine 
locations were selected. These were, Timbari (60.19% clay), Ta'aween Thon 
(51.95% clay), Ta'aween Awal (50.82% clay) Qaryah no.7 (59.04% clay), 
Qaryah no.5 (58.35% clay), Qaryah no. 9 (54.22% clay), Qaryah no.8 (50.79% 
clay), Qaryah no.10 (52.40% clay) and Qaryah no.11 (59.80% clay). The source 
of irrigation water for the agricultural land of these Qaryahes is the Main El-
Gharbia drain (Table 3-1). 

Nine soil profiles were taken from the different nine locations respectively 
for each Qaryah. The depth of soil profiles was more than 100 cm, where the 
soil samples were taken at depths of 0 – 30 , 30 – 60 , 60 – 90 and > 90 cm. 
The nine studied soil profiles were located at the west of the Main El-Gharbia 
drain.  

Soil samples were air dried and ground to pass through 2 mm sieve and 
kept for determination of the chemical properties. 

 
 Soil chemical analysis: 
a. Soil reaction (pH) was measured in 1: 2.5 (soil: water) suspension by 

using compound electrode pH meter according to Cottenie et al. (1982). 
b. The total soluble salts (EC) were determined by using electrode 

conductivity meter at 25o C in soil paste extract as dS m-1 (Jackson, 
1973). 

c . Soluble cations (Na+, K+, Ca2+ and Mg2+) and soluble anions (Cl-,   CO3
2-, 

HCO3
-
  and SO4

2-) were determined and expressed as meq/L. in soil paste 
extract according to Jackson (1973) and Cottenie et al. (1982)  

d. Cations exchange capacity (CEC) and exchange cations: 
      Cations exchange capacity was determined by using sodium acetate    
      (CH3COONa) at pH 8.2 and ammonium acetate (CH3COONH4) at pH   7.0 . 
e. Organic matter content (OM %) was determined by using Walkely and 

Blacks rapid titration method (Jackson, 1973). 
f. Total carbonates were determined as calcium carbonate (CaCO3) where 

its content estimated volumetrically by using the collin's calcimeter and 
the corrected volume of CO2 was used to calculate the calcium carbonate 
percentage (Richards, 1954). 

g. Sodium adsorption ration (SAR) and Exchangeable sodium percent (ESP) 
were calculated according to Richards (1954)  
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RESULTS AND DISCUSSION 
 Quality assessments of irrigation water: 

Data in Table (1) reveal that the drainage water used for soil irrigation 
under study had EC value 1.50 dS/m and SAR value 6.00. This grade of 
irrigation water, with respect to electric conductivity and sodicity hazard, 
could be classified into C3S1 class, i.e., high salinity and low sodium hazard 
(Richrd, 1954). 

 
Table (1): Some chemical analysis of irrigation water. 

pH EC dS/m Ca2+ Mg2+ Na+ K+ Cl- CO3
2- HCO3

- SO4
2- SAR 

7.34 1.50 3.11 2.10 8.89 0.31 7.30 - 5.70 1.44 6.00 

 
Likewise, the individual distribution of soluble cations in this water show 

that the soluble sodium is the dominant followed by calcium and then 
magnesium, while the soluble potassium is the lowest one. According to the 
anions, soluble chloride is the dominant soluble anion followed by soluble 
bicarbonate and then soluble sulphate.     

       
Effect of irrigation by drainage water on soil chemical 
properties: 
Total soluble salts: 

When brackish water is used for several years, the chemical properties of 
soil may be changed. The values of electrical conductivity (EC) in the surface 
soil layers of the studied soil samples ranged between 0.77 – 6.35 ds/m (as 
shown in Tables 2,3,4). It was noticed that EC values were high due to 
irrigation with drainage water. This means that the salinity of irrigation water 
increases the soil salinity due to salt accumulation in the soil profiles. This is 
in agreement with Khan (1991) and Khater et al. (2002). 

A similar conclusion was reported by Ayers and Westcot (1985) who 
reported that use of drainage water is considered to cause increasing salinity 
problems especially in heavy clay soil. 

Concerning the distribution of total soluble salts in the different soil 
profiles under study, the presented data in Tables (2,3,4) display that the 
content of total soluble salts in the studied soil profiles was decreased with 
soil depth. Wherever the total soluble salts in the surface layers was higher 
than that one in the deep soil layers. This may me be due to the relatively 
high temperature in the arid and semi arid soils which results in 
accumulation of soluble salts in the soil surface layers by evaporation. This 
data is in agreement with those of Selem et al. (1989). According to values of 
EC in the surface soil, the studied soil can be classified as saline soils 
(National Soils Hand Book, 1983 and El-Samanodi et al., 1991). 
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Soluble ions (cations and anions): 
The data in Tables (2,3,4) represent the content of soluble cations (Ca2+, 

Mg2+, Na+ and K+) and anions (Cl-, CO3
2-, HCO3

-, SO4
2-) as meq/L. The data 

show that the dominant soluble cation in the studied soil samples was Na+ 
followed by Ca2+ and Mg2+, while the soluble K+ represented the lowest 
soluble cation. Generally, the content of soluble cations was decreasing 
when the soil depth increased. 

It was deduced from content of soluble anions (Cl-, CO3
2-, HCO3

-, SO4
2-) of 

the studied soil samples that soluble chloride (Cl-) was the dominant anion 
followed by sulphate (SO4

2-) and bicarbonate (HCO3
-),  i.e., the soluble anions 

were presented in the following order: Cl- > SO4
2- > HCO3

-. Similar results 
were found by Khater et al. (2002). Soluble anions content was decreased 
with increasing soil depth. These results are in agreement with those found 
by Mohamed (2002) on the soil of Kafr El-Sheikh –Baltim who reported that 
the use of low quality water increases the presence of both chloride and 
sodium ions on the expense of the other soluble ions.   
 
Sodium adsorption ratio (SAR): 

Regarding to the calculated values of SAR of the studied soil samples as 
represented in Tables (2,3,4), it can be noticed that the studied soil samples 
were characterized by high values of SAR which resulted from the high 
content of soluble Na+ in these samples. Nevertheless values of SAR were 
decreased with increasing the soil depth. That may be as an obvious 
reflection for sodium cation which considerably decline with the depth of soil 
profile. These results are confirmed with those found by Mohamed (2002), 
who found that SAR values of the soil in Northen Kafr El-Sheikh Governorate 
were decreased when soil depth increased. 
 
  Soil reaction (pH): 

The data in Tables (2, 3, 4) elucidate that the soil pH values of the studied 
soil samples were ranged between 8.0 in the soil surface layer (0 – 30 cm) 
and 8.5 in the soil deep layers (> 90 cm). The values of pH in the studied soil 
are slight alkaline (pH is around 8.0). From the same Tables, the values of pH 
in the soil surface layers are lower than in the deep layers. This may be due 
to the high content of organic matter in the surface layers (El-Maaz, 2005).  

Generally, the values of pH in the studied soil samples were slightly 
increased as a result of use of drainage water in irrigation, which contains 
high concentrations of Na+ ions that causes an increase of soluble Na+ in the 
soil solution that lead to a pronounced promotion of the exchangeable Na+ 
and hence raising the soil pH. These results are in agreement with Bahlawan 
(1997).  
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Soil organic matter (OM) content and calcium carbonate   
(CaCO3 %): 

Data in Tables (2,3,4) manifest that the content of organic matter (OM) in 
the studied soil samples was ranged between 0.68 – 2.40. It can be observed 
that the content of OM was low. This may be due to increase    of basic ions 
concentration, especially Na+ ions in irrigation water (drainage water) which 
lead to more dissolution of organic matter. This illustration was based on the 
fact suggested by many authors (Kononova, 1966 and Stevenson, 1994) who 
reported that there is a high affinity of Na+ salts (NaOH) on the extraction of 
soil organic matter.  

Also, data in these Tables declare that the content of OM was higher in the 
soil surface layers than in the subsurface layers, this may be due to long-
term cultivation of soil. These results are in agreement with those obtained 
by Khater et al. (2002) and El-Maaz (2005). Generally, the content of OM was 
diminished with the increase of soil depth in all studied soil samples. These 
findings resulted from the enrichment of the surface layer by organic 
residues and organic manures during agriculture processes (Anter, 2000 and 
Shaban, 2005). Also, data   in Tables (2,3,4) indicate that the content of 
CaCO3 % in the studied soil samples was ranged between 3.94 % in the soil 
surface layer  (0 – 30 cm) and 0.58 % in the soil deep layer (> 90 cm). 
Concerning the distribution of CaCO3 % with the soil profile, there was no 
clear trend affected by using drainage water in irrigation. Generally, the 
studied soil samples have a low content of CaCO3 %, where this soil can be 
classified as non calcareous soil CaCO3 % < 5 (Abo-Elelo, 2002).  

 

4.3.6. Cation exchange capacity (CEC): 
The values of cation exchange capacity (CEC) are represented in Tables 

(5,6,7) as meq/100 g soil. These values are ranged between 59.11 meq/100 g 
soil in the surface soil layer (0 – 30 cm) and 28.11 meq/100 g soil in the soil 
deep layer (> 90 cm). These data indicate that values of CEC were high, this 
may be due to increase of clay content in the soil samples under study. Also, 
the values of CEC in the soil surface layer were higher than that in the 
subsurface layer this may be attributed to the high content of OM in soil 
surface layers than in the soil deep layers. 

 
Exchangeable cations and exchangeable sodium percent (ESP): 

Data in Tables (5,6,7) appeared the content of exchangeable cations (Na+, 
K+, Ca2+ and Mg2+) as meq/100 g soil in the soils under investigation. The 
obtained data obviously appeared that the dominant exchangeable cations 
was Na+ followed by Ca2+ and Mg2+, while the lowest content of exchangeable 
cation was for K+. In most of the studied soil profiles, the exchangeable 
cations were decreased with increase of soil depth. The high content of 
exchangeable cations was found in the soil surface layers as a result of the 
higher content of organic matter.  
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The abovementioned data declared that the ESP values of soil under 
study were high and ranged between 37.9 – 54.3. This may be due to the soil 
texture and the relatively high values of the soluble sodium in both of soil 
and irrigation water (drainage water) as reported by Khater et al. (2002). Also, 
the results pointed out that there was no clear trend between ESP, ECaP, 
EMgP, and EkP values and soil depth. According to the high values of ESP in 
all studied soil samples (> 15 %), these soil samples are classified as sodic 
soils consequently, these soil are badly needed to receive its gypsum 
requirement and a suitable drainage net. These results are in agreement with 
that found by Anter (2000). 
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 التأثیر الضار للري بمیاه الصرف علي الخواص الكیمیائیة للأرض الطینیة 
 

١محمد حمادة شلبي سعید السید حجي ،  ٢ طفي بهنسيبهاء الدین مص ،  ٣ 
 مصر –شبین الكوم  –جامعة المنوفیة  -كلیة الزراعة -قسم علوم الأراضي -١
 مصر –مركز البحوث الزراعیة  –معهد بحوث الأراضي و المیاه و البیئة  -٢
 الهیئة المصریة العامة لمشروعات الصرف -٣

 الملخص  العربي
فظـة كفـر الشـیخ والتـي أجري هذا البحث علي الأراضـي الطینیـة الواقعـة بمنطقـة الحـامول بمحا

تروي لفترة طویلة بمیاة الصـرف مـن مصـرف الغربیـة الرئیسـي  لجـذب الإنتبـاه إلـي التـأثیر الضـار 
الناتج من الري بمیاه الصرف علي خواص الأرض الكیمیائیة . تم اختیـار تسـع قطاعـات مـن تسـع 

الكیمیائیـة علیهـا . قري  تمثل منطقة الحامول و أخذ منها عینـات أرضـیة لإجـراء تحلیـل الخـواص 
أظهـرت نتـائج التحلیـل الكیمیــائي ان الـري بمیـاه الصـرف قـد أدي إلــي تـدهور واضـح فـي هــذه وقـد 

الخـواص حیـث سـجل قیـاس التوصـیل الكهربـائي و درجـة الحموضـة و تركیـز كـاتیون الصـودیوم و 
و  ٨.٣دیسیســیمنز/متر و  ٦.٣٤ســم ) ٣٠نســبة الصــودیوم المــدمص فــي الطبقــة الســطحیة ( 

علــي التــوالي . علـي الــرغم مــن ذلــك فإنـه قــد حــدث إنخفــاض  ٤٥.٢ مللمكـافيء / لتــر و ٤٦.٤٥
واضح في هذه القیم بالإضافة إلي قیم الكاتیونـات و الأنیونـات الذائبـة كلمـا تحركنـا إلـي أسـفل فـي 
القطــاع الأرضــي بینمــا حــدث تــأثر قلیــل لــبعض الصــفات الكیمیائیــة الأخــري مثــل الســعة التبادلیــة 

بادلـــة والنســـبة المئویـــة لكـــل مـــن الصـــودیوم و البوتلســـیوم والكالســـیوم الكاتیونیـــة والكتیونـــات المت
والمغنسیوم المتابدلین وقـد أظهـرت النتـائج أیضـا أن أنیـون الكلوریـد هـو الأنیـون السـائد تبعـه كـل 
مـن أنیونـات الكربونـات ثـم الكبریتـات وهـذا یوضــح مـدي التـأثیر الضـار للـري بمیـاه الصـرف والــذي 

       . الإحتیاجات الجبسیة لهذه الأراضي وعمل شبكة صرف جیدةیجب أن یعالج بإضافة 
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Table (2):  Some chemical properties of soil samples of Al-Hamul area (profiles 1 to 3). 

Profile 

No. 

Depth 

(cm) 

EC 

Ds/m 

1:5 

PH 

1:2.5 

O.M 

(%) 

CaCO3 

(%) 

Soluble Ions  (meq/L) 

SAR Cations Anions 

Ca+2 Mg+2 Na+ K+ Cl- CO3- HCO3
- SO4

-2 

 

 

1 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

6.34 

2.90 

2.50 

1.60 

3.34 

8.20 

8.30 

8.30 

8.40 

 

2.40 

2.00 

1.96 

1.20 

1.89 

1.32 

1.22 

0.93 

0.63 

1.03 

4.02 

1.40 

3.55 

1.80 

2.69 

1.28 

0.80 

1.05 

1.10 

1.06 

55.64 

26.00 

18.85 

12.50 

28.25 

0.88 

0.48 

0.45 

0.33 

0.54 

53.40 

21.30 

12.50 

10.90 

24.52 

00 

00 

00 

00 

00 

0.96 

1.68 

2.94 

1.60 

1.79 

0.46 

5.70 

8.46 

3.23 

6.21 

45.20 

25.00 

12.40 

10.04 

23.25 

2 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

3.60 

2.45 

2.20 

1.50 

2.44 

8.00 

8.20 

8.30 

8.30 

 

2.35 

1.56 

0.90 

0.68 

1.37 

1.02 

1.20 

0.92 

0.58 

0.93 

4.68 

2.13 

3.08 

1.80 

2.92 

3.16 

1.37 

1.06 

0.70 

1.57 

25.91 

20.00 

17.24 

11.56 

18.68 

0.73 

0.33 

0.50 

0.22 

0.44 

23.50 

17.80 

16.90 

10.90 

17.27 

00 

00 

00 

00 

00 

1.97 

0.96 

1.28 

1.57 

1.44 

9.01 

5.07 

3.70 

1.81 

4.89 

13.15 

15.40 

12.06 

10.40 

12.75 

3 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

4.20 

1.15 

1.10 

0.77 

1.80 

8.20 

8.20 

8.10 

8.30 

 

2.30 

2.00 

1.12 

0.84 

1.56 

1.67 

1.17 

1.20 

0.83 

1.21 

5.20 

2.16 

1.50 

1.50 

2.59 

3.40 

0.74 

0.90 

0.20 

1.31 

31.76 

7.69 

7.11 

5.00 

12.89 

1.05 

0.26 

0.26 

0.26 

0.45 

35.70 

7.50 

7.00 

4.20 

13.60 

00 

00 

00 

00 

00 

1.33 

2.50 

1.50 

1.00 

1.45 

4.38 

1.35 

1.27 

1.76 

2.19 

15.30 

6.40 

6.52 

5.40 

8.40 
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Table (3):  Some chemical properties of soil samples of Al-Hamul area (profiles 4 to 6).  

Profile 

No. 

Depth 

(cm) 

EC 

Ds/m 

1:5 

PH 

1:2.5 

O.M 

(%) 

CaCO3 

(%) 

Soluble Ions  (meq/L) 

SAR Cations Anions 

Ca+2 Mg+2 Na+ K+ Cl- CO3- HCO3
- SO4

-2 

4 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

6.11 

5.50 

4.43 

3.24 

4.82 

8.10 

8.20 

8.20 

8.30 

 

2.24 

1.90 

1.77 

1.20 

1.77 

1.25 

1.13 

1.23 

0.94 

1.14 

8.70 

6.79 

6.30 

2.70 

6.12 

4.80 

3.41 

1.66 

0.80 

2.66 

46.45 

43.37 

35.00 

26.22 

37.76 

0.85 

0.66 

0.85 

0.77 

0.78 

55.80 

49.10 

40.20 

25.20 

42.65 

00 

00 

00 

00 

00 

0.93 

1.20 

1.26 

2.66 

1.51 

4.07 

3.89 

1.95 

2.63 

3.13 

17.93 

19.27 

17.58 

19.86 

18.66 

 

 

5 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

5.30 

5.24 

4.30 

2.90 

4.43 

8.00 

8.10 

8.10 

8.20 

 

2.25 

1.59 

1.16 

1.10 

1.52 

2.90 

1.20 

1.94 

0.86 

1.72 

5.30 

8.20 

3.50 

1.82 

4.70 

2.10 

2.30 

0.64 

0.21 

1.31 

44.16 

40.20 

37.08 

25.72 

36.77 

1.34 

1.40 

0.96 

0.45 

1.03 

50.40 

48.30 

39.90 

24.04 

40.66 

00 

00 

00 

00 

00 

1.14 

1.95 

0.99 

1.31 

1.34 

1.36 

1.85 

1.29 

2.85 

1.83 

23.00 

17.55 

25.90 

25.90 

22.90 

6 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

4.14 

3.94 

3.64 

2.49 

3.55 

8.20 

8.20 

8.30 

8.20 

 

2.20 

1.89 

1.60 

1.15 

1.71 

3.94 

2.60 

1.80 

1.30 

2.41 

2.70 

4.20 

2.90 

2.70 

3.12 

0.44 

0.50 

0.40 

0.70 

0.51 

36.54 

33.00 

31.59 

19.60 

30.18 

0.53 

0.93 

1.00 

0.27 

0.68 

37.60 

35.30 

33.20 

20.80 

22.40 

00 

00 

00 

00 

00 

1.48 

0.66 

1.14 

1.42 

1.17 

1.13 

2.76 

1.55 

1.05 

1.62 

29.23 

21.56 

24.68 

15.07 

22.61 
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Table (4):  Some chemical properties of soil samples of Al-Hamul area (profiles 7 to 9).  

Profile 

No. 

Depth 

(cm) 

EC 

Ds/m 

1:5 

PH 

1:2.5 

O.M 

(%) 

CaCO3 

(%) 

Soluble Ions  (meq/L) 

SAR Cations Anions 

Ca+2 Mg+2 Na+ K+ Cl- CO3- HCO3
- SO4

-2 

 

7 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

6.35 

5.40 

3.00 

1.40 

4.03 

8.30 

8.30 

8.40 

8.50 

 

2.49 

1.95 

1.62 

1.40 

1.79 

1.90 

1.63 

1.12 

0.96 

1.40 

4.70 

3.50 

1.50 

1.80 

2.89 

1.90 

1.10 

0.35 

0.90 

1.06 

54.68 

48.28 

27.36 

10.84 

35.29 

2.00 

0.96 

0.43 

0.24 

0.90 

58.02 

50.90 

26.50 

11.90 

36.83 

00 

00 

00 

00 

00 

1.03 

0.96 

1.44 

1.00 

1.10 

4.23 

1.98 

1.70 

0.88 

2.19 

30.20 

31.97 

28.50 

9.34 

25.01 

 

 

8 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

3.76 

3.48 

3.30 

2.94 

3.37 

8.20 

8.30 

8.30 

8.40 

 

2.50 

1.90 

1.60 

1.30 

1.82 

2.47 

2.12 

2.98 

1.56 

2.28 

4.50 

3.08 

2.50 

5.05 

3.78 

1.10 

0.62 

1.10 

1.35 

1.04 

30.08 

28.84 

27.44 

21.36 

26.93 

1.08 

0.53 

0.50 

0.56 

0.66 

34.50 

30.15 

28.30 

25.40 

29.58 

00 

00 

00 

00 

00 

1.38 

1.24 

0.92 

1.38 

1.23 

0.88 

1.68 

2.32 

1.54 

1.60 

18.01 

21.20 

20.47 

12.00 

17.92 

9 

0 – 30 

30 – 60 

60 – 90 

> 90 

Mean 

4.81 

3.89 

3.60 

1.94 

3.56 

8.00 

8.10 

8.20 

8.20 

 

2.08 

1.80 

1.20 

1.08 

1.54 

2.65 

2.29 

1.63 

1.67 

2.06 

3.70 

2.50 

2.30 

1.70 

2.55 

2.80 

0.55 

0.30 

1.00 

1.16 

40.60 

34.20 

31.66 

15.24 

30.42 

0.72 

0.66 

0.66 

0.29 

0.58 

44.60 

35.02 

32.10 

15.80 

31.88 

00 

00 

00 

00 

00 

1.02 

1.49 

1.57 

1.55 

1.40 

2.20 

1.40 

1.25 

0.88 

1.43 

22.55 

27.80 

27.70 

13.16 

22.80 

 
 

 

 



 
Table (5): Soil CEC, Exchangeable Cations, ECaP, EMgP, ESP and KSP of soil samples of Al-Hamul area 

(profiles 1 to 3).   

Profile 
No. 

Depth 
(cm) 

CEC 
(meq/100 g 

soil) 

Exchangeable Cations 
(meq/100 g soil) 

ECaP EMgP ESP EKP 

Ca+2 Mg+2 Na+ K+ 

 
 

1 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

53.52 
48.32 
36.40 
39.10 
44.20 

18.91 
16.54 
11.38 
12.51 
14.80 

7.87 
6.94 
5.34 
6.12 
5.56 

23.71 
22.71 
17.42 
18.22 
20.50 

1.92 
1.36 
1.28 
1.97 
1.63 

35.46 
34.23 
31.30 
31.99 
33.25 

14.75 
14.40 
14.70 
15.70 
14.88 

44.50 
46.99 
47.90 
46.60 
46.50 

3.60 
2.82 
3.52 
5.04 
3.74 

2 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

56.13 
53.40 
49.90 
35.10 
48.60 

21.66 
22.20 
17.62 
9.01 
17.62 

6.11 
4.32 
4.11 
4.51 
4.76 

25.24 
23.89 
25.31 
17.87 
23.07 

2.81 
1.79 
1.66 
2.49 
2.26 

38.59 
41.57 
35.31 
25.67 
35.28 

10.88 
8.09 
8.23 
12.84 
10.01 

44.90 
44.70 
50.70 
50.70 
47.70 

5.01 
3.35 
3.33 
7.09 
4.70 

3 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

47.22 
44.61 
32.40 
32.00 
39.10 

17.11 
13.36 
10.33 
9.34 
12.50 

3.92 
4.13 
6.56 
6.77 
5.34 

23.44 
22.23 
12.66 
14.11 
18.11 

1.87 
1.99 
2.27 
1.44 
1.89 

36.23 
29.95 
31.89 
29.18 
31.81 

8.30 
9.26 
20.24 
21.16 
14.74 

49.60 
54.30 
39.10 
43.80 
46.70 

3.96 
4.46 
7.01 
4.50 
4.98 
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Table (6): Soil CEC, Exchangeable Cations, ECaP, EMgP, ESP and KSP of soil samples of Al-Hamul area 

(profiles 4 to 6).  

Profile 
No. 

Depth 
(cm) 

CEC 
(meq/100 g 

soil) 

Exchangeable Cations 
(meq/100 g soil) 

ECaP EMgP ESP EKP 

Ca+2 Mg+2 Na+ K+ 

4 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

58.22 
53.25 
41.20 
33.11 
46.44 

21.24 
18.71 
13.74 
10.20 
15.90 

9.56 
4.76 
3.98 
7.55 
6.42 

24.29 
26.21 
21.15 
13.66 
21.32 

2.23 
2.77 
1.43 
0.94 
1.84 

36.48 
35.14 
33.35 
30.81 
33.94 

16.43 
8.94 
9.66 
22.80 
14.45 

41.70 
49.20 
51.30 
41.20 
45.85 

3.84 
5.20 
3.47 
2.84 
3.83 

5 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

59.11 
54.80 
41.40 
35.64 
47.73 

22.84 
17.90 
13.10 
10.22 
16.01 

7.51 
6.23 
6.55 
8.54 
7.20 

25.71 
28.11 
20.26 
14.77 
22.21 

2.43 
1.77 
0.93 
1.11 
1.56 

38.64 
32.66 
31.64 
28.68 
32.90 

12.71 
11.40 
15.82 
23.96 
15.97 

43.40 
51.20 
48.90 
41.40 
46.22 

4.11 
3.23 
2.25 
3.11 
3.18 

6 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

45.38 
43.40 
34.04 
28.11 
37.70 

17.10 
15.31 
1.22 
7.11 
12.40 

6.53 
3.89 
7.44 
5.33 
5.79 

18.32 
22.11 
14.11 
13.84 
17.08 

2.53 
1.37 
2.06 
1.13 
1.77 

37.68 
35.27 
30.02 
25.30 
32.07 

14.40 
8.96 
21.86 
18.96 
16.04 

40.30 
50.90 
41.50 
49.20 
45.50 

5.58 
3.16 
6.06 
4.02 
4.70 

 

 



 
 
Table (7): Soil CEC, Exchangeable Cations, ECaP, EMgP, ESP and KSP of soil samples of Al-Hamul area 

(profiles 7 to 9).  

Profile 
No. 

Depth 
(cm) 

CEC 
(meq/100 g 

soil) 

Exchangeable Cations 
(meq/100 g soil) 

ECaP EMgP ESP EKP 

Ca+2 Mg+2 Na+ K+ 

 
 

7 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

48.30 
39.15 
38.43 
35.04 
40.21 

18.41 
10.66 
13.11 
10.87 
13.26 

5.88 
6.23 
6.87 
8.87 
7.08 

20.77 
19.78 
14.86 
12.64 
17.01 

2.32 
1.24 
2.52 
1.84 
1.98 

38.12 
27.23 
34.11 
31.02 
32.62 

12.17 
17.19 
17.88 
23.31 
18.14 

43.20 
50.50 
38.60 
36.07 
42.07 

4.81 
3.17 
6.56 
5.26 
4.95 

8 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

41.20 
38.90 
34.40 
29.30 
35.90 

15.60 
11.77 
9.52 
10.45 
11.83 

4.83 
9.89 
8.36 
5.74 
7.19 

17.98 
15.11 
13.66 
11.12 
14.46 

1.89 
1.23 
1.96 
1.04 
1.52 

37.86 
30.26 
27.60 
35.67 
32.84 

11.70 
25.42 
24.30 
19.60 
20.26 

43.00 
38.80 
39.70 
37.90 
39.81 

4.60 
3.16 
5.70 
3.55 
4.25 

9 

0 – 30 
30 – 60 
60 – 90 

> 90 
Mean 

52.10 
48.64 
41.16 
34.20 
44.02 

20.11 
17.33 
15.01 
9.91 
15.58 

5.67 
4.01 
7.13 
6.41 
5.80 

24.33 
25.11 
16.78 
15.22 
20.35 

1.34 
0.99 
1.85 
1.76 
1.84 

38.60 
35.63 
36.46 
28.91 
34.89 

10.88 
8.25 
17.32 
18.74 
13.79 

46.60 
51.60 
40.71 
44.50 
45.80 

2.37 
2.04 
4.49 
5.15 
3.56 
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