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ABSTRACT: This research was carried out to study the problems
of soil salinity in soils irrigated with low quality waters. To conduct
this objective, areas of soil in Edko region, El-Behaira Governorate
were chosen, where the different qualities of water were used for
irrigation. Area of study was divided in to three sub areas; 1,2 and 3:
where area 1 are subjected to irrigation from Mahmoudia canal, but
the areas 2 and 3 are received water of low qualities. Three soil
profiles at different depths; 0-20, 20-40, 40-60, and 60-80 cm were
taken from each area.

Obtained results indicated that the irrigation with low water
qualities; C3Sy and/or C,S,, significantly increased the soil salini
and soil sodicity. o

Concentration of soluble cations and anions in areas under study
had the following descending order:

Na" > Mg™ > Ca™ > K’ for cations, and CI' > SO, > HCO; for
anions. :

Data also indicated that the irrigation with waters of low quality
significantly increased the soil exchangeable Na' and K’ but
decreased the soil exchangeable Ca™ and Mg"". ;
Key words: Irrigation water quality soil salinity, soil sodicity,

Redistribution of some soluble and exchangeable ions.

INTRODUCTION

The lack of fresh water isan
obstacle restricting the

Agriculture expansion policy in
Egypt includes both of the barren
extension areas and  the
improvement of the agricultural
production  of the already
cultivated lands. :

development of the cultivated
lands. The utilization of low
quality waters such as drainage
water is of vital importance for the
countries of the arid and semiarid
region. a
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Smce ‘the reuse of low quallty

Egypt to meet the increasing need
of irrigation water for agriculture,

some problems of soil chemical,*

physical and nutritional problems
might be met.

The.:use of such water for

1rr1gatlon resulted in salt build up _.ir
"',i_.?(ccordmg to the quality of their
~ El-Sheikh 2000, Ragab, .

and Rajesh and Bajwa,
1997) Seleem et al., (1989) found .,

in soil (Beecher, 1991; Khan,
1991;

2001,

that irrigating soil w1th drainage
water led to an increase in soils
salinity.  Similar results were
reported by Mostafa ef al., (1992),
El-Samanoudy (1992) and Abu-
Sinna ef al., (1994).

Khan etal, (1992) stated that
sodicity in soil increased with
.increasing salinity of irrigation
water. Balba (1960) reported that
the application of saline irrigation
water decreased the exchangeable
calcium and  increased the
exchangeable sodium. Eisenberg et
al, (1982) detected a positive
relatlonshlp between the soil ESP
and EC values of irrigation water.
Kandil, (1990) reported that ESP
values increased more significantly
under the use of drainage and
mixed water than canal water.
Similar results were obtained by
El-Sayed (1990).
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i MATERIALS AND METHODS

water for irrigation has becomea **
major feature of water resources in -t

In an endeavor to conduct the
main objective of this study, the

4rea’ of Edko region extending

from Zarkon village to Edko City,
El-Behalra Governorate  was
chosén, where the = different
qualities of water were used for

. 1mgat10n This region was divided

in to three areas; 1, 2 and 3
irigation water, each of them is
@bout 500 Feddans.  Area 1 lying
on the northem side of Edko Road
was _irrigated ' from Mahmoudia
Canal. The other two areas; 2 and
3 lie on the southern side of the
same road where, area 2 received a
mixture of water from Mahmoudia
Canal and drainage water. Area 3.
received only drainage water.

Three . soil profiles were
randomly chosen in each area. Soil
samples were taken from eachto
represent the depths of 0-20, 20-
40, 40-60 and 60-80 cm and
chemically ~analysed. Irrigation
water used was chemically
analysed, Table (1).

Chemical analyses of soil and
irrigation  waters were  done
according to the standard methods
described by Richards (1954) and
Jackson (1958). Cation exchange



Table (1): Chemical characteristics of irrigation water at different studied areas 1, Il and III
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Area of source | Rep. | pH | ECy Cations (me/L) Anions (me/L) SAR | Water
of irrigation ‘ dS/m| Na' | K | Ca™ | Mg" | COs” [HCO; | CI' | SO Class
water
I 1 |81 ]|062| 296|030 | 278 |232]| T. | 420 | 200 | 216 | 1.85 | C;S;
Nile 2 (819|056 240 | 020 | 289 | 1.70 | T. | 400 | 2.00 | 1.19 | 1.58 | C;S;
water 3 |817|059) 296 | 026 | 278 | 181 | T. | 460 | 2.00 | 1.21 | 1.95 | C,S;
_Miean () 815{059] 210 [ 025 | 282 | 194 | T. | 426 | 200 | 1.52 | 1.36 | C;S;
a 1 |823(134] 960 | 036 | 444 | 270 [ 0.10 | 480 | 10.0 | 2.20 | 5.08 | C;S;
Mixed 2 |840(135] 9584 | 038 | 500 | 520 | 015 | 480 | 10.0 | 491 | 435 | C;S;
water '3 862 158|940 | 028 | 444 | 321 | 020 | 340 | 90 | 493 | 481 | CsS,
Mean (D) | 8.41 [142] 961 | 034 | 462 | 3.70 | 015 | 433 | 966 | 4.01 | 475 | CsS;
m 1 |826)309]2558| 057 | 556 | 873 | 010 | 520 | 26.0 | 9.41 | 9.76 | C.S;
Drainage | 2 [8.26(3.21|2695| 060 | 556 | 873 | 0.10 | 580 | 27.0 | 8.94 | 10.00 | C.Sy.
| __water 3 |860|3.15[2475]| 057 | 3.33 | 994 | 0.18 | 6.30 | 23.0 | 9.11 | 961 | CuS:
Mean (1IT) 8.37 |3.15]2576 | 0.58 | 4.82 | 9.13 | 013 | 576 | 253 | 915 | 9.82 | C,S;

Classification of water class according to Richards (1954).

C.S = Medium salinity, low sodium hazard
G5, = High salinity, low sodium hazard

C.5 = Very high salinity, low sodium hazard
EC. = Flectrical conductivity of irrigation water.

60p
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capacity (CEC) and exchangeable - ; :
g PH, Table (2)it will be concluded

that there were insignificant effects
of the quality of irrigation water on
.the pattern ‘of soil pH in studied

cations were measured according
to Tucker (1954). .

RESULTS AND DISCUSSION.

Soil salinity and soil pH:
Table (2) shows the

redistribution of soil salinity and
pH through the soil profile. Data
show that area subjected to irrigate
with Mahmoudia Canal water
(C2S)) had average values of soil
EC.; 0.80, 0093, 0.95, and 0.90
dSm™ through the soil depths; 0-
20, 20-40, 40-60, and 60-80 cm in
corresponding with; 3.52, 5.69,
8.33, and 9.42 dSm™, respectively
in the area irrigated with the mixed
water (C;S)). Area that affected by
irrigation with drainage water
(CsS;) had average values of soil
EC, 451, 5.76, 7.45, and 8.89
'dSm’', respectively.

Thus, there is an evidence
indicating that the different water
qualities led to a significant
difference’ in soil EC,, Table (3).
Each of mixed water (C3S;) and
drainage water (C4S;) showed an
insignificant difference of soil EC.
at both surface and subsurface soil
layers. Therefore, the problems of
soil salinity were associated with
the increase of salinity of - the
applied water as well as the
increase of soil depth. These
findings were in harmony with the
results of Beecher (1991), El-
Sheikh (2000), and Ragab (2001).

Hassan' et, al.

~Considering the data of soil

areas; Table (3). This finding
agreed with the results of Kandil
(1990), and El-Sheikh (2000).

Redistribution of soil soluble
cations and anions: .
- Reference to the data in Table

(2), it could be stated that, sodium

is the major soluble cation in all
studied areas. It shows a great

‘increase of both surface and

subsurface soil layers in areas
irrigated with the mixed water
(C3S1) and drainage water (CsS)).
This increase was also associated
with depth. Irmrigation with low
quality water  resulted a
significantly build up of soil
soluble Na’ as compared with the
area irrigated with Mahmoudia
Canal, Table (3).

The other soluble cations; K,
Ca'™" and Mg'" had the same
pattern of Na’ but the significance
of increase was different.
However, in surface layers, the
soluble : Ca™ and Mg"™ were
significantly higher in soils which
received drainage water (C,S;)
followed by that irrigated with the
mixed water (C3S;). Soluble K*
was significantly.



Table (2): Chemical characteristics of the studied soils as affected by the quality of irrigation water.

. (Area I)
Rep. | ECy |Water| Depth | ECe | pH SP Cations (me/l) Anions (me/L) ESP
{(dS/m) | class | (cm) {(dS/m Na" | K' [Ca"™ [Mg" |COs [HCOs| CI' | SO, :
D-20 [ 088 | 785 86 48 1014 1389 1121] 00 3.6 40 | 244 | 9.74
1 062 ;C,Sy) 20-40 | 1.26 | 7.92 | 81 84 1010 {445 167 ] 00 | 34 | 40 | 7.22 {10.16
N.W 40-60 | 1.22 | 8.01 82 |832|006|334|329]100 | 32| 70 |481] 139
60-80 | 1.14 | 8.07 | 81 8.32 {006 {223 | 134 ] 0.0 3.4 4.0 | 455158
0-20 | 054 | 757 | 77 24 1018 | 234 [125] 0.0 25 20 | 167 ] 6.29
2 056 | C,S;| 20-40 | 0.50 { 7.77 | 80 | 272 | 0.16 | 234 | 125] 00 | 22 1.5 | 277 | 6.97
N.W 40-60 [ 051 | 791 | 75 [312 | 014 {223 ({083 | 00 | 22 | 20 [212 [ 7.02
60-80 | 0.58 | 7.89 | 69 ]328 1012 ]2781079] 0.0 2.6 20 1237 J11.11
0-20 (1001796 | 75 {768 | 016 | 334 | 125 0.0 | 3.6 3.0 | 583 111.29
3 059 |C.,S,} 20-40 { 1.05 [8.02 | 85 {864 | 010|278 | 0.79 ] 0.0 34 5.0 {391 [14.01
N.W 40-60 { 1.14 | 810 ( 88 ]10.321 0.10 | 278 | 0.82 ] 0.0 3.8 4.0 | 6.52 14.29
60-80 | 113 | 844 | 83 |11.28] 0.08 | 1.73 | 0.82 T, 4.2 4.0 | 571 |19.47
0-20 | 080|779 | 79 | 496 [ 016 | 319 | 123 | 0.0 {323 | 3.0 |3.31 ] 9.1
Mean|{ 059 |[C,S,( 2040 | 093 | 790 | 82 |6.58 {012 | 3.19 {124 | 0.0 [ 3.00 | 3.83 {463 (104"
M N.W 40-60 | 0.95 | 8.00 | 81 725|010 | 278 ;165 ] 0.0 [ 3.06 | 433 | 448 | 11.7
60-80 | 095 | 813 | 77 | 762 | 008 | 224 [ 098 | 00 !340 | 333 421|155
NW = Nile water o
EC.. = Electrical conductivity of irrigation water.
EC. = Electrical conductivity of soil paste.

£002 (2)oN 0€ "104 sy oudy [ 517037
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Table (2): Cont.

v , . (Area II)
Rep. | ECi, |Water| Depth | EC. | pH SP Cations (me/L) Anions (me/L) ESP
- | (@s/m) | class | (cm) |(dS/m) Na' | K |ca” {Mg'"]cos |HCOy| CI' | SO,
0-20 | 448 | 833 | 125 | 43 134 | 5.56 | 6.17 00 3.8 36 |16.27)27.73
1 | 1.3 | CsSy| 2040 | 492 | 8.52 | 132 45 1.08 | 445 | 5.75 T 44 45 | 6.88 |38.99
P MW 40-60 | 6.69 | 8.44 | 117 76 1.49 | 5.56 | 6.68 00 4.4 73 |12.33132.87
U 60-80 | 8.88 | 844 | 120 | 80 |1.76 | 500 | 7.24 | 00 | 3.2 76 [14.81]38.40
0-20 |3.72 [ 854 | 108 | 31.9 | 0.96 | 3.89 | 6.31 T | 42 29 | 9.86 |26.47
2 135 {C3S;} 20-40 | 54 | 849 | 145 53 122 | 278 | 3.34 00 4.0 48 | 8.34 142.32
MW 40-60 | 9.15 | 8.33 | 150 92 182 | 5004187100 | 3.8 86 13.2 148.57
60-80 {10.42| 8.49 | 126 | 102 | 2.12 [ 3.34 | 7.88 00 3.0 99 [13.19]52.06
: 0-20 | 237 [ 806 | 95 | 168 | 0.88 | 456 | 571 | 00 | 3.4 14 [10.55114.72
3 1.58 | C3S; | 20-40 [ 6.76 | 7.86 | 102 50- 1233 | 8.03 | 152 00 22 29 | 44.4 |24.35
MW 40-60 | 9.17 | 7.87 97 51 250 {20.05| 33.6 00 2.0 34 | 71.7 120.02
60-80 [ 896 | 794 | 100 | 56 | 3.20 {18.08| 30.5] 00 | 2.0 34 [ 72.5 ]126.57
0-20 135218311 109 1305|106 {467 | 6.08 00 3.8 | 263|122 |22.97
Mean | 142 | C3S, | 20-40 | 569 | 829 | 126 | 49.3 | 1.54 | 508 | 8.09 | 00 | 3.53 | 406 | 19.8 }35.22
(1) MW 40-60 [ 833 | 821 | 121 | 73.0 | 1.93 (10.30 | 14.8 00 34 | 643 | 324 ]133.82
60-80 1942 | 829 | 115 ] 79.3 | 2.36 | 9.04 | 156.2 00 | 273|696 | 33.5 }39.01
MW = Mixed water
ECw = Electrical conductivity of irrigation water.
EC. =

Electrical conductivity of soil paste.



Table (2): Cont..

Area III)
Rep. | ECw |Water| Depth | EC. | pH SP Cations (me/L) Anions (mefL) ESP
(dS/m) | class | (cm) |(dS/m Na' | K' [Ca™ | Mg |CO; |HCOs| CI | SO,
0-20 {526 1773 | 106 | 396 | 0.94 | 578 [15.22| 00 3.2 38 (20.3412261
1 3.09 | CsS,| 20-40 | 6.05 | 798 | 112 | 51.0 { 0.88 |'7.22 |10.64]| 00 3.2 48 [18.54]26.78
D.W 40-60 | 9.10 | 810 | 115 | 77.0 | 1.50 | 10.0 {20.61] 00 3.0 75 131.11]31.87
60-80 |10.66) 8.16 | 103 1 92.0 | 268 |11.67 |21.49] 00 3.0 90 |34.84]28.81
. 0-20 | 549 { 801 | 86 | 38.4 | 0.88 | 833 |1361] 00 3.6 35 |22.62]28.69
2 321 | C4S, | 20-40 | 4.73 | 8.15 85 | 382092500871 00 34 38 [11.48)29.01
bW 40-60 { 599 | 795 | 120 { 46.0 | 1.18 | 6.11 |10.73| 00 22 44 |17.82]30.86
60-80 | 8.18 | 7.74 | 125 | 52.0 | 1.76 [16.11[21.65] 00 2.0 61 [18.52{41.17
0-20 {278 | 857 | 75 | 204 | 0.53 [3.33 [ 483 | 00 46 16 | 8.33 |23.52
3 315 | C4S: | 20-40 | 6.52 | 7.71 70 | 292 1122|194 | 265 00 22 31 (43.14119.80
D.W 40-60 | 7.26 | 7.65 70 1430 ) 118 | 222 | 273 00 26 40 {51.08]20.94
60-80 | 7.85 | 7.68 59 | 43.0 (122|178 | 235 ]| 00 3.0 40 |42.55]24.46
0-20 451 {810 89 | 328 ({078 ( 58 | 11.2 T 38 | 296 | 17.1 [24.94
Mean| 315 | C,S; | 20-40 | 576 | 794 | 89 | 395 |1.00 | 105} 153 | 00 28 38 | 244 12519
(Iil) | bW 40-60 | 745 1 790 [ 101 | 553 | 1.28 | 128 | 195] 00 | 2.6 53 | 33.3 [27.89
60-80 | B.89 | 7.86 95 1623 ;1.88 | 152 | 222 00 | 26 | 636 | 33 13148
Dw = Drainage water
EC;. = Electrical conductivity of irrigation water.
EC, = Electrical conductivity of soil paste.

£00Z (2)'ON 0f " 104 “saY "2u3y [ 812307
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Table (3): Variance analysis and L.S.D of chemical characteristics
for the studied soils as affected by the quality of
irrigation water.

A- Surface layer (0-40 cm

Irrigation | EC, Cations (mg/L) Anions (mg/L)
source ((dS/m)| Na K Ca | Mg [HCO;{ CI | SO,
NW 0.87b|5.77b | 0.14c | 3.19b | 1.23¢c | 3.11 | 3.25b|3.97b
MW 4.61a |39.95a] 1.30a }6.76ab] 7.08b ) 3.66 | 33.5a|16.05a
DW 5.14a |36.13a] 0.89b | 8.18a | 13.2a 3.36'. 3.36a (20.74a

LS Dyos | 0.70 | 1401 | 037 4'25 376 { NS |14.13110.42

B- Subsurface layer (40-80 cm)

Irrigation | EC, Cations (mg/L) Anions (mg/L)
source ((dS/m)| Na K Ca Mg [HCO;| Cl | SO,
NW 0.95b(744b|0.09b| 252 | 1.31b] 3.23 | 3.83b) 4.35
MW 8.882|76.17a| 2.15a | 15.0 |15.0ab] 3.06 |567.0a] 32.9
DW 8.17a|58.83a) 1.58a | 139 |2.09a] 2.63 | 58.3a| 32.6

L.SDoos | 2.86 |40.74| 1.21 | NS | 17.9 | NS | 425 | NS

* Means with the same letter are not significantly different.
N.S = Not significant different.
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greater in soils . subjected to
irrigation with the mixed water
(C5S;) followed by that received
drainage water. Whereas, in
subsurface soil layers, the different
water qualities had an insignificant
effect on soil soluble Ca™. Soluble
K" was significantly increased in
soils irrigated with mixed water
(C53S,) and drainage water (C4S)).
Soluble Mg'" was significantly
greater in soils received drainage
water, Table (3).

Finally, the concentration. of
soluble cations in studied areas
were in the following descending
order: Na' >Mg'" > Ca™" > K".

Soil soluble anions:

As previously mentioned of
soil soluble cations, CI represent
the major soluble anions followed
by SO, through the soil profile.
Bicarbonate ions were relatively
lower than CI” and /or SO4”, Table
(2). The concentration of both CI’
and SO, were relatively increased
with depth, a counteractive trend
was observed with HCO5’, where it
relatively increased at the upper
soil layers. This is may be a
reflection of roots and micro-
organisms activity.

" However, the different water
quality shows an insignificant
effect on the redistribution of soil
soluble HCOs-.

415

Irrigation with each of mixed
water (C3S:) and drainage water
(C4S,) significantly increased the
soil soluble CI" at both surface and
subsurface soil layers.

The distribution pattern of soil -
soluble CI through the soil profile
shows an  accumulation in the
subsurface layers and this reflects
to the relatively high mobility of
this anions as reported by Khan ez
al, (1992). Mixed water and
drainage water showed an no
significant effect on soluble CI
Table (3). Soluble SO4 was
significantly greater in the surface
soil layers under irrigation with
low quality water, but there was no
significant  difference between
mixed and drainage water. In the
subsurface soil layers, irrigation
with waters of different quality
showed no significant effect on
soil soluble SO4 . S

Soluble anions were in .the
following descending order:

Cl'> S04 > HCOs'.
Soil cation exk:hange capacity

(CEC), soil . sodicity  and
Exchangeable cations:

Data of soil CEC (Table 4)
show that the values of soil CEC in
area irrigated with Mahmoudia
Canal water were relatively higher
than those in other areas irrigated
with mixed (C;S)) and drainage
water cspecially at the upper soil
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layers. This trend might be due to
the depressive effect of salinity on

~ the activities of microorganisms

responsible for decomposition of
organic matter (El-Toukhy, 1987).
At the subsurface soil layers, the
irrigation with different qualities of
water had an insignificant effect on
soil CEC, Table (5).

Soil Sodicity:

Regarding to the data of soil
ESP, Tables (4) and (5) show that
soils irrigated with mixed water
and/or drainage water have a
significant increase of soil ESP as
compared with that received
Mahmondia canal water especially
at surface soil layers.

Thus; there is an evidence to
indicate that the irrigation with
mixed  water (Cs3S:) and/or
_drainage water (C4S) increased
the soil sodicity. These results
were in harmony with that of
Eisenberg et al., (1982), Kandil,
(1990), El-Sayed (1990), El-
Gazzar (1996), and Habib (1999).
This might be due to the
equilibrium between the soluble
and exchangeable cations and the
redistribution of cations on the
colloidal complex.

Therefore, irrigation with low
quality water, of sodic hazards
causes problems of soil sodicity
especially in the root zone.

exchangeable

‘Hassan, et. al.

Exchangeable cations:

Data on exchangeable cations
(Tables 4 and S5 show that
irrigation with water of low
quality, (CsS; or C,S, waters)
significantly increased ‘exchange-
able Na" and K'. On the other
hand, exchangeable Ca’" and Mg™*
significantly  decreased.  This
reflects a replacement of Ca™" and
Mg"™ by Na* and K* due to the
relatively high salinity leve] of the
irrigation water as well as the
increase of Na' and K’
concentrations of the irrigation
water. These findings agree with
those obtained by Balba (1960),
Lal and Singh (1974), Kandil,
(1990), and El-Gazzar (1996). In
addition, the above situation of
cations are
appreciably noticed in the surface
soil layers.

Data also indicate no
significant  variations between
water classes C3S; and C,4S; on the
trend of exchangeable cations,
with the exception of exchangeable
K" that significantly decreased
more in the soils irrigated with
water of C4S; class than those
which received water of C;S;
class. This reflects Na competition
under conditions of relatively high
salinity.



Table (4): SAR, CEC, exchangeable cations and exchangeable cations in percent of CEC for the studied
soils as affected by the quality of irrigation water.

(Area )
Rep. | ECw |Water | Depth | SAR | CEC |Exchangeable cations (me/100g)] _Exchangeable cations (%)
(dS/m) | class | (cm) me/100g| Na’ K| Ca” | Mg” | ESP | EKP_| ECaP | EMgP |
0-20 3.0 60.36 5.88 146 | 33.71 { 1931 ] 9.74 242 | 5595 | 31.99
1 062 | C,S¢ | 20-40 4.8 61.75 6.27 1.04 | 28.36 | 26.08 | 10.16 | 1.68 | 45.93 | 42.23
N.wW 4060 | 567 54.60 7.59 0.75 | 20.54 | 25.72 1 13.9 1.37 | 37.62 | 47.11
60-80 7.7 57.85 9.14 1.27 | 2490 | 2254 | 158 2.16 | 25.32 | 38.00
0-20 1.79 58.68 3.69 1.41 39 14.58 | 6.28 240 | 66.46 | 2485
2 056 | C,S: | 20-40 | 2.03 57.86 4.03 1.50 | 31.06 | 21.27 | 6.97 2.59 | 53.68 | 36.76
N.W 40-60 | 2.52 54.97 3.86 142 | 2843 | 21.26 | 7.02 2.58 | 51.72 | 38.68
60-80 | 2.46 51.01 { 5.65 1.20 | 25.20 19 11.11 | 2.35 | 49.36 | 37.18
' 0-20 5.07 53.34 602 | 155 12899 | 1678 | 1129 | 290 | 54.35 | 31.46
3 0.59 | C;S: | 20-40 : 6.47 54.89 7.69 117 | 27.84 | 18.19 | 14.01 | 213 | 50.72 | 33.14
N.W ’ 40-60 | 6.45 56.60 8.09 1.06 | 2152 | 25.93 ) 1429 | 1.88 | 38.02 | 45.81
60-80 | 9.98 5660 | 11.02 | 0.97 [ 2322 | 21.39 | 1847 | 1.72 | 41.02 | 37.79
0-20 3.28 | 57.46 5.20 1.47 33.9 16.9 901 | 257 58.9 | 204
Mzan | 0.59 | C,8y | 20-40 | 4.43 58.16 6.00 ; 1.23 29 21.8 104 213 50.1 374
M N.W 40-60 | 4.88 55.40 6.51 1.07 235 243 117 1.94 425 439
: 60-80 | 6.71 j.55.15 8.60 1.14 244 21 15.6 2.07 | 4424 | 38.08
_0-80 4.82 56.54 6.57 1.22 27.7 21 1165 | 217 | 47.52 | 37.12
N.W = Nile water EKP = Exchangeable potassium percentage
SAR = Sodium adsorption ratio ECaP = Exchangeable calcium percentage
ESP = Exchangeable sodium percentage EMgP = Exchangeable magnesium percentage

Z
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Table (4): Cont.

(Area II) —
Rep. | ECy | Water | Depth | SAR | CEC Exchan?eable cations (me/100g)}  Exchangeable cations (%)
. |(dS/m)| class | (cm) me/100g] Na' K Ca” | Mg” | ESP | EKP | ECaP | EMgP
1 ] 0-20 [ 17.77 | 4256 | 11.8 | 3.84 | 1217 | 1475 ]| 27.73 | 9.02 | 28.59 | 34.66
1 1.34 | C38¢ | 20-40 | 1991 | 4334 | 169 | 295 | 1491 | 858 | 38.99 | 6.81 | 3440 { 19.80
| MW 40-60 | 30.77 | 4143 | 1362 | 259 | 16.01 | 9.21 | 32.87 | 6.26 | 38.64 | 22.23
60-80 | 32.39 | 4753 | 1825 | 419 | 1763 | 746 | 3840 | 881 | 37.09 | 15.70
-1 020 | 1412 | 4076 | 10.79 | 260 | 2141 | 596 | 2647 | 6.38 | 52.53 | 14.60
2 1.35 | C38¢ | 20-40 | 30.29 | 4265 | 18.05 | 3.03 | 1369 | 7.88 | 42.32 | 7.10 | 32.10 | 18.48
MW 40-60 | .43 476 |} 2312 | 336 | 10.11 | 11.01 | 48.57 | 7.06 | 21.24 | 23.13
60-80 | 43.04 | 4165 } 2168 | 270 | 10.96 | 6.31 | 52.06 | 648 | 26.31 | 15.15 |
. 0-20 | 740 | 4294 | 632 | 274 | 1442 | 19.46 | 1472 | 6.38 | 33.58 | 45.32
3 1.58 | C38; | 20-40 | 14.67 | 41.15 { 10.02 | 3.10 | 15.36 | 12.67 | 24.35 | 7.53 | 37.33 | 30.79
MW 40-60 | 980 | 3785 | 7.58 | 235 | 16.85 | 11.07 | 20.02 | 6.21 | 44.52 | 20.25
60-80 | 11.28 | 3545 | 942 | 348 | 9.51 | 13.04 | 26.57 | 9.82 | 26.83 | 36.78
: 0-20 | 13.09 | 4208 § 963 | 3.06 | 16.0 | 13.39 | 2297 | 7.26 | 38.23 | 31.52
Mean | 142 | CsS; | 20-40 | 21.62 | 42.38 | 1499 | 3.03 | 1465 | 9.71 | 3522 | 7.15 | 34.61 | 23.02
a | Mmw 40-60 | 27.85 | 4229 } 1477 | 276 | 1432 | 1043 | 3382 | 6.51 | 348 | 24.87
‘ 60-80 | 2890 { 4154 | 1645 | 3.46 | 1270 | 8.93 ] 39.01 | 8.37 | 30.07 | 22.54
MW = Mixed water , EKP = Exchangeable potassiuin percentage
- SAR = Sodium adsorption ratic ECaP = Exchangeable calciom percentage
ESP = Exchangeable sodinm percentage EMgP =

Exchangeable magnesium percentage



Table (4): Cont.

(Area I1I)

Rep. | EC;y, | Water [ Depth | SAR CEC |Exchangeable cations (me/100: Exchangeable cations (%) .
(dS/m)| class | (cm) me/100g| Na' K| Ca” | Mg" | ESP | EKP | ECaP | EMgP
'0-20 {1222 | 4520 | 1022 | 2.20 | 1864 | 14.14 [ 2261 | 4.87 { 41.24 | 31 28 |
1 3.09 | C4S¢ | 20-40 | 17.06 | 49.67 | 13.30 | 229 | 24.35 | 9.73 | 26.78 | 4.61 | 49.02 | 19.59
D.wW 40-60 | 1968 | 4594 | 1464 | 2.03 | 16.66 | 12.61 | 31.87 | 442 | 36.26 27.45
60-80 | 226 | 37.11 1069 | 2.64 | 12.57 | 11.21 | 28.81 [ 7.11 | 33.87 | 30.21
0-20 | 11.59 | 4437 11273 | 199 | 19.51 | 10.14 | 2869 | 449 | 43.97 | 22.85
2 321 | C,Sy | 20-40 | 17.83 | 38.98 | 1131 | 1.85 | 16.53 | 9.29 | 29.01 | 4.75 | 42.41 | 23.85
D.W 40-60 | 1586 | 52.78 11629 | 2.64 | 2167 | 12.18 | 30.86 | 50 | 41.06 | 28.08
o 60-80 | 12.0 | 5462 | 2249 | 236 | 2249 | 7.28 | 41.17 | 432 | 41.18 | 13.33
0-20 | 10.02 | 35.75 8.41 1.80 | 13.63 | 11.91 | 23.52 | 5.05 | 38.12 | 33.31
3 315 | C,S¢ | 20-40 | 6.09 | 29.09 5.76 148 | 1319 | 866 | 19.80 | 5.09 4534 | 29.77
D.w 40-60 | 8.65.| 34.82 7.29 169 | 1560 | 10.24 | 2094 | 4.85 | 44.8 | 29.41
60-80 | 9.45 | 34.62 8.47 160 | 14.82 | 9.73 | 24.46 | 462 | 42.81 | 28.11
0-20 | 11.27 { 41.77 | 10.45 | 10.45 | 17.26 | 12.06 | 24.94 | 4.80 | 41.11 | 29.14
Mean [ 315 | C,S; | 20-40 | 1366 | 39.24 | 10.12 | 10.12 | 18.02 | 9.22 | 25.19 | 4.81 | 45.59 | 24.40
(ip | bw. 40-60 | 14.73 | 44.51 12.74 | 12.74 | 17.97 | 11.67 | 27.89 | 4.75 | 40.70 | 28.31
60-80 | 1468 | 4211 | 13.88 |.13.88 | 13.29 | 9.40 | 3148 | 535 [ 39.28 | 23.88
DWW = Drainage water EKP = Exchangeable potassium pércentage
SAR = Sodiumn adsorption ratio ECaP = Exchangeable calcium percentage ..
ESP = Exchangeable sodium percentage EMgP =

Exchangeable magnesium percentage
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Table (5): Variance analysis and L.S.D of SAR, CEC,
exchangeable cations and exchangeable in percent for
the studied soils as affected by the quality of irrigation
water.

A- Surface layer (0-40 cm) ,
Irrigation | SAR |CEC Exchangeable cations Exchangeable cations
(me/100g) (%)

source Na | K | Ca | Mg | ESP [ EKP [ECaP|EMgP

N.W 3.86b |57.8a] 5.60b | 1.35¢|31.5a|19.4a]9.74b|2.35¢c |54.5a| 33.4

MW 17.4a [42.2b] 12.3a [3.04a|15.3b|11.5b|29.1a|7.20a |36.4b| 27.2

DW |12.5ab|40.5b|10.3ab|1.93b|17.6b|10.5b]25.0a|4.81b|43.3b| 26.7

L.S.Dgos | 899 | 820 5.87 0.54J 620 (677 1129|107 792 126
~ B- Subsurface layer (40-80 cm)
Irrigation  SAR | CEC | Exchangeable cations Exchangeable cations
(me/100g) (%)
source Na | K | Ca | Mg | ESP | EKP |ECaP |EMgP

NW 580 | 5531 756 | 1llc | 3% | 26 | 136 | 20lc | 405 | 407a

MW 284 | 419 | 156 | 31la| 135 (968b| 364a | 744a | 324 | 3B

D_.W 147 | 439 | 133 | 216b | 173ab| 105b | 296ab | 505 | 400 | 26.1b

LSDoos | NS | NS | NS (058 (831378278145 N.S | 9.81

* Means with the same letter are not significantly different.
N.S = Not significant different.
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