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ABSTRACT: An experiment was carried out under the laboratory
conditions at El-Gemmeiza Agric. Res. Station, EI-Gharbia
Governorate, to study the combination effects of water solution
having different ratios of Ca, Mg and Na at different salinity levels
on soil sorption — desorption dynamics of these cations and the
selectivity coefficient of Ca-Mg, Ca-Na and Mg-Na exchange
reactions at the equilibrated clay soil, where 100 gm clay loam soil
equilibrated with 100 ml distilled water contains {(0.01, 0.02, 0.03,
0.04, 0.05, 0.1 and 0.2) x soil CEC meq of the different combination
of Ca, Mg and Na chloride salts ).

The results were passed through a triangle diagram using
special computer programme, where thirteen water solution
treatments were used to cover all the possible combinations of Ca,
Mg and Na salts at different salinity levels. The obtained results
could be summarized as follows:-

1- The maximum cation adsorption values for Ca, Mg and Na were
generally increased with increasing its concentration in the
equilibrated solutions.

2- The maximnm cation desorption values for Ca, Mg and Na were
also increased with increasing the concentrations of one or two of
the other cations in the equilibrated solution..

3- Selectivity coefficient ( Ks ) for Ca-Mg exchange reaction of the
equilibrated soil show preferential Ca adsorption relative to Mg
was increased with decreasing salinity level specially at 0.01 soil
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CEC or by increasing Ca/Mg solution ratios specially at 100/0

. ratio.

. 4- A similar trend was found for Ca-Na and Mg-Na selectivity

coefficient (Ks) but the Ca-Na (Kz) values were higher than
that of Mg-Na, this may be due to different specific cation
effects for Ca, Mg and Na cations.

Key words: Sorption - desorption, selectivity coefficient (Ks),

equilibrated solution.

INTRODUCTION

Irrigation water quality is one
of the limiting factors facing the
agricultural expansion all over the
world. Ground water and surface
water always contain different
amounts of soluble salts which
affect the chemical and physical
properties of the soil, Ministry of
Public works and Water Resources
(1999). The cations of K, Na, Ca
and Mg are adsorbed in different
ratios on the colloidal fraction of
the soil, and represent more than
90% of the exchangeable cations,
and the last three cations influence
some soil physical properties, like
water flow and aggregation
(Moussa, 1987).

The selectivity coefficients are
essential parameters that influence
cation distribution between sorbed
and solution phases and thei
mobility in the soil profile (Thabet
and Selim, 1996).

The aim of this experiment is
to study the combination effects of
water having different Ca : Mg :
Na ratios at different salinity levels
on soil sorption and desorption and
selectivity coefficient of Ca-Mg,
Ca-Na and Mg-Na exchange
reactions of the equilibrated clay
soil of El-Gharbia Governorate.

MATERIALS AND
METHODS

Clay loam soil samples were
taken from the surface layer (0
30cm) from Zifta, El-Gharbia
Governorate. The main physical
and chemical properties of the
initial soil samples were presented
in Table 1.

The three factors computer
model ( Moussa, 1987) was used
in this study. The actual thirteen
combined treatments are illustrated
in Figs. 1 and 2 and presented in
Table 2.
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To study the sorption-
desorption of Ca, Mg and Na of
soil, seven concentrations of saline
solutions were prepared on the
basis of soil cation exchange
capacity (CEC) to be 0.01, 0.02,
0.03, 0.04, 0.05, 0.1 and 0.2
meq/100 ml distilled water. The
thirteen combination treatments of
Ca, Mg and Na (chloride salts)
of each above  mentioned
concentrations, which cover all the
possible Ca, Mg and Na
combinations were equilibrated
with 100g soil, Table 3, with
four replicates in addition to a
blank

Table 1:The main physical and
chemical properties of the
investipated soils

Characteristics Value
Particle size distribution, %

Coarse sand 0.30
Fine sand 29.80
Silt 41.20
Clay 28.70
Texture class clay loam
EC (dSm™) 1.26
pH soil suspension 1:2.5 7.35

Soluble ions in soil saturation
extract, meq/l |

a_, 5.36
Mg 4.00
Na 372
K’ 0.23
HCOy 2.30
Cr 4.49
S0, 6.02
Exchangeable cations (meqg/ 100g soil)
Ca™ 34.09
mg"” 9.70
Na™ 1.57
K' 0.97
CEC (meq/100g soil) 46.74
CaC0,,% 2.02
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Fig. (13 Gruide for the Ca(X (), Mg X7) and
Na{X3) combination of each point

e vt i et ion 5B

Fig. (2)' Treatments sites on the triangle
dyagram

Table

2:The chosen combination of
thirteen treatments of the
computer model

Relative fractional

Relative concentration

!

E s as unit percentages

E Z €2 Mg Na Ca Mg Na

E: X) Xy X)) X)) (X) (X))
1 i 0 1] 100 0 0
2 ) 1 0 0 100 1]
3 0 0 1 0 0 100
4 1/2 1/2 0 50 50 0
5 1/2 0 1/2 50 0 50
[} 0 /2 1/2 0O 50 50
7 143 1/3 1/3 333 333 333
8 4/6 1/6 1/6 666 166 166
9 1/6 4/6 1/6 166 666 166
10 /6 1/6 4/6 166 166 606
14 4/9 4/9 1/9 444 444 11
12 4/9 1/9 4/9 444 1.1 444
13 1/9 4/9 4/9 111 444 444
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treatment.  Suspensions  were
shaken for one hour and lift for 48
hours to equilibrate, then shaken
for 10 minutes and lift for 24
hours, then shaken for 10 minutes
and filtered, Moussa (1991).

Chemical analyses were carried
out according to Page er al
(1982). Selectivity coefficient (Ks)
for Ca-Mg, Ca-Na and Mg-Na
exchange reactions were calculated
according to Levy ef al. (1972) as

Ks.:

Ca soiltMgsoiution

a-Mg

Mg soil-Casolution

Casoik-Nasolution

a-N

MgNa

o
Nasoil+Casolution

Mgsoik-Nasolution

Nasoilk Mgsolution

Where Ca, Mg and Na in soil and
solution phases are expressed as
equivalent fractions.

Table 3 : Composition of the different

represent the desirable cation exchange capacity levels

solutions prepared to

0.01 0.02 0.03 0.04

Solution No.

Ca Mg Na Cs Mg Na Ca Mg Na Ca Mg

Na

0.05
Ca Mg

Na

Amount of cations, meq /100 ml water from soil CEC

0.1
Ca Mg

Na

Ca

02

Mg

Na

-

046 - - 093 - - 139 - - 186 -

2 - 046 - - 093 - - 139 - - 18
3 - -04 - -093 - - 139 - -

4023023 - 046046 - 070070 - 093 093
5023 - 023046 ~ 046070 -~ 070093 -

6 -~ 023023 - 046046 - 070070 - 093
7 0.150.150.15 031 ©.310.310.46 0.45 0.46 0.62 0.62
8 031008008 0.62 0,150.150930230.23 1,24 031
9 0.080.310.08 0.15 0.620.550.23 093 0.23 0.31 1.24
10008 0.080.31 0.15 0.150.620.23 0.23 0.93 0.31 0.31
110.210.210.05 041 041010062 0.620.15 0.83 0.83
120.21 0.050.21 0.4] .100.410.62 0.150.62 0.83 0.2§
13005021021 0.10 0.410.410.15 0.62 062 0.21 0.83

1.86

0.93
0.93
0.62
0.31
0.31
124
021
0.83
0.83

232 -
- 232
270 2.70
20 -
- 270
0.77 0.77
1.55 0.39
0.39 1.55
0.39 0.39
1.03 1.03
103 0.26
0.26 1.03

2.32
2.70
270
0.77
0.39
.39
1.55
0.26
1.03
1.03

465 -~
- 4.65
232 232
232 -
- 23
1.55 1.55
310 0.77
0.77 3.10
0.77 0.77
206 2.06
206 052
0.52 2.06

4.65

232
232
1.55
0.77
0.77
310
0.52
206
206

9.30

4.65
4.65

3.10
6.19
1.54
1.54
4.13
4.13
1.03

9.30

4.65

4.65
30
1.54
619
1.54
413
1.03
4.13

2.30

4.65
4.65
310
1.54
1.54
6.19
1.03
413
4.13
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RESULTS AND
DISCUSSION

1." Soil Calcium Sorption and
Desorption

Data recorded in Table 4 and
presented in Figs. 3 to 5 indicated
that the adsorption Ca occurred
when the concentration of saline
equilibrated solution was more
than 0.03 soil CEC meq/100ml
water in case of single Ca
application treatment, Fig4,
where the solution contained 100%
Ca,

The maximum Ca adsorption
values were generally increased
with increasing its concentration in
the equilibrated solution where
were-0.34, 013 and 295
meq/100g soil at salinity levels
0.01, 0.03 and 0.2 of soil CEC

levels, respectively. These
maximum values denoted by
number 10 lay in the left  corner

of  the triangle where Ca
concentration was 100% in the
equilibrated solution. It is clear
from Figs. 3 to 5 that the Ca
adsorption decreased when the
concentration of Mg or Na
increased in the equilibrated
solution, this decrease was more
pronounced when Mg was
introduced to the equilibrated
solution rather than Na. Similar
results were obtained by El-
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Nennah er al, (1986) and Moussa
(1991).

On the other hand, the negative
values which appeared in the
triangle diagram referring to
appearance Ca desorption from the
colloidal surface complex. The
maximum Ca desorption occurred
when the equilibrated solution had
only Mg or Na 100% where Ca
desorption increased with
increasing the concentration of the
equilibrated solutions from -0.98
to -9.55 or from -1.28 to -5.77
meq/100g soil for the seven levels
from 0.01 to 0.2 soil CEC levels,
respectively. It were detected that
at low concentration of the
equilibrated solution, the replacing
power of Ca adsorption in place of
Na was very little for saline
solution of 0.02 soil CEC level,
meanwhile with increasing the
concentration of the equilibrated
solution to 0.2 soil CEC level, the
relative power of Ca adsorption in
place of Na was increased.
However, at low concentration of
the equilibrated solution, the
replacing power of Ca in place of
Mg was lower than Ca in place of
Na. Aboulroos (1978) confirmed
that the replacement of adsorbed
Ca by Na depends on the relative
concentration of these two ions in
soil solution.



Table 4 : Calcium, magnesium and sodium sorption-desorption values as results of equilibrated
with different saline concentration solutions having different combinations of Ca, Mg
and Na cations

Salinity Sorption - desorption of Ca Sorption - desorption of Mg Sorption - desorption of Na
levels (meq / 100 g soil) _ (meq / 100 g soil) (meq / 1060g soil)
0.01 0.02 0.03 0,04 0.05 0.1 0.2 0.01 0.02 0.03 0.04 0.05 0.1 0.2 0.01 0,02 0.03 0.04 0.05 0.1 0.2

. s ; I il CEC (meq/100ml

'?; Tl;?t From soil CEC (meq/100m! water) From soil CEC (meq/100m] water) From sot ::vater() ©q/100m
s 1 034 009 013 C.I9 049 205 295 -0.73 -0.76 -0.86 -0.99 -1.28 -2.65 -3.19 -0.36 -0.39 -0.40 0.63 -0.66 -0.79 -0.96
- 2 098 -164 233 -2.69 -2.89 434 -955 012 087 1.84 202 225 3.84 933 -037 -040 0.43 0.70 -0.72 -0.83 -0.92
S 3 -1.28 -1.58 -1.84 -191 -2.17 -3.66 -5.77 047 -0.56 -0.86 -1.19 -1.45 -1.70 -3.71 0.19 052 093 052 0.83 239 442
S 4 094 096 -1.08 -1.40 -132 -2.05 -3.65 -0.01 0.19 041 064 064 160 338 -038 039 -043 -0.70 -071 -0.74 -0.93
3 5 082 -083 -0.71 -0.83 -0.60 -0.09 -0.82 -0.53 -0.67 0.97 -1.10 -1.54 -2.91 -352 -0.08 0.17 025 0.08 013 081 L4
E 6 -1.08 -1.57 -1.86 230 -2.62 427 -7.78 -0.17 0.15 042 048 052 150 325 -0.09 013 022 -0.04 004 0.74 196
7 060 -090 -118 -1.26 -1.82 239 443 -0.52 027 -D.02 022 006 032 137 022 -0.04 0.07 0.19 -0.11 030 0.8
8 050 -048 -0.43 .0.74 -0.51 -0.62 002 053 -0.61 -0.52 048 -0.71 -0.67 -1.79 -0.28 022 -0.13 -0.43 -0.41 -0.13 0.17
9 0.50 093 -146 -1.99 230 3.71 -6.99 034 004 051 083 119 264 544 -028 -0.24 -0.14 044 -0.45 -0.10 0.10
10 077 -1.21 -1.50 -1.76 -1.74 -1.74 4.19 -0.57 -049 036 -0.59 098 -166 -1.06 0.00 025 0.51 020 038 129 336
1 073 -0.96 -0.90 -111 -1.03 -0.89 -3.30 029 -0.02 003 004 0.06 -0.03 278 -0.31 -0.26 -0.27 -0.58 0.36 -0.26 0.04
12 063 -0.85 -060 -031 0.1%8 -0.73 -1.94 0.68 -0.62 -093 -1.68 -2.19 -1.94 -1.96 -0.08 0.07 023 -0.14 0.01 0.68 1.12
13 0.89 -127 -127 -1.44 204 280 -6.16 032 -0.14 -006 -0.30 052 -0.39 3,08 -0.08 0.01 0.22 -0.13 -0.25 06F 1.13
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NATA
Rephivates
i n n v
| ~0.4600 -0.3300 -0,.3600, -0.2300
2 -1.0100 -0,R900 -1.000¢ -1.0400
3 ~1.3700 -1.2600 ~1.2600 ~-1.3400
4 -1.0060 -0.92300 -0.9200 -0.9104
4 -0.8200 -0 8800 -90.7800 -0.B00O
E 6 ~1.1000 -1.0600 -1.1000 -1.0700
E7~-0.6700 -0.6700 ~0.5490 -0.3400
§1-0.4800 .0,6100 -0.5000 -0.5100
w9 -0.6800 -0.6100 -0.5300 ~0.59080
18 =0.9900 -0.3700¢ -0_.7600 -0,T7900
bo-2.7888  -R.7790 -0 7084 g g£RaD
11 -0.6300 -C.6400 -0.6200 ~0.6500
¥ -0.8900 -0.8900 -0G.BBO0 -0.9000
AVERAGE VALUE :
~0.3450 -0,.9850 -1.,2825 ~0,9400 ~0.83200 -1.0825 -0.6050
~0.5000 -9.6025 -0.7775 -0.732% ~0.6350 -0.8%00
COEFF .DITER.= ,968B7879
CORRELATION COEFFICINT= .9843164
CRITERION FISHER F{ 12.000C 35.000) 101.1808
OCTs 5.063079E-02
CONTROL- .7325 - 0 =-,7325 Le 22.83738
CONTROL- . 635 - ¢ a-, 635 te 19,7975
CONTROL~- .BS --.5258334 =~ .3641666 te 11.35374
-0,345¢0 -0.5080 -0.6430 -0.7680 -0.8650¢ -0.9400
-0.9%10 -1.0240 -1.0330 -1,0200 =-0.985¢
~D.4410 =9,5112 -0.57913 -0.64532 =0.709) . =0.7708
«0.8303 -0.8878 -0.9431 =0.9963
-0,5365 -0.%338 =0.54868 -  .0.581% -0.6321 -9,7004
-0.7864 ~0.8%9Q2 -L.0137
-0.6315 -0.5757 -0.5576 -Q.5771 -0.63432 -0.7289
-0.8612 -%.9312
-0.7260 -0.6371 -0.6056 -0.6317 ~0.7152 -0,8563
-1.0548 .
-0.8200 -0.7178 -0.6929 -0.7454 -0.8753 -1.0825
-0.913% ~0.8178 -0.8194 -0.9182 ~1.1143
~1.Q065 ~9.9373 -0.9852 ~1,1502
-1.0890 -1.0761 ~1.1902
-1.1%10 -1.2343
-1, 2825
Ywmax=-_ 345 Ymin=-1.2825
x1 10 -14 .38 22 ~28 -27 -28 ~29 29 -2% -2B X2

12 -1 -16 -18 .20 _22 .24 -25 -27 -38
-15 ~15 -15 -16 .18 -290 -22 -25 -29°

-18 -16 16 -16 .16 .21 .24 -29
~21 =18 .17 -1§ -20 -24 -30
-23 <20 -20 -21 -2§ 31

-26 =23 23 -26 =31
~29 <27 28 -33

-31 -31°'-34
=34 35
-37
x3

Fig. 3. Sorption-desorption of Ca as affected by all the possible
combinations of Ca*’, Mg’ and Na* [ Seil equilibrated
with a saline solution contains 0.01 meq of soil
cation exchange capacity ].
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Ymaxu 115 Ymina-2.33
x1 -8 -26 -45 -§3 -B1l -59 -118 -33§ -155 -173 x2
-1 -19 -37 -55 =73 -91 -10% ~127 -145 -163
=13 -31 -48 -66 -84 =102 =119 137 -155
-26 =43 -61 -78 -86 -113. ~131 ~148
-39 -56 -74 =91 -108 =125 ~143
-53 -70 -B7 -104 -131i ~-333
-69 -85 =102 -119 -135
-85 -101 -117 -134
-101 -118 -134
-119 =131%
-137
x3

Fig. 4. Sorption-desorption of Ca as affected by all the possible
combinations of Ca®, Mg** and Na® [ Soil equilibrated
with a saline solution contains 0.03 meq of soil
cation exchange capacity |.

Ymaxs 2.95 Ymin«<-9.5575
-4 «9 =13 -17 =21 235 -29 =33 x2
=7 -12 -16 -20 -4 -28 -32
-5 -1¢ ~15 -31% -23 -27 -1
=8 -13 -18 -22 26 -29
-6 -11 -16 -20 -24 -28
-9 -14 -1% -23 -.7
-6 =12 =17 -22 -26
-10 «15 -20 <24
-13 -18 -23
=16 -22
=20
x3

Fig. 8. Sorption-desorption of Ca as affected by all the possibie
combinations of Ca**, Mg* and Na' [ Sail equilibrated
with a saline solution contains 0.2 meq of soil
cation exchange capacity |. )
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2. Soil Magnesium Sorption
~and Desorption

Data presented in Table 4 and
illustrated in Figs. 6 and 7 show
that the maximum Mg adsorption
values were increased with
increasing its concentration in the
equilibrated solutions from 0.14 to
9.33 meq/100g soil for the seven
saline solutions levels from 0.01 to
0.2 of soil CEC levels respectively.
These values obtained when the
equilibrated solutions had only
Mg, lay in the right corner of the
triangle where Mg concentration
was 100% in the equilibrated
solution. Similar results were
obtained by Yadav and Girdhar
(1979), they found that adsorption
of Na and Mg in the soils
increased with increasing Mg/Ca
ratio and electrolytes concentration
of the irrigation water.

The maximum desorption of
Mg obtained when the equilibrated
solution had only Ca or Na 100%,
these values were increased with
increasing the concentration of the
equilibrated solutions” from -0.73
to  -3.19 and from -0.47 to -3.71
meq/100g soil for the seven saline
solutions levels 0.01 to 0.2 of soil
CEC respectively. However, at low
concentration of the equilibrated

solution, the relative ability of Mg
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to adsorb in place of Ca was very
small {-52) as shown in Fig. 6 ,
while increasing the concentration
of the equilibrated solution
resulted a relative increase of Mg~
ability o adsorb in piace of Ca (-4)
as shown in Fig. 7. Moreover, at
low  concentration of the
equilibrated solution, the relative
ability of Mg to adsorb in place of
Na was very small (-34) Fig. 6,
while increasing the concentration
of the equilibrated solution
increased the relative ability of Mg
to adsorb in place of Na (-4) Fig. 7.

"Generally, at low concentration of

the equilibrated solution, the
replacing power of Mg in place of
Ca was lower than that of Mg in
place of Na on the clay colloidal
complex. Similar resuits were
obtained by Moussa (1987).

Moreover, it can be mentioned
that zero sorption or desorption of
Mg from the colloidal soil
complex at 0.01 soil CEC level,
Fig. 6, was obtained when the Mg
concentration in the equilibrated
solution was about 80% of its
maximum concentration, whereas
when the salinity level was
increased to 0.2 soil CEC level,
Fig. 7, the equilibrium points or
zero number were occurred when
Mg concentration was about 30%
of its maximum value.
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DATA
Replicates
1 it " v
| ~0.8200 -G.7700 -0.7000 =0.8600
30,1300  0.0200. 0.1800 0.1600
3 =0.4000 -0.4300 -0,4900 -0.5200
¢ 0.0800 -0.0100. -0.1000 -0.0100 :.
5 «0.5100 -0.4500° -0.5200 -0.5400
4 -0.1100 -0.2300 -0.1400 -0,2200
T ~0.4300 -0.4600 -0.5300 -0.§300
}=0.5300 -0.5300 '-0.5500. -0.5300
$ -0.2700 -0.3300 -G.d4200 -0.3400
16-0.5600 -0.5500 ~0.5500 -0.5800
1 -8.2588 -$.2866 -§.3i006 -0.3706
12 .0.7100 -9.6400 -0.7300 -0.§700
W .0.3000 -0.3600 -0.3400 -0.3000
AVERAGE VALUE : ’
-0.7375  0.1225 -0.4750 -0.0100 -0.5300 ~0.i72
-0.5350 -0.J400 -0.5700 -0.2550 -0.6875 -0.315
COEFF.DITER.= .9528844
CORRELATION COEFFICINT= .9761%79
CRITERION FISHER F( 12.000 39.000) §5.72924
S0CT= ¢ 28340150
CONTROL-. 238 - 0 =955 te 7.411066
CONTROL- . 6875 = D m-.6875 tw 17.27158
conTRAL. [ 334°%.C 986111 = .2736111 t= 5.873729
~0.7375 “0.5444 -0,3751 -0.2296
0.0641 0.ild4 0.1408 0.143¢
-0.6818 -0.5772 -0.4765 -0.3816
-0:1323 ,  -p.0610 ©.0045 0,0641
-9.6352 -0,5982 -0.5481 -0.4860
-0.2273 -0.3170 0.0054 .
“0.5947 -0.6073 -0.5900 -0.5427
-0.2208 -0.0535
-0.5593 -0.6G047 -0.6022 -6.5517
-0.1129
-0.5300 -0.5902 ~0.5845 -0.5130
.0.%068 -0.5638 -0.5371 ~0.4266
-0.4897 -0.5257 -0.4600 -0.2926
-0.4787 -0.4757 -0,3531
-0.4738 -0.4139
-0,4750
Ymaxs ,1436 Ymiu--.7$75
%1 =52 =38 -27 -16 -8 -1 \4 7 .9 s
-48 -41 -34 -27 -21 -15 -10 -8 4

-45 =42 -39 -34 -29 -23 -1¢
-42 -43 -42 -38 -331 -25 -16 -4

-39 -43 =42 -39 -32 -22

=37 -42 -41 ~36 =27 =~
=36 40 -38 -30 -17

-3a5

-37 =33 =21

=34 -34 =25
-33 -29

-34
a3

-3
13

-0.107%

g.1225
-0.2927
-0.4118
-0.4654
-0,4533

-0.3757
-0.2324

=0.0100
-9.309C
-0.,325¢
«0.3581
-0.3071

-¢.1725%

Fig. 6, Sorptmn-desorptnon of Mg as affected by all the possible
*, Mg** and Na’{ Seil equilibrated
with a saline solution contains 0,01 meq of seil
cation exchange capacity ).

combinations of Ca*
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DATA
Replicates
f u m v

1 ~3.2100 -3.1500 =~2.9000 ~3.5000
3 9.0200 9.5600 9.2200 9.5500Q
13,2000 +3.7600 -4.0200 -3.8300
+:3.39060  3.4300 3.5400 ).1900
§-3,0500 ~3.5500 -3,7300 -2.7100
i 3.7200 3.4400 27800  X.0%00
7: 1.7860 1.3500 1,1200 1.2500
4 -1.8400 =-1.5800 -1.78Q00 =~-1.9600
=9 §.,5100 S.4200 5,300 5.4700
18.p.8500 -1.1600 -1.1200 -1.¢300
12 a2e¢0  3.0800 F.9400  2.3900
12-1,9300 -1.9600 =-1.9100 -3.0500
?o3.1300 0 3.1700  3.0300  3,0000

AVERAGE VALUE H
-3.1%00 9.33%5 =-3.7150

3.3875 -3.5200 3.2525 1.2700
-1,7925 5.4400 -1.08650 2,7825 -1.9625 3.0800
COEFF.DITER.= .99711%92
CORRELATION COEFFICINT= . 9385586
CRITERION FISHER F{ 12,000 3%.000) 1124.928
L w ,2164545
CONTROL 2.7825 - 0 ~ 2,7825 b= 18,57552
NTROL-1,9625 « 0 =-1,9625 k= 13.10133
CONTROL 3,08 - 1,552222 = 1,52777¢ t= 10.13%92
=2.1900 ~1.8242 -0.4837 0.8318 2.1222 3.3875
4.6277 5.8428 7.0328 8.1977 9.3178
-3.2664 -1.8385 -0,4490 ¢.9017 2.2136 3.4867
4.7210 5.9165 7.0732 8.1911
-3.3382 ~1.8610 “0.4364 0,9358 2.2555 - 3,5327
4.7374 5.8997 7.0054
-3.4042 -1.8918 =0.44587 0.9343 2.2401 3.4957
4.6772 5.7924
-3.4648 +~1.9310 =0.4770 0.8%71 2.1913 2.4057
4.5401 .
-3.,5200 ~1.9783 - . ~0.5303 0.8242 2.0852 3.3525
-3.5698 -2.0340 ~0.6056 0.7157 1.929%6
-3.6142 -2.09890 ~-0.7028 00,5714
-3.6532 -2.1702 -0,8221
-3.5868 -2,2509
-3.7159
Ymax= 93.337501 ¥mine-3.715
x1 -4

Fig. 7. Sorption-desorption of Mg as affected by all the possibic
combinations of Ca™, Mg**and Na' [ Seil equilibrated
with a saline solution contains 0.02 meq of soil
cation exchange capacity ).
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3. Soil Sodium Sorption and
Desorpion

Data presented in Table 4 and
‘Figs. 8 and 9 indicate that the Na
adsorption values were generally
increased with increasing its
concentration in the equilibrated
solution, where the maximum
values varied from 0.19 to 4.42
meq/100g soil for the seven saline
solutions levels 0.01 to 0.2 of soil
CEC levels, respectively. These
values occurred when the
equilibrated solution had only Na
100% where denoted by number
10 and lay in the down corner of
the triangle.

On the other hand, the negative
values appeared in the triangle
diagram referring to appearance
desorption of Na from the colloidal
surface complex, where the
maximum desorption of Na
obtained when the equilibrated
solution contained 100% Ca or
Mg. These results reveal that at
low  concentration of the
equilibrated solution (0.01 soil
CEC level), the replacing power of
Na adsorption in place of Ca or
Mg cations was very small, while
increasing the concentration of the
equilibrated solution (0.2 soil CEC
level), the relative power of Na
adsorption in place of Ca or Mg
was increased. Similar results were
obtained by Aboulroos (1973).

Matar, et qf.

The zero ' sorption-desorption
of Na from the colioidal soil
complex at low salinity level (0.01
soil CEC level), Fig. 8, was

occurred when Na concentration in

the equilibrated sclution was about
70% of its maximum
concentration, whereas increasing
salinity level to 0.2 soil CEC level,
Fig. 9, resulted a zero sorption-
desorption of Na about 20% of its
maximum value.

4. Selectivity Coefficient (Ks)

for Cations Exchange
Reaction of the
Equilibrated Soils

Regarding to Ca-Mg (Ks), data
recorded in Table 5 indicate that
the Ca-Mg (Ks) values were
generally decreased with
increasing salinity levels in the
equilibrated  solutions,  which
ranged between 3.36 and 3.58 at

0.01 soil CEC level, then
decreased to be between 1.78 and
2.35 at 0.2 soil CEC level.

However, increasing Ca/Mg
equivalent ratio in the equilibrated
solutions from 0/100 to 100/0
shows a progressive increases in
Ca-Mg Ks values which ranged
from 3.42 to0 3.58 and from 1.78 1o
235 at (.01 and 0.2 soil CEC
levels, respectively. Similar results
were obtained by Krishnamoorthy
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BATA
Replicates
1 1 ] v
p ~9.3700  -0.3700 -0.3700 -G.3500
3 +0.3700 <0.1700 .0.3700 -0,3700
3 0.1800 0.2000 0.2000 Q.180Q0
4 -0.3700 -0.3700 -0.3900 «(.3900
5 -0.0800 -0.1100 -0.0800 -0.080Q
¢ ~0.1000 -0,0700 -0.1000 -0,1000
T-0.2390 -9.2200 -0.32200 -0.7200
Bo-0.3500 -0:3%00 -0.3700 -0.3%00
90,2700 =-0.2500 -0.3110Q -0.2700
Woe.0000 - 0.0000 O.0000 o.0000
1.-0.3200 -0.3200 -0.3080 -0,3300
17 8,080 -0.080C0 -L.3556 -0.0G00
3°-¢. 0600 -9.0800 -0.0800 «0.0800
AVERAGE VALUE 5
-0.3650 -0.3700 0.1900 «0.3800 -0.0875 ~0.0925 -0.2200
-0.2800 -0.2850  0.0000 =~0.3150 ~0.0800 -0.0800
COEFF.DITER.= .9970293
CORRELATICN COEFFICINT= ,9985138
CRITERICN FISHER F{ 12.000 39,000) 1090.968
90CT= 1.D43874E-02
COMTROL-.315 = 0 =-,31 tw 47.6338%
CONTROL- .08 ~ 0 == OB t= 12,097
CONTROL- .08 --.1622227 w» £.2232221E-02 E= 12.43353
-9.36510 -0,3700 -0,3740 -0.3770 -0.3790
-0.3800 «0.3790 -0.3770 -0,3740 -0.3700
~0,30%5 -0.3209 -0.3297 -0.3357 -0,33%¢
-0.3375 -0.3327 ~0.3251 =0.31¢9
~0.2540 =0, 1702 -0.2819 ~0.2693 -9.3922
-0.2847 -0, 2T «0,259¢
~0.1985 ~0.2177 -0.2308 =-0.2377 -0.2388
-0.2217 -0,2041
-0.1430 -0,1635 -0.1762 -0.1810 ~0. 1780
-0.1484
-0,0875 -0.1076 -0,1182 -0.1192 =0,1106
-0.0320 -0.0500 -0.0567 -0.0522 ~0.0364
p.0235 ©.0093 0.0081 0.0199
G.0790 ¢.0704 0.0764
0.1345 0.1321
0,1900
Ymaxs .19 ¥min=-,38
®1 -10 -20 -20 -20 -20 -20 -21 =320 =20 -20 -20 %2

+37 -17 -18 -18 -18 -18 =18 -18 ~18 -17
-14 -15 -1§ -1% -16 -16 ~1% -1i5 -14
=1 -12 -13 ~13 ~13 =13 -12 -11
-8 -2 -10 -10 =10 -3 -B
-5 -6 -7 T -6 %

-2
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-0.,35800
-0.3196
-0.2907
=-0.2332
‘0.1371

-0.0928%

Fig. 8. Sorption-desorption of Na as affected by all the possible
combinations of Ca’’, Mg" and Na’ [ Soil equilibrated
with a saline solution contains 001 meq of soil

cation exchange capacity ).
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DATA
Replieales
1 B mn v
1-0.9600 -90,9600 -0,9600 -0.95800
2-0.9800 -0.8700 ~0,9600 =0.83700
3 4.3500 4.5700 4.31500 4,4300
4-0.9600 -0.8700 ~-0.9300 ~0.9600
5 1.7400 1.7400 1,7400 1.7400
4 1.7400 2,1800 2.1890 1.7400
T 0.9100 06,7809 0.7600 0.6900
3 0.2400 0,0500 0.2000 0.2000
- §,1700 8.,1753 J.0400 £.0208
10 3.0400 3.6900 3.0400 3.6900
11.0.6400 -0.0400 -0.0400 -0.0400
.1500 1.0%00 1.0800 1.1500
" 13300 1/1%00 111000 1.100¢
AVERAGE VALUE %
-0.¢650 -0.9300 4.4250 «0.%300 1.7400 1.5600 0.7450
0.1725 0.1600 3.,3650 ~-0.0400 1.1200 1.1300
COEFF.DETER.= .9943671
CORRELATION COEFFICINT= .597173%%
CRITERICN FISHER 1'{ 12,000 3%.090} 573,7137
S0CTw 1376965
CONTROL- .04 ~ 0 =-.04 t= 4585541
COMTROL 1.12 - 0 = 1.12 Em 12.83951
CONTROL: 1.13 - L.602778 =-.472778 te 5.419856
-0.9650 -0,9%560 -0.3480 -0.9410 =0,%)%0 =0.9300
-0,%260 -0,9230 -0.9210 -0.9200 -0.9200
~0.4224 -0.4414 «0,4525 «0.4559 -0.4513 -0.4389%
=0.4187 =0.,3906 =-0.3546 «0.3108
0.1199 0.0813 0.05%3 ©.0551 0,0870 0.0957
0.1410 0,2030 0.2818
0.6604 0,6120 0.5891 ¢.5917 0.8199 0.6737
0.7530 0.8578
1.2006 1.1507 1.1352 1.1541 1.2074 1.293%1
1.4172
11,7400 1.6975 %.69!3 1.7423 1.8195 1.%600
1.2786 Z.,2524 2.2782 2.35612 2.4062
2.8164 2.8353 2.5751 2.9958
3.3534 3.3862 3.4888
3.8896 3.9652
4.4250
Ymaxs 4,425 Ymina-,965

x1 -3 -3 -3 -3 ~3 -3 -3 -3 -3 -3 -3 x2
-1 -1 =2 ~2 -2 -1 =} =1 -3 -}

Fig. 9. Sorption-desorption of Na as affected by all the possible
combinations of Ca™, Mg** and Na® | Soil equilibrated
with a saline solution contains 0.2 meq of soil
cation exchange capacity }.
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and Overstreet (1950), they
reported a higher affinity for
exchangeable Ca than Mg.

It can be noticed that Ca
preference was 3.58 at the highest
Ca/Mg (100/0) ratio at  the low
salinity level (0.01 soil CEC),
meanwhile increasing salinity level
up to 0.2 soil CEC resulted a
reduction of Ks to be 2.35.
Meanwhile, at the lowest Ca/Mg
equivalent fraction (0/100) ratio,
Ca preference was 3.42 at low
salinity level {0.01 soil CEC), then
decreased to be 1.78 at the high
salinity level (0.2 soil CEC). This
means that, the Ca preference was
increased with decreasing salinity
level specially at 0.01 soil CEC or
by increasing Ca/Mg ratio
specially at 100/0 ratio. Similar
results were obtained by Eisenman
(1961), Beckett (1965) and
Dolcator et al (1968), they
reported that the differences in Ca
and Mg affinities are due to
specific adsorption sites for Ca or
Mg, while El-Nennah et al. (1986)
found that the exchangeable
affinities of Ca and Mg are nearly
the same.

Concerning the Ca-Na (Ks),
data in Table 5 show that the Ca-
Na (Ks) values were generally
decreased with increasing

- Amrhein and Suarez
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salinity levels of the equilibrated
solutions which ranged between
18.90 and 20.21 at 0.01 scil CEC
level, then decrecased to be 6.27
and 3.74 at 0.2 soil CEC level,
respectively. While, increasing
Ca/Na equivalent fractions ratio
from 0/100 to 100/0 in equilibrated
solution lead to increase Ca-Na
(Ks) values at low concentrations
(0.01 and 0.02 soil CEC levels) to
be 20.21 and 16.11, espectively,
beyond these concentrations, a
decrease in Ca-Na (Ks) values
were detected to be 13.34, 12.24,
10.70, 6.66 and 3.74 respectively.
The Ca preference was increased
with decreasing salinity level. It
can be recognized that the Ca-Na
(Ks) values were higher than that
of Ca-Mg (Ks) values, this may be
due to different specific cations
effect for Ca, Mg and Na, these
suggest that the competition
between Ca-Na is more than that
of Ca-Mg and the replacing power
of Ca in place of Na was higher
than that of Ca in place of Mg.
These results are confirmed by
(1991,
Moussa (1991) and Curtin et al.
(1995), they mentioned that the
selectivity coefficient for Na-Ca
exchange . was negatively
correlated with organic carbon, pH
and CEC.
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Table § : Selectivity coefficient (Ks) of Ca-Mg , Ca-Na and Mg-Na of soil exchange reaction as a

result of equilibrated with different saline concentration solutions having different
combination of Ca, Mg and Na, equivalent fractions ratios.

Selectivity
coeflicient

Salinity
- levels

Equivalent
ratios

0.01 0.02 0.03 0.04 0.05 0.1 0.2 0.01 002 003 004 005 0.1 02 001

0.02

0.03 004 0.05

0.1

0.2

(0:100)
(10:90)
{20:80)
(30:70)
(40:60)
(50:50)
(60:40)
(70:30)
(80:20)
(90:10)
(109:0)

2.80 2.54 1.78 18.90 16.00 13.43 16.27 14.24 8.85
2.74 2.49 1.80 19.08 15.72 13.46 15.51 12.36 8.62
2.70 2.46 1.84 19.24 15.5) 13.49 14.82 10.81 8.39
2.68 2.46 1.88 19.39 15.37 13.51 14.22 9.61
2.69 2.48 1.92 19.54 1528 1351 13.70 8.74
2.72 2.52 1.98 19.67 15.26 1351 13.25 8.22
2.77 2.59 2.04 19.80 15.31 13.50 12.89 8.04
2.85 2.68 2.11 19.91 15.41 13.47 1261 8.19
2.95 2.79 2.18 20.02 15.58 13.44 12.41 8.69
3.08 2.93 2.26 20.12 15.82 13.40 12.29 9.52
3.22 3.09 2.35 20.21 16.11 13.34 12.24 10.70 6.66

3.42 3.15 2.87 2.84
3.39 3.16 2.92 2.86
3.37 3.17 2.97 2.38
3.36 3.19 3.02 291
3.36 321 3.07 294
3.37 3.24 3.12 2.98
339 327 3.17 3.03
3.42 331 321 3.07
3.46 335 3.26 3.12
3.51 3.39 3.30 3.18
3.58 3.44 334 3.4

4.81
4.78
476

4.75

475
4.76
4,79
484
489
4.96
5.04

3.19

- 3.15

3.10
3.08
2.99
292
2.85
2.77
2.69
2.60
2,51

2.55
2.46
237
229
2.22
2.15
2.09
2.04
1.99
1.95
1.91

Equivalent ratios from (0:100) to (100:0) means Ca:Mg, Ca:Na and Mg:Na ratios, respectively.
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Concerning the Mg-Na (Ks),
data in Table 5 indicate that the
Mg-Na (Ks) values were generally
decreased with increasing salinity
levels of the equilibrated solutions,
which ranged between 5.51 and
5.90 at 0.01 soil CEC level, then
decreased to be 2.55 and 1.91 at
0.2 soil CEC level. However, it
can be reported that Mg preference
was increased with decreasing
salinity in case of high Mg/Na
equivalent fractions ratio (100/0),
where Mg-Na (Ks) value was
equal to 590, meanwhile
increasing salinity level to 0.2 soil
CEC level resulted a decrease of
Mg-Na (Ks) value to be equal
1.91. while in case of low Mg/Na
equivalent fractions ratio (0/100),
Mg preference was 5.51 at the low
salinity level (0.01 soil CEC)
decreased to be 2.55 with
increasing salinity level to 0.2 soil
CEC. 1t is worthy to mention that
the Ks values of Ca-Na were
higher than that of Mg-Na, this is
due to the different specific cations
effect and the charge density of Ca
cations comparing with Mg
cations, this means that the ability
of Ca was higher than that of Mg
on displacement of Na cations. It is
obvious also that there is no wide
variation in the  selectivity
coefficient for Mg-Na exchange
reaction of the equilibrated soil,
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and the Mg-Na (Ks) values were
nearly stable with different
equivalent fractions of Mg/Na
ratios.  Similar results were
obtained by Moussa (1991) and
Babcock (1960), they mentioned
that the exchange constants of Na-
Ca and Na—Mg on illite are equal.
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