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The distribution of Na and Ca ions between solution and exchange phases of
five typical soils (Kota, Fatehnagar, Pali, Jodhpur and Durgapura) of Raja-
sthan and two clay minerals, viz. bentonite and keolinite, is being studied using
the equations of Kerr, Vanselow, Gapon, Krishnamoorthy and Overstreet
and Donnan. The selectivity coefficient decreases with the increase of SAR
in all the equations but there is relative decrease with the type of exchange
material and the equation used. The effect of salinity at a particular SAR
is such that selectivity coefficient increases with the total salt concentration
in all the equations. The coefficient of variation is high for Kerr, Vanselow
and Krishnamoorthy and Overstreet while for Gapon and Donnan it is much
less and equal between themselves. The deviation is more in soils than
clay minerals. On reducing the equations to the same form the percentage
deviation was almost nearly the same in all the equations.

INTRODUCTION

Since the phenomenon of ion exchange has been observed in soils, various
experimental and empirically derived expressions have been suggested to
explain the distribution of ions between solution and exchange phase with
partial success (Kerr 1928; Gapon 1933; Bolt 1955; Bower 1962). Such an
equation could be utilized successfully to predict and control the various
processes occurring in soil and plant nutrition.

In recent years, considerable work has been reported on cation exchange
with limited success due to the complex nature of diffused double layer,
presence of mixture of different exchange material with their specific selectivity
coefficient and varying activity coefficient with increasing degree of cation
saturation.

A comparison of various ion-exchange equations was made earlier by
Vanselow (1932), Magistad et al. (1944), Davis (1945) and Krishnamoorthy
and Overstreet (1950). Recently, Paliwal (1961, 1966, 1967) compared some
of the important equations involving potassium, calcium and magnesium and
also sodium in systems of clay minerals and soils.

During the reclamation process of saline-sodic soils of irrigation with
saline waters, the main cation exchange which takes place is between sodium
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and calcium. It would, therefore, be of great use if degree of sodium satura-
tion could be - determined by the chemical composition of its equilibrium
solution and the selectivity coefficient of an ion-exchange equation. The
present investigation was, therefore, taken up to examine the relative suit-
ability of various cation exchange equations for Na-Ca system of kaolinite
and bentonite clays and some soils of Rajasthan,

EXPERIMENTAL PROCEDURE

Two clay minerals, viz. kaolinite and bentonite (Hathi kidhani), were
supplied by the Director of Mines and Geology, Rajasthan, and Neelkanth
Chemicals, Jodhpur, respectively and five soils varying widely in, their physico-
chemical properties (Table I), viz. Kota (deep medium black), Fatehnagar
(yellow brown), Pali (grey brown alluvial), Jodhpur (desert brown oalcic)
and Durgapura (non-calcic brown), were brought in equilibrium with twenty
solutions comprising of varying total salt concentration (2-5, 7-5, 225 and
67-5 me/l) and SAR (5, 10, 25, 50 and 100) by repeated leaching on the buchner
funnel and with the suction rotary vacuum pump excess. This process was
continued till leachate showed the same chemical composition as the leaching
solution.

TABLE I

General properties of the soils

. Sand Silt Clay CaCOg CEC

Soils % % % o Texture me[100 g
Kota .. 40-8 31-6 25-3 0-35 Clay loam 29-5
Fatehnagar .. 50-6 306 189 0-22 Loam 23-5
Pali .. 60-6 23-2 18-8 0-20 Sandy loam 18-3
Jodhpur .. 8035 97 10-0 0-09 Loamy sand 9-7
Durgapura .. 84-9 6-7 9-3 0-11 Sand 91

The excess soluble salts were removed by ethyl alcohol. The sodium
adsorption ratio was calculated by taking activity of the ions in solution.
The activity coefficient of the ion was obtained by the Debye-Huckel limiting
law at low concentration while at the higher concentration the modified
equation, viz. log fi = X4/I/(1+Y /1), was used where f; is the activity co-
efficient of ion, ionic strengths X and Y are constant. The exchangeable
cations were replaced by N-ammonium acetate (pH 7). Sodium was estimated
by the flame photometer and calcium by the versenate solution. The selec-
tivity coefficient in each case was obtained by the equations of Kerr, Vanselow,
Gapon, Krishnamoorthy and Overstreet and comparison was made on the
bagis of least deviation from the mean value,
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Data on the adsorption of sodium and calcium by clay minerals and soils
(Tables II and III) show that adsorption of sodium increases regularly with
the increase of salinity and SAR of the equilibrium solution both in clay
minerals and soils. It is evident by the fact that at the same salinity and
increasing SAR or vice versa, the exchangeable sodium content increases.
Between the kaolinite and bentonite, the degree of sodium saturation is more
in kaolinite while the total amount of sodium adsorbed is more in the case of
bentonite by virtue of its higher cation adsorption capacity.

Tanry II
Exchangeable cations of equilibrated clay minerals (expressed as mel100 g)

Quality of irrigation water Bentonite Kaolinite
Salinity .
(mell) SAR Na Ca Na , Ca

2-5 5-35 4-50 72:65 1-30 805

» 10-57 8-00 69-50 2-40 6-80

» 26-50 14-50 62-85 5-00 4-40

» 5340 23-50 53-76 5-80 3-50

»» 73-56 30-00 47-45 7-00 2-25

d 7-5 5-49 5-00 72-50 1-50 7-80
”» 11-05 9-25 68-05 2-80 6-65

» 27-92. 16-00 61:25 5-20 4-05

» 55-23 28-50 49-00 6-20 3-10

»» 118-70 36-50 41-00 7:25 2:05
22:5 6-02 6-25 71-25 1.65 7-80

»» 11-96 11-45 66-05 3-00 6-35

» 2971 18-50 59-00 5-356 3-95

’ 59-68 32-50 45-00 6-65 2-80

» 119-65 40-45 36-85 1-60 175
67-5 6-85 7-00 70-20 1-80 7-50

» 13-78 13-00 64-25 3-20 6-05

» 3410 20-25 57-25 5-65 3-50

s 68-20 3505 41-95 7-20 1.95

» 135-90 47-05 3040 8-00 1-20

In the case of soils also the adsorption of sodium increases with the
increase of the cation exchange capacity and can be expressed in the
decreasing order as Kota > Fatehnagar > Pali > Jodhpur > Durgapura.

The selectivity coefficient obtained by various ion-exchange equations for
clsy minerals and soils decreases with the increase of SAR independent of
the type of the equation used. But the relative decrease varied with the type
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of soil and the equation used. The effect of salinity is such that at a particular
SAR, the selectivity coefficient increased with the total salt concentration
for all the clay minerals and soils irrespective of the equation used.

Tasre III
Egxchangeable cations of equilibrated soils (expressed as me[100 g)

Quality of irrigation water Kota Fatehnagar Pali Jodhpur  Durgapura
Sa::;f)y SAR Na Ca Na Ca Na Ca Na Ca Na Ca
25 535 28 267 26 209 18 165 13 84 12 69
» 10-57 29 266 28 207 19 164 1.5 82 14 67
» 26-50 35 260 29 206 20 163 1-8 8-0 1.7 6-4
” 5340 43 252 30 205 21 162 22 75 20 61
» 73-56 45 250 30 205 28 160 25 72 21 60
7-5 549 37 28 40 195 27 156 1.5 82 15 66
» 11-05 39 256 42 193 32 151 26 71 1.9 62
» 27-92 43 252 47 188 41 142 30 67 22 59
» 55-23 49 246 49 186 45 138 34 63 26 55
» 118-70 53 242 51 184 45 138 35 62 20 52
22-5 6-02 45 250 36 199 19 164 1.8 80 15 66
» 11-96 53 242 51 184 23 164 27 70 19 62
» 29-71 63 232 61 174 29 154 32 65 25 56
» 59-68 77 218 71 164 48 135 35 62 30 51
” 119-65 85 21.0 73 162 51 132 47 50 35 46
67-5 6-85 54 241 45 190 40 143 22 75 20 61
» 13-78 64 231 50 185 45 138 32 65 2-5 56
” 34-10 74 221 64 171 59 124 35 62 35 46
» 68-20 96 199 95 140 82 103 47 50 45 36
»” 135-90 12.0 175 105 13:0 88 9-5 51 4-6 4-6 3:5

Data on the coefficient; of variation calculated from the selectivity co-
efficient data for all the equation for clay minerals and soils are presented in
Tables IV and V respectively. The coefficient of variation in Na-Ca system of
clay minerals is high for the equations of Kerr, Vanselow, Krishnamoorthy
and Overstreet while for Gapon and Donnan equations it is much less
taking either the solutions of one salinity at & time or all together. The
percentage deviation from the mean value in the former three equations was
nearly two to three times than the later two equations. Between the clay
minerals, deviation was generally less in the case of kaolinite than bentonite.
Generally Gapon equation showed slightly lower variation than that based on
Donnan equilibria.

s
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In the case of soils, the coefficient of variation was very high for all these
equations and it was more than cent per cent for the equations of Kerr, Van-
selow and Krishnamoorthy and Overstreet while Gapon’s equation gave the
least coefficient of variation followed by that based on Donnan’s equilibria.

Taere IV

Coefficient of variation (%) in selectivity coefficient calculated from different
jon-exchange equations

Na-Ca system
Salinity
levels Krishna-
(me/l) Kerr Vanselow moorthyand. Gapon Donnan
Overstreet
BENTONITE
2-5 39-1 481 46-4 12-6 23-2
75 46-4 53-3 47-6 17:5 27-6
22-5 51-6 576 53-3 150 26-2
67:5 47-1 577 52-9 14-5 26-1
All salinity 548 61-1 42-3 22-0 29-6
KAoLINITE
2-5 21-8 28-6 22-8 20-6 151
7-5 39-3 43-9 39-2 12:6 221
22-5 31-1 405 36-7 16-1 18-3
67-5 333 40-8 33-1 16-7 20-0
All salinity 333 40-7 28-2 16-7 15-6

Again, the variation in the selectivity coefficient was lower in the soils of
Jodhpur and Durgapura possessing low surface charge density or cation
exchange capacity (CEC) than the heavy soils possessing high CEC. This can
be understood on the fact that distribution of unequivalent cations is more
affected by higher surface charge density than those possessing lower ones.

It may, therefore, be safely concluded that on comparison of various
ion-exchange equations the Gapon and Donnan type equations show much
lower variation than those of Kerr, Vanselow and Krishnamoorthy and Over-
street. An examination of the expressions reveals that the equations of Kerr,
Vanselow and Krishnamoorthy and Overstreet are of mass action type with
an additional factor in the denominator for exchangeable cations and the
form of Gapon and Donnan equations are nearly the square root of the other
equations discussed. When the selectivity coefficients were recalculated by
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Tase V

Coefficient of variation (%) in selectivity coefficient caloulated from different
jon-exchange eguations

Salinity Krighna-
levels Kerr Vanselow J0orthy and Gapon Donnan
(mefl) Overstreet
Kora
2-5 133-92 134-19 135-26 70-46 72-22
75 154-26 138-51 139-25 85-03 83-33
22-5 121-74 127-76 126-54 7251 73-90
67-5 117-83 127-33 124-72 69-23 71-80
All salinity 14409 143-41 143-84 80-54 81-70
FATEHNAGAR
2-5 135-50 136-42 136-58 79-61 79-63
75 141-12 137-82 137-85 87-50 82-41
22-5 109-37 112:75 109-39 64-36 67-39
67'5 122-36 125-22 111-60 60-98 67-61
All salinity 135-20 134-09 134-44 77-87 78:-88
Parnx
2:5 136-78 138-33 135-87 74-80 76-74
7-5 125-84 127:12 11675 73-19 73-33
22-5 117-92 11514 116-88 60-42 65-38
67-5 . 12573 113-89 122-97 61-62 68-51
All salinity 158-33 151-82 15861 83-32 84-06
JopuPUR
2-5 124-39 123-32 123-81 62-47 64-58
7-5 97-37 100-54 97-89 60-17 63-51
22-5 102-29 106-43 106-26 58-29 68:42
67-5 105-06 105-55 105-48 56-48 61-90
All salinity 110-52 84-84 112:56 63-96 68-57
DuraArURA .
2:5 11818 128-68 122-51 64-71 67-35
75 122-06 12448 119-02 69-24 72-72
22:5 114-57 115-34 112-76 61-07 63.07
67:5 82:35 111-06 105-37 50-06 59-34

All salinity 117-07 127-27 128-03 66-50 70-58




152 . K. V. PALIWAL & G, L. MALTWAL
TasLE VI
Coefficient of variation (%) in selectivity coefficient after taking
their square roots

Salinity . ,
levels K K Jred K
(me/l) Kerr Vanselow K. & O, Gapon
Kora
2:6 87-0 76-6 788 70-5
75 80-0 85-7 85-4 85-1
22-5 74-2 75-9 754 72-5
67-5 727 744 72-2 69-3
All salinity 868 81-2 81-8 805
FATEHANAGAR
2:5 89-7 847 86-3 79-6
7-5 92-2 85-3 86-3 87-5
228 68-5 69-8 67-8 64-4
67-5 72-0 70-9 666 60-9
All salinity 836 80-5 79-3 77-8
Paux
2:5 89-1 848 82:1 74-8
7-6 78-3 777 71-6 73-2
22-5 70-0 64-7 63-8 60-4
67-5 68-2 71-0 68-1 61-6
All salinity 86-8 83-6 79-8 833
JopHPUR \
2:5 731 71-4 74-6 62-56
7-6 68-8 656-8 63-4 60-2
22-5 65-8 65-0 64-8 58-3
67-6 69-5 66-6 - 63-4 56-5
All salinity 71-8 69-5 68-7 63-9
DurgAPURA
26 800 76-0 71-2 647
75 80-6 76-2 72-8 69-3
225 625 67-7 64-2 61-1
675 58-8 63-7 600 50-1
All salinity 72-7 728 69-4 6656

K. & O0.—Krishnameorthy & Overstreet
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taking the square root of Kerr, Vanselow and Krishnamoorthy and Overstreet
equations and percentage deviation was compared (Table VI) for soils where
the deviation was high, it was observed that the coefficient of variation has
drastically reduced. It has almost come at par with that of Gapon in all
the soils at all levels of salinity either combined together or separately. The
main reason for a lesser variation in the selectivity coefficient of Gapon’s
equations seems that it is nearly the square root of other equations in addition
to its theoretical formulation (Lagerwerff and Bolt 1959). Though Gapon’s
equation is still slightly superior but the percentage deviation is quite high
even after taking their square root for a quantitative prediction of exchange-
able sodium status of soils. A significantly high degree of deviation in selec-
tivity coefficient even under equilibrium conditions for soils seems due to non-
uniformity of charge density, variation in activity coefficient of the cation
with increase in degree of saturation and presence of mixture of different
type of cation exchange material in soils.
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