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INTRODUCTION

Cation exchange reactions have been described ss the
moat important reaction in nature surpagsed only by the
pputaaynthetic reactions in green plants, Exchange studies
are of importance in understanding and explaining many
problems in soil science. 1t has long beéen recognlized that
many chemical and physical properties of coils are directly
related to their exchange properties, Available plant
nutrients, especislly the cations, are thoze held on the
exchange surface of soll c¢pllodds and released to the root
surface or soll solution. Transport of cations, in ralation
to leaching loss of applied nutrients, is very much con-
trolled by cetion exchange phenomenon,

A thorough knowledge of the phenomensn of cation
exchange equilibrium in soil is important in understanding
the relative preferenca of the soil exchange complex, for
@ particular cation. It is equally importent in predicting
the cationic compasition of the exchange complex £rom the

concentration or activities of cations in soil solukion.

Ever since the discovery of the cation exchenge
phenonena, efforts have been made to work out a formule to
predict the equilibrium distribution of cationg in solution



and adsorbed phases of soil, A considarable portlion of the
plant nutrients present in the solil are held by the exchange
conmplex, proventing leaching losses. Not only the agounts,
but the ratios of cations in adsorbed phage or in the soil
solution are of utmost importance in deteémining their beha=-
viour in different soils. Expressions correlatinz eguilie-
brium coopositions of the exchange complex and the solution
are important bacause they epable the prediction of changes
in the adsorbed and solution phaszes in soll as influenced

by fertilizer applicetion, 1ising, ion upteke by plonts,

and addition of irrigation and waste water, Some published
reports, however, suggest that besides cationic ratios, the
factors like organic matter content in so0il, totel electro-
lyte concentration of the equilibrium sslution and the nature
of cations and anions considerably influsnce nutrient disso-
lution, adsorption, lemching in solls and ion uptake by
plants. Approaches based on empirical, thermodynamic, and
diffuse doublie layer theories have been used t5 describe

the data on cation exchange equilibria,

The study of cation exchange equilibria involving
Cag*, Hg2+, Na" could be useful in the prediction of leach~
ing and acoumulation of smlt, closely associated with the

process of aodification and dessdification of normal and



alkall solls reapectively. On the other hand suoh a study

of Ni,* and X* helps in understanding the behaviour of applied
nitrogenous and potassic fertilizers as well as the release
or fixation patterns of native and applied potessium., Cation
exchange equilibria involving aluminium are of great impore
tence to understand the phenomenon of nutrient leaching. A
study on Ce=Al equilibrium in s0ils may be useful in correcte
ing aluninium toxicliy by liming.

Acid soils in high rainfall areas suffer from defi-
ciency of nutrients end accumulation of aluminium on the
adsorbed phase. HMore than 70 per cent of upiland solls of
Karala are acidic. Coll acidity and loss of nutrient ele~
ments through leaching are probably among the smajor factors
limiting more intense corop production,

Although aluminium is not an esasential element, an
sppreciable amount of this e¢lement is often present in most
plants. High eluninium levels in soil solution is known to
ceuse dirsct hara to roots and decrease root growth and
translocation of minerals especially oalcium and phosphorus
to the topa (Jarvis ard Hatch, 1986). It is considered,
an aluninium saturation of more than 20 per cent of the
effective CEC of s0ils, as critical for many of the sensitive

(v



erop planta. Thus studies. on th? equilibrium of various
cationa in relation t¢ aluminium heve relevance in‘geid

aoil situations.

Organic matter apparently has gome influence on the
availability of sluminfum. FRacently organic compounda have
bean tricd t2 prevent the dissslution of aluminium in acid
soils instead of liming them, Addition of alfalfa meel has
provad to decrease the toxiec gquantities of exchangeable
sluninium in acld 8oils of pH 4-5.,5., This wes attributed
primarily to complexing of exchengeable aluminiumg by organic
matter. In this context the equilibrium in clay suspension
between aluminium and other metallic eations has also baeen
the subject of considerable research, because of the interest
in acid neutralization and mansgement of sluminiun toxicity
in acid soils,

CN)’E (-4 LSD
It has been reported as early.aes 1381, that soils

and ¢lays have strong preference £for aluminium ions in dilute
solutions. However, high salt concentration is generally
capable of desorbing aluminium from these systems, Fotassium
hea been found to be the most effective in displacing clumie
niun iong, from clays while caa*-has heen found to bo sore

weakly competltive with aluminium.
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Pleysier et al. (1979) studied Al-K and Al-Ca exchange
equilibris in an Ultisol profile and observed hish sslecti-
vity of potassium to aluminium. The available guidelines
on cation exchange equilibrie in solls involving aluminium
vis-a-vis, calcium, potassium or magnesium indicate that
such informations sre rather scanty for the acid soils of

Kerala,

In view of the fundamental importance of such infor-
mation, cation exchange equilibria involving aluminium were
studied on some acld solla of Kerala differing in texture
and organic matter with the f2ollowing objectives,

The effect of different equivalent ifon froctions of alumi-
niua in the electrolyte solution sn exchange equilibria in

gotila,

The influence of different cations on the free enmergy (4G°)
snd various selectivity coefficlents for differesnt soils,

The dependence of differsnt exchange selectivity ccsefficients

on potassium, gelcium and magnesium saturation of soils,

Evaluation of the role of organic matter on cation exchange
equilidria with special refercnce to potassium, caloium,

magnesiun and aluminium.
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iz, REVIEW OF LITERATURE

2.1. Studies on cation exchange in s0ils

Since the discovery of cation exchange in solls by
Way (1849) efforts by various workers have thrown much light
in this phenomenon. Marshall {1935) has aptly described
cation exchange as the most important reaction in nature
surpassed in fundemental iamportance only by the photosynthetic
process in green plants. Donshue (1958) considers the cation
exchange capacity of the soil to be a asingle index of ferti-
1ity.

The cation exchenge in so0il was found to be influenced
by a number of factors such as clay content, organic matter
content, types of clay mineral, soil reaction etc. A brief
review of the recent literature on the factors affecting
cation exchange capacity, which are more relevant to the

present investigation is presented,

2.1.5. Lffect of clay and organic matter on cation exchange
in _solls

Since cation exchange is a surface phenomenon its rate
will increase with increase in the amount of mineral and

orgenic colloid.



Gopalaswami (1958) has reported a high CEC for the
kari soils of Kerala, which was attributed to the high cone
tent of organic matter and illitic and montmorillonitic
type of clay minerals present in them.

W1lding and Rutledge (1966) while investigating cation
exchange capacity in a soil toposeguence, found that in A
horizons, organic matter contributed most to CEC, while in B
horizons <0.2 4 clay usually contributed most; 2 - 0,2 .1
clay content was not usually significantly correlated with
CEC in A or B horizons.

Feige (1970) Zound that decreasing levels of organic
matter promote the aarptiaﬁ of potassium at the expense of
that of calcium and megnesium. Rates of sodium, potassiun,
ammonium and magnesium sorption are rather low in comparison
to calcium sorption, and further decrease with increasing
cation saturation of the exchange complex, It is stressed
that organic s30ils are capable of supplying, even in the
presence of moderate nutrient reaerve adequate emounts of

plant available nutrients.

Satyanaraysna et al (1970) determined the cation
exchange capacity of specific gravity separates of sands and
silts of basic regur soils, The separates with a apecific



gravity less than 2.35 had a cation exchaenge capacity of
80=90 me/100 g and contributed more than 605 to the cation

exchange capacity of the whole fraction.

Syers et al (1970) observed a high correlation
(r = 0.96) between CEC and oxidisable carbon, and a lower
correlation (r = 0,57) between CEC and clay content. CEC of
organic matter for all soils was 1.4 m=2g/g, and this value
decreased from 1.64 meg/g in young soils to 1.22 meg/g in
0ld soils. Peroxidation of surface semples caused a reduc-
tlon in CEC, HReduced CEC of the clay fraction, that contained
large amounts of amorphous material was apparently associated
with blocking by arganic matter of the negative charges of

the clay components.

¥right end Foss (1972) studied the relative contribue
tion of clay and organic matter to the CEC of Marylsnd soils,
The average cation capacities of organic matter and clay from
Ap horizons were calculated as 295 and 41 meg/100 g respec~
tively. Standard partiasl regressiosn coefficlents indicated
that organic matter was slightly more important than clay in
predicting the CEC of surface horizons.

In a study of the catlion exchange capacities of surface
and subsurface s5ils of Afaka, Mokwa, Nimbia and Sanga River

forest reserves in the Savanna reglon of Higeria, Kedeba and



Benjanminsen (1976) found that the cation exchange properties
of the surface soils were mostly associated with organic
matter. Between 56 and 33 percent of the varlation in the
CEC values could be atiributed to organic matter content.

The exchange capacitles of organic matter in the four reserves
were calculated to be in the range 282-322 meg/100 g while
those of clay were 7-18 meg/100 g.

In a study of the cation exchenge capaclty of asme
so0il profiles of Kerala, Venugopal and Koshy (1976) found
wide variations in the CEC of the different soil groups, the
sandy soll recording the lowest and the black soil the highest
valuag, With the exception of black, kari, and some alluvial
80ils all other groups had very low values. Correlation bete
ween CEC and clay vas positive and highly signlficent. The
relationship between CEC and organic matter was positive but
not significant.

Bhatnagar et al {1977) reported that the cation exchange
capacity of the Rajasthan canzal soils showed a close correlae-
tion with clay, 8ilt and organic matter content respectively,
Clay had the predominant effect on CEC. This was followed in

decreasing order by organic matter and silt.

While studying the cation exchange capacity of acid
forest humus layers, Kaliz and Stone (1980) reported that
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organic matter was the chief source of exchange capacity at
all localities studied.

Khanna et al (1986) discussed the cation exchange
characteristics of socme acid organic-rich forest soils formed
under sub-alpine eucalypt forest growing in the Australiasn
capltal Territory. Moat of the exchange sites in the red
and yellow earths studied ere occupied by Aluminium and are
associated with s9il organic matter. Unbuffered sali solu~
tions extract more Aluminium than could be assoclated with
exchange sites g5 that the sum of cations in the extracts i=s

an over estimate of effective cation exchange capacity.

2.1.2, Effect of type of clay mineral on cation exchange
capacity in =oil

In the case of red and laterite soils of Bihar, Lall
(1953) obtained only relatively low values for CEC, The low
CEC suggested that the principal clay mineral was kaolinite,

Menon and Mariakulandi (1957) observed that the low
CEC of red solils of Tamil Nadu was due to the predomincnce

of the kaslinite type of clay minerals.

Satyenarayana and Thomas (1962) have compared the
chemical characteristics of Angadipuram and Kasaragod late-
rites. In both types of laterites, the exchange capacities
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were low and this was attributed to the kaslinite type of
clay minerals present in them. The exchangeable Ca, Mg and K

vere found in traces in these soils,

Ovcharenko (1969) reported that ion-exchange constants
decreased In the order Vermiculite> montmorillonite>
palygorskite. Cation affinity for the different sorbents
decreased in the order Cu®* > co®* > mp?* > ce® > my,*
Na't, Substitution of inorganic exchange cations of mont-
morillonite and vermiculite by organic ones activated the

inner surfaces of the minerals towards nonpolar solvents.

Martini (1970) observed a relatively high CEC value
in-recent volcanic soils (35.8 - 53.5 meq/100 g), and prima-
rily related to orgenic metter. In latosols the CEC value is
37.1 meq/100 g, and is mostly due to the allophane and kaoli-
nite types of clay minerals. Low cation exchange capacities
tend to occur in older volcanic soils {12.5 meq/100 g) and
are primarily related to clay (mostly kaolinite).

Martel et al (1978) reported that 50% of variations
in cation exchange capacity of Gleysolic solls was caused
by variation in mineralogy. The Alimodian clay is dominantly
montmorillonite and has an average cation ekchange capacity
of 76.6 meq/100 g. The Bolinao clay has mixed clay mineralogy

consisting of montmorillonite, vermiculite, poorly crystalline
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1:1 type, some amorphous materials and gibbsite., Its CEC

is 70.9 meq/100 g in the surface and 32,9 meq/100 g in the
deep layer. The much lower value in the latter is due to
fdilution effect® brought by relatively higher amounts of
gibbsite in this subsoil., The Luisiania clay is kaslinitic,
with a CEC of 31.2 meq/100 g in the surface. However, the
deep layer (216 - 274 cm) has a higher CEC (72.2 meq/100 g)
due to large amounts of high surface area amorphous sluminoe

sllicates.,

2.1.3. Effect of pH on cation exchancge capacity of solls

Tamim et al (1975) reported that the cation exchange
capacity of a s0il with variable surface charge is pH depen-
dent. When the pH of the plough layer was raised by applying
CaCOB. a substantlal increase in the ability of the soil +o
retain cations (K, Mg and Ca) was noted due to the resultant

increase in cation exchange capacity.

Bhangoo et al (1976) found that calcium saturation
usually gave higher cation exchange capacity values than

monovalent ion saturation.

Gessa and Mellis (1976) has observed an increase in
the mean CEC of 24 so0ils from north eastern Sardinia with
increasing soil pH, from 5.3 meq/100 g at pH3 to 14.9 meq/100 g
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at pHg, At pH3, 64% of the CEC was due to the clay fraction,
but this decreased to 30% at pH 8; the contribution of the
organlc matter to the CEC increased from 30% at pH 3 to 67%
at pH 8.

Khanna et al (1986) reported that CEC is not a unique
property, but depends upon pH and ionic strength of the equi-
libriating solution. The exchange sites mainly carry nega=-
tive charges of both permanent and variable nature, Higher
carbon contents of s9ils are correlated with Increase in CEC
due to increasing ionlc strength and with greater negative
charge due t9 increasing pH.

2,2, Cation Exchange Equations

Ever since the discovery of the cation exchange pheno~-
wmena, efforts have been made to work out a formula to predict
the equilibrium distribution of cations in solution -and adsore
bed phases of soil, Three approaches, viz, thermodynamic,
electric diffuse double layer theory, empirical and semi~
empirical (statistical thermodynamics) are normally adopted
in deriving equations to represent the distribution of ions
between an exchanger and its equilibrium solution.

2.2,1, The thermndynamic approach

Assuming the system to consist of two distinct phases,
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ie. an exchange phase and a solution phase, the law of mass
action can be applied. The process of action-exchange may
be represented as the interchange of ions between the exchange

phase and the solution phase as follows:

e Ae + nB?‘3 = nAA + nBeBe (1)

Where 'm' with subscripts *A' and 'B' represents the
number of reacting ions A and B, respectively; the subscript

'e' denotes ions in the exchange phase, while the absence of

'e! denotes ions in sslution.

From classical thermodynamics, one has:

GCm Gi ni‘

Where *n' and ‘G denote the number of molea and partial

molar free energy, ie. chemical potential (M ), respectively.
Introducing the definition of the ion activity ‘a' as

My = }JDL + RT 31n al
and Gibbs free energy change during the reaction as
AG = Zn, (products) ~£M;n, (reactants)

one gets

G°r o “RT lnk (2)
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A Be Ae B
Where K = a, n age n oy aAen aBn is the

thermodynamic equilibriuh constant; R, the universal ges
constant; and T, the absolute temperature, The superscript

'95' denotes the standard state.

In Eq.(2), the standard Gibbs free energy of exchange
is defined in terms of the equilibrium values of the activi-
tles of the reactants and products, Its value depends upon
the standard state chosen for the different components. Hence
Eq.(2) cannot be applied without further specifications.
Babeock et al (1951) suggested the same standard state for
both the ions on the exchange and in solution. This evidently
amounts €9 G°, and K = 1. Since this choice of the standard
state makes a1l the thermodynamic equilibrium constants equal
to unity, it is less informative regerding the distribution

of the cations.

For the interpretation of the experimental data on
equilibrium between cations in solution and on clays, Gains
and Thomas (1953) suggested that soils in homoionic state in
equilibrium with infinitely dilute solutions of the salt of
that cation are in their standard state. Bsbcock (1963),
hovever, pointed out because of the hydrolysis of wweekly

adsorbed cations at vanishing concentration, the adsorbed
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lons would no longer remain at unit mole fraction,

According to Bolt (1967), by the arbitrary choice of
the standard state of the exchanger and the cations concerned,
and this enables one to compare different cation peirs (and
the same exchanger) or different exchangers (and the same

cation pair),

Vanselow (1932) assumed that the exchanger phase could
be treated in analogy with an ideal 891id solutiosn, according
to which the activities of the adsorbed ions are set equal
to their mole fractions 'M' in the exchanger phase. Aggeralnger
et al (1950) extended Vanselow's theory to non-ideal exchanger
and introduced activity coefficient 'f'! for the adsorbed

ions, defined ag

£y = /M,

The thermodynamic approach of Argersinger et al (1950),
has been tried on clays and soil, systems by several workers
(Diest and Talibudeen) (1967 a and 1967 b), Jensen ¥ 83 and Babeock
(1973), Poonia and Talibudeen (1977) etc.

The thermodynamic treatment enables one to know the
relative preference of the exchanger f£or one cation over

another. The changes in the composition of the exchange
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complex with respect to the changes in the equilibrium solu-
tion cannot be predicted on the basis of this treatment.
Further, the activity cosfficient of the adsorbed ions fall
to give quantitatively the binding strength of a particular
cation in absolute terms; they simply glve the relative
exchangeabilities of cations at their different degrees of

exchanger saturation.

2.2,2. Elegctric Diffuse Double Layer Avoproach

It can be visualized that the presence of ions in the
vicinity of a charged surface in soil may be either due to
digsociation of ions from the surface under the influence of
the polar water molecules and/or to the présence of soluble
salts in the soil liquid phase, Whatever may be the reason
for the ions to be present in the soil solution, these are
under the influence of the two main forces, one being the
cause of the other., The coulombic electrostatis force attracts
end expels the counter-isns and co-ions, respectively, from
near the charged surface and tends to bring the system to a
state of minimum energy. A diffuse force then arises which
while acting in opposition to the coulombic force tends to
bring the system towards maximum entropy. The ultimate effect
of these forces acting simultaneously, but in opposite direc-
tions, is the formation of the electric diffuse double layer
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of the ions near the cherged surface, in which configuration

the system has minicum free energy.

Using Poisson Boltzmann second order differential
equation in one dimensional form for electrical diffuse
double layer, Eriksson {1952) derived a relationship between
mono~-divalent cations in the equilibrium solution and mono=-
divalent cations in the diffuse double layer.

A simplified version of Eriksson's equation, as given
by Bolt (1955), is

T r . a _rE
w YR r+l) Ve /C_a

Where T";' /T is the fraction of the surface charge

neutralized by a monovalent cation; T~ the total surface
81 F2

1000 € RT

with F as the Faraday constant (2.892 x 1011 eau me'1); R,

charge density (meq cm'z)a R (=

the universal gas constant and Ve ( = Cosh Yo) 13 related to

the potential in the plane midway between the platelets,
¥ o=, C‘u&g. C mo’e}"" H;& yz)

The diffuse double layer approach, besides accounting
for the preference of an exchanger for a pearticular cation,
predicts the composition of an exchanger in equilibrium with
a given solution. However, the strength and the weakness of
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this theory in the introduction of the surface charge density
(ScD), which determines the preference of one cation over

another,

2.2.,5. Ewmpirieal Approach

The most extensively used empirical exchange equation
dealing with cation exchange equilibria is due to Gapon (1933).
Following the convention introduced by Capon in specifying

concentration (Co* and C02+) in mole 11tre'1, this equation

13 written
+
+ 2+ Co
as v/ = K o2
where v" and  v2* refer to monovalent and divalent

cations on the exchanger and K, 1s the Gapon constant.

Based on the experimental results on bentonite clay,
solls and synthetic resins, Krishnamosrthy and Overstreet
(1950) reported that Gapon equation was unsatisfactory/wholly

inadequate for mono-divalent/mons-trivalent cation exchange.

Lagerwerff and Bolt (1959) tried to relate Eriksson's

equation with the empirical approach of Gapon as under:

1 1 r.J/s
- Sinh™

. R Y+ 4 ye a**

t ]
Y+t

r- Stan™! r/e
B Y+ 4ve g *t
Or vl = K °

¥




where Y = ST 4 ?+ = STP++ , with 5 as the specific

&

surface area and T = a°+/ ‘/59++ , Wwith ao+ and a_*" ag the

fa)
activities of monovalent and divalent cations in the equili-

briua solution.

2.2.4. Statistical Thermodynamic Approach

The charge of the colloid may be due to substitution,
dissoclation of surface groups or the preferential a adsorption
of anions. Then the charge may be assoclated with a particular
adgsorption site. This model, introduced by Davis (1950),

Davis and Rible (1950); Krishnamoorthy et al (1949), and +
afterwards applied to0 exchange on soils, clays and resins by
Krishnamoorthy and Overstreet (1950), is based on the assump-
tions thet (1) the adsorbed ions are localized and one layer
of ions would neutralize the surface charge (ii) the neigh-

bouring ions have no influenece on the interaction energy of

an ion and the site, and (i1ii) the distance between the sites

is large compared to the ionic size.

The generalized equation from this model, suggested
by Krishnamoorthy et al (1949) and Davis (1950), is

nie nh
. M Be 34“
D MAEnAe ( < qi Mie) nBe~nieg a BnB

= Constant
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Where 'q' is a parameter whose value depends on the
valence of the ion and the assumed number o9f the nearest
adsorption sites (Y), to the given adsorption site 'qi' for
any adsorbed ion 'i' of valence 'Z' is given by:

Y'Z1 -2 21 + 2 2 zi 2

2, - +
Y i Y Y

qi-

Various exchange equations may be derived from the
above generalized equation by assigning different values to Y,

For Y = 2, ie. linear array of surface charges, qy = 1, then

nA nBe
a, M

Be
D = ﬁ !?lﬁe = Constant = Kv
ag  Mpg

K

where Kv = Vanselow constant.

Bloksma (1536) pointed out that in selecting a hexa-
gonal array (Y = 6) of surface charges, there are eight adja-
cent sites for a divalent ion; two of these sites give the
value of Q°F = 4/3, rather than 5/3.

Hence,
att M+2

o = Constant,
D a+2 M++ (M+ + 1.6 M++)

An attempt was made by Heald et al (1964) to develop

@ semi-empirical approach to predict exchangeable cations,
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considering the distribution of adsorbed ions over the Stern

and the Gouy parts of the diffuse double layer.

The purely empirical and semi-empirical or statistical
thernodynsmic approaches propounded to explain the experimen-
tal results are free from 1nvolvedrmathematical cansidera~-
tions/assumptions and are simple to use. They not only give
the relative preference of a cation by an exchanger (baﬁed
on selectivity quotients) but can also predict the changes
in the cationic composition of the exchanger.

2¢3. Studies on catiosn exchange eguilibrie in soils

The equilibrium in clay suspension between aluminium
and other wetallic cations has been the subject of conside~
rable study because of the interest in acid neutralization
and aluninium toxicity in acid soils. The study of cation
exchange equilibria involving Ca®t Mgz; and Na* ocould be
useful in the prediction of leaching and accumulation of
salts closely associated with the processes of godification
and desodification of normal and alkall 801l1s, respectively.
On the other hand, such a study of x* helps in understanding
the behaviour of applied potassic fertilizers, as well as the

release/fixation patterns of native and applied potassium.



2.3.1. Exchange equilibria of Aluminium versus different

cations

anc{ T:afu'LuJecn
Coulter, (1969) from a study of K-Al exchange equili-

bria in clay minerals and acid soils, showed that A13+ was

strongly preferred to K'.

Singh and Talibudeen (1971) studied the K-Al exchange
thermodynamically for nine acid soils of Malaya. In seven
solls K was adsorbed more strongly than Al, The activity
coefficlent of adsorbed K (fk) increased, then decreased
with decreasing K saturation. The activity coefficient of
Al (£Al) decreased with decreasing Al saturation, Between
801ls fk changed much more than f£Al. with saturation changes.

Cation exchange equilibria in an acid ultisol profile
involving K-Al, Ca-Al, K-Ca, Na-K and Na-Ca exchenges were
studied by Pleysier et al (1979). They observed a high
selectivity of K to Al. The overall selectivity sequence
follows the order of K > Al > Ca = Na,

Baruah et al (19853 studied Al-Ca, Al-¥X and Al=tii,
exchange equilibria in some acld soils of Assam. The norma-
1ised exchange isotherm indicated the order of preference for
the competing cations Al > Ca > NH4_> K, whereas the values
of free energy changes showed the order NH42> K> Al > Ca,



The higher thermodynamic preference to NH, and X over Al was
agcribed to significent content of dioctshedral mica together
with vermiculite and smectite.

2,3.,2. Exchange equilibria of caleium versus different

cations

Hunsaker and Pratt (1971), while studying the Ca-Mg
exchange equilibria in soils, found that a hyiroxy-aluminiuc
coated montmorillonite clay had a higher preference for Ca
than the original clay., Allophane, an organic soll and soils
containing amoyphous minerals or Kaolinite plus gibbsite all
showed higher preference for calcium than is expected in

montmorillonite clays and solilsa.

The effects of MgCl, - CaCl, and MgCl, - Cacl, = NaCl
galt systems of different Mz:Ca ratio on a sadium dominant
bentonite clay were studied (Mondal, 1972) in the presence
or absence of Kanker (impure CaCOB occurring in some soils).
Exchangeable calcium on the bentonite increased at all Mg:Ca
ratios, It further increased in the presence of Kenkar,
following the release of calcium. The original ESP of the
clay was reduced considerably when suspended in both Mgcla -
CaCl2 and HgClz - CaCl2 - Nacl2 systems, the reduction was

greater in the presence of Kankar.,



Krighnappa et al (1974), while studying the Ca-Mg
exchange equilibria in three soils of Karnataka, observed
that Ca was preferentially adsorbed by a red sandy loam, a
black clay 80il and a laterite sandy clay loam. The laterite
showed a strong preference for calcium but only a slight

preference was shown by the black soll.

Udo (1978) studied the thermodynasmics of K-Ca and
Mg=Ca exchange reactions on a kaolinitic soil clmzy. For the
K=Ca system, the selectivity coefficiants were high indicating
a greater affinity of the clay for K than for Ca. The high
equilibrium constant and the negative valuea of standard free
energy and the enthalpy changes for the exchange 2f Ca for K
also revealed a preference of the clay for K* relative to
Ca®*, In the Mg-Ca system, the exchange isotherms and low
selectivity coefficients indicated a prefersnce of calcium
for the clay. This exchange of Ca for Mg was asccompenied by
an increase in the free energy and enthalpy changes also
painting to a more stable Ca=clay then Mg-clay.

Bladel and Gheji (1980) reported that Ca was selectively
adsorbed over Mg. Affinity for Ca over Na or Mg lons was
greatest in the calcareous soils and varied approximately in
the same order as the 8oil organic matter content., In the
Ca~Na system, the selectivity coefficient was rather indepen-
dent of ionic strength. Enthalpy and entropy changes were
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negative for the substitution of Ca by Na. These results
indicate that the preference of Ca was probably due to overall

entropy change.

Baligar-(1984), from his studies on the influence of
calcium and magnesium on the ionic equilibria and selectivity
of cations in soils, showed that sddition of calcium (Ca)
and magnesium (Mg) reduced the fractional saturation of mono-
valent cations in solution and exchange phase, However, no
such conclusion could be drawn for divalent cations, In all
the soils Rublidium was preferentially adsorbed over K and Na,
In all the soils, increasing levels of Ca and Mg reduced the
magnitude of selectivity coefficient for homovalent ion peirs
(’Rb/Na, K/Na) and mons-divalent ion pairs (Rb/Ca, Rb/Mg,
¥/Ca, K/Mg, Na/Ca, Na/Mg)., These changes in selectivity
coefficients sre attributed to fractional saturation changes
on the exchanger and differences in the free energy of hydra-

tion of the two counter ions involved.

24343+ Exchange equilibrig of potassium versus different

cations

Studies on the ion exchange equilibria and selectivity
cheracteristics of the s0ils of Tarai regilon (U.P.) revealed
that these so0ils had higher selectivity of K than to other
cations (Na, Ca, Ba and Al), and Mg was preferentielly adsorbed
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over calcium, The higher K-selectivity of these soils was
due to their higher micaceous mineral content, whereas the
preference for Mg was attributed to the presence of vermi-

culite material (Raju and Ranman, 1978).

Perrott (1981) studied the K-Mg cation exchange selec-
tivity of some alliophanic s0il c¢lays, imogolite and a range
of synthetic hydrous oxides and amorphous aluminosilicates.
The preference of the aluminosilicate for ng+ increased with
pH. . Hydrous oxides of iron and aluminium were found to speci-

fically adsorb Mg2' at alkaline pH values.

Exchange equilibria of K versus Ca+Mg on samples of
eight Boils derived from alluvial were studied by Singh et al
(1931). The specificity of the exchange sites for K% decreaged
first abruptly and then gradually with increasing potassiun
adsorption ratio (PAR) of the equilibrium solution. The nore
malized exchange isotherms showed that at low exchangoable
potassium percentage (EPP) the equivelent fraction of X' on
the exchange complex were greater than that in the equili-

brium solution, whereas the reverge was true at high EPP.

In their studies on the exchange equilibrium of X
versus Ca and Na in soils from semiarid regions of India,
Mehta et al (1983) observed a higher specificity for K to
Ca?* 1n the first 50-70% K* saturation. In the K+--ll\ia+
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system the specificity for K* to Nat was, however, higher
for the whole range of exchange isotherms. The soils high
in organic carbon had higher preference for K* than low in
organic carbon. The values of the standard free energy
change of the exchenge reactions for K*- Ca®! and K*- Na'
systems were negative for all the three soils tested, These
values were, however, more negative for k*= Na* than for
K*~ ca?* systems, suggesting higher preference for K* in the

former,

Goulding and Talibudeen (1984) reported that residual
fertilizer potassium and farm yard manure regidues decreased
preference for K in =oils from the Broadbalk and Saxmundhem
Rotation I Experiments, but more so at Broadbalk than at
Saxmundham, presumably because of éreater duration and amounf
of . potassium menuring at Broadbalk. Farnm yard menure hed a
very- complex effect on the exchange characteristics of Broade
balk soils.

While investigating the thermodynamics of pstassium
exchange in calcium saturated soils, Jardine and Sparks (198@?
observed a preference for K at low values of NK (molefraction
of K in solution) and for calcium at higher values., This
selectivity reversal may be attributed to exchange sites of
varying reactivity for X and Ca ions and supports the hypo-
thesis of the multireactive nature of the soil. Although



potassium was selectively bound at low NK' the so0il exhibited
an overall calclum preference as noted by the positive standard
free energy values. The strong binding of K ions with some
sltes of the soll was assocliated with the presence of vermi=-

culite clay minerals,

In 14 Indian soils, the changes in ionic equilibria,
selectivity coefficients and rate of diffusion coefficient
for K, Na, Ca and Mg were investigated by Baligar (1985).
All soils had a greater fraction of Ca and Mg on the exchange
phase than in solution, whereas with K and Na the reverse
was found, Potassium adsorption isotherms for all the soils
differed, indicating the difference in the nature of soil
materials involved. Chalmers soil with a high clay content
with a high CEC had high differential buffer values for K.
In all the soils K was adsorbed preferentially to Na at all
the levels of K addition. Calcium was adsorbed preferen-
tially to Mg on Zaneville and Toronto soils. However, in
Chalmers and Raub s30ils the reverse was observed when the
level of K addition exceeded 1 and 0.5 meq/100 g soil rese
pectively.

A laboratory experiment was conducted (Mehts et al
1986) to study the K - Ca exchange equilibria in some soils
from semi-arid reglons of India. In light textured and



relatively low potassium soils, absut 50% of the exchenge
sites preferred K; thlis figure was reduced drastically to
about 5%, upon fixed K depletion. The values of the standard
free energy change of the exchange reaction, A G°, were
negative in all the 50ils and decreased with depletion of
fixed K, indicating the reduced specificities for K, The
Gapon selectivity coefficient, KG’ decreased with inoreased K
saturation. None of the seclectivity coefficient tested
renmeined constant throughout the exchange isotherm.

in their studies on the effect of organic matter on
potassium-calcium exchange in soils, Poonia et al (1986 a)
observed a higher apparent K specificity in the first 40-50%
potassium saturation., Farm yard menure treatments resulted
in a2 apall but consistent increase in the shift of isotherms
towards a greater K-preference; the shift being more conspi-
cuous in the low K-gaturation zone. The standard free ener-
gles of K - Ca exchange (& G°) were strongly negative suggest-

ing strong preference for K over Ca in these soils,

Poonia et al (1986 b) reported that application of
farm yard-manure caused a small but consistent increase in
the preference of K over Mg. The calculated standard frae
energy of K-Mg exchange was strongly negative, suggesting a
strong thermodynamic preference for K over Mg. All the |
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selectivity quotients scrutinized were strongly K saturation
dependent, the dependence becoming more pronounced with the
addition of farm yard manure,

2.3.4, Exchonge eguiltbria of sodium versus different cations

Poonia et al (1980 a) studied sodium=-caleium exchange
ag affected by total slectrolyte concentration at different
sodium adsorption ratios of the equilibriating solutions on
some s0lls of Haryana. The normalized exchange isotherms
for sodium revealed that at a given proportion of sodium:
calcium the accumulation of sodium in the adsorbed phase
increased with the increase in totazl electrolyte concentra-
tion, vhich was in accordance with ratio law equation. The
values of AG® Na-Ca increased and that of K, decreased with
the incraase in total electrolyte concentration, thereby
showinz an increass in the preference af calcium by the soil
exchanger with increase in total electrolyte concentration at

given sodium adsorptlon ratlo.

Poonia et al (1930 b) studied sddium-calcium and
sodium=-magnesium exchange equilibria in solls to compare the
roles of natural and applied organic matter. Their observa-
tion was that 'apparently' the applied organic matter had a
greater preference for divalent cations than the natural

organic matter in soils, They attributed this to incomplete



oxidation of the chemically more active natural organic matter
by hydrogen peroxide treatment and long term binding asction

of natural organic wmatter in the clay humus complex,

Al-Chslabi and Pasricha (1981) studied sodium-calciunm
exchange equilibria in some salt effected soils. The rela-
tionship between exchangeable sodium ratio (ESR) and sodium
adsorption ratio (SAR) was used for the graphical estimation
of equilibrium SAR for 3 saline sodic soils. One of the
80ils showed a steeper slope of the ESR-SAR exchange isothera
indicating a higher affinity for sodium than the other two

=0ils.

Sheta et al (1981) observed that the Gapon selectivity
coafricient, KG, increased linearly with the exchengeable
calelun fraction (or decreased with ESP), thereby showing an
increase in the preference of Ca2+ by the soil (Nile Delta

8011) with increase in exchangeable calcium,

Baruah et al (198;5 studied the sodium-calcium and
sodium-potassium exchange equilibria in three illite domi-
nated soils of semi-avid region. In Ca-Na system, the
exchange isotherms of sodium lay below the diagonal and the
valuegs of Gibbs free energy change (AG°) were positive,
indicating higher prefexrence of Ca to Na by the soil exchanger.
The activity coefficients 9f the adsorbed sodium were higher
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than those 9f calcium. The values of Gapon cocefficient
(KG), Vanselow coefficient (Kv) and Krishnamoorthy-Devis-
Overstreet (Ky,,) increased with sodium saturation., In
Na=-K gystem the shape and position of the exchange isotherms
of sodium and the sign and magnitude of AG° suggested con-

siderably higher preference for K to Na.

Fletcher Philip et al (1984 a) studied ternary exchange
reaction (involving Na, Ca, and Mg) on a momntmorillonitic
s0il and concluded the preferential adsorption of calcium.
This preference was attributed primarily to the presence of
organic matter assoclated with the soll separate, However,
the exchange isotherms showed no effect of pH in the range

ive Seven

between »x and 7, and no effect of exchangeable scdium percen-

tage in the range between zero and 25%.

The binary cation exchange process, Na — Ca, Na — Mg
and Ca — Mg were lnvestigated for a montmorillonitic soil
(Fletcher Philigiaggaa b). The exchange isotherm indicated
some preference on the soll for calcium and magnesium over

sodium end for calcium over magnesium,

Sposito and Le Vesque (1985), while investigating the
binary and ternary cation exchange reaction involving sodium,
caleium and magnesium, ohserved a preferential adsorption of

Ca and Mg over Na by the clay minerals, and for calcium over
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magnesiug in the binary exchange. The prinecipal ternary
axchange data, on the other hend, indicated no selectivity
difference between Ca and Mg in the presence of adsorbed

sodium at a nominal exchangeable sodium percentage of 25,



MATERIALS AND METHODS
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MATERTIALS AND METHODS

An investigation was carried out to study the exchange
equilibria involving Al-=K, Al=Ca and Al-Mg systems in some
acid soils of Kerala, differing in their texture and organic

natter content,

3.1. Collection of soil samples

Three soil types namely Kari, Laterite and Redloam

were selected to represent the acld soils of Kerala., Several

@-20cm. -:lep";'_)
surface soll samples in bulk were collected, so as to get
three levels of organic matter within each s90il type. The

locations of collection are given below:=

%%: Location Order Local neme  Texture 9%%%2%9
1. Karthikapally Entisol Kari Clay High
2. Ambalapuzhe Entisol Karl Clay Medlum
3. Karthikapally Entisol Kari Clay Low
4, Palode Oxisol Laterite Sandy clay High
5. Chullimanoosr 0Oxisol Laterite Sandy clay Medium
6. Karakulam Oxisol Laterite Sandy clay Low
7. Vellayani Alfisol Redloam Sandy clay High

loam
8, Vellayani Alfisol Redloam igndy clay Medium
am
9, Vellayani Alfisol Redloam Sandy clay Low

loam
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The solls were air dried in shade and ground with a
wooden mallst. Each sample was then screened through a 2 mm.
sieve and the screenings were collected and stored in labelled,
stopperad glass bottles., The preliminary analysis of soil
was carried osut by adopting standard enalytical procedures

and the values are given in Table 1,

3.2. Preliminary enalysis of soil

30201 * pH

pH of the soil in 1:2.5 s9il water suspension’) was

determined using the glaass electraode of Perkin-Elmer pH meter.
5.2.,2+. Electrical conductivity

Conductivity of 1:2.5 s0ll water extracts was determined
using a solu~bridge.

3.2.3. Organic carbon

Organic carbon was estimated by the YValkley and Black's
rapid titration wethod as given by Jackson (1367).

3.2.4, Cation exchange capacity

Cation exchange capacity was determined by using neutral

normal ammonium acetate method (Jackson, 1967).
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3.2.5. Exchangeable cations

Exchangeable potassium was extracted by ammoniun
acetate (Jackson, 1967) and determined by the flame emission
using EEL flame photomater.

Exchangeable calcium and magnesium were estimated from

ammonium acetate leachate by titration with EDTA (Hesse, 1971).

Exchangeable aluminium was extracted with one normal
KC1 solution (Hesse, 1971) snd determined in FE-3030 Atomic
Absorption Spectrophotometer.

3.2.,0, Specific surface area

The specific surface area of the 2511 samples were
determined using ethylens glycol adsorption method (Bower
and Goertzen, 1959).

3.2.7. Surface charge density

Surface charge density (SCD) was determined from
specific surface area (S) using the formuls,

CEC C mol (+) Kg~' = 10% 5 (a®/g) x SCD (mea/n?)
3.2.8. Particle size distribution

The mechanical analysis of the sample was carried sut
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by Bouysucos hydrometer method.

3.3 Experimental details

To conduct catinsn exchange equilibrium studies each
of the sample was made homoionic with potassium, magnesium
and calecium for the K+Al, Mg+Al end Ca+Al systems, respectively.
The homoionic samples were then alr dried and used for the
equilibrium studies.

3.3.1. Preparation of homoionic ssil

Generally the use of homoionic soils/clays was preferred
to conduct the cation exchange equilibrium studles, This is
because of the experimental convenience and accuracy in the

estimation of cation pairs involved,

The soil samples (100 g) were made homoionic with K
for K-Al, with Mg for Mg-Al system, and with Ca for Ca-Al
system, This was done by repesated washings with one normal
chloride solutions of potassium, magnesium or calcium as the
case may be in 1:5 soil solution ratio using the leaching
technique. The homoionic fora of the soll was ensured by
ascertaining the absence of other cations in the leachate,
The samples were made salt free by two successive washings
with distilled water, four washings with 95% ethonol and
finally tested with Ag NO3 for chloride free leachate,



Table 1, Fhyslicochemical properties of the soils.
Properties Kari Soill Laterite Soil Red loam Soil
1 2 3 4 5 6 7 8 9
P 4.0.5 3.40 3,20  3.20 5.20  5.00 4,90 5,40 6430 6,30
BC 1:2.5
TeSeSe 0.05 0.05 0.05 2.15 0e15 020 De30 0.30 De30
-1
(dSm™ ")
CEC € mol (+) Kg'1 38.00 20.20 15.40 23,60 16,40 11,40 16,20 13.80 9.20
Specific surface
area (mzlg) 82.20 71.53 38.20 5731 40471 27.32 33«12 23.83 18.92
Surface charge
density (me/cm? x 167) 1.10 1.18 1.50 1.25 1.60 2.15 1.63 1.74 1.92
organic carbon (%) 6.67 3\'49 1.06 355 2,05 1.20 3.16 1.89 0.81
Organic matter (%) 12,02 6.02 1.85 6.12 3453 2.07 545 3.26 1.40
Exchangeable cations
¢ mol (+) Kg~|
Ca 8.50 5.80 3.&8 5.83 L".QL} 3.23 3.13 4.92 3.10
Mg 3.31 2.14 1.16 1.59 132 1.50 2492 1.25 0.86
K 0.98 0.87 0.81 2,65 0.35 0,22 049 0.81 0.95
Al 2.32 1.54 1.48 1.32 1.07 0.83 1.08 0.94 0.63
L2



Table 1 contd.

Properties Kari 321l Laterite 5o0il Hed loam Soil
1 2 3 4 5 6 7 8 9

Particle size

distribution

Coarse sand (%) 6.25 8.6‘* 15¢Ll1 28.06 36.38 38-93 5801"5 37.21 ‘43.36
Fine sand (%) 7.13  10.84 13.76 15.32 17.39 16.83 16,70 22.43 23.24
511t (%) 16,40 17.80 20.80 12430 740 9.57 3,80 6.30 3.80
Clay (56) 58.20 96.70 48,20 38,20 35,30 32.60 30.6 30.8 28,20
Texture Clay Clay Clay Sandy Sandy  Sandy Sandy Sandy Sandy

clay clay clay clay clay clay
1lsam loam loam

037
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J3e3.2. Equilibriation procedure

2.5 g of each of the potassium, magnesium and calclun
saturated homoionic soils were equilibriated with 25 ml chloride
solutions (1:10 soil solution) of K+Al, Mg+Al and Ca+Al res-
pectively at ten different equivalent ion fractions of Alumie
nium, viz. 0.01, 0,05, 0.075, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75
and 1,0 at a total electralyte concentration of 20 m&/litre
for each ion pair, All the treatments wers taken in duplicate,
The suspensions were equilihriated for 24 hours with inter-

mittent shaking, at room temperature,
Ze3.3. Estimation of equilibrium exchangeable cations

The estimation of cations on the exchenge complex was
carried out using the following method, 7The s2il with the
equilibrium solution was filtered through Whatman No, 42
filter paper. 1In the filtrate Ca and Mg were determined by
Versenate titration, K flamephotometrically and Al in PE-3230
Atomic Absorption Spectrophotometer, The exchangeable cationa
were obtained from the depletion/increase in the emounts of
competing cations in the original solution after equilibrie-
tion,

3.3.4. Prediction of cation exchenge équilibria in soil

Experimental data of cation exchange equilibria studies
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was explained using thermodynamlic and empirical approaches.
3.3.0,7. Thermodynamic approsach.

Thermodynamic treatment as proposed by Gaines and
Thomas (1953) was used to describe the results of the investi=
gation., In thersodynamic approach, assuming the system to
consist -of “two dfstinct phases, an exchange phase and solu-
tion phase, the law of mags action can be applied,

In this approach following equations were used to
calculste (1) thermodynamic equilibrium coefficlent (Ke), (2)
thernodynamic exchange constant (K), (3) standard free energy
change of the exchange reaction (4G°). For the cation
exchange reaction

‘ZfBAx + ZAB:EZABN: + ZBA

where x i3 the exchanger. A 138 original cstion on the exchanger,
B is replacing cation. Z, and Zg are the valencies of cations

A & P respectively.

(1) Thermodynamic equilibrium coefficient (Kﬂ)

2 A
W) (g) P
Ky = % '
N Ty YT

Nt gtands for equivalent fraction of cations on the
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adsorbed phase and ‘'a' for the activity of catiosns (mol/litre)
in the equilibrium solution. Activity (a} = Concentration
(C, m91/1) x ectivity coefficient (r).

The activity coefficients of cations in the quilibrium
solution was calculeted by using the modified Debye-huckle

equatisn as under

az? /1
1 +aCBJ—f

log ry = =

A and B are constants, their values depend on tempe-
rature end dielectiric constant of the medium, 4&s the radius
of the hyirated ion: and I is the ionic strength (mol/litre)

of the solution and can be calculated as under

2

I » 0.5 £ C,2, where C is the ionic m>lar concentra=-

tions and Z, the valency of the ion,.
(2) Thermodynamic exchenge constant (K)

Thermodynamlic exchange congstant was calculated by
using the relationship

InKa«(Zb = 2a2) + \Z;h Ke d¥p

where K 1s the thermodynamio equilibrium constent.
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(3) Change in free energy { AG°)

AG? @ - RT In K

1

where R is gas constant (Cal deg™ mole'1)

T is Kelvin temperaturse

AG° 45 the approximate Gibb's free enerzy
(4) Normalized exchange isotherm

Whather a particular cation is preferentiglly adsorbed
to another in an exchange reaction was also seen from the shape
of the normalized exchange isotherm. Normalized exchange 1so-
therm is the graph betwean the eguivalent fraction of a cation
on the exchange versus its equivslent fraction in equilibriun
solution., The diagonal indicate that both the cations are
equally preferred o-n the exchange complex.

3edels2. Empirical approach

The purely empirical end semi-emperical or statistical
thermodynamic approaches not only give the relative preference
of 8 cation by an exchanger (based on selectivity coefficients)
but can also prediect the changes in the cationic camposition
of the exchanger,

The f£ollowing empirical equations given by various

workers were used to calculate the selectivity coefficients.



A YA
() (ay) P
(1) KV - X sssseseny (VBHBQ].OW' 1932)
Z Z
Np (aA) /2y
(2) K - X - seascssevn (Gapan, 1933)
N, (a5) %z
Z Z
(1g) a (a,) B
(3) KKDO - — X =

" Z
(HA)LB (UMg + MA) (ag)

(Krishnamoorthy et al, 1948)

¥here a, and ay are the activities (mol/1) of cations
A and B in the equilibrium sslution respectively, NA and NB are
the equivalent fractions, and M, and MB are the mole fractions
of cations A and B on the adsorbed phase, respectively, U = 2
(¥Y=1)/Y with ¥ as the number of exchange sites influencing a
given site. For calculation it was teken that ¥ « &4 o U = 1.5,

3.3,5. Statisticel analysis of the data

After computing the various selectivity coefficients
a correlation study was conducted to find out the dependency
of these selectivity coefficients on exchangeable potassium,

calcium and magnesium percentage.
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RESULTS

Expressions correlsating equilibrium compositions of
the exchange complex and the sgolution are important, because
they enable the prediction of changes in the adsorbed and
solution phases in soid) as Influenced by fertilizer applie
cation, addition of irrigation and waste waters, ion uptake
by plants etc. In the present study experisents were cone
ducted to f£ind out 1. Tho effect of different elecirolyte
concentrations on exchange cquilibriuﬁ in goil =olution
and adsorbed phase 2. The influence of different cations
on the free energy and various selectivity coefficients for

different soils.

The cation exchange equilibrium study was carried
out for aluminium-potessium system, aluminium-calcium system
and aluminiun-magnesium system, and the results are given

in Tables 2-23 and interpreted in Figures 1-18,

4.1. Aluminfum-Potassiun system
L.1.7. Effect of different electrolyte concentrations and

organic matter levels on eluminium-potassiun
exchange

Table 2 presentsg the date on the equilibrium concen-

trations of aluminium and votessium for kari soils, In



Table 2 Equilibrium concentration of aluminium {(Al) and potassium (K) for
K- A13+ systeam in kari =oils

Soil 1 Soil 2 Soil 3
Sl. Q CAl CK CAl CK CAl CK
No. oot 1, K -1, A -1y X Ay B 1, oK -1
Cmol{+) (me 17°) Cmol(+) (me 1™ ') Cmol (me I ')Camol (me 1 ') Cmol (me 17 )Cmol (me 1™°)
kg'1 ™1 {+) {(+) (+) (+)
g <1 -1 -1 =1
kg kg kg - ) kg )
1 0.18 0,02 37.82 19.98 0.16 0.04 20,08 19,96 Q.14 0.06 15.26 19.54
2 0.88 0,12 37.12 19.88 0,82 0.18 19.38 19.82 0.81 0.19 14.59 19.81
3 1.28 0.22 36.72 19.78 1,13 0.37 19.07 19.63 1.02 0.48 14,38 19,52
4 1.48 0.52 36.52 19.48 1.24 0.76 18.96 19.24 1.17 0.83 14.23 19.17
5 3.11 0.89 34,89 19,11 2.97 1,03 17.253 18.97 2.28 1.72 13.12 18.28
&6 4.99 1.01 33.01 18.99 4.,32 1.68 15.88 1B.32 3.23 2.76 12.17 17.24
7 6.89 1.11 31.11 18.89 5.89 2.11 14 .31 17 .89 4.77 323 11.28 16.12
8 8.21 1.79 29.79 18.21 T7.47 2.53 1273 17.47 5486 4,14 9.54 15.86
9 12.49 2.51 25.51 17.49 9.69 531 10.51 14,69 8.01 6,99 7.39 13.01
10 16.141 3.59 21.59 16.41 11.60 8.40 8,60 11.60 2.39 10.61 6.01 9.39

q - adsorbed phase
C = sgolution phase

LY



Teble 3 Equilibrium concentration of aluminium (Al) and potagsiun {K) for
K*~ A17* gystem in laterite soils

Soil & Soll § Soil 6
S5l. q CAl qQ CK q CAl q CK q CALl qQ CK
No. ngl (Eﬁ Cgol (ff cggl (fﬁ Cﬁol (Ei ngl (ﬁg Cgol (Eﬁ
{(+) 1) (#) 1) (+) 1) () 17t (+) 17°) {+) 177)
kg™ ke xg™) kg™ ) kg kg
1 0.16 0.04 23 4 19.96 0.16 0.04 16.24, 19,96 0.16 0.04 11.24 19.96
2 0.87 0.13  22.73 19.87 0.78  0.25 15.65 19.75 0.74 0.96 10.68  19.74
3 1.26  0.26 22,34 19,76 1.02  0.48 15.38 19,52  0.98 0,52  10.42  19.48
4 1,37 0.63 22,23 19,37 1.23 0,77 15417 19.23 1,09 091 10,31  19.09
5 2.89 1.11 20,71 18.89 2.50 1,50 13,90 18.50 2.14 1.86 9.26  18.14
6 &4.81 1,59 19,19  18.44 3.87 2.13 12,55 17.87  3.21  2.79 8.19  17.21
7 6.4 1.86 17.46 18.14 5.12  2.88 11.28 17.12 4,22 3.78 7.18 16,22
8 7.92 2.08 15.68 17.92 6.89 3.1 9.51 16,89 5.64 4.36 5.76  15.64
9 11.74 3,26 11.8% 16.74 9.34 5,66  T.06 13,34 7.7 7.26 3,66 12,74
10 15.14  4.81 8.41 15,14  11.61 8.39 4,79 11.61  9.14 10,86 2.66 9.41

qQ - adsorbed phaae
C =« s2lution phase

8



Table 4

Equilibrium concentration of aluminium (A1) and potassium (X) for
Kt- A13+ system in redloam soils

S04l 7 Soll 8 S011 9
Sl. Quq CAl Qe CK dpq CAl Qg CK Qpq QAl U CK
No. {Cmol (fe {Cnmol (f$ (Cmol (Eﬁ {Cmol (23 (Cmol (fﬁ (Cmol (fﬁ
(+)1 1) (&) 1) {+) 1) {+) 1) (+)1 1) (+) 1)
kg ) kg'1) kg™) kg™ ) g kg™ ")
1 0.18 0.02 16,02 15,98 0.16 0.04 13.64 19,96 0.15 005 9.05 19.95
2 0.88 0.12 15.32 19.88 .76 Q.24 13,04 19.76 0.71 0.22 B.4g 19.71
3 1.31 0.19 14,8 19.81 1.18 0.32 12,62 19.68 0.94 0456 8.26 19,44
4 1.71 0.26 14.49 19,71 1.21 Q.79 12.59 19.21 1.08 Q.92 8.12 19.08
5 3.08 0.92 13.12 19.08 2.55 1.45 11.25 18,55 2,16 1.84 7 .04 18.16
6 4,02 1.98 12,18 18,02 3.70 2.30 10.11 17.70 5.08 2,92 6.12 17.08
7 5.52 2,48 10.68 17.52 4,98 3,02 8.82 16,98 4,21 379 4,99 16.21
8 6.83 3.17 9.37 16.83 6.23 3,77 7.57 16.23 5.12 4,88 4,08 15.12
9 9.54 5.46 6.66 14.54 8.53 6.47 5.27 13.53 6.46 8,54 2.74 1M.46
10 10.04 8.23 6.16  11.77 10.49 9,51 3.31 10.49 7.18 12,82 2.02 7.18
q <~ adsorbed phase
C - solution phase

cv
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general, for all the three goils (1, 2 and 3) with increase
in the concentration of aluninium in the equilibriating
solution, more of aluminium was adsorbed into the soil
exchanger. VWhen the equivalent fraction of aluminiua in
the equilibriating solution was increased from 0,01 to 1,00,
£he increase in exchangeable aluminium was from G.18 to
16.41 Cmol(+) kg"’ for soll 1, D.16 to 11,6 Cmol{+) kg
for soil 2 and 0.14 to 9.39 Cmol(+) kg™ for soil 3. From
Table 2 it is also clear that s9il 1 with high organlie matter

1

released more 8oll potassium into the equilibriating solu=-
tion compared to soil 2 (with medium organic matter) and
goil 3 (with low organic matter).

A similar trend was observed” for leterite and red-
loam soils (Tables 3 and 4). Among the laterite solls the
adsorption of aluminium wes maximum f£or soil & (with high
organic matter), followed by soil 5 and 6 with medium and
low organic matter respectively (Table 3). For the gmaximun
equivelent fraction of asluminium (1,00) in the eguilibriating
aolution the quantity of aluminium adsorbed was 15.14 Crol{+)
kg’q'far 801l 4 as against 11,61 and 9.14 Cmol(+) kg'1 Lor
aoll 5 and 6 respectively.

Among the radloam soils, 8211l 7 with high orgaalc
natter adsorbed 10.04 Cmol{+) kg'q of aluminium as egainst
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10,49 and 7.18 Cmol{+) gg“‘ far 80ils 8 and 9, respectively
(Table &), 48 in the case of kari and laterite soils, here
also the adsarption of aluminium incressed with increasne

in the concentration of aluminium in the equilibriating
solution. Uen2rally the adsorption of aluminium and release
of potassium incresased with ircrease in the level of ovrganic

matter in the three soll types.

4,1,2, Exchange isotherns

The normalized exchengs fisotherms, deplcting e rela-
tionship between the aquivalent fractions of AIS* in eqguili-

cﬂl is the concantration of

brium solution, “Al/Co {where
Alg* in ma/l, and Co is the total electrolyte concentration
in pe/l) end in the edsorbed phase, 941/% (whore 1 s
the concentration of Als* in =e/100 g, and 9 is the cation
exchenge capacity in me/100 g) for karl, laterite end red-
loam soils are given in Figures 1, 2 and 3, respectively.
in 21l the three soil types the isotheras lay abave the
diagonal, showing thersby the preferential adsorgtion of

aluminium to potassium.

From FPlg.l it 18 clear that there is only slight
difference in the sprcificities of soil one and two for
eluminiun, 3504l three with lov organic mstter shoved ‘the

olninua preference for aluminiumn,

S
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Among the laterite solls, the maximum preference was
shown by goil four, with high organic matter (Fig.2). So0il 5
with medium organic gave a slight higher preference for
aluminium than s0il &, with comparatively low arganic matter.

The normalized exchange isotherms for redlozm s2ils
{Fig.3) did nst show much differaznce in their preference
for aluainiun to potassjum.

ho1.3. Seclectivity coefficients

The values of Gapon selectivity cosfficient (Kg),
Zrishnamoorthy-Davis-Overstreet selectivity coefficient
(KKDO)’ Vanselow selectivity coefficient (Kv) and thermo-
dynamic equilibrium selectivity coefficient {KN) for the
three 8011 types are given in Tables 5, 6 and 7. In gensral,
for all the three soil types the value of Ky increaged with
increase in exchangeable potassium percentege, whereas the
valueg of other selectivity coafficients increased only upto
a certain value of exchangeable potassium percentage and

then decreased,

From Table 5 and Fig.4 1t is clear that the values
of KG increased with inorease in exchangeable potassium pers
centage. The increase was from 6.30 to 149.45 mal-& 1% for
80ils with high organic matter. The values of Km. Kv and

W
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Table 5 Calculated values of Capon selectivity coefficient (KG),
Krishnamoorthy-Davis=-Overstreet selectivity coefficient
(Kgpo)s Vanselow selectivity coefficient (¥,) =nd
equilibrium selectivity coefficient (KN) for Kt~ ALt
system in kari solls

botessian 0, WO a o,
percentage (mal™* 1 (mol~ 1) {mol™ "' 1) (mol™" 1)
Soil 1
56.82 6.30 250.57 275,90 46 .64
67.13 8.19 273.06 292,22 59439
78.39 12,54 361455 376476 92,02
81.86 12.88 263 .34 272:39 70.17
86.87 18,19 365443 374.19 103.85
91.13 29.66 574,99 572457 17151
96.11 53.17 716.40 72118 223,07
96,42 45,84 318.98 318.64 109.29
97.68 54,76 271 .49 272.56 88.07
99,53 149.45 225.94 226,11 74.89
Soil 2
42,57 3.66 171.72 205.49 21.46
52,03 4,41 159.60 182.32 24,94
63.02 6.86 215.70 233.35 44,16
70.684 9.01 271.21 287.57 62.21
78.61 12,37 339.14 353,23 86.56
85.05 16,08 322.83 331.61 89.92
93.86 37.81 657.13 664,14 203.63
94 .41 32.25 336.41 339.70 104,94
95.94 35.22 226.52 228.10 71.97

99.21 112,34 269.36 269.72 88.96




Table 5 contd,.

et o S . Voo
percentage {mol * 13 (mol ' 1) (mol™' 1) (mol ' 1)
So0il 3

39,03 3.40 240,53 295.38 21.18
47.99 5,70 367.82 421,26 56.17
69.03 8.43 431,26 467,91 86.87
73425 13.68 771.61 813.48 183.06
79.03 15.80 676,46 703.96 173,62
85.20 19.55 589.15 605.28 163.90
92,40 31,07 568.65 576424 173.11
93.38 29.53 336.58 370.82 112.93
b, 74 27.34 180.52 182,16 56,54
99.09 112,02 352,20 352,74 116.16




Table 6 Calculated values of Gapon selectivity coefficient (KG),
Krishnamoorthy-Davis-Overstreet selectivity coefficlent
(KKDO)' Vanselow selectivity coefficlent (K,) and
equilibrium selectivity coefficient (Ky) for K*- AL>*
system in laterite soils

e S N O PN
percentage (mol™? 1¥) {mol™" 1) (mol™" 1) {mol™ ' 1)
Soil 4
35.63 3,15 100,95 119.88 12,94
50.17 4,60 144,07 161.95 24,11
66 .44 7.30 203.21 217.85 43,76
78.99 9.67 281.84 296,16 87.43
81.31 14.31 387.07 400.84 102,40
87.75 20,55 452,99 463.06 130.18
94.19 37.46 569453 575.26 177:26
95.66 29,16 225,80 227.88 70,65
96.31 34,85 180.24 181.38 57452
99.32 131,40 315.36 315,72 104,29
80115
29.21 3.62 208.75 255.40 23.75
43,05 4,77 237.99 274 41 35.19
57.99 6.14 245,26 286.19 40.81
68.78 9443 367.15 391.28 81.78
76.40 12,06 304.11 412,50 97.64
84.76 17.91 466,69 491,35 133,42
92,50 30.64 531,00 537.99 161 .84
93.78 31.58 393 .54 397 .80 121.83
95 .43 34.83 279.36 281,56 88,21

99.02 90.63 217.94 218,29 71.48




Table 6 contd.

96

Exchangeable K K
§§§§§§%gze (mol'g 1%) (miigg 1) (moiz1 1) (m01§1 1)
5011 6

19.82 2,96 180.86 212,78 16.81
32.11 3.62 181.57 219,11 21.89
50453 S.45 235.99 265.03 39.68
62.58 9.38 393.77 426,02 80.56
71.84 10,76 424,20 448.71 98,69
81.23 15.20 468,09 484,83 123.63
90.44 20,01 481.17 4B89.36 142,93
91.40 22.91 295,60 300.09 88.89
9351 24,35 197.33 199.56 60.84
98,59 63.01 150.26 150,75 46.72

AN
o
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Table 7 Calculated values of Gapon selectivity cqafficient‘(KG),
Krishnamoorthy-Davis-~Overstreet. selectivity coefficient
(KKDO)' Vanselow sélectivity coefficlient (KV) and
equilibriun selectivity coefficlent (K} for K*- AL
aysten in redloam soils

pompee K e W R
percentage (mo1™% 1%)  (mol™' 1) {mo1~™' 1) (mol™" 1)
Soil 7
27.35 3.24 164.16 202.71 17.97
47,11 4,30 192.63 223.76 27.52
5784 6.16 219.59 241.05 41,53
65.92 7.12 249,71 268.05 53436
75.18 10,92 329.86 346,24 80,43
80.98 11,31 248,83 257.86 52.27
89.44 14,89 125.07 127.55 36.72
91,91 17.25 110,94 112,52 33.58
94.87 22.60 108,92 109.94 34.06
98.88 63.30 95.19 93.36 31.32
Soil 8
23.98 3.18 181.80 228.49 18.52
38.19 4,30 224,82 264,21 30.44
54 .85 5.97 240.87 2€6.79 43 .46
63.91 7.76 293.43 316.70 60.88
73.19 10.52 346,46 372.71 83.70
81.52 13.98 351.89 364,23 93.29
91.23 26.09 455,37 462,43 136,65
92.90 28.19 368.87 373.45 112.98
94,49 28,22 218.18 220,26 .62.13

98.84 76.49 182,77 183.12 60.10
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Table 7 contd.

Exchangeable K K. K
D beantage cmo:rg 1#) (m:;?':‘) 1) (molﬁ 1) (m01'¥ 1)
So0il 9

21.96 4,51 227,08 299.73 52,75
29,78 3.79 132,92 184,16 26.79
4t .35 4.56 193.69 222,25 29,31
54,24 5,84 234,01 259.69 41,80
66,52 8,56 326,55 350,01 70440
76.52 11.39 328,73 353.98 81.87
50,00 20.35 387,18 395,25 112.26
91.02 20.55 260.39 265.16 76.76
92.28 20,99 175.45 181.90 64,52

98,37 58.46 161.27 161.71 52,86
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KN increesed upto eu exchengeable potassium percentage of
56,11 and then decreased with further increase in exchangeable

potassiun percentage.

The value of K, for soil 2 and 3 slso increased with
increagse in exchangeable potassium percentage. For soll 2,
the value of K, increased from 3,66 to 112,34 m;l"g 1%, when
ths exchangeable potassium percentage was increased fron

42.57 to 93.21. The velues of KKﬂD Ev and Eﬁ increased

upto 93.85 percentage of potassiun ;atqratian, amd then
decreased. The valiues nf all these cogfficients are found
to be lower than that shsgerved for sall 1, thereby showiag
a decreaged potagsium selectivity sf aoil 2 compared 1o

gsoil 1.

For s50il 3, the value of K, increassed from 3.40 to
112,02 mol'é 1&. when the exchangeable potasalusm percentnge
was increased from 39.03 to 99.09. The values of all other
gelectivity coefficients increazged upto 73.25 percentage of

potassium saturation, and then decreased.

As in the case of karl solls the valuez 9f 51l the
selactivity coefficients for laterite golls shoved the same
trend {Table 6). Data on the Gapon selectivity coefficient

shows an increasing potassium selectivity for a&ll the three
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soils (Fig.5). ¥Yhen the exchangeable potassiun percentage
was increased from 35.63 o 99.32. the values of K, increased
from 3.15 to 131.40 mol'% 1Y for 801l 4. The values of

KKDD, K,, and KN increased upto 94,19 psrcentege of potassium
saturation, and then decreased with further increase in

potassiun saturation.

For soll 5 the value of K, incremsed from 3.62 to
90,63 mol"é lﬁ when the exchangeable potassium percentage
was increased from 29.21 to §9.02. For soll 6, with compa~
ratively low organic matter, the values of KKDD, Ky and Ky
increased only upto 90.44 as against 92,50 and 94,19 percen=-
tage of potessium saturation for s8o0il 5 and soil 4, respec-
tively.

¥rom Table 7 and Fig.6 it can be observed that the
redloam soils also phowed a grester preference of potassiug
to aluminium. Compared to the karl and laterite soils, the
solectivity of redloam solls for potassium is less., For
s0il 7 -the value of K. increased from 324 to 63,30, when
the exchengepbls potassium percentage was incroased from
2735 to 93.88, The values of KRDO, Ky and Ky increased
upto 75.18 exchangeable potassium percentagze. In the case
of soil 8 the values of KKDO, Ky and Ky inereased upto 91,23
percentage of potassium saturation as asgainst 90,00 per cent
for soll 9. Generally in all the soils, thers is a higher
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selectivity of X than 41 with in the range of K-loading
studled, The gensral shape of the Ke-szselegtivity curves are
similar for all the s2ils,

4,1.4, Correlation studies

Coefficients of correlations {r) between exchangesble
potassium percentage end various selectivily coefficients
are given in Table 8, fAmong the varlous gelectivity coeffi-
cients the values of r, in general, were maximum for KN,
followed by K?, KKDG, angd KG. KG'was Lound to be least
dependent on exchangeable potassiua percentage. Among the
kerd solls the value of r for K. and X, were maximum for
sofl 2 with medium organic metier, followed by soll B and
soll 1. The value of *r' for Ko 18 0.5032, 0,5711 and
0,7235 for soils 1, 2 and 3 respectively. The correlation
coefficient (r) for K, is found to be waximunm for moil 3
followed by soll 1 and soil 2,

Ag in the caze of karl soils the dependence 2f various
selectivity coefficlents, on exchengeable potassium percen=
tage followved the ordep K > By > Exno;> KG. Angang the
laterite solls, soll & with high organic matter showed the
maximun correlation betwesn oxchengeable potassium percentage
end various sclectivity coefficients than soil 5 ond 6 with
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Table & Values of correlation coefficient {r) for exchengeable
potassium percentage versus exchange selectivity
coetficients in K'- A2>" systen

Soil Ko Ximo Ry n
1 0.5226 0,5032 0.9225" 0,8833
2 0.8029"" 0.5711 0.8477 0.9825
3 0.5388 0.7235" 0.9476 049550
A 0.5725 0.5921 0,9385 0,9848"
5 0.5729 0.5622 0.7052" 0,9654
6 0.3274 0.3157 0.6154 0.9808
7 0.5192 0.9021""  0.9560 " 0.9768
8 0.6172 0.5773 0.6921" 0.9630
9 0.7402" 0.4376 a.7478" 0,9523" "

* Significant at 5% level
% Significant et 1% level
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medium and low organic matter. The values of r for'KG‘
KKBD, Ky and Ry are 0.5723, 0.5921, 0.9385 and 0.9848 for
8011 4 as against 0.57292, 0.9622, 0.7092, 0.9654 for soil 5
and 0.%274, 0.3157, 0.6154 and 0,9308 for soil 6.

fs in the case of laterite solls among the redloan
s0ils, s0ll 7 with high organic matter showed the maximun
correlatisn between exchangesble potassium percenisge and
vaprious selectivity coefficlents. Thermodynanmic eguilibrium
selectivity coefficient (Ky) was found to be highly depen=-
dent on exchangeable potaasium percentage. Oapon selecti-
vity coefflcient was found to he least dependent on exchane
gaable potassium percentage. The value af 'r* for ﬁﬁ is
09763 23 against 0.5192 for KG in the case of 8911 7.

4.145. Free energy change

The welghted mean values of the epproximste free
energy change (AG°) for the exchange reaction : Alesoil +
3K* = 3K~ soil + Ala*, for the whole exchange isotherm
for kerl, laterite and redloam soils are glven in Table Q.
The negative values of AG° suggested that the reaction

was spontaneous, shoving higher preference of K to Al.

Among the karl soils, the value of A §° waz minioum
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Table 9 Calculated values of standard free energy change
(a6, Cal eq™?) of K*~ 827" exchange in relation
to organic matter content for kari, leterite and
redloam szils

Organic matter content
Soil type High Medium Low
Kari =2303 =2523 =2780
Laterite -2636 -2832 -2856
Redloam =2796 =2939 -2965

(—3/1



for s5il 1 with high organic matter. For soll 1 the value
of &G° wag T2303 cal,eq“q,as.against."&ﬁ&ﬁ and . 2780 eal eq"1
for soll 2 and 3, with mediuvm and low orgenic matter. The
same trend was observed for laterite and redloas solls.
Comparing soils on the basis of &H@°, the preference was in

the order rediaas soils > laterite soils > kari anils,

4.2, Alupinjum~Caloium systen

4.2.0. Effect of different electrolyte concentration and
organic matter on aluminiuam-calciuam exchenge

Tables 10, 11 and 12 present the data on the equili-
briun concentrations of aluminium and caleium In keri, late=-
rite and redloam soils, respectively. As in the cage of
potagsium=-aluninium system, hers also with increase 4in the
eguivalent fraction of aluminium in the equilibriating solu-
tion, more of aluminium was adsorbed into the soil solid
and corresponding amount of calcium was desorbed into the
5041 solution in all the three soll types. Compared to the
potassiume-aluminiun system the amount of aluminium adsorp-

tion was less in ¢slciunme-aluminiuve systen.

Among the kari soils, s0il 1 with high organlic matter
gdsorbad more aluminium than soil 2 and soil 3 with medlium

ond low arganic matters. At en equivalent fraction of 1.00



Table 10 Equilibrium concentration of aluminium (A1) and caloium (Ca) for Caz*- A13+
systen in Kari soils

Soil 1 S511 2 Soil 3

Sle  qpy CAl Qg c qQ CAl CCa q CAl q CCa
o e (0 cen m Gpn (e (@R (m L e S (e
+) 1) +) =1 Ef) 1™ E+), 1" §+-) ") E«a) 1)
- -l 1) -] - . =
kg kg ) kg ') kg ) kg ) kg
1 0.18 0.02 37.82 19.98 0,16 0.04 20.04 19.96 0.14 0.06 15.26 19,94
2 0.37 0.13 37.13 19.87 0.71 0.29 19.49 19,71 0.52 0.48 14.83 19.52
3 1.2k 0.26 36,76 19.74 0.98 0.52  19.22 19,48 0.77 0.73 14.63 19,27
4 1.52 0.48 36.48 19,52 1.20 0.80 19.00 19.20 1.06 0694  14.356 19,06
5 3413 0.87 34.87 19.13 2.23 1,77 19,97 18.23 2.12  1.88 13.28  18.12
6 4.51 1.49 33.49 18,51 3.4 2,56 16,76  17.44 3.15 2,85 12,25 17.15
7 6.07 1.93 31.93 18.07 4.70 3.30 15,50 16,70  4.33 3,67 11.07 16433
8 7.60 2,40 30,40 17.60 6.26 3.74 13.74 16.26 5.37 4.63 10.03 15.37
9 1.50 3.50 26.50 16.50 8.69 6.31 1151 13,69  7.96 7.04 744, 12,96
10 1430 5,70 23.70 14.39 11,31 8.69 8.89 11,31 9.55 10.45 5.85 9.55

qQ = adsorbed phase

C = solution phase

29



Table 11 Equilibriuam concentration of aluminium (Al) and calcium (Ca) for Cazf- A13*
systen in laterite soil
Soil 4 Soll 5 S0il 6

51. q | q CAL CCa a cry 9¢ca  GC2
Na. (ééol %i% ?ga 1 %gg (géol (m: qggol (mg {géél (Eg 22“91 §E$)

S s I A T C M S N N

k™) k") kg™) eg™") k™) kg™
1 0.16  0.04 23,44 19,96 0.15 0.05 16,25 19.95 0,14 0,06 11.26 19,94
2 0.76 0.26 22.8% 13.76 0.7  0.26 15.66 19.76 0.67 033 1073 19.67
3 1,02 0.48 22.58 19.52 0.96 0.5 15,56 1046 0.91 0,59 10,49 19,41
4 1.23 077 22.37 19.23 1.0 0,96 15.36 19.06 1,083 0.92 10.32 19.08
5 2,72 1.28 20.88 18,72 2,16  1.85 14,24 18,16  2.06  1.94 9.34 18,06
6 4,10 1,90 19,50 18.10 . 3.29 2,71 13.11 17.23 3.06  2.94 8.34 17.06
7 5.38 2.62 18.22 17.38 4,37  3.63 12,03 16.37 3.89 4.1 7.51  15.89
8 6,84 3,16 16.76 16.84 5.71 £.29 10.695 15.71 5¢21 879 6.19 15.21
9 10,13 4,87 1347 15.13 B.18  6.82  B8.22 13.18 6.67 8,33 5,73 11.67
10 13.58 6.42 10,02 13,58  10.55 947  5.87 10.53  B8.22 11.78 3,18 8.22

q
c

- adsorbed phasze

= gdlution phase

L9



Table 12 Equilibriua concentration 5f aluailnium (Al) and calcium {Ca) for CaZ*~ A19*
systen in redloam soil
Sotl 7 Soil 8 3011 9
Sl. 4q CAL _ CCa a CAl CCa Q- CAl. CCa
Na. (é;al (fg ?ggol (“$ (éiol (“: ?ggol (mg (géol (mg ;g;ol (m?
{+) 1) ) 177) {e) 177 (+) Yy (8 ™ #). 1)
kg™ kg™ k2™ kg™") k™) kg™
T 0.5 0.05 16.05 19.95 0.14% 0,06 13.66 19,96 0,11 0,09 9.09 19,91
2 0.7 0,26  15.46 19,76 0.66 0,36  13.16 19.64 0,68 0.32 8.52  19.68
3 0498 0,52  15.22 19,48 094 0.56 12.86 19.44 0.9 0.59 8.29 19.41
& 123 0.77 1497 19,23 1,16 0.85 12,64 19.16 1.02 0.98 8.18 19.02
5 253 147 13,67 18.53 2,13 1.87  11.67 18,13  2.24  1.76  6.96 18.24
6 377 2,23 1243 17.77  3.17  2.85 10.63 17,17 306 294 6.4 17.06
7 5.0 296 116 17.06 448 3.82 9,62 16.18  4.00 4.00 5.20 16,00
8  6.46  3.56 9u7h 1646 5.15  4.85  8.65 15,15 462 5,38 4.58  14.62
9 907  5.95 T3 W07 7.3 T.27  6.07 1273 643 8,57 297 11.43
10 11,02 8.98 518 11,02 9.46 10,54  A.36 946  7.08 12,92 2.2 7.08

q = adsorbed phase

c

- golution phase

89
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aluminium the amount of aluminlum adsorbed by soil 1 vas
14,30 ap against 11,31 and 5,59 Cmol (+) kg'1 by s2il 2 and

3, respectively.

The meme trend was observed in lsterite soils also.
Compered to the kari soils the amount of aluminium adsorbed
by these s0ils was less, When the equivalent fraction of
aluninium in the equilibristing solution was increased from
0,0? to 1.00, the quantity of aluminium sdgorbed by soil 4
increased from 0,16 to 13,58 Cmol {+) kg'1o For 8511 5 the
increase was from 0,15 to 10,53 €m0l (+) kg'1 as ggainst the
increase from O0.14 to 8,22 Crol (+) kg'1 for soil 6,

From Table 12 it is clear that the amount of alumie-
niun adsorbed by redloam s9ils was less than that observed
in kari and leterite soils. The gquantity of sluminium
adsorbed by soil 7 was 11,02 Cmol (+) kg™' as sgainst 9.46
and 7.08 Cmol (+) 33'1 by soil 8 and soll 9, respectively,
when these s0ils were equilibriated with an alectrolyte
containing the maximum ecuivalent fractions of aluminium
(1.00),

bh,2.2. Exchange isothsrms

The normalized exchange isotherams of aluminium for
kari solls (Fig. 7) lay above the diagonsl, showing the
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preforential adsorption of aluminium to calcium by all the
three soils. Soil 1 showed the maximum preference compared
to 8011 2 and 3.

As in the case of kari soils, for laterite sdoils also
the isotherms lay above the diagonal (Fig.8). Here the
preference followed the order soll 4 > soil 6 > #o1l 5.

Fiz.9 shows the normalized exchange isdstherms of
aluminium for redloam soils. The isotherms lay absve the
diagonal, suggesting higher preference in all the {hree
soils for aluminium to calcium. Soils 7 and 9 show only
marginal difference in their preference [or sluminium. Soil

8 shows the ninimun preferance for aluminium,.
4,2.,3., Selactivity coeffiecients

Table 17 presents the data on the calculated values
of KG, KKDO, Ky and Ky for kari soils. Similar to the pota-
ssiun-aluminiun system the values of K; increased with
increase in calcium saturation. The calcium selectivity
curve (Fig.10) for the thrae soila’ showed an incressing
calcium selectivity with increasing exchangeable calcium
percentage, At 62.39 per cent calcium saturation the value
of Ky was 2,04 mol'i 1é, and it incressed to 33.%1 mol"5 1%

when the exchangeable ¢alecium percentage was incressed o
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Table 13 Calculated values of Gapon selectivity enefficient (KG),
Krishnamoorthy-Davig-Overstreet selectivity cocefficient

(Kgpo)s Vanselow selectivity coeffioient (X;) end

equilibrium selectivity coefficient (K, ) for ca®t- a1d*

system in keri soils

N
percentage (mol™ 1) {mod”™" 1) 1™ 1) (mo1™! 1)
Soil 1
62.39 2,04 13.53 13.47 6.01
69.74 2.54 7.28 8.10 3.24
80,00 344 9.83 10.52 4,37
84,03 4,04 10,70 11,30 4.75
88,13 5.17 12,44 12.95 5¢53
91.76 713 9.04 9229 5.82
96.00 11.16 8.61 8.78 $.60
96.74 11.18 5451 5.57 2,45
G773 12.74 2.83 2,85 1.26
99453 33.51 1.63 1.63 0.72
5211 2

44,01 1.25 9.9% 12.18 4.4
56,98 1.72 10.99 12.83 4.89
70.39 247 T7.76 8.66 3.04
76.73 3.4 14,10 15.28 8.27
82.97 4,18 17.66 18.73 7.85
88.56 5.98 7«27 28.15 9.69
04,06 8.80 15,97 15,66 2.60
95.15 .38 0.85 10.01 4,38
96,48 10.74 5.89 5.96 2,62

99.21 25.18 2.51 2.32 1.03




Table 13 contd.
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Exchangeable K
;giggggage (mol"g lé) (mii?? 1) (molfg (mo;{.131
5011 3

37.98 1,93 12.34 15.56 S5.48
48.31 1.30 6.78 8.13 3.01
65.13 2.07 9.61 10.87 375
71.88 2.55 10.48 11.59 4L.65
79.54 349 14,04 15.07 6ok
86423 4.76 14465 15436 6.87
93.12 7.97 15.96 16,33 7.10
95.00 10.23 18.77 15.08 8.34
956,62 13.51 18.05 18.25 Be31
99,09 27.53 3.94 3496 3.07




Table 14 Calculated values of Oapon gslectivity coefficlent (K;),
Krismmemoorthy~Davis«Overstreet selectivity coefficient
(Bypo)s Vanselow selectivity cosfficients (Ky),
equilibriun selectivity coefficlents (K.} for CeZ*- 1%
syatem in laterite soils

vt e S N PRI
percentage (mol™ % 19) (mol™" 1) {mol™" 1) {(mol™" 1)
42,46 0.97 oLl e 3,34 1.23
57.08 1.51 4,953 5477 2.19
71.02 2.29 AN 7.13 2.86
77.21 2.93 8.40 9.09% 5.74
82.63 3.63 a.30 8.81 3,69
88.47 5.05 9,54 9.92 o235
94,79 9.98 19,16 19.49 853
95.68 10,30 10.69 10,84 4,75
96,78 11,03 3.23 5,86 2.14
9532 29,45 3,16 3,17 1.4
So011 5
35.79 0.G4 S¢Sk 7455 2,64
50.12 1,37 7.26 8,11 3,23
65.18 2,01 7.68 8.80 3,46
73.38 2,73 12,05 13,22 5.35
79,94 3.50 20,81 22,30 5,81
86.83 4,97 15.57 16,29 6.91
93.66 6.76 20,01 20,44 8.89
94,15 7.79 7.19 7.33 3.15
95.49 7498 2,78 2,32 1.23

99.08 23,33 2,70 2.7 1.19




Table 14 contd,

74

e S oo 9, ",
percentage (mol™9 17) (mol” ' 1) {mol™ " 1) (mol™ " 1)
Soil 6

27.89 0.79 7.28 9,57 3,17
b1.49 1.09 5496 7.39 2.83
54.35 1.34 3459 4.23 1.89
66,94 2.03 7.43 8,33 330
73.22 2.48 6.8% 7.52 3.04
82.00 249 7.84 8.34 3.49
30.61 5.58 739 7.64 325
92.10 5.76 3.62 4,39 1.90
94,12 6.55 2.55 2.60 1.13
98,85 18.52 2,14 2,15 0.95
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Table 15 Celculated values of Gapon selectivity coefficient
(Xn), Krishnamoorthy-Davis-Overstreet gselectivity
coefficlent (K,), Vanselow selectivity coefficlent
(K,) end equilibrium selectivity coefficient (Kyy)
for Caa* - A13* systen in redloam solls

e e Mo “xpo i o
percentage {mol ¢ 17) {mol " 1) (mol™ " 1) (mol™ " 1)
3011 7
31,75 0.76 2,97 3,84 1429
44,01 0.93 2,44 2,38 1,08
60,12 1.48 2.77 3.19 1423
63,89 2,02 4,33 4,83 1.93
76.73 2,68 5.38 5,85 2,39
84.38 3.74 746 7.87 2.72
92.41 6.67 8.39 8.61 373
93.95 7.43 6.10 6.23 2.7
95443 7.88 2.70 2.7h 1.20
93,07 23.17 2.64 2,64 1,17
So11 8
31,45 0.83 6.50 7.77 2.66
43,98 1.1 3.67 3477 2.17
62.68 1,91 8.56 9477 3,80
69.11 2,34 9.16 10.19 4.07
77403 2,30 17.11 18,53 4,41
84,56 4415 10,86 11.45 4,82
91.59 6.16 8.03 B¢26 3.55
93.19 6471 6432 6.46 2,43
95436 8.66 4,43 4,50 2,26
98,98 22.56 3.16 5.17 1.42
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Table 15 contd.
Exchangeable Ks Expo Ky Ky
calciun -,5 ‘} :.1 - -l
percentage (mo2™" 17) (mo1l™' 1) {mod™" 1) (mo1™" 1)
Soil 9
23,04 0.68 6.6 8.8% 2,54
30,19 0.68 1.92 2,50 0,85
49,78 1.19 3.23 3.088 1.44
56.52 1.55 2,68 3.4 1.19
66.74 1.82 3¢39 3.31 1.5
75465 2.30 2,72 2,96 1.21
88,91 4,79 5.86 6,09 2,60
30,11 4,55 2,22 2.29 1.16
92.61 5.07 1.04 1.43 0,64
98,80 21.79 5¢11 513 2.27
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053, d increased upto 88.1
99,53, The values of KKDO, Ky and Ky inc up 3
per cent of caloium saturation and then decrszased vith
further increase in exchangeable calcium percentaze, For
891l 2 and 3 also a simllar trend was observed, The value
of KKDO. K, ond KN 2or soil 2 and 3 Aincreased upto 88.96

and 95.00 per cent 9f calcium saturation, respectively.

The calculated valuzs of KG’ KKDO, Ky and ¥y for
laterite soils are given in Table 14. The Oapon seleciivity
copfficient data as depicted in Fig.11 suggests a higher
selectivity of caicium then gluminium. However, the values
of all the selectivity coefficients were lower than that
obtalned for kari soils, thereby showing a relatively lovwer
selectivity of laterite goils for calclium compared to kari

soila.

For s2il 4 the value of K, increased from 0,97 to
29.4% mal'é 1% when the exchangeable calcium percentage was
increased from 42.45 to 99.32., In the case of s80il 5 the
increase in K. was from 0.94 to 23.33 and mol'& 1% as a
result of the increaese in exchangeable calcium percentage
from 35.79 to 99.08. &g in the case of kari soils the values
of KKBD, Ky and Ky for soil &4 end 5 increased upis @ certain
value of exchangeable calcium percentage and then decreased,

with further increase in calclum saturation. The value of
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Rg for s5il 6 also showed the sama trend but the values of
the remeining selectivity coefficlents vary irregulsrly with

chanze in exchangeeble calcium percentege.

For redloam soilas, the data presented in Tabls 15
suggests that they also shoved the same trend as observed
in kari and lasterite soils. The vslue of K, for soll 7
increased from 0.76 to 23.17 mol’ﬁ 1ﬁ'when the exchange
calciun percentage was increased from 31.75 to 99.,07. &ol1l 8
with comparatively medium organic matter shoved an increase
in K, value from 0.85 to 22.56 mol'a 1%. as a result of the
increase in exchangeable calclum percentage from 31.45 to
98,98. The value of KKDO, Ky and Ky increased upto 92.41
and 77.03 per cent calcium saturation for soil 7 and soil 8
regpectively. The values were found to be lower than that
obtained for laterite solils,

For soil 9 with low organic matter gave KG value lower
then that obtained for soil 7 and 8. The trend was same os
in the previosus cases., In this soil the values of KK&O Kv

L
anﬁ'KN repained more Or less constant, except for a fow

values,
4,2,4, Correlation studies

From Table 16 it is clear thet the coefficlents of
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Table 16 Valuss of correlation coefziclent (r) for exchangeable
calcium percentage versus exchange selectivity coeffi-
clents in CaS*- A1°* system

sotl K Kxpo Ky Ky
1 0.9513"" 0.9677 0.9794 " 0.9897"
2 0.8409 " 0.9423 0.9740 0.9894
3 0.5005 " 0.9294" " 0.9561°" 0.9673
4 0.9281"" 0. 5747 0.9766" 0.9868" "
5 0.9788" " 0.9620 " 0.9742"" 0.,9835"
6 0.9143" 0.9587 0.9663" 0.9738"
7 0.9317" " 0.9533 0.9835" " 0.9911""
8 0.9220° 0.9487" " 0.9849 0.9885
9 0.9202"" o.ouut" " 0.9844" 0.9885"

* Significant at 5% level
#a gignificant at 1% level
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correlations for all the selectivity coefficients were higher
than that obtained for potassium-aluminium system. 4s in

the case of potassium~aluminium syatem the values of r were
meximum for KN and minimum for KG in this system also. The
value of r for Ky is 0.9897 as against 0.9513 for Ka, The
values of r, in generasl, followed the trend K, > K;>

KKDO ~> KG. Among the three soils the dependence of selec-
tivity coefficients on exchangeable ¢aleium percentage, in

general, followed the trend soil 1> s0il 2 > s0il 3,

For laterite soils the same trend was observed

(Table 16), So0il 4 with comparatively high organic matter
shoved the maximum corrselation between exchangeable calcium
percentage and various selectivity coefficlents, followed by
80il 5 and 6 with medium and low organic matter, For the
various selectivity coefficients the value of r, in generel,
followed the trend Ky > K; > Kypg > Ks. For soil 4 the
value of r for K. is 0.9868 as against 0,9766 for KV. 0.9747

As in the above two s0il types, redloam soils also
showed a high correlation between exchangeable calcium pere
centage and various selectivity coefficients, Soil 7 with
relatively high organic matter showed the maximun correlation
between the two. The value of r for Ky is 0.9911 for soil 7
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as against 0,.5885 for soil 8, and 0.9889 for soil 9, Awmong
the soils the dependence followed the order s0il 7 > soll 8>
soil 9. For ths various selectivity coefficients the depen=
dence followed the same trend as observed in keri and latee

rite solls.
4,2.5. Free energy chenge

The weighted mean. valuet's of the spproximate free
energy change { AG°) for the exchange reasction 2 Al-soil &
3 Ca?* = 3 Ca«301l1l + 2 A13+, for the whole exchange 160=
therms are given in Table 17, As in the case of K-Al exchange,
here al=0 the values vere negative, indicating preference
for Ca.2+ to 313+. Howavay, the valuss were smaller than
that obtained for K-Al exchange. For soil 1, 2 and 3, with
high, medium and low organic matter, the values of A& G were

~905, =1049 and -1131 Cal eq”

s respactively. The gseme trend
was observed for laterite ssils. Among the redlosam soils
the value of AG° wap maximum for scil 8 (=961 Cal eq’1)
with medium organic matter and minimum for soll 9 (-723

Cal eq™') with low organic matter.

4,3, Alupiniug.mamnegium systen

4,3.,1. Effact of different electrolyte concentrations and
organic astter on aluninium-zagnesium exchange

From Table 18 it is clear that exchange of aluminium



Table 17 Calculated values of standard free energy
change ( AG°, Cal oq'1) of Ca%t- a1°* exchange
in relatiocn to organic matter content for
kari, laterite and redloas soils

Organic matter content

Soll type .
High Hediun Low
Kard =905 -1049 =-1131
Laterite -536 =375 =984

Redloam =792 Ty 753




Teble 18 Equilibrium concentration of alumsinium (Al) snd magnesius (gg) for ng*- At
system in kari soiis
Soil 1 Soil 2 o Sail 3
sl. 93 CAl %y CNg q CAl o] Clg q CA), ] CHg
z AY g Al Mg
No. %Cnol Cme (Cal (me ECmol (¢ (cuor (@ (cqoy (me %Gmol (me
+)1 1) 4-)1 17%) +)1 1) (_+)1_ 177) +}41 17°) +) 1)
kg ) kg™ ) kg™ ) kg~ ) kg™ ') &g~ )
1 0.17 0.03 37.83 19,97 0.16 0.04 20,04 19,96 0.09 0.11 15.31 19.89
3 .19 0.3 265,81 19.69 0.99 0.5% 19.?3 19.49 0.61 489 14.79 19.11
4 1.38 0.62 36.62 19.38 1.18 0.82 12,02 12,18 0,74 1,26 14,66 18,74
5 2.79 1.21 35.21 18.79 2,16 1.84 18.06 18.86 1.68 2,32 13.72 17.68
6 4,24 1,76 1§3.76 18,24 341 2.99 16.79 17.41 2.62 3.38 12.78 16.62
8 7:.26 2.74 30.74 17.26 6.04 3,96 14,16  16.04 4,52 5,48 10,83 14.52
9 10,92 4,08 27.08 15,92 8.67 6.33 11.53 13.67 6.72 8.28 8.68 11.72
10 13.97 6.03 24,03 13.97 1132 8.68 8.88 11,32 9.52 10.48 5.88 9.52
q = adsorbed phase

C =

salution phase

€8



Table 19 Equilibrium concentration of aluminium (Al) and megnesium (mg) for Mg‘e"'— S ta
system in laterite soils
Soil & S511 5 5011 6
Sl. q,, CAL gy CHg G5y CAl q CHg Qs CAL gy, CMg
Noe.  (Cmol (f'.i' sCmol (fi': {Canl ('_33 (ggol (f: {Cmol (?ﬁ §Cmol (fﬁ
(+)1 1) %) 1) (+) 1) (+) 1) {+) 1) +)1 1)
kg™') kg™") zg™ 1) kg™?) kg™ ) kg™)
1 Q.17 0.03 23,43 19.97 0.14 0,06 16.26 19.94 0.13 Q.07 11.27 19.93
2 0.76 0,246 22,84 13.76 0.75 0.25 15.65 19.75 0.67 0:33 10.73  19.67
3 0.98 0,52 22,62 19.48 0.97 0,53 15.43 19,47 0.93 D57  10.47 19.43
4 1.26 0.74 22,34 19.26 1.05 0495 15435 19.05 1.02 0,98 10.38 19.02
5 2.73 1.27 20.87 18.73 2,07 1.93 14.33  18.07 2.13 1.87 9.27 18.13
6 1‘012 1 .88 19.’43 18:12 3-18 2.82 13.22 17.18 3.02 209’8 8-38 1?:02
7 5.47 2.53 18.13 17.47 b,  3.81 12,21  16.19 3.77 4,23 7.63 15,77
a 6.82 3.18 16.78 16.82 5.2 4,76 11.16 15.24 5.09 4 .91 6.31 15.09
9 1007 4.93 13.53 15.07 7.67 7.33 8.73 12.67 6473 8.27 4,76 11,73
10 13,12 6.88 10.48 13.12 9.97 10,03 .43 9.97 Te87 12.13 3453 7.87
4 « adsorved phase
C « solution phase

VR
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Table 20 Equilibrlum concentration of aluminium (Al) end megnesiun (mg) for Mg - Al
system in redloam soilw
Soll 7 Soil 8 So0il 9
8, Qpy CAl QHG CrMg qu CAl 9 CHg Qpq Chl Qp CHg
fa , 149
Noe (cmor (me (Cmol (ff (Coor  (me (Col (f;? (cmor (2 (Cmo1 (=€
(-a-)1 1) (+)1 177) (+) 1) (+)1 1) (+) 1) (%) 1)
kg™ ) kg™ ) xg™) g™ ") ke~ ) kg™)
1 0.16  0.04 16.046 19.96 0.15  0.05 13.65 19.95 0.13 0407 9.07 19.93
2 0.76 0.23 15.44 19,72 0.72 0.28 13.08 15,72 0.66 0.34 8.54 19.66
3 1.02 0,48 15.18 19,52 1.06 0.44 12.74 19.56 1.01 0.49 8.19 15.51
[ 1.32 0.68 14,88 19.32 1.26 0.74 12.54 19.26 1.23 0,77 7.97 19.23
5 2,68 1.52 13,72 18.48 2,14 1.86 11,66 18.14 2,14 1.8  7.06 18.14
6 3.69 2,31 12,57 17.69 3.13 2.87 10.67 1713 302 2.98 6.18 17.02
7 5.06 2.94 11.18 17.02 4,11 3.89 9.69 16.11 4,02 398 5.18 16.02
8 6.23 3.77 9.97 16.23 5.18 4.82 B.62 15,18 510 L8656 4,06 15.14
9  8.97 6.03 7.23  13.97  7.03 7.97 6.77 12,03  6.13 887 3.07 11,13
10  10.42 9.58 5.78 10.42 9.14 10.85 4,66  2.14 7.06 12,94 2.14 7.06
q =~ eadsorbed phase
C = solution phase

GR
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for magnesium increases with increase in the concentration
of aluminium in the equilibriating solution. Compared to the

other two systems the exchange was less,

Among the kari soils, soil 1 with relatively high
organic matter exchanged more aluminium compared ¢to soll 2
and 3, #or soil 1 the value of exchangeable aluminium was
13.87 Cmol (+) kg'1 as against 11,32 and 9.52 Cmol (+) kg’1
for 8211 2 and 3, respectively, when these soils were equill-
briated with a solution containing 1.00 equivalent fraction

of aluminium,

Compared to kari soils, laterite solls exchenged lower
amount of aluminium for megnesium (Table 19). For soil 4,
when the egquivalent fraction of aluminium in the eguilibriat-
ing solution was increased from 0,01 to 1.00, the exchangeable
aluminium increased £roam 0,17 to 13,12 Cmol (+) kg'1. For
8011 5 the increase was from 0.14 to 9.97 Cmol (+) kg™ sotl 6
gave still lower values (from 0.13 to 7.87). This suggests
a decrgesing aluminium adsorbing tendency with decreasing
organic matter.

Table 20 presents the data on the equilibrium concen-
trations of aluminium and magnesium for redloam soils., These

80ils also showed the same trend as observed in laterite and
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kari soils. Compared to the other typas of solls, these solls
adsorbed less amount of aluminium for each successive increase
in the aluminium concentration in the electrolyte. Awmong the
redloam soils, s0il 7 with comparatively high organic matter
adsorbed 10.42 Cmol (+) kg'1 of aluminium as against 9.714 and
7.06 Cmol (+) kg'1 for soil 8 and 9, with medium and low
organic matter, respectively, when gll the three soils are
equilibriated with a solution containing 1.00 eguivalent frac-

tion of aluminium.
4,%3,2. Exchange isotherams

Figure 13 shows the normalized exchange isotherms of
aluminium for kari soils, As in the case of potassium~aluwi-
nium and calciume-aluminium system, the isotherms lay above
the diagonal, suggesting higher preference in all the soils
for aluminium to magnesium. Here the preference, in general

followed the order: s0il 2 > soil 1> soil 3,

The normalized exchange isotherms of aluminium for
laterite s80ils also lay above the diasgonal, indicating a
preferential adsorption of aluminium to calcium (Fig.14).
Soils 7 and 9 showed slaost the same preference for aluminium,
Soil 8 showed the minimum preference.

For redloam 80ills, the normalized exchange isotherm,
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as depicted in Fig.15 suggest a higher preference for alumie
nium to magnesiua. Here the preference followed the order:
8011 9 > 801l 7 > soil B,

4.3.3, Selectivity coefficients

The values of K Ky, K, and Ky for kari soils are
given in Table 21, In s0il 1 with high organic matter the
value K, inoreased from 2.18 to 40.64 aol"k 1'% when the
magnesiun gaturation of the soil was increased from 63.24
to 99.55 percentage. From Fig.16 it is clesr that the increase
in KG with increasce in exchangsable magnesium percentage is

not linear,

The values of KKBD, Ky gnd K. increased to a certain
extent and then decreased with increase in magnesium satura-
tion. Their valuee increased upto 83.84 per cent of magne-
siun saturation. The value of HKyn, increased from 17,71 to
26.71 aol~"? and then decreased to a value of 4,11 mol™l,

In soil 2 with relatively medium orgsnic matter, the
K; value increased from 1,23 to 23.18 nol'& 1§. when the
exchangeable magneahm percenteage was increased from 45,96
t9 99.27, The values of all other selectivity coefficients
increased upto 89.31 per cent exchangeadble magnesiunm and
then decreased. For soil 3, with low organic aatter, the



89

Table 21 Calculated values of CGapon selectivity coefficient
(Kg)s Krishnamoorthy-Davis-Overstreet selectivity
coefficient (KKDD)' Vanselow selectivity coefficient
(K;) end equilibrium selectivity coefficient (Ky)
for Mgt~ A17* system in kari soils

percentage (mol™ 179) (mo1™" 1) (mol™" 1) (wol™" 1)
S0il 1
63.24 2.18 17.71 20.19 7487
71.26 2.60 12.99 14,37 5.78
80.89 373 23481 25.42 6.82
84,84 4.55 24,19 25,48 770
89,84 5.89 26,71 2774 9.36
92,66 8.14 23,85 24,45 8.61
96437 13.49 14,01 14.24 4,37
96,87 12.38 8.59 8.68 3.82
97.87 15.57 7.08 713 3.14
99.55 40.64 4,11 4,12 1.83
Soil 2
43.96 1.25 9.81 12.06 4,36
70.10 2,42 12.89 14,12 512
76.83 3,47 14,49 15.71 6.44
83.12 L.24 18.59 19.70 8.26
89.31 6.16 22,63 25.43 10.05
0h,16 c.2" 17.13 17.47 7.03
95.10 9.22 9.26 9,42 4,11
96.48 10.74 5.89 5496 2.62

99.21 23.18 2.31 2.32 1.03
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Table 21 contd,
Exchangeable K K
magnesiun _5\6 3 E?O ﬁ 2‘
percentage (mol ™ * 1 ) (mol™ 1) (mol™" 1) {mol™' 1)
Soill 3
43,64 1.98 24,31 28,72 12,45
70.65 2.9 28.60 3171 12.71
76.75 %459 31.00 33.60 13.77
82.99 4,70 35.48 37.61 15.77
89.09 BT3 42.04 43,63 18.69
95.19 12.96 ‘65.97 €67.04 29,33
96.04 13.99 47.02 47,66 20,90
97.34 18.28 45.59 46,00 20.28
99,42 3799 32.6% 32.71 14,51

1o
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Table 22 Calculsted values of Gapon selectivity coefficient
(KG), Krishnamoorthy-Davis-Overstreet selectivity

coefficient (K,n4}, Vanselow selectivity coefficient

(K;) and equilibrium selectivity coefflcient for
Mg?te 823% system in laterite solls

1)

b CI 3 i
percentage (@ol™% 17) (mol™" 1) (mol™" 1) (mol
Soil &4
44 .44 1.09 4,19 5,15 1,86
5733 1.54 5426 613 2.34
71.10 2.31 6.61 7432 2,94
76.82 2.83 7.12 784 3427
82.54 3.59 7.99 8,48 3455
88.‘}5 5.02 893 Qe29Y &-13
94 .66 9.59 16.80 17.10 744
96.78 11,03 4,81 4 .86 2,13
Boll 5
39,21 1.4 11,46 14,37 5409
53.23% 1.62 12,82 15,19 5.70
68,03 2,40 W14 15,83 Ge28
T4 45 2,96 15.54 16499 6492
80,61 3e71 24,75 26.46 7.04
87.38 % .31 19.29 20,14 8.56
93460 6.64 13.18 19.59 3452
84409 7.65 6467 6.84 2.96
95,43 7:77 2.49 2,52 1.1

99.15 26,74 4.43 4451 1.99




Table 22 contd,

Exchangeable Kgﬁ ' KKDO Kv Kﬁ

maagnesium \ '
pescentage  (mo1~? 1Y) (@1 1) (@' 1) (mox™! 1)

Soil 6
30.96 0.95 12.865 16471 5.71
40,56 1.07 6415 7.64 2,60
5535 142 4,27 5.01 1.90
66,93 2,15 8.98 10.09 3.99
73451 2,53 7.38 8,09 3,28
81,32 5.30 6.62 7.05 2.93
91.05 6.08 9.46 9.75 4,29
91.84 5.56 3479 390 1.69
oh.12 6¢55 2.55 2.60 1.13

98,86 271,02 339 %440 151
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Table 23 Calculated values of Gapon selectivity coefficlent (KG).
Krishnamoorthy~Devis-0verstreet selectivity coefficient
{Ezpp)s Vanselow selectivity coefficient (Ky) and
equilibrium selectivity coeflicient {KN) for Mgz*— A13+
system in redloam soils

mhgnoson | 0. KO i b
percentage = {mol < 19) (m0l”™" 1) (mol™" 1) (mol™' 1)
5011 7
35.68 0.95 6.18 787 2,76
44,63 1.02 2.74 3436 1.22
61.54 1.62 3.77 4,53 1.68
69.01 2.01 4,27 4,76 14990
77.22 2.79 6.22 8.73 2.76
84,69 3.88 6.94 Te31 3.08
91.85 5.92 5.51 5.66 2.44
93.70 6,92 4.75 4,85 2,10
95.55 832 2,96 3.01 1.48
99.01 20,15 1.48 1.48 0.66
So0il 8
33.77 Q.97 9,54 11.96 4,15
49,06 144 11.64 14,02 8.17
62.46 1,89 8.22 9.39 3.65
70.22 242 1017 11.29 4,52
7732 3.06 10.66 11.53 4.74
84,49 L 8.37 11.18 4,71
90.87 5.38 5.07 5.23 2,25
92.32 5.43 2,54 2.61 1.13
94,78 7.02 2.36 2.40 1.04

98.91 19.71 1.89 1.89 0.85




Table 25 contd,

24

Exchangeable E - K
g:%ggg%gge (mal’%ci%) {molf?ol) (mlfg 1) (mc:ﬂ..i::l:‘I 1)
Soil 9

23,26 D69 6.92 Q.90 307
3%5.37 0.61 351 4,28 148
bh 13 0.90 134 .05 0.60
56.30 133 259 J3.03 151
67.17 1.87 3467 hL.12 163
76.09 247 353 3.83 154
86.63 3.35 2.23 2.3% 3,99
89.02 3.80 1.40 1.45 0,62
92,83 535 2.04 210 .77
98.59 16,91 2,20 2,20 0.97




Gapon selectivity coefficient incroased from 1,714 to 37.99
ao1™? 1-*, when the exchangeable magnesium percentage was
increased from 58.18 to 99.42., The value of other selecti-
vity coefficlents increased upto & certain extent of magne~
siun saturation (95.19), and further increase in exchangeadble
magnesiuan percontage decreased the values of the above selecs
tivity coefficients,

The selectivity cosfficlent date for laterite solls
as given in Teble 22 suggeats that the values obtained for
these solils are comparatively less., The general shape of
the nagnesium selectivity curve for all the three soils are
similar (Fig.17).

Soil 4 with relatively high orgenic matter showed an
inoresse in K, value from 1,09 to 25.21 w01~ ¥ 1§, when its
magnesium saturation was increased from 44.51 to 99,45 per
cent. As in the case of othor soll types the values of
KKDD. Ky and K, increased upto a certain value of exchan~
gaable wagnesium percentage (94,66) end then decreased.

5011 5 with medium orgsnic matter also shiwed the same trend,
but the values of all the selectivity coefficients were
higher for s0il 5 than soll 4, suggesting a relatively higher
sclectivity of soil 5 for magnesius than soil 4, Here the
velues of Kg., and KV increased only upto 20,67 psrcentege
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of magnesium saturation as against 94,66 per cent of soil 4.

Por soil 6, the Gapon selsctivity coefficient showed
the same trend as observed in other solils, but the other
selectivity coefficlients did not show any regular rclation,

The date on the calculated values of KG' RKDO, K,
and KN for redloam soils is given in Teble 235. As a result
of the increase in exchangeable magnesium percentage of soil
from 35.68 to 99.01, the value of K5 1s found to be increased
fram 0.95 to 20.15 mol’é 15., The values of all other selec-
tivity coesfficients increased upto 84,69 percentage of magnee
sium saturation end then decreased., Compared to the kari
and laterite soils, the values were lover for redloam soils,

suggesting a lower selectivity of redloam solls to magnesium.

Comparing soils 7, 8 and 9, soil 8 with medium organic
matter showed higher selectivity to megnesium than soils 7
and 9, For soil 8 the values of KKDU, K, end K, increased
upto 77.32 percentage of magnesium saturation and then
decreased. For soll 9 the value of K, increased from 0.69
to 16.91 mol"'é 1%, when the exchangeable magnesiun percentege
was increased from 23,26 to 98.59.

4.3.4, Correlation studies

Table 24 presents the data on correlation coefficients
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Table 24 Values of correlation coefficient (r) for exchangeable
magnesium percentage versus exchange selectivity

coefficients in Mpote 417% systen
Soil K, Kyno iy Ky
1 0.8540 " 0.9182 0.5653 0L ThE
2 0.8676 0.9388 0.9791 0,9892
3 07665 0.6569" 0.8357 0.9168
4 0.9398 0.oh6l " 0,9748 0.9909
5 0.8737 0.9182" 0.9734" 045853 "
6 0.9135 0.9513" ¢ 0.9856 049505
7 0.9354 0.9610" 0.9876 0e9957
8 0.9191"" 0.5681"" 0.9896 0e9834 "
9 0.9238"" 0.9605" 0.9835 649339

* Significant at 5% level
#% Significent at 1% level
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for tha three soll types. Among the kari sdil;, s0il 2 with
redium organic matter, in general, 3h5wed the maximum corve-
lation between exchangeable magnesium percentage and various
selectivity coefficients. The dependence in general followed
the order so2i1 2 > 350111 > s=0il 3, Among the various
seloctivity coefficients KN was found to be more dependent
on exchangeable magnesium percentege, For soil 1 the value

of r for Ky is 0.9744 as against 0.8840 for KGt

As in the case of kari s50lls the exchangeable nagne-
sium percentage dependence of selectivity coefficlents is
maxigum for K, end minimum for K, in laterite soils also.
For s0il 4 the value of r for Ky is 00,9509 ag against 0.93598
for KG. The r value for K, and K, are maximum for soil 4,
f3llowed by 5911l © and zoil 5. For KKDO and KV the r value
is maximum for soll & followed by scil & and soil 5.

From Table 24, it ic clear that the dependence of
various selectivity coefficlents on exchangeable mognesium
percentage 13 maximum for redloam soils. For soi) 7 with
comparatively high organic matter, the value of r for KG.
Kypo, ¥y and Ky were 0.9354, 0.,9610, 0,9876 end 0,9937,
respactively.
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Table 25 Calculated values of standard free energy change
{AG% Cnl eq’1) of ﬁgz+- AIB’ exchange in rela-
tion to organic matter content for Kari, laterite
and redloam soiln

Soil type Organie wmatter content
Hlgh Madium Law
Kari -g% =557 ol 5[5' 9
Laterite -85 =080 1001

Redloan =331 =334 702
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4.3.5. Free cnergy change

The calculated values of approximate free energy
change for the exchange reaction : 2 Al-Soil + 3 M.gz*g
3 Mg=Soil + 2 A13+ were negative for the three types of
soils (Table 25), suggesting a strong thermodynamic prefe-
rence for Mgz" to M.B*. The values of A G° for so11. 1, 2
and 3 were «9%4, «557 and -1549 Cal eQ"1

«980 and <1001 Cal eq"1 for soil 4, 5 and o, respectively.

as against =895,

Among the redloam soils, the prefersnce followed the order:

5011 8 > 5011 7> Soil 9.
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DISCUSSION

Studies wera conducted to find out the effact of
different electralyte concentration on the exchange egulili-
brium and the influence of different cations on the free
energy and various gelectivity coefficients for different
soils., 'The pasults obtained f£rom the present study and

gome aspects on cation exchange are discussed belaow,

5.1, Potgsstum-aluninjug svsten

S.1.1. Effeot of different electrolyte concentration and
organic matter levels on A13+« K" exchange for
different soils.

From the results in Tables 2, 3 and & it is evident
that when the soils were equilibriated with the same elec-
trolyte concentration of aluminium, the releace of potassium
was maxisum in Kari 204ls, followed by laterite ssils snd
then by redloam soile, At an eguivalent fraction of 1.00
aluminium in the equilibriating splution, soil 1 exchanged
16.41 Cmol {+) kg'1 of potassium as sgainst 15.14 Cmol (+) kg'1

for goll 4 and 10.04 Cmol (+) k§'1

for soil 7. The greater
adsoprption of aluminium by 3041 1 may be due to the high
CEC of the soil 1 (38,00 Cmol (+) kg'1) compared to soll &4

(235.60 Casl (+) Rg'1) and so1l 7 (16,20 Cmol () kg‘1).
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The replacing pover of AIB* in relstion to its con-
centration was found to be greater at lower concentration
of the 1on. For soil 1 et 0.01 eguivalent fraction of A13+,
it repleced 0.13 Cmol (4+) Rgf1 of K" as ageinst 16.41
Cmol (+) kg'1 of K¥ for a 100 £0ld increase in aslution
concentration of A1;+. Similer is the trend observed in
other soils. This may be due to the valence effect, acecorde
ing to which the adsorption of higher valent ion will

decrease with an increase in solution concentration,

For each soil type adsorption of aluminium and relcase
of potassium was occurred mexicum in soils, with high srganic
natter compersd to goils with medium and low orgsnic matter.
The quantity of sluminium adsorbed by solil 1 was 16.41
Cmol {+) kg™ as against 11.60 and 9.39 Cmol (+) k"' by
soll 2 and 3, respectively. From this it is clear that
organic matter has gome influence on the availability of
A1°*. Using infrared techniques, Schnitzer and Skinner
(1963) found that aluminium would react with organic matter
upto 6:1 molar ratis, indicating six carboxyl groups par
organic matter molecule, It is possible that aluminium
could be electrostically bound to one or more carboxyl
groups depending on the degree of polymerization and effec~
tive charge of the aluminium molecule, Clark and Nichol



(1965) also suggested the formation of insoluble aluminium
organic watter coamplexes, It is posszidle that the organic
matter reduces the solubility of aluminium through complex
formation and results in less aluminium in the s0il solution.

5.1.2, Exchenge isotherms

The normalized exchange izotheras, deplcting the
relstionship between equivalent lon fractions of A1>* in
the equilibrium solution end in the adsorbed phase, for
all the three =01l types suggested a preferentizl adsorp-
tion of aluminium to potassfum (Fig. 1, 2 and 3). Similar
results were reported for Kt- AIB* system by Nye et a)
(1961) in montmorillonite and kaolinite soils, Singh and
Talibudeen (1971) in nine Maleysian Ultisols and Oxisols,
Pleysier et al (1979) in a Kaolinitic Ultisol and Barush et al
(1933) in some acid soils of Assam,

5:1.3, Selectivity coefficlients

The Gapon selectivity coefficients data for K*- A13+
exchange as deplcted in Fig. 4, 5 und 6 showed a higher
selectivity of K* thon A1°* for all the solls. The general
shape of the Krseleotivité curves was similar for all the
501ls, The values of the remaining selectivity coefficlionts
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(KKDO, Ky and Ky) increased upto & certain value of pota-
ssiun saturation in all the aolils, and then decreased
(Tables 5, 6 and 7)., The values of all the selectivity
coefﬁcients'wem in general, higheyr for soils with high
organic matter, Among the Kari solls the K-selectivity was
higher for soil 1 with high organic matter followed by s0il 2
and then by =241 3, with medium and low organic matier res-
pectively., Similar iis the trend observed in laterite and
redloams soils, Pleysier et al {1579) and Barush et al
(1553 a) also observed a higher selectivity for K% within
the range of K-loeding studled,

The valuzs of the selectivity coefficlents provide
& good memsura o9f the iLntensity factor of ion exchange
reactions,. A high selectivity coefficient suggeats that
the potassium ions are highly adsorbed in preferance to the
aluninium ions. It also implies that potassiua ¢an effec-
tively replace aluminiua from the soil exchanger. Nye et al
(1961) also reported the effectiveness of relatively con-
centrated KC1 s3lutions in displacing aluminium,

5.1.4. Correlation studies

For K'- Al?“" systen the values of coefficients of

correlation in general, were maximum for Ky and minipus for
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Ky for all the soils (Table 8). The valuea of coeificients
of correliation for KN'were significant bath at 5 per cent

and 1 pesr cent level, Except a few, therec is no significant
correlation between exchangeable potassium parcentage and

KG. and Kgpo  The values of coefficients of correlation

for the various selectivity cosfficients in general, followed

In general, it can be stated that the gelectivity
coefficlents varied with exchangeable potassiua percentage
and orgenic matter content. The thermodynamic equilibriuam
s¢clectivity coefficlient, KN, and Vanselos selectivity coeffi-
cient, Kv’ seen to glve a fair idea 5f the potassium-alumi~
niun exchange, For K'- ca®* system MNehta at al {1983)
reported that KV and KKBO vwere dependent on potassium satura-
tion.

5.1.5, FPree energy change

The negative values of the approximate free energy
change {4G°) for the exchange reaction: Al=soil + 3K*
3K-goll + A1°*, for the whole exchange isotherm (Table 9)
suggested that the reaction was spontaneous, showing higher
preference of k' to A1°%., Anong the three soil types red-
loam solls showed the maximum thermodynemic preference for
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potessiun, followed by laterite golls and then by kari solls.
Comparing soils 1, 2 and 3 on the basis of organic matter

it can be seen that soil 3 with low organic matter showed
the maximum preference for potassium, followed by soil 2

and then by soil 1.  Similer is the trend observed in other
801l types.

Singh snd Talibudeen (1971) also raported negative
values of AG° for geven of the nine soils they studied at
a total electrolyte contentration of 0.1 Ns They explained
that the small K*~1on (4 A®) is bound more strongly then
AL (H,0)c>* (8 A°) in these soils since it presumably can
approach the surface more closely resulting in a stronger
electrostatic.force of attraction. Siomilar yasults were
also reporied by Pleysier et sl (1579) and Baruah et a2l
(1983 a). In the latter, it has besn described that the
higher preference of potassium to aluminivum was preaumably
due to the presence of dioctahedral mica together with ver-
miculite and sasctite in the soils., These minerals are
known to be more selective for potassiug than aluninius.

The results of this investigastion lead to the cone
clusion that potassic fertilizers can be used effectively
in these solls because of their high retention and winimum
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lesching losses, However, it is not advisable to epply the
entire dose of potassic fertilizers in s single dose to
extremely acidic orgsnic soils with high sluminium content,

5.2, Calclium-aluainium systom

5.2.1. Effect of different electrslyte concentration and
organic nstter levéls on A1%*~ Ca®* exchange for

different solilm

As in the case of K'= A1 exchange, hore also the
sdsorption of sluminium (and desorption of caleium) increases
with increase in electrolyte concentration of sluminium.

But compared to the K'= A1%Y exchange the release of celcium
was less for all the soils (Tebles 10, 11 and 12). The
trivalent eaiuninium with high bonding energy replaces the
monovalent potassium wore strongly in K- A13+ exchenge

than the divelent calcium in Ca = A1°* exchange. At sn
equivalent fraction of 1,00 aluminiuva in the equilibriating
gsolution soil 1 replaced 16.41 Cmol (+) kg™! of K= A1%*
exchange as against 14,30 Cmol (+)‘kg'1 of Caa* in Ca2+- Al3+
exchange,

Compared to the kari ssils the release of aisorbed
ion was less in laterite and redloam soils. At the same
equivalent fraction of aluminium {(1.00) in the equilibriating
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solution the quantity of cslcium desorbed by kari soil was
14,30 ne/100 g as agatust 13.58 and 11.02 ne/10) g by late=
rite and redloam 8oils, respectively. This may be due to

the difference in organic¢c matter content and cation exchange
capacity. ¥%¥ithin each soil type maximum desorption of cale
cium occurred in solls with high orgenic matter, suggesting
a greater tendency of thease solils to adsorb more eluminium.
This observation was in confirmity with the findings of
Fvans and Kemprath (1971) and Carbrera and Talibudeen (1977).
They reported a low aluminium concentration in the aoil
solution of organic rich acid soils, Hoyt and Turner (1975)
reported that adding asifalfa mesl, sucrose and peat moss to
very acid soils decraased toxic quantities of exchangeable
aluniniun., 7This was attridbuted to complexing of exchangeable
aluniniun by organic matter,

5.2:2. Exchange isotherns

The noramalized exchenge lsstharma of aluminium for
all the three moll types ley above the diagonal (Fige 7, 8
snd 9), showing the preferential adsorption of aluminium to
calcium. It is clear from the Figures that the redlosa
soils showed the msxtiaum preference f£or aluminium followed
by laterite solls and then by kari soils. Baruah et al
(1983 a) also reported similer results from their studies
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on AleCa exchange in some scid s50ils of Assam.
5.2¢3¢ Selectivity coefficlents

The valuez of all the seleotivity cocefficients for
caa*- a1+ system (Tables 13, 14 and 15) followed the same
trond as.obtained in K'- AL7" system but the values were
such lower, This suggested that the soils showed a decrease
ing selectivity for caloclum compared to potatsium in the
presence of aluminium. Among the three soll types, kari
#0ils showed the maximum selectivity for calcium, folloved
by laterite and then redloam soils. The present data differ
considerably from thos¢ published by Pleysicriet o) (1979)
who found a strong selectivity of aluminiun aver calcium.
They ¢xplaired that the higher selsctivity for aluminius at
Jow aluminium losding could be due to the presance of high
energetic sites, Baruah et al (1983 a), however, obssrved
a decreasing aluniniug selectivity with increasing caleium

saturation in some acid aoils of Apsam.
Fe24%e Correlation atudies

Conpared to the Rte Als* systex the values of coeffi-
clents 5f correlations for all the selectivity csefficients
for cé?*- a1%* systen were higher (Table 16). The dependence
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of various selectivity coefficients on exchangeable calcium
porcentage followed the same trend as observed in K*- A2°*
system (Ky > K, > Kipo > KG). The values of r for various
selectivity coefficients, in general, vwere higher for soils
with high organic matter compared to soils with medium and
low organic matter. As in the case of K*- Ala* system, here
also Kﬁ vas found least dapendent on exchangeable calcium
percentage. So the highly correlated coefrficlents viz, Kﬁ
ard Kv may be preferable in studying the exchange phenomena

in these s90ils,
5.2.5. Free energy change

The weighted mean value of the approximste free energy
change for the exchange reaction: 2Al-soil + 3 Ca®t -~ 3 Ca-
soil + 2 A1°*, for the whole exchange lsotherms (Table 17)
suggested that the reaction was spontaneous, showing higher
preferences of calcium to aluminium for all the soils, But
compared to the K'- A1%* system the values were mich lower
for gll the s0ils, For 5011 1 with high organic matter the
free energy change (AG®) amounts "905 Cal eq™! for Ca2t~ A17*
1 for g*- A1®* system. Simi-
larly, for laterite soil (soil &) the corresponding values

vere ~ 936 and " 2636 Cal eq'1, respectively, for'Ca?+- A13+
and K*~ Al3+ system,

system as against ~2303 Cel eq”
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Talibudeen (1981) and Baruah et al (1983 a) observed
positive values of free energy change for Ca<Al exchange as
against the negative values observed in the present study.
They explained that trivalent aluminium has an octahedrally
co=-ordinated water sheath, so tightly held to the central ion
that the structural entity binds adjacent oxygen layers more
strongly than the divalent calcium ion. The lower selecti-
vity of aluminium compared to calcium in the present study
may be due to the hydrolysis of aluminium. As a result of
hydrolysiz the total valency of aluminium in the solution
will decrease. This will inturn help in the greater adsorp-

tion of calcium compared to aluminium.

From this study it 1s clear that compared to potassium
calcium is held by the soll with less energy. Though calcium
is preferentialiy adsorbed over aluminium, the energy with
which 1t is adsorbed 18 much less compared to pastassium. So
to maintain a high concentration of calcium in these soils,

frequent application of lime becomes necessary.

5.3« Magnesium-aluminium gystem

5.3.1. Effect of different electrolyte concentrations and
organic matter levels on Mg2*- A1°% exchange for
different solls

Tables 18, 19 and 20 present the data on the equili-

brium concentration of aluminium and magnesium for ng+- A13+
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exchange in kari, laterite and redloam soils, pespectively.

The data did not differ much from that of Ca>'- A1°*

system,
but it differs considerably from that of k¥ Al3+ system. At
the meximum equivalent fraction of Al (1.00) in the equili-
briating solution soil 1 adsorbed 13.97 Cmol (+) kg"1 of
aluminium for Mg2+- A13+ exchange as against 14,30 and 16.41
Cmol (+) ke~! for CaZ*- 41* and K- A1°* exchange, respecti-

vely. Similar is the trend observed in other solls.

Comparing the soils on the basis of organic matter
content, it can be seen that soils with high orgenic matter
adsorbed more of aluminium than the one with medium and low
orgenic matter. Soil & with 23,60 Cmol (+) kg™ ' CEC end
6.12 per cent organic matter adsorbed 13.12 Cmol {+) kg‘1
of aluminium as against 10.42 Cmol (+) kg'1 by soil 7, with

16,20 Cmol (+) kg"1 CEC and 5.45 per cent organic matter.
5.3.2. Exchange isotherms

From Fig. 13, 14 and 15 it is clear that all the nine
soils showed higher preference for aluminium compared to
megnesium. But, compared to the K'- A17* system the prefe-

2+_ p17* system. Exchange

rence for aluminium is less in g
Lsotherns of aluminium for CaZ'~ A1>* and MgZ'- A1°* followed

the seme pattern and did not differ much. Comparing the
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three systems the exchange isotherms show a saquence of
preferential adsorption which foliows the order: Al > Ca>
Mg > K. Pleysier ot al (1979) reported the following order
of preferance: Al> Ca > K > Na for exchange equilibria
involving alusinium, calcium, potassium sand sodium, PBarush
et al (1983 2) observed the sequence of preferential sdsorp-
tion which follows the orxder: Al > Ca > ﬂ34:> -Ka

5.5:3. Selectivity coefficients

The values of all the selectivity coefficients were
more o less saze as that obtaimed for Ca®'= A1 system
f5r all the soils, In general, tho magnesiun selectivity
was higher for keri soils, followsd by the laterite soils
and then by the redloam soils. Comparing the three systems
(2%~ 213*, ca®*~ A17* and Mg®*- 217*) 1t can be scen that
the selectivity for all the nine 20oils is maximom for pota-
ssium, The selectivity for celojium and magnesium is more
or leas same, The seleotivity sequence as indicated by
selectivity coefficients for all the soils follows the
order: K > Ca >» Mg> Al. For ion exchange equilibria
involving aluminium, potassium, calcium and sodium, Fleysier
et o1 (1973) obgerved the following selectivity sequence:
K> Al > Ca > HNa,
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The preference soquence chssrved earlier differed
conniderably from the selectivity seguence, The preference
of an ion exchanger for one of the two counter ions is deter-
mined by the ratie of the equivalent fraction of the two
counter ions in the exchanger and the equilibrium golution,
For the heterovalent exchange, it 1s sirongly dependent on
the solution concentiration (Helfferich, 1962). The apparent
contradiction between the preference sequence and the selecti-
vity sequence is therefore due to the concentration~valency
effect.

5.3.4., Correlation studies

As in the case of Ca?+- Als* system, 1t is clear from
Table 24 that the coefficients of correlation (r) for X,,
KKDO' Ky and.xﬂrwere significent at both lavels. The values
in genoral, were more or less similar to that obtained for
Ga2+- AIB* systen. For all the soils the value of r for KN
was found £o be aaximun, The dependence of verious selecti-
vity coefficients on exchengeable magnesium percentage
f£ollowed the order: KN‘>> KKV > KKDO - KG. In general,
the values of r for various selectivity coefficients vwere

greater for soils with higher organic matter,

5.5.5. Free energzy change

‘The negative valugs of free energy change for the
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exchange reaction: 2 Ale-ssil + 3 0%7.2".?. 3 023-5911 ¢+ 2 M.z”'

suggeated a strong thermodynamic pfeferent:e Zor magnesium

ts aluminiuzm {Table 25}, The values for all the nine ascils
vere lower than that obtained for G Alﬁ gystes. Conmparing
the values of free energy change for Mg“'= 5127 gystem and
ca?*~ A7t system, 1% can be seen that, they were more or
less seme. In general, soils 1ow in organic matter showed
the maximum therasdynemic preference for magnesiume. This
indicated that s0ils with high orgenic matier showed a

greater prefersnee for aluminium compared to megnesium,
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SUMMARY AND CORCLUSIONS

The ratios of cations in the adsorbed phase end in
the soil solution are of utmost importance in determining
their behaviour in different soils. Acid soils in high
rainfall areas suffer from deficlency of nutrients, espe-~
cially calcium and wmagnesiuwm, and accumilation of aluminiuam
ions in the adsorbed phase, The present investigation was
conducted to study the exchange equilibria involving alumi-
nium, potassium, calcium and magnesium in some acid soils of
Herala, For this purpose s0il samples differing in their
organic natter content and texture were collected from ssveral
locations, This included kari, laterite eand redloam soils.
The soil samples were made homoionic with potassium, calcium
and nagnesium by rapeated washing with their chloride solu-
tions. The homoionic samples were then equilibriated with
chloride solutions of K + Al, Ca + Al and Mg + Al, respectively,
at 10 different equivalent ion fractions of aluminium at a

total electrolyte concentration of 20 me 1'1

for each ion
pair. The equilibrium concentration of cstions in the solu-
tion and adsorbed phases were determined. The data were
interpreted in terms of normalized exchange isotherms, various
selectivity coefficienta, free energy changes of the exchange

reactions etc,
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The significent pesults obtained and the important

conclusions drawn ares listad belows

From the study on the effect of different electrolyte con=-
contrations on aluninium=potassium exchange, 1t was observed
that with inerease in the electrolyte concentration of alumie
niun wore of sluminium was adsorbed Dy the sS04l =2nd an equi~
valent anount of potassium was displaced into the soil sslue

tion.

The adsorption of sluminiup was moxisun in npolls with high
ovgenls matter content, Thus karl so0il with high organic

setter content adsorbed the maximum guantity of alusinium

and the redloen s0il, with 1low organic matter adsorbed the
lowsst quantity of aluminium,

The noraniized exchange 1sotherms of alupintum fop RFeA1”*
oysten in kari, laterite and redloan soils suggested tha
proferential adsarption of aluminium to potassium in all the
three golil types.

Fox all the three 851l types the values of Capon selectlivity
covgricient (K;) increased with increasz in exchangeable
potassive percentege, suggesting an inorsased selectivity
for potassium with increase in exchangeable potassium pers
eantage.
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The values of the remeining selectivity coefficients, nagely
Krighnamoorthy-Davis~Overatrest gelectivity cocfiicient (Kl:m)*
Vanselow selectivity doefficient (K;) and equilibrium selec

+ivity coofficient (xﬂ) increased upta a' cartain valus of

6.

Te

8.

9.

exchangeable patassium percontage and then decreased,

The values of all the sahetiva ecoefilclents vere, in
general, highsr for kari 501l followad by laterite and red-
2osmm @oils. This suggested an increaged sslectivity of soils
for pntaasm;a vith increase in orgsnic sattar,

Ia a1l the s2ils, the equilibrium selactivity csefficient
(€y) 4n general, shoved the meximus depsniency to potassius
saturation. The depyndsncy, in general, follawed the order:
Ky > By > gy > Ko

The negative velueas of free energy change for the exchange
reactions Al-gofl* 3K* = 3K-sofl + Alg“" sugzesited the pree
forentiel edsorption of potessiun to eluninium in all the
soila, Comparing s2ils on the basis of fxree energy, redloam
sxils with low orgenlc matter showad the naximunr thernoe
dynanic preference Zor potessium, followed by laterite and
kaet solls.

Am in the case of K'~41°" mysten, the adsorption of aluminiua
by 801l =olid increased with increase in the solution cone
centration of alumtnium in Ca2*<A1>* aycten alss,
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Compared to the K"’-Alz"' system the amount of alusinium

adsorption waAs less in calcium-aluminiun systen.

The effect 9f organic matter on Ca>'=Al”* exchenge was
similar to that observed in K'=-A1>* system.

For all the soils, the noraslized exchange isotherus of
aluninium lsy abave the diagonal, suggesting a higher prefe-
rence for sluminium to caleciunm,.

Similsr to the K*-41°" systes the values of K, increased

with increane in caloium saturation. The remaining selecti-
vity coefficients incressed upto & certain value 2f calcium
saturation and then decrensed with further increase in cale

civm saturation,

Conpared to the K“-AIB"' system, the values of ail the selec-
tivity coefficlents were lowver, thereby showing a lower

N

selactivity for calciua compared to potassium in the presence

of aluminium.

The varicus selectivity coefficient showed higher correlation

with exchangeable celcium percentage than with exchangeable
potassium percentage.

The welighted mean values of the free ensrgy change for the
exchange roaction 2A1-Soil + 3Ca®t == 3Ca-Sofl + 2A1°* were
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18,

19,

20,

negative, Hovever, the values were smaller than that.obtained
for K"’wﬁ.ls"' exchange, This indicates a lower theraddynamic
preference for calcium compared to potessium in the presence

of aluminium,

For H32+-513* system the results obtalned were zore or less

siailar €0 that obtained for Ga‘?*'-hla*' syatem,

Correlation studies have shown that the therasdynamlic equilie-
brivn coefficlent, EH’ and the Vanselow selectivity coeffi-
clent, KV, can be effectively used in describing the Lon
exchange phenomena in the acid soils of Kerala, as these

two coefficients shoved the maxinum correlation with the

exchangeable cations,

Among the three cations, potassium, colciua and sagnesium,
magnesium was less preferantially adsorbed compared to
potassium and calcoium in the presence of aluminium,

The values of firee enerpy change showed the following order
of preference for the competing cations: K> Ca> ¥Mg> Al,

On the basis of the present study, it can be concluded
that potassic fertilizers can be effectively used in acid
soils of Kerals, because of its high retention end minimum
leaching 1loss, Though calcium and magnesiug were preferen-
tially adsorbed over aluminium by the scils, ¢o meintelin a
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highsr concentration of these cations in the exchange phase,
a eonsidersble amount of calcium end magnesium should be
supplied by frequent application of lims; as these two cations
are held with msuch less bond energy compered to potamsiua,
To evaluate correctly the rasponse of applied potassic fer-
tilizers and liming ustorial in different soilds, efforts
should be mads €5 relate exchange behaviour 0f potassium,
calcium and magnesiun to the nature and relative proportion
of different soil clay minerals, Similarly, the extension
of the predictive approach essentially weant for binary
systems need gpecial apttention in order €0 make the gtudies
on cation exchange cquilibria more realistic and field
oriented,
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ABSTRACT

More than 70 per cent of the upland soils of Kerala
are acidic., The acidity of the s0il is primarily associated
with the presence of -hydrogen and aluminium in exchangeable
form. The 3211 solution aluminium in acid soil infertility
clearly establishes the agranomic significance of aluminium
ion equilibria in soils., The present study, entitled
"Studies on exchange equilibria and its prediction on some
acid soils of Kerala®" was conducted to £ind out (1) the
effect of different concentrations of aluminium in the
electrolyte solution on exchange equilibria in soils (2) the
influence of different cations on the free energy and various
selectivity cosfficients (3) the dependence of different
selectivity coefficients on potassium, calcium and megnesium
saturation of soils (4) the role of organic matter on cation
exchange equilibria with special reference to potassium,
calcium, magnesium and aluminium,

Cation exchange equilibria involving aluminium-potassium,
aluninium-calcium and aluminium-magnesium were studied in
three soll types, viz., Karl, laferite and redloam soils,
differencing in their texture and organic matter content,
The normalized exchange isotheras for different soils and



cationic systems wers drawn and the results were interpreted
in terms of different selectivity coefficients and approxi-

mate free energy change of the exchange reactions,

From the study on the effect of different clectrolyte
congentration of aluminium on aluminium=-potassium, aluminiump=-
calecium and aluminiuvm-megnesiumn exchange, an increasing
aluninivm adsorption was observed with an increase in elec-
trolyte concentration of aluminium. The adsorption of alumi-

nivm was maximum in solls with high organic matter content.

The normelized exchange isothernus of aluminium for
different catlionic systems end soils lay above the diagonal,
suggested the preferential adsorption of aluminium over ather

cations,

Except the Gapon sslectivity coefficient, all the
other coefficlients (KKDO, K, and KN) increased upto a certain
value of base saturation and then decreased., The value of
KG increased with increase in base saturation, Among the
various selectivity coefficients, Ky was found to be the
most dependent one and KG the least dependent. The depen-
dence followed the order Ky > K, > Kpno> K,

The negative values of free energy change for different



cationic sysiems suggested the preferential adsorption of
potassium, calcium and magnesium over aluminium., Among

these catlons postassium was found o be adsorbed with more
energy, followed by calcium, magnesium, and then by aluminium,
The values of free energy change showed the following order

of preference for the competing cationsm: K > Ca > Mg > Al.

From the study it can be concluded that postassic ferti-
lizers can be effectively used in acid soils of Kerala, because
of its high retention and minimum leaching loss. Compared
t5 potassium, calcium and magnesium were adsorbed with less
bond energy and hence to maintain a higher concentration of
these cations in the soil exchanger, 2 considerable amount
of calcium and magnesium should be supplied by frequent appli-
cation 2f lime. To evaluate correctly the responge of applied
potassic fertilizers and liming material in different soils,
efforts should be made to relate exchange behaviour of pota-
ssium, calcium and magnesjum to the nature and relative
proportion of different soil clay minerals. Similarly, the
extension of the predictive approach essentially meant for
binary system need special attention in order to make the
studies on cation exchange equilibria more realistic and

field oriented.



