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INTRODUCTION

Knowledge regarding cation exchange phenomenon in
‘soils dates back to the remote past. Since the discovery of
cation exéhange in soils by Way (1849) efforts by various
workers have thrown much light én this phenomenon. The
importance of cation exchange reaction was widely recognised
by early workers in_this‘field.v Marshéll (1935) has aptly
described_pgéigpiexchange as thé mostfimpqrtantlreaction in
nature surpassed in fundamental importagce‘pnly bty the
photosynthetic process in green plénts. Donahue (1958)
considers the cation exchange capacity of the soil to be a

single index of fertility‘

It is a well established fact that the content and
nature of the exchangeable bases has a profound bearing on the
properties of the soil and in turn on crop growth. Eut for
this reaction all nutriénts in the soil would have been leached-
out and washed away into the ocean by the percolating water.

A considerable portion of the plant nutrients present in the
soil are held adsorbed in tﬁe exchange complex of thé soil
preventing 1eaching_1oss. Fully recognisihg the implications
of this reaction on soil properties Hall (1924) has stated

that a good soll is one with larger amounts of exchangeable



‘bases, Emphasising on‘thé same point Geisking (1949) stated
that the fertility and productivity status of the soil depends
on the nature and order of the exchangeable bases in the soil.
In view of the dominant role played-by cation exchange resction
and exchangeable bases in soil productivitﬁ and plant nutrition,
it is very desirable,that égtailed_investigation-of_soils in
relation to their_cation,exchangeApropertiesﬁbe,garxied out
which will bé of considerable help in formulating suitable
management practices.,

FS

It 1s well known that soils of Kerala are very low
in their content of exchangeable bases and other blant nutrients.
Very little work has been done in the past on the cation exchange
properties of Kerala soils. The only work is probably that of
Nambiar (1947) who stuﬁied the exchangeable cation in a number
of surface soils .of riee growing areas. As a large number of
soilﬁgrbups were left out in this study, it was considered
desirable %o undertake a more detailed investigation of the
cation exchange properties of soil profiles represeriting the
major soil. groups of the state. Hence the present investigation

was undertaken with the followiﬁg objectivess

(1) To study the cabion exchange capacity and nature
of exchangeable bases in typical soils of Kerala

and to trace their downward variation.
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(2) To find out how cation exchange properties are
correlated to other chemical and physical

properties of soils.
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'REVIEW OF LITERATURE

The geheral literature on cation exchange and
related pfoperties of soils is voluminous. An extensive
review of all the literature on the subject seems un-
necessarﬁ‘in the present>context ahd so only a brief review
of the more recent work whlch appears pertlnent to the
pfesont problem is attempted here,

(a) Cation exchange capaclity and the exchangeable
cation content

Mitchell and Muir (1937) have shown that the cation -
exchange capacity of a soil depends mainly on its clay con-

tent and its composition viz., the 8102/3203 ratio.

Mukherjee (1944); working on Indian soils, observed.that

of. the different fractions obtained in the mechanical

analysis of soils clay has the highest uation exchange .
capacity. The C.E.C. of the silt and sand fractlons is 4
considerably less while that of gravel is practically negli-”
gible. Organic matter has a greater cation exchange capa01ty
than clay. The percenta e of organic matter in Indian soils

is low, but for solls with very small values fer cation

exchange capacity the contribution of organic matter becomes

appreciable. _ | ' | /;7¢
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Turner (1982), as cited by Mukherjee (1944),
obtained statistically.significant correlations between
the cation exchaﬁge capacity of soils and their contents
of clay and organic matter. It was observed that the
organic maﬁter associated with clay had a higher base
exchange capacity than that associated with silt or the

éntire soil.,

Das et al. (1946) observed a higher cation

exchange capacity for calcareous soils than for acid soils.

'In some of the proflles studlea ty them the C.BE.C. increased

with depth, while in some others it decreased with depth.
There were also some profiles in which the intermediate '
layer had the highest cation exchange capacity. With =

few exceptions the variatipns in the cation exchange capacity
and‘ciay content of the soils down the profile were similar,
Calcium was the pred&minant cation and its variation in the

profile depended on the total cation exchange capacity.

Exchangeable calcium‘content was high in soils with higher

. pH and low in soils having a low pH. ”Magnesium.generally

showed an increase downwards, The higher cation exchange
capacity of the top-layer was attributed to the high organic

matter content.

Hosking (1948) reported that clay minerals present

in the coarser fractions also contribute to the cation

exchange phenomena.
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Toth and Bear (1948) suggested that for an ideal
'80il about 65% of the exchange complex should contain calcium,

10% magnesium, 5% potassium, and 20% hydrogen.

Pathak gt zl. (1949) studied the varlation in C.E.C.
of the different mechanical fractions in a mumber of soil
profiles. They noted that.the éatién exchange capacity dué

‘4o the clay fraction declined rapidly down the profile.

In the caée Qf_red,an& lateritic soils of Bihaé Lall
(19535,cbtained iny,relati&ei& low values for cation exchange
capacity. The cation exchange capacity varied according to
the clay content. Bxchangesble calcium was bhe predominant
éation. Exdhangeable magnesium was proportionally low and
potassium practicslly absent, The low C,E.C. suggested that

the principal clay mineral was kaolinite.

Menon and Mariakulandai (1957) observed that the

low eation ekchange,capagity,af the red soils of Tamil Nadu

_'was_duevto the preéominange‘qf ﬁhe.kaoliniteﬁtype'of,clay

'mineral- S0 the cation exchange capacity depended mainly
on the clay and organic mattgrcontenfs,”‘Thgvcatioa gxchange
capaelty andﬂother_rélateé properties were higher in the
surface soilé;ftheréby clearly indieating_the role played by
the organic colloids. These organic colloids were found to

have & higher cation exchange capacity which was 8 to 10 times
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more than that of the clay of red soils. Calcium formed the
predominant cation followed by magnesium and potassium., Most

of the red soils contained little or no exchangeable sodium,

In the laterite soils clay was made up mainly of
the hydrous oxides of iron and aluminium, with only small
quantities of silicate minerals., The mineral complex had a
cation exchange capacity of only 2-4 me./100 g. The higher
values recorded in the field were due to the organic matter
content. In these soils also more than 50% of the exchangeable
cations consisted of calcium. Magnesium was the cation next 4

in importance followed by potassium and sodium.

o In a study of the black soils of Tinnes tract, Menon
gz,gl. (1957) observed that cation exchange capécity increased
.with the depth of the soil. Of the differenf<exchangeable
cations, 80% was caleium. The contents of caleium and magnesiun
increased and that of potassium decreased, with depth in

different profiles.,

v Donahue (1958) considered catipn exchange- capacity

a soil, the more is its cation exchange -capacity and hence

the greater are the chances of its teing fertile.

Gopala Swami (1958) as cited by Pillai (1964) has

reported a high catioh'exchange capacity (C.E.C.) for the



kari soils of Kerala which was attributed to the high content

of organic matter and a illitic and montmorillonitiec types

of clay present in them,

In a study of the red and laterite soils oz Mand
water shed, Roy and Landey (1962) observed, that the eclay
content and the cation exchange capacity wvere a maximum in

the intermediate layers of the soil profiles studied by them,

Sétyanarayana and Thomas (1962) have compared
tha_chemical charactéristies of Angadipuram and Kasargod
laterites, ' In both types of laterities, the exchange
capacities were low and this waé attribﬁfed to the kablinite
type of -elay minerals present in them. The exchangeable
calcium, magnesium and pota351um were found in these 30113

in traces only.

Fridland et al. (1966) observed,thaf in soils rich
in kaolinite, extraction with hydrochlori¢ acié or H202
removed iron oxides and thus decreased the cation exchange
capacity. This decreasegin,the'cation,exchange_capacity
was not due to destruction of the cerystal lattieces of

silicates, but due to the removal of films of iron oxide

involved in cation exchange reactions.

According to Yuan et al. (1967) the cation exchange

capacity of the organic fraction in sandy soils may be



appreciable because of the low C.E.C. of such soils. In
other solls which have a higher C.E.C. the contribution of

organié matter is thea’overlookeds

Alexander and Durairaj (1968) noted that the C.E.C,
of blackAsoiis tended to increase with increase in pH, In
"~ acld soils, however, C.E.C.‘was negatlvely correlated to pH,
(b)  Effect of exchangeable cations on soil
- properties
. Different workers have pointed out that many .of the
physicaljagdwchgmical properties of soils are influenced by

the cations present,

According to Aarnio (1967) the pH of a soil is
influenceﬁ‘by the different cations to différent extents.
With inerease in the atomic weights of the cations present
the pH is found to be low, Awlcwer pH is recorded in the

case of divalent cations as compared to monovalent bases,
L Williams (1932) obtained data for total exchangeable
bases clay content and total and easily oxiélsable ‘carbon in

soils., He observed that there was a clase relationship between

~

the CoE.Ce and clay content, as well as the total and easily

oxidisable carbon.

Fraps (1935) studied the total exchange capacity
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of some Texas soils in relatiog to,ﬁheir chemical composition,
It was observed that the contents ova,szOs, Kzo and Cal
increased regularly with increase in total C.E.C. until it
exceeded the value of 2 me,/100 g, There after the
correlation between the C.E.C. and the chemical constitusnts

was found to be veryvliftie.

Puffeles (1938) studied the influence of different
- exchangeable cations sueh as Ca, Mg, Na and K on the pH of
light and heavy soils. He found that, of the solls saturated
with theseyéations the pH was higher in heavy soils than in

1light soils.

Kelley and Dore (1938) studied the relationship
between the nature of the parent rock, type of clay, cation
exchange capacity and silica sesquioxide ratio in certain
Californian soils aﬁé,cqnéluded that the type of clay was
determined by the minerals présent in the rock, and the C.E.C.

by particle size and the nature of the surface.

Ravikovitch (1939) found that the liberation of )
‘adsoried phosphate was dependent, not only on anion exchange,
but aiso fo a great extent on cation exchange. The amounts
df cations preseﬁf,in the 5011 when phosphate was sdsorbed,
as well as the changes in the composition of the eXchangegble

~ bases after phosphate zdsorption occurred, were found to



influence the degree of phosphate aveilability.

Yatsevitch (1943) observed that within the pH
range of 4.5 - 8.0 cation exchange capacity was a linear
function of pH. At higherrpvaalges a deviation from the
linear relation in the direction of an increase in the
exchange capacity was seen, - The deviation was more marked
in the case of soils having a higher content of inorganic

substances and sesquioxides.,

‘Milton and Wadleigh (1951) obtained a positive

~correlation between exchangeable sodium and pH, They con-

cluded that exchangeable Na could be predicted, from the
pH value,

Musierowicz gf al. (1956) found that exchangeable
calcium content increased with increase in the contents

of clay and hunmus,

Heinonen (1960) estimated the C.E.C. of over 100

- Finnish soils and determined its relationship to texture,

humus level etc and analysed the results statistically. In
the glacial soils cation exchange capacity was about 40 me./
100 g. for the clay fraction and very low for the bigger‘

fractions, The C.E.C. of the soil as a whole was variably

affected by the clay content. The exchange capacity of the
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organic matter decreased with increasing elay content possi-
bly due to the slower development of acid forms of humus in )
presence of hlgh levels. of clay of under environmental condi-

tions conducive to high bumus levels.

Durairaj (1961) found that the greater part of the
total exchangeable cation content of black, red, brown and

laterite soils of Tamil Nadu consifted of exchangeable

 ealeium,

Ray Chaudhuri et al. (1962) working with Coimbatore
profiles found that 60% of the exchaageable cation was made
up of bivalent forms and that Na constituted the predominant

monovalent catlon.

Mahalingam ¢t g;; (1968)_obﬁained a positive ‘
correlation between cation exchange capacity and exchangeable
caleium for the high level Nilgiri soils.

(e) Bffect of exchangeable bases on 1oss on

ignition
Charlton (1832) studied the effeet of replaceable
bases on loss on ignition of Burma soils. He noted, that the

effect of different cations on this property was in the order

ca™ = H">Na
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(d) Effect of exchangeable bases on the physical
properties of soils
Several investigators have shown that the physical
properties of a soil are influencéd, not only bty the clay
content, but also by the nature of the ions present in the

exchange complex.

Briggs and Shantz (1912) found that. the clay content
of a soil influenced its mgisture equivalent and water holding

capacity.

Gedroiz (1914) as cited by Baver (1928), Scofield
and Hesdly (1921) Hissink (1923) and Cummins and Kelley (1925)
studled the effeet of exchangeable bases on the dispersion
coefficient of soils and reported a higher degree of dispersion
in soils saturated with sodium and the reverse in the case
séils saturated with calecium. The same authors observed a

low rate of percolation in soils saturated with sodium,

Hager (1923) as cited by Baver (1928) observed that
csodium and potassium salts hardened argillaceous soils and
spolled their workability aeration, percolation and water

capacity.

Hissink (1924) has stated that there is undeniable

relatlonshlp between the structure of the soil and the



| relative pfoportion in which the adsorbed cations are present.

- As sodium comes into evidence the structure tends to deteriorate.

Gedroiz (1914, 1926) as cited by Baver (1928) noted
that the degree of colloidability of any soil, depends on its
state of saturation and the nature of the exchangeable bases.

He (1924) also showed that the amount of the finest sized
partiqles as shown by mechanieal analysis,‘was greatly increased
by saturating the exchange material with Na ions. He found )
that a substantive part of 'the silt and the fine Sénd pbrtions
was broken down by sodium saturation into ultrafine particles.
This was not the condition vhen the soil was saturated with
caleium, Calcium ions seemed to bind the fine sized particles

into aggregates whereas sodium ions caused dispersion.

i
7

S Kelley and Brown (1925) observed that soils saturated
with‘sodium were sticky when wet and harsh when dry. Caleium
on the other hand, produced/a,porous soll., Thus it appeared
that physical properties of soils were in part dependent on

the nature of the cations of the adsorbing complex..

Bouyoucos (1925) noted that practilcally all physieal

properties of soils were influenced by their colléidal contents.

Keen and Coutts (1928) examined a number of Snglish
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soils for their clay content, moisture adsorption, sticky
point moisture and other related properties., It was noted
that heavy clay s0oils had g hlgher level of moisture adsor-

ptlon and sticky p01nt moisture,

Anderson (1929) has shown that the -influence of
the different cations on water adsorption by colloids varies
in, the order Ca < Mg = Na = § < K <= methylene-

tlue,

Metzer (1929) working oi1 Clarksville silt loam
soils found that the nature and amount of replaceable bases
have a very important bearing on the physical condition and

nroauctlvaness of SOllS.

Gedroiz (1931) observed that Ca, when fully satu-
ratlng the exchange complex. created a condition most favourable

for plant life,

Coutts (1932) has establ&shed a correlation between
the molsture equivalent, sticky point moisture, loss on ‘
ignition and the clay content of soils.

Charlton (1932) studied the effect of replaceable

J
bases on sticky point moisture of Burma soils and the effect

was found to vary as H > Ca > Na. Removal of organic matter

reduced the sticky point value bty about 3,2%.
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Russell (1933) has statistically analysed the

- physical properties of some Natal soils and concluded that
the cation exchange capécity was of prime importance for
predicting the hygroscopic moisture and water holding

capacity.

- Singh and Nijawan (1936) studied the effect of
various capidnsﬂsaturating'thgAsoil“exchange,complex §n_the )
- physlcal properties of solls and reported that. dispersion
coefficiént& wvater holding capacity ana water of percolation
were greatly influenced by the nature and amount of cations
present, They have aiso,shown that the different‘cations
influenced water holding capacity in the order Ca = Mn >

Mg > K > NH, > Na,

Freustal and Byers (1939) noted that the moisture
absorbing and retaining capacities of peat were nearly
- twice that of a mineral soil when compared on an equal volume

basis.

Joachim and Kandiah (1247) working on Ceylon soils
obtained a positive correlation between the:clay content,
water holding capacity, sticky point and many other similér
properties. Cation exchange capacity was determined primarily

by the nature of the clay and the organic matter content.
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Robinson (1949) in Great Britain studied the effect
ofAéxehangeablé bases on soil properties and showed that the
nature and amount of exchangeable bases'profeﬂndly influenced
the general characteristics of the soil. He concluded that
calcium soils possessed many desirable gualities such as a
granular structure, which helped in the infiltration of water
and better aeration. He also observed greater dispersion in

the case of sodium soils as compared %o ealecium soils.

Brooks et al. (1956) showed that exchangeable
potassium and magnesium were very similar in their effect on
the permeability of seils, Potassium affected the permeability
ind;vidﬁally or in combination with sodium. There was a slight
inecrease in pérmeability with increass ih the amounts of

maghesium,

Gill and Reaves (1957) observed that the shrinkage
of natural clods was closely related to the cation. exchange
capacity which was in turn closely related to most other

properties of the soil.

Kandaswamy (1961) observed that in the case of black,
red, alluvial and laterite soils cation exchange capacity did
not have any influence on sticky point. MNoisture equivalent

and water holding capacity were found to be mainly controlled
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by the clay content, organic matter, and the cation eXxchange

capacity.

Delmer et al. (1966)‘gxplained_that the properties
‘of soil such as structure, dispersiveness,_permeability,
" cohesion, plasticity, water holding capacity and friability
are affected by thé'replaceable bases, sodium and calecium,
Caleium had a}favoyrable effect on soils, whereas Na was
found to be associated with cloddy and poorly draiﬁed soils,
(e) Percentage base saturation and soil
properties :

| ~ Joffe and Maclean (1926) studied the relationship
between the H ion concentration and percentage base saturation
of.a largé number of soils and concluded thatAthe H ion
concentration of water extracts was not a suitable index of
the percentage base saturation of soils, However, Green
(1922) obtained a high correlation between H ion eoncentration

and percentage base saturation.

According to Harda (1929) soils of the same pH

can have different degreses of base saturation.

Plerre and Scarseth (1931) concluded that in soils
of similar origin, differences in weathering can bring about
different degrees of base saturation., They observed that the

bresence of soluble acids, the nature of bases in the
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exchange complex, the organic matter.content9 the silica:
sesquioxide rétio‘and the strength of acids are factors which
determine the percentage base saturation of solils at similar

pH values.

Morgan (1939) obtained a definite correlation

between pH and percentage hase saturation.

Martilla et al. (1965) working on Flnnlsh soils
observea the base saturatlon percentage to be greater in the

deeper layers of soils than in the surface layers.

Alexander and_ﬁurairajA(lQGS) observed and increase
in percentage base saturation with increase in the pH.

(#) Cation exchange capacity and chemical

composition of clay

The total cation exchange capacity of soils and
soil colloids has been used extensively for characterising
clay minerals,

Grim (1963) enumerated the importance of various clay
minerals in base exchange and reported the following approximate
values for each type of clay mineral viz., 40-50 me./100 g.
for halloysite, 80-160 me./100 g. montmorillonite and 100-150 me./

100 g, for vermiculite.
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Many workers have reported the cation exchange
capacity of c¢lays isolated from Indian black soils.,
Nagelschmidt et al. (1940), Ray Chaudhuri et al. (1943),
Menon and Sankaranarayanan (1957) and Parthasarathy (1959)

reported 60-120 me./100g. for the clays from these soils.

* , Manickém_(lgﬁl),observed a cation exchange capacity
~of more than 60 me./100 g. for black soil clay and < 50 me./
100 g for laterite soil clays.

Cation exchange studies in the rice soils of Kerala

. Nambilar (1947) in a study of some typical rice soils
Qf'Kerala observed that calcium formed the prineipal replace-
able base followed by magnesium, sodium and potassium., = The
low level of‘exchangeable caleium on the surface solls was
attributed to the continuous leaching by heavy rains, as shown
by the'incrgase in the exchangeable calcium in the sub-surface
soils. He also studied the percentage qf total bases in the
exchangeable form. The percentage of calcium and potassium
was much higher in,wet-land,goils than in dry cultivated_soils.
Thé percentage of total maghesium that was exchangeable tended
to increase as tha.soil_became~h§aviero Ease exchange capacity
showed wide variatlons ranging from 3.0@ - 73.4 me./100 g , but

there was a general relationship between cation exchange

3
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capacity and the soil texture, The degree of unsaturation

and pH of the soils did not show any consistent relationship,

Investigétions by the same suthor on the effect

of cropping on exchangeable baées revealed thaf continuous

cropping brought about a significant decrease in exchangeable
potd351um tut showed no measurable change in the other eX~
changeableﬁbases. ~ Laboratory investigations on the effect.
of soil flooded with sea water showed that the flooded soiis
were considerably poor in exchangeable calcium and richer
}in exchangeable magnesium gnd sodium as compared to unflooded
soils. Exchangeable potassium was ndt materially influenced
by flooding with sea water. The relative incresse in the
exchangeable base content as a result of flooding was in the
order Mg > Na,;>_K;_ ?he results revealed that magnesium,
ana qééﬁgédium,»ﬁas'thé chiel exchangeable base found in

so0ils flooded with sea waﬁer.

Experiments conducted by Nambiar (1947) on the
effect of fresh.water Qn,the_replacgable‘bgsesAof saline
water flooded soils.showed_that:fresh~wateriastored to the
soils the exchangeable calcium that was lost as a.reSult of
inundation.with sea water. The fresh water also reduced

considerably the damage caused to the soil by saline water.

Results of experiments conducted by the akove
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author on the effect of soil molsture conditions on the
replaceablc bases offthe 3011 1ndicated that soils flooded
wlth distilled water underwent a decrease in exchangeable
calc;um and a 31gn1f1cant increase in niagnesium and potassium.

Exchangeable sodium was not significantly affected by flooding.
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MATERIALS AND METHODS

Fourteen soil profiles representing the major soil
groups of Kerala were collected-from different parts ef_the
State. As the hdrizon differentiationé were not %ery well
defined in most of these éoilsﬁ-s§mples were collected.in
each case from fixed depths of O - 30, 30 - 60 and 60 - 90 em.
The |detalls regarding the profiles collected are given in

the table belows=-
TABLE 1

Details of soil profiles

Profile No. | _ Location  Soil group

I Kayamkulam - - Sandy

II © Kayamkulam Sandy

111 Trichur - ~ Kole land

IV ~ Alwaye - ' Alluvial

v v - Chirayinkil - Alluvial

VI , Perinthalmanna = . Laterite v

Vi1 Angadipuram Laterite v

VIII Vellayani Laterite -~

X Vechoor - Kari (Peaty)

X ' Vechoor - Kari (Peaty)

XI - ' Kozhinjauwpara Black

XII Kozhinjampara Black -
k111 Palode Virgin Forest

XIv Patchalloor Red _-
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Lgboratorz studies

l. Preparation of sample

The samples were air dried for a week, gently ground
with a wooden mallet and passed through a 2 mm sieve. The
material passing through the sieve was stored in labelled

bottles and used for the analysis,

2, Chemica;:and;gechanical composition
The chemical and mechaniéal analysis of the soil
samples were carried out by adepting standard analytical

brocedures as outlined by Jackson (1968). The following

estimations were carried out.

a. Moisture

b, Loss on ignition
¢.. Total phosphorus
d, Total potassium
e, Total calcium

T+ Total magnesium
g, Total nitrogen
h, Organic carton
1. Boil reaction

Jeo Mechanical analysis
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3. Physical properties

Appafent speciflc gravity, absolute specific gravity,
water holding capacity, pore space and volume expansion were
determined using s keen Raczkowiski box as described by Wright
(1939) . Moisture equivalent was determined by the indirvect
nethod using the formula, - |
Moisture equivalent = (Waterholding capacity = 21) 0.635

Sticky point was determined by the method deseribed
by Piper (1950). '

4. Cation exchange capacity and exchangesble cations

Cation exchange capacity and exchangeable cations in
the samples were determined by adopting standard methods as

outlined in Fiper (1250). The methods are briefly given below:
(a) Cation exchange capacity

A sample of soil welghing 80 g was taken in a 500 ml
conical flask and to this was added 250 ml of neutral ¥ ammonium
2'hours'with occasional shaking., The solution was then filtered
through a Buchner funnel underdgenple”suction, The soll was
also transferred on to the filter paper in the Bu@hner funnel.

It was then leached with négtral i ammonium acetate solution
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(20 - 25 ml at a time) until about 500 ml of the leachate
was collecteds The residue on the filter paper was washed
with 60% ethanol to rgmcve thé exceés ammonium acetate. The
fixed smmonium in the soil was determined by distillation
using magnesium oxide. The distillate was absorbed in a
known volume of staﬁdard acid, and the excess acid titrated
with standard alkali. The c@ticn exchange capacity was

calculated and expressed‘as mne./100 g of soil.

- In the case,qf‘black:soils the samples‘were first
treétéd\withﬂép% ethanolv(loo‘ml) to remove soluble salts.
The washing was repeated twice, cach time using 100 ml of
ethanol to,ensure.complete_remgval of salts. ?h@ washed soil
wasmtreafed with neutral ammonium acetate solution and the

C.E.C, determined as detaliled dove,
(b) Exchangeable cations

The«leachate,qbtained;fromAthe above estimation was
used for determining fhe,exehangeable cations. As the black
soils (samples 29 - 34) contained free calcium earbonate the
estimation of exchaqgeable‘ca and Mg was made by leaching the
soils with ammonium a;etate solution buffered to pH 8.5, This
prevented the calcium from the free caleium éaxbonate from

going into solution and disterting the results.
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(i) Exchangeable calcium

An aliqwot%&f the leachate (100 . ml.) was evaporated
to drynes§ on a water bath. The residue was ignited over a
flame until white to conve:t the acetates to carbonates.\ To
- the ignited residue«wasvaddedjz ml of 23l ammonia solution
and 7 ml of 10% ammonium per sulpbate to.precipitate the
sesqui oxides and heavy metal ions: The precipitate formed
'was,filtered washed.with,hét water and the washings collected
in a volumetric flask and made up. An aliquot from this was
used fﬁr estimating QXGhangeablé Ca by the versenate method

using murexide as indiecator,

(ii) Bxchangeable maguesium

An aliguot (100 ml) of the above washings was used
for estimating magnesium by the vesenate method using erichrome

Blaek - T as indicator.
(iii) Bxchangeable potassium

100 mlL of the ammonium acetate leachate was evaporated
to dryaessﬁ_ignited>anﬂ the residue extracteé.with hot water.
Tt was filtered through Whatman No.42 filter paper and the
washings collected in a beaker. In phisAéolution,paﬁaSsium was
precipitated as sodium potassium cobaltinitrite and gstimated

volumetrically.



(iv) Exchangeable sodium

100 ml of the leachate was evaporated to dryness and
the residue ignited. It was then extracted with hot water and
the filtered hot water extract, used for the estimation. Sodium
was precipitated as the triple salt uranyl.éodium zinc acetate.
The precipitate was washed with alcohol saturated with crystals
of ﬁhe.triple salt. The washed,resiﬁue was dried at 105°C_for
half and hour and weighed to constant weight after thorough

cooling in a desiccator,
" (v) Exchangesble hydrogen |
Thls was dmtermlned as the dlffereﬂce between the
total cation etchange capacity and the sunm total of exchangeable
Ca, Mg, K and Na.
Separation of elay fraction

The c¢lay fraction of the surface samples of seven soils
profiles was separated by the sodium chloride-methoﬁ as outlined

by Piper (1880).

Analysis of clay fraction

Cation exchange capacity of the clay was estimated by
the neutral ammonium acetate method as in the case of the whole

soil.
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The estimabion of silica, sesquioxides, iron oxide

and alumina of the clay fraction was carried out ﬁsing.standard

methods as outlined by Sankaram ( 1966) .

From the results obtained correlation coefficients

were ealculated between various soil characteristies.
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RESULTS

‘A. Mechanical compositibn'

The results of the mechanical analysis of the soil -

samples are given in Table Il.

The data‘éhow that the texture of the soils examined
varied from loamy sand to clay. ‘The coarse sand fraction varied
from. 1.0 to 60.6 %, the naximum value being for a sandy soil -
'(No.éﬁ and the minimum for a kari soil (No.28). The fine sand
fraction ranged froum %;5%'in a black;soil (Ho0.28) to as high
o value as 43,3% in an alluvial soil. A& laterite s0il (No.20)
gave the maximum value for clay content (62,5%) while a sandy
soil (Vo.1) contained the least amount (7.4%) of this fraction.
The range of varlatlon for silt was from 2.0 to 26,5%, the
maximum being recorded for a kari soil (NO.ZS) and the minimum
for a red soil (No.40). Th coarser fraction showed no definite
pattern in its distribution in bae profiles. 1t was ohservedv
that clay fraction increased Nlth depth in profiles I, II, 1Iv,
Viii, X, XI, XIIL, and XiV. A decreasetln clay content with
depth was noted in profiles III and IX while the maximum accu-
mulation of clay in the igtérmediaﬁe layérs was observed in

profiles V, VI and VII.




Mechanical composition of soils

TABLE II

‘Depth

Organie.‘

C%ay Silt

Coarse

Salble prorile No. (om.)  matter 7 Coarse Fine sand
1  Profile I 0-30 0.3 7.4 4.0 58,2 20.1
- 30-60 0.2 7.7 4.8 58.5 28.8
3 60-90 = 0.2 8.6 5.0 58.5 27,7
4 Profile II 0-30 0.3 7.4 4.4 60.6 27.3
- B - 30~-60 0.3 79 4.9 60.5 26.4
6 60-20 0.2 2.4 4.9 60,3 26,2
7 Profile III = 0-30 4.9 28,6 4.0 31.3 31.2
g : 30-60 = 0.6 28,5 5.2 32.2 33.5
9 | | 60-90 0.3 27.6 4.5 34.8 32,8
10 Profile IV _~ 0-30 7.2 26.7  21.0 5.8 40,3
11 L 30-60 4.4 0.7 . 19.5 3.5 41.9
12 6090 3.9 | 31.3 19.5 2.8 42.5
13 Profile Vv ©  0-30° = 0.3 = 11.3 5.8 39.4 43.2.
14 30-60 0.1 15,3 4.0 40.3 40.3
15 60-90 0.3 15.0 = 5.4 38.8 40,5
16 Profile VI 0=-30- 0.6 35,0 6.5 37.6 20.3
17 30-60 0.9 61.5 6.2 22,3 9.1
18 60-20 0.3 24.8 18.6

48.2 8.1

1e



60-20

1 2 3 4 5 '7 8
19 Profile VII 0-30 1.8 411, 2.5 35.1  19.7
20 ' 30-60 0.7 6245 | 4.2 22,1 10.5
21 ‘ 60-90 0.3 : G0,0‘t 4,0 20.9 14.8
22 profile VIII 0-30 0.6 39,5 3.1 34.6  22.2
23 30=60 0,3 40,4 3.3 3443 2147
24 - G0-80 0.4 49.4 3.3 34.8 12,1
25 Profile IX 0-30 13.9 52.4 " 26,5 1 o4 5.8
26 - 30-60 18.3 50,9 24.5 1.6 4,7
27 Profile X 0-30 17.3 50 .0 24,1 1.8 6.8
28 30-60 16.6 63,4 24.5 1.0 . 4.5
29 Profile XI 0-30 0.9 53.5 . 2L.8 5.6 18.2
30 | ~ 30-60 0.5 57.0 19.6 5.1 17.8
31 6080 0.6 575 20.1 4.7 17.1
32 Pprofile XII ° 0-30 0.4 57,0 19.2 5.6 17.8
33 30~-60 0.7 50.5 17.1 5.1 17.6
34 - - 60-90 0.6 6047 16.9 4.6 - 17.2
35 Profile XIII 0-30 1.8 | 32.5 5.1 38.9 21,7
36 30-60 1.1 35.5 8.2 38.7 16.5
37 60-90 - 0.3 37.0 8.7 39.7 14.3
38 Profile XIV 0-30 0.7 27.1 2.5 40.2 29.5
39 30-60 0.5 28.0 2,2 40.8 28,5
40 0.3 28,5 1.9 40,8 28.5
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The organic mattei sﬁatus of the sampies studied
varied from 0.1 to 18.3%. An alluvial soil (No.14) éhowed
the minimum value whlle the maximum value was observed for a
kari soil (Ho.zﬁ). The distribution of Grganlc matter down
tﬁe profile showed much varlatlon¢, A steady decreagse in this
constituent with‘depth was noted in profiles I, II, IIL, IV,
VII, X, XIII and XIV. o o |

" E. BSingle value constants

The single valve constants of the soils studied are

given in Table'III.
(a) Apparent density

The épparent density of the soils rénged from 0,79 =

1.96, the minimum recorded being for a kari'soil (No.26) and

the maxiﬁum for a forest soil (No.37) . ?ﬁere was no regularitj
w1th regard to 1its dlstrlbutlon down: the prolile. _However, -

the sandy soil pr01lles I and Il showed a steady fall in apparent
density with depth. '

(b) Absolute speeific gravity

A black soil (No.32) had the minimum value (2.0) for
absolute specific gravity vhereas the maximum value (2.7) was

given by a sandy soil, a kole land soil and a 1gterite.soil.



TABLE III

Physical pfo@efties'bf soils

sample o S Absolu~ - Maximum ‘Mbistﬁ;é Pore Volume Sticky
o Profile Depth Appa?ent y te . .watgr equiv§~ Space expansion point ,
° Wo. (em.) ~ density specific - holdlng ~lent . -~ %  moisture
S L gravity ~capacity & A - | -
1 o 3 4 5 6 L '8 - 9 10
1 profile I . 0-30 . 1.87 . 2449 22,1 .6.71;  33.9 0.27 - 14.5
. | a0.60 . 1.58 9.83 21,9~  1l.21 321 0+10 4.1
3 . 6D-90 . 1.48 . 2,87 24.9 . 2,45 37.6. 0,00 13.6
4 Profile II = 0-30 . 1.71 2,73 . 22,6 . 1,04 38.4 0.00  17.3
5 . 30-60 . 1.53 .2.38 . 24,9 . 2,50 38.2 0.08 9.3
6 | 60-90 . 1.47 2444 . 2548 3,02 32,7 0.59 9.0
7 Profile III, 0-30 . 1.49 .2.06 28,5 L 4.73 38,5 4,34 26.7
g | .. 30.60 .l.54 2,59 . 20,7 5,49 40,7, 3.86 11l.4
0 . 60-90  1.46 2,73 - 32.4 .24 43.9 2,98 12,9
10 Profile IV . 0-30  0.87 2,03 . 63.9" . 27.26  46.4 7,96  54.3
11 . 50-60 0,97 2,36 . 59.0 24,16  58.9 6.34 45,7
12 . 60-90 0.96 2,47 62,1 26.11  61.2 6.25 . 40,3
13 Profile ¥ . ©0-30  1.52 . 2,32 - 23.4 . 1.52 33,8 0.18 16.2 -
24 | 9060 . 1.49 2.28 . 22.9 1.24  34.6 0457 19.1
15  60-90 . 1.53 2,46 . 25.2 12,60 3842 0.41  19.5
16 Profile VI . 0=30  l.42 2042 26,3 2.38 41.1 1,51 17.1
17 . 30-60 L.27 200 . 36.9 23.58 50,7 2.21 22.4
18 60-00  1l.34. - 2.73 34.5 2119  50.9 2,020 22.1
1o Profile VII X 0-30  1.35 2,34 | 20,7 5,49 43,9 0.46 14.5
20 30-60-. 1.33. 2.37 50.1 18.50 43,6 1.84 24.8
o1 60-00% 27 2,69 39.% 11.52 52.9 1.53 24.0

0
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1 o 3 & -5 6 8 ' 10
22 profile VIII 0-30°  1.36. = 2.29 28.8 4,93 40.6 0.41 23.2
23 a0 1.4l . 2,46 29.2° 5.21  42.9 0.46 24.1
o4  60-90  L.03 235 - 82.8° 7.52  4d.L 0453 19.2
o5 Profile IK ~ 0-30 - 1.04 2,22 36.3 9.73 - 48.2 6,20  20.6
o6 . . 30-60  0.79 2,39 47.1 16,59 55,9 6467 28.2
o7 Profile X . 0-30 118 2.36 40,9 12.64 49,8 6.51 30.7
283 . 20-60  1.36 ‘2,88 45,9 16,83 49,4 5.97 31.2
o Pprofile XI = 0-30  1.39 2.17 42,8 13.87 51.9 27.26 17.8
30 . 20-60  1.37 2,33 46,8 16.39 58.3 27,76 17.8
31 60-50 1.4l 2.19 45.6’ 15,63  54.3 28,55  17.3

‘32 Pprofile XII .0-30 1.44 1,90 45,8 15.72 50.9 26.85 - 17.5
33 . 30-60  1.35 2,36 46,8 16.32 56,2 28.01 16.9
34 §0-90 ' 1,32 2,59 48.8°  17.63 51.6 20.67 17.5
35 Pprofile XIII 0-30 119 2,36 26,7 3.59°  40.9° 0.97 1845
36 . 30-60 1.45 2,52 27:5° 4.15 42.7 le11 19.2
a7 60-20 . 1.96 2,17 28,8 4.93 43,9 1.35 20.0°
ag profile XIV 0-30 1.4 2,28 27.0 - 3.82 38.2 0.19 13.6

39 . 80=60  1.59 2.18 '32.2 7.01 37.6 0,00 _ 10.5
40 60-00  1.42 2.32 45.8 16474

e
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(¢) Maximum water holding capacity

The highest value for water holding cgpacity (63.9%)
was observed for an'ailuvial soil (No.10) and the lowest value
for a sandy soil (No.1). In profiles I, II, III, VIII, IX,

X, XII, XIITI and XIV the 3rd layer (60-90 cm.) showed the

maximum,vélue; the general t:end ﬁeing_that of an increase of
this constant down the,préfile, The intermediate layer (30 - 60
cm.) géve the,maximuﬁ value for water holding capacity in the

case of prollles Vi, VII and XI.
(@) Moisture equivalent

- The values for molsture equivalent showed‘considerablé
variation ranging from 1,04 - 27.26%. The minimum was observed
for a sandy soil (No.4) and the maximum for an alluvial soil
(No.10). Profiles I, II, III, VIII, ¥, X, XII, XIII and XIV

showed a ‘steady increase in moisture equivalent with depth.
(e) Pore space_

. The pore space for the different samples lies within
the limits of 32.1 and 61.2%. A sandy soil (No.2) showed the
minimum pore space and aﬁ alluvial soil (¥o.12) the maximum,’
With regard to the varzatlon of this property down the proflle
it is observed that prollles I, IT, VII and XIV showed the

lowest value in the intermediate layers (30 - 80 cm.) while




profiles I1I, IV, V, VI, VIII, IX and XIII showed an increase
in pore space with depth. The maximum value for the intermediate

layer has been observed for profiles XI and XII.
(f) Volume expansion

_ o Volﬁme expansion of soils showed a wide variation
from O - 29.67%. _Sandy soils (No.3 and 4) and a red soil (¥o.39)
gave the_minimum vélue, whereas the,maximum”expaHSioﬁ was noted
for'a,black}soill(mo,aél.u_A definité decrease in volume_e#pansion
with depth was noted, in profiles I, III, IV and X. iIncrease in
the value with depth waé observed in profiles II, VIII, IX, X1,
XII and XIII. | o

(g) Sticky point

~ Sticky point ranged from 8,98 - 54.31%, the lowest
value observed teing for a sandy soil (Wo.6) and the highest.
value for an alluvial soil (No-l@);__As regardé the.changes:in
the sticky point moisture down the profile, a decrease was
observed with increase in depth, in the case of profiles IV
and IX. A steady increase in sticky point with depth was noted

. in profiles V, X and XIII.

C. Chemical composition

The chemical composition of the soils is given in

Table IV.




TABLE IV

Chemical composition of soils

1581

0.09 ¢

Sam- : Fercentage oven dry basis
1_1\){19 Prori;ile ' Dc(apth) Mqiﬁtu;c'e - - A P pH
o o A a ignition N P05 Kg0 Cald’ LIS cgrbog ‘
1 2 3 4 5 6 7 8 9 10 11 12
1 Profile I 0+30 0,91 2,27 0.03 0.05 0.06 0.13 0.06 0.17 5.1
2 30~ 1.33 2,50 0.06 0,05 0.15 0.15 0.10 0.16 5:4
3 60-90  1.04 3.01 . 0,04 0.13 0.07 0.06 0.12 0,14 5.2
4 Profile II  0-30 1.35 2.43 0.04 0.10 0.06 0.02 0.06 0.12 5.0
5 . 30460  1.30 4,71 0,03 0,02 0.10 0,03 0.08 0.15 5.3
6 60-20  1.39 3,19 0.02 0.01 0,05 0.02 0.06 0,12 5.2
7 Profile III 0-30 6.78 11.42 _ 0,40 0,18 0,30 0.20 0.70  2.84 5.0
8 30-60 2.74 5.41 0.04 0.18 0,17 0,13 0,03 0.34 4.5
9 60=90 2.75 5,10 0,05 0411 0.17 0.13 0.07 0.15 4.8
10 Profile IV 030 0.24 22,06 0.41 0,18 0.49 0.35 1,16 4,16 4.1
11 . 30-60 3.20 16.00 0,27 0.07 0.54 0,30 1.34 °  2.54 4,3
12 60-20 6.71 16.76  0.29 0,23 0.35 0.22  1.30  2.26 4.2
13 Profile V 0-30 0.72 5,34 0,01 0.11 0s09 0.04 0.12 0.17 6.0
14 30-60 0.30 2,51 0.01 0.07 0.08 0.06 0.11 0.08 5.0
15 - 60-90  0.40 2,81 0,01 0.06 0.08 0.06 0,02 0,15 5.1
16 Profile VI  0-30 3.82 10.64 0,11 0.22 0.,15) 0.12] 0511] 0.33 4.6
17 30-60. 6.22 14.51  0.21 0.20 0.24) 0.20 0.30 | 0.52 4.7
18 60-90 6,81 0.07 0.11' 0.29 0.16 4.7




1 2 3 4 5 6, 7. 8 9 O 1 12
19 Profile VII 0-30. . 4.56 11,22 0.10 0,12 0,165 0.14" Tigge . 0,92 4.4
20 . 30-60 . 3.81 5.90 0.08 0.12 0,200 0,12 0.06 ' 0.39 4,8
21 . 60-90 5.54 15.29  0.08 0.22° 0,21 0,14  0.02 0,15 4.6
22 Profile VIII 0-30 . 1.02 6.67 o:'%} 0.04 'o..os‘ii"”d’:é“s“;""“'6'167_‘3 0435 4,?,
23 © 30-60 - 0.94 6.67. 0.08 0,02 0.06 0,07  Trace 0.30 4.3
o4 60-90 - 2.20 9.32 002 0.03 0:04' 0.06° ~0.09 0,23 4.4
o5 Profile IX O30 - 3.88 26.22 0.45 0,12 0,30 0,34 0,30 8.06 3.0
26 < 80-60 - 3.81 25.63 0.41 0.0L 0.35 0.27 0.35 10.60 3.9
27 Profile X*  0-30 ~ 4.19 27.33 0.45 0.04 0,31 0,35 0,67 10.06 3.7
28 |  30-60 - 3.99 27.556 0.54 0.03 0,42 0.30 0.59  9.66 3.0
20 Profile XI  0-30 2.47 14.00 0,08 0,10 0.35 1,74 - 1.48. 0,57 7.8
30 . 30-60 " 7.46 14.20 0.07- 0.09 0.36 1.88  1,11° 0.29 = 7.5
31 60-90 10.32 9.69 0,04: 0.08 0.41 1,80  2:60 0.37 7.8
32 Profile XII 0-30 ©9.08 10.12 0,05~ 0.08 0,40 1,67 2.00 0.23 8.0
33 30-60 10.21 8.92 0403~ 0,07 0.4l 1.76 1,70 0.40 7.6
34 .~ 60-90 . 10.51 14,22 0.04- 0.08 0.42 2.04. 2,54° 0.37 7.9
35 Profile XIII 0-30 1.60° 10.22 0,12, 0.08 0,12 0.056 0.04  1.04 4.6
36 30-60  1.30 7. 71 0.05 0,07 0,10 0.05 0.04 0.65 4.8
37 , 60-20  1.20 6, 27 0.01 0.05 0.12 0,06 0,10  0.17 4.9
38 Profile XIV 0-30 0,08 5. 16 0.04. 0.02 0,04] 0.06 | 0,07 | 0.43 4.7
39 30-60 0,29 5. 10 0.03 0.02 0.04 0.06| 0.07 . 0.33 4.9
40 60-90  0.37 0.02 0,02 0405 0.04! 0.0, 0.20

4.9
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1. Total nitrogen

| The nitrogen content of the soils varied from .01 =-
0.54%. ‘The minimum value noted was for an alluvial soil
(Wo.15) and the maximum value for a kari soil (No.28). The
general trend in the distribution of N was for a decrease
in its content with depth. Profiles II, VII, VIII, IX, XI,
XIII and XIV showed a steady Gecrease in nitrogen with depth,
whereas the intermediate layers (30-60 cm.) showed maximum

accumulation in the case of profiles I and VI,
2. Total phosphorus

N , The range of‘P2O5 in the soils studied was between
, R
0.01 and 0.23%. A kari soil (No.26) had the lowest P50

&
content while a laterite soil (No.1l8) had the highest. The
phosphorus content was found to decrease sﬁeadily with depth
in profiles II, V, IX, X, XI and XIII. Maximum accumulation
of this element in the 3rd layer (60-90 ecm.) was-notgd in

profiles IV, VI and VII,
3, Total Potassium -

ihe~K20vcontenﬁ“5f~the solls under study ranged
from 0.04 - 0.54%. The minimum potassium content was in a
red soii (No.32) and the maximum value was obtained for an -

alluvial soil (No.1l).



In profiles I, II, IV and VI there was maximum
accumulation of potassium in the intermediate layer (30-60 Cllly ) »
A steady decrease in potassium content with depth was noted
in profile VIII while profiles IX, X, XI and XII showed an

inerease in potassium status with increase in depth.
4, Total calecium

~ The percentage of total Ca0 varied from Q.02 - 2,04%.
The lowest value recorded was for a sendy soil (No.4) and the
highest value was for a black soil (No.34), Profiles I, II
and VIII showed an accuimilation of Ca® in the intefmediate
“layer (30-60 8m.). An increase in Ca0 countent with depth_was
observed, in the case of profiles VI and XI., Profiles IV, »

IX and X showed a steady decreasé in this element with depth.
5, Total magnesium

Total Mgl cgntent.of_the>soils under_siudy rgnged
from a trace to 2.69%, The minimum value was observed in the
case of a laterite soil (No.21) and the maximum value in-a
biack‘éoil‘imoq3l). A perusal ofithe‘data revealed no regularity

in distribution of this element down the profile.
6. Organic carbon

The organic carbon content of samples’ varied from

0.08 - 10.6%. An alluvial soil(No.14) showed the minimum value




whereas the maximum organic carbon'content was observed in
a kari soil (No.26). Much variation was observed in the
distribution of organic carbon down the profile. A steady
decrease with depth was noted in profiles I, II, III, IV,
VII, X, XIII and XIV,

7. Loss on ignition 

Loss on ignition varied from 2,27 - 27.6% in the
soils stﬁdied,, The minimum and maximum value observed were

for a sandy soil. (No.l) and a kari soil (No.28) respectively.
8.. Hydrogen ion concentration (pH)

The pH of the soils studied, varied widely from

3.0 for a kari soil (No.25) to 8,0 for a black soil (No.32).

D, Cation exchange properties

The cation exchange properties of the soils are

given in Table V..
(i) Cation exchange capacity

The values for cation_exghange_capacity of the
various soils examined are given in Table VIII.

Cation exchange capacity of -the soils varied from

1.5 me./100 g for a sandy soil (No.4) to as high as 49,6 me./



TABLE V

. Bxchangeable base content of soils

Depth.

‘me./100 g of oven dry soil ‘Relative proportion of exchange-

Sample Profileiﬂo. , | able bases (Percentage on total)
No. - (emd g Mg K Na Total Ca Mg K Na
1 S 3 2 5 6. 7 8 ) 10 11 12
1 Profile I 0-30 0.77 0:66 0.22 0.16 1.81 ~  42.5 36.5 12.1 8.9
2 ' '30-60 1,43 0,50 0.08 0.17 2.18  65.6 22.9 0.0 11.5
3 ‘60-80 0,77 0.33 0.20 0,09 1.30  56.4 23.7 4.4 6.5,
4 Profile II ' 0-30 Trace Trace TraceQ.,19 0.19 0.0 0:0 - 0.0 0.0
5 ' 30~-60 " woo® 0,28 0.28 - 0.0 0.0 0.0 - 0.0
6 60-90 L v ® 0,33 0.33 0.0 0,0 0.0 0.0
7 Profile III 0=30 2.00 1,76 1:24 0.27 5.36 = 39.0 32.8 23.1 5.1
8 | 3060 1.10 1.65 1.27 0.25 4,27 25,8 38.6 29.7 5.9
9 60-90  1.21 2.86 1.38 0,16 5.61  21.6 51.0 24.6 2.8
10 Profile IV 0-30 1.32 3.74 0.67 0.21 5.,94  22.2 63.0 113 3.5
11 30-60 0.59 2.05 1.40 Trace 4.04 14.6 50.7 = 34,7  0.01
12 60-90 0,88 1.44 1.20 " 3.61 24,4 39.9 35.7 0.0
13 Profile V  0=30 0.44 Traced.57 "  1.01  43.6 0.0 5644 0.0
14. '30-60 1.21 0.22 Trace " = 1.43 84.6 15.4 0.0 0.0
15 S 60-20 0.92 0.55 0.03 ¢ 1.57 63.1 35.0 1.9 0.0
16 Profile VI “0=30 I 191 1.60 0,69 0.16 4.36 43.8 36.7. . 5.8 3.7
17 o 30-60 | ‘1,24 1.61 0.78 Trace 3.63 34.2 44.3 21.5 0.0
18 60-90 | 2.45 67.3 7.4 4.9

1.66

20.4

0.50 0,18°0.12

Eh3
()
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2.17

34.6

19 Profile VII 0-30  Trace 0.31 0.12 2,41 62.2 0.0 9.8 28.0
20 30-60 0450 0.31  0.13 - 2.70 65,2 18,5 11,5 4.8
21 ; 60-90 0.88  0.18  0.25! 3,95 66.9 22.3 4.6 6.3
22 Profile VIII 0=30 0,44 0,22 : 0.25| 2.40° 62,8, 18.3 0.2 ; 9,7
23 30-60 6/ Trace 0.12 Trace’| 0.78 4.6 0.0 15,4 0.0
24 1 60~20 | 0.33 o0.12/ " 148 66.8 22.4 10.8 0.0
25 Profile IX 0-30 12,90 0,75 2,22 10.87 43.5 27.9 5.5 2.1
26 | 30-60 4,12 0.6l 3.22 13.19 30.3 317 4.6 24.4
27 Profile X 0-30 2.60 Trace "2.94 9.94 45.3 25,1 0,0 29.6
o8 . 30-60 2.20. 0.74 1.79 8.33 43.2 26.4 8.8 21.6
29 Profile XI 0-30 17.60 0.45 1.04 47.14 50.5 37.3 0.9 2.3
30 30-60 19.80 0.09 . 2,79 4723 50.1 41.9 2.1 5.9
a1 60-90 20.90 0.74 6.04 44.73 88.1 46.7 1.7  13.5
32 Profile XII 0-30. 17.06 0.47 1.12 45,59 59.0 37.4 1.3 2.3
33 30-60 18.70 . 0.47 . 3.52 47.99 52.7 39.0 1.0 7.3
34 B 60-90 19.80 0.51 4,42 45,35 45.3 43,7 1.1 9.9
36 Profile XIII 0-30 0.28  0.28; 0.33 [1.72 48.2 16.3 16,3 19.2
36 | - 30-60 Trace 0.16] 0,13 | 1.34 78:4 0.0 11.9 9.7
37 60-90 0.39 0.41' 0.46 | 2.58 50.2 15.4 16.2 18.2
38  Profile XIV 0=30 Trace 0.16 0.16 1.64 80.5 0.0 9.8 9.7
39 30-60 . 0.39 0.83 Trace 2,16 43.5 18,1 38.4 0.0
40 60=-90 0.79 0.75 n 29,0 36.4 0.0
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100 g. of soil for a black soil (No.33). In profiles X, XI
and XIII the cation exchange capacity tended to decrease with

depth whereas it increased with depth in profiles IT and IX.
(ii) Exchangeable calciun

 The content of exchangeable calcium in the soils
'examined‘ranged from a trace to 28.1 me./100 g of soil. Of
the total exchangeagble bases present in the exchange complex
of the soil the proportion of exchangeable calcium ranged
from a trace to 84.6 per cent with an average of 46.5%.
With regard to~the_distriﬁution of exchangeatle calcium
udown the profile it was obéerved that there was a steady
decline of this exchangeable cation with depth in profiles
X, XI, XII and XIV. The laterite profiles VI, VII and VIII
showed a decrease in exchangeable calcium in the intermediaté

layers and an increase thereafter.
(iii) Exchangeakle magnesium .

The amounts of'exchangeable‘Mg were quite variable,
. - ranging from a trace to 20,9 me,/100 g of soil. The minimum
value observed was for three sandy soils (Nos. 4, & and 6)
and two laterite soils,(Nps.}19 and 23). The meximum value
was for a black soil (No.31). The proportion of exchangeable
Mg to the total exchangeable bases varied from a trace to

62.9% with an average of 27.69. Profiles I and IV showed
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TABLE VIII

Cation exéhange capaeity & exchangeable cations

Depth Exchangeable éaticnsAme./lOOg oven dry soil Cation

SRt profile To (Cm.)

Os rofile No. .Gy ) _ ; T * exchange
| ‘ o cég e . s o ( By difgerence) Gapaei%y
T2 3 4 b € 7 8 9
1. Prorile I ke  0-80 0.77 0.66 0,88 ©0.16 0.3l 2.12
2 30-60  1.43 0,50 © 0.08 0.17 0,06 . 2,24
3 60-80 0,77 0,33 0.2 0.09 0.58 - 1.97
4  Profile II 0-30 Trace Trace Trace 0419 1.33 . 1.52
5 : 30-60 - " S 0.28 1,60 . 1.88
6 60-90 " no o 0.33 1475 2,08
9 Profile III = . 030 2,09  1:.76 1.24 0.27 4.48 9.84
8 , - 20-60  1.10  1.65 1.27 0.26 0,61 | 4.88
9  Profile III 60-90  1.21 2,86 1.38 0.16 0.07 5.68
10  Profile IV 0-30  1.32  3.74 0.67 0,21 12,90 18.84
11 - - 30-60 0.59  2.05 1.40 Trace 19.36 13.40
12 _ 60-90  0.88  l.44 1.290 o 10.23 13.84
13  Profile V 0-30 0.44 Trace 0,51 ~ " = 3.39 4,40
14 | 30-60  1.21  0.22 Trace % 0,97 2,40
15 60-90 - 0.99 0.55 0,83 " 0.43 2,00
16  Profile VI 0-30  1.91 ;, 1.60 . 0,69 0,16 1,04 5.40
17 20-60 - 1.24  1.61 0.78 Trace 3:21 | 6.84
18 60-90. 1.65 : 0,850 0,18 0,12 1.37 $3.82

. (Gontdo s .



1 2 3 4 5 6 7 8 ‘9
19 . Profile VII 0-30  1.98 ‘Trace 0,31 0.12 = 2.69  5.10

20 Profile VII 30-60 1:76 0480 0,31 0,13  3.54 6,24
o1 60-90 2,64  0.88 0.18 0,26 1.47  5.42
22 . Profile VIII 0-30  1.49 0.44  0.22  0.26 0,100 250
23 : 30~80 0.66 Trace 0.12 Trace 1.06 = 1.84
o4 60-90 0,99 0:33 0412 0,14 4 1462
25 Profile IX 0=30 4.50 2:90 0.75 | 2,22 13.85  24.32-
2% 30-60 5.18 ~4.18 0,61 | 3.22 12,91 26,12 ’
27 Pprofile X 0-30  4.50 2.50 Trace 2.94 13,90  23.84°
23 S 30-60 ¢ 3.60 2.20 0.74  1.79 15.038  23.36
26 Profile XI 0-30  28.05 17.60 0,45 1.04 0,86 48,00
0 | 30-60 23,65 19.80  0:99 2,79  0.07  47.30
31 | G0-90  17.056 20490 0s74  6.04 2,18  46:92
32 Profile XII 0-30  £6:95 17:06 0.47 0.12  1.57  47.16
33 30-60  25:30 18,70 0,47  3.52  1.57  49.56
34 | 60-90 20,56 19.80 0.51  4:49  1.61 46,98
35 Profile XIII © 0=30 0.83 0.28 ° 0.28 0.33  4.18 5,90
36 S 30-60 1,05 Trace 0.16  0.13 2.26 3,60
a7 60-20 1.27 0.39 0.41 0.46 047 3,00
38 Profile XIV 0=-30 1.32 . Trace 0:16 0,16  0.48 2,12
30 20-60  ©0.9¢ 0.38  0.83 Trace 0.38 . 2.54
0 60-90  0.63 0.79 0475 " 0.23 2,40

i3
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a decrease in exchangeable Mg content with depth, while an
increase in this constituent was obéerved in profiles V,
VII, IX, XI, XII and XIV. Profile II showed ounly traces of

this element in the'exchangeable form.
(iv) Exchangealb:le potassium

The content of exchangeable potassium in the soils
under study was comparaiively 10w,_the;rahge of_variatién
being from a trace to l.4 me./100 g soil. A sandy soil |
(No.5) gave the lowest value whereas the highést_value was '
observéd in the case of an alluvial soil (No.l1ll). The relative
proportion of exchangeable K to the‘tctal‘éxchangeable bases
varied from a trace to 56.4% with a mean value of 12.4%.

With regard to the distribution of this exchangeable cation
in the profile a steady inerease with depth was ohserved

in the case of profiles III and X. Profiles IV, VI, XI

| and XIV however showed an accﬁmu;atign of exchangeable K

in the intermediate 1éyer (30 - 60 em.). |

(v) Exchangeéble sodium

In most of the soils examined exchangeable sodium .
was found onlyvin_tracesiexegpt in kari and bléeksoil‘p:ofiles.
The range of variation was from a tracé.to_6.04 me,/100_g of
soil. The maximumlvalne obtalned was for a black soil (No.31).

The relative proportion of éxchangeable Na to the total




TABLE IX -

Total bases and exchangeable bases in soils

Total bases

Sl. - Depth - EBxchangeable bases  Percentage of
No. Profile Wo. ° (Cm.) me./100g. oven dry soil me./100g. oven dry exchangeable
. S » : soil on total
Ca. . Mgs = K. ' Ca. Mgs K. Ca. Mg. K.
1 2 3 4 5 6 7 8 9 0 11 12
1 Profile I =~ 0=30  4.45 . 2.75 1,33 0,77  0.66 0.22 17.3 24.1 16.5
2 30-60 . 5.30 4,83 3,09 - 1.43 ' 0.850 0.08 26.9 10.4 2.6
3 60-90 1.95 - 6,17 1.55  0.77 ' 0.33 0.20 39.5 5.3 12.90
4 Profile II  0-30 . 0.85 3.08 - 1.19 ‘Trace = Trace Trace G-0 04,0 040
5 80-60  1.10 . 4.17 - 2.87 " o " 0.0 0.0 0.0
6 | 60=-00  0.85 . 3,08 -1.02 L " " 950 0.0 0:0
7 Profile III  0-30 . 7.20 34,67 6,44 2,09 1.76 1.24 29.3 5.1 19.3
8 30-60 4,60 . 2,67 3,59’ 1.10 1.65 1,27 23.9 6.2 35.4
8 60-90 4,60 . 3,67 3,61  1.21 2,86 1.38 26.3 77.92 39.3
10  Profile IV 0-30 ~ 12,35 58,83 10,33 1e32 3,74 0.67 10.7 6.4 6.5
11 30-60  10.85 67.83 11.46.  B.59 2.05 1.40 5,4 3.0 12.2
12 60-20 8.00 64,67 7.38 0.8  1.32 “1.29 11.0 2.2 17.5
13  Profile V 0-30 1,45  6.00 1.82  0.44 Trace 0.57 30.4 0.0 '31.3
14 30-60 2.25 - .5.75 1.72 1.21 . 0,22 Trace 53.8 3,8 00
15 60=90 1.60  3.42 1.64 0.99  0.855 0.03 47.1 12:2 1.7
16  Profile VI 0-30  4.20  5.42  3.15 1.91  1.60 0.65" 45,5 28.5 21. O
17 30-60 7.30  14.83 5.00 1.24 1.6l ©.73 17.0 10.9 15,60
18 60-90  10.45  4.33 2,26 1.65 0.50 0.18 15.8 0.8

11.6

(contda 9. )

e

o

w



A v 5 A
1 g 3 4 5 6 7 8 o 10 11 12
19 Profile VII 0-30 5.40 Tegee 3,31 '1.98 Trace 0.31 @ 3.7 G0 0.7

20 30-60 4.20 3,00 4.05 1,76 ©.50 0.31 42.0 16.7 7.7
21 | 60-90 4.85 185 4.4l 2,64 . 0,88 0,18 54,4 4%56 4.1
22 Profile VIII  0~30 1.60 3,42 1.64 1.49 0,44 0.22 93.1 12.9 13.4
23 - 30-60 2.45 Tramce 1:33 0.66 Trace 0,12 26:90 00 9.0
24 60-90 2,00 4.58 0.89 0.99 0,33 0,12 49,5 7.2 18.0
25 Profile IX 0-30 11.95 14,756 6.38 4,50 2,90 0.75 37.7 19.7 11.8
26 ~ 30-60 9.80 17.42 7.51 5.18 4.18 0.61 52,9 24,0 8.1
27 Profile X 0-30 12.85 83,33 6.56 4.50 2,50 TPace 36.4 7.5 0.0
28 30-60 110,60 29.50 8.93 3.60 2,20 0.74 33.9 7.4 2.5 -
29 Profile XI 030 62.00 73,75 7.41 2£8.05 17.60 0.45 45,2 23,9 6.1
30 - =60 67.00 55,33 7,71 23.65 19.80 0.99 35.3 35,8 12,8
31 - - 60-90 67,50 134.17 '8.69 17.05 20.90 ° 0.74 25,3 15.6 8.5
32 Pprofile XII 0-30 59.50 100,00 - 8.46 26,95 17.05 0.47 45.56 17.1 5.6 34
33 . 30-60 62.50 85.00 8,74 25.30 18.70 ' 0.47 40.5 22.0 5.4 =
34 60-90 73,00 126,67 9.26 20,55 19.80 0.51 28.2 15.6 5.5
35 Profile XIII 0-30 - 1.85 1.92.2.46 0.83 0.28 0,28 44,9 14.6 1l.4
36 - 30-60 1.60 2,17 2.08 1.05 Trace 0,16 65.7 040 7.7
37 60-90 < 1.85 508 2;6) 1.27 0.39 0.41 68.7 7.7 16.3
38 Profile XIV 0-30 2.20 3.42 0.87 1.32 Trace 0,16 60.0 ;0 18.39
39 ' 30-60. © 1,95 3.42 0.85 0.94 0.39 0,83 48,2 11.4 97.6
a6 60-90 - 1,35 1.83 1.00 0.79 0.75 46.7 43.2 75.00
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exchangeable bases varied from a fraée to 29,6% with a mean
value of 6.,9%. 1In most of the profiles examlned tbere was

. not much variation in exchangeable sodium content down the
profile., However profiles II, IX, XI and XII showed an
increase in this exchangealble cation u1th depth. In profiles

111, X and XIV a decline in exchangeable Na with increase in

depth of the profile was observed.
(vi) Total bases and exchangeable bases

. Exchangeable €a, Mg and XK expressed és_pércentage
of total, Ca, Mg and K, is giVe_n»in Table IX. It is seen
that_ total calcium in soil range from 0.85 - 7, o~mé /1bo g
of soil with a mean‘of 13. 9, The percentage of exehanweable
Ca expressed as percentage of total calcium ranged Irom

0 - 93.13% with an average value of 27. l%.

. ‘ The'content of total Mg varied from a trace to
1 126,7 me./100 g of soil with an average of 25.1 me,/100. g.
The exchangeable portion ranged from a trace to 84,75 per

cent with a mean value of 12.8%.

‘ - The total potassium content of soil lies betwéeq
0.85 - 11.46 me./100 g. of soil the average being 4.3 me./
100 g. EBxchangeakble K expressed as per cent of total K,
‘lies within the limifs 0 - 97.64% with a mean value‘of

14.5%.
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TABLE VII
Cation exchange capacity, degree of unsaturatim and
pbercentage base saturation of soils
Total Exchange Degree of Percentage
" - ' : bases capacity ‘unsaturation base satu-

,S%mple Frofile No. I()gpt? sy 1) LI-8)x 100 ration pH

No. : \bled  1e./100 g. me./100 g. P 8 x 100

| L : Soile. Soil . T

1 2 | 3 a . 5 6 7 8

1 Profile I 0-30 - 1.81 2.12 ©19.8 80.2 5.1

2 = 30-60 2,18 2.24 2.7 97.3 . 6.4

3 | 60=90 1.39 1.97 29.4 70.6 5.2

4 Profile II 0-30" 0,19 - 1.52 87.5 12.5 5.0

6 60-90 - 0.33 2,08  84.1 15.9 5.2

7 Profile III 030 5.36 9.84 45,5 54,6 5.0

8 - 20-60  4.27 4.88 12.5  87.5 4.5

9 , 60-90 5.61 5,68 0.5 99.6 4.8

10 Profile IV 0=30 5.94 18.8¢ - 68.5 31.5 4.1

11 E 30-60 4.04 13.40 . 66.4 33.6 4.3

12

60-90 3.61 . 13.84 73.9 26.1 4.2

o4

(Contd. . "
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1 2 3 4 5 6 7 8
13°  Profile ¥ 0-30 1.01. 4,40 774 22,6 6.0
14 30-60" 1.43 2.40 40.4 59.6 5.0
s 60=90 1.57 2,00 . 2L.5 78:5 5.1
16 Profile VI . ©-30 4.36 5:40 | 23.6 76:4 4.6
17 30-60 3.63 6.80 | 46.9 53.1 4.7

.18 60-90 2,45 3.82 | ' 85.9. 64.1 4.7
19  Profile VII 0-30 2.41; 5:10. -~ 306 60,4 4.4
20 30-60 2,70 8.24| ' 86,7 43.3 4.8

21 6090 3.95| 5.4z 27.1 72:9 4.6
22  Profile VIII 0~30 2:40, 2:50 | “2e8 97.7 4.3
23 B 30-60 O¢78.  1.84. ' 55.2 44.8 4,3
24 S o 60=80 1.48 1.62 8.6 01.4 4.4
25  Profile IX 0-30 10.37 24.32 57.9 42,1 3.0
26 - : 30-60  13.19 26.12 46.4 53.6 3.9
27  Profile X 0-30 9,94 23,84 58.4 41.6 3.7
28 30-60 '8.33 23.36 64.3 35.7 3.0
29  Profile XI 0-30 47.14 48,00 1.8 98,2 7.8
0 30-60 47.23 47.30 0.1 99.9 7.5
31 . 60-90 44.73 46,92 4,7 95.3 748
32  Profile XII 0-30 45,59 47.16 3.3 96,7 8.0

(Contd. - -
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34
35
36
37
38
39

2
Profile XII

Profile XIII

Profile XIV

. 30-60

60=20 -

- 0=30

- 30-60

€0-20

- 0=30

60=C0

4

47,99

45,35

.72
1.34
2:63
1.64 |
2.16 '
2.17 .

49,56

46,96

- 5,80

. 8,60

. 300

2,12

| 2.54 |

;2.405

3.2
2.5
71:.56.
62.6.
15.6.
22.6 -

15.0

946 -

26.8
97.5 - -
28,8 . -
37.4
84.4 . .

774
85.0

20.4

7.6

X
4,6

4,8
4.9
4,7

- 4.9

4.9
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(vii) Bxchangeable hydrogen

The variation of exchangeable H in the soils is

given in Table VIII.

| "The exchangeable H varied from 0,06 - .14.9 me./
100 g. of scil. The lowest value was obtainedvar a,sandy
soil (No.2) and a laterite soil (No.28). Exchangeable H
was found to inerease with depth in profiles_ll.and_x,
vhereas in profiles III, V, XIII and XIV it tended to

decline down the profile.
(viii) Base saturation and unsaturation

The percentage base,séturafion of the various soils
studied is given in Table VII. It is found to vary from
12,6% for a sandy soil (No.4) to 99.9% for a black soil
E. Cation exchange capacity of the clay fraction snd its
composition A : .
Data relating to the cation_exchahge capacity of the
elay from surface soils and thelr chemieal characteristics are

given in Téble X,

It is seen that the cation exchange capacity of the .
" elay fraction varied from 10 me./100 g for the laterite soil

to 57 me./100 g for the black soil.



TABLE

X

Chemlcal composition of clay

Sl.

Soil type

‘:Cation Sés-ui—7'

exchange o©Oxides
capacity (3203)

me./lOG g

%

\Fe§03
k3

810,

Pog0 o A1y 510,/41,0,

510,/R,09

- N I

Sandy Soil
Alluvial éoil
Laterite Soil
Black Soii ‘
Forest Soil
Red Soil
Kafi Soil .

38:85 .

38.66

12.22

24,75 11.67 13.08
38.75 15.58 2317
46,00 17.62  28.38
28,68 13,26 15.42
34.67 13,67 21.00

3.81
1.81

559

3.47
2.45

-né;%éiiwvm_m¢

4,60
2,67
1.32
3,63
‘”2¢50
1.97

o
o

jé;sgﬂmﬁgﬂ
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The totai sesquioxides in the clay fraction raﬂged ,
from 24,75 to 46;0% the lowest value being ?or the clay
separated from a sandy soil and the highest for the clay
obtained firom a laterite soil.

The FeZOB content of the clay fraction varied
between the limits of 11.674in the elay from the sandy soil
to 17. 62/ for the clay from a laterite soil.

The minimum content of AlgoaS 13 087 was obtained for
the clay separated from the sandy soil, while Lhe maximun value

(28.38%) was obtalned in the case of the laterite soil.
o The $i0, content was found to vary from 30.89% for the
leterite soil to 55.5% for the sandy soil,
Iron/alumina ratio was found to vary from 0.24% for

the red soil to 0.57% for the sandy soil.

~ The clay separated from the laterite soil showed
the minimum value for silica s alumlna ratio (1.81) whereas

the sandy soil gave the maximum value(7.23).

The lowest silica sesquioxide ratio of 1.32, was
shown by a 1atefite soil, whereas sandy soil showed the

maximum value of 4.6,
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Goprolations

Gorrelatienfcoeffieients were worked out for the

- individual soil groups beﬁw@en CeEsCsy clay, single value
constants, total N,'Ple,_Ca and Mg. Correlations between
-pH,”exchéngeable sodium, percentage base saturation and
unsatﬁfation,and'exchéngeable,calcium_werevélso calculated,

The values for correlation coefficients are given in Table VI B.

 An examination of the data revealed that C.E.C. and
elay:are,poéitively eorrelated‘in;all soil groups. Organie
matter and C.E.C. are positively correlated in all soil
groups examined exceﬁt in sandy soiis where a negative corre-

lation is observed.

| With regard to correlation,between CoBsCa and'single
vélué»cénétanig it is found that“C,E.Q,_and-yore'spaee‘are
positively correlated in the case of alluviasl, 1qterité:
kari, black ané.redASOilsyu The above two prQperties show.a
negative correlation in»sandy, kole land and forest soils,
Volume expansion and.catien,exéh%nge capacity are positively
correlated in all thewsgii.groups studied except in ﬁhe kari
and forest SOiié. Negative correlation is observed between

C.E.C: and water holding eapacity in all soll groups except



TABLE. VI (a)

Simple Correlations.

51. Relatiénship between. Correlation Nos. of
No. X Y coefficient P21TS Of

1 Cation exchange capaclty Ofganic matter 0.205 40 |
5 n Clay 0,8614x%x v 40

3 " Pore space 0.68Lex% ¥ 40
4 " Volume expansion 0,50 1wk ‘ 40

5 " | Water holding eapacity 0. 5175%%

6 " Sticky point 0.149 40

7 " Moisture equivalent 0 . 494 %% 40

8 " Total nitrogen 0. 550 #x 40
9 " Total Pgly -0.312 40
10 " Total K50 0.467%* o
11 " Togal Cal 0.031F**% ~ 40
12 n Total Mgo - 0.867+%%x 40
13 pH Exchangeable sodium 0o4l7%%* 40
14 " xchangesable calcium 0 «398%* Q9
& fegseniage veoe oz @

/

S
L

@)
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3 5
16 pH -‘Eﬁﬁ%ﬁgi go'ﬁase -0 .489%* 40
17 Clay’ Loss on ignition 0 ,63g%Ex 40
18 Clay‘ Total potassium 0.322% 40
19 " - vExchangeable calcium 0, B74%%* 40
20 “ Pore space 0, 736%x% 40
21 " Volume expansion. 0, 571wk 40
22 " Sticky point o 0.236 40

23 " Moisture equivalent,  0, 59g%w% 40
24 n Watér holding capacity 0,604 % %% 0
25 Total exchangeable bases Exchahgeable calcium' 0,881 k%%

3

*x 0,1% level of significance

Bk

* ..

‘l% E ]

5% "



TABLE VI (b)

Simple Correlations

Relationship between

Correlation coefficients

. %ﬁ: X ¥ Sandy Kole ailuyial late?ite -Ka?i Black Forest Red
, soil land soil soil soll soil soil = Soil
1 Clay Cation ex- +0.213 +0.346 +0.845 +0.521 +0.449 +0.163 40.454 +0.967
_ " change capacity IR ' ' ‘ ' '
2 Organlc matter " -0.021 40.876 +0.985 +0.417 +0.812 +0.326 0.866 +0.550
3 Ebfe Space " -0.545 -0.888 +0.742 +0.384 40.532 +0.431 -0.026 +0.9268.
4 _?olume Expansion " 40,681 +0.668 40,975 40,737 -0.246 +0.972 -0.617 +0,264
5 Waterholding capacityﬁ - =0.001 -0.907 +0.968 +0.494 0,729 -0.480 -0.734 +0.503
6 Sticky point " -0.650 +0.097 +0.975 -0.352 =0.100 -0.204 -0.634 -0.305
7 Moisture equivalent * +0.090 =0.638 40,968 +40.608 -0.278 +0.056 - ~0.815 +0.457
" 8 Total nitrogen " +0.,022 +0,288 +0.225 +40.069 ~0.869 =0.056 ~0.,332 -0.045
9 Total phosphorous " -0.510 +0.414 +0.687 +0.057 -0,012 +0.051 +0.186 -0.386
10 Total potash " +#.266 +0.396 +0.960 +0.532 -0.038 -0.016 +0.204 +0,001
11 Total caleium " 40.648 <0.482 +0.562 +40.208 -0.500 -0.648 0,762 = Nil
12 Total magnesium. - " -0.003 +0.293 +0.931L +0.463 +0.847 -0.028 -0.701 -0.275
13 pH - Exgh%%gable 40,792 -0.280 -0,369 -0.574 +0.038 -0,121 +0,042 +0.867
14 pH Exc;%g§g%ble +0.551 +0.808 =0,762 +0.379 -0.062 -0.044 +0.987 +0.686
ca
15 pH Percentage +0,806 -0.288 +0.210 -0.261 -0.238 =0.986 +0.965 +0.402
base saturation - : : A 4 _
16 pH : Percentage -0.886 +0.739 .-0.131 +0.551 -0.222 +0.065 +0.349 -0,.365

base unsaturation

vCﬁ



the alluvial, laterite and red soils. Sticky point has a
negative correlation to C.E.C. in 2ll cases except kole land
soils and alluvial soils. Moisture equivalent and C.E.C.
are positively correlated in sandy, alluvial, laterite tlack
and red soils, whereas negative correlation is observed,

in the other soll groups.

Sandy, kole land, alluvial and laterite soils have
a positive correlation between C.E.C. and Total W, while the
other'soil groups give negative correlations. Total phos-
phorus: is positively correlated with C.E.C. in all the soil
groups except the sandy, karl and red soils in Whlch the
correlation observed is negatlve. Total Potash is positﬂvely
cofrelated to C.B.C. in all soils except kari and black soils.
Potal Ca and C.E.C. gave positive correlations in the case of
sandy, alluvial, laterite, and forest soils. The others show
negative eorrelations. Negative correlation is also observed
between C.E.C. aed.tetal Mg in the case of sandy, black,
forest and red soils. These'twe.properties are‘positively
correlated in the case of kole land, alluvial, laterite and

kari soils.

The pH and exchangeable sodium show positive corre-
lations in the case ef sandy, kari, forest and red soils.
Sandy, kole land, laterite, forest and red solls show positive

correlation between pH and exchangeable calcium, In the other
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soil groups,’a négative éorrelgtion is observed. Percentage
base saturation and pH, give positive correlation for sandy, -
kole 1and, laterite and blaék soils. pH and base unsaturation
percentage are positivelj‘eorrelated in the .case of kole

land, laterite, black and fo:eét soils, Negative correlation

is observed for the other soil groups. & -



TaELE XI

Bange and mean values of results obtained

Maximum Semple Minimum Sewple Mean for

S@ﬁ?l Property or gmsmmwt; Hoo o 40 sampies
1 2 3 r 5 6 7
3 Moisture % 10.51 34 0,08 38 3,43
2  Loss on ignition 3 27,65 28 2.27 1 10.69
8  Nitrogem (M) ¢ 0,64 28 0.0 16 0.12
4 Phosphorus (Pg0g) % 0.23 18, 0.01 28 0,09
& Potassium (K,0) % 0.54 11 0.04 @ 0.0
8 Caleium Oxide % 2.04 34 0.02 4 .27
7 Hagnesium oxide % 2:62 31 Prace 21 0.8 -
8  Orgenic Carbon % 10.60 26 0,08 14 1.54 v
o . pH ) 8.0 32 3,00 25 5.10
10  Coarse Sand $ 60.6 4 1,00 28 28,27
11  Pine Sand % 43.3 13 4,80 28 23,12
12 siit B, 26.80 25 2,00 40 9.97
13 Clay % 62.80 20 7ol 3 35.98 .|
| -t
(Contd e ) =
‘ r



i8.27

0,14

kY X

i 2 3 4 5 6 7
14  Appsvent density 1,96 27 0.79 26 1437
16  Absolute Sp: gravity 2.7 3 2.00 17 2449 .
16  Maximum water holding eam@my 3 63.9 10  22.1 1 34.57
17 Pore space. & 61.2 12 32.1 2 44,87
18  Volume expansion % 20,67 3¢ G0 3 ©eU6
19  sticky point % B4.31 10 - 8.98 G 20.90
20  Moisture equivalent & . 27.26 10 104 0 4 10,19
g1  Total eation oxchange capacity: me.!l&@g 49.6 33 1.5 4 13.77
22 Exchangesble caleium me./100 g 28.05 29 Trace 5 4,82
23 Exchangoatle Magnesium me./100 g. 20,80 31 # & 3.96
24 Exchangeable Pobtassium me./100 g. C1.40 11 " 8 g P
o5  Gxehangeable Sedium me./100 ge 6.04 31 . 5 0.85
o6  Total Exchengeable bases me./100 g;f.. 47.99 33 0:19 4 9+91
a7 Base Saturation % : 99.9 30 12,80 4 6376
28 Bxchangeabls Hydvogen me./i00 g. 14,97 28 ©.06 2 13.32
29 Base unsaturation % 8§7.50 4 0.53 9 36.24
20 Organie matter P 26 14 2,50




DISCUSSION -
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, DISCUSSION

" Cation exchange capacity

. Cation exchange is a universél,pfoperty_of soils.
The extent to which soils are able to exchange cations
varies widely from a few milliequivalents to as high a.
value as 200 me./100 g of soil, Generally speaking the
C.E.C. of a soil depends on twg,Vaﬁiableszunamely.ths,
amount and kind of exchange material present. Thus soils
containing montmbrillani\tie. elay have a relatively high
CoE.C. while soils with hyd:ousrmieas”come,intermediate
followed by those containing kaolinite which usually show
a very low G,E.G;_'The“gatiqn ethapgeueapaeity'shows
extreme variations because of the variable influences of
organic matter. The silt and fine sand fractioné‘also'
possess C.E.C. though to a lesser extent than clay. The
high cation exchange capacity of humus (200 me./100 g) .
would explaih_why_scilskrich“in,kaolinite put assoelated
with humus sometimes give high values for C.E.C. Thus the
exchange.capaqityof,a soil varies with the content and nature

of the exchange material.

With regard to the results of the preseat investi-

gation, the C.E.C. shows wide variations between the soil



, ./
groups studied, which may be explained as a reflection of

the Gifferences ih the parent material and the nature of the

exchange complex of the soils under study.

PThe sandy soils (Nos. 1 - 6) with a low content of
clay (7.4 - 8.6%) possess a low value for C.E.C. (1.62 -
2.24 me./100 g). These soils have only a very low status
of organiec matter (0.21 - 0,32%) whose contribution to the
C.E.C. is practically negligible. This faet 18,strengthened”
by the nega@ivgVporrelabion_inﬂ(r.=‘- 0.@21) obtained between
C.BE.C. and orga@icﬂﬁaﬁtgx,im4gandy soils, Thereforé,it_may‘
Le concluded that the main‘contributing_factor”to the C.E.C.
of sandy soil is the elay fraction as bnpuéht”out by the
results of the present study. In this conneetion it would
be worth mentioning the positive correlation’obtained
(r = + 0.,231) between clay and C.E.C. of these s0ils.
Another point to be netea w1tb re&aid to the Aimportance of
clay in the C‘E-G~A0f.these,501ls,;s the changes in its
values down the profile which follow the changes in the clay
content. The clay content,increéses-With_depth in both
profiles with corresponding inereases in the véiues for C.E;Co
This clearly indicates that eluviatlon of clay down the
profile has occurrea as a result of leaching. Namblar (1947)
" working with rice soils of Kerala obtained low values for
sandy soils which agailn is in acéordance the results of the

present study.
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The kole land soils (No.7-9) have a C.E.C. ranging
from 4,27 - 5.36 me./100 g). The surface horizon shows a
high organic matter content (4.89%) compafed to the lower
layers. The cléy content is also a maximum in the surface
layer and hence the high C.E.C. of the surface-soils4(5,36 me./
100 g) can be attributed to the combined effects of clay
and'organic,matter, Turner (1932) as cited by Mukherjee
(1944) observed that organic matter associated with clay
had a comparatively higher C,E.C. The present observation

substantiates the above assumption.

Of the two alluvial profiles studied profile IV had
a comparatively high C.E.C. (13.4 =« 18.84 . me./100 g), the
surface layer showing the méximum value. .The high organie
matter content of the sufface iajeis (7.2%) is a major
contributing factor to the C.E.C. of the whole soil. The
decrease in organic matter content with depth Qas‘accompanied
by a cqrres@bndiﬁqupcline”in C,E.C, also. Moreover the soils
contained a high proportion of ‘clay, silt and fine sand, all
of whiéh,would have antfibuted to the C.E.C., though in a
decreasing order. The role played by fractions other than
clay characterising the C.E.C. of a soil has been brought out
by Mukherjee (1944} in his studies on Indiah‘soils. Because

of the dominance of the finer fraction in the soils under
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study its conﬁribution cannot be over looked. Moreover the
positive correlation between clay ana CiE.Ca (+ 0,845) as well
as betdeen organlc matter aﬂd C.E.C. (+#0.985) bears ample
testimony to the fact that clay and organic matter are the
1mportant factors azfecting the C.E.C. of these 80115. In

contrast to this, profile V whlch is also an alluvial oeD031t,

showed very low values ranglng from 2 -~ 4,4 me./100 g. A
perusal of the data on the mechanical composition of these
soils show that they are dominated by the fiane sand fraction
which has a low C.H&,.C. The,slightly higher‘C,ﬁ.C,\for sﬁrface
solils is mainly due to the organié matter content, since the
amount of clay appearé to be least in this layer, ’This |
observation'agrees with the fesult of Yuan et gl. (1967) who
observed that in sandy soils it is the,oréanic matter which
decisively influences its cation‘éxchange capacity. In this
caée since the value for C.E.CG. is iow the contributién of

the organic fraction becomes appreciable,

The laterite soils (Nos,'lﬁ;zé) have a low C.E.C. Of
the three profiles studied the range in exchange capacity is
from 1,62 - 6,84 ine,/loo g. In splte of the high content
of clay.(35~62;5%i %resent in these soils, the extremely low
values for G.E.C:_clearlj indicates that not only the quantity
but also the type of clay mineral present plays a major role

in deciding the exchange capacity. This view has been stressed
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by Kelley (19248) who .observed the importance of the coatent
‘and kind of exchgnge material as factors affeeting the cation
exchange capacity of the soll., The laterite éoils have been
found to possess kaolinite as the dominant clay.mineral in
additioh to oxides éf Fe and Al . Grim (1983) enumerating
the importance of clay minerals in cation exchaﬁge.placgd

the C.E.C. of purevkaolinitehbetween 3 and 15 me./100 g.

The Fe and Al oxides also possess C.E.C. though to a much |
lesser extent. Hence the“iow,C,E.C, of these soils can be

i
attributed to the characteristically”predcmiaant;kaolinite

. type minerals and free oxides in these soils. ©Oatyanarayana

and Thomas (1967) working with Malabar laterites, Menon and
Mariékulandai (1957) working Q;‘red éndxlaterite soils of
Tamil Nédu and Koshy (1962) wbrkingfon Kerals soils obtained
results whieh are in agréement with the present observation.

In a1l the three profiles studied the surface horizon had

a higher C.E.C. than the lower layers ?ndicating clearly

the rplé,played byNQrganic>colloids which possess é high C.E.C.
The present observation is also in line with that_of‘Menbn 
and Mariakulandal (1957) . MThe‘clay,content.in,two prqfiies
(Nos. VI andAVIi) shovs maxiﬁum,acqumuiation in the inter-
mediate layers, with a corresponding high value for C.E.C.
This observation is in harmony with the findings of Roy and
Landey (1062) in the red and laterite soils of Mand water shed.

The correlation coefficient worked out between clay and C.E.C.




has given a positive relationship (r = * 0;521}. Because

of the low C.E.C. of the clay, increase in clay content
naturally results in a corresponding increase in C.E.C.
values. The correlations between C.E.C. and organic matter

is alsq positive (r = 40,417, :ThenC,EaC. being generally
low for these soils the cqntributioh‘of the orgénic'fyaction
becomes more apparent, So ah increase in these two components
will definitely increase the C,E.,C. of the soil, This is_‘

quite clear from the results of the present iavestigation.

C.Eac, ranging from 23.4 - 26.7 me./100 g which agrees with
the values obtained by Kurﬁp,(l967)lworking with gimilar

soils (23.4 - 42.5). Kari soils have a characteristically
high content of organic matbter. In fact these soils possess
the highest organic matter content (13.9 - 18.3%) among the
soils étudied, Apart from this, the clay fraction of these
soils is_repqrted;to‘have _a prependerance of a mixture of
iliiticuand_mcntmorilloniticZtypes of clay minaréls,_ o
(Gopalaswamy 1958; Pillai 1964). Illitic and montmorillonitic
 clay mineral have a high“Q;E;Cw.as reported bf.Grim (1§53).
Hence the high C,EqC.’Qf_these‘sqils‘cag be attributed to a
high content of organic matter coupled with the presence of
illitiec and montmorilloniﬁic;clay_minerals._ Phis is‘in

agreement with the findings of Kurup (1967). The increaée




in the C.E.C. of the subsurface horizon in profile IX is
evidently due to the higher organic matter content of that

layer.

The highest Qalue for C.B.Cs (46,92 - 49,56 me./ 100 g)
observed in the present investigation is in the black soils
Nos 29-34) .  High values for the C.E.C. of black soils have
also been reported, by Alexander and Durairaj (1968). Ray
Chaudhuri g&:Q;- (1943) observed beidellite type of clay
minerals in the clay fraction, of these soils.  Grim (1953)
has reported very high values of C.E.C. for the,zzl,type: f
of clsy minerals, Hence the high C.E.C. of these soils can
be due to a predominance of these elay minerals. The more
or less uniform trend in the clay and C.E.C. of the ﬁrafile
shows that very litt;eugluviation,has'takenwpléce. These
soils have a comparatively 1ow 1eve1.of‘organie matter_andl
hence the contribution of organic colloids in the cation
exchange reactiqn is only of minor.impqrﬁance. Decregse in
C.B.C. with depth is noticed in profile XI while increase in
-intermediate layers is seen in profile XII. Das et al. (1946)
kworking with Indian soils also made siimilar observations with

regard to the variation of C.E.C. down the profile.

-The forest soils_Nos(35-37) show very low values for

CeEoCy (3-5.9 me;/loo g). The deeper layers tend to be




lateritic with eharéctéristically'iow values.fér C.leCe  The
incfeased organic matter content of the surface and subsufface
layers appears to be thevconfributing factor in the high C.E.C,
values of ﬁhese 1ayersa: The clay*écntent shows an increasing
trend downwards with no corresponding change in the CeBuCoy
clearly indicating that tﬁe clay fraction has only a low
C.E.C,

Red solls in general have a low C.5.C. The profile
studied in the present investigation also éénijirms,;c‘hi‘s.. The
results obtained agres with the findings of Lall (1963) in
the red soils of Bihar, and Menén andild%ériakulandaiu(lf%ﬁ?)
in red soils of Tamil N@di;_- :,..T.he_pr'édominaﬁce of kaolinite
type of elay minerals in these soils ma& Eeithetmain féctor

. responsible for the observed low value of C.E.C.
Exchangeable bases
An exsmination of the exehangeahle base status of the

various soils (Tabkle V) indicate characterlstlc difPerenc@s

among the soil groups studied,

In the Sand& soils (Nos 1-6) it was found tﬁat_calcium
formed the predominant exchéngeable vase followed by Mg, K and Na.
:Proflle II showed only traces of exchangeable Ca, Mg, and K.

While exchangeable sodlum was present in small quantities.
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Because of the low clay content the nutrients addeu to uhe Soils -
are immediately leached down, as ev1denced by the inerease in
the total exchangeable bases with depth. Because of the low
CekieCsy and exchangeable base, the Fertility status of these
soils is poor. The importance of cation exchanue phenomenon

has been emphasized by Hall (1924) aecordlnb to whom "a good
5011 1s one with larger amounts of exchangeable bases",

Donahue (1958) considered C.E.C. as a single index of fertility,
S0 that soils with low exchange capacities had a correspondingly.
low fertility status. The positive correlation between pH

and exchangeable Na noted in these solls agrees with the
findings of Milton and Wadleigh (1951) working with Western

soils.

The kole,land_spils are.characterised'by submerged
conditions during most part of the year. The @a formed the
predominant exchangeable base in the surface layer., Musierowicsz
&t al. (1956) working with Warsaw solls, observed an increase
in the content of exchangeable Ca with increase in humus and clay.
S0 the hlgher Ca content in these soils can be attributed, to
the presence of relatively higher amounts of humus and clay.

The higher Mg content of the soils may be attributed to the
presence of Magnesium bearing minerals, which release Mg on
weatheriﬁg. The increase in Mg down the profile is obviously

due to leaching. In the case of Ca it is not washed down to
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the same extent as Mg especially in soils containing sufficienﬁ‘
organic matter, where Ca forms Ca humate which is relatively
. insoluble. This was observed by Stephenson (1926) working

with Oregon s0ils.

In alluvial soils (Nos. 10-15) exchangeatle Ca and Mg
' showed an increase in the subsurface layers clearly indicating
that eluviation haé_taken,place._ The greater Mg content can
be due to the preponderance §f‘Mg bearing minérals;, Profile V
which,is:also an alluvial deposit shows a low content of |
exchangeablé}baSes, Lower down thé profile it was pure sand
and this is clearly the reason for the poor content of bases

"in these soils.

In the lateritic profile Ca formed the predominant

~ exchangeable base (60%) followed by Mg. Na and K were found
only ih traces, .These obéervations agree‘with the results

- of Menon et 21.(1953). In laterite solls they observed, more
than 50% of the bases to be Ca followed by magnesium. Potassium
and sodium were found only in traces, In the presént study, |
of the 3 profiles exagined, ﬁrofile ViI showed aecumulation

of the bases in the subsurface layer which may be due to the

intense leaching to which these soils are subjected. The

inereased content of Mg in profile VI suggests the presence
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of_gég@gmagnggigm-~miaerals'which liberate Mg on weathering.

Kari soils are peculiar in that they are submerged

soils and hence show vgriation in the content and behaviour

of exchangeable‘bases; In the profiles studied (IX and X),

Qa constituted, the,predominant”divalegt,catiqn;; The range

of exchangeable Ca observed in these 501ls (3,6 = 4,5 me./
100 g) is comparable to the results (1.52 = 7,7 me,/100 g)
obtained-by Kurup (1967). The low pH of +these 501ls reflects
the _presence of a high content of hydrogen in the exchange
complex, Mg formed the next predominant divalent cation,

ﬁhe range observed being 2.2 - 4.18 me./100 g which is in
agreément with the figures (1.95 - 6.63 me./100 g) reported

by Kurup (1967) for karl soils. Exchangeable K was found only
- in relatively small quantities ranging from a trace to 0.75 me./
100 g. Martilla_(1965} ﬁquing with Fingish'soils, observéd
only traces of K, and Na in orgénic soils, in the present
~investigation, the exchangeable sodium content of the ¥ard
soils was comparatively hlgher. The periodical inundatlcn of
these soils with $ea-wate?.wh;9h contains Na and Mg salts
will explain the presence these elements in the exchangeable
form in thésé sollse This again is in agreement with the

findings of Nambiar (1947) in the rice soils of Kerala.

The black soils showed a high C.E.C. which is to be
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attributed to the 2 : 1 type of clay minersls present in |
then, The dominent cation was Ca followed by Mg, Na and K.
The dominance of Ca and Mg in calcaréous soils has been
observed by Das ¢t al.(1947) working with Iadian soils,

and also by Menon et al.(1957) working with the black soils
. of the Tinnes tract. In both the profiles.in_ihe,presant
study Ca was a maximum in the surface layers whereas Mg
ﬁeﬁéed to increase downwards. This observatién”is,in_agrge-
ment with the {indings of Das et zl. (1947) in some Indian
soils. The clay content of these soils increases with depth
showing thereby that eluvation has occurred, The variations
in,thé_bases”especially K with depth as seen from the
present study indi?ate that the bases were also leached

down the profile.

As in the case of most of the soils studled, the
forest soils showed a predominance of Ca and Mg. The
nature and distribution of the exchangeable bases in these
soils as reveﬁled by the present study reflects the,intense“
leaching to which these soils are subjected. The low C.E.C.
of these soils also suggest a low content of exchangeable

‘baseas.

The red soils are very poor in bases. The

occurrence of bases decreased in the order Ca > Mg > K >Na.




This is of the same ofder,as observed by Menon ané Mariakulandai
(1967). working with the red soils of Tamil Nadu. They observed
only traces of exchangeabls Ba in these 50ilse The pfesemt
study alse gives a low value for exehangeable Ha. The total
bases inerease with depth shawiag_th@ effeet of rainfull and
the resultant ieaching.of Lases.

pH and unsaturation

~ Correlations worked out.betWeén‘pﬁ_ané base un-
saturation for all the saiis.samplés gan$idered togeﬁﬁef |
are aegétiwe. Bince pH is;a"measur@ of the X ;ign cﬂnbene
gration . the above relation between the two fé;tors is.
only to be expected, iwhen correlations were workeé out
between these two Tactors for iﬁdividual soll groups the
general relationship did not always hoid good., FRost and
Zetterterg (1531) working,with‘sails of ﬁinnegota,obtaiaed
this gemeral relstionship, but these workers observed that
since pH is iafluenced by a number of factors other than
H - ions a closas relationship is not always obtained, when
it is attempted to correlate pH with unsaturation along,
The results of the present lnvestigation also conform to

the findings of the above ﬁ@rkers,

The pH and base saturation also did not show

‘consisteﬂt relationship for individual soll groups, while



they were positively correlated for all qpe sanples taken
- 3

together. Wilson (1930) working on Kew York soils observed
that change in pH #ill not bring about corresponding changes
‘in base saturation of soils or in cher words; solls of the
same pH may have different degrees of unsaturation, The

present findings are in line with this observation.

Cation exchange capascity and chemical composition of clay

. _The C.E.C. of the clay separated from each soil
group showed a wide variation (10-57 me./100 g), clearly
indicating the differences in their electro-chemieal |
- nature. Sevérai investigators have stressed the-importance
of the nature of the clay complex in deciding the C.E.C.
of a soil, In the present study C.E.C. for the clay from
the laterite soil (10 me./100 g) and red soil (11 ﬁe./zoo g)
élearly indicates the preponderance of kaglinitic type of
ciay.minerals in them. .This observatlon has been corro-
borated by other workers like Satyanarayana and Thomas
(1967 , Eenpn,and Mariakﬁlandai (1957) and Bay.Chaudhuri
ot al, (1943). The C.E.C. of black soils (57 me./100 g)
is the higﬁeéﬁ‘obsegyed:in the present study. Manickam
(1961} observed a C.ﬁ.d:‘of~60'me./100 g for the clay from
black soils, Ray Chaudhuri et gl. (1943) Menon and

Sankaranafayanan (1957) and Parthasarathy (1959) have also



reported values ranging.from 60=-120 me./iOO g+ The results
of the present investigation azgree with the findings of the
‘above workers. Ray Chaudhuri gt zl. (1243) working with
black soils of Coimbatore observed in themAbéidellite type
of eclay minerals characterised by'a high Ceiieds Hence.thé
high values for C.E.C. obtained, for these soils can be
reasonably aptributed,to the presence of 2 s 1 type of clay
minexalé.”‘The clay from Xkari soil has a S.E.C. of 39 me,/
100 g Pillal (1964) obtained a high C.B.C. (44 = 50 me./
100 g) for the clay from kari soil, and has suggested that
the high C.E.C., high $10,/Rg0, ratio ( > 2) and the
silica/alumina ratio (3.5 - 6.0) indicated the predominance
of the montmorillonitic type of clay mineral with poséibly
some illitic mineral alsoQ Gopalaswamy (lgﬁé) also obserﬁed
a mixture of montmorillonite and 1llite clay minerals in
kari soils., Kanno gt al. (1988) suggested that elay'separated
from peat consists mainly of halloysite, illite, and hydrated
halloysite, with some amounts of chlerite, The results of
the present study are also in agreement with the above
observation and it can be conecluded that these soils.haQe

i

a dominance of .the 2:1 type clay mineral,

- -

Generally'spéaﬁiﬁé”the chemical composition of the

clay fraction does not throw much light on the clay mineral

content of the soils. This is primarily beecause soil clay



81

consists of mixtures of different elay minerals,; The mole-
cular ratios refer to pure clay minerals only. The usefule-
ness of the 8102/R203 ratio for the identification of clay
minerals was doubted by workers like Marshall (1935) for
mixtures, It was guggééted that these are useful for l
laterite soils only. The following molar ratios were

used for characterising elays from Madras soils : a

5105/R;05 ratlo of 2.2 - 3.2 for black soils, 0.8 = 1.4 for
laterite solls, 1.8 for clay from alluvial soils and 1.8 = 4
1.9 fof red_soils_(unpublished,data, AeCoe &+ R.I., Gpimbatore),
Manickam (1961),studied'the_clay'sepérated from typieal black,
réd,'laterite:andgalluvial soll from Tamil Nadu and reported
that S10,/R,0, ratio vas >3 for black soil, 2 for laterite
soil and between 2'and 3 for other soils. The/present.findings

are also in confirmity with the above results.
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SUMMARY AND CONCLUSIONS

A study was made of the cation .exchange properties
of forty soil samples representing fourteen typical soil
profiles of Kerala in relation to their various physico-

chemical properties. The chief findings are summarised

belows = //

: x
(1}, The cation exchange capacity of the difrerent
soll groups éxhibitsdeide variations, the sandy soils
recording the lowest and the black soils the highest values.
With the excéption of the black, kari and somé alluvial
" s0ils all other soil groups gave very low values for this

property. .

(2) Correlation between catioh eXchange capacity
and clay for all the samples taken together was positive
and highly significant., The same positive relationship was

observed when the individusl soil groups were considered.

(3) The relatiohship between organic matter and
cation exchange capacity for all the samples togeﬁher was

positive but not significant.



oo
2

(4 The exchangeable base content of the different
solls was in the order Ca=> Mg > K = Na. In the case of
kari and black soils the exchangeable sodium showed a higher
content over potassium. The maximum amounts of exchangeable

Ca, Mg, and Na was observed in the black soils.

(8) The highest values for exchangeable H was
observed in the case of kari soil vhieh also recorded very

i

low values for pH,.

(6) Of all the soil groups studied, black soils

had the highest base saturation percentage.

(7) The pH was correlated positively and signi-
ficantly with base saturation, and negatively and significantly

to base unsaturation,

A\

(8). The clay fraction from laterite soils recorded
the minimum value for the C.B,C., while the clay from the’

black soils gave the maximum value for this property.
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