
i

Rcc-No- ns>S^s

S31' H

ELECTRO-CHEMICAL PROPERTIES OF
SELECTED OXISOLS AND ULTISOLS OF

KERALA WITH SPECIAL REFERENCE TO
CHARGE CHARACTERISTICS AND

SURFACE MINERALOGY

By

P. RAJENDRAN

THESIS

Submitted in partial fulfilment of
the requirement for the degree

DOCTOR OF PHILOSOPHY

Faculty ofAgriculture
Kerala Agricultural University

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY
COLLEGE OF AGRICULTURE

Vellayani - Thiruvananthapuram

1992



4

DECLARATION

I hereby declare that this thesis entitled "Electro-chemical properties ofselected

Oxisols and Ultisols ofKerala withspecial reference tocharge characteristics andsurface

Mineralogy" is a bonafide record of reserach work done by me durijig the course of

research and that the thesis has notpreviouslyformed the basisfor the award to me ofany
degree, diploma, associateship,fellowship or othersimilar title ofany other Universityor

Society.

Vellayani,
27-1-1992. ' P. RAJENDRAN



4

V

CERTIFICATE

Certified that this thesis entitled "Electro-chemical properties of selected Oxisols

and Ultisols of Kerala with special reference to charge characteristics and surface

Mineralogy" is a record of research workdone independently byMr P.Rajendran under

my guidance and supervisionand that ithas notpreviouslyformed the basisfor theaward

ofany degree, fellowship or associateship to him.

Vellayani Dr. R, SUBRAHMONIA IYER
27-1-1992. Chairman

Advisory Committee
Professor and Head (Rtd.).
Department of Soil Science and
Agricultural Chemistry.



4

Approved by

Chairman

Dr. R. Subrahmonia Aiyeh

Members

I. Dr (Mrs.) Alice Abraham

2. Dr. V. Muraleedharan Nair

3. Dr. (Mrs.) P. Saraswathy

4. Dr K. Harikrishnan Nair

External Examiner



^ ACKNOWLEDGEMENT

Texpress my utmost gratitude and indebtedness to Dr. R.Subralimonia Aiycr,
Professor and Head (Rtd.) of the Department of Soil Science and Agricultural Chemistry,
Kerala Agricultural University, College of Agriculture, Vellayani, for the identification
of the research project, for his sustained and inspiring guidance, critical suggestions and
constant encouragement during the course of investigation and in the preparation of the

^ thesis. The stimulation of his never ending flow of ideas contributed very significantly
to rhy professional development.

I am very much fortunate in having Dr.(Mrs.) Alice Abraham, Professor,
Department of Soil Science and Agricultural Chemistry, College of Horticulture,
Vellanikkara; Dr. V.MuraleedharanNair, Professor, Department ofAgronomy, College
of Agriculture, Vellayani ; Dr (Mrs.)P.Saraswathy, Associate Professor (Hr.Gr.),
Department of Agricultural Statistics, College of Agriculture, Vellayani and Dr.
K.Harikrishnan Nair, Associate Professor, Tribal Area Research Centre, Amboori, as the
members of my Advisory Committee, for their valuable guidance and periodic
suggestions at various crucial stages of this investigation.

y

I wish to place on record my deep sense of gratitude and indebtedness to
Bernardo Van Raij, Professor of Soil Science, Instituto Agronomico, Campinas, Sao
Paulo, Brazil; Dr.Goro Uehara, Professor, Department of Agronomy and Soil Science,
University of Hawaii, Honolulu ; Dr.AJ.Herbillon, Scientist, University of Louvain,
Belgium ; Dr.G.P.Gillman, Scientist, Division of Soils, CSIRO, Townsville,
Queensland, Australia andDrJ.H.Grove,AssociateProfessor, Department ofAgronomy,
University of Kentucky, USA , for their valuable help in the collection of scientific
literature on the topic.

I am grateful to Dr.M.M.Koshy the former Dean-in- charge. Faculty of
' Agriculture, Dr.C. Sreedharan, Dean, Faculty of Agriculture and Dr.K.P. Rajaram,

Associate Director (Rtd.) Regional Agricultural Research Station, Pilicode and Dr(Mrs.)
P.Padmaja, Professor and Head-in- charge. Department ofSoil Science and Agricultural
Chemistry, College of Agriculture, Vellayani, for providing necessary facilities to
complete the work.

I avail myself of this opportunity toplace on record my heart felt thanks to
Mr.P.T.Mathew, Deputy Director, Mr.K.S.Sivanandan, Research Assistant,
Mr.V.M.Anoop, Junior Soil Survey Officer and Koshy Earnest, Research Assistant, of
theSoilSurvey Wingof the Department of Agriculture, Government of Kerala, for the
help rendered in the collectionof soil samples.



I owe immensegratitude toDrJ.S.Mukherjee,Mr.PeterKoshy, Scientists of
the Regional Research Laboratory, Pappananicode, Thiruvananthapuram and
DrJ.H.Kauffman, Co-ordinator, NASREC, International Soil Reference Collection and
Information Centre, Wageningen, Netherlands, for the help rendered in doing the
mineralogical analysis of the samples.

It is my great privilege and pleasure to have the best help and co-operation
from all members of the staff of the Department of Soil Science and Agricultural
Chemistry of both Regional Agricultural Research Station, Pilicode and College of
Agriculture Vellayani. All such help is gratefully acknowledged.

1

I extend my special thanks to Dr.N.Saifudeen, Associate Professor,
Department of Soil Science and Agricultural Chemistry, College of Agriculture,
Vellayani, for the sincere help rendered during the chemical analysis.

My greatest debt is due to my wife who sacrificed much and shouldered many
domestic burdens in addition to the help rendered in the mathematical interpretation of
some of the data and documentation of the thesis.

Sincere thanlcs are also due to all staffmembers ofM/s,N.C.ComputerService,
•Thycaud, Thiruvananthapuram, for their whole hearted co-operation in the
documentation work of the thesis.

(

I sincerely thank the Kerala Agricultural University for granting me study
leave for pursuing the studies.

P.RAJENDRAN.



•y

CONTENTS

Page
4

INTRODUCTION

REVIEW OF LITERATURE 4

MATERIALS AND METHODS

RESULTS
31

^ DISCUSSION

SUMMARY AND CONCLUSIONS

REFERENCES

APPENDICES



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

I

Table 7.

Table 8

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

LIST OF TABLES

Location and classification of soils used for the study

Charge contributing factors and parameters of charge assessment.

Correlation coefficient matrix between all pairs of 15 soil characters.

Some physical and chemical characteristics of the samples.

Pathcoefficient analysis showing thedirectandindirecteffects ofcharge
contributing factors on CEC.

Path coefficientanalysis (abstract) sliowing tlie direct and indirect effects
of charge contributing factors on cation exchange capacity.

Path coefficient analysis showing thedirect and indirect effects ofcharge
contributing factors on anion exchange capacity.

Pathcoefficient analysis showing thedirectandindirecteffects of charge
contributing factors on anion exchange capacity (abstract).

Variation of electric charges at different p" values and electrolyte
concentrations.

CEC as influenced by different electrolytes in different soils at different
p" values.

Analysis ofvariance ofthe data obtained for CEC as determined by direct
measurement of retention of ions.

Analysis ofvariance ofthedataobtained forCEC asdetermined by direct
measurement of retention of ions - Average effect of treatments.

AEC as influenced by different electrolytes in different soils at
different p".

Analysis ofvariance of the data obtained for AEC asdetermined bydirect
measurement of retention of ions.

Analysis ofvariance of the data obtained for AEC as determined by direct
measurement of retention of ions - Average effect of treatments.



-i.

Table 16. Regression of CEC/AEC on p".

Table 17. Summary of results of CEC and AEC by various methods.

Table 18. Methods of CEC andAEC determinations - Comparison of mean values.

Table 19. Permanent charge determined by different metliods.

Table 20. Ion exchange capacity of selected samples as influenced by organic
carbon and content.

Table 21. Simple and multiple linear regressions relating CEC, AEC, O.C and R2O3
of selected samples.

Table 22.

(a). XRD-data of the fine clay fractions.

(b). Summary of the mineral X-ray analyses of the fine clay fractions.

T^ble 23. . Specific surface of selected samples calculated from negative adsorption
data and measured by ethylene glycol adsorption.



LIST OF FIGURES

Fig. 1. Map of Kerala showing the profile sites.

2. Schematic representation of a Gouy-Chapman type diffuse double
layer.

3. Schematic representation of the electric potential in the Stern model
of the double layer.

Figs.
4 to 17 Curves showing the net electric charge as determined by

potentiometric titrations.

Figs.
18 (a) to 19 (b) Experimental and theoreticalnet negative charge against double layer

potential in varying electrolyte concentrations.

Figs.
20 to 27 Variation of positive and negativecharges as a function of p" and

electrolyte concentration in different soils.

Figs.
28 to 31 Curves of CECandAECversus p" measured in two concentrationsof

KCl for different soils.

Figs.
32 to 35 Curvesof CEC andAEC versus p" measured in two concentrations of

CaClj for different soils.

Figs.
36 to 39 Curves of CECg, CECj, and AEC versus p" for different soils.

Figs.
40 (a) to 46 (b) X-ray diffractograms of the clay fractions from different soils.



1^'

V

PLATE NO.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

n.

12.

13.

LIST OF PLATES

Pedon.

Pedon.

Pedon.

Pedon.

Pedon.

Pedon.

Pedon.

Scanning electron photomicrograph
of fine clay from

TITLE

Kandiustult - Pilicode.

Plinthustult - Piiathara.

Paleustult - Punaiur.

Kandiustult -Arackal.

Haplustult - Karakulam.

Kandiustult - Maruthur.

Haplustox - Pachalloor.

Kandiustult Pilicode,

Plinthustult Bj - Piiathara.

Paleustult Btj-Punaiur.

Haplustult Bj - Karakulam.

Kandiustult B^-Miu"uthur.

Haplustox AB - Pachalloor.



INTRODUCTION

-4

>•



INTRODUCTION

World population, cunently estimated at more than 4.5 billion, has increased
at a rate of 1% per year during the last two decades. The outcome of the race between
world food production and population will largely be determined in the tropics where
most of the world's undernourished people live. During the last two decades food
production increased at a slightly faster rate than population in food-deficient countries
(Sanchez and Cochrane 1980). Increased food production in the future must come from
intensification of agriculture especially in developing countries and /or from the
expansion of frontiers to include new land mainly in the tropics. To meet this goal of
increased food production, areas dominated by low activity clay soils (LAC) such as
Oxisols and Ultisols of the tropics are to be brought under plough (NAS, 1977).

Oxisols are the most abundant soils in the humid tropics covering an estimated
35 % of the land area followed by Ultisols, the second most abundant with an estimated
area of 28% of the land cover (Kang and Spain, 1984).

In India Oxisols and Ultisols are mainly distributed in Kerala , West coast of
Konkan and Goa, East coast of Tamil Nadu, Orissa, parts of Himachal Pradesh, Bihar,

' ^ Madhya Pradesh and Maharashtra (Varghese 1981).

Thesesoil groupscharacterized bylow activityclayswith lowcationexchange
capacity are known to have serious physical and chemical constraints for development
of efficient crop productionsystems (Sanchez and Salinas 1981).

The red and laterite soils of Kerala occupying nearly twothirds of the total
geographical area, included under Oxisols and Ultisols offer very serious problems of
management. Though considerable data has been accumulated on fertility studies in these
soils, reported information on the electro-chemical properties of these soils are scanty

'y •' and meagre.

The electro-chemical and mineralogical properties of these soils are totally
different from the othermajorsoil groups of thestate. Clayminerals with the exception
of more resistant kaolinite are scarce (Varghese 1981). Intense chemical weathering
removes silica and bases from the soil profile during pedogenesis, leaving clay fractions
containing high amounts ofiron, aluminium and oftenmanganese oxides, kaolinitic clay
minerals and a small amount of organic matter. The influence of the mineralogical
composition ofsimilar soilsontheelectro- chemical properties is clearly shown by their
behaviour which is markedly different from that of soils of the temperate regions or
regions with thick forest cover (Van Raij and Peech, 1972).
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Most of the peculiar properties of these soils are attributed to the existence of
considerable amounts ofpositive electric charges andverylow cationexchange capacity
mainly due to ironand aluminium oxides (Gillman and Abel, 1987). Another important
aspect is the extreme ease with which cations held by highly weathered soils are
hydrolysed. It is now known that the density of both negative and positive charges in
suchsoils ishighly dependent and research insoilchemistry in recent years has helped
to dispel many earlier misconceptions (Juo and Adams, 1984). In soils of temperate
regions however, a permanent negative chargepredominate and the positive charge is
small or non existent at least in the range of natural soils. Thus approaches and
methods developed to study the electro-chemical behaviour of such soils cannot be
applied as such for the study of Oxisols and Ultisols.

Considering the extreme types of soil colloids, with permanent charge and
dependentcharge, analogues are found in colloid chemistry. They are systems with

either completely polarizable interfaces or completely reversible interfaces (Kene and
Uehara 1974).

In general soils and especially clay minerals have beentreated as completely
polarizable systems or in other words, as systems with a permanent negative surface
charge. At least two factors contributed to the swing towards the permanent charge
concept. First, virtually all soil mineralogical research was conducted in Europe and
North America. Researchers found ample evidence to show that the dominant soil
minerals in the colloidal fractions were of the permanent charge type. The P^ dependent
charge components such as amorphous coatings, iron aluminium oxides and hydrous
pxides were treated as contaminants and largely ignored. Studies conducted by many
workers (Van Raijand Peech 1972, Gillman and Uehara, 1980 and Gillman and Abel,
1987) have now proved that soils with variable charge colloids are similar to reversible
interfaces and the surface charge depends on the eleclrolyte concentration as well as on
theactivity ofpotential determining ions insolution. At anygivenactivity of thepotential

y determining ions in solution, the electric potential at the surface is constant. Thus these
soils canbetreated as "constant potential" systems. Inmany instances thehydrogen ions
(an^d the hydroxyl ions) canbe considered as thepotential determining ions.

The treatment of Kerala Oxisols and Ultisols as constant potential systems,
although theoretically sound has not been attempted so far. Further the fundamental
relationships amongP^, surface charge, electrical potential, electrolyte concentration and
valence also are yet to be studied in these soils.



The purpose of this thesis was thus to study the electro-chemical properties of
six selected Ultisols and one Oxisol representing the important pedological units having
a wide geographical distribution in the state. An effort was made to rationalize the
observed variation of positive and negative electrical charges under varied experimental
conditions. The soils were treated as chiefly constant potential systems and the theory
of the planar diffuse double-layer applicable to lower surface potential, was used to
interpret some of the results.

With the above theoretical background in view, the following major
-4. objectives were set for theprogramme.

1.. To evaluate the charge contributing factors and their inter-relationships.

2. To assess the zero point of charge (zpc) and the magnitude of charge in
zpc due to variation in soil constituents.

3. To study the effect ofP^, nature and concentration ofelectrolytes on charge
character.

4. Characterization of permanent and dependant charges by various
methods.

5. Evaluation of different methods ofion exchange measurements.

6. To study the contribution of organic matter and sesquioxides towards
exchange properties.

7. Tostudythemineralogy and surface features of the clay colloids. •
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REVIEW OF LITERATURE

The existence of both negative and positive charges on soil particles
recognized long ago by many workers (Mattson, 1927, 1931; Schofield, 1939), is
responsiblefor ion exchange properties, permittingthem to act as reservoirs of chemical
elements used byplants as nutrients. Themost important fundamental phenomenon in
nature next only to photosynthesis is thus justified by the part it plays in regulating the
suite of cations and anions in the soil and their composition in the soil solution. The
bulk ofthe work done in this direction however isinsoils ofthe temperate regions (Wild,
1988). Temperate soils are rich in organic matter and clay minerals with very high
negative charge density. Thesoils of the humid tropics and subtropics in contrast have
low activity clays. These soils are chiefly kaolinilic Alfisols and the oxidic Oxisols and
Ultisols (Juo and Adams, 1984). These impoverished though potentially arable soils
containpredominantly kaolinite, Fe and A1 oxides and hydrous oxides inthe clay fraction.
Thus the chemical properties of these soils are characterized by low effective CEC and
low ionic strength in the soil solution.

The extent ofarea covered under similar soils in Kerala accounts to nearly
two third of the total land area (Status Report. KAU, 1989).Although considerable
literature has been generated on fertility investigations in these soils, a systematic work
to study the charge behaviour has not been attempted so far. Investigations already
conducted on different aspects of the Low Activity Clay (LAC) soils are classified and
reviewed in this Chapter.

1. Theoretical Orientation to Ion Exchange in Soils
Theexcess surface charge that the solid matrix of the soil hold, that must

be balanced by free ions of opposite charge, the so called counter ions, leads to the origin
of ion exchange in soils. The excess surface charge in ion exchangers is established by
an imbalance ofelectrical charge within the frame work orby proton transfer mechanisms
(Raman, 1986).

With the advent of modern colloid chemistry, the double layer theory
developed to describe phenomena occurring at electrically charged interfaces,by Gouy
(1910, 1917) and independently by Chapman (1913) has been extended to soil systems
also (Wiklander, 1964). An improvisation to the Gouy-Chapman scheme suggested by
Stern (1924) has also been successfully adopted to explain the double layer concept of
high surface potential soil systems .A brief description ofthe essence of the two theories

^ have been attempted hereunder, as some of the derivations of the same have been used
for calculations in thepresent study.



1-1 The Gouy-Chapnian theory
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This theory describes the distribution of ccmter- ions and co-ions in the liquid
part near asolid-surface interface, by relating variables such as surface charge, electrical
potential, concentration of ions and distance. To make things more familiar, simple and
also to be consistent with much of the work done on soils and clays, negatively charged
surfaces will be considered. However, the theory given will be equally valid for
positively charged surfaces too, provided the correct signs are introduced (Van Raij and
Peech, 1972; Wann and Uehara, 1978).

The model according to Gouy (1910,1917) assumes negative point charges
smeared out uniformly over aplanar surface. The counter ions, also assumed to be point
charges, are attracted to the surface by Coulomb forccs while at the same lime, they tend
to diffuse away due to concentration gradient. The net result at equilibrium is a higher
concentration of cations near the surface, diminishing with distance until the equilibrium
concentration inthe bulk ofthe solution isattained. The anions orco-ions, behave inthe
opposite manner, being repelled from the surface and increasing in concentration with
distance. The distribution of ions in the diffuse layer is governed by the Boltzmann
relation

ni = n exp (- zie ip/KT^ .1 - (1)

in which 'ni' is the concentration of ions of kind i, in number of ions per ml,
nis the concentration of the equilibrium solution, zi is the valence of ions of kind i, eis
the electronic charge, ip is the electric potential and KT represents the average kinetic
energy (figure 2).

The relation was further simplified as follows considering the negatively
charged surface as being aplane and infinitely large.

d^ ip /dx^ =- 4jc p/e l-(2)

The electric potential varies from a certain value at the plane to zero in the
bulk solution, 'x' is the distance from the plane, 'p' is the net volume charge density,
and 8 is the dielectric constant of the medium.

Considering that only symmetric electrolytes will be treated the net charge
^ density is given by

P=ze (!!•*" - n") J



jif where n"^ and n~ stand for the concentrations of the cation and the anion,
" respectively. For distances far enough from the surface, n"'" =n" =n. Making use ofthe

mathematical identity sinh (X) = 1/2 (e^ - e"'̂ ); equation (3) may be written as

P =-2nzesinh (ze 1"(4)

A

This equation is nowsubstituted in the equation (2)for p and thefundamental
equation of the double layer is obtained.

d^ ip /dx^ =(8jt nze/e) sin h(zeip/K'I) 1-(5)

The following defined quantities are introduced in the subsequent equations.

y = zeip/KT; yo = ze-vpO/KT 1 - (6)

=8it neV/eKT 1.(7)

•vpO represents the surface potential. It is convenient to remember that at 25°C
KT has the value of25.7 electron milli-volts and that y and yo are dimensionless. 'k' is
given in units of reciprocal length and has the same significance as that in Debye-Huckel
theory.

V.

Equation (5) can now be rewritten as

d^y/dx^ =k^ sin hy 1_(g)

This equation can beintegrated considering the boundary conditions that
for X= a, y = 0 and dy/dx = 0. The result is

dy/dx =2k sin h (y/2) 1- (9)

The electroneutrali ty ofthe system demands the surface charge to be balanced
by the excess charge in theliquidphase.

o 1.(10)

where a, the surface net charge, is oppositely equal to the total space charge
inthe solution. The combination ofequation (2) with (10) yields

a =(E/4jt)f"(dVdxVx = -(E/4jt) (d Tp/dx) X =0
\ 0
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> which by the insertion ofequation (9) becomes

a =(2neKT/3t)^^^sinh (yo/2) l-(ll)

This is an important equation. The surface charge can be calculated from the
surface potential at any concentration of the equilibrium solution.

The significance of 'k' is given by equation (7) and is proportional to the
valence of the counter-ion and to the square root of the concentration of that ion in the
solution. Qualitatively this means that an increase in the charge of the counter ion and/or
increase in the concentration of the solution, will reduce the thickness of the double layer.

1-2 TheStern's treatment of the double layer

Stern (1924)introducedcorrections in the double layer theory, one of which
takes into account the finite size of the ions. According to Stern (1924) the ions cannot
approach thesurfacebeyonda certaindistance. From this point to theplane, thepotential
varies linearly and the layer, called theStem layer, is considered as a molecular condenser.

^ Outside theStem layer, thedistribution ofionsandthedecay of thepotentialwithdistance
^ from the plane, obeys the Gouy-Chapman theory outlined earlier. The structure of the

double layer according to Stem defines iJjS, the potential at the limit between the Stern
and diffuse layer (fig. 3), 6 the thickness of the Stern layer.

The totalsurfacechargehere is balancedby thesum of the chargein theStern
layer a 1, and the charge in the diffuse layer, a 2.

a = al + a2 1 - (12)

Overbeek (1952) and Peech et al. (1953) have derived an equation for a 1,
considering the number of available sites on the surface for cc^ter ions in the Stern layer
and in solution.

The charge of theStem layer is thus given by

Nize
a 1 =

1+ (NaP/Mn) exp [- (ze 6 + (1))/KT] 1 - (13)



a

In this equation Ni is the number of adsorption spots available in 1 cm of
^ surface, Na is the number ofAvogadro, Pis the density of the liquid, Mis the molecular

weight of the liquid, and (j) is a chemical potential term introduced to account for
additional forces acting on the counter ions.

The charge of the diffuse layer is given by the equation

a2 = (2neKT/it)^^^ sin h(y6/2) 1-(14)

The charge on the surface is also given by the expression

a = (e74jt6) (ipo-tpe) 1-(15)

where 'e" is the dielectricconstant in the stern layer.

With the above equations (12,13,14 and 15) it is possible to calculate the
surface charge if the surface potential is known or vice-versa.

1-3 Types of double layers in soils

Considering the potential and the charge at the surface of colloidal particles
as the master variables, two extreme types of double layer systems are recognized,
depending onwhether the charge orthe surface potential remains constant upon changing
the electrolyteconcentration(Harkins, 1952).

According Van Raij and Peech (1972) this is true in the case of soils in which
permanentandp dependant charges are recognized. Hehas thus described the following
two types ofelectrical double layers onthe basis ofthe mechanism by which free charges
are distributed across a solid-solution interface.

(a) a reversible double layer which exists on the surface bearing a constant
potential or variable charge and

(b) a completely polarizable double layer which exists on the surface bearing
a constant charge.

Similar findings for weathered tropical soils have been reported by many
' workers (Parks and De Bruyn, 1962 ; Keng and Uehara, 1974 ; Gallez et al. , 1976 ;

Laverdiere and Weaver, 1977; Gillman and Uehara, 1980 and Gillman and Abel, 1987).
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1-3.1 Variable charge systems

This refers to the constant surface potential system as per reports of Van
Raij and Peech (1972). The electric potential at the surface is determined by the
activity of the potential determining ions in solution and by changing the indifferent
electrolyte concentration, the surface charge should change, provided no alteration in
the activity of the potential determining ions in solution is introduced (Parks and De
Bruyn, 1962). Insoils, most colloid systems have H"*" and OH" as potential
determining ions. Aluminium and iron oxides are good examples (Herbillon, 1988).

When a potential determining ion passes from solution to the solid surface it
carries a charge with it. If the ionogenic group of an oxide surface is represented by
R-OH and assuming the surface to be in contact with sodium chloride solution, the
following equations represent schematically, the build up of negative or positive surface
charge, if H and OH" are thepotential determining ions (Van Raij and Peech, 1972).

EOH +NaOH—> RO Na'̂ ' +HaO 1- (16)

^ ROH +HCl—> R0H+2....Cr 1- (17)

Accordingly a positive chargeoriginate due to adsorption of a proton while
a negativecharge is the result from the dissociationof a surface hydroxyl. The authors
attributed this to the amphoteric behaviour of R-OH. Iron and aluminium oxides are some
of the several metal oxides that exhibit this property.

I

Inan uncharged surface assuming H"*" and OH' as the only source ofsurface
charge, the build up of charge due to the adsorption of these ions

s a =e[rH+-rOH"] 1-(18)

where a is the surface charge, e is the charge of an electron, [FH"^ -FOH"]
represents net adsorption. Ifan excess of H"*" ions are adsorbed, the surface charge will
be positive, likewise, it will be negative if an excess of OH' ions are adsorbed. For
gibbsite as anexample. VanRaij and Peech (1972) proposed, formation of charge on the
surface schematically as follows assuming A1 (III) in an octahedral co-ordination

Al2 OH+2 <— +Ah OH +OH" —^l2 O" +H20 1-(19)
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when the underscored symbols refers to species forming part of the solid
surface. Thus acid dissolution, producing negative surface sites, is equivalent to
adsorption of OH , whereas basic dissolution, giving rise to positive surface sites, is
equivalent to adsorption of The exact state of affairs will be determined by the p"
and the concentration ofthe electrolyte. It is customary to refer to the activities ofthe
potential determining ions in calculating the surface potential of variable charge soils.
This means that, the p of the solution should be considered if and OH' are the
potential determining ions (Morais et al. 1976; Laverdiere and Weaver, 1977 and Uehara
and Gillman, 1980).

The p at which the net surface charge reduces to zero is a characteristic
value for areversible interface and is called the zero point of charge, represented by zpc
The zpc may be visualized as the state in which only the uncharged intermediate species
of the above reaction exist.

When the ionogenic group is located on a crystal edge rather than on the
surface of the mineral, the following represents the formation of electric charges on the
exposed octahedral aluminium groups.

AIOH°-^- +H'' --> Al 0H2°-^^

Equal amounts of the above species would necessarily have to be present at
the zpc. Similar reactions are possible for Fe (III) systems also in soils (Herbillon, 1988).

If the surface charge is assumed to originate only from the adsorption of H"*"
and OH, the surface electric potential due to charges is determined by the p^ of the
equilibrium solution and is given by aNernst type relation.

ipO =(RT/F) In [(H>(H"^) zpc]

=59 (zpc -pH) mV at 25°C ^-(21)

Thus it should be possible to calculate the double layer potential at any oH
if the zpc is known.

1-3.2 Constant surface Charge Systems

Equation (3) implies that if the surface charge is constant, the potential has
io change upon variation in electrolyte concentration of the equilibrium solution (Van

aij and Peech, 1972). The charge as per the equation cannot if it is inherent within the
structure of the surface. It represents the case of the totally polarizable double layer
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(Overbeek, 1952) and is applicable chiefly to constant charge colloids of the 2:1 type of
the temperate regions ( Juo and Adams, 1984). However, most of the past applications
of the double layer theory to soils, the systems have been considered as having aconstant
surface charge (Wild, 1988), due to virtually all soil mineralogical research being
conducted in Europe and North America wherein the soils are dominated by permanent
charge minerals.

1-4 Exchange Properties ofSoil materials in the Tropics

Clark et al. (1966) reported that the highly weathered soils of the tropics are
characterized by an accumulation ofiron and aluminium oxides. The finer fractions of
these soils studied according to Van Raij and Peech (1972) contain organic matter,
kaolinite, gibbsite and iron oxides as the major components. Studies by many workers
(Keng and Uehara, 1974 ;Espinoza et al., 1975; Gallez et al., 1976; Gillman and Abel,
1987) have confirmed that the charge properties of highly weathered soils of the humid
tropics adhere closely to those exhibited by constant surface potential colloids.

1-4.1 Oxides

Many oxides according to Van Raij and I'cccii (1972) vvlien in contact with
electrolyte solutions, present reversible interfaces, thus behaving as constant potential
type colloids. The chief components studied by them were iron and aluminium oxides,
which usually dominate the clay fractions of tropical soils.

Studies conducted by many workers (Bolt, 1960; Parks and De Bruyn, 1962
and Yopps and Fuerstenau, 1964) proposed the following

mechanism to explain the formation of charges in iron (III) and aluminium oxides.
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Kingston et.al. (1967), Rajan (1976) and Gillman and Fox (1980) explained
the charging phenomena to ligand exchange of oxyacids, anions like phosphate and
silicate that can enter into six co-ordination with the aluminium or ferric ion on the crystal
surface. The process of ligand exchange can be pictured as follows by a proportion of
hydrogen ions being adsorbed by hydroxyls (Wild, 1988).

Crystal OH2
+1/2 O

+ H'*' + OH" —)
Crystal OH"

1/2 -1

+H^+H20

Surface
-1/2

OH Surface
-1/2

Oil

Thus these reactions explain the increase in cation exchange capacity of an
oxiderichsoil consequentto theadditionof large dosesofphosphatesandsilicates (Wann
and Uehara, 1978).

Mechanism similar to the one given for aluminium and iron (III) have been
proposed by many workers (Bolt, 1957; Parks and De Bruyn, 1962; Van Raij and Peech,
1972) to explain charge formation on silica surfaces. In highly weathered soils of the
tropics removal of soluble silica to lower layers is appreciable and hence charge
development by silica is of little significance.

De Bruyn and Agar (1962) pointed out that the existence of a zero-point
charge on an oxide and the pH at which it is located, will depend on the relative basic
and acidicproperties of the solid. Strongly amphotericoxides such as Fe203 and AI2O3
should have azpc in the neighbourhood of p^7, while Si02 and acidic oxide, should be
negatively charged even at low p^ values. Experimental values of zpc tend to support
this statement though the variationis rather very wide (Parfitt, 1980; Stumm and Morgan,
1981). The reported values (Juo and Adams, 1984) arc 9.5 for gibbsilc, 8.1 for gocthilc,
7.5 for hematite, 6.9 for ferrihydrite and 9 for poorly characterized amorphous iron
hydroxides.

>

Study conducted by many workers have (Sumner, 1963; Sumner and Davidtz,
1965 ; Sumner and Reeve, 1966) shown that the Fe and A1 oxides in soils are usually
responsible for the existence of positive charges andfor the blocking of negative charges.
However, above the zpc, oxides develop a negative charge and near the zpc both cation
and anion retention is expected. (Zhabrova and Egorov, 1961).
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1-4.2 Clay minerals

The most important clay mineral found in tropical soils is kaolinite which
possesses a small cation exchange capacity and show a positive charge (Van Raij and
Peech, 1972; Gallez et al., 1976 ; Morais et al., 1976 ; Grove et al., 1982; Wild, 1988
and Singh et al.,1991).

According to Parks (1967) the zpc values for Kaolnite predicted based on
AlOH and ^OH sites were found to be 5.5 (hydrous) and 4.8 (anhydrous) both higher
than the experimental values which varied from 3.3. to 4.9. The reasons for the
discrepancy was attributed to the negative structural charge existing in these minerals,
which tend to decrease the zpc to lowerp^ values. Van Olphen (1963) and Parks (1967)
reported that the low dissociation constant ofSiOH groups and the higher dissociation
constant of Al-OH groups occurring at the mineral surface and surfaces of Fe and Al
oxides are chiefly responsible for the variation in the zpc of these components.

Follet (1965), Schofield (1954) and Van Olphen (1963), in separate studies
suggested that the adsorption of small amounts of aluminium ions reverses the charge on
the edges ofsilicate minerals to positive although silica surfaces normally carry anegative
charge.

The separation of the negative charge into permanent and p^ dependant was
first suggested by Schofield (1939) and the idea was later accepted by many (Van Raij
and Peech, 1972 ; Uehara and Gillman, 1980 and Gillman and Abel, 1987) for the
characterization of negative charges insoils and clays. According to the above authors
kaolinite presents both type of charges, the permanent probably being the less important
at high pH and pH dependant, most operational over a range of pH.

1-4.3 Organic fraction and other malcrinls.

Studies by Overbeek and Jong(1949) showed that contribution of organic
matter to charge properties of soils are predominantly pH dependant and controlled by
proteins, the chief among the macromoleculs, which present anet negative or positive
or isoelectric charge. In contrast to this many workers reported (Broadbent and Bradford,
1952; Marshall, 1964; Wiklander, 1964; Coleman and Thomas, 1967) that the organic
matter is predominantly acid in nature, with the acidicproperties being determined mostly
by carboxyl groups below pH 7and the phenolic and enolic OH" at higher pH values.

y Thus organic matter in soils bjcj^es isoelectric. This observation is in agreement
with many recent reports (Uehara^ 1981; Juo and Adams, 1984 and Wild, 1988).
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Van Raij (1969) in a study of the Brazilian soils reported that the average
contribution of organic matter to exchange properties of the soils was 74 per cent in the
surace soil and 35 per cent for subsoils. Thompsonfet al. (1989) in a study of 4 soils of
Iowa found that on an average organic matter was calculated to contribute 49 per cent of
CEC and 19 cent of the surface area.

Among the remaining materials that occur in the clay fraction of soils and
exhibit ion exchange properties, allophanes are the most important. They are amorphous
alumino silicates with high surface area and high ion retention capacity for both cations
and anions (Bolt, 1957; Wada andAtaka, 1958;Mitchell et al. 1964; Herbillon et al. 1976
and Herbillon, 1980).

2. Surface Charge Properties of Variable Charge Soils

2-1. Zero-point of charge

Zeropoint of charge (zpc) accordingto Parks(1967)and Gillman and Uehara
(1980) is thepHvalueofsoilsolution at which thenet surface chargeon thesoilparticles
resulting from the adsorption ofpotential determing ions H"*" and OH' is zero. At this
pH the absorption of H^ and OH" are equal and it is the point of intersection of

^ potentiometric titration curves atdifferent electrolyte concentration. This pHvalue refers
to the point where there is an equal number ofprotonated and deprotonated sites on the
variable charge surfaces in the soil.

Van Raij andPeech (1972) in a study of the electro-chemical properties of
some Oxisols and Ultisols of Brazil has determined the zpc by potentiometric titration
as a function of pH and electrolyte concentration. The values varied from 2.1 to 6.16.
The electro-chemical behaviour of these soils was found to be similar to that exihibited
by manymetallic oxides. The estimated values of zpc increased with depth. The authors
attributed the presence of large amounts ofFe and Al oxides for the higher zpc of the
subsoils, while the presence of clay minerals with permanent negative charge as well as
organic matter to theshift in zpc to lower pH values of surface samples.

Many workers have reported similar results (Gillman and Uehara, 1980;
GaUez et al., 1976; Laverdiere and Weaver, 1977; Morais et al. 1976; Wada and
Okamura,1983; Gillman and Sumner, 1987; Dolui et al., 1987;Gillman and Abel, 1987
and Misra et al., 1989).

Zpc according to the above authors reflect the overall mineralogical
composition and organic matter content ofthe soil. The degree ofchemical weathering
particularly the degree of desilication also is indicated in the zpc as highly leached
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femiginuos soils low in organic matter generally showed higher zpc values (Raman,
^ 1986). Gallez et al. (1976) thus suggested the usefulness of zpc determinations as a

criterion for soil taxonomy of tropical soils.

2-1.1 Determination of the zero-point of charge

Some of the important methods used include electro-kinetic methods, such
as electro-osmosis, electrophoresis, and determination of streaming potentials, and other
indirect techniques such as ageing of interfaces and the measurement of the release of
the potential determining ions, extrapolation of the suspension effect to zero, and
measurement of adsorption of potential determining ions by potentiometric titrations
(Overbeek, 1952). Many workers have (Van Raij and Peech, 1972; Yopps and
Fuerstenau, 1964; Uehara and.Gillman, 1980) suggested the direct measurement of
adsorption ofpotential determin^ ions by potentiometric titations as the best method for
zpc determination. Italso permits the estimation ofthe values ofnet charge onthesurface,
at different ionic strength and pH values.

2-2 Effect of pH and Electrolyte Concentration

The dependence of surface charge and surface potential on pH, electrolyte
^ concentration and the dielectric constant of the solvent is implied in the modified

Gouy-Chapman equation (Uehara and Gillman, 1980).

oO =(2n eKT/ji)^^^ Sin hz(1.15) (p^O -p^) 2-(1)

where e = dielectric constant of the solvent

p o = zero point of charge,n = electrolyte concentration
K = Boltzmann constant. T = absolute temperature

z = counter ion valence.

Van Raij and Peech (1972) reported that upon decreasing the electrolyte
concentration of the soil solution, magnitude of both the positive and negative charge
decreased in some of the Oxisols and Alfisols of Brazil studied. At a particular
concentration of the electrolyte a decrease in pH considerably reduced the CEC and
increased the AEC. The same authors reported that the positive and negative charges
ofsoils determined by the adsorption ofdivalent ions were higher than those obtained
with monovalent ions, and evenmoresowhere both thecations and theanions aredivalent

7 in the electrolytes used.

Thus any attempt to change the concentration ofthe electrolyte and pH will
change the surface charges measured, the hidden faults of buffered electrolytes of high
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concentrationsused to estimate the CEC, like NNH4 OAc (p^7) is indicated here (Morais
et al., 1976; Grove et al., 1982).

2-3 Methods of charge characterization

An unambiguous knowledge of soil charge characteristics and exchangeable
ionsuiteunder field conditions is a pre-requisite for effective soil fertility management
oflowactivity clay soils. This knowledge isoften difficult toobtain inview oftheplethora
of methods for determining soil exchange properties and ratherwide range of opinion
regarding interpretation of the data from those methods.

2-3.1 Problems in the determination of exchange capacity

The CEC and AEC ofsoils is difficult to determine in cases where part or the
whole exchange capacity is pH dependant, because the final results depends str^Hly on
the experimental conditions particularly pH, concentration and nature of index cations
and anions used and the strength of the buffer solution (Van Raij and Peech, 1972).
Failure to recognise this important point, according to Grove et al. (1982) is one of the
main reasons for the confusion that now exists regarding the best method for detemining
the exchange capacities of tropical soils.

^ Theuse of N NEUOAc (pH 7) for exchange capacity determinations in low
activity clay soils have been questioned by many workers (Gallez et al., 1976; Grove et
al., 1982; Juo and Adams, 1984 and Wild, 1988). Five parameters ofequation 2-(l) are
altered by the NH4OAC method. These according to Uehara are dielectric constant
(alcohol washing), salt concentration (varies from 1 N to near zero during washing),
counter ion valence (use of monovalent NH4-H when dominant soil counter ions are
divalent), zero point of charge (affected by acetate ion) and pH (buffered at pH 7). Thus
exchange capacity determinations with NH40Ac (pH 7) are gross over estimations.
When unbuffered elccdolyles are used in piacc of neutral NI-LiOAc llie problems are
much corrected (Grove etal., 1982). Further the anion exchange capacity ofthe variable
charge soils are conveniently ignored in most ion exchange determinations. Thus any
method which can include AEC determination also along with CEC is considered ideal
for suchsoils (Gillman and Sumpter, 1986). I

2-3.2 New methods suggested for LAC soils

According to Van Raij and Peech (1972) determination ofelectrical charges
cannot be done in highly weathered soils by a conventional method with a buffered

-V, electrolyte.



17

2-3.2.1 Schofield's method

Wild (1988) expressed theview thatany method used requires definition of
the experimental conditions with respect to the five parameters included in equation
2..(1) which affect the electrical charges measured. In this context many workers (Van
Raij and Peech, 1972; Morais et al., 1976; Gillman, 1979 and Grove et al., 1982) have
suggested the use of unbuffered electrolytes with a concentration similar to that
encountered in the soil solution.

All theabovemethods aremodifications of themethod suggested bySchofield
(1949) with 0.2 N NH4CI, adjusting the pH to desired values.

Van Raij and Peech (1972) used a modification of the above method with 0.2
N NaCl as the electrolyte for the estimation of CEC and AEC of 7 samples of Oxisols
and Alfisols ofBrazil. ThepHofthe samples was adjusted tofour ranges and estimations
were made. Theresult showed increase in negative charge with pH and a decrease in the
positive charge with increase in pH. The net charge obtained was compared with the
predicted values calculated as per theory and was found to be in good agreement.

2-3.2.2 Compulsive Exchange Method.

Gillman (1979) proposed a new method for the measurement ofexchange
properties of highly weathered soils. He modified the compulsive exchange method of
Bascomb (1964) to allow the determination of cation exchange capacity and anion
exchange capacity of soils. The soils wereequilibrated with unbuff^ barium chloride
solution, ultimately to get an ionic strength approximating that of the soil solution, so
that the conditions under which determinations made are similar to those found in the
field. The results obtained by this method was compared with other commonly used

V procedures and found more reliable and time saving. This method has been further
modified and reported by Gillman and Sumpter (1986) to achieve greater simplicity.

2-3.2.3 Total cation exchange capacity(CECT), Basic cation exchange capacity
(CECB) and Anionexchange capacity (AEC)

Gillman and Sumpter (1986), Gillman and Sinclair (1987) and Gillman and
> Abel (1987) proposed another method using0.002M CaClz for the combined estimation

ofCEC and AEC. They used the term CECt, the total cation exchange capacity measured
X as the amount of Ca^"^ +Al^"*" adsorbed at aparticular pH in 0.002 MCaCl2 solution.

Similarly CEGb was used to designate the basic cation exchange capacity, the amount

•i-'
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of Ca^"*" adsorbed at a particular pH in 0.002 M CaCb solution. Tlie above authors
observed high correlation between CECb at soil pH with compulsive exchange method
and between CEOr at soil pH with "effective CEC" measured as total exchangeable basis
+ normal KCl extractable aluminium.

2-3.2.4 The effective cation exchange capacity (ECEC).

The ECEC measured as thesum of the basic cationswith exchangeable acidity
determined by l^JKCI (1:10)overaperiodof2 hrs (Juoetal. 1976)gavehigh correlation
with compulsive exchange CEC and CECb. As the basic cations were determined by a
buffcicd electrolyte (NNH4OAC; pH 7) the absolute values of ECEC was quite high and
was not free from the blame of any buffered CEC estimation (Grove et aI.1982). The
ECEC is frequently being used for soil taxonomy purposes and is suggested as an
improvement over N NILjOAc; (pH 7) CEC (Soil Survey Staff USDA, 1990).

3. SpeciHc surface determination.

Ion exchange opacity of a soil is the product of the specific surface and the
charge density. Inmost LACsoils theamount ofpermanent negative and positive charges
are often small, cation and anion exchange capacity mostly arise from p^ dependant
charge on thesurfaceof oxide materials andorganic matter. Thus themagnitude of CEC

^ and AEC ofavariable charge soil depends on its natural soil p^ relative to its zpc as well
as specific surface area.

Juo and Adams (1984) reported that the specific surface of kaolinite and iron
oxides and hydrous oxides, the chief inorganic constituents of LAC soils varies from
15-30 m g" and 150-300 m g"^ respectively. Asignificant portion of this iron hydrous
oxides in the clay fraction may exist as surface coatings. Consequently, their specific
surface is greatly reduced to 50-100 m^ g'̂ .

Schofield (1947, 1949) used the negative adsorption data^ using the
Gouy-chapman theory for the determination of specific surface. Gillman and Uehara
(1980) effectively used this methodfor the calculation ofthe specific surface ofthe highly
weathered Queensland soils. The calculated values were in good agreement with the
measured values of the specific surface by other methods. The equation for estimating
the specificsurface S(cm /lOO g) ofasoil ina1:1 electrolyte (Uehara and Gillman, 1980)
is

Y= qNS 4NS^
3.(1)

(zPN)1/2 zP y
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where y, the total surface charge and y the negative co-ion adsorption are in
cmol (P"^) Kg" and Nis the electrolyte concentration in cmol(P'*") If a0.01 M1:1
electrolyte is chosen forionadsorption measurement the above equation becomes

Y= 6.1 X10"^ S - 3.774 x 10" '̂̂ .3.(2)

The specific surface of the variable charge soil component
Sv =1.83 X10^ Y^" ni^Y^
whereyc" is thenegativeadsorptionof cationsmeasuredat two units below

P 0 in a 0.01 M 1:1 electrolyte.

Specific surface according to Gallez et al. (1976) could be estimated by a
gravimetric method based on the retention ofEGME orBET-Nz adsorption by soil. The
values obtained for some Alfisols and Ultisols from Nigeria varied from 18-222 mV^
by theformer method andfrom 3-63m by thelatter. Several workers haveused these
two methods for the estimation ofsurface area ofsoils and clays (Morais et al., 1976;
Laverdiere and Weaver, 1977 and Van Raij and Peech, 1972).

"f 4. Mineralogy of Low Activity Clay (LAC) Soils

Van Raij and Peech (1972) inastudy ofthe electro-chemical properties of7
Brazilian Alfisols and Oxisols reported the mineralogical composition. The ch^il clay
mineral identified was kaolinite with apreciable amounts of goethite, hematite and
gibbsite. Gillman and Bell (1976) reported from astudy ofsurface charge characteristics
ofsix weathered soils ofthe Queensland the major clay mineral tobe kaolinite with traces
of chloritized vermiculite, illite,quartz and appreciable amounts ofgoethite, hematite and
gibbsite. Studies on mineralogy of similar soils reported by many workers supported the

r above findings (Gallez etal., 1976.,SCS.USDA, 1976., Grove et al., 1982 and Herbillon
1984).

5. ManagementofLowActivity Clay (LAC) Soils

Most ofthe under utilized, potentially arable but impoverished lands of
the moist tropics are occupied by soils rich invariable charge minerals. The low nutrient

7 retention capacity is in turn related to low specific surface, low surface charge density or
a combination of both. Since the product of the specific surface and surface charge

- deiisity is the cation-exchange capacity, the rejuvenation of impoverished, variable
charge soils must involve increasing' one or both surface parameters. Liming,
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\ incorporalion of nitrogen rich green manures, niininium tillage, surface mulching,
addition of phosphatic fertilizers, soluble silicates and organic matter are some of the
physico-chemical methods suggested for the rejuvenation ofthese soils (Chen etal., 1973;
Adams and Moore 1983 and Adams and Hathcock, 1984).

Kamprath (1984) reported that soils in which clay fraction is primarily low
activity clays (Alfisols, Oxisols and Ultisols) in their natural state are acidic and infertile
and can be made productive with liming and fedilizalion. He proposed the use of
exchangeable Al as a criterion for calculating the lime requirement of variable charge

-i soils. Crop growth inthese soils according to the above author was less than 50 per cent
of that of the limed soils when the exchangeable Al saturation was above 60 per cent.
Another problem reported inlACsoils isthe low amounts ofnative available 'p' coupled
with high 'p' fixing capacity and very low levels oflabile K(Graham and Fox, 1971 and
Shaipley et al. 1984). Juo andAdams (1984) in a reviewof the work donein LACsoils
reported that considerable amount ofKapplied to low CEC soils isreadily leached when
the CEC of the soil was less than 6cmol (P"^) kg'̂ . Frequent split application offertilizers
atlow intensity coupled with crop rotation utilizing sub-soil K issuggested as asuitable
proposition for such soils.

Many workers have reported theusefulness of theapplication ofsoluble
phosphates, organic matter, and silicates in LAC soils to improve the CEC and for

• lowering the zpc. Economic constraints militate against using superphosphate solely for
> this purpose, but it is a significant by-product ofsuch application. However, the use of

low grade soluble silicates can be very easily recommended as it will improve the 'p'
availability, replenish the soluble silica depletion in addition to the observed increase in
CEC.

T
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Table 1. Location and classification of soils used for the study

Sl.No. Location District Great group Soil order Longitude Latitude

1. Pilicode Kasaragod Kandiustult Ultisol 75" 9'55" E 12M1'53"N

2. Pilathara Cannur Plinthustult Ultisol 15" 13'54"E 12^05'54"'N

3. Punalur Kollam Paleustult Ultisol 76° 55'00" E 09° 00'00" N

4. Arackal Kollam Kandiustult Ultisol 76° 52'30" E 08° 58'00"'N

5. Karakulam Thinivananthapuram Haplustult UlUsoI 76° 56'55" E 08° 34' 16" N

6. Manithur Thiruvananthapuram Kandiustult Ultisol 76° 58'23" E 08° 32'34''N

7. Pachalloor Thiruvananthapuram Haplustox Oxisol 76° 58'06" E 08° 25'16"'N

ro
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MATERIALS AND METHODS

The programme of investigationplaimed may be grouped into the following
experiments.

1. A laboratory study to assess the charge contributing factors and their
inter-relationships in seven selected profiles of Oxisols and Ultisols representing the
importantpedologicalunits with a wide geographical distribution in the state.

2. Preparation of potentiometric titration curves of selected horizons of the
profiles to determine the zero point of charge (zpc) which reflects the electrochemical
behaviour of constantpotential systems.

TT

3. Astudy of theeffect ofp , electrolyte concentration andtype ofindex ions
used on the measurement of surface charge in soils.

4.Propose a suitable method for the assessment of surface charge
characteristics ofsoils, when both negative and positive charges are estimated inasimple
manner,under conditions approximating thoseexpectedin the field. 5. Characterization
of permanent and p dependant charges by direct ion adsorption and by theoretical
methods.

6. Assess the contribution of organic matter and sesquioxides towards
exchange properties of soil materials.

7. Study of (a) the mineralogy and surface features of fractionated soil
components by XRDA and SEM methods and (b) the surface area ofselected soil samples
by different methods.

1. Studyof charge contributingfactors and their inter-relationships.

1.1 Collection of soil samples, location and classification.

A tentative classification of the seven soils used for the present study at the
great group level, based on Soil Taxonomy, USDA (1978) is given in Table 1. The
profiles were dug ateach location (figure 1and plates 1to 7) as per prescribed procedures

"f and collection ofsamples were made after demarcating the horizons. The profile features
and field observations were recorded based onFAO guide lines (1978).
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1.2 Laboratory analysis

The bulk samples were air dried in shade. Gravel, plant roots and other debris
were removed and the sampleswere gently powdered with a wooden mallet and passed
through a 2mm sieve. The methods used for the important estimations made are outlined
below.

Granulometric analysis of soils was carried out by the hydrometer method
(Piper, 1942). The p^ of air dried samples from all the horizons was determined
accordingto the method described by Peechet al. (1953)in water, 0.01M CaCl2, IN KCl
and INNaF. The glass electrode was immersed in the sediment and the Calomel electrode
wasimmersed in the clearsupernatant solution to avoid errors due to the liquid junction
potential in the suspension. The solution to a soil ratio was 2.5:1 in KCl and CaCIz and
50:1 in NaF. p^ in water was measured in two ratios 1:1 and 2.5:1. Delta p^ was
calculated by subtracting p^ water from p^ KCl (Mekaru and Uehara, 1972). The
specific conductance was measured in the supernatant solution of a 1:1 soil-water
suspension after the coarser particles had settled down. Organic carbon content was
determined by the Walkley-Black method as described by Jackson (1958).

Exchangeable hydrogen and aluminium were estimated by extracting lOg
soil with 100ml IN KCl under suction (Black, 1965). Total FezOa, AI2O3 and
sesquioxides were determined asper standard analytical procedures outlined byJackson
(1958). Total Fe and Al were determined by the method described by Hesse (1971).

Fractionation of free oxides of iron and aluminium to estimate the contents of
amorphous and crystalline forms was done following the method described by Mehra
andJackson (1960) modified by Kunze andDixon(1986). Thus Feo, Fed, AJo and Aid
were calculated from the data.

Neutral -IN ammonium acetate was used for the extraction of exchangeable
bases (Jackson, 1958). After evaporation of the extract and oxidation of the organic
matter with hydrogen peroxide Ca, Mg, K and Na were determined using an Atomic
Absorption Spectrophotopmeter (Perkin-Elmer 3030). Cation exchange capacity was
determined usinglN ammonium acetate and the adsorbed ammonium ions were distilled
as described by Jackson (1958). Effective cation exchange capacity (ECEC) was
calculated as the sum ofall exchangeable cations (sum ofexchangeable K, Na, Ca, Mg
plus IN KCl extractable Al) as proposed by USDA (1990). The anion exchange

V capacity of the samples was estimated by phosphate adsorption method as suggested by
^ Hesse(1971).
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1.3 Statistical analysis

Fifteen components consisting of charge contributing factors and parameters
of charge assessment of the samples were subjected to correlation and path analysis to
study the inter-relationships. All the samplescollectedfrom the different horizonsof the
profiles studied were included in correlation and path analysis.

2. Potentiometric titration curves

The potentiometric titration curves were prepared to determine the zpc and
the distribution of the net electric charge with varying p* and concentration of sodium
chloride (indifferent electrolyte). The procedure suggested by Van Raij and Peech (1972)
was followed. Fourteen samples representing the seven profiles, one each from the
surface and sub-surface horizons, were used for the study. The details of the soils used
were as follows.

I

(1) Kandiustult-Ap-Pilicode (8) Kandiustult-B2-Arackal
(2) Kandiustult-B2-PiIicode (9) Haplustult-Ap-Karakulam
(3) Plinthustult-Ap-Pilathara (10) Haplustult-B2-Karakulam
(4) Plinthustult-B2-Pilathara (11) Kandiustult-Ap-Maruthur
(5) Paleustult-Al-Punalur (12) Kandiustult-B2-Maruthur
(6) Paleustult-Bt2-Punalur ( 13) Haplustox-Ap-Pachalloor
(7) Kandiustult-Ap-Arackal (14) Haplustox-B-Pachalloor

Serial titration curves were made using an individual sample for each point.
To a 4 gramsampleof soil in a 50mlbeaker,appropriate amounts of NaCl, 0.1 N HCl or
0.1 N NaOH and water were added and the volume was made up to 20 ml. The final
concentration of NaCI were liO,0.1,0.01 and 0.001 N. The beakers were kept in a closed
humdified jar to prevent evaporation and were stirred occasionally. After 72 hours the
p^ was measured by immersing the calomel electrode in the sediment as recommended
by Peech (1953).

The amount of H"*" and OH" adsorbed by the soil sample at any given p^ value,
was taken as equal to the amount of HCl or NaOH added to the suspension minus the
amount ofacid orbase required tobring the same volume and the same concentration of
NaCl solution, without the soil sample to the same p^. The zpc was considered to be the
common intersection point of the titration curves carried out in the presence of four
concentrations of NaCl. The net electric charge was calculated from the amount of H
and OH' adsorbed with respect to the zpc.
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H3. EfTect ofp , salt concentration and nature of electrolytes on charge
characteristics.

The A and B horizons of three Ultisols and one Oxisol were selected for this
study. Thesamples included were Kandiustult -Ap and Bifrom Pilicode, Plinthustult-Ap
and Bt2 from Punalur and Haplustox-Ap and BA from Pachalloor.

Positive and negative charges of soils were determined by measuring the
adsorption of both anions and cations from solutions of KCl and CaCl2 as a function of
P and saltconcentration. Themethod used was similar to theonedescribed byMorais
et al.,(1976).

3.1 Determination of electric charges

. Two grams ofoven dry soil was placed in pre- weighed centrifuge tubes and
20 ml of the unbuffered electrolyte solutions was added. The P^ was adjusted to the

^ desired value by the addition of HCl or NaOH. Four P^values 3,5, 6and 8were fixed
^ . for the study. The next day the P^ was readjusted and the supernatant separated by

c^trifugation. Then the samples were washed five times with 0.2 MKCl, 0.1 MCaCl2.
P was adjusted finally to the original value with maximum possible accuracy before the
last washing. After the final centrifugation, the centrifuge tube containing the washed
soil was drained and the occluded solution volume was determined by immediate
weighing. The soil samples were then extracted four limes with 0.5 N NH4NO3. The
supernatants were collected and analysed for K,Ca and Chloride. Potassium and calcium
was determined by Atomic Absorption and Chloride by titration with AgNOa in the
presence of K2Cr04 as indicator. The amounts of cations and anions extracted corrected
for the occluded salt solutions were expressed as equivalent amounts of negative and

^ positive charges respectively.

3.2 Statistical analysis

Analysis of variance of the data obtained for the electric charges (CEC and
AEC) and inter-relationship of CEC and AEC with varying P^, and electrolyte

T' concentration for different samples was carried out following the method described by
Cochran cmcl^l957).
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4. Evaluation of methods of ion exchange measurement

4.1 Samples used.

Fourteen samples representing the A and B horizons of six Ultisols and one
Oxisol were used (Table 17).

4.2 Experimental details

Four methods were used for the determination of CEC and AEC at equal
to the soil P^. In addition to this, data on acetate CEC by MNH4 OAc (P^7) and ECEC
were also taken forcomparison. Anion exchange data byphosphate adsorption wasalso
included while making comparisonof anion exchangemethods.

4.2.1 The compulsive exchange method

This method proposed by Gillman (1979) was latermodified by Gillman and
Sumpter (1986).

^ 1 Two grams of soil was placed in apre-weighed 30 ml centrifuge tube and
equilibrated with unbuffered 0.1 M barium chloride solution at an ionic strength

^ approximating that ofthe soil solution, so that the conditions are made similar to those
found in the field. Barium onthe exchange complex was then replaced by magnesium
when the latter isadded as magnesium sulphatewithout altering thesolutionionicstrength
and P . Weighed the tubes to estimate the volume of the entrained solution and after
centrifugation, determined magnesium and chloride in the supernatant. CEC and AEC
were computed from the volumes of magnesium sulphate used, volume' of entrained
BaCh and the chloride concentration in the final supernatant.

4.2.2 Basic cation exchange capacity (CECb) and total cation exchange
Y capacity (CECt)

Methods for the measurement of CECb (Ca adsorbed), CECt (Ca+Al
adsorbed) and AEC (Cfadsorbed) were introdyced by Gillman and Sumpter (1986) and
have been described in detail be. Gillman and Abel (1987). The same procedure was
adopted.

y The samples were Ca saturated and brought to equilbrium with 0.002 M
CaCl2. The^P wa^s^adjusted to soil P^ (2.5:1; water)and 1MNH4NO3 was then used
to extract Al , Ca ^andCl from the soil. The amounts adsorbed were calculated after
allowing for entrained Al^"^, Ca^"^ and Cl".
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'i
^ 4.2.3 Electric charges by adsorption of ions from KCl and NaCl

Thismethod proposed by VanRaij andPeech (1972) is a modification of the
ion adsorptionmethod suggested by Schofield (1949).

Two grams of oven dry soil was placed in a beaker and 50 ml of 1M NaCl
was added. Th^ P^was adjusted to the soil P^ by the addition of HCl or NaOH. The
next day the P was readjusted and the suspension was transferred to a pre- weighed
30ml centrifuge tube. The supernatant was separated by centrifugation. Next the samples
were washed three times with 20 ml portions of 0.2 N solution of NaCl or KCl.
Readjustments of the P^, with HCl or NaOH/KOH were made before the last two
washings. After the final centrifugation, tlie tube was drained and ininiediately weighed.
Finally the cations and anions adsorbed were extracted five times with 20 ml of 0.5 N
NH4NO3. The supematants were collected in 100 ml volumetric flask and saved for
analysis. The amounts sodium/potassium and chloride extracted were expressed as
equivalent amounts ofnegative and positive charges respectively . Thus a total of seven

j and five methods were tried for the estimation ofCEC and AEC respectively. The details
of the methods used were as follows:-

> CEC AEC

; Ml-INAmmonium acetate (pH7) Ml - Compulsive exchange
I

M2-ECEC (sum of cations) M2 - 0.2 N KCl
I

M3-Compulsive exchange M3 - 0.2 N NaCl

^ M4-0.2NKC1 M4-"P" adsorption

M5-0.2 H NaCl M5 - 0.002 M Ca CI2

M6-CECr

M7-CECb
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4.2.4 Statistical analysis.

Analysis of variance was done to compare the effectiveness of different
methods for both CEC and AEC determinations.

5. Characterization of permaueut and pH dependent charges.

5.1 Details of soils.

Four surface samples representing three Ultisols and one Oxisol were used for
this study. The samples used were the Kandiustult-Ap from Pilicode, Plinthustult-Ap
from Pilathara,Paleustult-Ai from Punalur and Haplustox-Ap from Pachalloor.

5.2 Experimental details

Procedure suggested by Uehara and Gillman (1980) was followed. When the
solution P^ was adjusted to avalue equal to the zpc of the samples, the total net chargea-r

measured was equal to the permanent charge aP. The P 0 was located from the
potentiometric titralion curves.

^ Four grams of oven dry soil in a pre-weighed centrifuge tube with 20 ml of
1 M KCl was shaken for 1 hour. The suspension was centrifuged and supernatant

^ discarded. The residue was washed twice with 20 ml of 0.2 M KCl and then five times
with 0.01 MKCl and finally adjusted the P^ to P^^O. When P^O and equilibrium was
established, removed the supernatant solution and retained for the analysis ofK"^ and Cl".
The tubes were weighed to estimate the entrained KCl solution. The K"*" and Cl" ions
adsorbed were removed with five 20 ml washings of 0.5 M NPUNOs and determined the
K"*" and Cl" in the combined washings. After allowing for the entrained KCl, the K'̂ 'and
Cl" adsorbed were calculated as cniol (P^e") Kg"^. Then permanent charge was
calculated from the expression ap =-(K^ adsorbed -Cl" adsorbed)

Pennanent char^ was also determined by taking the difference between CEC
and AEC at P 0from the P -charge curves of the third experiment. Charge -P^curves
prepared for CEOr, CECb, AEC versus P^ also was used to calculate permonent charge
(Gillman and Abel, 1987). A ttempts were also made to calculate a p by taking the
difference between thezeropoint oftitration and zero pointofcharge from potentiometric
titration curves.

h
>
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Lastly a p was theoretically calculated from a hybrid model suggested by
^ Uehara and Gillman (1980) for amixed system consisting of permanent and variable

charge components.

6. Contribution of organic matter and sesquioxides to exchange properties of

soils.

6.1 Details of samples.

Fourteen samples representing the A and B horizons of six Ultisols and one
Oxisol were used for the experiment (Table 20).

6.2 Experimental details.

Four gram samples of soil were transferred to 50 ml beakers and the organic
matter was removed by heating over a sand bath with 30 per cent H2O2 in 1M NaOAc
buffered at 5 for four hours. The samples were repeatedly washed with distilled water
and air dried (Thompson et al.,1989). Another setof samples were repeatedly subjected
to Dithionite-citrale-bicarbonate extraction to remove the oxides (Mehra and
Jackson,I960).- One more set of the samples were subjected to H2O2 and
dithionite-citrate- bicarbonate treatment to remove organic matter and oxides. All the
samples were thoroughly washed with distilled water and air dried. The dried samples
in a centrifuge tubewere thensubjected to CEC andAEC estimation by the compulsive
exchange method.

6.3 Statistical analysis.

Simple linear regressionand multiple linear regression equations were fitted
to relate CEC and AEC to organic carbon and sesquioxides.

^ 7. Mineralogicalanalysis of clayfraction

7.1 X-ray diffraction analysis (XRDA)

One sample each from all the seven profiles was selected for XRDA. The fine
clay for the XRDA was separated as per the procedure outlined by Kunze and Dixon

y (1986). The clay was suspended inwater, washed thoroughly with distilled water and
/ then with 99 per cent ethanol. The suspension was poured on to a slide, air dried

^ andX-rayed using a Philips 1140 X-ray diffractometer using copper K-c radiation.
Identificaion of the clay minerals present in the samples was made by calculating the
characteristic diagnostic spacings.
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For complete x-ray diffraction analysis of clay two different cation
saturations were required, Mg and K, the Mg-clay solvated with glycol in addition.
K-saturated samples were further x-rayed after heat treatments.

7.2 Scanningelectron microscopic analysis.

The clay samples were dispersed in acetone and this suspension was fixed on
brass studs by evaporation with air. These studs were fitted in the circular receptacle of
the JFC fine coat iron sputter and gold was coated (Bluish violet flourescence; 8 ma and
8 Kv) for 4 minutes. The studs were then removed, placed in the SEM and scanned for
observing the surface features. Observations of the samples were made under different
magnifications and SEM pictures were taken inINDU Panchromatic Films (NP 27/120
27 Din 125 ASA).

8. Surface area estimation.

Surface area of 21 samples consisting of one surface sample and two
sub-surface samples each from the seven profiles was determined by EGME (Ethylene
Glycol Mono- ethyl ether) retention method ofCarter etal.(1965). Surface area was also
estimated from negative adsorption data solving the quadratic equation.

6.1 X 10"®S - 3.774 X 10"^"' where

'SMs the specific surface in cm lOO'̂ g;'y'the total surface charge and y" the
negative adsorption, both in cmol kg Total surface charge and negative adsorption was
determined as per methods detailed by Gillman and Uehara (1980).



RESULTS

1, Charge contributing factors and tlieir inter-relationships

p A laboratory study with six selected profiles of Ultisols and one Oxisol
r^esenting the important pedological units having wide geographical distribution in the
State has been attempted to assess the nature and magnitude of charge, the charge

^ contributing factors and their inter-relationships. The parameters used for the
assessment of charge were Cation Exchange Capacity (CEC), Anion Exchange Capacity
(AEC), theEffective Cation Exchange Capacity (ECEC), the delta pH and fluoride pH.
The charge contributingfactors studied were organic matter, clay, Fe203, AlaOs^total
R2O3, KCl extractable A1 and amounts of oxalate and dithionite extractable Fe and Al.
These 15 characters of the samples were determined, their inter- correlations worked out
and presented in Tables 2 and 3.

1.1 Parameters for the measurement of charge characteristics.

^ 1.1.1 Cation Exchange Capacity (CEC)

V
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The depthwise variation of CEC ranged from 2.1 to 9.6 cmol (P"*") kg"^ for
the Kandiustult of Pilicode, 2.6 to 6.8 in thePlinthuslult of Pilathara, 1.6 to 13.0 for the
Paleustult of of Punalur, 1.6 to 5.9 for the Kandiustult of Arackal, 2.3 to 5.9 in the case
of theHaplustult of Karakulam, 2.8 to 6.7 for the Kandiustult of Maruthur and 4.1 to 8.7
in the Haplustox of Pachallor. CEC was significanlly and positively correlated with
ECEC, organic carbon, Feo, Alo, AJd and fluoride pH. Significant negative correlation
was observed between CEC and AEC.

1.1.2. Anion Exchange Capacity (AEC)

I The AEC values varied from 0.7 to 2.1 cmol (e) Kg"^ for the Kandiustult of
Pilicode, 0.8 to 1.8 for thePlinthustult ofPilathara, 1.2 to 2.4 for the Paleustult of Punalur,
1.0 to 1.8 for the Kandiustult of Arackal, 0.4 to 1.6 for the Haplustult of Karakulam, 0.8
to 2.2 for the Kandiustult of Maruthur and from 1.7 to 2.4 for the Haplustox of Pachalloor.
AEC was significantly and positively correlated with FezOs, AI2O3 and R2O3,
Correlations obtained were significant and negative with ECEC, organic carbon and
oxalate and dithionite extractable aluminium.



Y

V

Soil Maples/
Location

(1}

Kandiustult
(Pilicodt)

Plinthuatult
(Pilathara)

PaleusUilt
(Rinalur)

< 4.

V

Table Z, Charge contributing factors and paraieters of charge assesstent

Horizon Ap" ECEC Exch.Al. Org. C Clay FceO# AlcOs ReO.
cifll ciolip*) I I I I I
Kg-^ kg-

^2) (3) (4) (5) <6) (7) (8) (9) (10)

Feo

Z

Fe

DCB

Al. Al p"
DCB (NaF)

(11) (12) (13) (14) (15)

Ap

Bi
Be

Bn
C

Ap
Bi

Bsi
Bee

Ai
Ae

Bti

Bte
Bt3

Bt4

-1,6 3.6 0.5

1.2

1.5

1.5

0.7

0.9

1,2

1.5

2.0 10.3 13.0 28.0 41.0 0.16 5.4 0.14 1.04 10.8

-1.6

-1.9

-1.9

-1.8

-1.3

-1.5

-1.8

-1.9

•1.1

-1.1

•1.2

-1.2

•1.2

•1,2

3.6

3,a

3.8

2.4

4.9

2.5

3.5

3.4

6.6

4.0

2.9

2.4

2.4

1.8

1.5

2.0

1.5

1.0

1.3

1.0

1.6

1.0

0.5

0.2

1.5

0.9

0,7

0.2

3.2

2.0

1.0

0.4

0.4

0.2

11,4

9.6

13,4

35.6

13.6

14.0

22.0

31.6

11.6
17.6

29,6

29.0

31.0

35.6

9.8

13.5'
11.3

6.8

7.0

25.3

16.1

22.4

7.0

8.5

9,0

11.5

9.3

8.0

15.1

25.3

21.2

,6.8

15.1

24.5

16.4

23.8

16.6

22.3

22.7

28.0

17.4

21.4

25.0

29.0

32.5

14.0

22.1

49.8

32.5

46.0

24.0

30.8

32.0

39.5

26.7

29.0

0.16

0,16

0.12

0.14

3.8

5.8

3.1
4.1

0.16 11.4

0.14 5.3

0,18

0.14

0,22

0,12

0,10

0,10

0,10

0.10

3.4

3.1

4.0

3.0

5.5

4.9

3.7

1.8

0.13

0.10

0.10

0.10

0.06

0,08

0.08

0.08

0.12

0,10

0.08

0.04

0.05

0.04

0.^ 10.4

0.08 10.6

0.78

0.72

9.8

9.6

0,80 10.0
0.05 10.9

0.70 10.2

1.00 9.9

1.12 10.2

1.02 10,5

0.06 10.6

0.83 9.8

0.84

0.51
9.8

9,7

fl£C^
cuKe)

kg-^
(16)

0.8

1.2

2,1

1.6

0,7

0,8

1.8

1.6

1.7

1.2

1.5

1.4

2.4

1.6

1.7

1

C£C

doKP*)

kg-^
(17)

9.6

7.1

4.1

2.8

2.1

6.8.

5.3

5.2

2.6

13.0

8,9

5,6

5,1

2.4

1.6

( Contd. )
ro
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Table Z, Chargi contributing factors and paraMters of chargc assfssMnt ( Contd. )

Soil saaples/ Horizon

<3

ECEC Exch.Al. Org. C Clay FerO, A1s03 fMb Feo Fe Alo A1 P" flEC _ CEC

Location CBOl (p^) cioKp*) Z Z Z z Z Z DCB DCB (NaF) ciol(e) cuKP^)

Kg- kg- kg- kg-
(1) (2) (3) (4) (5) (6) (7) (8) (91 (10) (11) (12) (13) (14) (15) (16) (17)

Kandiustult flp -1.2 2.6 0.4 1.1 11.8 6.8 16.8 23.6 0.10 2.3 0.04 0.50 9.8 1.0 5.9

(Arackal) Bi -1.3 4.0 0.5 1.1 12.3 8,6 24.6 33.2 0.05 2.9 0.04 0.45 9.6 1.8 4.4

Bel -1.4 3.6 0.7 0.8 16.4 7.8 26.4 34.2 0.06 4.3 0.03 0.71 8.5 1.8 4.0

Bes -1,8 4.3 1.3 0.7 17.0 9.0 28.6 37.6 0.08 3.0 0.04 0.45 8.5 1.8 3.1

Bs3 -1.4 4.3 0.9 0,3 28.8 8.4 19,8 28.2 0.07 4.0 0.03 0.53 9.9 1.3 2.1

Bs4 -1.3 3.6 1.0 0,2 33.0 7.0 23.0 30.0 0.06 2.0 0.04 0.39 9.4 1.5 1.6

Be3 -1.2 3.8 0.7 0.2 34.6 6.4 24.0 30,4 0.06 2.8 0.05 0.31 9.2 1.7 1.6

Hipluitult ftp -1.9 4.9 0.3 1.3 19.6 5.4 18.3 23.7 0.06 2.6 0.02 0.40 8.8 0.4 5.9

(Karakulai) Bi -1.4 6.4 1.5 0.7 39.2 6.2 24.8 31.0 0.06 3.8 0.04 0.42 9.6 1.4 6.1

Bs -1.5 6.4 1.8 0.5 38.0 7.3 20.3 27.6 0.06 2.6 0.05 0.39 9.2 1.1 6.6

Bes -1.5 4.3 1.6 0.3 37.6 6.5 17.8 24.3 0.07 2.8 0.05 0.47 9.3 1.3 4.8

C -1.3 5.7 1.6 0.2 31.6 7.1 23.4 30,5 0.08 2.8 0.04 0.38 9.4 1.6 2.3

Kandiustult Ap -1.7 4.9 0.9 1.2 29.6 5.8 18.3 24.1 0.08 3.5 0.05 1.13 9.3 0.8 6.7

(Harutbur) Bi -1.8 4.7 1,5 0.5 37.6 6.3 23.4 29.7 0.06 4.5 0.04 0.05 9,3 1.5 4.1

Be -1.7 4.1 1,5 0.3 37.0 9.8 21.4 31.2 0.07 5.5 0.05 0.08 9.5 1.6 4.3

Bee -1.8 3,8 1.4 0.3 27.6 11.3 22.8 34.1 0.08 4.4 0.04 0.50 9.8 2.2 5.9

C -1.8 3.0 1.3 0.2 32.0 10.8 17.3 28.1 0.08 7.8 0.04 0.46 9.4 1.4 2.8

Haplustox ftp -1.4 2.9 0.3 0.9 23.6 9.8 26,8 36.6 0.10 2.8 0.06 0.55 9.9 2.4 8.7

(Pachalloor) AB -1.6 4.8 0.3 0.5 29.6 11.3 22.1 23.4 0.12 3.9 0.06 0.30 9.9 2.0 6.6

BA -1.3 3.0 1.3 0.2 21.6 10.6 23.4 34.0 0.10 3.8 0.03 0.27 9.8 2.6 4.6

B -1,2 2.0 0.5 0.2 28.0 9.8 23.0 32.8 0.12 3.7 0.04 0.29 9.4 1.7 4.1

CO

CO
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Table 3. Correlation coefficient utri* between all pairs of 15 soil characters

ApM EC£C KCl-Al OC Z ClayZ FeiAiX AleO, Z RirOaZ FeoZ Fe^Z AUZ AldZ pH<Nj^) AEC CEC

iP" -0,092 -0.026 0.214 -0.017 -0.290 0.100 -0.114 -0013 -0.038 -0.124 0.076 0,147 -0.136 0.202

ECEC 0.3Z0 0.35r 0.061 -fl.357- -0.015 -0.227 -0.094 -0.041 -0.002 0.073 -0.212 -0.315 o.m

KCl-Al 0.021 0.179 O.OIS -0.038 -0.011 0.050 0.028 0.168 -0.075 0.156 0.703 0.026

oc: -0.669^ -0.082 -0.091 -fl,102 0.552" 0.144 0.589- 0.487- 0.411" -0.374- 0.843-

ClayX -0.243 -0.092 -0.214 -0.525- -0.180 -0.459- -0.288 -0.387* -0.026 -0.440-

Fi^X 0.233 0.779^ 0.434- 0.141 0.331- -0.029 0.525- 0.360* 0.034

AlsOa X 0.803^ -0.293 -0.128 -0.191 -0.265 -0.040 0.606- -0,004

ReOsI 0.083 0.008 0.087 -0.191 0.302 0.615- -0.017

Feo2 0.317 0.790- 0.432- 0.682- -0.086 0,471-

FSdX 0.133 -0.047 0.267 -0.106 0,142

A1.X 0.442- 0.703- -0.214 0.473-

Aid! 0.131 -0.309 0.380-

P"*MaF) 0.074 0,410*

AEC -0.176

CEC

M Significant at 1Z levil
* Significant at 51 level
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1.1.3 Effective Cation Exchange Capacity (ECEC)

ECEC values varied from 2.4 to 3.8 cmol (p+) kg-1 in the Kandiustult of
Pilicode, 2.5 to 4.9 in the Pilinthustultof Pilathara,1.8 to 6.6 in the Paleustultof Punalur,
2.6 to 4.3 in the Kandiustult of Arackal, 4.3 to 5.7 in the Haplustult of Karakulam, 3.0
to4.9 in theKandiustult ofMaruthur and fiom2.0 to4.8in theHaplustox ofPachalloor.
Positively correlated with exchangeable Al, organic carbon and CEC , ECEC showed
negative relationship withFeaOa, R2O3, AECand pH (IN NaF).

1.1.4 Delta pH (pH KCl-pHwater)

The values varied from -1.6 to -1.9in the kandiustult of Pilicode, -1.3 to -1.9
in thePlinthustult ofPilathara, -1.1 to -1.2in thePaleustult ofPunalur, -1.3 to -1.8 in the
Kandiustult of Arackal, -1.3 to -1.9 in the Haplustult of Karakulam, -1.7 to -1.8 in the
Kandiustult ofMaruthur and from -1.2 to -1.6 in the Haplustox ofPachalloor. Delta pH
was significantly and positively correlated with organic carbon and CEC, but significant
negative relationship was observed with Fe203.

1.1.5 pHlNNaF

^ The values ranged from 9.6 to 10.8 inthe Kandiustult of Pilicode, 9.9 to 10.9
in the Plinthustult of Pilathara, 9.7 to 10.6 in thePaleustult of Punalur, 8.5 to 9.9 in the
Kandiustult of Arackal, 8.8 to 9.6 in the Haplustult of Karakulam, 9.3 to 9.8 in the
Kandiustult of Maruthur and from 9.4 to 9.9 in the Haplustox of Pachalloor. Fluoride
pHwas positively correlated with organic carbon, Fe203, R2O3, Feo, Fed and AIowhile
significant negative correlations were obtained with ECEC and clay percentage.

1.2 Charge contributing factors.

1.2.1 Organic Carbon

A depthwise decrease in organic carbon content was observed in all the
profiles studied. The values ranged from 0.2 to 2per cent inthe Kandiustult ofPilicode,
0.2 io 1.5 in the Plinthustult ofPilathara, 0.2 to 3.2 in the Paleustult of Punalur, 0.2 to 1.1
in the Kandiustult ofArackal, 0.2 to 1.3 in the Haplustult ofKarakulam, 0.2 to 1.2in the
Kandiustult ofMaruthur and 0.2 to 0.9 inthe Haplustox ofPachalloor. Organic carbon

\ was found to be significantly and positively correlated with Feo, Alo, Aid, ECEC and
/ CEC. Significant negative correlations were observed in the case of AEC and clay

content.
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1.2.2 Clay content.

A depthwise increase in clay content was observed in all the profiles studied.
The variation in clay per cent was from 9.6 to 35.6, 13.6 to 31.6, 11.6 to 35.6, 11.8 to
34.6,19.6 to 39.2,29.6 to 37.6 and 21.6 to 29.6 for Kandiustult of Pilicode, Plinthustult
of Pilathara, Paleustult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,
Kandiustult of Maruthur and Haplustox of Pachalloor respectively. Significant negative
correlations were observed with Fe203, R2O3, Feo, Alo, Aid and fluoride pH in the case
of clay content.

1.2.3 Fe203 content

The values in per cent ranged from 6.8 to 13.5,7.0 to 25.3,7.0 to 11.5,6.8 to
9.0,5.4 to 7.3,5.8 to 11.3 and 9.8 to 11.3 for the Kandiustult of Pilicode, Plinthustult of
Pilathara, Paleustult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,
Kandiustult of Maruthur and Haplustox of Pachalloor respectively. Fe203 was
significantly and positively corelated with AI2O3, R2O3, Feo,Alo, fluoride pH and AEC.
Significant negative correlations were observed with ECEC and delta pH.

1.2.4 AI2O3 per cent.

Values varied from 6.8 to 28.0,15.1 to 24.5,16.6 to 28.0,16.8 to 28.6,17.8
to 24.8, 17.3 to 23.4 and 22.1 to 26.8 in the Kandiustult of Pilicode, Plinthustult of
Pilathara, Paleustult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,
Kandiustult ofMaruthurand in the HaplustoxofPachalloor respectively. AI2O3 showed
significant positive correlations with R2O3 and AEC while negative correlations were
observed with Feo and Aid.

1.2.5. Total sesquioxide (R2O3) per cent.

y Values varied from 14,0 to 41.0,22.1 to 49.8, 24.0 to 39.5, 23.6 to 37.6,23.7
to 30.5, 24.1 to 34.1 and 32.8 to 36.6 for the Kandiustult of Pilicode, Plinthustult of
Pilathara, Paleustult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,
Kandiustult of Maruthur and for the Haplustox of Pachalloor respectively.

^ R2O3 per centwasfound to givesignificant positive correlation with FezOs,
AI2O3, fluoride pHand AEC. It was negatively correlated with CEC, ECEC, clay content
and organic carbon.
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1.2.6. KCl Extractable A1

Values ranged from 0.5 to 1.5 cmol (P"*^ kg'̂ for the Kandiustult of Pilicode,
0.8 to 1.5 for the Plinthustult of Pilathara, 1.0 to 2.0 for the Paleustult of punalur, 0.4 to
1.3 for the Kandiustult of Arackal, 0.3 to 1.8 for the Haplustult of Karakulam, 0.9 to 1.5
for the Kandiustult of Maruthur and from 0.3 to 1.3 for the Haplustox of Pachalloor.
Significant positive correlation was observed betweenKCl-Al and ECEC. Though not
significant, positive correlations werealsoobserved with Alo, clay content and fluoride
pH.

1.2.7. Oxalate Extractable Fe (Feo) per cent.

Values varied from 0.12 to 0.16,0.14 to 0.18, 0.10 to 0.22,0.05 to 0.10.
0.06to 0.08,0.06 to0.08 andfrom 0.10 to 0.12in the KandiustultofPilicode,Plinthustult
of Pilathara, Paleiistult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,

, Kandiustult of Maruthur and Haplustox of Pachalloor respectively. Significant
positive correlations wereobserved withCEC, FezOs, organic carbon, Alo, Aid andFed.
Correlations obtained were significant and negative with AI2O3 and clay content.

1.2.8 Dithionite Extractable Fe(Fed) per cent.

Content ranged from 3.10 to 5.80 in the Kandiustult of Pilicode, 3.05 to 11.35
in the Plinthustult of Pilathara, 1.80 to 5.50 in the Paleustult of Punalur, 2.00 to 4.29 in
the Kandiustult of Arackal, 2.60 to 3.82 in the Haplustult of Karakulam, 3.50 to 7,80 in
the Kandiustult of Maruthur and from 2.80 to 5.67 in the Haplustox of Pachalloor. Fed
was positively conelated with Feo, fluoride pH and organic carbon whereas negatively
with AEC, clay content and AI2O3 percentage.

1.2.9 Oxalate Extractable A1 (Alo) per cent.

V Values ranged from 0.1 to 0.14 in the Kandiustult of Pilicode, 0.06 to 0.08 in
the Plinthustult of Pilathara, 0.04 to 0.12 in the Paleustult of Punalur, 0.03 to 0.05 in the
Kandiustult of Arackal, 0.02 to 0.05 in the Haplustult of karakulam, 0.04 to 0.05 in the
Kandiustult ofMaruthur and from 0.03 to0.06 in the Haplustox of Pachalloor. Significant
positive correlations were observed with Aid, fluoride pH, CEC, Feo, FezOs and organic
carbon. It was negatively correlated with AEC and AI2O3 though the correlations were
not significant.
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Table 4. Sose physical and cheiical characteristics of the saapleslFor other characteristics refer to table 2)

Saiples/
Location

Horizon PH E.C Sand

X

Silt

Z

Clay

1

Exch. cations ciol (P*l Kg""*

Uater

1:1 1:H.5

1H KCl

1:2.5

O.OIH

CaCle

1:2,5

1(ttaF

1:50

dSB""' Ca Mg K Na

Kandiustult Ap 5.0 5.S 4.2 4.2 10,2 0,06 B1.4 4.8 10.3 2.08 0.82 0.08 0.11

(Pilicode) Bi 5.2 5.8 4.2 4.1 10.4 0.04 80.6 8.0 11.4 1.66 0.64 0.04 0.10

Be 5.6 5.8 3.9 4.0 10.6 0.08 81.4 9.0 9.6 1.43 0.77 0.04 0.13

Bs3 5.2 5.9 4.0 4.0 9.8 0.08 78.6 8.0 13.4 1.60 0.61 0.03 0.10

c 5.4 5.8 4.0 4.2 9.6 0.06 56.4 8.0 35,6 1.05 0.52 0.03 0.11

Plinthustult Ap 4.6 5.1 3.8 4,0 10.0 0.05 72.4 14,0 13.6 3.20 0.64 0.06 0.12

(Pilathara) Bi 4.6 5.1 3.6 3.8 10.9 0.06 74.0 12.0 14.0 0,98 0.24 0.04 0,09

4.8 5.3 3.5 3,7 10.2 0.08 64.0 14.0 22.0 1,50 0.33 0.05 0.14

Bee 5.5 5.6 3.7 3.9 9.9 0.08 54.4 14.0 31.6 , 2.00 0.49 0.04 0.10

Paleustult Ai 4.3 5.2 4.1 4.0 10.2 0.20 80.4 6.0 11.6 3.35 1.56 0.09 0.09

(Punalur) Ab 4.9 5.2 4.1 3.9 10.5 0.14 74.4 8.0 17.6 1.28 0.58 0.05 0.09

Bti 5.1 5.3 4.1 3.9 10.0 0.14 64.4 6.0 29.6 0.53 0.77 0.03 0.10

Bte 5.3 5.5 4.3 4.0 9.8 0.18 63.0 8.0 29.0 0.28 0.39 0.03 0.08

Bt, 5.2 5.4 4.2 3.9 9.8 0.05 58.0 11.0 31.0 0.46 0.62 0.03 0.08

BI4 5.1 5.4 4.2 3.9 9.7 0.09 49.0 15.0 35.6 0.35 0.34 0.03 0.08

Cantd. }

CO
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Table 4. Soie physical and cheiical characteristics of the saaplesiFor other characteristics refer to table 2) ( Contd. )

SaAples/ Horizon E.C Sand Silt Clay Exch. cations ciol (P*) Kg"*
Location

Hater

1:1 1:2.5

IK KCl

1:2.5

D.01H

CaCle
1:2.5

imaF

1:50

dSfc""* t 1 1 Ca Hg K Na

Kandiustult ftp 4.8 5.6 4.4 4.4 9.a 0.14 79.2 9.0 11.8 1.32 0.75 0.05 0.12

(Pilicode) 4,9 5.7 4.4 4.5 9.6 0.12 76.7 11.0 12,3 1.52 1.66 0.23 0.16

Bsi 4.6 5.4 4.0 4.0 8.5 0,08 73.6 10.0 16.4 1.60 1.08 0.10 0,14

Bes 4.7 5.6 3.8 3.9 8.5 0.08 74.0 9.0 17.0 1.57 1.27 0.07 0,13

Bra 4.6 5.4 '4.0 4.1 9.9 0.08 58.2 13.0 28.8 • 2.23 1.03 0.04 0.11

Bz4 4.7 5.4 3.9 4.1 9.4 0.08 53.0 14.0 33.0 1.63 0.86 0.04 0.10

Bes 4.6 5.3 4.1 4.2 9.2 0.08 50.4 15.0 34.6 0.96 0.40 0.05 0.18

HaplustuU fip 5.3 5.6 3.7 3.4 8.8 0.14 68.4 12.0 19.6 2.36 1,39 0.70 0.12

(Karalculaa) Bi 4.9 5.3 3.9 3.5 9.0 0.16 49.4 10.0 39,2 1.87 1.64 0.29 0.10

Be 4.7 5.4 3.9 3.5 9.2 0.05 51.0 11.0 38.0 0.81 0.63 0.08 0,11

Bra 4.4 5.3 3.8 3.5 9.3 0.21 52.0 10.0 37.6 1.0 0.50 0.04 0.11

C 4.3 5.3 4.0 3.6 9.4 0.19 58.4 9.6 31.6 1.05 1.62 0.34 0.12

Kandiustult Ap 4.4 5.3 3.6 3.7 9.3 0.03 62.4 8.0 29.6 2,90 0.90 0.11 0.10

(Karuthur) Bi 4.5 5.4 3.6 3.7 9.3 0,06 53.4 9.0 37.6 1.15 0.93 0,05 0,12

Be 4.4 5.3 3.6 3.7 9,3 0.08 54.0 9.0 37.0 1.26 1.24 0,03 0.12

Bee 4.5 5.4 3.6 3.7 9.4 0.06 64.4 8.0 27.6 0.49 0.83 0.03 0.13

C 4.9 5.4 3.6 3.6 9.4 0.08 60.0 8.0 32.0 0.92 0.58 0.05 0,19

Haplustox ftp 4.1 4.8 3.4 3.8 9.1 0.08 68.4 8.0 23.6 1,38 0,61 0.53 0,16

(Pachalloor) AB 4.3 5.1 3.5 3.9 9.1 0,14 62.4 8.0 29.6 0.96 0.45 0.24 0,17

BA 4.1 4.8 3.5 3.9 9.4 0,16 66.4 12,0 21.6 1.01 0.47 0.07 0.16

B 3.9 4.6 3.4 3.8 9.4 0.18 64.0 8.0 28.0 0.95 0,41 0.03 0.12

to
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1.2.10 Dithionite Extractable A1 (Aid) per cent.

Values varied from 0.08 to 1.04, 0.05 to 1.0, 0.06 to 1.12, 0.31 to 0.71, 0.38
to 0.47, 0.05 to 1.13 andfrom 0.27 to 0.55 in the Kandiustult of Pilicode, Plinthustult of
Pilathara, Paleustult of Punalur, Kandiustult of Arackal, Haplustult of Karakulam,
Kandiustultof Maruthur and Haplustox of Pachalloor respectively.

Correlations obtained with CEC, Alo, Feo and organic carbon were
significant and positive while negative correlations were observed with AEC, AI2O3,
R2O3 and clay content.

1.2.11. Other physico-chemical characteristics.

Data on pH, EC, granulometric composition and the exchangeable cations
suite of the profiles is given in Table 4. An increase in clay content with depth was
observed in all the seven profiles. The sand fraction showed a decrease in contentwith
depth and the surface horizons of all the profiles registered the highest value. Silt
percentagealso increased with depth though the increase was only marginal.

The pH value of all the samples were in the acidic range, pH water was
greater than pH KCl and pH CaCb- pH water was higher with a soil: water ratio of 1:2.5
than with 1:1, while pH KCl and pH CaCh recorded more or less the same values. A
slight increase in pH was noticed in the sub-surface horizons of all profiles.

Delta pH (pH KCl - pH water) showed negative values for all the samples.
Though much variations were not oberved, delta pH values were in general higher for
the surface horizons than the sub-surface samples.

Electrical conductivity was very low and not much variation was observed
with depth, though a slight increase was noticed for sub-surface horizons.

Exchangeable cations were higher in the surface horizons than the sub-surface
horizons.The relative abundance of the cations was in the decreasing order of Ca:^g>
N^K. An unusual observation that was found in the study was the increase in the
percentage base saturation with depth in all the profiles. Values of ECEC has exceeded
the CEC in all the samples for the lowest depth.
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1,3 Charge contributing factors in relation totiie major paranilters of ciiarge
^ measurements

The direct and indirect effects of the various charge contributing factors to
the major parameters of charge measurement namely CEC and AEC were brouglit out
by path coefficient analysis.

1.3.1. The direct and indirect effects of charge contributing factors on cation
exchange capacity

The correlation matrix between different charge contributing factors is
presented in Table 3 and the path coefficient analysis showing the direct and indirect
effects of charge contributing factors on CEC is given in Table 5.

Fromthepath coefficient analysis givenin Table5 it was observed that the
maximum positive direct effect on CEC (0.973) with a significant positive correlation
(0.843) was recorded in the case oforganic carbon. Theindirect negative effects ofR2O3
(0.109) was notsufficient to cause a substantial reduction in the correlation coefficient.
AI2O3 through its positive indirect effect has further influenced the CEC.

V Claycontentclearlyindicatedapositivedirecteffect (0.317) thoughits effect
was nullified and made negative by the indirect negative effects especially of R2O3
followed by organic carbon.

Fe203 and A1203 of the soils had contributed negative direct effects (-2.270
and -2.236 respectively) on the CEC. The direct effect of KCl extractable A1 was also
negative (-0.083) thoughnot significant. Both oxalate extractableFe and A1 registered
positive correlations (0.471 and 0.473 respectively) with a direct positive effect (0.171)
in the former case and a direct negative effect (- 0.280) in the latter. It also influenced
the CEC by its indirect positive effects through AI2O3, organic carbon and R2O3 (0.654,
0.537 and 0.306 respectively) in the case of the oxalate extractable iron, whil| AI2O3 and
R2O3 (0.428 and 0.321 respectively) contributed the indirect positive ef^cts for the
oxalate extractable Al.

V

Delta pH influenced CEC positively through direct and indirect effects. The
correlation was positive though not significant. Maximum negative indirect effect was
contributed by R2O3 (-0.417) and positive indirect effect was chiefly through Fe203
(0.659). Fluoride pH indicated a direct positive effect (0.248) on CEC. Positive indirect
effects were contributed from R2O3 (1.109) and organic carbon (0.400). Table 6
represents the abstract of the path coefficient analysis showing the direct and indirect
effects of charge contributing factors on CEC. The residual effect was 45.9 per cent.



Table.3. Path Coefficient analysis shoving the direct and indirect effects of
charge contributing factors on CEC

ECEC KCl-Al [x:x clayZ AUQaX ReOaZ Fe«2 A1«I Au: ^ (MaF) r iesidual

effect

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ApH

ECEC

KCI-fll

OCX

Clayl

FeeOa'̂

AIeOsX

ReOaZ

Fiot

Fe^Z

AUX

Al^:

p" (HaF)

0.086 -0.008 0.002 0.208 -0.005 0.659 -0.223 -0.417 -0.002 0.000 0.035 0.003 0.037 0.202

0.003 - 0.093 -0.026 0.342 0.019 0.811 0.034 -0.832 -0.016 0,000 0.000 0.003 -0.053 0.386*

0.002 0.030 -0.082 0.020 0.057 -0.040 0.085 -0.040 0.008 0.000 -0,047 -0.003 -0.053 0.026

-0.018 0,033 -0.002 0.973 -0.212 0.185 0.204 -0.374 0.014 -0.002 -0.165 0.024 0,102 0.843"

0,001 0,006 -0,015 -0,651 0,317 0,551 0.E06 -0.786 -0,089 0,002 0.128 -0,014 -0,096 -0,440** 0,459

0,025 0.033 -0.001 -0.079 -0,076 -2,270 -0.565 2.858 0,074 -0,002 -0.092 -0.001 0.103 -0,034

-0.009 -0,001 0.003 -0,009 -0.029 -0.573 -2.235 2.948 -0.050 0.002 0.054 -0.013 -0,010 -0.004

0,010. -0.021 0.000 -0,099 -0,068 -1,768 -1.796 3,669 0,014 0,000 -0,024 -0.009 0.075 -0.017

0.001 -0,009 -0,004 0,537 -0,166 -0.985 0.654 0,306 0.171 -0,004 -0.221 0.021 0.169 0.471«

0.003 -0.004 -0.002 0,140 -0,057 -0,321 0,285 0.029 0.054 -0.012 -0,037 -0.002 0.066 0.142

0,011 0.000 -0.014 0,573 -0,145 -0,750 0.428 0,321 0,135 -0,002 -0,279 0,022 0,175 0,473h

-0.007 0.007 0.006 0.474 -0,091 0.067 0,592 -0,702 0,074 0.001 -0.124 0.050 0.033 0.380*

-0.013 -0.020 -0.013 0.400 -0.123 -1.192 0.090 1.109 0.117 -0.003. -0.197 0.006 0,248 0.410*

i* significant at level
significant at 51 levle

ro
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Table 6. Path coefficient analysis (abstract) ^lotdng the direct and indirect effects oi catioi eMdiange capacity.

Factors Direct

effect

Total indirect

effect

rbu<in»jni indirect effect

Positive Negative

Correlation

coefficient

Refltarks

ipH 0,086 0,116 Fe=03 R=A3 0-202 •

ECEC 0-093 0.293 FeaOa followed by • RaOa
organic carbon 0.386

KCl^l -0.083 0-109 A1=03 Alo 0.026 y positive direct effect
negative.

Organic
Carbon 0,973 -0.130 A1=03 RaOa 0.843

ClayX 0,317 ~OJb/ FeaOa followed by RsCU followed by -0.440 Y* negativef direct efffect
AlaOa organic carbon positive.

FeaOaX -2.270 2.236 R=03 AlsOa -0.034 Indirect effect reduces the V.

AIsAbX -2,?3A 2.232 R=A3 Fe=03 •K).004 Indirect effect reiices t^.e Y*

RzOsJi 3,669 -2.m AlaOa and FezOg -0.017 Indirect effect re«ijces f-e Y'

Feb% 0.171 0-300 AlsGb followed by FeaQa 0.471

organic carbon and RaOa

Fe^X -0,122 0-264 AlaOg FSaOg 0.142 Direct effect ne^ive Y'is
positive

AUX 0.050 0.330 AlaQs followed by RaOa 0.380 Indirect effect is

organic carbon responsible for the hi^ Y*
AltjX -0-280 0-753 AlzOs followed by Fe=03 0.473 Direct effect negative ar<d Y'is

R=03 positive
pH (Naf) 0,248 0,162 RsOs followed by FeaOa 0.410

organic carbon

CO
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1.3.2 The direct and indirect effects of charge contributing factors on
anion exchange capacity.

The path coefficient analysis giveninTable7 revealed that the R203% had
the maximum positive direct effect (13.095) on the AEC of soils studied. Significant
positive correlation wasobserved with R2O3 (0.615) andAEC. However theexpression
of the direct positive effect of R2O3 was considerably influenced through the negative
indirect effects of Fe203 followed by AI2O3 (-6.328 and -6.314 respectively). As the
direct effect of R2O3 was so pronounced, the total net effect and correlation was made
positive. AI2O3 contributed anegative direct effect (-7.859) onAEC. However thetotal
indirect effect was positive (8,466). Maximum positive indirect effect was through R2O3
(10.520) while maximum negative indirect effect was contributed by Fe203, the effects
of other factors being less pronounced. Extremely high and positive indirect effect had
resultedin a net positive and significantcorrelationin spite of an equally negative direct
effect. /

The contribution of Fe203 was also in a similar maimer as that of AI2O3 with

a negative direct effect (- 8.125). The correlation was made significant and positive
(0.360) by the highly positive indirect effect (8.485) chiefly contributed by the R203%.

^ Organic carbon contributed a negative direct effect (-0.621) to AEC apart
from its indirect positive influence through Fe203 (0.663) and AI2O3 (0.717). Organic
carbon was significantly and negatively correlated with AEC. Direct negative effect of
organic carbon was more than the correlation coefficient.

The direct effect of KCI-Al (0.224) though not significant was also positive.
It influenced AEC through its indirect negative effect contributed by R2O3followed by
Fe203. However the direct effect was more pronounced and greater than the correlation
coefficient (0.103). Fluoride pH contributed positive direct effect on AEC (0.203). The

y total indirect effect was negative (-0.129) and influenced through Fe203 followed by
organic carbon and delta pH. The direct effect was greater than the correlation
coefficient. The residual effect was 52.18 per cent. Table 8 represents the abstract of
the path coefficient analysis showing the direct and indirect effects of charge conrtibuting
factors on AEC.

2. Potentiometric titrations.

^ The data on net electric charge and zpc ofthe samples, as determined by the
potentiometric titrations are shown in Figures 4 to 17 and Appendix 1 to 14. It is evident

^ from the data given in the appendix that thezero pointof titration didnot coincide with
zpc. In all the cases the zpc was displaced towards the acid side of the curve, from the

-i
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Table 7. Path Coefficient analysis showing the direct and indirect effects of charge contributing factors on AEC

ECEC KCl-Al OCX clayX FesOsX AlcOaX ReOaX FSoX Fe^X AloX AUX p« (HaF) r iiesidual

sffect

1 2 3 4 5 6 7 8 9 10 • 11 12 13 14 15

ApH

ECEC

KCl-AI

OCX

ClayX

FecOaX

AIeOsX

ReOsX

FfioX

FtdX

(\UX

^'dF)

0.072

-0.007

-O.OOE

0.015

0.001

-0.020

0.007

-0.008

-0.001

-0.003

-0.006

0.005

0.010

0.011

-0.124

-0.039

-0.044

-0,008

0.044

0.001

0.02B

0.012

0.005

0.000

-0.009

0.026

-0.006

0.071

0.224

0.005

0.040

0.004

-O.OOfi

-0.002

0.001

0.006

0.038

-0.017

0.035

-0.133

-0.218

-0.013

-0.621

0.415

0.050

0.066

0.063

-0.343

-0,089

-0.366

-0.302

-0.255

0.003

-0.011

-0.033

0.121

-0.182

0.044

0.014

0.039

0.096

0.033

0.084

0.052

0.071

2.360

2.903

-0.144

0.622

1.971

-6.125

-2.052

-6.328

-3.524

-1.147

-2.635

0.238

-4.268

-0.784

0.120

0.297

0.717

0.725

-1,985

-7,859

-6.314

2.299

1.004

1.504

2.083

0.316

-1.488

-2.967

-0.144

-1.336

-2.806

10.198

10.520

13.095

1.091

0.103

1.144

-2.504

3,958

-0.008

-0,054

0.029

0.320

-0.304

0.251

-0.169

0.048

0.579

0.184

0.458

0.250

0.395

** Significant at IX level
t Siqnificanl at 5 X level

0.007

0.007

-0.005

-0.026

0.032

-0.025

0.023

-0.001

-0.057

-0.179

-0.024

0.008

-0.048

0.068

0.001

-0.091

-0.321

0.250

-0.080

0.104

-0.048

-0.431

-0.072

-0.545

-0.241

-0.383

0.007 0.030 0.136

0.007 -0.042 -0.315

-0.007 0.032 0.103

0.048 0.083 -0.374*

-0.028 -0.078 0.026

-0.002 0.106 0.360i 0.522

-0.026 -0.080 0,606«

-0.019 0.061 0.615«

0.043 0.138 -0.086

-0.004 0.054 -0.106

0.043 0,143 -0.214

0.099 0.027 -0.30?

0.013 0.203 0.07*

cn
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Table 8. Path coefficient analysis shoving the direct and indirect effects of charge contributing factors on anion excha^ cavity
(abstract)

Factors Direct

effect

Total

indirect

effect

HaxiMii indirect effect correlation
coefficient

Positive Negative V

Reiarks

.pH 0.072 0.064 FesOs AIsQs 0.136

ECEC -0,124 -0.190 FefiOs ReOa -0.315

Kcl-AI • 0.2Z4 -0.121 A1^03 ReOs folloved
by FezOa

0.103 Direct effect lore than ^r'

Qrganic
carbont

-0.621 0.247 AleOs folloved
by FeeOa

ReOs -0.374 Direct effect tore than V

CUy X -0.162 0.155 FCeOa folloved
by AlsOa and
organic carbon.

Re03 0.026 Direct effect negative *r' is positive

FezOaZ -8.125 8.485 ReOa A1<r03 0.360 Direct effect negative *r' is positive

AleOat -7.859 8.466 RcOa Feeds 0.606 Direct effect negative V* is positive

13.095 -12.480 FeeOa folloved

by AleOs
0.615 Direct effect nullified by the negative

indirect effects of FeeOs and AUos

( Contd. )

cn
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Table 8. Path coefficient analysis shoving the direct and indirect effects of charge contributing factors on anion exchange capacity
(abstract) <contd. )

Factors Direct Total Haxiaui indirect effect correlation
effect indirect coefficient

effect Positive Negative *r'

Reurks

Feo t

Fed t

Mot

Aid X

0.379 -0.663 AleOs folloved FeeOs
by RaOa

-0.086 Direct effect positive, V is less and negative

-0.179

-0.545

0.073

0.331

0.099 -0.409

p" (NaF) 0.203 -0.129

AlsO, FeeO,

AleOa fol loved FecOa
byReO,

AIzO, ReOa

-0.106

-0.214

-0.309

AleOa fallowed FesOa followed
by RsOs and by Organic 0.074

carbon and

Feo p"

Direct effect and *r* both negative

Direct effect and V negative. Direct effect
greater than V

Direct effect positive V is negative,
^r* greater than direct effect

Direct effect greater than 'r' and positive

•vj
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Fig. 4 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
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r1cmol(+/-)kg

NaCI;

ZPC.;.a.7

IN 0.1 N

PH

0,01 N •e- 0.001 N

KANDIUSTULT - Ap (Pilicode)

U



Y 4 A

Fig, 6 : Net etectric charge as a
function of pH and concentration of

Sodium Chloride
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Fig. 5 : Net electric charge as a
function of pH and concentration of

Sodium Ghbride
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Fig. 7 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
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function of pH and concentration of
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Fig. 9 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
Net electric charge
cnnoi(+/-)kg ^
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Fig. 10 : Net eSectric charge as a
function of pH and concentration of

Sodium Chloride
Net electric charge
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Ftg. 11 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
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Fig. 12 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
Net electric charge

cmoi(+/-)kg ''
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FSg. 13 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
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Fig. 14 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
Net electric charge
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Fig. 16 : Net electric charge as a
function of pH and concentration of

Sodium Ghbride
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Fig, 16 : Net electric charge as a
function of pH and concentration of

Sodium Chloride

Net electric charge
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Fig. 17 : Net electric charge as a
function of pH and concentration of

Sodium Chloride
Net electric charge
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Fig. 18 (a) Experimental and theoretical
net negative charge against double layer

potential (1 N NaCI)
Net negative charge, (r<

cmol(p'̂ )l<g''
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Fig, 18 (b) Experimental and theoretical
net negative charge against double layer

potential (0.1 N NaCI)
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Fig. 19 (a) Experimental and theoretical
net negative charge against doubte layer

potential (0.01 N NaCI)
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Fig. 19 (b) Experiinental and theoretical
net negative charge against double layer

potential (0.001 N NaCI)
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zero point of titration. The maximum shift was by avalue of 3.5 cmol (P"*") Kg"^ in the
case of Haplustult-Ap from Karakulam and the minimum by a value of 1.6 cmol (p"^)
Kg"^ in the case of the Kandiustult B2 from Pilicode. The zpc values obtained was
invariably lower for the surface samples in all the profiles than the sub-surface. The
double layer theory for a reversible interface was employed in the study to predict the
variation of electric charge of the soils with pH and electrolyte concentration.
Accordingly the net negative surface charge density was calculated as a function of the
surface potential and the results are plotted in Fig 18 (a) to 19(b). The surface potential
used inmaking the plots shownwas calculated by equation 'ip0=59 (zpc-pH) mV at 25°C.

The surface charge used in constructing the curve labelled "Gouy-Chapman"
was calculated directly by the Gouy- Chapman equation, after introducing the value of
\pO given by the above equation.

3. Effect of pH, salt concentration and nature of electrolytes on charge

characteristics.

3.1 pH and concentration effect.

The charge distribution of the various soils studied as determined by the four
.y methods ofion adsorption measurement are presented in table 9 and infigure 20 to 27.

The results of the statistical analysis of the data is presented in tables 10 to 16. The curves
show that positive charges decrease and negative charges increase with increase in pH.
A net positive charge was seen in the Kandiustult-B2 of Pilicode, Paleustult-Bt2 of
Punalur and Haplustox-BA of Pachalloor at pH 3. This effect vanished with a decrease
in concentration of the electrolyte.

As pH increased to five all the samples gave negative net charge values. With
a decrease in the electrolyte concentration the magnitude of positive and negative net
charge decreased. This effect though significant was less pronounced in the case ofCaCl2.
The concentration effect upon the electric charges were not spectacular as in the case of
pH effect mentioned above . Relatively large variation in CEOr, CECb and AEC was
observed between pH 4 and 7 in all the four samples studied. CECt and CECb decreased
drastically withdecrease inpHfrom 7 to4whilesignificant generation ofanionexchange
sites was observed at low pH (figures 36 to 39).
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Table 9. Variation of electric charges at different p" values and electrolyte concentrations

8oil Horizon pH 0.2N.KC1 (Ei) 0.03 Ul (Es) 0.01[j CaCIs (Ea)

Neg. Pos. Net. Neg. Pos. Ket. Neg. Pos.

CMl (p-/e]' Kg-1 cool (pVe) K9-1 HOl (pVe)

Kandiustult
(Pilicode) (Si) Ap3 2.8 1.4 -1.4 2.4 1.1 -1.3 2.6 1.3

5 4.2 0.9 -3.3 3.7 0.6 -3.1 4.0 0.8
6 5.0 0.6 -4.4 4.4 0.3 -4.1 4.6 0.4
a 7.0 0.4 ' -6.6 6.1 0.1 -6.0 6.4 0.3

Kandiuitult Be3 2.0 2.4 +0.4 1.8 2.0 +0.2 . 1.8 1.9
(Pilicode) (Sz) 5 2.2 2.1 H).1 2.1 1.6 -0.4 2.1 2.0

6 3.1 1.6 -1.5 2.6 1.2 -1.4 2.6 1.4
8 4.8 0.9 -3.7 3.2 0.3 -2.9 4.4 0.7

Plinthustuit 3 4.2 2.1 -2.1 3.4 1.6 -1.8 4.0 2.0
(Pilathara) (S3) Ap 5 5.8 1.2 -4.6 4.9 1.0 -3.9 5.2 1.0

6 6.4 0.6 -5.8 5.4 0.2 -5.2 6.0 0.4
8 7.8 0.2 -7.6 6.1 . 0.2 95.9 7.2 0.2

Plinthustuit 3 2.9 1.6 -1.3 2.3 1.2 -1.1 2.6 1.5
(Pilathara) (84)621 5 3.7 1.3 -2.4 3.1 0.9 -2.2 3.5 1.2

6 4.4 0.6 -3.8 3.8 0.3 -3.5 4.1 0.4
8 5.9 0.1 -5.8 4.9 0.0 -4.9 5.6 0.2

Net.

Kg--

-1.3

-3.2

-4.2

-6.1

+0.1

-0.1

-1.2

-3.7

-2.0

-4.2

-5.6

-7.0

-1.1

-2.3

-3.7

-5.4

0.01 CaCU (E4)

Neg.

CiOl

2.5

3.6

4.3

6.4

1.6

2.1

2.4

4.1

4.4

4.8

5.3

6.4

2.5

3.4

4.0

3.2

Pos. Net.

(pVe) Kg-i

1.2

0.6

0.4

0.1

1.6

1.6

1.2

0.6

1.6

O.fi

0.2

0.2

1.3

1.0

0.2

0.2

-1.3

-3.0

-3.9

-6.3

0.0

-0.5

-1.2

-3.5

-3.4

-4.0

-5.1

-6.2

-1.2

-2.4

-3.8

-5.0

( Contd.

CO



Table 9. Variation of electric charges at different p" values and electrolyte concentrations ( Contd. 1

O.OS N.KC1 (Ee)Soil Horizon pH 0.2H.KC1 (El) O.OIfjCaCU {Es) 0.01 n CaCU (E«}

Paleustult 3
(Punalur) (S?) Ai 5

6

a

Paleuitult 3
{hinalur) (S6)Bte 5

6

8

Haplustox 3
(PachalloorKSrjAp 5

b

a

Haplustox 3
(Pachalloor)(Ss}BA 3

6

8

Neg. Pos. Net. Neg. Pos. Net. Neg. Pos. Net. Neg. Pos. Net..

CHl (pVe) Kg-i ciol (pVe) Kg-i ctol (pVe) Kg-i ciol (pVe) Kg-i

3.3 1.2 -2.1 2.9 1.2 -1.7 3.2 1.2 -2.0 3.8 1.4 -2.4
6.8 0.9 -5.8 5.9 0.6 -5.3 6.1 0.8 -5.3 5.3 0.6 -4.7
7.5 0.4 -7.1 6.2 0.2 -6.0 6.6 0.5 -6.1 5.9 0.4 -5.5
7.8 0.2 -7.6 6.8 0.0 -6.8 7.3 0.2 -7.1 6.4 0.1 -6.3

£.2 2.6 iO.4 2.1 2.4 +0.3 1.6 2.4 +0.6 1.8 2.1 +0.3
2.6 2.4 -0.2 2.5 2.0 -0.5 2.3 2.1 -0.2 2.1 1.6 -0.5
3.5 1.2 -2.3 3.5 1.1 -2.4 2.6 0.6 -2.0 2.9 0.8 -2.1
4.4 0.4 -4.0 4.2 0.2 -4.0 3.8 0.2 -3.6 3.6 0.2 -3.4

3.3 2.8 H).5 3.2 2.3 -0.9 3.4 2.6 -0.8 3.1 2.4 -0.7
4.3 2.2 -2.1 4.0 2.0 -2.0 4.1 2.0 -2.1 3.6 1.8 -1.8
4.8 0.6 -4.2 4.8 0.8 -4.0 4.8 0.6 -4.2 4.2 1.0 -3.2
5.4 0.2 -5.2 5.2 0.2 -5.0 5.9 0.2 -5.7 4.9 0.2 -4.7

2.4 3.1 +0.7 2.4 2.Z ~0.Z 1.4 2.5 +1.1 1.8 2.2 +0.4
3.1 2.4 -0.7 2.9 0.8 -2.1 2.4 2.3 -0.1 2.2 1.8 -0.4
4.8 1.6 -3.2 4.1 0.2 -3.9 3.6 0.8 -2.8 3.2 0.9 -2.3
3.6 0.4 -5.2 4.8 0.2 -4.6 4.9 0.2 -4.7 4.8 0.2 -4.6

CH'
O
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Fig. 20 : Variation of positive and
negative charges as a function of pH

and electrolyte concentration
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negative charges as a function of pH

and electrolyte concentration
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Fig. 29: Curves of CEC and AEC versus pH
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Fig. 30: Curves of CEC and AEC versus pH
measured in two concentrations of KCI
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measured in two concentratfons of KCI
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Fig. 32; Curves of CEC and AEC versus pH
measured in two concentrations of CaC^
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Fig. 33: Curves of CEC and AEC versus pH
measured in two concentrations of CaClg
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Fig. 34: Curves of CEC and AEC versus pH
measured in two concentrations of CaCIo
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Table 10. CEC as influenced by different electrolytes in
different soils at different pH values.

Electro

lytes .

El

Ee

E,

E4

pfl

pHa

pHs

pH&

pHs

Si

4.75

4.15

4.40

4.20

2.57

3.88

4.57

6.48

Sa

3.02

2.42

2.72

2.55

1.80

2.12

2.68

4.13

F (E) = 60.53

F (S) = 432.57
F (pH) = 1004.49

Soils

Sa S4

6.05

4.95

5.60

5.22

4.00

5.17

5.78

6.88

4.22

3.52

3.95

3.77

2.57

3.42

4.08

5.40

F (ExS) ==4.07

F (ExpH) = 5.12
F (SxpH) = 15.37

S5

6.35

5.45

5.80

5.35

3.30

6.02

6.55

7.08

S4

3.17

3.07

2.62

2.60

1.98

2.37

3.13

4.00

S7

4.45

4.30

4.55

3.95

3.25

4.00

4.65

5.35

Ss

3.98

3.55

3.07

3.00

2.00

2.65

3.93

5.03

pH

pHs pH6 pHipH,

2.88

2.56

2.60

2.69

4.08

3.63

3.71

3.39

494 6.08

4.35 5.16

4.36 5.69

4.03 5.23

CD (0.05) E

CD (0.05) 3

CD (0.05) pH

CD (0.05) ExS

CD (0.05) ExpH

CD (0.05) Sxpfl

0.107

0.152

0.107

0.303

0.215

0.303
cn

-U
o

P
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3.2 The Electrolyte effect

At lower pH values higher concentration of monovalent electrolyte gave
higher estimates of CEC. The same was true for AEC also. When pH was 3, highest
dose of KCl gave maximum CEC values and the lowest dose of CaCl2 was equally
effective. No significantdifferences in CECwas seen at the two levels of CaCh (figures
32 to 35). At the highest pH level (he lowest dose of both the electrolytes was equally
effective, the maximum being estimated by CaCh. At higher pH, KCl recorded maximum
CEC values (figures 28 to 31). For AEC measurements the effect of electrolyte
concentrationwas not much pronounced as in CEC since the anion is the same though
the individual and interaction effects were significant. The effect of associatied cation
and concentration was not reflected in the case of AEC.

The analysis of variance showed significant effectdue to pH and electrolyte
concentrationon the estimated values of CEC and AEC. Although the differences in the
electric charge was chieflypH and concentration dependant, the analysis of variance had
revealed significant effects due to soils too. The interactions, Soil x Electrolyte, Soil x
pH and Electrolyte x pH were all highly significant for both AEC and CEC estimations.
The results are presented in tables 10 to 15, The effects of the various components of
variation were tested against the highest order interaction.

4. Evaluation of methods of ion-exchange measurements.

The data on ion-exchange measurements studied by different methods are
summarised in Table 17. The analysis of variance data presented in Table 18 showed
significant effects due to various methods of ion exchange determinations. Values
obtained for CEC determinations by the ammonium acetate method and ECEC were
higher compared to the other methods. Taking compulsive exchange as the standard
method no significant differences were observed for K-exchange from KCl, Na"*"
exchange from NaCl, CECr and CECb.

ir

Among anion exchange measurements, there was no significant difference
between compulsive exchange and Cl" exchange from CaCh. Chloride exchange from
NaCl, also gave comparable values but was significantly different from compulsive
exchange method. However NaCl and CaCh methods were not significant s^tistically.

^ 5. Characterization of permanent and pH dependant charge

The values of permanent charge determined by different methods are
presented inTable 19, Permanent charge determined were negative in all the samples
used. Permanent charge measured by K"^ and Cf adsorption method as outlined by
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Table 11. Analysis of variance of the data obtained for CEC as
determined by direct laeasureraent of retention of ions

Source of variation D.F. n.s.s. F

Electrolyte 3 2.79 60.50**

Soil 7 19.90 432.60*-

pH 3 46.20 1004.50-*

Electrolyte x soil 21 0.19 4.07-*

Soil X pH 21 0.71 , 15.37--

Electrolyte x pH 9 0.24 5.12--

Electrolyte x soil x
pH 63 0.047 1.00

•• Significant at 1% level.

Table 12. Average effects of treatments

Electrolyte Soil pH

E-, = 4.50 Si = 4.38 S^ = 5.74 pHa = 2.68

Ee = 3.93 Se = 2.68 = 2.87 pH, = 3.70

E3 = 4.09 S3 = 5.46 Sr = 4.31 pH^ = 4.40

E4 = 3.83 S4 = 3.87 Sb = 3.40 pHa" = 5.50

F 60.53 432.57 1004.49
CD (0.05) 1.07 0.152 0.107
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Table 13. AEC as influenced by different electrolytes in different soils at different pH.

Electro- Soils

lytes.
S, Se S3 S4 Ss St S7 Sb pHa pHs pH* pHs

0.83 1.75 1.03 0.90 0.68 1.65 1.45 1.88 2.15 1.68 0.90 0.35

Ea 0.53 1.2a 0.75 0.60 0.50 1.43 1.33 0.85 1.75 1.19 0.54 0.15

E3 0.70 1.50 0.90 0.83 0.68 1.33 1.35 1.45 1.93 1.53 0.64 0.28

E4 0.58 1.25 0.70 0.68 0.63 1.18 1.34 1.28 1.73 1.23 0.63 0.23

pH

pHa 1.25 1.97 1.83 1.40 1.25 2.38 Z.53 2.50

pHs 0.73 1.83 1.00 1.10 0.73 2.03 2.00 1.83

pHfi 0.43 1.35 0.35 0.38 0.38 0.93 0.74 0.88

pHb 0.23 0.63 0.20 0.13 0.13 0.25 0.20 0.25

F = (E) = 34.14 CD (0.05) E = 0.08
F = (S) = 86.67 CD (0.05) S = 0.11
F = (pH) = 687.6 CD (0.05) pH = 0.08 ^
F = (ExS) = 2.99 CD (0.05) ExS = 0.22
F = (SxpH) = 12.74 CD (0.05) SxpH = 0.22
F = (ExpH) = 2.06 CD (0.05) ExpH = 0.16
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Table 14. Analysis of variance of the data obtained for AEC as
deteriained by direct neasurement of retention of ions.

Source of variation D.F.

Electrolyte 3

Soil 7

pH 3

Electrolyte x Soil 21

Soil X pH 21

Electrolyte x pH 9

Electrolyte x Soil xpH 63

M.S.S.

0.85

2.16

17. 12

0.07

0.32

0.05

0.024

F

34.15'

86. 67-

687 . 61'

2.99'

12.74'

2.06*

1.00

* Slenificant at 5 per cent level
** Significant at 1 per cent level

Table 15. Average effects of treatments.

Electrolyte Soil pH

= ^-27 Si = 0.66 Ss = 0.62 pHg = 1.89

" 0-91 Se = 1.44 S^ = 1.39 pHs = 1.40

^3 " S3 =0.84 S7 = 1.37 pHt = 0.68

S4 = 0.75 S» = 1.36 pHs = 0.25

F 34.15

CD 0.08

(0.05)

86.67

0.11
687.61

0.08
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Table 16. Rearession of CEC/AEC on pH

Electrolyte Regression equation F R'^:

0. 20 N KCl CEC 0.9356 + 0.6481 pH 27.63-* 47.95 0.69

AEC = 3.34 - 0.38 pH 47.79-- 61.43 0.78

0. 05 N KCl CEC — 1.0274 + 0.5274 pH 27.07** 47.44 0.69

AEC = 2.74 - 0.33 pH 54.58-- 64.52 0.80

0. 10 N CaClE CEC - 0.6875 + 0.6187 pH 25.76** 46.20 0.68

AEC = 3.Q2 - 0.35 pH 53.96** 64.26 0.80

0. 01 N CaCli: CEC — 1.0125 + 0.5124 pH 22.53'- 22.89 0.65

AEC 2.66 - 0.311 pH 61.65*- 67.26 0.82

** Significant at 1% level

X.

cn
cn
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Table 17 : SuBry of results of and by various acthods

Sanple /
Location

CEC (cmol (p-> kcT) tfC (cnol (e) kg-^)
Horizon •

(mo.

Ace. pHr
(ftt)

Hn:

((12)

Oxp.
Exch.

((13)

0.2N

KCl

(04)

0.2N

NaCl

(fB)

CECt

<ri6)

rFTe

(m

Coup.
E^h,

(fH)

0.2N

KCl

(t12)

o.aj
NaCl

((13)

P-adsorp-
ticn

((14)

0.002 f!
CaCU

(MS)

KandiustuU

(Pilicode)
Ap 9,6 3,6 3.6 4.1 4.0 4.2 3,2 0.2 0.9 0.8 0.8 0.9

Kandiustult

(Pilicoda)

4.1 3.8 2.0 2.0 2.1 3.1 2.1 0.9 2.1 1.9 2.1 1.6

Plinthustult

(Pilathara)

6.8 4.9 3.5 5.6 5.4 4.5 3.2 0.1 1.3 1,0 0.8 0.6

Plinthustult

(Pilathara)

Bsi 5,2 3.5 1.9 3.6 3.4 3.5 2.1 1.1 1.5 1.3 1.6 1,3

Paleustult

(Punalur)

Ai 13.0 6.6 3.8 6.8 6.1 6.6 4.2 0.2 1.0 0,8 1.2 0.6

Paleustult

(Punalur)

Bts 5.1 2.4 2.3 2.6 2.3 3.3 2.5 1.7 2.3 2.1 2.4 1.8

Kandiustult

iPr^dkdl)

Ap 5.9 2.6 2.9 4.1 4,1 3.6 2.9 0.3 1.0 0.9 1.0 0.5

Kandiustult
(Jackal)

Bsa 3,1 4,3 1.9 2.3 2.4 2.7 2.0 1,0 2,1 1.9 1.8 1.0

Kaplustult
(Karak'ilan)

fP 5.9 4,9 3.4 4.0 3,8 4,5 3.4 0.3 0.9 0.7 0.4 0.8

( Contd. )

f-n
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ftbl* 17 : SuHvy oP rwiltt oP CEC and by viriaus Hthodi ( Contd. >

Saiuple /
Inraticn

Horizon •

CEC (CRol (p") kff") AEC (cnnl (e) kg-")

Pmj.

Ace. pHr
(PM)

FTFC

((12)

Conp.
Exch.

((13)

0.2N

KCI

((14)

0,2N

NaCi
((<&)

CECr,

(n6)

rFTfl

im

Conp.
Bch.

<fM)

0.2N

kci
(112)

0.2N
NaCl

((13)

P^-adsorp-
tion

((14)

0.0G2 n

CrTIs

((6)

Haplustult
(Karakulasi)

Bz 6,6 6.4 3.4 4-1 3.9 4.1 2.2 0,5 1,2 1.0 1.1 1.2

Kandiustult

<ttaruthur)

6.7 4.9 4.0 3.9 3.9 4.2 4.1 0.2 0.6 0.4 0.8 0,5

KandiustuU

((larathur)

6z 4.3. 4.1 2.3 2.6 2.8 2.4 2.0 0.9 2.2 2.1 1.6 0,7

HaplustoK
(Pachalloor)

Ap 8.7 2.9 2.2 4.3 4.1 3.1 2.3 1.2 2.1 2.0 2.4 0.9

Kaplustox
(Pachalloor)

BA 4.6 3,0 1.2 2,6 2.4 1.6 1,5 2,1 2.7 2,5 2,6 1.3

fJl
GO
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' Table 16. Nethods of CEC and AEC determinations
Comparison of mean values.

Methods

CEC

Mean values

AEC

Mi 6.40 0 . 76

Ma 4.14 1.56

Ma 2.74 1.39

M^ 3.76 1.47

M» 3.62 0.98

3.67

Mt 2.69

F 10.52- 4.30-

CD

(0.05) 1. 07 0.47

** Significant at 1% level
* Significant at 5% level



Soil/LocatiGn Horizon

Kandiustult

(Pilicode)

PlinthuQtult

<PiIathara)

Paleustult

(Punalur)

Haplusto:<
(Pachalloor)

Table 19. Pervnait char^ detained by Methods

Permanent charge froca ion adsorption data ciuol (p"^/~e) kg^ fteasured Calculated frm
cBiol<p'̂ /"e)kg^ CB*3l(p"^/"e)kg-^ potentionietric

0.2 U 0.05 N 0.1 N 0.01 N CEEt CECb titration arve
CBol (p"*"/"e) kg^KCI KCl CaCls CaCls

2.5 2.4 2.2 2.1 3.0 2.0 1.9 0.8 2.0

2.8 2.5 2.6 2.9 2.5 1.5 2.1 1.4 2.4

3.3 2.9 2.9 3.1 3.5 2.8 2.6 2.6 2.4

1.1 1.4 1.4 1.2 1.8 1.3 1.1 1.7 2.2

O
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Gillman and Uchara (1980) was 1.9 ciiiol (q) kg"^ in the Kandiuslult-Ap of Pilicodc, 2.1
in the Plinthuslull- Ap of Pilathara, 2.6 in the Paleustult-Al of Punalur and 1.1 in the
Haplustox-Ap of Pachalloor. Permanentnegative charges calculatedfrom the curves of
ion,adsorption experiments were also in agreement with the above data. Theoretically
calculated values and values obtained from the potenliometric tiration curves showed
similar results.

6. Contribution oforganic matter and sesquioxides to exchange properties of
soils.

Theresults arepresented in Table 20 and 21. All the samples after removal
of organic matter by peroxide treatment showed adecrease in CEC but the AEC inevery
instance slightly increased after peroxidation. There was no exception to this trend
though the changeinCEC and AEC consequent to peroxide treatment varied considerably
among samples.

Regression of CEC and AEC on organic carbon indicated that nearly 64.34
per cent ofCEC and 8per cent ofAEC was contributed by the organic matter. The effect
of removal of organic matter on AEC indicated was negative though not significant
statistically. Removal of R2O3 accounted for nearly 11 per cent of the change in CEC
and 22 per cent of the change inAEC, both non-significant statistically. However the
combined effect of organic matter and R2O3 on both CEC and AEC was highly significnt
as evidenced from the multiple linear regression equation. Almost 59 and 50 per cent of
the CEC and AEC respectively was contributed by the combined effect of organic matter
and R2O3.

7, Mineralogicalanalysis of clay fraction

7.1 X-ray diffraction analysis (XRDA)

^X-ray diffractograms of soil clay fractions of the various profiles studied are
presented in figures 40 to 46. The XRDA data and the interpretation in terms of the
dominant minerals present are given in Tables 22(a) and 22(b). The major minerals
identified are kaolinte, vermiculite, chlorite, gibbsite, quartz and goethite. There was
considerable shifting of the baseline of the diffractograms indicating the presence of
amorphous minerals. This was particulrly noticed in the Plinthuslull- Bi of Pilathara, in
the Kandiuslult-B2 ofPilicode, the Paleuslult-Bt2 ofPunalur and in the Haplustult-B2 of
Karakulam. Appreciable amounts of smectite group minerals were present in all the
samples except the Kandiustult-B2 ofArackal and the Kandiustult-B2 ofMaruthur. The
dominant clay mineral present in all the samples was kaolinite. Glycol solvation and
heating did not give much additional information. However the presence of 2:1 type of
minerals have been confirmed in many samples.



Table 20 Ion exchange capacity of selected saaples as influenced by organic carbon and RcOs content

Saaple/
Location

Horizon Organic
Carbon

h

Rc Oai ION EXCHANGE CAPACITY (cnoKP♦/e-)kg-''

Untreated saaples After peroxide
treatment

After DCB

treatment

After peroxide and DCB
treatment

CEC AEC CEC AEC CEC AEC CEC AEC

Kandiustult

(Pilicode)
n

Ap

Bi

1.96

1.02

41.0

'&5.0

3.6

2.0

0.2

0.9

1.4

1.4

0.3

1.0

4.8

4.1

0.2

0.2

2.6

2.1

0.0

0.1

Plinthustult

(Pilathara)
n

Ap

Bei

1.51

0.67

22.1

32.5

3.5

1.9

0.1

1.1

1.2

1.3

0.3

1.4

4.2

2.3

0.0

0.2

1.9

2.0

0.0

0.3

Paleustult

(punalur)
rt

Ai

Bte

3.21

0.37

24.0

39.5

3.8

2.3

0.2

1.7

1.2

1.7

0.5

1.8

4.3

2.8

0.2

0.5

2.0

2.1

0.0

0.3

( Contd. )

cn
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Sanple/
Location

Horizon Organic
Carbon

%

Re Os ^ ION EXCHANGE CAPACITY (cnoKP-^ /e-)kfi--'

Untreated saiaples After peroxide
treatment

After DCB

treatment

After peroxide and DCB
treatnent

CEC AEC CEC AEC CEC AEC CEC AEC

Kandiuatult Ap 1.11 22.6 2.9 0.3 1.1 0.5 3.3 0.0 1.6 0.0

(Arackal)
I* Bee 0.74 37.6 1.9 1.0 1.4 1.4 3.1 0.4 1.8 0.4

Raplustult Ap 1.32 23.7 3.4 0.3 1.0 0.3 4.8 -0.1 1.4 0.0
(Karakulam)

n

Br 0.48 27.6 3.4 0.5 2.3 0.5 4.3 0.1 1.7 0.1

Kandiustult Ap 1.21 24.1 4.0 0.2 1.8 0.4 4.8 -0.3 2.5 0.0
(Haruthur)

n

Be 0.27 31.2 2.3 0.9 1.6 0.9 2.5 0.1 1.7 0.3

Haplustox Ap 0.87 36.6 2.2 1.2 0.9 1.5 3.1 0.1 1.2 0.4

(Pachalloor)
19

BA 0.24 34.0 1.2 2.1 0.8 1.4 1.8 0.1 1.2 0.3

CD

CO
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Table 21, Simple and multiple linear recreesions relatinc CEC» AE
' O.C and RkOs of selected samples. ^

Regression of CEC and AEC on Organic Carbon.

F R«% r

1. CEC = 0.4698 + 0.8540.O.C 21.65-' 64.34 0.80

2. AEC = 0.0029 + 0.09.O.C 1.05(ns) 8.00 0.28

Regression of CEC and AEC on ReOs

3. CEC = 0.072 + 0.025 RaOa 1.4 9(na) 11.00 0.33

4. AEC = 0.5469 + 0.0377 ReOa 3.39(n3) 22 . 00 0.47

Multiple linear regression of CEC and AEC on organic carbon and RsOa

5. CEC = 2.3412 + 0.3662 OC -

0.0559 RfiOa
7.98-- 59.20 0 .77

6. AEC = 0,0099 - 0.2833 OC +

0.0288 ReOa
5.43-- 49.67 0.7 0

V ** Significant At 1 h level
ns. not significant
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Table 22 (a). XRD-data of fine clay fraction (After DCB*- treatment)

HorizonSI. Sample-

No Location

> 1. Kandiustult

(Pilicode)

2. Plinthustult

(Pilathara)

Table (contd )

Be

Bi

d-spacing
A°

Relative

intensity
Hineral/s
identified

14.4643 1.4 Veraiculite

10.2151 < 1.0 Halloysite/Illite

7.2316 3.3 Kaolinite

4.8305 3.1 Chlorite,
Gibbsite

4.4409 1.5 Illite,Muscovite

4.3608 2.0 Kaolinite

4.1514 < 1.0 Dickite

3.9567 <1.0 Kaolinite

3.7315 <1.0 Feldspars

3.5673 3.3 Kaolinite

3.4816 1.0 Feldspars

3.3840 <1.0 Goethite

3.3382 1.3 Gibbsite, Quartz

14.6448 1.8 Verniculite

7.2398 2.8 Kaolinite

4.8289 1.2 Gibbsite, chlorite

4.4484 1.2 Nacrite

4.2442 1.0 Quartz

4.0253 <1.0 Goethite

3.8042 <1.0 Feldspars

3.7335 <1.0 n

3.5646 2.8 Kaolinite

3.4870 1.4 Feldspars

3.3965 <1.0 Goethite

3.3394 1.9 Quartz

3.2480 <1.0 Lepidocrocite



3. Paleustult

(Pttnalur)

4. Kandiustult

(Arackal)

Bts

Be:

5. Haplustult Be
(Karakulam)

Table (contd....)

14.2718

12.634U

7.2728

4.8510

4.4503

4.3725

3.5829

3.4981

3.3517

14.2710

7.2723

4.8343

4.4338

4.0329

3.5741

3.4299

3.3451

3.2074

15\o614

7.3102

4.8533

4.4453

4.3082

3.9359

3.5853

3.3544

3.5

2.8

5.2

2.4

1.2

1.5

4.6

1.4

1.3

1.2

4.6

1.0

1.6

<1.0

4.5

<1.0

1.0

<1.0

1.2

8.6

1.0

1.0

<1.0

<1.0

8.6

1.3
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Veriaiculite,
rhlor i t n

Verniculite

Kaolinite

Chlorite,
Gibbsite

Nacrite

Kaolinite

Kaolinite

Feldspars

Quartz

Verniculite

Chlorite

Kaolinite

Chlorite,
Gibbsite

Illite,

Huscovite

Goethite

Kaolinite

Feldspars

Quartz

Lepidocrocite

Verniculite

Hontaorillonite

Kaolinite

Gibbsite,chlorite

Nacrite

Kaolinite

Goethite
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6. Kandiustult

(Waruthur

7. Haplustox AB
(Pachalloor)

7.2469

4.8442

4.4349

4.2502

3.8508

3.5712

3.3441

14.4446

7.2244

4.7797

4.4405

4.3436

4.2480

4.1623

3.8358

3.7444

3.5684

3.4831

3.3910

3.3402

7.9

<1.0

1.0

<1.0

<1.0

8.3

1.1

1.3

9.3

<1.0

1.4

1.2

1.0

1.0

<1.0

<1.0

8.8

1.2

<1.0

<1.0

67

Kaolinite

Gibbsite, chlorite

Nacrite

Gibbsite

Kalolinite

Veroiculite,
chlorite

Kaolinite

Gibbsite, cholrite

Nacrite

Kaolinite

Gibbsite

ft

Kaolinite

Feldspars

Kaolinite

Feldspars

Goothlte

Quartz
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Table 22 (b). Sunaary of the Mineral X-ray analyses of the fine clay
fraction

SI Saaple/

No Location

Horizon Kaolinite Chlorite, Quartz Gibbsite
Verraiculite

1. Kandiustult

(Pilicode)

2. Plinthustult

(Pilathara)

3. Paleustult

(Punalur)

4. Kandiustult

(Arackal)

5. Haplustult
(Karakulao)

6. Kandiustult

(tiaruthur)

7. Haplustox
(Pachalloor)

Be

Bi

Btr

Be,

Be

Bes

AB

+-++

+-++

++

++

++

tr.-+

tr.

tr,

tr.

tr. = Trace

. = Estisate of relative abundance

XXX = Non-clay ainerals

tr. tr.-X

tr tr.-X

tr

tr tr.-X

tr. tr.-X

tr o-tr.

tr tr.-X
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7.2 Scimning cicclioii mici'DSCopic iimilysis.

TheSEMpictures oftheclaysamples from thedifferent profiles arepresented
in Plates 8 to 13. A thick coating of iron oxide was found in all the plates. Thick iron
encrustations with amorphous materials were also seenin all the samples. Thecrystalline
features were not visible even at very high magnifications (not photographed) during
scanning due to the thick oxide coatings. Clay samples from the Paleustult-Btzshowed
appreciable amounts of organic matter as coating over the fabric.

No additional information could be obtained from the SEM pictures other
than the occurrence of Fe, A1 oxide coatings, organic matter coatings and amorphous
materials.

8. Surface area estimation.

Data onspecific surface determination of the selected samples are presented
inTable 23. Measured values ofall the samples were generally higher than the calculated
v^ues. Measured values by EGME impregnation method varied from 49-137
wereas calculated values ranged from 32.91-108.64 mV^- The lowest measured value
was given by the sub-surface horizon ofthe Haplustox from Pachalloor and the highest
value for the Paleustult-Ap of Punalur. Calculated values closely followed the
fluctuations in the negative co-ion adsorption. In the case of measured values, the
contribution of organic matter towards specific surface was obvious as the values
recorded was generally high for all the surface samples except the Kandiustult-Ap of
Arackal.
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25KII X3200 4014 10.0U RRLSM

Plate: VIII Scanning electron photo micrograph of the fine clay from the
Kandiustult B. - Piliccde.

Wi -tj

25Ka X2000

Plate: IX Scanning electron photo micrograph of the fine clay from the
Plinthustult B. • Pilathara.
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Plate: X Scanning electron photo micrograph of the fine clay from the
Paleustult Btj • Punalur.

Plate: XI Scanning electron photo micrograph of the fine clay from the
Haplustult - Karakulam.



25KU X4000 4015 1.0U RRLSM

Plate: XII Scanning electron photo micrograpli of llie line clay (Vom the
Kandiustult B. - Maruthun

I

Plate: XIII Scanning electron photo micrograph of the fine clay from the
Haplustox AB • Pachalloor.
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Table 23. Specific surface of selected sanples calculated froa
nesative adsorption data and aeasured by ethylene glycol

adsorption

Sample Negative Total Specific surface
adsorption negative

charge
r- r Calcu- Measured

lated (EGHE)

craol (P*/e-)Kfi-^

Kandistult- Ap
(Pilicode) 0.20 4.4 34.46 90

Bi 0.19 3.8 32.91 81

Be 0.24 3.7 42.34 68

plinthustult-A^
(Pilathara) 0.34 5.8 59.50 98

Bi 0.26 4.8 45.26 77

Bei 0.31 5.8 53.92 79

PalGustult Ai 0.60 7.1 108.64 137
(Punalur)

Aa 0.30 4.6 52.95 108

2Bte 0.19 2.3 34.31 67

Kandiustult-Ap 0.36 5.3 63.76 69
(Arackal)

Bi 0.30 3.8 53.91 73

Bze 0.21 3.1 37.18 71

Baplustult 'Ap
(Karakulan 0.31 4.8 54.67 87

Bi 0.28 5.3 48.66 64

Be 0.43 5.8 76.78 57

Kandiustult-Ap

(Haruthur) 0.36 4.4 64.95 84

Bi 0,41 3.8 76.82 69

Be 0.19 3.1 33.37 54
>

Hapluatox-Ap
(Pachalloor) 0.40 5.3 71.55 91

AB 0.38 4.8 68.30 61

BA 0.22 3.6 38.63 49
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DISCUSSION

1. Charge Contributing factors and their inter-relationships.

There has been considerable interest in soil fertility studies of the highly
weathered soils of Kerala in recent years, particularly in view of the low crop yields often
encountered. One of the major electro-chemical properties of the soils instrumental for
thepoorfertility^namely theionexchange capacity or thecharge character wasnot given
much attention/ rather was i;<gnored till recently. It is now realised that a better
understanding of the forces which operate near the particle surfaces to cause the retention
of ions is needed, in order to institute management procedures which will allow maximum
production from these soils.

One of the major features of many highly weathered soils in the tropics is the
predominance of Kaolinite and hydrous oxides of iron and aluminium in the clay fraction.
In contrast with smectite and vermiculite these minerals normally do not bear any
appreciable amount of permanent negative charges. The magnitude and sign of surface
charge of oxide minerals depends on a variety of factors such as p^, nature and
concentration of electrolytes present in the soil solution, their interaction with organic
matter, nature and quantity of amorphous materials and their ratio with crystalline
minerals in the clay fraction (Wild,1988).

Although the soil is a complex system, from the electro-chemical point of view
it may be treated as a mixed system composed of constant potential and constant charge
surfaces existing in various proportions. In highly weathered upland soils of the tropics,
the constant potential colloids such as iron and aluminium oxides, certainly play a
dominant role in influencing the physico- chemical properties.

In a soil colloidal system several parameters contribute towards charge
development and the variations in their ion-exchange capacity have to be attributed to
variations and different combinations of contributingfactors in the soil. Indepth studies
of a similar nature have not been hitherto attempted in the low activity clay soils of India.

The studies conducted have to be classified as effects of various charge
contributing factors on parameters of measurement to enable assessment of both the
contribution of the factors in different soils as well as the suitability of the parameters
themselves for such measurements.
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The important parameters of cliargc assessment, the charge contributing
factors and their inter-relationships are presented in tables 2 to 4. The path coefficient
analysis showing thedirectandindirect effects ofchargecontributing factors to themajor
parameters of the measurement of charge namely CEC and AEC presented in tables 5 to
8 is dicussed below.

1.1 Effect of Charge contributingfactors on cation exchange capacity

Themaximum positive correlation was obtained with organic carbon (0.843)
and maximum negative correlation (- 0.440)was observed with clay content. Feo and
Alo(0.471;0.473) also recorded significant positive correlations with cation exchange
capacity. The effect of organic carbon on CEC is direct and as expected, contributed
from the ionization of various functional groups like amines, carbonyl, carboxyl, enolic
hyd'roxyl, phenolic hydroxyl, quinonic hydroxyl, and hetrocyclic nitrogen compounds
through the protonation-deprotonation mechanisms (Raman, 1986). The highly
significant negative correlation with clay content obviously indicate the presence of
aj^eciable amounts of Fe,AI hydrous oxides having very low CEC in the clay fraction.
Further clay minerals present in these soils may be of extremely low CEC or their
interaction with hydrous oxides ofFe and Al would have modified the reaction complex
to give very low negative charges. Ferric and Al oxides present in the clay occur as
discrete crystals or coatings onlayer silicates or other minerals and as mixed gels with
colloidal silica and phosphates. These complexes are likely to play a direct role in
buffering the CEC ofthesoils by blocking the negative sites (Deshpande etal., 1964 and
Gast, 1977).

Alo and Feo values are indicative of the amorphous forms of Fe and Al with
very high specific surface and cation exchange capacity. Thus the highly positive
corelations with CEC iswell explained though their absolute content in the samples are
verylow. Decrease in CECandincrease in thesenility ofsoilsandadvancement towards
sesquioxide accumulation and ferrallitisation with decreased Feo and AIq has been
reported by many workers (Buringh 1970, Varghese 1981 and Byju 1989). The positive
correlation with fluoride p (0.410) isdue to its direct positive relation with Alo and Feo,
both giving significant correlation (0.703;0.682) with fluoride p^. Further high fluoride
p is indicative ofsoilswith themechanism ofligand exchange inoperation. Thefluoride
ion can easily displace hydroxyls from the co-ordination shell ofAl and Fe and probably
gives a large increase in negative charge on the surface as the p^ of the solution rises
(Wild, 1988).
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The indirect negative effccl of R2O3 was not sufficient to cause a substantial
reduction in conelation coefficient between organic carbon and CEC. AI2O3 through its
positive indirect effect has further influenced CEC probably through the interaction of
A1 with carboxyl and plienolichydroxyl groups forming easily ionizable metal complexes
(Schnitzer and Khan, 1978). However the metal complexes similarly formed with ferric
iron is more stable and prone to lesser degree of ionization.

Clay content clearly indicated a positive direct effect (0.317) to CEC which
was nullified and made negative by the indirect effects of R2O3and organic carbon. Thus

A the effects of interaction of clay with organic matter and the dilution effects of R2O3 in
masking the exchange sites are probably the main reasons for the highly negative
correlation coefficient-(-0.440). Interation of A1 and Fe oxides and hydroxides with
organic matter has been studied extensively. Humic colloids separated from acid soils
often contain appreciable amounts of A1 and ferric iron. Removal of A1 from such
colloids substantially increased the CEC by about 240 cmol Kg"\ This according to
Russell ^1973) is presumably due to the presence of A1 as ahydroxylated cation, such as
Al(OH) or A1(0H)"*'2. Alternatively this could be due to aluminium ion forming a
co-ordinate bond with carboxyl groups, and on this picture the greater the amount of A1
present, the greater the proportion of humic particles held together. One could expect
such interactions in the highly weathered variable charge soils also. Ferric ion complex

^ with humic fractions behave in the same way as A1 complexes. However dissociation of
^ carboxylic group was difficult with Fe than with Al. Under field p.^ conditions

dissociation of Fe-complex was difficult than Al-complex and is not completely
precipitated as the'hydroxide until a high p^ has been reached (Russell, 1973). The
aforementioned observations clearlyexplainthenegativecorrelationof CECwith clay%,
Al203%, Fe203% and R203%. According to Yagodin (1984) a substantial amount of
ferric and aluminium oxides present occur as coatings on silicate clay minerals and as
mixed gels which may also incorporate silica, phosphate and organic colloids. These
interactions are also responsible for the strong negative effects of AI2O3, Fe203 and R2O3
on cation exchange capacity.

ti

The influence of delta p on CEC was positive though not significant. The
delta p values areinvariably negative in all thesamples studied. This indicates thevery
strong influence of organic matter in the soil in reducing the p^ through protonation and
cation exchange and also due to the more sluggish deprotonation from the precipitated
and aged sesquioxides and hydroxides. Mekaru and Uehara (1972), Sanchez (1976) and
Bowden et al., (1980) have also reported similar observations based on studies conducted

w in variable charge soils of the tropics.
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Out of the factors contributing negative charges discussed earlier nearly 55
percent of thevariability is explained by thefactors studied. A detailed investigation of
the nature and stability of the clay-organic, clay- sesquioxide complexes formed over a
range ofp willthrow additional information onthis aspect and account fortheremaining
unknown factors.

1.2 Effect of charge contributing factors on anion exchange capacity.

Maximumpositivecorrelation wasobtained (0.615) withR2O3 andmaximum
^ negative correlation (-0.374) was observed in the case oforganic carbon. The individual

effects ofAI2O3 andFe203werepositive andsignificant inspite ofnegative directeffects,
as brought out by very strong positive indirect effects. As the seat of positive charges
are generally the broken edges of clay particles or the surf^es of the aluminium
hydroxides, ferric hydroxides, goethite orother iron oxide films (Wild, 1988) a positive
direct effectofsesquioxides andsignificant positivecorrelations withAI2O3, Fe203 and
R2O3 are well explained.

' The aluminium and iron hydroxides or oxide surfaces can hold anions by
another process known as ligand adsorption (Wild,1988) particularly at low to medium
p values as encountered in variable charge soils. As the field p in these soils are

• always below 5.5, positive charges that arelikely to begenerated through ligand exchange
are more with larger amounts of Fe and AI oxides and sesquioxides. The significant
negative correlation obtained between organic carbon and AEC is mostly due to the
greater relative contribution of negative charges from the organic matter than the
generation of positive charges. The direct role ofdilution in the expression ofpositive
point charges from hydrous oxides due to masking effect of organic matter cannot be
ignored in these soils. Thus a decrease in the absolute positive sites contributed at high
organic matter levels coupled with more positive sites created from sesquioxides at low
organic matter levels are the major reasons for the negative relationships.

The positive effects of KCl-Al and fluoride p^on AEC are indicative of the
effects of high amounts of active aluminium and sesquioxides.

Of the thirteen important factors thus studied and discussed earlier nearly
48% of the variability alone is explained by the study indicating that AEC of the soils
could not befully explained by the above factors. Probably detailed investigations ofthe

^ typeofclaym'ninerals, fractionation of theFeandAlhydrous oxides andtheirinteractions
with organic colloids at various p^ levels may give abetter explanation.
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2. Potcntiuinctric titratioiis

2.1 Zero point of charge (zpc)

The net electric charge and the zpc of soils as determined by potentiometric
titrations are shown in Fig. 4 to 17 and appendix 1 to 14. In all the cases the zpc was
displaced towards the acid side of the curve, from the zero point of titration. This is due
to the presence of permanent negative charge balanced mainly by Al^"^ ions (Van Raij
and Peech,1972). The comparisonof the values of the zpc for the two horizons within
each profile indicates the influence of organic matter. As the mineralogical properties
of these two selected horizons are more or less the same, the observed differences in
electric charges and the zpc may be attributed to the organic matter. In all the seven
profiles studied theeffect oforganic matter wastolowerthezpcoftheAp horizons when
compared to lower horizons.

In general it can be said that the presence of iron and aluminium oxides will
tend to increase the zpc towards higher p^ values while the presence of clay minerals
withpermanent or structural negative charge as well as presence of organic matter will
tend to shift the zpc of the soil to lower p^ values (Van Raij and Peech 1972). Thus the
lower delta zpc between the surfce and sub-surface horizons observed inspite of
considerable amounts ofiron and aluminium oxides is due to the dominance of Kaolinite
in the clay fraction and the influence of organic colloids combined with sesquioxides.
Low zpcinsub-surface horizons has also been reported (Herbillon, 1988) and was found
related to the presence ofKaolinite, which has a zpc of about 3. Thus soils with large
amounts of Kaolinite clay minerals and low organic matter in the sub-surface horizons
also exhibit lower zpc. Further the organo-mineral complexes formed are not much
different between surface and sub-surface horizons of highly weathered Oxisols and
Ultisols which are mostly depleted of bases and humus.

Alarge difference between the p^ determined in water and in IN KCl indicate
that the p ofthe studied soils isgenerally different from the zpc. This is further indicated
in the figures 4 to 17 which show that for a given charge of any soil, the difference
between the p measured in IN and O.OOIN NaCl is greater, the farther away from the
zpc one select a point to make this comparison. This observation is in conformity with
the studies made by Van Raij and Peech (1972). The distribution ofnet electric charge
indicated that the magnitude of the charge is influenced by p^as well as the concentration
of NaCl. The titration curves aremoreor lesssimilarto curves given for several metallic
oxides an^sesquioxide rich soils (Van Raij and Peech, 1972; Gallez et al, 1976;
Laverdiere and Weaver, 1977; Mott, 1988) indicating that even for organic matter rich
surface soils and OH are the potential determining ions.
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^ Results shown here infigures (4to17)forthe7selected Kerala soilsand those
reported by Van Raij and Peech (1972) and by Gallez et al (1976) for soils from Brazil
and Nigeria confirm that the surface charge of Oxisols and Ultisols in the tropics
generally follow the constant potential model although they contain considerable
permanent negative charge. The zpc values of the surface and sub-soils measured in
NaCl for all the selected Oxisolsand Ultisolsfall in the range of 3.5 to 4.1 indicating that
the intense degree of chemical weathering undergone by these soils especially with
regard to the degree of desilicationis more or less the same. Thus zpc cannot be used as
a taxonomic tool in classificationto distinguish Oxisols from Ultisols (of Kerala).

2.2 Net charge as a function of surface potential and zpc

An attempt to predict the variation of electric chargeof the samples with
p^ and electrolyte concentration by the application of the double layer theory for a
reversible interface has been made here. The net negative.surface charge density of the
selected samples was calculated as a function of surface potential and the results are
plotted and presented inFig. 18(a) to 19(b). The surfce potential used inmaking the plots
wascalculated bytheequation 1-(21). Theexperimental points forthenetsurface charge
shownin thisfigureare thesameas those givenin Fig. 4 to 17. Thesurfacechargeused

1 in constructing the curve labelled "Gouy-Chapman" was calculated directly by equation
^ l-(ll) with suitable modifications by introducing constants so that a =1.218 x10'̂ c^^^

Sinih (0.0195i|) 0) where a is given in cmol cm"^, 'c* in gram ions L"^ and 0 in
millivolts.

A close scrutiny of the data and the Fig. indicate that the experimental values
for thenet surface charge are lower than those predicted by the Gouy-Chapman theory
for the highest electrolyte concentration. The agreement improves with decreasing
concentration ofelectrolytes and with increasing surface potential (Fig. 18(b)). However
this trend is totally reversed as the concentration ofelectrolytes decreased further to0.01
and 0.001.

Thus there is a critical concentration of theelectrolyte below andabovewhich
the experimental values fail to obey the theoretical values ofsurface charge. The poorer
agreementfor the O.OIN and O.OOIN electrolyteis not surprisingsince the determination
of charge by potentiometric titration tacitly assumes the absence of and Al^"*" as
counter ions in the double layer, a condition not likely to be met at low electrolye

y concentrations, particularly invariable charge soils (Van Raij and Peech, 1972).
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Calculation of the surface charge by the "Stern" model has not been attempted
^ as it involved the simultaneous use of equations 1(12), 1(13), 1(14) and 1(15). Further

application of these equations involved many assumptions which are not applicable to
ordinary soil systems exceptunderverypreciselaboratory conditions.

3. Effect of p , salt concentraficion and nature of electrolytes on charge
characteristics.

rj

3.1 p and concentration effect.

Table 9 represents the data on electric charges for the 8 soil samples, as
determined by four methods of ion, adsorption measurement. The results indicate that
both positive and negative charges co-exist in these soils. Thus the steric disposition of
charges was such as to obviate complete cancellation of opposite charges. Figures 20
to 27 show that positive charges decrease and negative charges increase with increase in
p^. Samples of Kandiustult-B2 ofPilicode, Faleustult-Bt2 ofPunalur and Haplustox-BA
ofPachalloor exhibit net positive charge at p^3for both (KCl and CaCl2)lhe electrolytes.
This effect vanished with a decrease in concentration of the electrolyte in the case of
Kandiustult-B2 and continued for lower coifentration in the other cases. Upon decreasing

^ the electrolyte concentration, however, the magnitude of both positive and negative
^ charges decreased, as may be seen from the table and figures.

IT

The p effect on positive and negative charges of soils is probably due to
proton transfer mechanisms of organic matter, iron-aluminium oxides and edges of
kaolinite (Morais et al., 1976 and Srivastava and Srivastava 1991) clay minerals. The
existence of negative charges even at p^3 is partially the result of a residual permanent
negative charge arising from isomorphous substitution within the clay lattices.
Differences in amounts of cations and anions adsorbed among the soils and between
horizons of the same soil at a given p^ must be explained through differences in the
quantities and characteristics of their exchange materials. Differences at high p^ values
may be related to interactions between exchangeable aluminium, organic matter and
mineral matter. At the lower p^the differences may be due to some permanent charge
occupied by hydroxy Al-ions which are released at the higher concentrations of KCl and
CaCl2 but not at lower concentrations.

In another set of four samples studied, relatively large variations in CECt,
^ CECb and AEC was observed between p^4 and 7(Fig.: 36 to 39). Total CEC (CEOr)
" and basic CEC (CECb) decreased drastically with decrease in p^ from 7 to 4, while

significant generation of anion exchange sites was observed at low p^. Both CECt and
CECb estimated registered higher values than the corresponding values obtained for KCl
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IT

and CaCb in the above experiment. Thus the effect of p on surface charge is further
^ confirmed in another set of estimations with adifferent p* '̂ range.

The analysis of variance data obtained also showed (Tables 11 to 14) highly
significant effect due to p^ and electrolyte concentration. The positive concentration
effect of the index cations and anions is usually spectacular at extremes of p^ values.
The concentration effect is explained by the compression of the double layer at higher
concentrations and hence increased adsorption of the index cation^and anions at the
charge sites. This effect should be. more for polyvalent cations and anions at equal
conc&ations and hence a critical concentration of the electrolyte is very important in
deciding the charges determined.

On the contrary if a monovalent (1:1) electrolyte at very low concentration
is used (NaCl, KCI) for the CEC estimation, the values obtained are likely to be more
than the actual site charges since the hydrated ions with the intervening water hull does
not permit a complete neutralizationof charge through adsorption. Thus more number
of hydrated ions will be adsorbed per unit of charge on the colloids.

3.2 The electrolyte effect

I A critical study of the datapresented in table 9 to 16 and Fig. 20 to 27 showed
^ that at lower p^ values higher concentration of monovalent electrolyte registered higher

values of CEC and AEC. At all p^ levels the higher concentration of KCl reported
maximum CEC. No significant differences in CEC was seen at the two levels of CaCh
at p 3. At the highest p^ level the lowest concentration of both the electrolytes was
equally effective, themaximum beingestimated by CaCh. In all theinstances thecharge
measured by KCl surpassed those obtained with CaCl2. This is an unusual result and is
probably due to the higher strength of KCI used and due to somekind of selectivity of
the soil material for K. The decreasingorder of the electrolyte efficiency in terms of the
estimated values of CEC is 0.2N KC1>0.1N Ca Cl2>0.05j:i KC1>0.01N Ca CI2.

The analysis of variance showed significant individual effects due to p^,
electrolyte and soil and significant interaction effects (Table 11) due to soil x electrolyte,
soil xp and electrolyte xp^.

•Similar results are obtained (table 14) for AEC also in all the soils used for
thestudy. The decreasingorderofelectrolyte efficiencyin termsofestimatedAEC values
is 0.2N KC1>0.1N Ca Cl2>0.01N Ca Cl2>0.05N KCI.
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4. Evaluation of methods of ion-exchange measurements.

Data on ion exchange studies by different methods are summarised in table
17. Results show that CEC as estimated by the conventional neutral MNH4OAC method
in all soils-give the highest values. The other six methods which might be considered lo
approachfield conditions in allcasesyieldvaluesmuch lower than those givenby neutral
N NH4OAC. This is explained in equation 2 (1) by the hidden faults of the NH4OAC
method as it changes five important parameters that decide the charge on soil colloids.
These are the dielectric constant (alcoholwashing), salt concentration (IN which is totally
unrealistic for soil solutions and changes to zero during washing), counter ion valence
(use ofmonovalent NH"'"4 when dominant soil counter ions are divalent), zero point of
charge (affected by organic acetate ion) and p^ (buffered at p^ 7). The effective CEC
method though is suitable for routine laboratory analysis is not free from the defects of
NH4OAC, as it is assumed that all the cations extracted with NH4OAC are exchangeable,
and this might not be so under field conditions. Introduction of 1 M KCl to estimate
exchangeable acidic cations in soils also have been questioned by Ameedee and Peech
(1976) since it is not true for all highly weathered soils.

As against the expected theory of Gouy-Chapman, monovalent index cations
K"*" and Na"*" from 0.2N KCl and Na C1 give slightly higher values than the compulsive
exchangemethod and CECb particularly for the Ap and Ai horizons. It is probably due
to the higher concentration used when compared to other electrolytes employed in the
study.

A strong relationship was found between CEOr and ECEC showing that easily
determinable exchangeable cations give areliable estimate of total CEC at soil p^. Also,
CECb at soil p^is more related to compulsive exchange CEC than the other methods.

Five methods were compared for anion exchange measurements. Anion
exchange measurements by phosphate- adsorption method registered invariably higher
values than compulsive exchange, chloride exchange by NaCl and 0.002 M CaCl2. The
highest mean value was recorded by 0.2 N KCl. A strong relationship was observed
between compulsive exchange method and CaCl2 method. The lowest value of all the
methods was given by compulsive exchange method. The higher values recorded by
methods M2 and M3 are probably due to the higher concentration of the electrolytes.

Phosphate adsorption is likely to give higher values particularly for the
sub-surface horizons due to the possible adsorption and continued reaction that is
expected with hydrous oxides of Fe and Al.
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In all other methods chloride was the index anion which is known to be an

indifferent ion and thus the differences in AEC measured was mainly due to differences
in concentration of the electrolytes used.

T he analysis of variance data presented in Table 18 also showed significant
difference due to various methods of ion exchange determinations. Compulsive
exchange methods (M3) and CECb (M7) appeared to be equally effective and there was
no significant difference between these two in CEC determination. However NH4OAC
CEC and ECEC differed (Mland M2) significantly from the above two. Methods M4,
M5 and M6 are also not significantly different from compulsive exchange, but registered
higher values.

Among anion exchange measurements there was no significant difference
between compulsive exchange (Ml) and Ca CI2 method (M5). Other methods varied
significantly from compulsive exch^^e method.

Thus compulsive exchange method appears to be much suitable for (he
combined determination of both CEC and AEC. Calcium chloride 0.002M, is found to
beequally good(M7in CECandM5inAECmeasurements) for thecombined estimation,
butowing tosimplicity oftheprocedure theformer ispreferred forsoils containing mainly
variable charge components like theOxisols and Ultisols. There is now ample evidence
to show that the traditional method is unsuited for ion exchange measurements in these
soilsduetotheinherent defects ofNH4OAC discussed inthefirstparagraph ofthis chapter
(Gillman 1979, Gillman and Sumner 1987). Thecompulsive exchange method is freeof
such criticisms and therefore would seem well suited for the Oxisols and Ultisols of
Kerala.

5. Characterisation of permanent and p^ dependant charges.

The predominant variable charge nature of the clay systems of the soils
studied are disturbed in (he potcritiomctric titralioii curvcs. There is some unccrtaiiUy
about the exact crossing point since the intercept does not coincide with the zero point
of titration (Fig. 4,7,8,9,13,14,15,16 and 17). Thus the net electric charge is calculated
with respect to the zpc rather than with respect to the zero point of titration. In all the
samples the zero point of charge was found shifted towards the acid side of the curve.
This observation indicated the presence of apermanent charge balanced mainly by Al^"*"
ions (Van Raij and Peech, 1972). Data onXRDA ofall the samples studied also supported
this view as the samples carried appreciable amounts of chloritized vermiculite along
with Kaolinite (Gallez etal1976, Laverdiere and Weaver 1977). Thediffraction maxima
for theclay minerals, however were indistinct orlacking entirely, priorto theremoval of
sesquioxides (XRD-pattern not shown) indicating that the sesquioxide constituent may
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be the more influencial component in regard to charge properties. During the
pretreatment of samples for potentiometric titrations dissolution of apj^eciable amounts
of sesquioxides probably might have exposed part of the permanent charge bearing
components of the soil systems. Thus the highly weathered soils studied though carries^
mainly variable charge components, from the electro-chemical point of view may be
treated as mixed systems composed of constant potential surfaces with appreciable
amounts of constant charge components.

The values of permanent charge determined by different methods are
presented in table19. Values obtained arenegative in all thesamples studied. A separate
titration curve with p^ against the volume of acid/alkali added was constructed (not
shown in the thesis) to locate the displacement of zero point of charge from zero point
of titration and this shift in zpcwas taken as theindirect measure of permanent charge.

The difference between cation exchange capacity and anion exchange
capacity at zero pointof charge (Gillman and Sumpter, 1986) wasread from the curves
of CEC and AEC versus p^ measured in two concentrations of KCl, (0.2N, 0.05N) and
CaCh(O.IN, O.OIN) to find out the oermanent charge (Fig. 28-35). Similarly the curves
of CECb, CECt and AEC versus p (Fig. 36-39) was also used to compute permanent
negative charge in the same manner.

Permanent charge measured by K"^ and Cl" adsorption (Gillman and Uehara,
1980) and obtained through theoretical calculations (Uehara and Gillman, 1980) resulted
in comparable values with other methods, though the absolute values were slightly lower
for the former two.

Thus the net surface charge density of the soils may be treated as the sum of
the two types ofsurface charges, the variable charge and the permanent charge. Under
field conditions the expression of thepermanent charge component is minimum and the
variable charge components such as Feand A1 oxides certainly play the most important
role in influencing the electro-chemical properties. A bcdor iinclcrslaiuling of the
electro-chemical behaviour of soils rich in hydrous oxides and KaoJinite thus will be
helpful in the development of agro-techniques to alleviate the dilution effects of these
low activity components in thegeneration ofnegative charges.

6. Contribution ofOrganic matter and Sesquioxides to exchange properties of
soils.

To investigate the contribution of organic matter and sesquioxides to the
exchangeproperties of organomineral complexes of surface and sub-surfacehorizons of
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seven profiles, this study has been undertaken. The results arepresented in table 20 and

^ 21.

In every instance of surface and sub-soils the CEC decreased substantially
after peroxidation and the AEC registered marginal increase. There was no exception to
this trend though the change inCEC and AEC consequent to peroxide treatment varied
considerably. Decrease in CEC due to removal of organic matter is attributed to the
predominantly high role of well decomposed organic matter in contributing functional
groups to generate negative sites. However the degree to which various soil textural

I groups interacted with organicfractions varied from sample to sample and thus influenced
differently the CEC after peroxidation. The increase in AEC of soils after peroxidation
is mostly due to the release of predominantly positively charged finer particles of Fe, AJ
oxides previously held together by organic matter. As the relative abundance of
negatively charged particles that are likely to be released in this manner is meagre in
highly weathered soils, the net effect is an increase of the AEC. Further the stability of
clay organic complexes also vary in soils with different physico-chemical properties.

When the data for all the soils were combined in asimple regression equation,
about 64% (table 21) of the variability in CEC could be explained by the organic matter
content alone. Partial regression equation ofAEC on organic matter of the same soils

^ ^ indicated that only 8% of the AEC is contributed by organic matter.
In a manner analogous to the estimation of the net contribution of organic

matter towards exchange properties, the net contribution ofsesquioxides to ion exchange
was estimated by DCB treatment of the samples. Consequent to sesquioxide removal the
CEC increased slightly and the AEC decreased marginally. In the regression equation
when the results^of all the soil samples were combined, nearly 11% of the variability in
CEC and 22% of the AEC could be explained by sesquioxide content. However the
changes obsen'ed with respect to both CEC and AEC was not significant statistically.
The non-significant effect as against the expected result may be due to the difference in
the methodology adopted. For example the introduction ofDCB and subsequent changes
in p and ionic strength would have changcd the cxclinngc behaviour of the soil totally.

The combined effect of organic matter and R2O3 removal was significant
with respect to CEC and AEC as evidenced from highly significant regression
coefficients. Almost 59 and 50 percent of the CEC and AEC respectively was attributed
by the combined effect of organic matter and R2O3. This clearly indicated that the

y combined interaction of organic matter and R2O3 with other soil components totally
modified the exchange behaviour of soil colloids rather than their individual effects. The

^ particular organomineral complex formed and the mechanism of their interaction to
enhance both CEC and AEC needs elaboration and further investigation.
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In summary,organicmatteraccountedfor nearly 64% of the variation in CEC
of the soils studied. Thesuspected dilution effect of R2O3 towards CEC and enhancement
ofAECisnotclearly brought out from the present study. Thecombined effects oforganic
matter and R2O3 interactions are tobe investigated further for a clear understanding of
the ion exchange behaviour of these highly weathered soils.

7. Mineraloglcal analysis of clay fraction.

' 7.1 X-ray diffraction analysis (XRDA).

The x-ray diffractograms obtained for the soil clays of the various profiles
studied are presented in Fig. 40 to 46. When preferential orientation of the sample is
used as was the case here, the flat crystals of the clay minerals tend to orient parallel to
the glass slide. The diffraction from different planes is intensified improving the
detectability ofthe diagnostic peaks ofthe clay minerals. The major clay mineral present
was kaolinite as in indicated by the peak at 7.2 and 3.57 Aunits. The sharpness of the
peaks suggest well formed crystals.

^ For other minerals present the diagnostic peaks and the relative intensity
are given in Table 22(a) and 22(b). Appreciable amounts ofsmectite group minerals
were present in all samples except the Kandiustult of Arackal and Maruthur. However
the effect was not reflected inthe CEC. This probably is due to the fact that the hydrous
oxides are adsorbed on the.surface and or edges ofthe clay mineral particles as discrete
colloidal particles which are often micro-crystalline. This considerably reduces the
expression ofpoint negative charges of the smectites. Goethite peaks are not sharp in
the soils due to the removal ofiron oxides during the pretreatment ofthe samples. Other
minerals present inmoderate amounts include vermiculite, chlorite, gibbsite, quartz, and
feldspars.

There was considerable shifting of the base line of the diffractograms
indicati^ng the presence of amorphous minerals. This was observed in the Plinthustult
ofPilathara, in the kandiustult ofPilicodc, Palcustull ofPunalurand in the Ilapluslull of
Karakulam. This may be due to the decomposition oflayersilicates, well ordered gibbsite
and allophanes (Uehara and Gillman, 1981).

^ Glycol solvation and heating did not give much additional information. But
* the purpose of differentiating the smectite groups from other 2:1 layer silicates was

^ achieved. In magnesium saturated samples smectite group was detected except in
Haplustult of Karakulam. Appreciable amounts of mica was de(5tected in Haplustox of
Pachalloor, Kandiustult of Maruthur and in the Paleustult of Punalur. Presence of
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Chlorite and vermiculite was confirmed in all the samples cxccpl llic Kandiustull of
^ Manithur. Potassium saturation and heating at 550°C did not give any well ordered peak

in the detectable range.

The results of mineralogical analysis show that Kaolinite is the most abundant
mineral with lesser amounts of smectites quartz and gibbsite.

The highly weathered nature of the profiles and the movement of bases to
lower layers suggest that there is intense chemical transformations at the sub-surface
layers for the resynthesis of smectites. Therefore the smectite is either preferentially
transported from the surface soils or formed in situ at lower layers by neoformations.
Thealkaline p conditions atmoderate depth existed in the geological past coupled with
solute movement and precipitation in these horizons must have created an environment
for the re-synthesis of 2:1 type clay minerals. Similar conditions with the accumulation
of silica, Al, Mg, Fe and alkaline environment leading to the resynthesis of smectites
have been reported by Aba-Husayn et al (1980). Another explanation is that these soils
are developed from granitic parent materials and the smectites formed are intermediates
of thetransformations of traceamounts offeldspars, chloriteandmica tokaolinite. These
processes happened through geological ages and the relics of smectites formed are
distributed at lower layers.

7.2 Scanning electron microscopic analysis

TheSEM pictures ofthe clay samples from the different profiles arepresented
in plates 8 to 13. Scanning electron micrographs show a very diverse morphology of
the soil clay minerals. The complexity of the morphological features is increased by the
presence of organicmatter, iron oxide andpossibly amorphous material which have not
been removed completely. A thick coating of iron oxide was found in all plates.
Crystalline features were not visible even at very high magnifications (hence not
photographed) due to thickoxide coating. Samples takenfrom thePaleustult of Punalur
shows an abundance of organic matter coating over the clay materials. Not much
additional information could be obtained from the SEM pictures of the samples. The
core mineral is identified and confirmed as kaolinite by XRDA.

8. Surface area estimation

Data presented in table 23 indicated higher values for measured specific
surface (EGME) than estimated values (negative adsorption data). Measured values
varied from 49-137 m^g"^ whereas estimated values ranged from 32.91 to 108.64 m^g"^.
The observed increase inmeasured surfce area may be due to multilayer adsorption of
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ethylene glycol over the soil particles. A close scruitny of the data revealed that the
surface area of the samples measured clearly followed the organic matter content of the
soil. The only exception to this trend is the Kandiustult of Arackal. The vertical increase
in clay content with depth was not reflected in the surface area probably due to the
dominant role played by organic matter. These observations are in conformitywith the
findings ofThompson et al.,(1989) who reported that 86% of thevariability in specific
surface could be explained by organic matter in fractionated soil materials. The
micro-crystalline nature of thehydrous oxides and theircoatings overthe clay minerals
may be one of the reasons for the non expression of the clay content increase inspecific
surface. The highest value recorded by both the methods was in the case of Paleustult
Ai,137 m g" and 108.64m^g"^ respectively for •glycol retention and negative
adsorption of chloride.

Specific surface determined by the two methods though not necessarily give
an unequivocal value, the agreement in the trend is quite good for atleast three samples
viz: Plinthustult ofPilathara, Paleustult of Punalur and theHaplustox of Pachalloor. The
poor agreement in the trend for other samples between calculated and measured values
cannot presently be explained.



SUMMARY AND CONCLUSIONS

y



SUMMARY AND CONCLUSIONS

A study has been conducted on the electro-chemical properties of seven soils
representing one Oxisol and 6 Ultisols of Kerala with a view to have a deeper insight in
to their surface charge characteristics and mineralogy. The important observations and
conclusions drawn from the investigations conducted are summarised below.

1. Path coefficient analysis of important charge contributing factors
against parameters of charge measurement and the inter-relationships of all soil characters
studied show that organic carbon %, clay %, R203%, Alo% and Feo% are the major
factors that control the surface charge behaviour of the soils. The thirteen factors studied
explained nearly 55% and 48% of the variability of cation exchange and anion exchange
respectively. Thus further detailedinvestigationis requiredto get additionalinformation
and to account for the remaining unknown factors of variability .

2. The net electric charge of samples was determined by potentiometric
titration in the presence of varying concentration of NaCl. The potentiometric titration

^ curves at four different ionic strengths of NaCl, crossed at the common point of
^ intersection, the zero point of charge (zpc) , or the at which the net electric charge

was zero. The zpc for the surface horizons was found to be lower than the sub-surface
horizons in all the soils studied. Soil to soil variation in zpc between surface and
sub-surface horizons were more or less the same for all soils studied. Thus zpc cannot
be recommended as a taxonomic tool in soil classification, to distinguish Oxisols from

\JltisoIs.

3. The net surface charge density was found to vary with P^ and
electrolyte concenlration. Thus the electro-chemical behaviour of these soils was found
to be similar to that exhibited by many oxides in which the surface potential of a
reversible double layer is determined solely by the potential determining ions H"*" and
OH'.

4. A theoretical interpretation of the values for net surface charge and
surface potential was made by the application of the double layer theory of
Gouy-Chapman. The calculatedand experimental values for net charge was found to be
in agreement only at a critical concentration of the electrolyte. Below and above this

1^ concentration the experimental values of surface charge failed to obey the theory.

^ 5. Positive and negative charges determined by the measurement of ion
adsorption was found to vary with P^, electrolyte concentration and valence of ions.
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^ . IIThus a critical cicctrolylc conccnlralioii and P is very iinporlanl in deciding thesurface
4 charge measurement. Any procedure developed for the measurement of electric charges

inthese soils will have to take into account the composition and ionic strength ofthe soil
solution in order to relate the exchangecapacity to actual field situation.

6. In a study for the evaluation of ion exchange measurements, it was
found that the compulsive exchangemethod is most suitable for the combined estimation
of CEC and AEC. Calcium Chloride 0.002 Mwas also found to beequally good, but
owing tosimplicity of theprocedure, theformer method appeared better. The traditional
NH4OAC method was found to give over estimations ofCEC and thus very high values.
The compulsive exchange method is free from the inherent defects of NNH4OAC (P^7)
and hence would seem well suited for the Oxisols and Ultisols of Kerala.

7. Appreciable amounts ofpermanent charge wasfound in allsoils studied
though the samples were treated predominantly as variable charge systems. Values of
permanent charge measured by different methods were found to be in good agreement
with the estimated theoretical results. Under field conditions the expression of the
permanent charge component was minimum and the variable charge components such
as Fe, A1 oxides certainly controlled the important electro-chemical properties.

8. Inaseparate experiment to find out the contribution oforganic matter
and sesquioxides to exchange properties of soils, it was found that64 % of the CEC and
8% of the AEC was contributed from the organic matter. Sesquioxides could explain
only 11% ofthe variability in CEC and 22% ofthe variability for AEC. The combined
effect of organic matter and R2O3 removal was highly significant with respect to CEC
and AEC in all samples studied. Almost 59 and 50 percent of the CEC and AEC
respectively was attributed to the combined effect oforganic matter and R2O3.

9. The results of mineralogical analysis show that kaolinite is the most
abundant clay mineral present in the soil studied. Appreciable amounts of smectites,
quartz and gibbsite was also identified. Thepresence of smectites was not reflected in
the cation exchange capacity of any of the samples studied.

10. The SEM pictures of the samples studied showed a thick coating of
iron oxide in all plates. Sample taken from the Paleustult of Punalur indicated the
presence oforganic matter occurring as coatings over clay materials.

]• 11. The surface area of the samples measured closely followed the organic
^ matter content of the soil. Vertical increase in clay content with depth observed in all

the profiles was not reflected in the surface area. In general measured values of specific
surface was much higher than the estimated values.
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^ Thus the unique electro-chemical properties exhibited by these highly
weathered soils are suggestive of special management packages. It will be of prime
importance to conserve or even increase the organic matter status, because the
contribution ofnegative charge from this source is vital to the retention ofnutrient cations.
Since these soils generally contain very little net negative charge in the sub-surface
horizons, cations lost from the surface will be readily leached from the entire profile. On
the other hand, even though anions might not be retained at the surface, they will be stored
in thesub-surfacehorizonswherepositivechargesaremoreprominent. Thus deeprooted
crop plants could take advantage of this situation.

-i-
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Appendix-i. Data derived froa the potentioaetric tltration curves of the
Kandiustult-Ap (Pllicode).

Concentration Amount adsorbed pH Net electric Double

of NaCl (cmol kfi-M charge layer

OH- (cmol (CIROl potential

kfl-') CO"')x

10-' •fD nV

IN 7.3 - 3.0 5.3 0.59 44.3

4.8 - 3.3 2.8 0.31 27.0

2.4 - 3.6 0.4 0.04 8.9

- 2.4 5.0 -4.4 -0.49 -74.0
- 4.6 6.2 -6.8 -0.75 -145.0
— 7.3 7.3 -7.3 -1.03 -209.0

7.2 - 2.9 5.2 0.58 50.2

4.7 - 3.2 2.7 0.30 32.5

O.IN 2.3 - 3.6 0.3 0.03 8.9

- 2.4 5.8 -4.4 -0.49 -121.2

- 4.8 6.9 -6.8 -0.75 -186.2
— 7.3 7.6 -9.3 -1.03 -227.5

7.1 - 2.8 5.1 0.57 56.2

0.01 N 4.6 - 3.2 2.6 0.29 32.5

2.2 - 3.5 0.2 0.02 14.8
- 2.3 6.0 -4.3 -0.48 -132.9

- 4.8 7.2 -6.8 -0.75 -203.9
— 7.2 6.0 -9.2 -1.02 -251.2

7.1 - 2.8 5.1 0.57 56.2

4.6 - 3.1 2.6 0.29 38.4
0.001 N 2.2 - 3.5 0.2 0.02 . 14.8

- 2.3 6.6 -4.3 -0.48 -168.4
- 4.7 7.4 -6.7 -0.74 -215.7
- 7.2 8.2 -9.2 -1.02 -262.9

Specific surface^ 90 n" g"^

zpc.2.caol acid side



Appendix-2. Data derived froa the potentioaetric titration curves of the
Kandiustult-Bc (Pilicode).

Concentration Aaount adsorbed p" Net electric Double
of NaCl (coiol kfi-M charge layer

OH- (cnol (cnol potential
kfi-M cn"®)x

10-' ifO nV

7.3 - 3.1 5.7 0.84 53.2
4.8 - 3.3 3.2 0.47 11.4
2.4 - 3.8 0.8 0.12 11.8

IN - 2.4 6.4 -4.0 -0.59 -141.8
- 4.8 8.0 -6.4 -0.94 -236.4

"

7.3 8.9 -8.9 -1.30 -289.6

7.2 - 2.6 5.6 0.82 82.7
4.2 - 3.1 3.1 0.45 53.2
2.3 - 3.7 0.7 0.10 17.7

O.IN - 2.4 6.8 -4.0 -0.59 -165.5
- 4.8 8.4 -6.4 -0.94 -260.0

7.3 9.2 -8.9 -1.30 -307.3

7.1 - 2.5 5.5 0.80 "88.6
4.6 - 3.0 3.0 0.44 59.1
2.2 - 3.6 0.6 0.08 23.6

O.OIN - 2.3 7.2 -3.9 -0.57 -189.1
— 4.8 8.8 -6.4 -0.94 -283.6

7.2 9.5 -8.9 -1.30 -325.0

7.1 - 2.5 5.4 0.79 88.6
4.6 - 3.1 3.0 0.44 53.2

O.OOIN 2.2 - 3.6 0.6 0.08 23.6
•• 2.3 7.7 -3.9 -0.57 -218.7

4.7 9.2 -6.4 -0.94 -307.3
7.2 9.7 -8.9 -1.30 -336.8

Specific surface ; 68.ra®g~^

zpc. 1.6 caolkg""* acid side,



Appendix.3. Data dervied from the potentiometric titration curves of the
Plinthustult-Ap (Pilathara)

Concentration Amount adsorbed P" •i Net electric Double
of NaCl (cinol ka" charge layer

H* OH- (cmol ^ (cmol potential

kg"--) cm"®)x
10-7 fO mV

IN 7.3 2.9 4.9 0.50 41.4

4.6 - 3.3 2.4 0.24 17.7

2.4 - 3.6 0.1 0.01 0.0
- 2.4 5.2 -4.8 -0.48 -35.5

- 4.8 6.2 -7.2 -0.73 .-153.6
— 7.3 7.3 -9.5 -0.96 -218.6

7.2 - 2.-8 4.8 0.49 47.3
4.7 - 3.1 2.3 0.23 29.5

O.IN 2.3 - 3.6 -0.1 -0.01 0.0
- 2.4 5.8 -4.8 -0.48 -130.0
- 4.8 6.9 -7.2 -0.73 -195.0
— 7.3 7.9 -9.7 -0.98 -254.1

2.1 - 2.7 4.7 0.47 53.2
4.6 - 3.1 2.2 0.22 29.5

O.OIN 2.2 - 3.5 -0.2 -0.02 5.9
•- 2.3 6.1 -4.7 -0.47 -147.7

- 4.8 7.4 -7.2 -0.73 -224.6
— 7.2 8.2 -9.6 -0.97 -271.8

7.1 - 2.6 4.7 0.47 59.1
4.6 - 3.0 2.2 0.22 35.5

O.OOIN 2.2 - 3.5 -0.2 -0.02 5.9
- 2.3 6.8 -4.7 -0.47 -189.1

- 4.7 7.6 -7.1 -0.72 -236.4
7.2 8.4 -9.6 -0,97 -283.6

Specific surface ; 98

zpc. 2.4 cmol kg"'' acid side



V

Appendix.4. Data dervied £ro« the potentio«etric titration curveo of the
Flinthuetult-Bf (Pilathara)

Concentration Amount adsorbed pH Net electric Double

of NaCi (cnoi kfi charge layer

OH- (caol (cnol potential

kft--*) CM"')x
to aV10-^

7.3
_ 3.3 5.0 0.63 29.5

4.6 3.5 2.5 0.31 17.7

IN 2.4 - 3.7 0.1 0.01 5.9

_ 2.4 5.4 -4.7 -0.59 -94.6

4.8 6.5 -7.1 -0.89 -159.6

- 7.3 7.6 -9.6 -1.21 -224.6

7.2
_ 3.0 4.9 0.62 47.3

4.7 - 3.3 2.5 0.31 29.5

O.IN 2.3 - 3.7 0.0 0.00 5.9

_ 2.4 5.9 -4.7 -0.59 -124.1

_ 4.8 6.8 -7.1 -0.89 -177.3

- 7.3 8.2 -9.6 -1.23 -260.0

7.1
_ 3.0 4.8 0.61 47.3

4.6 - 3.3 2.3 0.29 29,5

2.2 - 3.6 -0.1 -0.01 11.8

O.OIN - 2.3 6.4 -4.6 • -0.58 -153.7

- 4.8 7.4 -7.1 -0.91 -212.8

- 7.2 8.7 -9.5 -1.20 -289.6

7.1 2.9 4.8 0.61 53.2

4.6 - 3.3 2.3 0.29 29.5

2.2 - 3.7 -0.1 -0.01 5.9

O.OOIH - 2.3 6.8 -4.6 -0.58 -177.3

— 4.7 7.9 -7.0 -0.89 -242.3

7.Z 8.9 -9.5 -1.21 -313.2

Specific surface; 79 n8

zpc; 2.,3 cnol kg~^ acid side



Appendix.5. Data dervied froii the potentioaetrlc tltration curves of the
Paleustult - Ai (Punalur).

Concen Anount adsorbed Net electric charge Double

tration CfflOl kg-^ P" layer

of Nad cnol kg"^ (cool ca"') potent.

H ♦ OH- X 10-7 •\|/o nV

7.1 3.3 4.7 0.34- 17.7

4.6 - 3.5 2.2 0.16 5.9

2.1 - 3.7 -0.3 -0.02 -5.9

IN - 2.4 4.9 -4.8 -0.35 -76.8

- 4.7 5.5 -7.1 -0.51 -112.3

- 7.2 6.0 -9.6 -0.70 -141.8

7.2 - 3.4 4.8 0.35 11.8

4.7 - 3.5 2.3 0.16 5.9

2.2 • - 3.8 -0.2 -0.01 -11.8

O.IN - 2.4 5.2 -4.8 -0.35 -94.6
- 4.8 6.2 -7.2 -0.52 -153.7

- 7.3 6.6 -9.7 -0.70 -177.3

7.3 - 3.3 4.9 0.35 17.7

4.7 - 3.4 2.3 0.16 11.8

2.3 - 3.7 -0.1 -0.01 -5.9

O.OIN - 2.4 6.0 -4.8 -0.35 -141.8

- 4.8 6.8 -7.2 -0.52 -189.1
- 7.4 7.2 -9.8 -0.71 -212.8

7.4 - 3.3 5.0 0.36 17.7

4.8 - 3.5 2.4 0.17 5.9

O.OOIN 2.4 - 3.7 0 0.00 -5.9
- 2.4 6.3 -4.8 -0.35 -159.6
- 4.7 6.9 -7.1 -0.51 -195.0

- 7.3 7.4 -9.7 -0.70 -224.6

Specific surface; 137 n® g"^

zpc ; 2.4 CBol kg~^ acid aide



Appendix.6. Data dervied froa the potentioaetric titration curves of the
Paleustult - Bti (Punalur).

Concen Aaount adsorbed Net electric charge Double

tration cnol pH layer

of Nad caol kg"* (caol cn"" potential

OH- X 10-' fO aV

) 7.3
_ 2.7 4.8 0.72 65.0

4.8 - 3.1 2.3 0.34 41.4

2.3 - 3.6 -0.2 -0.03 11.8

IN - 2,4 6.4 -4.9 -0.73 -153.7

— 4.8 8.1 -7.3 -1.08 -254.1

- 7.3 8.7 -9.8 -1.46 -289.6

7.3 2.6 4.8 0.72 70.9

4.7 - 3.2 2.2 0.32 35.5

2.3 - 3.8 -0.2 -0.03 0.0

O.IN - 2.4 6.3 -4.9 -0.73 -147.7

- 4.9 8.5 -7.4 -1.10 -277.8

- 7.4 9.3 -9.9 -1.47 -325.1

7.4
_ 2.9 4.8 0.72 53.2

4.8 - 3.2 2.3 0.34 35.5

2.3 - 3.8 -0.2 -0.03 0.0

O.OIN - 2.4 7.1 -4.9 -0.73 -195.0

- 4.8 9.1 -7.3 -1.08 -313.2

- 7.4 9.6 -9.9 -1.47 -360.5

7.4 2.6 4.8 0.72 70.9

4.9 - 3.2 2.4 0.35 35.5

2.3 - 3.8 -0.2 -0.03 0.0

O.OOIN - 2.4 7.3 -4.9 -0.73 -206.8

- 4.9 9.1 -7.4 -1.10 -313.2

7.4 9.8 -9.9 -1.47 -354.6

Specific surface : 67

zpc : 2.5 cnol ks"^ acid side



Appendix.7. Data dervled fro« the potentloiaetric titration curves of the
KondXuatult-Ap (Arackal)

Concen

tration

of NaCl

IN

O.IN

O.OIN

O.OOIN

Amount adsorbed
cmol kg"^

H ♦ OH"

P"

Net electric charge

cmol kg""* (cnol en"®)
X 10-'

Double

layer
potent,
yo mV

7.3 2.9 5.2 0.75 35.5
4.8 3.1 2.7 0.39 23.6
2.3 3.6 0.2 0.03 -5.9

2.4 5.4 -4.6 -0.65 -112.3
4.9 6.5 -7.0 -1.01 -177.3
7.4 7.6 -9.5 -1.37 -354.6

7.4 2.6 5.3 0.76 41.4
4.9 . 3.1 2.8 0.40 23.6
2.4 3.5 0.3 0.04 0.0

2.4 5.9 -4.5 -0.65 -141.8
4.8 6.8 -6.9 -0.99 -195.0
7.3 8.2 -9.4 -1.36 -277.8

7.4 2.8 5.3 0.76 41.3.
4.9 3.1 2.8 0.40 23.6
2.3 3.5 0.2 0.02 0.0

2.4 5.9 -4.5 -0.65 -141.8
4.9 7.4 -7.0 -1.01 -230.5
7.4 8.7 -9.5 -1.37 -307.3

7.3 2.8 5.2 0.75 41.4
4.8 3.1 2.7 0.39 23.6
2.4 3.6 0.2 0.03 -5.9

2.4 6.8 -4.5 -0.65 195.0
4.9 7.9 -7.0 -1.01 -260.0
7.4 8.9 -9.5 -1.37 . 319.1

Specific surface ; 69 m*g-^

zpc ; 2.1 cnol kg""* acid side



Appendix.8. Data dervied froa the potentlonetric titratlon curves of the

Kandlustult-Bs (Arackal).

Concen Amount adsorbed Not oloctrlc charge Uoubl0

tration cmol kfi"^ P" layer
of NaCl cnol kfi""* (craol en"" potential

OH- X 10-' yo mV

7.4 - 3.0 4.9 0.69 47.3

4.8 - 3.2 2.3 0.32 35.5

Z.3 - 3.7 -0.2 -0.03 -5.9

IN - 2.3 4.9 -4.8 -0.67 -65.0 ..
- 4.8 5.8 -7.3 -1.03 -118.2

— 7.3 7.1 -9.8 -1.38 -195.0

7.3 - 2.9 4.8 0.67 53.2
4.8 - 3.3 2.3 0.32 29.6
2.4 - 3.8 -0.1 -0.01 0.0

O.IH - 2.4 5.4 -4.9 -0.69 -94.6

1
- 4.9 6.2 -7.4 -1.04 -141.8

— 7.3 7.4 -9.8 -1.38 -212.8

7.4 - 2.6 4.9 0.69 70.9
4.8 - 3.2 2.3 0.32 35.5
2.4 - 3.8 -0.1 -0.01 0.0

O.OIN - 2.4 5.9 -4.9 -0.69 -124.1
- 4.9 7.8 -7.4 -1.04 -236.4

— 7.4 8.7 -9.8 -1.38 -283.7

7.4 - 2.7 4.9 0.69 65.0
4.9 - 3.2 2.3 0.32 35.5
2.4 - 3.8 -0.1 -0.01 0.0

O.OOIN - 2.4 6.5 -4.9 -0.69 -159.6
- 4.8 7.8 -7.3 -1.03 -236.4

7.4 8.9 -9.8 -1.38 -301.4

Specific surface : 71 a®

zpc ; 2.5 cmol kfi-1 acid side



Appendix 9. Data derived froa the potentioiietric titration
curves o£ the Haplustult - Ap (Karakulaa).

Concentration

o£ NaCl

Anount adsorbed

CDiol Kfi-^

Net electric charge

cnol kg' ( cnol en-®)

Double

layer
potential

OH- X 10-' ^0 nV

7.3
_ 3.2 3.8 0.44 17.7

4.7 ~ 3.4 1.2 0.14 5.9

IN 2.3 - 3.6 -1.2 -0.14 -5.9

- 2.4 5.0 -5.9 -0.68 -88.6

- 4.7 5.9 -8.2 -0.94 -141.8

- 2.4 6.5 -10.9 -1.25 -117.3

7.4
_ 3.1 3.9 0.44 23.6

4.8 - 3.4 1.3 0.15 5.9

2.3 ~ 3.7 -1.2 -0.14 -11.8

O.IN 2.4 5.4 -5.9 -0.68 -112.3

- 4.8 6.3 -8.3 -0.95 -165.5

- 7.4 7.1 -10.9 -1.25 -212.8

7.4 _ 3.0 3.9 0.44 29.6

4.8 - 3.2 1.3 0.15 17.7

O.OIN 2.4 - 3.6 -1.1 -0.13 -5.9

1 2.4 6.0 -5.9 -0.68 -147.7

- 4.8 7.0 -8.3 -0.95 -206.8

- 7.4 7.8 -10.9 -1.25 -254.1

7.4 3.1 3.9 0.44 23.6

4.9 - 3.3 1.4 0.16 11.8

O.OOIN 2.4 - 3.6 -1.1 -0.13 -5.9

- 2.3 6.8 -5.8 -0.67 -135.9

- 4.8 7.3 -8.3 -0.95 -224.6

- 7.4 8.3 -10.9 -1.25 -283.7

Specific Surface 87

zpc ; 3.5 cnol kg"^ , acid side.



Appendix 10. Data derived froa the potentioaetric titration
curves of the Haplustult - Be (Karakulaa).

Concentration Amount adsorbed pH Net electric charge Double

of NaCl CQlOl Ka--*
cnolkg"^ (caol ca"')

layer

potential

OH- X 10-' Tj/O aV

7.3
_ 3.1 4.9 0.85 35.5

4.7
_ 3.3 2.3 0.04 23.6

IN 2.4 - 3.6 0.0 0.00 0.0

2.3 4.8 -4.7 -0.82 -65.1

_ 4.8 5.6 -7.2 -1.20 -112.3

- 7.3 6.5 -9.7 -1.70 -165.5

7.4 3.0 5.0 0.87 41.4

4.6 — 3.3 2.4 0.42 23.6

O.IN 2.4 - 3.7 0.0 0.00 0.0

2.4 5.1 -4.8 -0.84 -82.7

4.8 6.2 -7.2 -1.26 -88.6

- 7.3 6.9 -9.7 -1.70 -189.1'

7.4 2.9 5.0 0.87 47.3

4.9 _ 3.2 2.5 0.43 29.6

O.OIN 2.4 - 3.6 0.0 0.00 0.0

2.4 5.8 -4.8 -0.84 -124.1

4.8 6.8 -7.2 -1.26 -183.2

- 7.4 7.8 -9.8 -1.72 -242.3

7.4 2.8 5.0 0.88 53.2

4.9 _ 3.0 2.5 1.28 41.4

O.OOIN 2.4 - 3.6 0.0 0.00 5.9

2.4 6.8 -4.8 -0.84 -183.2

4.9 7.3 -7.3 -1.28 -212.8

- 7.4 8.8 -9.8 -1.72 -301.4

Sft-ISpecific Surface 57 n'£

zpc ; 2.4 caol kg'S acid aide.



Appendix 11. Data derived fron the potentio*etric titration
curves of the Kandiustult Ap ( Haruthur).

Concentration Anount adsorbed P" Net electric Double

of NaCl (caol kg--') charge layer

H" OH- (cmol (cmol potential

ke--*) en"')x

10-^ •"/O nV

7.3 2.8 4.9 0.58 53.2

4.7 _ 3.0 2.3 0.27 41.4

IN 2.4 - 3.4 0.0 0.00 17.7

- 2.4 5.0 -4.8 -0.57 -76.8

_ 4.8 6.2 -7.2 -0.85 -147.8

- 7.4 7.3 -9.8 -1.17 -212.7

7.4 2.7 5.0 0.59 59.1

4.8 - 3.1 2.4 0.28 35.5

2.4 - 3.6 0.0 0.00 5.9

, O.IN - 2.4 5.2 -4.8 -0.57 -88.6

- 4.8 6.4 -7.2 -0.85 -159.6

- 7.4 7.8 -9.8 -1.12 -242.3

7.4 2.6 5.0 0.59 65.0

4.9 - 3.2 2.5 0.29 29.6

O.OIN 2.4 - 3.6 0.0 0.00 5.9

- 2.4 6.3 -4.8 -0,57 -153.7

- 4.9 7.4 -7.3 -0.86 -218.7

- 7.4 8.4 -9.8 -1.17 -277.8

7.4 2.6 5.0 0.59 65.0

4.9 - 3.1 2.5 0.29 35.5

O.OOIN 2.4 - 3.5 0 0.00 11.8

2.4 6.8 -4.8 -0.57 -183.2

- 4.9 7.6 -7.3 -0.86 -230.5

- 7.4 8.4 -9.8 -1.17 -Z77.8

Specific Surface 84 n® g"^

zpc; 2.4 caol kg~^» acid side
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Appendix 12 Data derived froai the potentioaetric titration
curves of the Kandiustult - Be (Naruthur).

Concentration Amount adsorbed PH Net electric Double
of NaCl (CQOl fce-M charge layer

OH- (cmol (cmol potential
cm"®)x
10-' "i|J0 nV

7.3 - 3.5 4.9 0.90 29.6
4.7 - 3.7 2.3 0.42 17.7

IN 2.4 - 3.9 0.0 0.00 5.9
- 2.4 5.2 -4.8 - 0.88 "70.9

- 4.8 6.7 -7.2 • 1.33 -159.6
7.3 7.3 -8.7 -1.80 -195.0

7.4 - 3.4 5.0 0.92 35.5
4.6 - 3.7 2.4 0.44 17.7
2.3 - 4.1 -0.1 -0.02 -5.9

O.IN - 2.3 5.4 -4.7 -0.87 -82.7
— 4.9 6.9 -7.3 -1.35 -171.4

7.4 7.7 -9.8

CO

1

-218.7

7.4 - 3.2 5.0 0.92 47.3

O.OIN

4,9 - 3.6 2.3 0.46 23.6
2.4 - 3.9 0.0 0.00 5.9

— 2.4 6.5 -4.8 -0.88 -147.7
— 4.8 7.5 -7.2 -1.33 -206.8

7.4 8.3 -9.8 -1.81 -254.1

7.4 - 3.2 5.0 0.92 47.3
4.9 — 3.4 2.5 1.35 35.5

O.OOIN 2.4 - 3.9 0.0 0.00 5.9
— 2.4 6.9 -4.8 -0.88 -171.4

4.8 8.3 -7.2 -1.33 -254.1
7.4 8.9 -9.8 -1.81 -289.6

Specific Surface : 54

zpc : 2.4 cmol kg-\ acid side.
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Appendix 13 Data derived fron the potentioaetric titration
curves of the Hapluetox -hp (Pachalloor).

Concentration Aaount adsorbed pH Net electric Double

of NaCl (cmol kfi-M charge layer

OH- (CfflOl (cmol potentia

kg-M CIH"® )x
10-' ^0 nV

7.3 - 3.2 5.1 0.56 41.4

IN 4.8 - 3.5 2.6 0.28 23.6

2.3 - 3.8 0.1 0.01 5.9
- 2.3 4.9 -4.5 -0.49 -59.1

- 4.8 5.4 -7.0 -0.76 -88.7
- 7.3 6.8 -9.5 -1.04 -171.4

7.3 - 3.1 5.1 0.56 47.3

4.9 - 3.4 2.7 0.29 29.6

O.IN 2.3 - 3.8 0.1 0.01 5.9
- 2.3 5.9 -4.5 -0.49 -118.2

- 4.8 6.8 -7.0 -0.76 -171.4
- 7.4 7.6 -9.6 -1.05 -218.6

7.4 3.0 5.2 0.57 53.2

O.OIN 4.9 - 3.3 2.7 0.29 35.5
2.4 - 3.6 0.2 0.02 17.7

- 2.4 6.2 -4.6 -0.50 -135.9

- 4.-9 7.4 -7.1 -0.78 -206.9
— 7.4 8.7 -9.6 -1.05 -283.7

7.4 - 3.0 5.2 0.57 53.2

O.OOIN 4.9 - 3.4 2.7 0.29 29.6

2.4 - 3.7 0.2 0.02 11.8
- 2.4 6.5 -4.6 -0.50 -153.7

- 4.9 7.6 -7.1 -0.78 -218.7
— 7.4 8.6 -9.6 -1.05 -277.8

Specific Surface : 91

zpc ; 2.2 cnol kg"*, acid side.
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Appendix 14 Data derived froa the potentioaetric titration
curves of the Haplustox -BA (Pachalloor).

Concentration Anount adsorbed pH Net electric Double

of NaCl (caol kg~ charge layer

H* OH- (cmol (cmol potential

U") ca"')x
10-7 YO aV

7.3 - 3.5 5.0 1.02 29.6

IN 4.8 ~ 3.6 2.5 0.51 23.6

2.4 - 3.9 0.1 0.02 5.9

- 2.4 4.9 -4.7 -0.96 -53.2

- 4.8 5.6 -7.1 -1.44 -94.6

7.3 7.0 -9.6 -1.95 -177.3

> 2.3 - 3.4 5.0 1.02 35.5

4.8 - 3.6 2.5 0.51 23.6

O.IN 2.3 - 3.8 0.0 0.00 11.8
~ 2.4 5.9 -4.7 -0.96 -112.3
- 4.8 6.9 -7.1 -1.44 -171.4

- 7.4 7.8 -9.7 -1.97 -224.6

7.4 3.2 5.1 1.04 47.3

O.OIN 4.8 - • 3.6 2.5 0.51 23.6

2.4 - 3.8 0.1 0.02 11.8
- 2.4. 5.9 -4.7 -0.96 -112.3

- 4.8 7.1 -7.1 -1.44 -183.2
— 2.4 8.7 -9.7 -1.97 -277.8

7.4 - 3.2 5.1 1.04 47.3

O.OOIN 4.8 - 3.6 2.5 0.51 23.6
2.4 - 3.8 0.1 0.02 11.8

- 2.4 6.5 -4.7 -0.96 -147.8
- 4.9 7.9 -7.2 -1.46 -230.5

7.4 8.9 -9.7 -1.97 -289.6

specific Surface : 49 a®

zpc : 2.3 caol kg~^» acid side.
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ABSTRACT

A study has been conducted in seven selected profiles of Oxisols and Ultisols
representingthe importantpedologicalunits with a wide geographical distributionin the
state to have a deeper insight into the electro-chemical behaviour of these soils. A
multipronged approach to the studies made are highlighted to enable a clear
understanding of the achievements as against the major objectives and approaches made.

A laboratory study with thirty six samples from seven profiles representing
six Ultisols and one Oxisol has been carried out. Path coefficient analysis of important
thirteen charge contributing factors against two parameters for measurement of charge
and the inter-relationships of 15 soil characters show that organic matter, clay % , R2O3
%, Alo% and Feo% are the major factors that control the surface charge behaviour of
the soils. The factors studied explained only 55% and 48% of the variability of cation
exchange and anion exchange respectively.

Study of the distribution of the electric charges in the surface and sub-surface
horizons of the soils was made by means of potentiometric titrations and by measurement
of adsorption of ions in thepresence ofvarying concentration of electrolytes. The titration
curves at different ionic strengths crossed at the common point of intersection, the
zero-point of charge (zpc). Thus the electro-chemical behaviour of these soils was found
to be similar to that exhibited by many metallic oxides in which the surface potential of
a reversible double layer is determined solely by the activity of potential determining
ions, H"*" and OH' inthe bulk of the solution. The zpc for the surface horizons was found
to be lower than the sub- surface horizons in all the soils studied. Soil to soil variation

in zpc between surface and sub-surface horizons were more or less the same for all
samples. Thus zpc cannot be recommended as a taxonomic tool in soil classification to
distinguish Oxisols from Ultisols.

From known values of surface area and zpc of these soils, the values for net
electric charge wascalculated by the application of the Gouy-Chapman modelof double
layer and was found to obey the theory only at a critical electrolyte concentration. As
the soils were found to be similar to that of constant potential systems, the charge
distribution varied substantially with and electrolyte concentration. Direct
measurement of adsorption of ions from solutions of KCl, NaCl and CaCl2 showed that
the nature and valence of index cations also influenced the magnitude of the negative
charges on the soil particles. On the basis of the influence ofP^, electrolyte concentration
and' the valence of the counter-ions on the electric charges of the soils, most of the



'•L_.

>

conventional methods ofion-exchange determinations usingbuffered electrolytes at high
concentrations appears tobe inappropriate for tropical soils.

In a study for the evaluation ofion-exchange measurements it was found that
the compulsive exchange method is most suitable for the combined estimation ofCEC
and AEC. The traditional ammonium acetate method was found to give over estimations
of CEC and thus very high values. Calcium chloride 0.002M was found to be equally
effective but owingto the simplicity of the procedure, the former appeared better. The
compulsive exchange method is free from the inherent defects of neutral normal
ammonium acetate and hence would seem well suited for the Oxisols and Ultisols of
Kerala.

Although sesquioxidic components in combination with organic matter
apparently dominate the charge properties of these soils, there was evidence from the
litration curves to show thepresence of small amounts of clay minerals withpermanent
negative charge. This was confirmed by different methods and was found in good
agreement with the estimated theoretical results. However under field conditions the
expression of this constituent was minimum and the variable charge components such as
Fe, A1 oxides certainly control the electro-chemical characteristics.

In a separate experiment to find out the contribution of organic matter and
sesquioxides towards exchange properties of soils, it was observed that about 64% of
the negative sites and 8% of the positive sites was contributed from organic matter.
Sesquioxides explained only 11% of the variability in CEC and 22% of the variability in
AEC. The combined effect of organic matter and R203removaI was highly significant
with respect to CEC and AEC in all the soils studied.

Mineralogical investigation revealed the presence of kaolinite as the dominant
clay mineral. Appreciable amounts of smectites, quartz and gibbsite was also identified.
The presence of smectites was not reflected in the CEC of any of the samples. Scanning
electron micrographs did not give much information other than the presence of a thick
coatingof ironoxide andamorphous materialsover clayaggregates. The specificsurface
measuredby ethyleneglycol retention method invariablyshowed higher values than the
estimated values obtained from negative adsorption data. The specific surface
determined closely followed the organic matter content of the samples inspite of the
vertical increase in clay content within profiles.
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