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Clay Illuviation in Calcareous Vertisols of Peninsular India

P.L.A. SATYAVATHI, S.K. RAY, P. CHANDRAN, T. BHATTACHARYYA,
s.L. DURGE, p. RAJA, fJ.K. MAURYA AND D.K, pAL

Division of Soil Resource Studies, National Bureau of Soil Survey and Land {Jse planning," Amravati
Road, Nagpur 440 010

Abstrnct , ln viaw ol'tllver"ie undt'rslanding on the movement and accumulation of clay
purlicles tn l'artisols, u stutly un rcven benchmark calcareous Vertisols representing a

\z climosequence from sub-humid moist to arid dry climate was undertaken. The Vertisols have
clay enriched slickensided.horizons (Bss) (ZS% absolute increasefrom the eluvial horiz:otn).
The study indicates that the clay enrici**t in the Bss horizans due to illuviation of clay
particles and their subsequent accumulation in the Bss horizons have been possible because
of the dispersion of the clay particles caused by Md. and Na* ions whei precipitation of
soluble Cd* ions as calcium carbonate (CaCO) oirurr. Theformation of CaCbrand the
illuviation of clay are two pedogenetic processei occurring simultaneously'as ,o*i*porary
pedogenic events in drier climate since the late Holocene. Thus, the argfiliturbation towards
proisotropic pedoturbation has nat been able to overtake the clay illuviaiion in Vertisols under
studyfor thousands of years.

Earlier studies on shdnk-swell soils of
Peninsular India in general and Vertisols
in particular, indicate the distribution of
clay is more or less uniform t}rrough depth
upto I to 1.6 m and the uniformity
substantiates the effect of the process of
haploidisation within the pedon (Murthy
et al.,1982). A review by Ahmad (19g3)
also indicated a similar observation that
one of the distinguishing features of
Vertisols is the near absence of textural
differentiation due to considerable mixing

' Corresponding author : E-mail address i
paldilip200l@yahoo.com; dkpal@nbsslup.
ernet.in

of the soil material through pedoturbation
@uCal and Eswaran, 1988; Eswaran et al.,
1988; Mermut et al., 1996). In contrast,
Dudal (1965) reported that in some cases
there is a gradual increase with depth.
How'ever, Ahmad (1983) indicated from
all available evidence, that variations in
clay content with depth are not due to clay
migration but rather inherited from the
parent material.

Studies on shrink-swell soils in
general and Vertisols in particular, by the
Division of Soil Resource Studies at the
National Bureau of Soil Survey and Land
Use Planning, Nagpur, India during the
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last two and a half decades observed thepresence of the Bss horizons from nil to
::l:1*,iaily enriched with ctay (2a%rncrease from the eluvial froriron;
(Pacharn e, 1992; pillai, 1993; Balpande,

]!9?, fganjan e, 1ee5; Gabhane , tee6;
[adu, 1997; Vaidya, 

-Z0All 
put et al.,2Affi9. Morphololicat r*u*inution ofthese Vertisols did not inAi.uirany signof stratification in the parent material andalso clay skins.

In Vertisols clay translocation is notphenomenal since pedoturbation processes
tend to obliterate all evidence of theilluviation process except in lowerhorizons (Eswaran et 'at. 

l9gg).Hallsworth (1963) througtr anexperimental study on artificial mixture ofsand with montmorillonite found thatthere was no clay mov.*Lr, when theclay percentage was over 20. Thus,Blokhuis (19g2). was of the opinion thatclay illuviation in a Verrisol ls unlikelyand even if it did occur ii would bedifficult to ascertain, becausepedoturbation would in most caseseliminate any textural horizondifferentiation (,Ahmid, i;83j However,Yaalon and Kalmar. 
!l'gtL) ;a Wildingand Tessier (19ggi lnaicatedpedoturbation in Venisot, i, a dynamic,partially functionul p.o..rr. f, is anincomplete genetic model *J'no, rapidenough to preclude long_t..m peAogenic

translocation proc ess e_c.

In view of dir.ersitr. in obserlationsand understanding on rhe depth
distribution of clay, tlle presenr studr ,.i.as
undertaken to examine factors inr,..rr eci inand processes in the genesis of rhe Bsshorizons with ZS%.fuy in...ase than theeluvial horizons. It is hop.O ti.,ut despite
ll. Tu{or gaps in undersilrOirg rhe cla.,.illuviation and pedoturbrti;;, fi.;;.;;;; _work will be of value not only forVertisols of peninsular tnOia but also forsimilar soils occurring .tr.*t .r..

Materials and Methods

Soils

Seven benchmark Vertisols in thestates of fuIaharashtra, Andhra pradesh,
Karnataka, Rajasthun'unJduiu.u, 

wereselected from sub-humid, se#arid andarid climatic regiom tfuUf. ij.^
The characteristic of each pedon andits individual horizons *;; describedfollowing thc proceclrrrc of Soil SurveyMarrual (S,il Survcy .Strrl.f, lisl). .l.hc

particlc-sizc distribuiiun ruu, .l.r.rnrined
by the internarional pipette rn.tfrod afierremoval of organic matter, CaCO, and Feoxides. Sand (2000-50 e,*i, ,if, $A-2mm), coarse clav (2_A.6 pm), medium clay(0.6-.0.2 r,*) und fi".;i;; i.'o.z mm)fractions were separated ur.o.airg to sizesegregation procedure of Jackson (lg7g).
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The CaCOr, pH, cation exchange capacity
(CEC) and exchangeable Na and K were
determined on the fine earth (<2 irm)
fractions by standard methods (R.ichards,
1954). Exchangeable Ca and Mg were
determined following 1 i/ NaCl solution
extraction method (piper, 1966).
Exchangeable sodium percentage (ESp),
and exchangeable magnesium percentage

_(EMP) were computed from the values of
CEC and exchangeable cations. For the
estimation of water-dispersib-le clay
(WDC), 10 g soil was added to distilled
water in a bottle. The suspension was
shaken for 8 hr, transferred to a cylinder,
and the volume made up to 1000 ml.
Aliquots \vere taken to determine the clay
content follow.ing the international pipette
method.

Results

Morphological properties of soils

- The salient morphological features of
Vertisols under sfudy in terms of depth,
colour, texture, structure, c0nsistarray,
cracks, slickensides and calcareousness
are detailed in Table l.

Uniformit.y, ,r1'tha f n7c11t alluyiunr

I'he morphology of peclons as well as
the depth distribution of sand and silt
fractions and the sand to silt ratios on a
ciay free basis (Table 2) point toward
parent material uniformity. Further, the

thin seetions (not reported here) indicated
the presence of a similar group of major
minerals within the solum depths, with
minor variations in contents and the
absence of distinct boundaries between the
horizons. The homogeneity of the
alluvium suggests that the clay enrichment
of the Bss horizons was caused by some
process other than sedirnentation. In view
of the unifor:rnity of the parent alluvium,
the clay distribution as a function of depth
(Table 2) clearly indicates that these soil
are fairly well developed as defined by
Barshad (1964). In such soils, the clay
content increases with depth to a
maxirnum and then decreases until it
remains constant or completely
disappears.

Clay distribution ils a function of depth

Depth disiribution of coarse clay (<2-
0.6 pm) and medium clay (0.6-0.2 pm)
content does not show any trend with
depth, whereas the fine clay (<0.2 pm)
increases considerably (Table 2). The total
clay content shows more than g% clay in
the Bss horizons than in the Ap and Bw
horizons. Moreover, the ratio of fine clay
to total clay in the Bss horizons is greater
by 1.2 times than the ratio in the Ap and
Bw horizons. Depth distribution of total
and fine clays suggests the clay illuviation
process for the enrichment of clays in the
Bss horizons of the soils, indicating the
presence of argillic horizon (Soil Survey
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1987). However, the illuviation induced
clay enriched Bss horizons in Vertisols of
the present study strongly suggests that
argilliturbation may not at all be a primary
pedogenetic process for the formation of
Vertisols as proposed by many researchers
(Dan and Singer,1973; Soil Survey Staff,
1975; Buol et a1.,19g0).

Allan and Hole (1969) and Arnold
\y (1965), however, implied that for soils

developing from calcareous materiais, the
carbonate must be removed before the
clay is mobilized,. Like thern, many
researchers (Jenny, lg41; Smith et al.,
1950; Culver and Gray, 1969; Dankert and
Drew, 1970; Schaetzl, 1996; Timpson er
dl., 1996) have postulated cartonate
removal as a criterion for illuviation of
clay. It was thought earlier that calciumion clthanec.s flocculirtiun and
imnrobilization uf colloiclal ntaterial
(Bartelli and Otlell, 1960). Marshallr (1964) indicates that CaCO. maintains a
concentration of Caz* ions ln a solution
of 0.25 - 5.00 meq/I, depending upon the
partial pressure of CO, in contact with it.
Rimmer and Greenland (lg16) also
pointed out that at a calcium concentration
of 5 meq/I, the swelling of Ca-
montmorillonite is only I5% less than that
in distilled water. The saturation extract
of Vertisols under study indicates a very
low amount of Ca2+ ions (<< 5 meq/l) (pal
et a1.,2003a). It thus suggests that the

presence of CaCO, has minimal role to
cause flocculation of clay particles,
suggesting that movement of
deflocculated clay and its subsequent
accumulation in the Bss horizons is
possible in caicareous Vertisols. This is in
contrast to the experimental study of
Hallsworth (l gd3) that indicated no
movement of clay in an artificial mixture
of, sand and clay >ZAyo. However, the
presence ofpedogenic CaCO, in Vertisois
as irregular shaped micrite-sparite crystals
in the Bss horizons {pal et at., i00A;
Srivastava et al., ZA}q indicated their
origin in the sub-humid and semi-arid
climate prevailing during the Iate
Holocene period (pal et at.,ZOaq. During
the same time, and climate, illuviation of
clay appears to remain a major pedogenic
process. Thus the formation of CaCO, and
illuviation of clay particles *" o..u"rring
simultaneously as explained in the
following.

Perographic and SEM examination of
plagioclase and micas in similar Vertisols
indicated that both the minerals are only
slightly altered and lack etch pits and/or
dissolution pits. The plagioclase feldspars
are, thus not the primary source of CaZ*
ions in soil solution, rather non-pedogenic
C-aCO, is the major source (Srivastava e/
a1.,2002). The depth distribution of Exch.
Callvlg (Table 2) suggests rhat the

. maintenance of the higher CalMg ratio
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(*2, Pal et a|.,2fi00) rn tkre soitr solution

becomes difficult because Ca2* ions are

precipitatecl as CaCO. during high
evaporative dernanis for soil water. 'fhis

resuits in an increase in soil CaCO, witLr

clepth with tire concomitant increase in

ESP and EV{F ("{abie 2). This clearly
suggests that ttrre lncveraent oflclay during
the formatian tuf Yertis*is was not
preventecl by ths pr:eseilile ot'CaCOr.
H-ather. the preeipitation of CaCO, createei

a chemical environment ciiargerl witkl
ivIg2n ancl l.{ar' i*ns that la-eilitated t}ae

Cefloccuiatioel o{'c143, particles and th.eir

subsequent rutovelnent enown the soil
profiie. Tireref,cre, iiiuviaticn of clay and

the formatir,ln 6rf pedcgenlc CaCO, are

lrvo concurt'ent pedogenie events in
Vertisols of the Peninsular india during
the dricr ciircate of the late l{olocene,

Conclusiotts

The restrlts ,of the present study
indicate that substantial illuviaticn of clay

particles in eaicareous Vertisols is possibie

when the illuviation of clay' and the

formatioir of CaCO3 are tu'o concurrent
and active pedogenic process in dry
climates. Tliey are contemporary events

and provide an example of pedogenic
threshold (Pal et a1.,2003b) dwing the late

Holocene, Clay illuviation in calcareous

Vertisols appears to be a more important
pedogenetic process than argilliturbation
towards proisotropic pedoturbation.
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