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Clay Illuviation in Calcareous Vertisols of Peninsular India
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Abstract . In view of diverse understanding on the movement and accumulation of clay
particles i Vertisols, a study on seven benchmark calcareous Vertisols representing a
climosequence from sub-humid moist to arid dry climate was undertaken. The Vertisols have
clay enriched slickensided horizons (Bss) (>8% absolute increase Jfrom the eluvial horizon).
The study indicates that the clay enrichment in the Bss horizons 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 Mg’ and Na* ions when precipitation of
soluble Ca’ ions as calcium carbonate (CaCO) occurs. The formation of CaCO, and the
illuviation of clay are two pedogenetic processes occurring simultaneously as comtemporary
pedogenic events in drier climate since the late Holocene. Thus, the argilliturbation towards
proisotropic pedoturbation has not been able to overtake the clay illuviation in Vertisols under

study for thousands of years.

Earlier studies on shrink-swell soils of
Peninsular India in general and Vertisols
in particular, indicate the distribution of
clay is more or less uniform through depth
upto 1 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 (1983)
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 :
paldilip2001@yahoo.com;
ernet.in

E-mail address
dkpal@nbsslup.

of the soil material through pedoturbation
(Dudal 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.
However, 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 the
presence of the Bss horizons from nil to
substantially enriched with clay (~20%
increase from the eluvial horizon)
(Pacharne, 1992; Pillai, 1993; Balpande,
1993; Paranjape, 1995; Gabhane, 1996;
Kadu, 1997; Vaidya, 2001; Pal et al.,
2003a). Morphological €Xamination of
these Vertisols did not indicate any sign
of stratification in the parent material and
also clay skins.

In Vertisols clay translocation is not
phenomenal since pedoturbation processes
tend to obliterate aj] evidence of the
illuviation process except in lower
horizons (Eswaran el al., 1988).
Hallsworth (1963) through an
experimental study on artificial mixture of
sand with montmorillonite found that
there was no clay movement when the
clay percentage was over 20. Thus,
Blokhuis ( 1982) was of the opinion that
clay illuviation in a Vertisol is unlikely
and even if it did occur it would be
difficult to ascertain, because
pedoturbation would in most casesg
eliminate any  textural horizon
differentiation (Ahmad, 1983), However,
Yaalon and Kalmar (1978) and Wilding
and  Tessier (1988) indicated
pedoturbation in Vertisols is a dynamic,
partially functiong] process. It is an
incomplete genetic mode] and not rapid
enough to preclude long-term pedogenic
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translocation processes,

In view of diversity in observations
and understanding on the depth
distribution of clay, the present study was
undertaken to examine factors involved in
and processes in the genesis of the Bss
horizons with > 8% clay increase than the
eluvial horizons. It is hoped that despite
the major gaps in understanding the clay
illuviation and pedoturbation, the present
work will be of value not only for
Vertisols of Peninsular India but also for
similar soils occurring elsewhere.

Materials and Methods
Soils

Seven benchmark Vertisols in the
states of Maharashtra, Andhra Pradesh,
Karnataka, Rajasthan and Gujarat were
selected from sub-humid, semi-arid and
arid climatic regions (Table 1).

The characteristic of each pedon and
its individual horizons were described
following the procedure of Soil Survey
Manual (Soil Survey Staff, 1951). The
particle-size distributjon was determined
by the international pipette method after
removal of organic matter, CaCO, and Fe
oxides. Sand (2000-50 Hm), silt (50-2
mm), coarse clay (2-0.6 um), medium clay
(0.6-0.2 um) and fine clay (< 0.2 mm)
fractions were Separated according to size
Segregation procedure of Jackson (1 979).
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The CaCO;, pH, cation exchange capacity
(CEC) and exchangeable Na and K were
determined on the fine earth (<2 pum)
fractions by standard methods (Richards,
1954). Exchangeable Ca and Mg were
determined following 1 N 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-dispersible 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 were taken to determine the clay
content following the international pipette
method.

Results
Morphological properties of soils

The salient morphological features of
Vertisols under study in terms of depth,
colour, texture, structure, consistency,
cracks, slickensides and calcareousness
are detailed in Table 1.

Uniformity of the parent alluvium

The morphology of pedons as well as
the depth distribution of sand and silt
fractions and the sand to silt ratios on a
clay free basis (Table 2) point toward
parent material uniformity. Further, the
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thin sections (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 sedimentation. In view
of the uniformity 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
maximum and then decreases until it

remains constant or completely
disappears.

Clay distribution as a function of depth

Depth distribution of coarse clay (<2-
0.6 um) and medium clay (0.6-0.2 [m)
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 8% 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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Staff, 2003). Heweverj Uluviatiop of clay
pbarticleg Usually Tesults jp the
development of clay skins (Sojj Survey
Staff, 1975) that can be Te€Cognized ip the
field witp a 10x Jepg. In Vertisols the

Shrinking and Swelling of Smectitic clays
(Dudal anq Eswamn, 1988).

Deptp distributipy, of WDC Lxch, Cqy
Mpg, ESp, EbMp and spjf CaCOm?

Like totg) and fine clay, Wpc and soj]
C‘a.CO3 show 4 gradua] increage with

ons as
due to aridity (Balpande et al.,

[Vol. 2

al., 1986) although the United Stateg
Saiinity Laboratory (Richards, 1954)

P showsg in general, 4 gradua]
increase With depth, no Significant

becayse Its effect has beep undermineq by
the Presence of Ca-zeoliteg in the $~ilg
(Pedons 0, 15, 20 and 25, Pal ¢ al.,
2003a),

Biscussion
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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 al., 1980).

Allan and Hole (1968) and Arnold
(1965), however, implied that for. soils
developing from calcareous materials, the
carbonate must be removed before the
clay is mobilized. Like them, many
researchers (Jenny, 1941; Smith ef al.,
1950; Culver and Gray, 1968; Dankert and
Drew, 1970; Schaetzl, 1996; Timpson et
al., 1996) have postulated carbonate
removal as a criterion for illuviation of
clay. It was thought earlier that calcium
ion  enhances  floceulation and
immobilization of colloidal material
(Bartelli and Odell, 1960). Marshall
(1964) indicates that CaCO, maintains a
concentration of Ca?* jons in a solution
of 0.25 - 5.00 meq/I, depending upon the
partial pressure of CO, in contact with it.
Rimmer and Greenland (1976) also
pointed out that at a calcium concentration
of 5 meq/l, the swelling of Ca-
montmorillonite is only 15% less than that
in distilled water. The saturation extract
of Vertisols under study indicates a very
low amount of Ca2* jons (<< 5 meq/l) (Pal
et al., 2003a). It thus suggests that the
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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 calcareous Vertisols. This is in
contrast to the experimental study of
Hallsworth (1963) that indicated no
movement of clay in an artificial mixture
of sand and clay >20%. However, the
presence of pedogenic CaCO; in Vertisols
as irregular shaped micrite-sparite crystals
in the Bss horizons (Pal et al., 2000;
Srivastava et al., 2002) indicated their
origin in the sub-humid and semi-arid
climate prevailing during the late
Holocene period (Pal e al., 2001). During
the same time, and climate, illuviation of
clay appears to remain a major pedogenic
process. Thus the formation of CaCO, and
llluviation of clay particles are occurring
simultaneously as explained in the
following.

Petrographic 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
CaCOy; is the major source (Srivastava et
al., 2002). The depth distribution of Exch.
Ca/Mg (Table 2) suggests that the

‘maintenance of the higher Ca/Mg ratio
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(~2, Pal et al., 2000) in the soil solution
becomes difficult because Ca’* ions are
precipitated as CaCO, during high
evaporative demands for soil water. This
results in an increase in soil CaCO; with
depth with the concomitant increase in
ESP and EMP (Table 2). This clearly
suggests that the movement of clay during
the formation of Vertisols was not
prevented by the presence of CaCO;.
Rather, the precipitation of CaCO, created
a chemical environment charged with
Mg?* and Na' ions that facilitated the
deflocculation of clay particles and their
subsequent movement down the soil
profile. Therefore, illuviation of clay and
the formation of pedogenic CaCOj; are
two concurrent pedogenic events in
Vertisols of the Peninsular India during
the dricr climate of the late Holocene.

Conclusions

The results of the present study
indicate that substantial illuviation of clay
particles in calcareous Vertisols is possible
when the illuviation of clay and the
formation of CaCO; are two concurrent
and active pedogenic process in dry
climates. They are contemporary events
and provide an example of pedogenic
threshold (Pal et al., 2003b) during 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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