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Abstract: Vertisols have the capacity to shrink and swell, inducing cracks and

distinctive soil structure throughout the soil profile. In India they occur in various

agro-ecological regions such as humid tropical (HT), sub-humid moist (SHM), sub-

humid ary (sHo;, semi-arid moist (SAM), semi-arid dry (sAD) and arid dry (AD)

climatic environments and thus indicate al affay of soils in a climosequence. In this

study benchmark Vertisols, series Panjari is from sub-humid (dry), Kheri is from

sub-humid (moist) region, Teligi and Akola series are from semi-arid (dry) and

Nimone is from arid agro-ecological region. All the Vertisols in general are

characlenzed by dark colour, angular to sub-angular blocky structure, clay in texture

and calcareous. These soils have high bulk density and high water retention capacity.

These soils have deep, wide-opened desiccation cracks at the surface which extend

deep into the profiles and the depth of cracks increases with aridity. Soils of all

climates are dominated by Ca2* ion on their exchange complex throughout the depth.

However, in the sub-humid climate, Mg2* ions tends to dominate in the lower horizons,

whereas the semi-arid dry (Akola) soils have high Na* ions in their exchange complex.

The soils are slightly alkaline to strongly alkaline in nature and poor in organic

maner. The CEC varied from 59.3 to 68.2cmol (p.) kg' in soil of Panjari series

followed by Teligi series profile. The calcium carbonate (CaCO,) shows gradual

increase with depih in all the soil profiles, though it is preferentially accumulated in

the sub-surface horizons of lower rainfall region soils.In climosequence, the soils of

the sub-humid region are generally Typic Haplusterts, soils of semi-arid region are

Typic /Sodic lCalcicHaplusterts and soils of arid region are Sodic I Calcic / Aridic

Haplusterts. The present study dernonstrateq how the soil properties of Vertisols in

a different climate may help in inferring the change in climate in a geologic period.
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Introduction

The cracking clay soils (Vertisols) occur in

wider climatic zones of the world (Ahmad 1996). Dudal

and Eswaran (1988) stated that Vertisols show

characteristics that are related to overall climate' They

also pointed out that other factors such as texture, clay

mineralogy, the nature of cation saturation, and the

* Corresponding author (Email : priyaguravS7@yahoo'com)

amount of exchangeable sodium have equalh l:' -

influence soil morphology and therefore. & u'- :

with climate appears to be somewhat cotr."

Hou,ever. Eswaran et al. 1.1988) suggestc.r

abunclance of Vertisols in the semi-arid ptar-''

u orlcl apparently suggests the role of climul;

-genesi.s.
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Characterization of Ver-tisols

The majoritS ol rhe \erti'ols in India occur in

the lower physiographic posrtion l' e' ir the lower piedmont

plains o. ruit"y, (Pal and Deshpande 1987) or in micro

i"p."rrior, (Bhattachar]'\'a er al' 1993)' They are

developed in the same parent material l'e' mainly in the

alluvium of weathering Deccan basalt (Pal and

Deshpande 1987: Bhattacharr .r'a' et al' 1993) mostly

during the Holocene period (Pal er at' 2001' 2006)'

Vertisols exhibit cracks to the extent of >50 cm depth

that are at least 1 clr-l u rde and e-\tent upr"'ard to the

surface or the base of plough laver or surface crust'

They are plastic and sti'ckr u.hen u.et' Ver-tisois having

30% or more c1a1'. -eilgai micro-reHef' sllckensides and

wedge shaped a-sgregate: rBioki-rr'rrs 1982: Wilding and

T"sri". 1988; Soil Surver Staff 1003)'These soils are

impoverished in organic carbon both in the surfaice and

sub-surface la.vers t< L per cent) 1Pa1 cr a1' 2009)'

indicating no sltbstautial role of biotic factors in the

formation of Vertisols in general ancl Sodic Vertisols in

pafticular (Pal er a/. 100-1' 1009)

These soils har e be en cleveloped iu varied

climatic zone resultin-u i.ri r iinatiotl in their propefiies and

hence five Vertisols rep'etentinu SH\l' SHD' SAD' AD

climateswerecharactenzedfortheirrnolpholo-uicaland
some physical. chetnrc'rl sh'rt'Lr-Ieri:IL'\ and to classify

the soils according to t1-re L SD'\ 
' 
St'il Sr:n er StatT 2014)'
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Material and Methods

Five soil series were selected for the present

study (Table l).The profile representing each series was

stuiied for their morphological properties' The

characteristic of each pedon and its individual horizons

w"r" de.criUed following the procedure of the Soil Survey

Manual (Soil Survey Stum 2005)'The h-orizon-wise

*u*pt", were collected and processed' Particle-size

distributionwasdeterminedbylnternationalPipette
tllethod after removal of organic matter' CaCO, and Fe-

oxides.Sand(2000-50im),silt(50-2im)'totalclay
(<2 i m), and fine clay (<0'2 i m) fractions were

."p*ut"d according to the procedure of Jackson (1979)'

nulk Aensity was determi'ia Uy the core method (Black

1g,65).Water retention was determined by pressure plate

,pp*"*t (Jackson 1973)' Aftet equilibrating the soil with

Oirtiit"A warcr ir-r the ratio of 1:2 with occasional stirring

for 30 min, the pH of the soil suspension was measured

iiu.tro, 1958). EC was measured by using conductivity

UJAg" (Jackson lg73).Cation exchange c.agacity (CEC)

was-determined by satuating the soil withl N sodium

acetate (pH 8.2) and exchanging the Na* ions in 1 N

ammonium acetate (pH 7) (Richards 1954)' The Na*

ions were measured in atomic absorption

spectrophotometer to calculate the CEC' Exchangeable

iu ,ra Ug were determined following the 1 N NaCl

solutionextractionmethodandexchangeableNaandK
were determined by 1 NNH4OAc (pH 7) (Piper' 1966)'

Table 1.I-ocation. clirnatic 'trll'lilron 'ind land use of soil series

Climate Land use
Sr. No. Location S e ries

190 22', 0.01 \
110 39',0.-t1 E

210 01' 58.6 N

790 03' 29.1" F-

200 41'0.78-1', N

1'7004' 0.011'E

150 37'0.622" N

760 54'0.E.10 E

230 14'0.023" N

't90 56',0.609 E

Nimone, Rahuri,Maharashtra

Panj ari.NagPur, Maharashtra

Dr. P.D.K.V. Akola Research

farm, Maharashtra

Teligl, BellarY,Karnataka

Kheri, JabalPur, MadhYa Pradesh

Add

Sub-humiddrY

Semi-ariddry

Semi-ariddry

Sub-humidmoist

Cotton

Cotton

Cotton

Rice-wheat

Wheat
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CaCO. was determined by rapid titration (Piper 1966).

Organic carbon was determined by Walkley and Black

rapid titration method (Jackson 1973).

Results and Discussion

Vertisols of SHM and SHD

The area under SHM is characterized by MAR
of ll34mm, MAT of 26.90 C, MTw of 27 -30C and MTd
of 26.70 C. the area under SHD is characterized by

MAR of 1071 mm, MAI of 270 C,MTw of 26.64 C and

MTd of 23.3oC. The soils of SHM occurring on very

sloping lands are developed in the alluvium of the Deccan

basalt whereas those of SHD climate in the alluvium of
the Deccan basalt, granite-gneiss and limestone (Pal et

aI.2009).

Soils of SHM climate are very dark grey to very

dark greyish-brown, fine textured and > 150 cm thick.

The surface horizons had moderate medium sub-angular

blocky structures and were hard (dry) with friable
consistency (moist). Strong, medium, sub-angular blocky

structures with pressure faces and wedge-shaped

aggregates and slickensides that break into small angular

peds were prominent in the sub-soils (Table 2). The soils

of SHD climate are very dark greyish-brown, fine
textured and > 150 cm deep. The surface horizons had a

medium sub-angular blocky structure with pressure faces

and were friable. Strong, medium, sub angular blocky to

weak sub angular blocky structure with pressure faces

and weekly developed slickensides to strong medium

angular blocky (weah structure with weakly developed

wedge-shaped aggregates and slickensides that break

into weak angular peds were pre-dominant in the sub-

soils (Pal et al. 2009).The soils of SHM and SHD

climates have cracks of width l-2 cm, extending upto

25-35 cm.

The bulk density is high in SHM climate as

compared to SHD climate. Sand content is <10 per cent

in SHD climate md <20 per cent in SHM climate. Clay

content was higher which varied from 55 to 69 per cent

in soils of SHD than those of under SHM climate (44-

54Vo)(Table3). The soil groups show >8 per cent clay

increase in the Bss horizons than their Ap horizon. The

ratio of FC/TC in the Bss horizons is greater than 1.2

times than the ratio in the Ap horizon (Table 2). The

trends suggest an increase of clay in the Bss horizons

due to the illuviation of clay (Soil Survey Staff 2003).

Priya P. Gtrav et ol

The pH of SHM and SHD climates ranges fror:

neutral to slightly alkaline (6.9 - 8.4) whereas in otir:

climates it ranges from slightly alkaline to strongl-v alkali: -

(B 2 - 9.2). The CaCO. content in soils of SHM ar--

SHD climaie is less than 14 per cent whereas, tnose

SHD are highly calcareotts due to CaCO"rich pare

material. The CaCO. content increased with depth '

both the soils. The CEC of SHD climate is higher tir''

those of SHM climate (Pal er al. 2009). The SOC '

higher in the surface of SHM soil as compared to Sli-
soil. The organic carbon in soil decreased'with dep'

Calcium and magnesium ion dominate the exchan,' '

complex in both the soil (Pal et al. 2009). The ESP

these soils is very low less than 3 per cent (Tabie 4l

Vertisols oJ SAD and AD envirttnment

The area under SAD is characterized by MA

l61rnm, MAI of 25.90. MTw of 26.30C and MTd

25.-50C and the area under AD is characterized by M-\

of 533 mrn" MAI of 26.7oCMTw of 28.2oC and MTtl

26.z(rc. Both SAD and AD Vertisols occur on ver1 gen'

sloping iand developed on the alluvium of the Decc-

basalt anrJ granite-gneiss (PzL1 et o1.,2009).

Tire soils ,:f SAii :rreil vvel'r very dark grer

ver,v .larl Erevislr brown, fuli; texlur;i and > 150 ;

deep. The surtace horizotr had a moderate to stroi.-

rnedium to coarse sub-anguiar blocky structures and rr '

friable when moist. Strong. medium to coarse. angu.

blocky structure with slickensides and wedge-shap'

aggregates that break into small anguliu'peds and fr:

to very firm consistency when moist, was prominent

the sub-soils (Table2). The soils have cracks of abe

125 cm in SAD climate. The soils of AD are very dr'.

greyish-trrown to dark brown in colour, fine textured rr -

>150 cm deep. The surface horizon had moderate '

strong, medium to course sub-angular blocky structu:'

with wedge-shaped aggregates and slickensides * '

prominent in the sub-soils (Table 2). The soils have u'i-'
cracks of 0.5-3.0 cm and extending to 125 cm depth

Thebulkdensity (1.'1- 1.SMgm3)of SAD sc

ishigh as compared to AD soil (1'3 - 1.4 Mg m-3) '

general, the soils of SAD and AD climate have <10 p ''
cent sand and the ciay content is more than 40 per c'
(Tabie 3). Both SAD and AD soils in general indica:' -

enrichment of clay in Bss horizon which is likel1' due

the illuviation process (Soii Survey Staff 2003).

I
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Characterization of Vertisols

The Vertisols of SAD and AD climates are
alkaline and calcareous. The CaCO-in both the soils
increased with depth. This indicates that with lowering
of MAR the water loss through evapotranspiration is a
primary mechanism in the precipitation of CaCO. and
high temperature as an additional factor plays an
important role in controlling the water flow in the soil
profile, which is responsible for tbrmation of soils more
alkaline and calcareous (Rabenhorst et ol. 198,1: Pal et
al. 2009). Organic carbon content u,as higher in surface
and decreased with depth in SAD and AD soils. In
general, the organic carbon content r,,,,as hi-uher in SHM
and SHD soils. Calciuir plus masnesium dominate the
exchange complex (Pal er a1. 1009). The ESP was
highestinAD soils folloned SAD. SHN{ and SHD (Table
,1). This trend su-egests that the ariditf in the climate is

the prime factor in the formation of sodrc soils (Pal e/ a/.

2000; Pal er ol. 2009t.

Conclusion

It is concluded that in Indian sub-continent,
Verlisols in sub-humid moist. sub-humd dr1,. r"rrr'-u.'O
dry and al'id drr clinr.rtic enr ironrrrent occur in a

climosequence as evidenced tioil their rnorphological,
physical and chemical properties. Alteration in soil
properlies in the ciin-rosequence resulted in the formation
of different types of \refiisols (T1'pic Haplusterts and
S odic Haplusteft s ). The diil-erentr a1 proper-ti e s of Vertisols
in a climosequence susgest that the cropping pattem/
cropping sequence and management practices wouid
vary with changing climatrc environment and that study
of soils is necessarl' for advocating policy decision in
different agro-climatic zones.
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