Characterization and Classification
ofSoilsinaToposequenceoftheSemi-
aridBasalticLandscapeofWestern
India

ABSTRACT

The pedological investigations were carried out on a soil toposequence of the semi-arid region
onthe basaltic landscape of western India and landform-soil relationship was established.;, In
thestudy, seven soil profiles, representative of the summit, escarpment, lower pediment,
undulatinglands,plainsandvalleyinatoposequencewerestudied.Thestudyindicatedthatthesoildevelop
ment anditspropertieswere following thetoposequence. Theprofiledevelopmentwasleast at the
summit and best in the plains of the toposequence. The horizon sequences observedfrom the
summit through plains of the toposequence are A-R, Ap-Bw-Cr, Ap-Bwl-Bw2-Bw3-Bw4-Crk,Ap-
Bwl1-Bw2-Bss1-Bss2-Bss3,Ap-Bw-Bss1-Bss2-Bss3-BcandAp-Bwl-Bw2-Bw3-Bw4.The




Entisols,Inceptisolsand Vertisols, respectively.

soil colour is brown to very dark greyish brown down the toposequence. The solum depth
variedfrom extremely shallow to very deep. An increasing trend was observed in clay content,
cationexchange capacity, soil reaction, electrical conductivity, base saturation and exchangeable
cationsfrom summit to plains. The soils of summit, pediments and plains were classified as
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1. INTRODUCTION

Soil is the most precious basic natural
resource,on which depends the security of food,
nutrition,income, biodiversity, livelihood, and
environmentandwhoseproperusedependsonthelif
e-supporting systems of a country and the socio-
economicdevelopmentofitspeople[1]. Thecontinuo
us use, misuse and exploitation of landresources
have resulted in its degradation
anddestruction.Inordertosustaindevelopmentalpr
ocessesinthelong-
term,itisnecessarytohaveajudiciousallocationofla
ndforvariousactivitiesaccordingtoitssustainabilitya
ndcapability [1,2]. Soil characterization plays a
keyroleinthemanagementofnaturalresources.The
slope is a key factor for the analysis andmapping
of landforms [3] as it influences surfaceflow, soil
properties and water content, as well asthe
erosion potential of an area. Management' ofsoil
resources on scientific principles is essentialto
maintain  the  present level of ' sail
productivityandtopreventsoildegradation[1]. Study
ofvariousgeomorphologicalprocessesprovidesinf
erences to understand landscape ' evolution
[4],pedology (5-7), hydrology [8] and status of
landdegradation[9,10].Soilsurveyprovidesanaccu
rate and scientific inventory of different soils,their
kinds and nature, and extent of
distributionsothatenecanmakepredictionsaboutth
eircharacters and potentialities [11,12].
Variations inmost of the soil properties in the
study area areclosely related to their position on
the landscape[13].

The present”study selected a part of the
basalticterrain of Rahuri tehsil of Ahmednagar
district,Maharashtra,whichfallsunderagro-
ecologicalzone 6 (semi-arid region). The Rahuri
tehsil
hasanelevationof511mabovemeansealevel(MSL)
withflatandundulatinglandsandtheaverage rainfall
ofthe study areais585 mm.Varying combinations
of elevations and
climaticregimeshaveresultedinalargenumberofco
ntrastingphysiographicelementsandconditions for
agricultural production. The
majorpartofRahuritehsilisundersugarcanecultivati
onassociatedlowrainfallandhighsoil

salinity,whichinfluencecropyield.Characterization
ofsoilpropertiesandtheirdistributionover an
areahasbecome

essentialfortheefficientmanagementofsoilsfordev
eloping non-degrading .cropping systems
andassociated management.. practices  of
sustainedproductivity. Keepingthisinviewsevensoil
profileswerestudiedandcharacterizedinatoposequ
enceofRahuritehsilofAhmednagardistrict, Mahara
shtraandestablishedthelandform-soilrelationship.

2. MATERIALSANDMETHODS
2.1 GeographicalSettings

RahuriTehsilinAhmednagardistrict,Maharashtraisl
ocatedbetween19°15t019°
34'Northlatitudeand74° 23t074°50’Eastlongitude
at an elevation of 511 m above MSL inthe semi-
arid region of  Western Ghats in
MulaandPravarabasin. The tehsil has a
monsoontype of climate with an annual rainfall of
585 mmand 94 % of which falls during the period
fromJunetoOctober.Mayisthehottestmonth,tempe
raturevariesfrom33°Cto41°CandDecember is the
coldest month of the year withthe mean daily
maximum temperature at
28.5°Candthemeandailyminimumtemperatureatl
1.7°C. The relative humidity varies from 73%
intherainyseasonto33%duringwinter.Physiograph
ically,theRahuritehsilpartlybelongstotheSahyadrih
illsandpartlyrepresentstheTapiandPurnavalleys.T
heBaleshwarrangeofhillsofSahyadriregiontravers
esintheneighboringSub-
DivisionofSangamnertouchingthewestendsofSout
h-West boundary of Rahuri tehsil. The plains in
theRahuri tehsil occur below the elevation of
600metersfromMSLbelongtoTapiandPurnasyste
m of basaltic origin and are spread over inMula
valley. Potential evapotranspiration (PET)
ishigher than P (Precipitation) round the year
andthe growing season begins in the month of
JuneandcontinuestillDecember.Rahuritehsilisclas
sified with South Western Maharashtra andNorth
Karnataka Plateau, hot dry semi-arid agro-
ecologicalsub-regions(AESR)withshallowand
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mediumloamyblacksoils(deepclayeyblacksoilsasi
nclusion),mediumtohighavailablewater capacity
(AWC) and associated with theirrigated area. In
the revised AESR map, Rahuritehsil is classified
in the agro-ecological region(AER) 6, which is
defined as a Deccan plateau,hot semiarid region
ecoregion, with shallow
andmediumblacksoilsandagrowingperiodof90-
150days.Threetypesofsoilshavebeenreportedher
ebelongingtomainlyEntisols,Inceptisols and
Vertisols. The total land area
ofRahuritehsilis1035.11km?outofthatagricultural
land use is 766.09 km? (74.01 %),forest land is
157.06 km?® (15.17 %) and otherlandis111.96
km?(10.82%).MajorcropsofRahuri  tehsil  are
sugarcane, onion, jowar,
maize,wheat,pomegranate,etc.

2.2 SoilProfileStudy

Sevensoilprofilesinatoposequencerepresentingth
eSummit,Escarpment,Lowerpediment,Undulating
lands,PlainsandValleywerestudied.Soilprofilesof3
x3x5meterdimensionweredugandmorphologicalc
haracteristicswerestudiedandhorizon-
wisesampleswerecollectedforlaboratorycharacteri
zationandverificationoffieldstudies.

2.3 Morphological Characterization
ofSoilProfiles

The soil profiles were examined in the field
formorphologicalcharacteristicsaspertheprocedur
e given in AIS & LUS (1971) and
USDASOoilSurveyManual[14].Themorphologicalch
aracterization  includes " soil“" depth, soail
colour,soiltexture,soilstructure,horizonsetting,effe
rvescencewithnormalQ. LNHCI,gravelcontent,qua
ntity, theorientationofporesandrootcharacteristics.
Thespecialfeatureslikepressurefaces,crackingpat
ternsandslickensideswere studiedand recordedin
thefield.

2.4 Physical Characterization of
SoilProfiles

Thebulksoilsamplescollectedduringthefieldwork
were initially air-dried in the
laboratoryatroomtemperature,grindusingawoode
n

mortarandpestle,screenedthrougha2mmsieve,
properly labelled and stored in
polythenebagsforlaboratoryanalysis.Forcertainsoi
Icharacteristics like organic carbon, samples
werefurthergroundedandscreenedthrough80mes
h

sieve. The bulk density (BD) was determined
bythe clod waxing technique [15]. Air-dried
clodscollectedfromsoilprofileswereweighedandth
eirbulkvolumewasdeterminedbywaterdisplaceme
nt caused by clod coated with meltedparaffin
wax. The BD was expressed on oven
drybasis.Particlesizedistributionwasdeterminedas
per the international pipette method. The
soilwasinitiallytreatedwithH,O,(30%)fortheremov
aloforganicmatterandfurthertreatedwith HCL (1N)
to remove CaCOs; using
sodiumhexametaphosphate as dispersing:agent.
Sand(2-0.05mm),silt(0.05-

0.002mm)andclay(<0.002mm)wereanalysedbyus
ingtheRobinsonpipettemethodasdescribedbyJack
son [16]. The textural ‘class was determinedby
using the USDA textural triangle as given
inSoilSurveyManual‘{14].

2.5 Chemical .. Characterization of
SoilProfiles
Soil pH ‘was determined in soil suspension

(L:2s0il: water) by a glass electrode pH meter
afterequilibratingsoilwithwaterforonehourwithocca
sional “stirring as per the method given
byJackson,[17].Thesupernatantliquidofsoilwater
suspension (1:2) prepared for
measuringpHwasalsousedformeasuringelectrical
conductivity (EC) using Conductivity Bridge
[18].ModifiedWalkleyandBlack'srapidtitrationproc
edurewasfollowedforestimatingtheorganiccarbon
content.Organiccarboninthesoilwasoxidizedbypot
assiumdichromate-
sulphuricacidandtheamountofpotassiumdichroma
te remaining was determined by
backtitrationagainststandardferrousammoniumsul
phatesolutionusingferroinasanindicatorfollowingth
ewetoxidationmethod[19].Thecalciumcarbonate
was estimated by the
rapidtitrationmethod[20]. Thesoilwastreatedwith
0.5Nhydrochloricacidtoneutralizeallcarbonates
and the unutilized hydrochloric acidwasback-
titratedwithstandardsodiumhydroxide (0.25 N)
using phenolphthalein as anindicator. The CEC
was determined by
saturatingthesoilwith1Nsodiumacetate(pH8.2forc
alcareous and pH 7.0 for non-calcareous
soils).Excess sodium acetate was washed with
99 %methanoltillthesupernatanthasanECof40-55

1
9§”l Nh‘éﬁh%m%?og&é%‘f@sfﬁﬂ”r?.@)a“é%ﬂution
andthesodiumconcentrationintheleachatewasdet
ermined by flame photometer and CEC
wascalculated (Richards, 1954). Exchangeable
Na'andKweredeterminedbyleachingthesoilwith
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neutral normal ammonium acetate (pH 7.0)
andanalysingbyaflamephotometer[Zl]z.Exchange
ablecalcium(Ca®")andmagnesium(Mg®") of soils
were extracted by leaching the soilwith 1 N
KCltriethanolamine buffer solution
(pH8.2)andetitratingtheleachatewithstandardEDTA
solution using murexide and EBT as anindicator.
Base saturation was calculated [22] asthe sum of

cations (cmol (p+) kg'l) divided byCEC (cmol

(p+) kg'l) and multiplied by 100. It isexpressedas
apercentage.

3. RESULTSANDDISCUSSION

Thesevenprofileswerestudiedinatoposequenceint
heRahuritehsilofAhmednagardistrict, Maharashtra
representinglandformsofthesummit,escarpment,|
owerpediment,undulatinglands,plainsandvalley. T
he photographs of the soil profile studied
areshown in Fig. 1. The detailed characteristics
ofthe soils are presented in Table 1 and
discussedthefollowingsection.

3.1 SoilMorphologicalProperties

Themorphologicalcharacteristicsofthesoilswereex
tremelyshallow(8cm)toverydeep(>150 cm) “ in
depth and poorly to well drained. Inpedon 1 (P1)
a 25 cm thick A layer was observedfollowed by
hard basaltic R horizons. Pedon 2(P2):had only 8
cm deep (extremely shallow)
andAhorizonunderlyingathickRlayerofhardbasalt
material (Tablel).In pedon3 (P3)a 21cm thick Ap
horizon was observed followed by al9 cm deep
Bw horizon owing to_a'change .incolour and
structure. Weathered parent. material(Cr) was
observed after 40 ¢m depth. The 4"pedon (P4)
and 7"pedon (P7) were representedby the
horizon sequence of Ap-Bwl-Bw2-Bw3-Bw4-Crk.
These horizons. were assigned basedon the
change in . colour; presence of cracks
andincreaseinhardnessdowntheprofile.Weathere
dparentmaterialswithCaCOswereobservedafterad
epthof150cminthe4™pedon. The pedon 5 (P5)
and pedon 6 (P6)
washaving20cmthickAphorizonfollowedbyacambi
¢ horizon (Bw) of 70 cm thickness owing todarker
colour than thesurface horizon.
Itwasfollowedbydeep76cmthickBsshorizons(Bss1
-Bss2-
Bss3)withtheoccurrenceofslickensides. Thehorizo
nswithslickensides(Bss) were identified below the
depth of 76 cm inpedon P5 and 43 cm in pedon
P6. The colourvaried frombrown to very
darkgreyish

brown(7.5YR4/3t010YR3/2). Thevaluerangedfrom

3 to 5 and chroma from 1 to 4. The colour
inpedon 1lwas observed as brown (7.5YR
4/3)andpedon2wasobservedvery
darkgreyishbrown (10 YR 3/2). Brown dominant
shades
werealsonotedinthesoilsofupperandlowerpedime
nts(pedon 3 andpedon 4). The
upperpartoftheundulatinglandexhibitedadarkyello
wish-brown to brownish shade, whereas
itslowerpartregisteredadarkgreyish-browntovery
dark greyish-brown colour (Pedon 5): In theplains
and the valley (Pedon 6 and Pedon. 5),
soilcolourwasdarkgreyishbrowntoverydarkgreyish
brown as the dominant shade (Figs. 1
&2).However,brownshadeswerealsonotedoccasi
onally.

It is well known"'that soils developed from
basalton the lower topographical position were
dark tovery ‘dark greyish brown due to the
chelation andcomplexation of organic matter on
the surface
ofthesmectites[23]:Thecolourshadesandextensiv
e .cracking .in soils of the lower part of
theundulatingland,plainsandvalleywereinagreem
ent« with the given concept. Further,
SinghandBaser[24]andDuchaufour[25]reportedbr
owntodarkbrowncolourintheintensivelycultivated
soils of basalt. The release of iron fromthe
smectites was accounted for the
variations. Theconceptsupportedtheobservationso
forown and dark brown soils of undulating
landand sometimes plains used for cultivating
twicewith the support ofirrigation. Singh et al.
[26]developed an index of Dithionite extractable
freeironoxide toclay.ltwasstatedthatthe soilswere
grey with a narrower ratio and the
colourshadewasbrownwithawiderDithioniteextract
ableirontoclayratio.Wider-
freeironoxidetoclayratiosuggestedthatbondingbet
ween organic colloids and smectites was
notstrong enough, and resulted in a redder hue
andbrighterchroma[25].

Thisdoesnotapply totheyellowish-browntobrown
soils from summits to upper pediments,sparsely
cultivated at places and dominantly
leftuncultivatedunderforest. Thepresentclimaticco
nditions with 584.97 mm mean annual
rainfallofthreetofourmonthsdonotsupportthedevel
opment ofthe formation ofsuch sails.
Aclimateconsistingofhighrainfallandtemperature
isneeded forthedevelopment
ofsuchsoils.Possiblythesoils/sedimentsassociate
d with the upper part of the landscapewere the
part of Indian plate, which was once
attheequatorunderequatorial

climate,favorableforthedevelopmentofyellowish-
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browntoreddish-
brownsoils.Probablythesewerethe
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original colour of the soils before the collision
ofthelndianandEurasianplates.Afterthecollision,
the present shape of topography
wasattendedintheregion.Thelowerpartwasoccupi
edby thebasalticmaterialthateruptedduring the
Holocene period, while the upper partof the
landscape was not affected by the
basalticalluvia. Thepresenceofyellowish-
browntoreddish-brown colourbelowthesurface
inthevalleyalsosupportedourobservation.

The surface structure of these soils was
medium,weak,andsub-angularblocky
structureatthesummitsandEscarpment(Pedonl).T
heseremained weak to moderate at the
escarpment(Pedon 2). During the journey from
the
summitstotheupperpediment,thesizeofthesub-
angular blocky structure remained medium.
Themedium moderate sub-angular  blocky
structurewasalsoprominentinthelowerpediments(
Pedon3).Intheupperofundulatingland,medium-
weaksub-angularblockystructureonthe  surface
and medium moderate sub-angularblocky in the
sub-surface were registered (Pedond). Further,
in the soils of plans (Pedon 5
andPedon6),thesoilsstructurewasidenticalinterms
of size, grade, and shape as reported forthe soils
in the lower undulating land. In contrast,the soil
structure in the valley (Pedon7) could beseen
dominantly asa medium, moderate  sub-
angularblockybothinthesurfaceandsub-surface.
The consistency of the soils varied
fromsofttohard(dry),friabletofirm(moist)andslightly
sticky to very sticky and.slightly plastic tovery
plastic (wet). An increase w:in_ stickiness
andplasticity might be due to a large amount of
claymineralsdowntheprofile(Pedon5,6and7)wher
eas,theremainingpedonsexhibitedsoft,friable,slig
htlystickyandslightlyplastic.Fewand fine nodules
were present in. all the profiles.Fine roots were
observed in all the pedons asthey were under
agricultural-use with many rootsin the surface
and few inthe sub-surface layers[27-29].

3.2PhysicalCharacteristics

Higher sand content was observed in the
surfacehorizon than those of sub-surface
horizons.
Sandpercentagevariedfrom17.8%t043.7%insurfa
cehorizons(Fig.3).Pedon1,2and3representsthesu
mmit,escarpmentandlowerpedimentwerehavinghi
ghersandcontent.Pedon4,5and6observedlowersa
ndpercentagewithincreasingdepth.Pedon7repres
entsthevalley,wheresandsareaccumulatedinthelo
werhorizons.Siltranged

from 16.9% to 23.4% with an irregular trend
withdepth,whichmightbeduetovariationinweatheri
ng of parent material. Higher silt contentwas
observed in pedons 6 and 7 than that
ofotherpedons.Theclaycontentvariedfrom38.0%to
58.8%.Theclayenrichmentwasobserved in the Bw
and Bss layers in the case ofpedons 4, 5 and 6,
whereas, the clay
distributionshowedadecreasingtrendwithdepthinp
edon

7. Clay content increasedbelow ¢the surface
inthesoilsofundulatinglandandplains. Theinereasin
g clay with depth was primarily:might,bedue toin-
situweathering ofparentmaterial ordue to vertical
migration of clay. Contrastingly,clay content was
observed comparatively, low inthesub-surface
than their surface counterparts inthe valley
[30,31]. The pedon representing
thesummit,escarpmentandlowerpedimentobserve
dclayloamtextureandthepedonrepresentingtheun
dulatinglands;plainsandvalley — observed clay
texture.c The, bulk .density ofdifferent pedons
varied from 1.36 to-2.87 Mg m™.The bulk density
of all the pedons increased withdepth. High clay
content together with sodium onthe exchange
complex.in the soils of undulatingland and plains
could be the factor for high bulkdensity (Table 1).
Slickensides, a mark of highswelling
pressureaccentuated the influence ofclays and
sodium and imparted bulk density ofvery high
order. In  the soils of the Vvalley,
bulkdensitylowerthanplainsandundulatinglandcou
Id be ascribed to the low clay content in thesub-
surface, offering lower surface area to
thesodiumontheexchangecomplex.Thephenome
nonleadstorestrictedswellingpressureandthecum
ulativeeffectwasmanifestedinterms of
lowbulkdensity.

3.3 ChemicalCharacterization

ThedatarevealedthatpHofthesoilvariedfrom

7.1 to 9.0 categorizing them to slightly alkaline
tostronglyalkalineandexhibitedanincreasingtrend
withdepthinallthepedons.Thesoilreaction ~ down
the profile was slightly alkaline
tomoderatelyalkalineinpedonsl,2and3.Strongly
alkaline soils reaction were observed inpedons 4,
5, 6 and 7 due to the accumulation
ofsolublesalts(Fig.3).SoilECvariedfrom0.06to
0.92 dSm™. EC was observed lower in pedons
1,2 and 3. EC increasing trend with depth in

thepedons 456 and7 due
toaccumulationofsoluble salts. The organic
carbon content in

allthepedonsshowedadecreasingtrendwithdepth,
which varied from 007 % to 137 %
andfellunderthelowtoveryhighcategory.Loworgani
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ccarboninthesoilmightbeattributed
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Tablel.Soil morphological,physicalandchemicalproperties

Pedon Horizon Depth Matrixcolour Particlesize(%) BD pH EC oC CEC BS
(cm) hue Value Chroma Sand Silt Clay (Mgm™®) dsm™ % Col(p+)kg™ %
P1 A 0-25 75YR 4 3 425 183 39.2 141 7.11 0.06 1.37 43.50 88.67
P1 R 25" Hardbasalt
P2 A 0-8 10YR 3 4 43.7 183 38.0 141 8.12 0.14 0.65 31.25 84.40
P2 R 8" Hardbasalt
P3 Ap 0-21 10YR 3 2 256 20.3 54.1 1.61 8.22 0.19 0.83 45.21 95.76
P3 Bw 21-40 10YR 3 1 412 221 36.7 1.46 8.48 0.15 0.63 41.25 92.82
P3 Cr 40" Weatheredbasalt +powderyCaCO;
P4 Ap 0-19 10YR 4 3 30.2 193 50.5 1.37 8.35 0.33 1.20 35.00 95.63
P4 Bwl 19-42 10YR 4 3 28.7 20.7 50.6 1.36 8.45 0.37 0.88 32.50 90.45
P4 Bw2 42-80 10YR 4 3 283 18.2 53.5 1.40 8.58 0.22 1.52 32.50 92.26
P4 Bw3 80-117 10YR 5 4 29.2 185 52.3 1.45 8.75 0.19 1.09 32.50 93.54
P4 Bw4 117-150 10YR 5 4 276 20.2 52.2 2.08 8.69 0.25 1.02 35.00 94.34
P4 Crk 150" Weatheredbasalt +CaCO;
P5 Ap 0-20 10YR 4 2 21.1  20.6 58.3 1.43 8.65 0.22 0.86 35.00 91.57
P5 Bwl 20-47 10YR 3 2 205 237 55.8 1.87 8.83 0.24 0.70 38.00 92.73
P5 Bw?2 47-76 10YR 3 1 19.9 229 57.2 1.99 8.90 0.32 0.43 40.12 98.36
P5 Bssl 76-97 10YR 3 1 17.2 232 59.6 2.42 8.85 0.36 0.39 41.54 92.40
P5 Bss2 97-122 10YR 3 2 172 212 61.5 2.34 8.70 0.34 0.58 40.31 95.14
P5 Bss3 122-150° 10YR 3 2 14.4  19.7 65.9 2.10 8.89 0.31 0.28 38.52 91.87
P6 Ap 0-19 10YR 4 3 17.8 234 58.8 1.48 8.73 0.32 1.10 55.29 91.66
P6 Bw 19-43 10YR 3 2 19.2 231 57.7 1.78 8.57 0.53 0.94 55.12 91.15
P6 Bssl 43-70 10YR 3 1 19.7 224 57.9 2.17 8.50 0.53 0.78 50.32 97.26
P6 Bss2 70-104 10YR 3 1 20.1 233 56.6 2.33 8.50 0.78 0.82 52.84 90.42
P6 Bss3 104-130 10YR 3 1 19.3 18.9 61.8 2.87 8.56 0.92 0.74 51.89 97.01
P6 Bc 130-150 10YR 3 3 20.2 231 56.7 2.85 8.61 0.87 0.36 42.17 109.46
P7 Ap 0-18 10YR 3 2 278 16.9 55.3 1.71 8.82 0.24 1.02 40.50 92.22
P7 Bwl 18-44 10YR 3 3 253 20.0 54.7 1.63 9.08 0.23 0.60 41.22 93.04
P7 Bw?2 44-72 10YR 3 3 334 28.7 37.9 1.49 9.05 0.26 0.56 40.21 95.47
P7 Bw3 72-109 10YR 5 4 26.4 48.2 25.4 1.46 9.05 0.27 0.81 42.25 90.15
P7 Bw4 109-150° 10YR3 3 4 58.2 23.6 18.2 1.42 8.64 0.67 0.07 40.00 93.98
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Fig.1.Soil-landformrelationshipoftypifyingpedonsstudiedindifferentlandformsinRahuritehsil
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Fig.2.Landscape-soilrelationshipandsoil profiledevelopmentinatopsequence
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Fig.3.Variationof soilphysicaland chemicalpropertiesacrossthelandscape

prevalenceofhighertemperaturesinsummerseaso
n causing a faster rate of .degradation
oforganicmatter,therebyleavinglessorganiccarbon
in the soil. The organic carbon followed
adecreasingtrend with depthin-allthepedons.

CaCOs; content was around. 3% on:the surface
atthesummits,increasedto8.3%ontheescarpment
s and 9.5 % in the Upper ‘pediments.Mean

CaCO; was.¢ about . 8.0% in the Ap
horizonofthelowerpediment.OtherAphorizonsass
ociated with .the lower part of the

landscapeshowedCaCOzabout10%andalsonoted
parallel “in Bw: horizons. However, the mean
ofCaCOj3 was slightly lower about 8.0% in other
Bwof the'valley. Bss other horizon typifying the
soilsefundulatinglandandplainsmeanCaCOsconte
nt similar to Bw. CaCO; distribution in
thesoilprofilewaslargely

uniformalongwiththedepth with slight variations.
Occasionally CaCOsincreasedslightly by
1to2%alongwiththedepth. However, in the soils of
the valley, CaCOzwas decreased down the depth
and maintainedhardly 3 to 4 %. Another distinct

point of
CaCOagdistributionwasitspresenceassoftpowderyli
me in soils of the lower part of the

landscape.Cationexchangecapacity(CEC)oftheso
il

varied from 31.25 cmol (P") kg' to 55.29
cmol(P*) kg at the surface along the
toposequence.TheCECofpedonswererelatedtoth
econtentof cations on the exchange complex.
The
soilswithlowpHvaluecontainlessexchangeablebas
es, they have lower CEC. The CEC increasewith
depth in different horizons may be attributedto
the higher clay content in the lowerlayers.Similar
results were also reported by Ayam et al.and
Kusro et al. The base saturation of the
soilsvariedfrom84.40%t092.22%atthesurfacelaye
rofpedons.Lowerbasesaturationwasobserved in
the soils of escarpment and
higherbasesaturationwereobservedinthesoilsofpl
ains (Table 1). Higher base saturation of
thepedonindicatedthatthesoilexchangecomplexes
weresaturatedwithbasiccations.The base
saturation increased with depth of allthepedons.

3.4SoilClassification

Basedonthemorphological,physicalandchemicalc
haracterization,thesoilsfromthesummit and
escarpment (Pedon 1 and 2)
wereclassifiedinEntisolsoilorder,owingtotheabsen
ceofpedogenichorizons. Thesedidnot
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possess the soil properties to qualify for
Aquents,Arents,Psamments,andFluvents,therefor
eclassifiedintoOrthentssub-
order.Usticsoilmoisture regime was considered
asdiagnosticcharacteristicstoclassifyOrthentsinto
Ustorthents great group. The soil depth was <
50cm by the rock of the Dharwar system,
thereforeUstorthentswereplacedasLithicUstorthe
ntssub-
group.Giventhehyperthermicsoiltemperature
regime and mixed mineralogy andloamy particle

size class, the soils were
classifiedasLoamy,mixedhyperthermic family
ofLithicUstorthents. Soils of pedon 3 were
classified intheUsteptssub-

orderunderinceptisolsaccounting alteration as
medium moderate sub-angular blocky structure
and Ustic soil
moistureregime.Althoughthesehaveonly
12and7%calcium carbonate in the Bw horizon,
however,these were rich in authigenic lime. The
volume ofauthigenic lime was higher by 5% or
more
fromtheunderlyinghorizonthusqualifiedforthecalci
chorizon.Therefore,thesoilswereclassified as
Calciustepts great group in
Ustepts.Sincethesoilswererepresentedthecentral
concept of Calciustepts, therefore -classified
asTypicCalciustepts.

Soilsofpedon4wasobservedinAp-Bw-
Crksequence.lnabsenceofanotherdiagnostichoriz
on,thecracks,claycontentofmorethan30
%,andthepressurefaceswereaccountedastheped
ogenicmarkofalterationandplacedthemunderince
ptisolssoilorderandsubsequentlyUsteptsassub-
order.Nosecondarydiagnosticpedogeniccharacter
isticsmade them <suitable to, qualify under
Haplusteptsin the Great group. The vertic
characteristics likecracks, wedge-shaped
structure, and ped
faceswereaccommodatedbyplacingthesoilsofped
on 4 intoVerticHaplustepts sub-groups
oflnceptisol. soil order. Presuming hyperthermic
soiltemperatureregimeandsmectitesmineralogy,th
esoilswereclassifiedasafinesmectitichyperthermic
family ofVerticHaplustepts.
Soilsofpedon5wereobservedinAp-Bw-
Bsssequence were keyed out in Vertisols
accountingcracks,pressurefaces,slickensides,an
dclaycontent of more than 35%. Ustic soail
moistureregime took the Vertisols into Usterts at
the sub-
orderlevel.Calcichorizondefinedbasedonauthigeni
¢ lime which was 5% or more by volumefrom the
underlying horizon, was considered asthe
secondary diagnostic horizon. Given to
calcichorizon,thesewereplacedunderCalciusterts

greatgroup.Sincetheexchangeablesodiumpercent
agewasmorethan15%,thereforeCalciustertswere
classified into the Sodic
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Calciusterts sub-group. The soils also have
ECeof4ormoreinthediagnosticBsshorizon,howev
er,didnotqualifyforsalichorizon,therefore
exchangeable sodium percentage
wasgivenprecedenceoverECe.Giventhehyperthe
rmicsoiltemperatureregimeandsmectites
mineralogy, the soils of pedon 5 wereclassified
as Fine, smectitichyperthermic  familyof
SodicCalciusterts.

Soilsofpedon6ofRahuritehsilsthatwerecoveredun
dertheAp-Bw-Bss-

Bcsequence. Thesewereseparatedonaccountofcr
acks,pressure faces, slickensides, and clay
content ofmore than 30 % at the order level,
consequently,these were placed in Vertisol soil
order. Owing
totheUsticsoilmoistureregime,Vertisolswereplac
edintotheUstertssub-order.Therefore,Usterts
were classified into the Calciusterts Greatgroup.
Further, ESP of more than 15 % was thekey
property for qualifying Calciusterts into
theSodicCalciustertssub-
group.Exchangeablesodiumpercentagewasgive
n preference
overECeforclassification.Assuming,hyperthermic
soiltemperatureregimeandsmectitesmineralogy,
the soils of pedon 6 were Cclassifiedasfine,
smectitichyperthermic family
ofSodicCalciusterts.Basedontheextensivestratifi
cation, the soils of pedon 7, were classifiedas a
fineloamy, mixed hyperthermic family
of TypicUstifluvents.

4.CONCLUSIONS

Sevensoilprofilesrepresentinglandformsofsummi
t, escarpment, lower pediment, undulatingland,
plains and valley in a toposequence
werestudied,sampledandcharacterizedinRahurit
ehsil of Ahmednagar district, Maharashtra.
Thesoilcharacteristicswerefoundtofollowthelands
capeandtoposequence.Thesoilswereobservedve
ryshallow,severelyeroded,brownish, gravelly
clay loam on the summit
andveryshallowyellowish-
brownseverelyerodedandveryshallowyellowish-
brownmoderatelyeroded soils on escarpment.
Shallow “brownishclay loam and shallow dark
greyish brown clayloam soils of summit and
lower pediment
werecoveredlowerpediments.Deeptoverydeepcl
ayeycrackingsoilsanddeeptoverydeepclayey
saline-sodic cracking soils of undulatingland
were grouped at undulating lands. Deep tovery
deep, imperfectly drain saline-sodic
clayeycracking soils and deep to very deep,
moderatelywell drained saline-sodic clayey
cracking soils
ofundulatinglandweremappedatplainsandvalley.
Theclaycontentshowedanincreasing
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trend down the toposequence as well as
downthe profile in a particular pedon. The
propertiesrelatedtotheclaycontentsuchasbasesat
uration, CEC and exchangeable base
showedthesametrend.Thesoilorganiccarbonincre
asedtopographicallyandvariedfromthesummits to
plain and valley. Soil organic carboncontent in
the plain and valley was significantlydifferent
from others. The soils of Rahuri
tehsilwereclassifiedininceptisols,Entisols,andVert
isolssoilorders.Inceptisolsengagedthehighest

area in Rahuri tehsil, the soils from
thesummitwithshallowtoveryshallowandnodevelo
pment of diagnostic horizon were noticedand
classified them under Entisols. However,
thesoilsrepresentingthelowerpedimentswereclass

ifiedaslinceptisolsowingtohavingnoargillic or
kandic horizons, whereas, changes insoil colour,
structure and irregular distribution

ofsoilparticlesizewereobservedandVertisolsoccup
ied the lowest area with the presence
ofslickensides close enough to intersect in the
subhorizons.
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