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Abstract: Paleosols, which are known as soils-formed during the past climatic conditions, partof south India in Anantapur district of Andhra pradesh ,i. i*.r-u"J;;; ;i"rfi;logicar
properties of five pedons @1 to P5) like depth, colour, structure, texture, pr.*nir'or.rry
cutans, etc. and physical and chemical properties such as particle size distribuiio", pH, acidity,
exchangeable bases and CEC were studiedand used to id;ntiry paleosols. Colour oi ttrese soitsis redder than 5 tl rp have patchy cray skins. sand/slt, rn .unarioiri;f,l.*d;;ry fine
sand/total sand ratios showed discontinuity berween horizons as a resulr ;i;il;;Jon anadeposition cycles.- Silt/clay ratios are lower, suggesting dominarrce oi;il;-r"". pri..u.y
minerals' The KCI-pH values are much lower than watei-pH values, though ttre aciaity rn.gasurect
u1 { yv{ct is negligibte. However, !{11-TEA acidity gives higher values due to large amountsof Al' Cation exchange capacity, ECEC and base sat-uration"(by sum of cations) values are
$-udly lower suggesting that the soils are suffrciently leached. The soils were classified asRhodustalfs (Pl, P3, P5) and Haplustalfs (P2, P4) as jer soil Taxonomy and as Luvisots (pl,
P2), Acrisols (P3) and Alisols (P4, P5) as per FAo/uNbSCo system. A new Ultic subgroup has
been proposed under Rhodustalfgreat group. It has b€en roggrrtrd that the weatheriniproducts
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In India, some soils are presently in an environ-
mental equilibrium. For example, in soils in Kera-
la, Western Ghats in Maharashtra and in parts of
northeastern region having high rainfall (>2500
mrn), the weathering and soil formation is still con-
tinuing presumably at a constant rate (Bronger &
Bruhn 1989). Whereas, some soils in Andhra
Pradesh, Tamil Nadu, Karnataka, Orissa (rainfall
<700 mm), Bihar, Madhya Pradesh, Maharashtra
and West Bengal (rainfall <1600 mm) may not be
in an environmental equilibrium as some charac-
teristics are not consistent with their present day
climate as climatic conditions hare changed drasti-
cally. Yet some soils reflect characteristics due to
past humid climate (Beckmann l9B4; pal &
Deshpande 1986; Bronger & Bruhn L989;pal et al.
1989). These soils are termed as paleosols. Ruhe
(1956) and Yaalon (197t) defined paleosols as soils
formed during the past and exist today either as
relict feature, or buried by allochthonous overbur-
den or exhumed.

Presently problems arise with regard to the
recognition and appraisal of Paleosols which are
truncated by erosion or modified by diagenetic al-
terations after burial Eetallack 1990). Moreover,
classification ofthese soils has not been dealt ade-
quately which emphasizes the characteristics of
these soils. Though there are sophisticatcd and dc-
tailed rnethods to determine Palcosols. sornc licld
morphological data and trasic laboratory analytical
data may bc adcrluntc rn lhc idcrrliclrlion and clas-
sification of Palcosols lor (hu ptrrposc ol soil sur-
vey or [or rrraptrrilrg P;rleosols ryhich occrlr cxlcll-
sivcly in soulc p:|rts ril'lhc cr>rrrrtry With this in
vicw. an altcnlpl lr;rs bc:crr lrrirdc- lrerc lo characlcrisc
artd cl;rssil-y sonre: [)aleosols in Anantapur district
of Andhr:r Pradcsh with thc hclp of ruorphological
and trlsic laboratory analytical data.

Materials and Methods

The study arca is located in Rayalasecma re-
gion of Hindupur, Madakasira, penukonda and
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Puttaparti taluks of Anantapur district in Andhra
Pradesh tying between 13045' to 14o20' N latrrudes
and 77 o5' to 77o50' E longitudes. Geomorphologi-
cally, the area forms a part of south Deccan p1a-
teau. It has been broadly divided into denudational
hills, inselbergs, dissected pediments. pediplains
and colluvio-alluvium of recent origin (Fig.1,t b1-

Prasannan and Prabhakara Rao (1979). Soils ofthe
hills and inselbergs are not considered here because
the soils have been severely eroded leaving behincj
only weathered rock fragments. The geology. of the
area is mainly granites and gneisses of Archeans.
The rainfall varies from 700 to 750 mm and the
climate is semi-arid tropical type. Soils were stud-
ied (Soil Suwey Division Statr 1997) at mid-slopes
of a pediplain on gently sloping lands (pl), mid-
slopes of a dissected pediment on undulating lands
(P2), upper-slopes ofa dissected pediment on un-
dulating lands (P3), foot slopes (concave) ofa dis-
sected pediment (P4) and rnid-slopes ol dissected
pediment on rolling lands (P5). They wcre mor-
phologically described and sarnplcd horizonwise
for laboratory analysis. Coarsc fragnrents wcre re-
corded on weight basis P;rrticlc size distribution
rvas done by internatiolral pipcttc rncthod (piper
l9-17). Thc pH was detcrnrincd in watcr anrl in lN
KCI solution. Organic carbon was dctermined by
rvct digcstion rncthod nf Walkley and Black (1934).
Acidity was dctcrrninod by BaClr-TEA at pH g.2
method and by unbrrflercd KCI solution (Black
l(.1(r.5) Erchangeablc bases and CEC were deter-
rnincd b1'NH,OAc method (Black 1965). The soils
rvcrc classified as per Soil Survey Staff(199g) and
FAOruNESCO ( I 988) systems.

Results and Discussion

The soils in the study area are some of the
oldest in India and reported to have formed over
several cycles of erosion and sedimentation in
South Deccan plateau (Murali et al. l97g;
Rengasamy et al. 1978; Wadia 1985; Bronger &
Bruhn 1989). It is an ancient plateau exposcd for

CLASSIFICATION OF PALEOSOLS

of previous humid climate were eroded as evidenced from mostly shallorv or moderately dccp
soils' It is concluded that Alfisols in this part of south India are Paleosols. (Key words. pallosols,
characte ri sation, classi/ication, erosion/deposition, South India)

ilia

ore,



7Zt JOTJRNAL OF THE INDTAN SOCIETY OF SOIL SCIENCE [Vol.49

GEOMORPHOLOGY

ANANTAPUR OISTRICT

ANDHRA PRADESH

L-L-3-3 r,

BELL.ARY
,.rfrt'-1t
51tr'6

L

KURNOOL

L E6 ENO

I oenudqtionot hills 
.

2 Inselbergs

3 Ois-sected pediirent

t Pediptoin

5 Colluvio-olluvium

I 960 -spot ncrqht (ftl

o Profile site

$,,.,
j=1'

a
2 l.tocuoomaH

f.

\ Clo O /n\.-.,1/ qr',,
'*.-..r_l

TUMKUR

tflr-r

l

3

, tlj

i"J.'J

Fig. l. Geomorphology map of the study area

P
2

\D

a

,

>,)!-,.

rl
t ,.'\ i,"{'t6"[HffTmR

I(OLAR ri
I3

long ages to denudation and has approached
pediplanation. Sheet wash and retreat of t ill slopes
are the major goemorphic processes responsible
for sculpturing of the present dayfandforms @han

& Bhatnagar 1974) under semi-arid to arid condi-
tions, King (1953) considered the pediplain to be
the ultimate cyclical landform and infened that
widely separated erosion zurfaces in Africa, Asia,
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et al. 1996), which however, requires conditions of
high rainfall and temperature. Generally, the soils
have redder hues and shallow to moderately deep
profiIes with weathered granite-gneiss parent mate-
rial below. Thin patchy clay cutans are observed in
the Bt horizon having a slightly lighter colour than
the matrix. In profile P3, the A horizon has been
truncated, thereby, exposing the Bt horizon. How-
ever, there were no observable clay cutans in the
surface Bt horizon of this profile. This may be due
to the continuous ploughing which must have oblit-
erated the clay cutans.

Particle-size distribution data (Table 2; Fig.
2) show that the total sand percentage is much
higher (42.8 to 87.20,6) than the silt or clay fractions.
The coarser fractions dominate which could be
largely of siliceous nature bccause of the granite-
gnciss parent matcrial (Wadia 1985; Simonson
1994). Thesc fractions arc incrt and arc of no
conscqucnce in further wcathcring. Though the fs/
ts and vfs/ts ratios arc marginal (0.12 to 0.40 and
0.14 to 0 20. respcctivciy), these seem to have some
trcnd. the former ratio decreasing and the latter ratio

t9
Europe, North America, South America and Aus-
tralia as ancient pediplains dating back as far as
Cretaceous. The earlier landforms were formed on
a plane surface and the subsequent changes in cli-
mate led to changes in the landforms being highly
dissected due to several rycles of erosion. This re-
sulted in complexity of slopes and truncation of
the profiles followed by deposition of red colluvi-
um over the resistant parent rock @engasamy et
a/' t97Q' 

soils are shallow (Pl, P3 and P5) to mod-
erately deep (P2 and P4) indicating that the pro-
cess of denudation and erosion were more active
than vertical advancement of the weathering front
(Bronger & Bruhn 1989; Simonson L994;
Alexander 1995). The soils are well drained and
colour of the soils usually has hues between 5 YR
to 2.5 YR (Sehgal 1998), mostly on the redder side
(Table l). Therefore, Rhodustalfs are common oc-
currence in this area. This suggests that iron has

been released by weathering to give free iron oxide
imparting the soils a redder hue (Evans &
Franzmeier 1986; Schwertmann I 933; Pctcrschnritt

Table l. Morphological propcrtics of the pedons

Horizon Depth
(m)

Boundary Colour Texture Structure Clay Consistence
film (cutan)

PI Venkatapuram, Punukonda ukluk: Typic Rhodustalfs (Ferric Luvisols)
Ap 04.7 cs 5YR5/6 sl

gs 2.5YR314 sc

flsbk
mlsbk

f l gr
mlsbk
m2sbk

fl sbk
mlsbk
mlsbk

mlsbk
mlsbk
m2sbk
mlsbk

flgr
ml.sbk
mlsbk

I vfr sopo
s&sp
sfrsp

I vfr sopo
fr ss sp

fr sp

I vfr sopo
I vfr sopo
I vfr sopo

I vfr sopo

sh fr sssp
sh fr sssp

shfr sopo

I I sopo
sh fr sssp

sh fr ss sp

zBt 0.7-0.23
3BC 0.23-0-41 2.5 YR3l4 c mlsbk
P2 Peddareddipalli, Hindupur taluk: Typic Haplustalfs (Haplic Luvisols)

l*,

'ftnp

Ttnp

Ttnp
Ttnp
Ttnp

Ttnp

l'nn

Ttnp
Ttnp

ndi-
obe
thst

{sia,

Ap
2Bt1

Ap
zB,tl
3BA

0-0.6
0.6-0.27

0-0.9
0.9-0.26

4.26-A.47

cs 2.5 YR 3/6 ls
cs 2.5YR312 sc

3BA 0.27-0.52 - 5YR4/3 c
P3 Kokali, Madakasira taluk: Kanhaplic Rhodustalfs {Feric Acisols)
Bil 0-0.5
2Bt2 0.5-0.17
2Bt3 0.17-0.32
P4 Konapuram, Puttaparti taluk: Ultic Haplustalfs (Haplic Alisols)
AI 0-0. l8
2Btl 0.18-0:38
3BA 0.38-0.62
3Bc A.62-0.82

cs 5 YR 4/6 sl
cs 2.5 YR 316 sl

- 2.5 YR 314 sl

5 YR 4/6 sl
2.5YR316 sl
2.5YR316 sl

cs

gs

Iul

P5 Manesamudmm, Hindupur taluk: Ultic Rhdustalfst (Ferric Alisols)
- 7.5 YR 5/6 sl

as 10 YR3/4 ls
cs 2.5 YR 3/6 sl
as 2.5YR314 scl

Symbols are as per Soil Survey Manual (1970); *Ultic subgroup in Rhodustatfs has been proposed

etxeam
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increasing with depth as illustrated in figure 2. The amount of clay fraction rather than an absolutc

sand/silt ratios (Table 2; Fig.2) show marked increase in the silt fraction due to clay illuviaiiot.

discontinuity in parent materiailsidhu et at. 1976; In profiles P2,P3 and P4, this ratio is higher in the

Simonson 1994; Ray et al. 1991'5. This may be due lower most Bt horizon than the overlying Bt

to erosion processes, which retarded horizon horizon, which may be attributed to proximity to

formation and drep weathering. The silt/clay ratios the underlying weathered regolith. The Pl, P3 and

are usually less than 0.5 in all the Bt horizons P4 soils are skeletal in nature as evidenced by

suggesting that most of the primary minerals have higher coarse fragments in these soiis.

Ueen transformed to clay+ized secondary minerals. The water-pH values (Table 3) of most of the

This is because the silt/clay ratio reflects the ratio these soils are in the range of moderate acid to

of primary to secondary minerals (Anjos et al . neutral which are not expected to favour clay

1998). It also suggests that t'urther weatherlng of dispersion and illuviation (Bronger & Brunn 1989).

primary minerali is limited in the present day The KCI-pH values are lower than the water-pH

environment. It may be noted that all the surface valuesandApHvariesfrom 0.7 to2.4, thehighest

horizons (ApiAl) have higher silt/clay ratios except value is shown by P4 (Ultic Haplustalfs). However,

p3 which however is a Bt. This may be attributed the acidity measured by the same KCI is negligible'

to the fact that there is an absolute decrease in the The acidity extracted by BaClr-TEA buffered at pH

Table 2. Physical characteristics ofthe pedons

fs/ts* vfs/ts* sand/ Silt/ Coarse

silt claY fragments
___ ______:__ ratio --.-- (o/r)

Horizon Depth
(m)

Particle-size distribution (%) of various size

fractions (mm)
Fine
sand

(0.25-
0.1)

Very
fine
sand
(0.1-
0.0s)

Total Silt Clay
sand (0.05- (<0.002)
(2- 0.002)

0.05)

Pt: Typic Rhodustalfs (Feric Luvisols)

Ap 0.0-0.07
2Bt 0.07-0.23
3BC 0.23-0.41

0-0.06
0.06-0.27
0.27-0.52

0-0.05
0.05-0.17
0.17-0.32

A1 0-0.18
28t1, 0.18-0.32
3Bt2 0.32-0.62
3BC 0.62-0.81

Ap 0-0.09
28il 0.09-0.25
3BA 0,26-0.47

0.40 0.15
0.30 0.16
0.25 0.16

0.38 0. 15

0.36 0.20
0.32 0.20

8.00 0.91

5.32 0.22
3.57 0.29

10.70 0.68
8.l9 0.28
2.74 0.38

14.09 0.41

10.89 0.50
6.72 0.88

6.22 i.0l
12.49 0.42
7.03 0.56
7.06 0 83

J I.J

14.8
il.0

30.9
22.9
13.9

21.5
11.0
13.7

16.2
9.2

10.6

13.6

11.8 79.2 9.9 10.9

7.8 49.8 9.2 41.0

7.0 44.3 12.4 43.3

54

60
65

1
7
9

32

37
39

45
JJ
)t

38

1i
15

39

P2: Typic Haplustalfs (Ilaplic Luvisols)

Ap
2Btl
3Bt2

Btl
2BA
3Bt3

12.2 81.3 7.6 l1.l
12.5 63.9 7.8 28.3

8.4 42.8 15.6 41.6

8.7 80.3 5.7 14.0

4.6 78.4 7.2 14.4

5.3 75.9 11.3 12.8

P3: Kanhaplic Rhodustalfs (Feric Acisols)

P4: Ultic Haplustalfs (Ilaplic Alisols)

0.27 0.1I
0.14 0.06
0.18 0.07

0.22 0.11

0.12 0.04
0. ls 0.05
0.18 0.07

0.35 0.13
0.36 0.r2
0.30 0.13

7.9 74.6 12.8 12.6

3. 1 78.7 6.3 15.0

3.9 71.7 tO.2 18.1

5.3 76.2 10.8 13.0

I 1.3 87 .2 5.9 6.9

9.2 75..A 6.9 . 18.1

8.3 66.4 7.3 26.3

P5: Ultic Rhodustalfs* (Fenic Alisols)
30. I
26.7
20.2

14.78
10.87

9.10

0.86
0.38
0.28

*fs-f,rne saud, ts-total sand, vfs-very l-rne sand
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8'2 (Mehlich et al- 1976) shows the reserve acidity However. thc present arid to semi-arid climate does
and it ranges from 1.5 to ll.7 cmol(p')kg"r. This not crplain th" p."r"u." nf such a clay complex
acidity is highcst in Pl and lowesl in P5. Thc base {Bronger & Bruhn l9g9), bur could be a
saturation calcrrlatecl from acidity at pH lt.2 is thus conscqucncc of an carlier humid climate. profile
much lower than that calculatcd frorn acidity at pH P.l rs locatcd ai thc footslope, whereas other
7.0 which characterises these relativcl.y highly profiles arc at a rcl:rtivcly hig-her position in the
weathered soils. The organic carbon values arc low landscapc which may **piairrihe trigh", valuEs of(t'7 to 6.5 g kg-'). The CEC and ECEC valrcs range L-a']', Mgz'. F.C]EC, base saturation uod CEC/clay,
from 2.1 ta 26.2 cmol(p*)kg"r and 3,0 ta 28.6 especially in the lowermosthorizonof pa (Monii
cmol(p*) kg-r, respectively" The clay CEC values & Boul 1982). 'thus these soils appear to be
(computed from soil CEC) are also low except in palcosols
profile P4 probably due to an incrcase in the
proportion of 2:l type of clay minerals. The data crasstfication of soils
show that these soils had undergone moderate to Classificaiion of these soils under the USDA
high.degree of leaching (Simonson 1994) and some and FAo/uNESCo ;51|;;;Hilil ffi;,
dessication (Moniz & Buol 1982: Hall 1999). under tire present semi-arid tropicat blimate a
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K;rrrlt:tlrlrL ltlrrxlrrslalf would not form. under the bases wourd_have been removed to a greater extents,il c'l;tssificltion system of England and wales una ..iuii*ry higher uur" otoition (Tabre 3) was(rrrrrtl t'r ttt' tees),Paleosolsur"-thor"whichhave ilrft.r;;"t".iurri*Ji##&Bruhn 
1989).;t lt" lt{'l *r argillic horizon' In the Australian qys- go*.".i i, the present;A;r;;;-rridic rropusriclcttt ,l'soil classification, these soils are Lateriic roir *oir,u.. regime tvan wamueke l9g5), soilIltxlzolic' Lateritic Krasnozems (polymorphic) or 

"rorlon 
oi rt ipping dominatea over deep weather_l{cd Podzolic (mesomorphic)' The-Brazilian classi- irg. ri-r,* Lel posturated by Bronger (1985) andIlcation qystem classified these soils as Terra Roxu s."ur".t iissol that this part of southern India hadExtruturada which is equivalent to a Typic a sernih-umid to humid .rirrt. irring the cord pe-R'hodustalf' The classifiiation by ttre reol rious ortrre quarternary due to increased influenceUNESCo system (1988) shows some degrqe of ac- of the norrheast monsoon, during which there wascuracy as compared to other systems in the con- int.nr".rrit .rilg _!yt au.ingif;. rutter warm pe_text of the soils described here' However, the FAol ri"d;;;i;tng thI Hoto"r",-irr" *"rthering prod_uNEsco system lacks information at subg.oup ,.,. *.r" l"moved to such an extent that severaland great group level' The Pl to P5 soils ii tqri^s im.il;;; i"r" e*pos"d to rhe surface resurting insystem are classified as Ferric Luvisols, Ly:*lr, ry;i;;rfiow to moderately deep sols whichFerric Acrisols' Haplic Alisols and FerrisAlisols, u"rr. t"rJ*ony in the soils described here. Thisrespectivelv' under the usDA system of soil clas- f..t ir ;r;;;pporred by Das Gupra (1980) indicat-sification' the soils Pl, P3 and P5 are classified as irg ,r," ,"i'soits (*tict ur. *-rinrv Rhodustarfs)Rhodulstalfs (Table.l); 
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