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Abstract : Vertisols developed on basaltic parent material showed higher clay content, CEC, WHC
and lower pH and EC. Irrespective of parentage, all the pedons are calcareous. Steep reduction in
organic carbon was noticed in the basait and granitic- granodiorite parent material soils. Basalt,
Granitic- granodiorite and Limestone parentage soils are placed under *Calcic Chromusterts’ while
Grey shale and Granodiorite parentage soils are classified as "Typic Chromustert’ and ’Calcic
Pellustert’ respectively. (Key words: parent material, Vertisols, physico-chermnical properties, pedon,

taxonomic classification).

Parent matrerial is one of the im-
portant factor responsible for varia-
tion in soil properties. A genetic
profile is a product of physical, chemi-
cal and biological processes acting
upon a given parent material. The de-
gree of profile development condi-
tioned with the climate gives rise to

“different diagnostic features to the

soil. Based on there diagnostic fea-
tures, the soils are being grouped into
different classes in order to under-
stand the similarity of behaviour for
better land use planning. In the
present investigation, soil variability
as related to parent material and on
different physical, physico-chemical
properties of soil is discussed.

MATERIAL AND METHODS

Soil samples were collected
horizonwise from five pedons, one
each from village Suhagpur Dhana
(Betul district, Madhya Pradesh),
Panjari Farm, Central Institute for
Cotton Research, Nagpur (Nagpur
district, Maharashtra), Baklavanvalli,
Makthal and Undevalli (Mahaboob-
nagar district, Andhra Pradesh). The
pedons were described as below as
per standard procedures (Soil Survey
Manual 1970). Air dried soil samples
( <2 mm) were analysed for mechani-
cal composition, pH, EC, CEC,
WHC, organic carbon and CaCO3.

* Central Institute for Cotton Research, Regional Station, Coimbator - 641 003; ** Deceased.




PEDON 1
Location
Climate
Vegetation
Geology
Pcrmeceability:
Dréinagc
Land use

Profile description

Ap 0-14cm
'

A 1440 ¢cm

AC 40-70 cm

C 70-100+cm

PEDON 2
Location

Climate

Vegetation

Geology
Permeability
Drainage

Land use
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Suhagpur Dhana village

Semiarid

Parthenium sp., Datura sp., Acacia sp. and short grasscs
Grey shale

Slow

Poorly drained

Cowpea, soybean, mungbeantand wheat. (Irrigated).

Grayish brown (10 YR 5/2) when dry, clay, medium moderate subanglar

- blocky; hard, firm, sticky and plastic manay roots; when wet glazed ap-

pcarance, clear and smooth boundary.

Greyish brown (10 YR 5/2) when dry, clay, medium modcrate subangular
blocky; hard, firm, sticky and platic; slickensides, few roots; clear and
smooth boundary.

Greyish brown (10 YR 5/2) when dry, clay, coarse moderate subangular
blocky; hard, firm, very sticky and very plastic, shght cffervescence, shicken-
sides, clear and smooth boundary.

Greyish brown (10 YR 5/2) when dry, clay, coarse medium subangular
blocky, hard, firm, very sticky and plastic, effervescence, hexagonal cracks
present upto 100 ecm depth.

Panjari Farm, CICR, Nagpur
Subhumid

i
Cotlon, wheat, sorghum, subabul, necem, Acacia sp. tamarind, Par-
thenium, etc.

Basalt
Slow
Moderately well

Cotton, wheat, jowar, and green manuring crops. (rainfed).




Profile description

Ap 0-14 cm

A 1430 cm
AB 30-46 cm
AC 46-60 cm

C  60-1004+cm

PEDON 3
Location

- Climatc

Vegetation

Geology

Permeability
Drainagc
Land use

Frofile description

Ap (0-10cm

A 10-40 cm
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Dark brown (10 YR 4/3) when dry, clay, fine granular, hard, firm, sticky and
plastic, slight effervescence, many roots, gradual and smooth boundary.

Black (10YR 5/2) when dry, clay, medium moderate subangular blocky,
hard, firm, sticky and plastic, slight effervescence, slickensides, many roots,
diffusc smooth boundary. ‘ :

Black (10 YR 5/2) when dry, clay, coarse medium angular blocky; hard, tirm,
sticky and plastic, slight cffervescence, slickensides, diffuse smooth bound-

ary

Black (10 YR 5/2) when dry; clay; coarse angular blocky; hard, firm, very
sticky and plastic, slight cffervescence, few roots, slickensides, diffuse
smooth boundary.

Black (10 YR 4/2) when dry, clay, coarse medium angular blocky, hard, firm,
very sticky and very plastic, slight ctfervescence, diffuse wavy boundary.

Baklavanvalli, 5 km from Mahaboobnagar on way to Deverakadra.
Semiarnid

Acacia sp., Parthenium,

Granite-granodiorite

Slow
Poorly drained

Pearl millet, jowar

Black (10 YR 5/2) when dry; clay; medium moderate subangular blocky;
hard firm, sticky and plastic; slight effervescence; many small roots; medium
modcratc angular blocky; cracks upto 18 cm dcpth, clear and smooth
boundary. ‘

. Light black (10 YR 4/2) when dry, clay, medium moderate angufar blocky,

hard, firm, sticky and plastic, slight effervescence, few fine roots, cracks upto
18 em depth, slickensides’ clear and smooth boundary.




Ac  40-60 cm

¢ 60-80+cm

PEDON 4

Location

Climate
Vegetation
Geology
Permceability
Land use

Profile description

Ap 0-14cm

A 14-36 cm

AC 36-50 ¢cm

C 50100+ c¢em

PEDON 35

Location
Climatce
Vegetation

Geology
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Very light black (10 YR 5,2) when dry, gravelly clay, medium modeate
angular blocky, shghtly hard, lirm, sticky and plastic, slight cffcrvescence,
slickensides, abrupt boundary.

Very light black (10 YR 5/2) when dry, clay loam, medium moderate
subangular blocky, slight cficrvescence, weathered granodiorite material.

Makthal; 1.5 kilometers away from Makthal bus stand.
Scmiarid.

Acacia sp., Datura sp. shrubs and small grasscs.
Granodiorite

Slow to moderate.

Paddy, jowar

Black (10YR 4/3) when dry, clay loam, medium moderate subangular
blocky, slightly hard, firm, sticky and plastic, slight cffervescence, many
roots, few medium pores, clear and smooth boundary.

Black (10 YR 4/1) when moist, clay, coarse medium angular blocky, slightly
hard, firm, sticky and plastic, slight cffervescence, medium few roots,
gravels, quartzite, 2 cm wide cracks, slickensides, clear and smooth bound-
ary.

Black (10 YR 3/1) when moist, clay, coarse subangular blocky, hard, firm
sticky and plastic, strong cffervescence, few fine roots, quartzite gravels, 2
cm wide cracks, stress cutans present with sand deposition, artefacts
present, gradual smooth boundary.

Black (10 YR 4/1) when moist, clay, medium angular blocky, slightly hard,
firm, sticky and plastic, strong effervescence, few fine roots, 1 ¢m width
crack, stress cutans with sand deposition, few pores, cracks upto 76 cm
depth.

Undevalli 194 from Hyderabad on Hydcerabad-Kurnool highway.
Senmiarid.
Tree:Acacia sp. and small grasses

Limestone.




Permeability
Dramage

Land use

Profile description

Ap 0-10cm

A 10-28 cm

AC 28-62 ¢cm

C 62-102+ ¢cm

RESULTS AND DISCUSSION

Mechanical composition reveals
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Slow
Poorly drained

. Sorghum, pearl milleL.

Black (10 YR 4/2) when dry, and (10 YR 3/2) when moist, clay loam, medium
moderate subangular blocky, slightly hard, firm, sticky and plastic, efferves-
cence, medium few roots few fine pores, CaC03 concretions upto 3 mm size;
coarse fragments, potteries present; cracks upto 10 cm, clear and smooth
boundary.

Black (10 YR 3/2) when moist, clay, medium moderate subangular blocky;
slightly hard, {irm, sticky and plastic, strong cffervescence, fine few roots, no
porcs, CaC03 concretions upto 3 mm size, shickensides, clear and smooth
boundary.

Black (10 YR 3/2) when moist, clay, medium moderate subangular blocky,
slightly hard, firm, sticky and plastic, strong cffervescence’ fow fine roots,
patches of CaC03 concretions, slickensides, clear and smooth boundary.
Black (10 YR 3/2) when moist, clay, coarsc moderate angular blocky, shightly
hard, firm, sticky and plastic, strong effervescence, many CaC03 concretions.

\

and clayey in texture. Uniformity
within the profile in respect of texture
is due to the pedoturbation- a major

that clay content is rginimum in Ap
horizon of pedon 4 developed on gra-
nodiorite. Barring Ap horizon of pe-
don 4 and C horizon of pedon 3, rest
of the samples fall in ’clayey’ textural
class (Table 1). There is an evidence
of increase in clay content with depth
in all the profiles.

Soils developed on trap or basalt
parent material are found to be deep

pedogenic process operating in Ver-
tisols (Buol ef al. 1980; Ahmed 1983)
is inhibiting the horizonation (haploi-
dization). Textural variation may be
due to the position and location of the
profile. Topography of the locality in-
fluences the texture of the soil; In case
of slopy land, all the wedthered
products will be carried to the low*
lying areas. In the present investiga-
tion heavier texture encountered
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Tabic 1. Mechanical composition (on soil basis) and physico-chemical properties of soils

Hori- Sand Silt  Clay
zon (%) (L) (%)
wilth(em)

dept

Pedon 1 (Grey shale)

Ap (0-14) 122 343 473
A (14-40) 102 333 485
ACA0-70) 92 328 498
C(40-110+) 91 321 321

Pedon 2 (Basalts)

Ap(0-14) 20 254 591
A (14-30) o6 243 624
AB (30-46) 3 216 055
AC(46-00) & 224 638
C (60-100+) 1. 222 63.6

— —
e

Pedon 3 (Granite granodiorite)

Ap (0-10) 432 70 400
A(10-40) 342 120 434

AC (40-60) 250 49 386
C60-80+) 43 92 236

Pedon 4 (Granodiorite)

Ap(0-14) 493 91 259
A(14-36) 258 101 420
AC(36-50) 217 96 433
CB0-100+) 249 71 SL6

Pedon 5 (Lime stone)

Ap (0-10) 80 135 620
A (10-28) 6.2 140 638
AC (2862) 55 140 6060
C (62-102+) 40 138 680

Text- pHmﬁ E.C
ure  (1:25) (dSm™' )(cmol

C 7.25
¢ 7.13
C 7.15
C 7.15
C 7.22
C 118
C 7.16
C 714
C 721
C 7.9:%
C %41
C 8.80
C K83
¢ %14
C 807
C 8.01
C .00
¢ 700
C 7.56
C 7.41
C 729

O = clayc'y_; cl = clay loam

(0.10
0.25
0.10
.25

(hL25
0.10
0.10
0.15
0.25

1.20
1.20

.10
1.20

£).4¢)
0.75
.90
0.70
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CEC OC Moist- CaC03
(%) urc (%)
%(+t) 33kPa
g-1)
20 076 33.1 6.5
370 044 3306 8.5
382 048 362 9.0
2 043 364 9.5
495 067 401 15.5
a2 050 A0S 13.0
464 039 412 13.0
482 038 459 13.5
43 024 453 15.0
244 088 295 10.0
204 039 40.1 11.5
539 017 543 460
320 012 376 320
28.1 .19 31.0 18.5
290 081 330 280
303 074 3060 265
204 058 376 19.5
20 055 330 195
539 046 338 190
495 044 303 170
54.5 359 165

(.41
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in soils derived. from granitic parent
material. This may be due to the
modifying effects induced by
_ dom'inance of topography.

Momure retamed at 33 kPa pres-
sure dlmost follows a similar trend as
does the clay content (Table 1) Max-
imum morsture retention is observed
in pedon 2 (derwed from basalt)
Subsurface’ h()I‘lZ()Il of pedon‘3 (AC)
exhiibits max1mum water retentlon at
33 kPa All other pedons show com-
pdrdble momture retentlon capac1ty

The clay’ content and natiire of ‘clay

depend on pdre nt materldl The water
holdmg capacrty depend% upon the
type of mlnerals present Soil
developed on trap (basalt) shows
hrgher valugs of WHC‘than other
s0ils developed on gramtlc or metdm—
orphlc parent mdtendl ) o S

Hhe -."."-" N S 5 N

“Pedori-2 ‘and 4'gxhibit’ strong
alkahmty as ‘indicated’ by pH ‘data
(Table 19). Development of sod1c1ty in
fower layérs of-pedoi3; is an-indica-
tion of  -soil ¢hémical- degradation!
Pedons 1°and 2 dre’ alrnost néutral in
reaction. - With the’ exceptlon of
pedon thete is a fendeéncy for the
pH to- fdll gradually with ircrease 1n
soil depth A AT

by TS LR S I 2 4
Cdt1on exchange capacity does
not show any regular trend with

depth. It is highest in pedons 2 and 4
developed on basalt and limestone,
respectively, followed by pedon 1.
AC horizon of pedon 3 exhibits the
highest'* cation exchange capacity. -
Data on' soluble salts indicated EC
riiuch bélow the limit of 4 dSm™ in all
the pedons. However, on compara-
tive basis, pedons 5 and 4°(limestone
and granodiorite- parent ‘material,
respectively) show 4’ tendency
towards sahmzatron

All pedons are calcareous in na-
ture. vExcept for pedon 1, free cal-
cium carbonate in all the pedons atall
the depths'exceeds 10 per cent (Table
1):..Subsurface hgorizons of pedon 3
developed. on granitic-granodiorite
and ‘pedon 4.:.derived from
granodiorite indicate very high- ac-
cumulation of free calcium car-
bonaté. -There was no consistent
pattern:in.calcium carbonate content
with depth;.though its content is rela-
tively high-inilower horizons. All the
pedons show-decrease- in-organic
carbon ‘content with increase in soil
depth. i In:terms. of organic carbon
content in Ap horizon, the pedonscan
be -arranged. in ‘the order::pedon 4
(granodiorite) pedon'l (grey shale)
pedon 5(limestone) pedon 2 (Basalt) -
pedon 3 (granitic-granodiorite).- The'
reductions in organic carbon content
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with depth in pedons 3 and 2 is more
prominent.

The results of physico-chemical
characteristics of the soils (pH, EC,
CEC and organic carbon) are in con-
sonance with the studies of Subbiah
and Manickam (1987). CaCO3
present in soils tends to enhance the
soil pH as indicated from the sig-
nificant correlation (r=0.76) be-
tween the pH and CaC03. The
organic carbon content in the pedons
exhibits the same trend as reported
for the soils of semiarid tropics by
Roychowdhury et al. (1984). A sig-
nificant positive correlation (r =(.76)
observed between clay content and
CEC on one hand and lack of associa-
tion of organic carbon with CEC on
the other, indicates that the nature of
clay (i.e. smectite) rather than organic
carbon content is responsible for the
higher CEC. CaC03 content in the
soil developed on trap should be high
but in this case it is medium, the
reason being that under intense rain-
fall it has probably been leached out
of profile. Correlation coefficients
show the significant interdependence
among pH, EC, CEC, and clay con-
tent. Soils derived from basaltic
rocks have high clay content, CEC
and WHC and lower pH and EC.

In the present study different
parent materials viz. basalt, granitic-
granodiorite, granodiorite, lime-
stone, and shale are apt to influence
the formation of smectitic type of clay
mineral besides other minerals. Clay
fractions obtained from different
parent materials, do not indicate a
very marked difference, however it is
accepted that easily weatherable
minerals of trap or basalt parent
material give rise to smectitic clays.
Granitic parent materials having
biotite and muscovite in very small
proportion, weather to yield
montmorillonite and illite type of
clays. It is the characteristics feature
of the Vertisols to be dominated by
smectite type of ~clay (Pal & Desh-
pande 1985). Ahmed (1983)
reported that kaolinite was always
present in Vertisols, irrespective of
the origin, location or environmental
conditions. It is however, to be ad-
mitted that weathering phenomenon
and soil development, especially in
the tropics are so closely related with
parent materials, that a complete un-
derstanding of the processes involved
can only be achieved by giving due
consideration to the parent rock and
its components, as well as to the
mineral constituents found in the
soil.
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Soil classification : The diagnostic
horizons ‘and other characteristics

were recognized for all the five
- pedons (Table 2) and arranged them
suitably in taxonomic system (Soil

Survey Staff 1975). The pedons have

depth of more than one metre, with
~ lithic or paralithic contact within 50
- cm depth; clay content more than 30
per cent within 50 cm depth; cracks
wider than one cm at 50 cm depth,

wedge shaped soil structure in sub-

surface horizons except few which
had surface mulch; gitgai mic rorelief
and slickensides development in all

pedons. By this criteria the pedons .
are are placed under the order
"Vertisol’.

The study area has semiarid and
subhumid monsoonig climate i.e. dis-
tinct rainy and dry seasons with eracks
remaining open for 90 cumulative
days or more during the year and
mean annual temperature of more
than 22°C. Thus, these soils can be
classified under the suborder Usterts.
Among the pedons, pedon 4 had
chroma less than. 1.5 throughout the
upper 30 cm depth. Hence it is placed
under the great group Pelluststerts.

TABLE 2. Placcment of pedons in Soil Taxonomy System

Ped Diag- Order

~on  nostic
.No. horizon

Suborder Great group

Subgroup Family

1 Vertic  Vertisol Usterts Chromusterts Typi Chromu Fine clayey smectitic,
: C ~ - sferts hyperthermic i
2 Vertic  Vertisol Usterts Chromusterts  Calcic* Very fine clayey, .
, Chromusterts smectitic,hyperthermic
3 Vertic  Vertisol Usterts  Chromusterts Calcic* Fine clayey, o
, : . Chromusterts smectitic,hyperthermic
4 Vertic  Vertisol Usterts Pellusterts Calcic* Fine clayey, _
: Pellusterts smcctitic,hyperthermic
-5 Vertic  Vertisol Usterts Chromusterts Calcic* Very fine clayey,

Chromusterts smectitic,hyperthermic

* The subgroup has been newly introduced in 1986 by Sehsag;ri Rao, The C horizon was

having more than 15% of free CaC03 (absolute value of 23.75

%). There was no subgroup

having calcic horizon under Chromusterts. So ’Calci'c’ subgroup was introduced.
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The other pedons 1, 2,3 and 5 have
chroma of 1.5 or above in the upper
30 cm or more than half the depth of
each pedon hence placed under the
greatgroup Chromusterts,

At subgroup level only period of
cracking and colour value were taken
as criteria, irrespective of the calcium
carbonate content. Free calcium car-
bonate content of C horizon 1s more
than 15% inpedons 2,3 and 5. There-
fore they are placed Calcic Chro-
mustert while pedon 4 1s placed under
Calcic Pellustert a new subgroup in-
troduced by Seshagiri Rao (1986).

All the soils have predominantly
smectitic clay minerals and high CEC
values which are in favour of forma-
tion of smectite. These soils are
placed under hyperthermic tempera-
ture regime depending on the dif-
ference between mean annual
summer and winter temperatures by
more than 5°C. Texturally, these soils
are placed under fine and very fine
depending upon the clay per cent of
less than 60 or above.
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