ASROPEDOLOGY, 5; 1995

Morphology, Physico-Chemical Characteristics and Classification
of Lateritic Soils of a Part of Ajoy Catchment in West Bengal
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Abstract : Based on detailed soil survey, four soil series namely Modhudanga, Jamuria, Churulia and Rakhakura
were identified. These soils have acidic surface with pH values ranging from 5.95 to 6.89. The acidily decreases
with depth. Organic carbon is low. Clay content of the surface soil ranges from 26.0 to 1.3 per cent. This value
gradually increases with depth in all the pedons. CEC value of these soils are low, varying from 8.5 to 17.5 Cmol(+)
kg'. Calcium is the dominant exchangeable cation, followed by magnesium, sodium and potassium. The
exchange acidity and exchangeable Al and Fe are low. llluviation of clay is prominent n the pedons from crest
and upper side slopes, and clay cutans are also prominent in these pedons. The low molar SiO,/R 0, ratio, ranging
from 1.8to 3.70, and moderately active iron ratio (Feo/Fed) indicate moderate weathering of the soils. According
to Sail Taxonomy, the soils were classified as: Modhudanga and Jamuria Series - (Tygic Haplustalfs), Churulia
Series - (Typic Ustochrepts) and Rakhakura Series - (Aeric Haplaquepts). (Key Words : Laterites, soil series,

physico-chemical characteristics, soil taxonomy, active iron ratio, weathering).

Laterities and Lateritic soils are one of the
problematic soil groupsin India. Low nutrient supply-
ing capacity, the continuous erosion through run off
during monsoon, and the undulating topography are
considered to be some of the major limitations for
their productivity and management (Bennama 1963).
Itcovers 8 per cent of the total geographic area ofthe
country. The morphology and genesis of these sails
have been reported by several workers (Roy 1976;
Roy & Rudra 1978; Gowaikar 1972). However, the
information on soils of the Ajoy and Damodar basin
in West Bengal is limited. In this paper, an attempt
has been made to study the soils for their morphol-
ogy, physical and chemical properties and soil
classification.

MATERIAL AND METHODS

Study area is a part of a mini watershed and
erosional plains of the Ajoy Catchment comprising
three villages : Churulia, Modhudanga and
Rakhakurain Burdwan district representing a stretch
of undulating land of south-western West Bengal.

North and south west part of this areas are highly
eroded. The elevation of the area ranges from 120to
140 m above MSL. The general slope is about 3 to
5 percent and is directed towards the valley both
from the north and the south west ( Fig. 1).

It has tropical sub-humid monsoonal climate.
Mean maximum summer temperature is 39°C in
May. Insome years, itrises to as high as 43°C. Mean
minimum temperature is 10°C, sometimes it goes
down as low as to 5°C. The mean annual tempera-
ture is 26.3°C. The difference between mean sum-
mer and mean winter temperature is more than 5°C.
The total annuai rainfall is 1336 mm, of which about
87 percentisreceived frommiddle of Juneto middle
of October. Though the total precipitationis high, the

.evaporation in the entire year exceeds precipitation.

The soil moisture regime is ‘Ustic’.

Detail soil survey was carried out and soil map
was prepared (Figj. 1). [Four soil series i.e.
Modhudanga, Jamuria, Churulia and Rakhakura
were identified, and one pedon from each series
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was selected for detailed characterization. They
were described by following FAQO (1965) guidelines.
Mechanical composition, pH (1:2.5, soil:water sus-
pension), organic carbon (wet oxidation), CEC and
exchangeable cations were determined by standard
procedures (Black 1965; Jackson 1973). For ex-
changeable Al, aluminon method (Coleman et al.
1959; Pratt & Bair 1961); and for Fe and exchange-
able acidity, Orthophenanthroline method (Black
1965) were followed. Total scil analysis was also
done. Amorphous Fe was determined by modified
Tamm’s acid oxalate method (Mckeague etal1966).
Total free iron oxidewas measured by dithionite
method (Kilmer 1960). '

RESULTS AND DISCUSSION

The soils of the area have been derived from
ferruginous material and shales. The area is a fairly
broad band running from east to west, from the Ajoy
river, near Churuliathrough Raniganj coalfield, upto

“Barakar, a tributary of river Damodar. The area

belongs to coal bearing Damodar series of Lower

Gondwana sediments of middle Precambrian (Gee
1932).

On the basis of relief, slope and erosion etc.,
four land forms units were identified, which were

* found to correspond to different pedogenic pro- .

cesses leading to the development of different sails.
The units identified are: Convex Crest; Upper side
slope; Lower side slopes and Broad valley.

- Convex Crest : The soils of the crest are well
developed, with argillic horizon. But because of
convex topography and susceptibility to erosion, the
soils have moderate depth. These are well drained
soils and have been identified as Modhudanga se-
~ ries. Taxonomically, these soils belong to soil family
. of fine, mixed, hyperthermic Typic Haplustalfs. All
these soils have subangular blocky structure at the
surface and angular blocky in the subsurface hori-
zons. Weathered parent material mixed with soil and
iron concretions has been observed at a depth of 74
cm. The area is occasionally cultivated.

Upper Side Slope : These soils are also well devel-
oped, well drained, deep with argillic subsurface
horizons, identified as Jamuria series. They belong
to fine, mixed, hyperthermic family of Typic
Hapiustalfs. They are mostly cultivated for crops like
paddy and wheat.

Lower Side Slopes : The soils ofthis unit are ofless
developed as that of crest and upper side slopes.
They have cambic subsurface diagnostic horizons
and are named as Churulia soils series. They belong
to fine, hyperthermic family of Typic Ustochrepts.
They are well drained, free from lime throughout the
profile. The area is dominantly cultivated though
subjected to severe erosion. Gravel and weathered
parent material have been okserved at 40 cmdepth.

Broad Valley : The soils of this unit are poorly
drained . The matrix colouris 10YR 4/2 (dark grayish
brown) with mottles of 5 YR 4/6 (Yellowish red) , and
10YR 4/6 (Yellowish brown) colour. Due to poor
drainage, the soil physical conditions are not favor-
able for many crops, like cofton and wheat. These
soils have been named as Fakhakura series. They
belong to fine, mixed, hyperthermic family of Aeric
Haplaquepts. Weathered shale parent material,
mixed with soils have beer observed at 122 cm
depth. The ground water is at shallow depth and
sometimes rises within one rneter from the surface.

Physical and Chemical Characteristics : The
morphological and physico-chemical properties are
given in Tables 1 and 2 respectively. The clay
content of the surface soil ranges from 26to 41.3 per
cent and increases with depth. Silt contentis low but
it is found almost uniform with depth. Clay and silt
together constitute the major portion of the mechani-
cal composition (59 to 74 ©6). Sand fraction, de-
creases with depth. Surface soils of allthese pedons
are acidic, {pH 5.95 to 6.80). The pH increases with
depth. Soiuble salt contertt is low. CEC varies form
8.5to 17.5 Cmol (+) kg™. Calcium is the dominant
exchangeable cation, followd by magnesium, so-
dium and potassium. The exchangeable bases
(Ca+Mg)exchange activity iss low at the surface and
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TABLE 1. Morphology of soils

Hori-  Depth Colour Notation Mottles Clay
zon (cm) cutans
Modhudanga Series
A 0-14 Dark yellowish 10YR 4/4 — —
brown
AB 14-30 -do- -do- - —
Bt1 30-53 Brown 10YRS5/3 — Thin
Patchy
Bt2 53-74 -do- -do- — Thick
) Patchy
C 74+ Weathered parent material with soil matrix

and iron concretions

Jamuria Series
Al 0-14 Yellowish brown 10YR 5/4 — —

A2 14-26 Dark yellowish 10YR 4/4 — —
brown

A3 26-40 -do- -do- — —

Bt1 40-83 -do- -do- — Thin
Patchy

Bt2 83-107 -do- -do- - -do-

Bt3 107-137 -do- -do- Thick
contin-

uous
Churulia Series

A 0-10 Yellowish brown 10YR 5/4 — —

Bw1 10-20 -do- ~do- e —

Bw2 20-40 Dark yellowish 10YR 4/4 — —
brown

C 40+ Gravel and weathered parent material mixed

with iron concretions
Rakhakura Series

Ap 0-13 Dark brown 10YR 4/3  Strong brown
A2 13-38 -do- -do- Light brownish
grey
A3 38-55 Dark greyish light brownish
brown grey yellowish
Brown
Bwi1 55-81 -do- -do- Yellowish red
Bw2 81-102 -do- -do- -do- —
Bw3 102-122 -do- -do- -do- —
C 122+ weathered shale parent material mixed with
some soil,

high in lower horizons, indicating the leaching of
bases (Gowaikar & Dutta 1971). In all the series
exchange acidity is low, base saturation is high, (>
60%) and organic carbonis low but, it changes with
land forms; 0.51 to 0.56 per cent in the crest, and
0.87 per cent in the valley soils. This clearly shows
that the variation of carbon content have topo-

graphicinfluence. (Allen & Fanning 1983). The higher
value of organic carbon in valley soils is due to the
deposition of eroded materials from upland soils.

Elemental composition of soils is given in Table
3. The silica content ranges from 44.7 to 62.8 per
cent and it decreases with depth. ALLO, is moder-
ately high and varies between 23.14 and 38.26 per
cent. Fe, 0, is low in alt these soils. High silica,
moderately high Al,O, and low Fe,O, content, gave
rise to higher SiO,/AL O, molar ratios which ranges
from 1.8 to 3.7. The SiQ, ratio ranges from 2.13 to
6.55, indicating moderate weathering of these soils
- The AL,O,/Fe, O, ratio showed preferential leaching
of Fe and Al, TiO, and P,O; . llite have also been
observed in these soils. Similar observations have
also been reported by Roy (1976), Roy and Rudra,
(1978) and Govind Rajan and Dutta Biswas (1968).

Modhudanga and Jamuria soil series, situated
on the crest and upper side slope, showed the
presence of argillic horizon, which was formed due
to percolating water and alternate wet and dry envi-
ronment. Topography and rainfall are the main fac-
tors that influence the genesis of these soil. High
intensity of rainfall during monsoon had caused the
removal of much of top soil through erosion resulting
in shallow solum and lower organic carbon. The
organic carbon has also been influenced by the land
forms and its value is higher in the valley (Table 3),
suggesting the predominance of soil erosion in the
crest and the side slopes. Although the annual
prepitation is high (1336 mm), but it is confined to
monsoon season (three to four months), much of
which flows down as run off and only a portion of it
goes into the soil. Thus undulating topography and
restricted moisture for leaching through the profile
had some limitation for pedogenic development and
weathering of these soils (Allen & Fanning 1983).
Thus, the pedons of crest and upper side slopes
were fairly developed (Haplustalfs) as compared to
pedon situatedin the lower side slope. (Ustochrepts)
and valley (Haplaguepts).
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TABLE 2. Physico-chemical properties of sails
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Depth Coarse Fine Silt  Clay pH CEC O.C. Exchangeable cations Exch. Exch. Exch. Base
(cm) sand sand H,O Cmol(+) acidity Al Fe sat
< (%)-- > kg™ Cmol(+) kg™ Cmol{+) <---{ppm)--->

' 1:2.5 (%) Ca Mg Na K kg {%)
Modhudanga Series )
0-i14 306 169 207 308 660 105 052 7.0 175 041 032 05 200 15.0 90
14-30 328 159 19.0 325 675 125 055 101 180 037 027 0.0 Tr. 15.0 100
3053 204 3.7 194 585 6.85 160 0.12 121 1.81 038 028 0.0 -do- 10.0 H
53-74 214 24 215 550 685 175 040 121 1.9 0.44 033 0.0 -do- 10.0 84
Jamuria Series
0-14 256 183 301 260 625 106 045 78 120 042 032 70 Tr, 15.0 93
14-26 236 157 322 285 655 105 023 70 130 0980 099 6.0 -do- 10.0 97
26-40 193 18.0 348 279 6.95 155 0.17 9.0 3.50 0.88 030 3.0 0.18 20.0 88
40-83 155 19.0 228 427 7.85 13.0 013 87 275 044 046 25 .35 20.0 95
83-107 9.9 180 238 488 765 131 011 101 130 040 039 25 .10 5.0 92
Churuila Series .
0-10 400 141 103 356 595 86 078 50 120 082 075 3.0 0.18 225 a0
1020 40.1 13.2 94 375 6.85 10.1 050 7.5 150 049 038 25 050 17.5° 98
20-40 258 125 39.1 226 700 97 051 7.0 165 085 019 4.0 0.37 5.00 100
Rakhakura Series
0-13 74 265 258 403 620 95 087 75 110 048 029 50 Tr. 10.0 99
13-38 11.3 266 254 36.7 ; 720 98 057 7.2 130 055 024 3.0 -do- 15.0 95
38-556 9.1 271 254 37.7 7.50 9.6 0.57 73 0.95 054 053 3.0 0.19 10.0 97 -
55-81 86 223 244 447 765 106 (053 90 075 064 023 Tr 019 11.0 100
81-102 43 256 234 467 7.60 117 051 97 085 065 030 08 086 115 98
102-122 7.4 221 24.3 45.7 7.70 11._0 0.40 9.7 095 0.62 0.20 Tr. 0.85 22.0 100
Tr. = Trace
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TABLE 3. Chemical compositicn {ignition basis) free iron cxides

Depth SO, ALO, Fe,0, TiO, CaO MgO K,0

(cm) < (%) >

P,O, SO, Si0, CaO ALO, * Fe(d) *Fe(O) Ratio
R0, /ALO, MO Fe,0, <----(%)--> Fe(O)

< Ratio > Fe(d)

Modhudanga Series

0-14 457 293 206 1.05 112 070 041
14-30 516 3086 127 105 126 1.20 050
30-53 50,5 36.0 8.8 078 126 130 045
53-74 481 374 94 094 160 1.05 0.42

Jumuria Series

0-14 66.6 23.7 6.2 078 112 060 0.47
14-26 68.4 213 6.2 078 210 030 0.34
26-40 63.6 246 76 063 154 080 036
40-83 639 123 204 068 140 1.00 0.34
83-107 483 269 21.2 071 168 090 041

Churulia Series

0-10 57.0 243 150 043 154 070 048
10-20 524 274 150 047 220 112 0.40
20-40 471 301 184 (044 140 040 043

Rakhakura Series

0-13 628 245 77 110 154 0.60 0.50
13-38 559 275 112 109 154 116 0.49
38-85 600 256 96 085 140 112 048
55-81 61.6 25.1 90 078 168 1.40 0.58
81-102 595 273 80 078 1.26 130 055
102-122 58.2 277 101 078 120 0.98 044

0.070 180 265 160 142 178 050 0.28
0.080 210 286 105 240 256 036 0.14
0.097 204 238 097 409 134 029 021
0098 186 219 152 398 220 039 0.18

0126 4.11 474 187 385 067 057 089
0.096 456 548 7.00 3.44 239 032 0.80
0207 366 439 192 324 1.00 029 029
0230 424 879 1.42 061 033 025 078
0.240 2.05 3.04 1.86 1.27 048 025 050

0110 288 388 220 162 095 050 052
0.046 242 325 196 1.83 095 029 030
0.110 185 266 350 164 1,14 035 0.30

0.060 3.70 452 257 312 074 057 077
0.049 274 344 140 245 097 043- 054
0.063 322 399 126 267 070 G456 0.65
0.046 343 4.12 120 279 077 029 037
0.176 3.30 3.01 097 341 048 036 073
0064 273 370 122 273 117 043 037

* Fe (O) = Oxalate soluble Fe; Fe(d) = Dithionate soluble Fe
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