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The upland soils of Tripura have been characterised in detail. Based on
morphological features and elevation, the soils are categorised in three soil
series viz. Lalchera (L), Kathaliachera (K) and Sarasima (S). Illuviation of
sesquioxides in the subsurface horizons, enrichment of surface layers with
silica, acidic reaction aided with temperatures and high rainfall suggest that
mild podsolization process is active in the L and K profiles but the process has
not yet been able to make any impact to the extent of producing a well
developed A2 horizon. On the otherband, SiO,/R,0, ratio declines succes-
sively with depth in S profile indicating the operation of the process of
laterisation. All the profiles have an ochric epipedon. The pedons have
been classified upto family level according to the taxonomic system of classifi-
cation.
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INTRODUCTION

TRIPURA is situated in between 20°56" and 24°32' north latitude and 91°10" and
92°20" east longitude. It is one of the States of North Eastern Hill Region of India
having an area of 1049100 hectares. On its three sides i.e. West, North and South,
Tripura is bounded by Bangladesh and on the East it borders with Mizoram State.
The physiography of the state is of severely rolling to hilly pattern havinga large
number of intervening steep slopes. There are innumerable streamlets coming down
from the hill ranges and fall in the main rivers which ultimately drain in various
tivers of Bangladesh.

Tripura lies on sedimentary rocks of tertiary age. The grey micaceous sand-
stone and tough calcareous sandstone are exposed at places. The upper flask of the
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hill ranges are composed of massive bluish or grey sandstone and fine grained bluish
or grey shales and carbonaceous sandstone. The lower fringes of the hills are com-
posed of yellow, coarse, ferruginous Tipam sandstone with fossil wood and mottled
clay.

The soils of this region have been influenced by practically all the soil forming
factors. The climate is subtropical and the mean maximum and mean minimum
temperatures are 31.6° and 21.5°C respectively. The soils have been developed
under the influence of heavy rainfall (mean annual precipitation : 2356 mm) and
forest and grass vegetation. Raychaudhuri er 2l. (1963) grouped the soils into three
categories viz. (i) forest and hill soils (undifferentiated), (ii) alluvial (undifferentiated)
and (iii) red and yellow soils. Chowdhury (1964) reporied that the soils of Tripura
developed under the influence of physiographical, climatic, geological and vegeta-
tional features and organic agencies. Accordingly soil forming processes which
appear to influence of genesis of these soils are leaching, drainage and desilicification
leading to occurrence of lateritisation in the lower elevated areas. On the otherhand,
silicification, dense vegetation and cooler climate of some higher elevated areas
influence the occurrence of podsolization as was observed by Digar (1964). The
upland soils are lighter in texture, poor in fertility and suffer from the hazards like
acidity (Ganguly, 1962) and severe soil erosion.

In spite of the above mentioned works very little systematic study on the nature
and characteristics of the upland soils of Tripura has so far been made. Although
the upland soils can be grouped into three series, the Lalchera (L), the Kathaliachera
(K) and Sarasima (S), the criteria for their separation have not been well defined.
The morphology, genesis and characteristics of these soils have been studied and the
results are presented here.

DESCRIPTION OF SOIL SERIES

Lalchera Series : The soils are moderately well drained, moderately deep to very
deep, heavy textured and derived from shells. The soils are found on gentle slopes
of top flat of the narrow plateau to very steep slopes and at the edge of the plateaus.
Top of plateau is undulating and the slope is in all directions ranging from 0-8 per
cent in narrow strips. At the edge of the plateau, the slope ranges from 15-25 per
cent and even may be upto 60 per cent. The elevations of the soils of this series
from mean sea level range from 85 to 235 metres. A typical soil profile of Lalchera
series is described below :

Horizon Depth(cm) Description
Al 0-4 Very dark grey brown (10 YR 3/2, M), clay loam, granular,
decomposed organic matter mixed with mineral material,
abundant root, clear boundary.
A2 4-20 Dark grey brown (10 YR 4/2, M), clay loam granuylar, hard
dry, moist firm, wet sticky, many roots, clear and distinct
boundary.
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Horizon Depth(cm) Description

Bl 20-38 Dark brown (10 YR 3/4, M), clay, granular, dry very hard
moist firm, wet sticky, roots common, distinct boundary.

B22t 38-71 Olive brown (2.5 Y 4/4, M), clay, granular, few roots, very
hard, firm and sticky, diffused boundary.

B23t 71-96 Light olive brown (2.5 Y 5/6, M), clay, granular, very bard,
very firm and sticky, few roots, few iron concretions, distinct
boundary.

B3 96-130 Light olive grey (5 Y 6/2, M), clay with slight brownish
yeliow (10 YR 3/4 and 6/8) mottlings, weakly blocky, very
hard, firm and sticky, few roots, common iron concretions,
distinct boundary.

C 130~153 Clay with partly decomposed and weathered shales and
concretionary particles.

Kathaliachera Series : The soils are derived from shales or sandstones or of
mixed materials. The soils are of comparatively light textured with very good
internal drainage. The slope is in all directions and complex in nature. The
elevations range from 50 to 85 metres. A typical soil profile of this series is describ-
ed below.

Al 0-15 Grey brown (10 YR 5/2, M), loam, granular, many roots,
slightly hard, moist friable and wet slightly sticky, clear
boundary.

A2 15-46 Dark yellowish brown (10 YR 4/4, M), loam granular, many
roots, dry slightly hard, moist friable and wet slightly sticky,
indistinct boundary.

A3 46-92 Yellowish brown (10 YR 5/8, M), loam, massive, roots
common, dry hard, moist friable, wet sticky, diffused
boundary.

Bi 92-137 Strong brown (7.5 YR 5/8, M), loam, massive, roots com-
mon, slightly hard, moist friable and wet sticky, clear smooth
boundary.

B2 137-215 Brownish yellow (10 YR 6/8, M), with yellowish brown (10
YR 5/8) and dark grey (5 YR 4/1) mottles, sandy clay loam,
granular, few roots, few concretions, dry hard, moist slightly
firm, wet sticky, distinct boundary.

C 215-231 Gravel land, thin hard shales and sandstone which are
decomposed.

Sarasima Series : The soils are derived from sandstones and sandshales. The
soils are generally deep, medium to heavy textured with high mottled subsoils.
Generally a thin band of ferrugineous concretion in the solum is the criteria of this



336 S. P. RAYCHAUDHURI ef al.

series. The elevation range from 15 to 50 metres. A typical profile of this series is
described below :

Horizon Depth(cm) Description
Al 0-12 Yellowish brown (10 YR 5/4, M), loam, crumb, dry hard,
moist friable, wet slightly sticky, many roots, distinct bound-
ary.
B1 12-38 Yellowish brown (10 YR 5/6, M), clay loam, granular, dry

hard, moist friable, wet sticky, roots common, concretions
common, distinct boundary.

B2 38-92 Strong brown (7.5 YR 5/8, M), clay loam, blocky, dry hard,
moist firm, wet sticky, roots common, many iron concretions
and distinct boundary.

B3 92-182 Strong brown (7.5 YR 5/6, M) with yellowish red (5 YR 4/8)
and grey (7.5 YR 5/0) mottled clay, blocky, dry very hard,
moist firm, wet sticky, few roots, layer of iron concretions,
distinct boundary.

C 182-200 Decomposed layer of lateritic mass.

These three soil series comprise the whole upland soils of Tripura. The total
area under these series will be about 700000 hectares. However, Kathaliachera series
covers the maximum area.

MATERIALS AND METHODS

Methods of analysis for pH, electrical conductivity, mechanical analysis (pipette
method), CEC (ammonium acetate method), exchangeable cations total C, total N,
available N, P, K were those of Piper (1950) and Jackson (1958). Fusion analysis
of soils and clays was carried out by the method as described by Black (1965) after
fusing the soils and clays in presence of sodium carbonate. CEC of the clays was
determined by titrating the H-clays potentiometrically with standard sodium hydro-
xide solution.

RESULTS

The physical characteristics of the soils of the three series are given in Table I. It
appears that clay content in the soils of L and S series increases with depth while in
the soils of K series clay content does not vary appreciably upto 92 cm. After that
the value increases. The amount of coarse sand in K series is very low in compari-
son to L and S series. S series shows higher degree of weathering as is evidenced
from the presence of many iron concretions in this series.

The soils of all the horizons of the three series are distinctly acidic and pH
ranges from 4.5 to 5.2 in L, 5.0to0 5.1 in K and 5.7 to 6.0 in S series. Though
acidic, the soils of S series do not qualify to be termed as “acid’® soil according to
taxonomic system because of its pH values being higher than 5.5. The soluble salts
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TABLE I

Physical properties of the soils of three series

Horizon pH T.S.S. Water holding Moisture  Coarse Fine Silt Clay
(1:2) m mhos/cm capacity equivalent sand sand ¢A] (7a)
(%) (%) (%) (%)

Lalchera Series (L)

Al 4.5 0.47 28.2 17.3 12.1 40.2 19.9 25.9
A2 4.9 0.45 27.1 16.9 11.8 39.4 20.5 17.9
B1 5.0 0.22 44.5 19.6 16.9 26.8 20.0 36.0
B22t 5.2 0.33 46.1 17.9 12.2 28.4 21.1 37.9
B23t 5.2 0.28 46.3 10.3 13.1 24.3 200 421
B3 51 0.21 45.1 13.2 12.8 21.1 19.9 45.6

Kathaliaclhera Series (K)

Al 5.0 0.29 27.3 17.3 2.6 60.2 20.1 16.4
A2 5.1 0.30 27.6 16.9 1.5 60.7 20.2 16.2
A3 5.1 0.28 339 16.8 1.7 61.1 239 13.1
B1 5.0 0.31 -35.8 18.5 2.1 -59.6 16.6 21.2
B2 5.1 0.21 42.6 16.2 1.9 50.1 86 291

Sarasima Series (S)

Al 5.7 0.20 24.1 15.7 23.1 26.3 25.1 24.4
BI 5.9 0.31 30.1 16.3 20.4 21.6 23.5 34.0
B2 6.0 0.29 34.7 16.4 28.1 11.9 159 425
B3 6.2 0.18 46.5 14.6 30.8 8.8 8.3 51.6

are very low in all the horizons of the three series ranging from 0.20 to 0.47 m mhos/
cm. This is quite expected since the salts are continuously removed by heavy
leaching.

Depending on relative textural make up, the water holding capacity varies from
27.1 to 46.3 per cent in different soil series. However, the water holding capacity
increases with the increase of the clay content along the depth.

The chemical characteristics of the soils of three seriesare presented in Table II.
The total nitrogen content is fairly high and it is more in the soils of L series. The
higher amount of nitrogen in L series may be due to higher elevated occurrence
(Raychaudhuri & Shukla, 1966) of this series. Except in the Bl horizon of K series,
the nitrogen in all the series decreases with depth. The organic matter content is
highest in the surface horizon of L series because of the presence of dense vegeta-
tion. The C : N ratios are 19.1, 12.6 and 12.3 in the surface horizons of L, K and
S series respectively. The higher value of C : N ratio in the surface horizon of L
series indicates that the organic matter is in the partly decomposed state. Similar
oObservation was also Teported by Nath and Deori (1976) in some hilly soils of
Arunachal Pradesh having close similarity with the soils of Tripura. It is observed
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TABLE IT

Chemical properties of the soils of three series

Horizon Organic Total C:N Total Total CE C Exchangeable cations (me/100g) Base

carbon N (%) P.O; K,O me/100g satu-
(%) AN A Cat+ Mg+ K+ Na*  ration
%)
Laichera Series (L)

Al 2.1 0.11 19.1 0.9 1.6 14.5 1.7 0.5 0.6 0.6 23.5
A2 1.1 0.09 12.2 1.0 1.3 10.3 1.3 0.4 0.5 0.3 243
Bl 1.3 0.10 13.0 0.8 1.3 14.6 2.2 0.9 0.5 0.5 28.1
B22t 1.1 0.10 11.0 0.8 1.5 14.2 2.1 1.0 0.7 0.6 37.2
B23t 0.8 0.10 8.0 0.6 1.2 14.9 2.9 0.6 0.4 0.7 31.0
B3 0.7 0.09 7.7 0.5 1.4 15.8 3.2 0.7 0.9 0.6 34.1

Kathaliachera Series (K)

Al 1.2 0.09 12.6 0.6 1.2 6.5 1.2 0.4 0.5 0.3 36.8
A2 0.7 0.08 9.0 0.5 1.0 59 1.0 0.4 0.3 0.3 33.8
A3 0.8 0.08 10.0 0.6 1.1 6.1 1.2 0.5 0.4 0.6 44.2
B1 0.7 0.10 7.0 0.4 1.3 7.3 1.3 0.5 0.5 0.8 424
B2 0.6 0.07 8.5 0.4 1.5 10.2 2.1 1.1 0.9 0.9 49.0
Sarasima Series (S)
Al 1.1 0.09 12.3 0.5 1.1 5.3 1.0 0.5 0.5 0.2 40.1
B1 1.0 0.09 11.1 0.4 0.9 3.8 0.9 0.5 0.4 0.3 50.5
B2 0.7 0.08 8.7 0.3 0.7 7.6 1.3 0.7 0.5 0.7 42.1
B3 0.4 0.05 8.0 0.2 0.5 9.8 1.1 0.7 0.4 0.3 44.6

that C : N ratio decreases with the increase of the depth of the profiles of all the
series.

The total phosphorus content is fairly high in L series but it is somewhat low
in other two. The content of total phosphorus decreases with depth in all the
series although the horizons A2 of L and A3 of K show some deviations. The total
potassium is fairly high in L, medium in K and low in S series and the potassium
content increases to some extent along the depth of the profiles of L and K series.

The cation exchange capacity of soils ranges from 5.3 to 14.5 me/100g in the
surface layers. As the clay content increases with the increase of the depth of the
profiles of L. and S series, CEC also increases with depth. Exchangeable Nat, K+,
Ca*t and Mgt together contribute less than 3 me/100g soil to the CEC of these
soils. The base saturation is somewhat low. Considering the clay and organic
matter content of these soils, the CEC values are rather low and obviously indicate
the dominance of low CEC clay minerals. X-ray analysis of the clays revealed that
the soil clays contain dominantly kaolinite with small amount of illite.

The results of the elemental chemical analysis of the soils and soil clays are
represented in Table III and Table IV respectively. The surface layers are more
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TaBLE 111

Total analysis of the soils of three series

mm—

Horizon Si0, R,0; Fe,0, Al1,0, SiO; : R,0, SiO; @ A1,0;
(%) (%) (%) (%) (molar ratio)  (molar ratio)
Lalchera Series (L)
Al 78.2 11.7 1.9 9.8 12.1 13.6
A2 82.1 8.8 1.6 7.2 17.0 19.4
Bl 78.1 13.0 2.2 10.8 10.8 12.3
B22t 67.6 17.8 5.1 12.7 7.2 9.0
B23t 67.9 17.6 5.7 11.9 7.4 9.7
B3 71.5 12.8 4.1 8.7 10.8 13.9
Kathaliachera Serics (K)
Al 76.0 12.6 26 10.4 10.7 12.4
A2 74.9 12.0 3.1 8.9 11.7 14.3
A3 67.1 17.2 5.3 11.9 15 9.6
Bl 66.1 23.7 16.7 7.0 6.4 16.0
B2 58.9 26.7 16.8 9.9 4.9 10.1
Sarasima Series (S)
Al 74.2 15.0 5.1 9.9 9.6 12.7
Bl 66.9 21.3 7.1 14.2 6.1 8.0
B2 73.5 17.1 5.8 11.3 8.3 11.0
B3 72.0 20.0 7.8 12.2 7.1 10.0
TAasLE IV

Total analysis of the clays of three series

Horizon  SiO, R,0, Fe,0, A1LO, Si0,:R,0, SiO,:Al,0, CEC
(%) %) (%) (%) (molar ratio)  (molar ratio) me/100g
Lalchera Series (L)
Al 40.8 42.1 9.9 32.2 1.80 2.15 17.5
A2 41.7 41.8 12.0 29.8 1.89 2.38 21.5
Bl 38.6 46.3 13.4 32.9 1.58 1.99 18.0
B22t 38.1 43.8 11.8 32.0 1.63 2.02 16.5
B23t 40.1 40.9 11.8 29.1 1.86 2.34 19.0
B3 38.4 41.2 12.1 29.1 1.77 2.24 20.0
Kathaliachera Series (K)
Al 42.2 40.3 23.9 16.4 2.26 4.37 9.5
A2 40.4 42.4 22.1 20.3 1.99 3.38 16.0
A3 39.9 44.4 19.7 24.7 1.82 2.74 14.5
Bl 39.3 44.5 15.3 29.2 1.71 2.29 10.0
B2 39.1 42.9 12.7 30.2 1.73 2.20 19.0
Sarasima Series (S)
Al 42.1 40.0 21.1 18.9 2.21 3.78 10.4
B1 40.6 41.3 14.6 26.7 1.91 2.58 14.0
B2 39.0 39.6 11.4 28.2 1.87 2.35 21.5
B3 38.2 2.2 12.3 29.9 1.72 2.17 26.4
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silicious and the silica content decreases with profile depth, the regular decrease
being observed in the soils of K series. Next to silica, sesquioxides dominate in
which alumina except in Bl and B2 horizons of K series contributes higher propor-
tion than iron oxides. The SiO, : R,0O, ratios of the soils of the surface horizons
are 12.1, 10.7 and 9.6 in L, K and S series respectively The ratio increases in A2
horizons of L and K series, highest value (17.0) being obtained in the A2 horizon of
L series. The SiO, : A1,0, ratio also follows almost the same trend. In the soils
of the three series, eluviation of sesquioxides can be observed which shows that not
only the amount of sesquioxides increases with depth but also the B horizon has
more sesquioxides than surface layer and that the sesquioxides have eluviated down
to illuviation zone under the influence of low pH, organic acids and high rainfall.
The results indicate that mild podsolization process is being operative in the higher
elevated hilly areas of Tripura having dense vegetation. This is in agreement with
the observation made by Raychaudhuri ef al. (1963). From A2 horizon the SiO; :
A1,0, ratio decreases down the profile in L and K series indicating more maturity
of soils in the lower depth. In the S series, on the otherhand, the SiO, : R;0; ratio
without any increase, decreases down the profile. The lower silica and sesquioxide
ratio in S series indicates that desilicification takes place and the process of laterisa-
tion is operative in this series. The lateritic character and advance stage of dev-
elopment of lower elevated soils of Tripura were also indicated by Khanna and Datta
(1968) and Chowdhury (1964).

The SiO, : R,0; ratio is slightly greater than 2 in the soil clays of the surface
horizons of K and S series but in L series it is less than 2. The ratio decreases with
the depth of the profiles of all the series but SiO, : Al,O, ratio does not show this
trend in all the series particularly in the soil clays of L series which indicates that
Fe,O, is the factor deciding the SiO, : R,O, ratio in L series.

The data in Table V show that these soils may be ranked medium to low in
available N, P,O, and K,O fertility. The soils of Kathaliachera and Sarasima series
are, however, low to very low in available phosphorus and potassium. In general,
the upper layers of all the series are more fertile than the deeper ones.

DiscussioN

On the basis of the profile morphology and the analytical results presented, soils of
these three series have been classified according to the system of soil classification
(Soil Survey Staff, 1978). All the profiles are moderate to well drained, contain
much higher amount of P,0; (> 250 ppm) in the surface soils and the colour values
are higher. All these qualify Ockric epipedon and with a well developed Argillic
subsurface diagonostic horizon the soils fall under Alfisols.

The soils of Lalchera profile are moderately well drained and there is no abrupt
textural change. The mean summer and winter temperatures at S0cm depth differ
more than 5°C and therefore classified under Ochragualfs great group. Soils in this
series have a surface horizon that meets almost all the requirements for a mollic
epipedon except thickness and base saturation (base saturation < 50 per cent) and
therefore, key out to the subgroup Mollic Ochraqualfs.
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TABLE V

Fertility status of the soils

Horizon Available Available Avaijlable
nitrogen P,O5 K.0
Kg/ha

Lalchera Series

Al 496 40 150
A2 490 34 150
Bl 426 34 . 130
B22t 400 23 65
B23t 200 tr 25
B3 tr tr tr

Kathaliachera Series

Al 440 12 150
A2 230 7 62
A3 190 2 48
Bl tr tr 10
B2 tr tr tr

Sarasima Series

Al 440 7 130
B1 220 5 90
B2 tr tr tr
B3 tr tr tr

The Kathaliachera profile has grey brown to yellowish brown colour. The base
of the argillic horizon is normally Im below the soil surface. Moreover, there is a
grey brown Al horizon 15cm thick over a yellowish brown A2 horizon and therefore
classified under Hapladulfs great group. These soils have base saturation << 60 per
cent. In addition the Ap horizon (0-15) has a colour value of 5. The argillic
horizon has a hue of 7.5 YR and the chroma of more than 4 and key out to the
subgroup Ultic Hapludalf.

The surface soil of Sarasima profile has yellowish brown colour, there is no
abrupt textural change and clay content increases regularly down the profile. The
subsurface horizon remains saturated with water for some period of a year. The
mottles have chroma less than 2 and the soils are on gentle slope and key out to the
subgroup Aquic Hapludalf.

As normally expected under the existing climatic condition the soils show a
decrease in organic matter content with depth. Raychaudhuri and Sen (1957) have
also made similar observation. Keeping in view of the above discussion the soils
of the three series can be further classified at family level as follows :

Lalchera—Fine loamy, mixed, acid, hyperthermic, Mollic Ochraqualf.
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Kathaliachera— Fine loamy, mixed, acid, hyperthermic, Ultic Hapludalf.
Sarasima—I.oamy, mixed, nonacid, hyperthermic, Aquic Hapludalf.

The above discussion together with the conditions of soil genesis and chemical
analysis shows a depleting trend of the base status of these soils. Illuviation of
sesquioxides in the subsurface horizon, enrichment of surface layers with silica, acidic
reaction aided with temperatures and high rainfall suggest that mild podsolization
process is active in the L and K profiles but the process has not yet been able to
make any impact to the extent of producing a well developed A2 horizon. On the
otherhand, the SiO, : R,0; ratio declines successively with depth in S profile indica-
ting the operation of the process of laterisation.

As stated earlier, Tripura is under the influence of subtropical climate with high
rainfall and different species of herbs, shrubs and trees are found to grow luxuriantly
in this area. The major vegetation is bamboo which isassociated densely with “Sun”
grasses. The agricultural practices that are very common in the State are usual
process of growing Aus, Aman, Jute, Potato and other vegetables to some extent in
the lower valley lands. In the uplands, usual cultivated crops are rainfed Mesta
(Hibiscus cannabinus), Aus paddy, Sesamum, Groundnut etc. Besides, the practice
of “Jhumn” or shifting cultivation also continuous in the uplands. In “Jhum” the
forest is burnt and cleaned and lands are sown with a mixture of seeds mainly of
Aus paddy, Mesta, Cotton, Pumpkin, Cucumber by dibbling method. This practice
is followed for 1-2 years in the same land and then the lands are kept fallow. Due
to deforestation and Jhum cultivation the fertility is depleted at a very fast rate and
soil erosion occurs to a great extent.

A piece of study on annual loss of surface soils by runoff was carried out for
two rainy seasons in the uplands of Tripura in 0-1 per cent slopes. The runoff loss
in the absence of any crop and in the presence of different kinds of crops like
groundnut (4rachis hypogea), paddy (Oryza sativa) and sesamum (Sesamum orientale)
was estimated to find out the extent of susceptibility of the upland soils of Tripura to
soil erosion.

From Table VI it is found that vegetation and land use play the dominant role
in the runoff erosion on the uplands of Tripura. In all the series maximum soil
loss was observed where there was no crop and minimum soil loss was from the plots
where groundnut was grown. Comparatively lesser amount of runoff loss from the
surface horizon of control plots of L series is due to the presence of dense vegetation

TasBLE VI

Annual soil loss by runoff (1onnes/hectare)

N

Soil Series Groundnut Paddy Sesamum Control
Lalchera 1.9 2.5 2.8 3.5
Kathaliachera 2.0 3.0 4.1 5.3

Sarasima 2.2 29 4.0 5.5
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which provides mulching effect. It is, however, generally observed that the upland
soils of Tripura will be protected from runoff loss if cover crops are grown instead
of thin crops like paddy or sesamum in the rainy seasons. Moreover, leguminous
cover crops like groundnut or cowpea will also add nitrogen and organic matter and
will step up the fertility status of the upland soils of Tripura.

Finally, it may be stated that proper soil management practices including soil
conservation measures will prevent soil erosion and consequently the fertility status
will be maintained and improved in these soils. Furthermore, organic matter and
application of balanced fertilisers after soil tests will ensure possibilities of practising
double crops in this subhumid agroclimatic region of the country.
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