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It is a known fact that no part of the earth surface is free from threat.It applies to Birbhum District,
West Bengal, Indian Lateritic Terrain also. The existing terrain is characterized by mainly
climatogenetic processes. Though the impact of climate change is vital in the shaping of the lesser
topographies in the study-area. The study-area is characterized by micro landforms e. g. rills,
gullies, water falls, terraces, gorges type features and limestone topographic type features. The
denudational processes are very significant in the area in general but the differential erosion is
evident in particular. It resembles the topographies with the African and the Brazillian Highlands.
This paper interprets the rill and gully erosion risk in the lateritic terrain and their consequences
in regional sustainable development and environmental management

Keywords: Rill Erosion. Gully Erosion. Erosion Risk. Lateritic Terrain. Remote Sensing and Action
Plan.

E fato conhecido que nenhuma parte da superficie da Terra é livre de problemas. Isto implica
também as Terras Lateriticas Indianas do Distrito de Birbhum, Oeste de Bengala. Estas terras séo
caracterizadas principalmente por processos morfogenéticos. As mudancas climaticas geraram
impactos importantes no modelado do relevo da &rea de estudo. A area de estudo é caracterizada
por micro-formas de relevo, por exemplo fei¢des do tipo ravinas, vogorocas, cachoeiras, terragos,
gargantas e feicGes topograficas tipicas de relevos calcarios. Estes processos denudacionais séo
muito significantes na area em geral, mas a erosdo diferencial é evidente em particular. S&o seme-
Ihantes a topografias com areas altas da Africa e do Brasil. Este artigo interpreta os riscos a
erosao em ravinas e vogorocas em terrenos lateriticos e suas conseqliéncias no desenvolvimento
sustentavel regional e no gerenciamento ambiental.

Palavras-chaves: Ravinas. Vogorocas. Riscos a erosdo. Terrenos lateriticos. Sensoriamento Remoato.
Plano de Acéo.
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1.INTRODUCTION

In responseto today’sworldwideissues of land
degradation and its sustainability, multi disciplinery
geomorphic perceptions of river catchment or water-
sheds with remote sensing techniques and also with
non cyclic dynamic equilibrium concept are being
recognized in wider extent. In India, increasing popu-
lation growth, worsening plight of the poor, low land-
man ratio, urbanization with the quest for immediate
gains to meet the growing demands are responsible
for degraded landscape ecology as noted in India
Degraded lands account for about 2 billion ha(15%) n
the world, 39.0% in Asia, and about 9.4% in India.
Degraded landsin Indiacoversabout 187.7 million ha
or 57.1% of itstotal area (Chandra, 2006). M oreover
economic devel opment are still often found to be done
at their environmental cost or not to be matched up to
expectations.

Lateritic soilscapes are ecologically fragile
because of itsinherent constraints of acidity, nutrient
loss, chemical impairment, crusting ,water erosion and
poor water holding capacity as these are highly
weathered and |eached soil and enriched with ox ides
of iron and aluminum in tropics(Jha.et.al,2008).
Therefore, their recognitions, spatial distribution, de-
gradation statusand management at basin or catchment
or watershed level arevital not only to restore already
degraded | ateritic terrain but also to prevent their further
degradation. Thedrainagebasin or watershedisactualy
an ideal geomorphic unit for effective land — water
resource management, controlling runoff and sediment
yield, enhancing ground water storage, mitigation of
erosion hazards or other natural disaster anditsoverall
sustainable devel opment. Hence drainage basin oriented
applied geomorphic apprehension isessentially requi-
sitefor effective watershed planning and management.

Since the period of post 1955,basin or catch-
ment or watershed oriented geomorphic studiesfocus
vigorously on morphometric characterization ,inven-
toriesof land form assembl ages, land-water resources
,quantification of run off ,sediment yield,andrill-gully-
river erosion- hazards, identification of hydro-
geomorphic units,erosion pronesitesor other degraded

localitiesin different matrix of landscape components
and periodic updating of their priority statusfor effective
ecofriendly and economically viableland management
with immense uses of remote sensing data. Horton
wasthe pioneer of thebasin morphometry (1932,1945).
Thisquantitative approach with modificationswas|a-
ter developed by Strahler (1950, 1952, 1956, 1957,
1964), Millar (1953), Schumm (1956,1957), Moriswa
(1957, 1959), Coates (1958), King (1967), Verma
(1969), Chorley (1969), Mueller (1968), Kar & Ban-
do-padhaya(1974), Singh (1974, 1967, 1978), Sharma
(1968, 1979, 1982), Misra et a (1984), Chakraborty
(1991), Kaleet a. (1994), Sing (1995), Chaudhury
and Sharma (1998), Murthy (2000), Saxena et al.
(2000), Durbude et a (2001), Singh & Dubey (1998,
2002), Nookaratnam et a (2005), Jha (1996, 2000,
2003, 2005, 2008) and other.

2.0OBJECTIVES

In the context of above point of views, the pre-
sent study aimsat determining rill and gully erosionrisk
of drainage basinsin lateriticlandscape. Objectivesare:

e drainage basin and its lateritic confinement
wise morphometric characterizations to infer
erosionintensity;
e determination of risk of rill and gully erosion
hazardsintermsof their kind, extent and degree
as manifested in morphology and morphome-
tric characteristic of geomorphic features in
hydrogeomorphic unitsand land-use practices
within lateritc confinement of the basins;

e rill —gully erosion risk based classification of

drainagebasins,;

e geomorphic prioritization with preparation of

action plan.

3.DATABASEAND METHODOLOGY

Integrated approach has been adopted by using
Precision geocoded P6 and LISS Il on 1:50000,
December 2006, Toposheets of 73M and 73P series
on 1:50,000 (SOl), daily, monthly and annual rainfall
datafor the period of 10 years( basinwiserainfall are
computed formisohyte maps of the study areaasthese
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data are availablefor only 7 sub substations), Census
map & data 2001, Cadastral map, Soil map of NBSS
&LUP, Geologica map (GSI) and field data of pre
and post monsoon period.

Visual interpretation of satelliteimageriesaong
withthe said collateral materialshave been applied for
the identification and delineation of sample of basins
with varying extent of lateritic exposure and rill-gully
networks, land uses .Here lateritic exposure itself is
oneof the hydrogeomorphic units.45 sub catchments(42
[11 order sub-basinsand 311 order sub-basins) of tri-
butary basinsof two mainriver systems(theAjay.R&the
Mauyrakshi.R) of the study areahave been taken into
consideration. Morphometric analysis of linear ared
and relief of each entire sample basin and its lateritic

exposures have been done on the basis of satellite
imageries, toposheets and field data. Sample basins
aredividedinto grids of 1Km? and rill-gully affected
lateritic patchesinto gridsof 100m?inthisregard 100m?
grids have been chosen to have better morphometric
reading from field. Fournier index is also used as an
erosionindex. Inadditiontoit, soil losst/haby univer-
sal soil loss (USLE) has been estimated in different
non arable land use/cover (TAB. 1). Variousthematic
maps according to the obtained val ues of morphometric
attributes, annual erosion loss, adverse land use of rill
gully affected lateric terrain as obtained from satellite
imageriesand field. All thesemapsof rill gully erosion
risk parameters are rated and integrated to generate
map of rill and gully erosion risk based classified basins
with their priority status.

TABLE 1. Techniques used

Techniquesused Derivations Postulator

Relativerelief Difference between minimum and maximum height of a Smith(1935)
unitareaor grid

Dissection Index Relativerelief/Absoluterelief per unit areaor grid Dovnir(1957)

Average slope(%) Slopein %- x/yX 100 ;x-vertical drop between successive contours,
y-Horizontal distance on respectivescale

Drainage frequency of abasin “Nu/Au Nu-total number of stream segmentsof all order Horton(1932)
Au-Basin area

Drainagedensity of abasin “Lu/Au Lu-total length of stream segments cumul ated for each Horton(1932)
stream order Au-Basin area

Elongationratio d/Lb, d-diameter of the circle of the same areaasbasin, Schumm(1956)
Lb-maximum basinlength

Relief ratio H/Lb, H-Tota height, Lb-maximum basinlength

Fournier index p?/PPmean annual rainfall-mm,phighest mean monthly
rainfal-mm

Universal soil lossequation A=RKLSCPwhereA-Average annua soil loss (t/h/y, R-rainfall Wischmeireand
erosivity, K-Soil erodibility, LS-Slope, CP-existing cropping and Smith(1978)
conservation practice

Visud interpretation Visual interpretation of Precision geocoded P6 and LISSII1

andfield survey on 1:50000 Satellite and field survey on the basis of observation
points as obtained from satelliteimageries.
Surveying instrumentsal so-used
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4.STUDY AREA

Study area lying between 23°04’' 27"N and
24°07' 47"N; 87°05' 28" E and 87°50' 30" E forms apart
of the lower Ganga, referred to asthe self of lateritic
aluviumlocally known as Rahr Bengal (Spate, 1967);
Biswas (p.158, 2002); Jha (p.20, 2005). It is bounded
by Bardhaman Murshidabad districts and Jharkhand
in the south, the north, the east and west respectively.
Administratively it is comprised of 7 CD blocks and
1167 villagesunder 10 policestations of Suri and Bol pur
Sub divisions (FIG. 2). The area with mean annual
temperature 26°C and mean annual rainfall 1462.73mm
ischaracterized by sub humid tropical/monsoon climate.
Thesaid areais composed of thefollowing geological
formations: 1. Recent Alluvium (Kandi Formation), 2.
Older Alluvim(Rampurhat Formation), 3. Literate (Plio-
cene-Pliestocene), 4. Rgjmahal Trap (Jurassicto Creta
ceous), 5. Gondwana Super (Dubrajpur, Ranigang,
Barren measure and Barakar formations) and 6. Ar-
chaean-proterozoic. Alluvial plain in the east and
erosional plainwith afew hillocksinthewest constitute

Precision
GeocoadedIRS-P6 &
LISS I{1:50,000)
December2006

1 = ____‘_"H-\.
'—@Mpm_s/

its major physiography. The general elevation varies
between 34m and 157m. Altitude between 40m and
80m occupies most of the area. Most of the rill and
gully affected lateritic exposures are profound in this
atitudinal zone. Altitude higher than 120misonly con-
fined to the western fringe of Rajnagar and Khorasol
Blockshavinginsignificant lateritc exposures. Therivers
—Ajay, the Mayurakshi and their tributaries drain the
areawith general dopefromwest to south-east. L aterite
— latirtic soil, aluvium (older and younger) and red
soils of varying texture are found in the area. Natural
vegetation like Sal (Shorea robusta), Palash (Butea
monosperma), Arjun (Terminalia arjuna), Sonajhuri,
Eucalyptus, Mango, Bamboo etc. commonly grow here.

The study area has considerabl e constraints of
rill-gully erosion specially in exposed lateritic patches
as noticed intesely in the Ajay-Maurakshi interfluves
45 sample sub basins or micro watersheds of the Kopai,
Bakreswar and Dwaraka basins (Tributaries of the
Mayurakshi. R) and the Hinglabasin (Tributary of the
Ajay River.).
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FIGURE 1. Methodological approach.
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FIGURE 2. Location of Study area.

5.RESULTSANDANALYSIS

The study area belonging to the Rahr Bengal
have significant extent of |ateritic landscape degraded
by varying combinationsof rill, gully & stream network.
L ateritic exposures affected by rillsand gully erosion
are very distinct in the eastern part of the study area
particularly in the central Bolpur—Sriniketan, south
eastern |llambazar, eastern Dubrajpur, western Suri-I
and southern-eastern MD bazar blocks(TAB. 2). These
are mainly observed in the 3 rd and 2nd order sub
basins of the Kopai. N, Bakreswar N, Kuskarani .N,
DwarakaN and other few very small sub basins of the
Ajay & the Mauyrakshi Rivers (TAB. 2 & FIG. 3).

On the contrary, lateritic exposures are small and
scattered in nature and mostly subjected torill erosion
aongwith small orinsignificant gulliesintheremaining
part of the study area (TAB. 3). In respose to the
extent of lateritic exoposures, 18 sample basins out of
the total sample basins (45) are efficaciousinrill and
gully erosion whereasremaining 27 samplebasinsare
mainly subjected to rill erosion as noted in satellite
imageries and field survey (FIG. 9). Their propensity
ishigh in non arable lands like protected and reserve
forests, mining waste, barren terrain and also margi-
nal agri-cultural plots. Thebasin 1 possesses maximum
num-ber of villages (16). Maximum lateritic villages
(7) isnoted in the basin-33.
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FIGURE 3. Locations of sampledrainage basinson the Lateritic Terrain.

5.1. Characteristics of sample basin subjected
to rill and gully erosion

Vulnerablerillsand gulliesare observed in four
very small basins 3-6 (1.46 km?1.76 km?) in the
lateritic right bank of the kopai adjacent the south main
kopai cana (FIG 12 & 13). These basinshave 100.0%
lateritic coverage, high annual soil loss (24.13 t/ha-
28.23t/ha), spectacular dimension of terrain
deformation and degraded land (69.86%-74.03% )
inspite of having low relativerelief (1.78/100m?-2.09/

100m?), dissection index (0.02/200 m?-.029/ m?), very
low relief ratio (0.01-0.025), coarse 1st order drainage
characteristics (drainage density and frequency (2.7-
6.16/ km?;2.0-211 km/ km?) and considerable forest
cover onaverage (TAB. 2,4 & FIG 4-8). Their higher
erosive potential are actually lead by the higher mean
annual rainfall (1521.37mm-1529.4mm), Fournier index
(around 99.0) level or very gentle lateritic plain with
average slope of 1.72%-2.13%, impermeable heavy
clay loam texture with high erodibility (0.35-.0.45),
Weighted mean of bifurcation ratio (3-4.52) drainage
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frequenciesof rill-gully—stream segments (3.11/100 m?-
4.31/100 m?), existence of the kopai main south canal,
degraded forest (0.20 -0.41km?) and rapid trans-
formation of land (57.74%). Spectacular and largest
gully formationisfound in the basin 4 wherethe south
Kopa main canal traverses Ballavpur lateritic patch
producing more runoff and sediment yield potential as
indicated by the above said magnitudes of parameters
including elongation ratio with value of 0.92 higher
than other three basins (TAB. 2, 4 & 6). Thereisalso
evidences of temporal changein these gully networks
assuggested by TAB. 6.These changesactualy follow
seasonal rainfall effectiveness (Plate1 & 2).

Similarly sample basins 12-14 &18 in the
Bakreswar catchment in Dubrajpur block across the
annud rainfal regimeof 1500mm al so have appreciable
effectivenessof rill and gully inspite of their low mag-

nitudes of relief morphometry as depicted in TAB.
4.They acquirelateritic surfaceranging between 63.14%
& 100.0%. They are quite different from those in the
kopai catchment having relatively less terrain defor-
mations.They coincide with the higher Fournier index
(99.17-101.0), moderate mean annua rainfall between
(1392.12mm-1410.32mm), moderate weighted mean
of bifurcationratio (2-4.37) moderately finerill-gully -
stream frequency (2.92/km?-6.38/knv*; 2.73/100m>-
3.17/100m?& ; 1st order 2.23/km?- 4.2/km?), drainage
-rill-gully —stream density (coarse-0.87), mean annual
soil losst/ha (15.05-25.07) with high erodibility of clay
2.09km/km?2-2.83km/km?; moderate 1.2m/100 m?-
1.53m/100m?), elongation ratio (0.70-0.84), clay soil
texture (0.27-0.45), affected area (24.39%-57.85%).
So Significant extent of |aterite along with all the said
magnitudes make these basins quite prone to the rill
and gully erosion.

:—‘—Area of sample basins(kmj)

18

—#%—Lateritic arca(l(mz)

—— Weighted mean of bifurcation ||

—*—Drainage frequency/km?

o
i ‘1 1 B¢
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= S R ")
|
|

1 4 7 10131619 2225283134 374043

Sample basins

—*—Drainage density (km/km?)

—*—Elongation ratio

——Relief ratio

—— Number of villages

FIGURE 4. Morphometric Characteriscs of Sample Basinswith their Varying Extent of Lateritic Exposures.

Anthro geomorphic alterations by forest blank
for commercial morumm extraction (basin 13 in
Bodakuri village), and chinaclay mining (basin 14in
Chandidaspur village) and Bakreswar reservaoir, thermal
power generation and cana (basin-18) help them to
attain the higher magnitude of lateritic landscape
components accel erating their inherent dynamism.

In contrast, Basins 2, 43 & 44 (microwa-
tersheds of the Ajay catchment in Chawpahari Jungle-
[llambazar block and Maurakshi river in Charichaforest
and surrounding-Md bazar block) doesnot haverugged

badland topography inspite of having appreciable
spectacular lateritic extent (77.41%-89.50% ), moderate
tothe higher erodibilty of clay soil texture (0.27-0.45),
mean annual rainfal (1469.43mm-1528.69mm), rainfall
aggressiveness (99.60-100.21) and drainage-rill-gully-
stream frequency (3.06/Km?-3.53/ Knv* ;3.0 /100m?*-
4/100m?;1.84/ Km3-3.2 /Km?), drainage density (2.27
km/Km?2-2.54 km/Km?;1.34m/100m3-3 m/ 100m?),
elongation ratio (0.78-0.83), annual soil loss (24.78-
26.19 halt) rill-gully affected area (20.27%-48.61%)
on average. Thisdifference results from wider extent
of forest, good vegetation effectivenesswith restricted
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runoff yield and erosive potential and relatively less
human intervention. The remaining basins (1, 15, 20,
24, 32 &41) acquire smaller extent of rillsand gullies
(Mean depth less than 1.5m, width 2.36m, average
slope 2.84%,). Basin 1,15,20,24,32 and41 have
moderately limitedrillsand gullies.

In the study area four types of gullies are
identified such asvery shallow (lessthan 1.5 m), shalow
(1.5m3.0m) and moderately deep (3.0m-4.5m) and deep
(>4.5m) gullies. All thesetypes are distincty found in
Bolpur—Sriniketan block. On the contrary other sample

basinsrepresent shallow and moderately deep gullies.

Henceforegoing discussion makesit clear that
there arevariation ins erosive potential in accordance
with the extent of laterite exposure along with the
integrated effectiveness of magnitudes of drainage
attributes, soil loss, vegetation and adverse land use
caused by local people and government polices (FIG
12). Moreover man induced modified lateritic basins
with moderately fine 1% order and over all drainage
frequency produce more sediment yield (FIG. 4, 5, 6,
7,8& 12).

—+— Area of sample basins(km?)
—=— Lateritic area(Km?)

—*—Frequency of st order
stream segments/km

Density of 1st orczler
segments(km/km

o4l —* Basin wise number of

Sample basins

FIGURE 5. First order drainage characteristics of samplebasins.

5.2. Characterigtics of sample basins with rills indu-
ced lateritic confinement (devoid of significant gully

Majority of the sample basins (27 in number
out of thetotal 45) are more susceptibleto the process
of rilling than significant gullying. Thelateritic coverage
in these basins varies between 0.23 km? and 6.22 km?
Itisinsignificant (below 1km?) in 8 basins (7, 8, 10,
29, 35 and others). Most of the basins susceptible to
thisprocessesin their |ateritic enclosures are frequent
on thegranite-gneissic- gently undulating plain across
therainfall regime of 1400mm and rainfall intensity of
more than 100 (Fournier index) lying in the western
Dubrgjpur, Khayrasol, Md Bazar and Rajnagar blocks
(FIG 3, 6, 10 & 13). On average, these basins are
characterised by low magnitude of relativerelief (1.82
/100m3-2.2/100m?), dissection index (0.0 100 m?-
0.02/ 100n?), gently undul ating slope (1.62%/100m?-
3.83%/100m?), poor —moderate drainage frequency

(1.65/ km?-4.2 km?;1% order 1.1/ km?-4.52/ km?;2.13/
100m2-4.01/ 100m?), coarse —moderate density (1.34
km?2-3.23km/ km2;0.46km/ km?-1.96km/ km?;0.48m/
100 m?-2.16 m/100m?), moderate bifurcation ratio (2.0-
4.6), elongation ratio (0.65-0.90) and very low relief
ratio. All these morphometric magnitudes (FIG 7 and
TAB. 5) and dominance of sandy loam texturewithits
moderateerodibility andlow relief ratio motivate mostly
moderate annual soil loss (12.45-23.13t/ha) and
moderate state of erosion as shown in TAB. 3,5 &
and FIG. 8 &12. On averagethesebasinsarerelatively
larger in size and more elongated in shape than basins
in lateritic patchesin proximity to older and younger
alluvium geomorphic units. Basins 16, 17 and 19
maintain their moderate erodibity inspite of the con-
siderable depletion of protected forest and frequent
existence of barren and scrubby patches in lateritic
enclosure (Plate 1). It indicates prevalence of consi-
derableinfiltration capacity, permeability and limited
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runoff yield as reflected in their coarse-moderate
morphometric magnitude of relief and drainage
attributes and el ongated shape and light texture-sandy
loamy soil of lateritic profile. Consequently most of
these basin experience moderate soil |ossor moderate
state of erosion (FIG. 7). The linear relation between
soil erodibility, drainage density and mean annual
precipitation—rainfal erosivity onlateriteare0.51,0.42
and 0.53 respectively. Rill induced | ateritic surfacesin
27 basins varies between 4.04% and 97.73% out of
thetotal areaof thebasins. Few basins(7, 8, 9, 10, 11

1800

& 45) register low rill erosion having mean annual soil
lossbelow 12t/ha. Hence It can be said that basin with
significant lateric exposures, highrainfall and theheavier
soil texture (clay/clay loam) are more susceptible to
therillsand gulliesthan those basinswith therel atively
smaller extent of laterites, less mean annual rainfall
and lighter soil texture-sandy loam. Basin with
considerablerillsbut insignifican gullies attain mostly
moderate state of erosion. Maximum number of rill
and gully effected lateritic villages are located in the
basin 12.

1600 |
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| B Fournier index
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FIGURE 6. Rainfall (mm) characteristicsfor the period between 1999-2007.

TABLE 2. Geomorphometric characteristics of sample drainage basinshaving signinificant extent of rill-gully affected | ateritic exposures.

Magnitudesof morphometricattributes lateritecoverage
Range of Dominance Range of Dominance Range of Dominance
obtained values obtained values obtained values

Lateritic <40(10.24-35.51) Sl 40-80(45.19-77.41) Moderate >80(86.60-100.0) High
Coverage(%)
Basin Number 1152441 212,2042 345,613,14,18,32,43 44
Basin order 1 11(din numbern)!| I1(2innumber) & 111
Basinarea(Km?) 2451461 Smdl 4.34-814 Moderate 121-52 Very small
Weighted M ean of 203378 Moderate 253-356 Moderate 20434 Moderate
bifurcationratio
M ean length(km) of 0.50-0.80 Low 058-0.73 Low 0.38-0.45 Low
1% order segments
Drainagefrequency/ Km? 117-326 coarse 118-384 Coarse 230616 Moderately fine
of 1% order segments
DrainagedensityK m/Km? 052-1.22 Coarse 0.68-1% Coarse 0.94-247 Moderate
of 1% order segments
Drainage 162-2.45 Poor 261-492 Moderate 20821 Moderately fine
frequency/Km?
Drainagedensity Km/Km? 133204 Coarse 156-2.22 coarse 142-294 Moderate
Elongationratio 0.7-092 Less elongated 0.74-0.86 Ova 0.73-092 Ovd
Relief ratio 0.01-02 Low 0.02-0.03 Low 0.01-0.03 Low
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TABLE 3. Geomorphometric characteristic of sampledrainage basinshaving rillsinduced | ateritic surface (devoid of significant gullies).

Magnitudesof morphometricattributeslateritecoverage
Range of Dominance Range of Dominance Range of Dominance
values values values
Lateritic <20(4.04-19.79) Insignificant 20-40(30.76-39.37) Smdl >40(41.31-97.73) Moderate
Coverage(%)
Basin Number 89,10,11,21,22,26, 39,1927 Smdl 7,16,17,23.25,
28,29,30,31,35,36,33 33,34,37,40,45

Basin order ] ] 1]
Basin area(Km?) 197-1243 Large 13823 Moderate 221-1152 Moderate
Mean bifurcationratio 2046 Moderate 235401 Moderate 198-4.34 Moderate
Mean length(km) of 0.16-0.63 Low 0.30-0.71 Low 0.37-0.81 Low
1% order segments
Drainagefregquency/Km? 11-358 Coarse 187-3.04 Coarse 134452 Moderate
of 1% order segments
DrainagedensityK m/Km? 048-143 Coarse 065121 Coarse 046-1.35 Coarse
of 1% order segments
Drainagefrequency/Km? 16542 Moderate 281-245 Moderate 1.40-388 Moderate
DrainagedensityK m/Km? 103-3.25 Coarse 20253 Coarse 134217 coarse
Elongationratio 0.70-092 Elongated 0.70-0.81 Less elongated 0.65-.92 Elongated
Relief ratio 0.10-0.30 Low 0.026-0.032 Low 0.029-0.033 Low

14

12 —+— Laterite/lateritic area(km®)

10 —=—Relative relief/100m’

—— Dissection index/100m>
—*— Average slope/100m*(%)

—*—Frequency of rill-gully-stream

segments/100m”

—*—Density of rill-gully-stream
segments/100m”

I 4 7 1013161922 25 28 31 34 37 40 43
Sample basins

FIGURE 7. Morphometric magnitudes of rill gully affected lateritic patcheswithin samplebasins
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TABLE4. Chracteristicsof rill and gully induced | ateritic surfacein sample basins

Magnitudesof morphometricattributesin combination with soil texture,soil erodibility,
soil loss, extent of rill& gully aff ected area
Range of values Dominance Range of values Dominance Range of values Dominance
L ateriticcoverage <40(10.24-35.51) 40-80(45.19-77.41) >80(86.60-100.0)
(% &Km?)
Basin number & order 1,152441 111 rd order 212,2042 111 rd order 34,56,1314,1832,43 44 111 rd order
Mean Relativer dlief/m? 152-2.16 Low 153-242 Low 173224 Low
M eanDissection index/m? 0.01-0.02 Low 00150038 Low 0.026-0.034 Low
Averageslope/ m?(%) 123213 Level 170158 level 173203 Very Gentle
Mean drainage 232-317 Moderate 270431 Moderately fine 301441 Moderately fine
(rill-gully-stream)
frequency/ m?
Mean drainage 058-1.02 Moderate 053211 Moderate 2.34-249 Moderate
(rill-gully-stream)
density m/ m?
MeanAnnual rainfall(mm) | 1402.23-1529.44 | ModeratelyHigh | 1405.24-1528.69 High 1384.59-1529..61 Very high
Fournier Index 9041-101.64 High 99.16-100.62 97.23-100.44
Soil texture Clay loam— Clayloam Clay-Clay loam- Clayloam Clay-Clay loam- Clay loam
Sandy loam | (relatively heavier| sandy clay loam | (relatively heavier sandy clay loam | (relatively heavier
texture) texture) texture)
M ean Sail erodibility 02503 Moderate 0.27-0.45 High 0.29-0.42 High
M ean annual Soil loss 11.42-23.77 Moderate 16.21-25.19 High 14.11-28.23 High
(t/ha)
Rill & gully affected non 0.64-351 Moderate 101-2.36 High 040-1.80 High
arable area(Km?)
TABLEDS5. Characteristics of rill induced | ateritic surfacein samplebasins (devoid of significant gullies)
Magnitudesof morphometricattributeswith lateritecoverage,
soil texture, soil erodibility, soil loss, extent of rillsaffected area
Range of values Dominance Range of values Dominance Range of values | Dominance
Lateritic <40(4.04-19.79) 40-80(30.76-39.37) >80(41.31-97.73)
coverage(% & Km?)
Basin number 89,10,11,21,22,26, 111 rd order 39,1927 111 order 7,16,17,18,23,25, 111 rd order
& order 28,29,30,31,35,36,38 33,34,37,4045
Mean Relativer dlief/m? 208-2.17 Low 207-250 Low 1.82-2.06 Low
M ean Dissection index/m? 0.02-0.037 Low 0.02-0.03 Low 0.01-0.035 Low
Averagesope/ m?(%) 209483 Gently undulating 2.11-287 Gentle 1.62-4.80 Gentle
Mean drainage(rill-gully- 213-387 Moderate 263-30 Moderate 307-401 Moderate
stream) frequency/ m?
Mean drainage(rill-gully- 057-221 Moderate 056-1.0 Moderate 216216 Moderate
stream) density m/ m?
MeanAnnual 1298.67-1489.82 Moderate 1317.08-142344 Moderate 1320.31-1499.02 Moderate
rainfall(mm)
Fournier Indax) 98.48-102.52 High 100.23-103.16 High 95.64-102.72 high
Soil texture Sandy loam- Sandy loam Sandy loam- Sandy loam Sandy loam- Sandy loam
Sandy clay loam- (light texture) gravelly loam (lighttexture) | Sandy clay loam, |(Lighttexture)
gravelly loam -Gravelly loam
Soil erodibility 0.17-0.38 Moderate 0.19-0.33 Moderate 0.18-0.37 Moderate
Mean annual Soil 10232334 Moderate 7.31-14.13 Moderate 11352377 Moderate
loss(t/ha)
Rill (alongwith insignificant 023168 Moderate 04-233 Moderate 10279
/small gullies) affected non
arable area(Km?)
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—a— Laterite/lateritic area(km2)
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FIGURE 8. Soil texture and soil erodibility of lateritic surfacesin samplebasins.

Plate:Satellite Imagery(Precision Geocoaded
P6&LISSIIL,No73M/M0,2006)Showing Severely
Rill and Gully Affected Basins (2-6 SRG)

Plate:Flutted Gully wall Plate:Severely rill-

In the Basin-4 Gully affected Lateritic

(Bolpur-Sriniketan Landscape as noted

Block at Kabimahanpur) in the Basin<4
(Bolpur-Sriniketan
Block at Ballavpur)

FIGURE 9. Severaly gully erosion risk

Plate: Satellite Imagery{Precision Geocoded P6
and LISS Ill 2006,No73M/S)showing Rill-tGully
Induced Lateritic Landscape as noted

in the basins-9(Least ‘LR’),7&15(Moderate’ MR’)
and 12-14&18 (Severe’SRG’).

Plate:Moderate
rill erosion in
the basin -15 in
Dubrajpur Block

Plate Severe r|II
&Gully erosion in
the Basin-13 in
Dubrajpur Block

FIGURE 10. Moderate gully erosion risk
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TABLE 6. Temporal changesin thelargest gullyand its sub gullies confined to Ballavpur | ateritic patch.

M or phological andmor phometric
Characteristics

* maximumrelativerelief 4.23m/100m

» max-dissectionindex -0.06/100m,

» max drainage (rill, gully & stream) density 3.2 m/100m?,
» max drainage (rill-gully-stream) frequency/100m?,

« elongation ratio-0.92,

* Proceses-fluting, wall failure, circular slip, basal dlip,
caving/piping, scouring etc

« land forms-collapse features, haystack mound, tunnel,
steep side wall etc.

Depth of main gully(m) Width of main gully(m)
L ocation 1986 1996 2003 2008 1986 1996 2008 2008
Near source 760 910 980 993 253 3L70 3780 3787
of gully
Near mouth 600 670 70 122 4350 4680 4960 4982
of gully
L ocation Depth of sub gully developed Width of sub gully developed
on the left bank of themain on theleft bank of the main
gully near source gully near source
1986 1996 2003 2008 1986 1996 2008 2008
Near source 250 58 875 887 085 140 188 203
of gully
Near mouth 200 520 968 972 115 18 225 236
of gully

—e— Laterite/lateritic area(km2)

—=— Mean annual soil loss(t/ha)

25 A »

20

15

10 It q —a— Rill/rill-gully affected non

arable landuse(kmz2)

Least
Severe
Least

Moderate

= =2 2 =2 =2 =
Erosion risk & sample basins

\

e e |

Modera
Modera
Moderate

=1

Severe

FIGURE 11. Erosion risk, annual top soil lossand rill and gully affected lateritic surfacesin sample basins.

5.3. Risk of Rill and Gully erosion

According to the forgoing analysis, current
status of rill and gully erosion of sample basins can be
classified into three categorieslikeleast, moderate and
severe erosion risks reflecting varying type, extent,
potentialities and limitations (FIG 10, 11,12 & 13) as
given below.

Least rill and gully erosion risk: 8 sample
bas nscovering 11 villagesbel ong to thiscategory having
lateritic coverage between 0.23 km?and 3.20 km?basin
area between1.02 km? and 9.22 km?. They are

characterized by stableterrain with least mean annual
s0il losst/habetween7.39 and 11.97, |east areaaffected
(non agricultural land) between 4.04 km? and 19.61
km? and |east terrain deformations. FIG 13 resembles
their existence both over level and gentle slope from
east towest. Least risk of lateritic exposures coincides
with low morphometric magnitude (either per km?or
100 m?) , mean annual rainfall between 1300mm-
1550mm,Fournier index between 99 and 103.22 and
soil erodibility between 0.18-0.26 (FIG 9-13). L ateritic
exposures of thesebasinshaveleast limitation for land
use. Their geomorphic priority is low as lateritic
landscape under this category is economically viable

Sociedade & Natureza, Uberlandia, 21 (2): 141-158, ago. 2009

153



Rill and gully erosionrisk of lateritic terrain in South-Western Birbhum District, West Bengal, India

V. C. Jha, S. Kapat

and even can be used for agricultural purpose ofcourse
other than paddy cultivation.

Moderate rill and gully erosion risk: Mgjority
of samplebasins (26 in number) occupying 59 affected
villages attain moderate risk. Their basin area and
lateritic coveragevary between 2.21 km?& 14.61 km?
and 14.615.13% & 97.73% respectively. Basinsunder
moderate risk are usually subjected to the process of
rilling .In these cases, the process of gullying is
insignificant. They are characterized by moderate
morphometric magnitudeto someextent , sandy loam
soil texture, mean annual soil loss between 12.43 t/ha
&23.13t/ha,areaunder combinationsof rillsandrills
with insignificant gullies— between 5.13% & 48.41%
and least to moderate terrain deformations. Some of
thesebasinslike 16, 17, 19 etc are evidenced by human
induced alteration of lateritic topography by clearing
protected forest, extracting morram from lateritic profile
etc. Such erosionrisk ismostly prevalent nearly across
mean annual rainfall regime of 1450mm -& 1500mm
and Fournier index of 99. These basinshave moderate
priority and limitations for their rehabilitation and
landuse. Economic viability of these basins can be
increased by moderate leveling of rills and small
insignificant gullies, social and agro forestry on barren
surfaces and revegetation of depleting forest consi-
derable area can be brought under the dry farming
after the moderate reclamations.

AR A
R AT
= S A

LEAST
- MODERATE
I s=vere

Severe rill and gully erosion risk: 11 out of 45
samplebasinsare characterized by severerill and gully
erosion .It includes 27 villages. Thisrisk is prevalent
in the sample basins lying on the right bank of the
kopai and Bakreswar nadi, left bank the Ajay and
Mayurakshi riversin Bolpur—Sriniketan, Dubrgjpur and
MD.Bazar block. Of coursethesebasinsarevery small
insize(1.21 km?-4.34 km?) and less elongated or cir-
cular in shape. They have appreciableextent of lateritic
exposures(63.14%-100.0%). Particularly sample
basins 3-6 in the Kopai catchment attain spectacular
dimention of severity affecting 24.55%-76.42% of the
area. Basin-4 have only thelargest gully acquiring the
highest geomorphic magnitude in all respects (TAB.
6, FIG. 9,10.). Sample basins of high severity are
characterized by severe mean annual soil 1oss (24.00-
28.23 t/ha) and strong terrain deformations corres-
ponding to high mean annual rainfall(mm), higher soil
erodibility with clay —clay loam texture. These basins
are actualy the reflection of accelerated soil erosion.
Infact, inherent fragilility of lateritic landscape and
adverseimpact of degradation of forest, irrigation ca-
nal, urbanization, morrum and chinaclay mining make
them more severe in character. They are prone to the
backflow from nearby river in rainy season. These
basins have high priority for reclamation in view of
severeterrain limitations. These basins can be managed
by taking initiativesfor horticulture, social forestry and
tourism.

FIGURE 12. Landscape Profilesand Lateritic Surface Under Varying Severity of Rillsand Gulliesin Sample Basins.
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\.1Exposures Of Laterites
Sample Basins With
Rills Or Rills-Gullies
¢ Channels (All not

LR Least Erosion Risk In Rill induced Basins
LRG Least Erosion Risk In Rill&Gully Induced Basins

MR _ Moderate Erosion Risk In Rill Induced Basins
MRG Moderate Erosion Risk In Rill & Gully Induced Basins
SRG Severe Erosion Risk In Rill&Gully induced Basins

FIGURE 13. Riil and Gully Erosion Risk in Sample Drainage Basins.

Hence from above discussion it is clear that
significant extent of laterite exposures, mean annual
rainfall,drainage morphometric magnitude, soil
erodibility, top soil loss, susceptibility torill and gully
erosion aredirectly related. Inherent characteristics of
lateritic landscape coupled with human intervention are
responsiblefor varying degree of rill and gully erosion
risk. Moderate erosion risk dominates the study area
anditismainly related to thelateritic landscape affected
by rill erosion. On the contrary basins with both rills
and gully networks have severe erosion risk.
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