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Abstract
The Pleistocene-Holocene climate change with the consequences of wet and dry conditions of the tropical humid to the 
sub-humid environment of the region provided a favourable site for interaction of geomorphological and active pedological 
processes over the lateritic bands. The study reveals that the exposure of lateritic banks up to 21 m in thickness from the 
river Shilabati bed indicates the down cutting process of the high energy phases of the fluvial processes in the geological 
past. The integrated approaches of Revised Annual Soil Loss, extensive field-based measurement, and applied techniques of 
Remote Sensing and GIS models were used to estimate the risk and hotspot of annual soil loss in the lateritic upland of the 
region. The five parameters were used in the RUSLE model as; Rainfall Erosivity(R), Soil erodibility (K), Slope Length and 
Steepness (LS), Land Cover and Crop Management(C), and Support Practice (P). The estimated annual average soil loss is 
recorded at > 7–20 ton/ha/year in the region. The multivariate regression and CDF plots were used to study the strength of 
the relationship between NDVI (R2 = 0.859/0.722; RMSE = 0.044), BSEI, (R2 = 0.84/0.722; RMSE = 0.038) and soil loss in 
the region. The huge amount of soil loss can be arrested by planting vegetations (i.e., Cashew Nut trees) over the remaining 
badland surface areas. The ecological bio-engineering methods such as “vetiver grass root plantation" directly compact the 
soil or sediment by their root systems to reduce soil erosion. However, these types of policymaker management practises are 
required to reduce soil loss in the Garhbeta lateritic badland region's steeper slopes and river basin areas.

Keywords  Ecological bio-engineering methods · Lateritic bands · Pleistocene-Holocene climate · Pedological processes · 
RUSLE model

Introduction

Soil erosion contributes to the loss of agricultural land 
productivity, ecological disbalance of the ecosystem, and 
aesthetic values of the natural environment, and it impairs 
the production of drinking water and hydro-energy produc-
tion (Panditharathne et al. 2019). Soil erosion is the natu-
ral process of removing the upper soil materials and their 
transport through the action of erosive movements such as 
water, weathering wind velocity, and human disturbance in 
the environment (Gunawan et al. 2013). Agricultural land 
degradation is a major global phenomenon caused by the 
loss of surface soil nutrient concentration, increased runoff 
from more impermeable subsoil, and decreased water con-
centration in the plants (Ganasri and Ramesh 2016). The 
average annual soil loss erosion rate worldwide is about 30 t 
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ha − 1 yr − 1 ranging from 0.5 to 400 t ha − 1 yr − 1 (Pimentel 
et al. 1987). The rate of annual soil erosion and sediment 
capacity load yield is measured quantitatively and consist-
ently with the help of two types of models: physical-based 
models and empirical models. In general, physical-based 
models are used for soil erosion control by solving vari-
ous equations, but physical models are used for measuring 
soil erosion and estimating sediment yield from catchment 
areas (Bhattarai and Dutta 2007). There are several empiri-
cal, conceptual, and physical-based models widely used in 
suitable site selection of Soil loss estimation; e.g. the Uni-
versal Soil Loss Equation (USLE), Modified Universal Soil 
Loss Equation (MUSLE), and Revised Universal Soil Loss 
Equation (RUSLE) are the most popular soil loss erosion 
prediction models used globally (Wijesundara et al. 2018; 
Udayakumara et al. 2010; Singh and Panda 2017) In general, 
the U.S Department of Agriculture developed by the RUSLE 
model and it is used as a decision matrix support system to 
estimate soil conservation and land use planning (Angima 
et al. 2003). It is adopted as a numeric mathematical expres-
sion to describe the ecological processes related to conserva-
tion management practises and erosion in a given landscape 
(Agele et al. 2013). Soil erosion occurs as a result of changes 
in agricultural production practices, ecological disturbance 
of nature, agricultural intensification, land degradation, and 
changes in global climatic conditions (Yang et al. 2003). 
The RUSLE mathematical model has been adapted to esti-
mate and predict soil loss in a river basin catchment area 
where the soil erosion is significant. Rill and gully erosion 
are the major results of the removal of surface soil particles 
from their parent place of origin by the raindrops (Biswas 
and Pani 2015; Bewket and Teferi 2009). In general, 12% 
of physical weathering and 4% of chemical reaction of soil 
leads to small amounts of soil loss (Brady and Weil 2012). 
Soil is mainly affected by 56% of rainwater erosion and 28% 
of wind erosion. (Narayana and Babu 1983) It has been esti-
mated that in India, 16.4 t ha-1 (5334 m-tonnes) of soil is 
eroded due to various natural and anthropogenic reasons. 
However, 29% of soil is eroded and carried away by the river 
and deposited into the sea. (Brady and Weil 2012). Soil ero-
sion is the major problem in the river basin catchment area. 
It also reduces the nutrient load that can be affected in the 
growth of plantation and also increases in the sedimenta-
tion load of the river bank margin area. (Narayana and Babu 
1983).

Gullying is a potent form of land degradation, account-
ing for a significant portion of the total sediment yield in 
river basins (Poesen et al. 2003). Lithology, climate, topog-
raphy, and land use all contribute to the formation of gullies, 
but they occur particularly in areas where the soil is prone 
to forming pipes and crusts (Valentin et al. 2005). Recent 
reviews on badlands have emphasized the current trends in 
badland research, including the variability of erosion rates, 

the site- specific nature of such erosion (e.g. the roles of the 
physico-chemical properties of the soil and biota in causing 
badland erosion), and modelling their long-term evolution 
and anthropogenic effects in badlands (Gallart et al. 2013; 
Nadal-Romero et al. 2018). With the help of spatial analysis 
techniques, the RUSLE model was developed for use as a 
better analyzer to assess the annual average soil loss estima-
tion, identify the hotspot areas and evaluate possible man-
agement system measures with the help of spatial analysis 
techniques (Stillhardt et al. 2002; Nyssen et al. 2004; Kalten-
rieder 2007; Atoma et al. 2020). A group of researchers 
have been studying the use of the RUSLE model to estimate 
annual average soil loss for various geomorphic surfaces 
and land-use practises on steep slopes (Renard et al. 1996; 
Dunn and Hickey 1998; Mekuriaw et al. 2018; Miheretu and 
Yimer 2018).

This is a major regional problem in the badland tract of 
the Shilabati river catchment areas of the western part of the 
Garhbeta Block-I. However, the sand mining activities in 
catchment areas of alluvium flood plain surface and the agri-
cultural productivity are reduced in the region of active soil 
loss areas due to the impact of climate variability, physical 
and chemical weathering intensity in hardpan duricrust lat-
eritic surfaces, flood hazards, and land use alterations, which 
cause soil nutrient deficiencies that have natural effects on 
local habitats and ecosystem services in the region. The 
present study is an attempt to focus on the estimation of 
annual average soil erosion (RUSLE Model) in the surround-
ing areas of the Garhbeta Block-I to delineate the probable 
soil erosion potential areas in the subtropical region and its 
impact on Shilabati river basin sedimentation. The study is 
also validated with the spectral indices of NDVI and BSI 
techniques, and they are statistically correlated as well as 
with the identification of risk probability zones, followed 
by field investigations in the region. However, research gaps 
remain in the existing research regarding, e.g., variations in 
the weathering intensities across the Rarh lateritic landscape 
over the Late Quaternary (last 1.5 million years), and the 
site-specific characteristics that affect the mode of soil ero-
sion in these lateritic badland landscapes (Garhbeta). The 
analysis of geospatial data coupled with detailed fieldwork 
reveals that the Gangani tracts can be divided into two dis-
tinct zones; i.e., i) the older badland tract found in the central 
and eastern parts of the area and ii) the newer badland tract 
occupying the western part.

Study area: geographical setup

The study area has been chosen as Garhbeta-1 Block. It is 
situated 4 km southeast of Garhbeta railway station in Pas-
chim Midnapore, West Bengal, India typical humid region, 
very prone to shallow erosion. The erosion of rills and 
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gullies is also influenced by lithological conditions and top-
soil in the region. The area is bounded by Bankura District 
in the North, Hooghly District and the Chandra Kona-I and 
Chandra Kona-II are located in the East, the Garhbeta-III 
CD Block in the South, and the Garhbeta-II CD Block in the 
West. The area is located 58 km from Midnapore, the district 
headquarters, which is located between 22°47′12″ N and 
22°56′27″ N latitude, and 87°13′17″ E to 87° 23′29″ E lon-
gitude (Fig. 1). The area is covered by 3.2 km2 of Pleistocene 
lateritic upland, and the Garhbeta Badlands belong to the 

Lalgarh formation, and which is also known as the ‘Grand 
Canyon’ of West Bengal. The Shilabati River is the major 
river in this study area of Gangani. The major river chan-
nels in Paschim Midnapore, such as Kasai or Kangsabati, 
Rup Narayan, Subarnarekha, etc. The landscape of Gangani 
is morphologically quite different from the adjacent rolling 
plains, with active ravine erosion and a long escarpment 
facing the Shilabati river fringe area of the Bengal Basin. 
Different types of morphological features are situated in this 
study area, like Rills, Gully, Escarpment, Ravine, Gully Fan, 

Fig. 1   The study area of the Garhbeta Block-I (Gangani badland topography), Paschim Medinipur
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Headward Erosion, Duricrust, Cave, Braided, Alluvial Plain, 
Flood Plain, micro-morphological forms like pipes, mounds 
and pillars etc. Geologically the Shilabati Basin is diverse, 
comprising of residual Archaean granites that underlie the 
undulating pediplain in surfaces in the headwater reaches. 
This terrain grades into the deeply weathered duricrust zone 
that corresponds to the Lalgarh Formation, which covers 
extensive parts of the basin in its south western portion. The 
lower floodplains towards the east and south east are covered 
by Quaternary alluvium.

Geological formation & soil settings

Geologically, this study area is a part of the Chhotanagpur 
plateau margin, the western margin of the Bengal Basin, 
which is extremely dissected, discontinued, and is charac-
terized by rolling and undulating rills and gullies. In this 
present study area, In this present study area, two types 
of geology are found, which are extended in the eastern 
portion, covered by greenish grey clay, impregnated with 
caliches nodules, and the other portion is covered by frag-
ments of quartz, phyllite, and granite pebbles with gravels 
occasionally lateralised. The lateritic soil heavily leaches the 

subsoil; it gets dries and gets rock-like due to the cementing 
of ferruginous concretion by iron oxide colloid when it is 
exposed. In this study area, six broad soil groups are found, 
such as Vertisols, Inceptisols, Entisols, Oxisols, Ultisols, 
and Alfisols.

Materials & methods

The current study estimates average annual soil loss in 
the Garhbeta Block-I (Gangani; Shilabati river basin 
catchment area) area using the Revised Universal Soil 
Loss Equation (RUSLE) in conjunction with an Arc 
GIS.10.3 and ERDAS. 14 image processing software 
interface to develop the unique methodology to estimate 
soil erosion hazard map of the lateritic badland topog-
raphy region of Gangani Danga (Fig. 2). With the help 
of different algorithm analyses, the factor maps were 
selected on the basis of their significance and impor-
tance for soil loss estimation. Soil erosion of lateritic 
badland topography is estimated through different 
empirical and physical algorithm-based models. The 
present study was conducted because the soil erosion 

Fig. 2   Methodology of the flow 
chart describing the overall 
procedure adopted to identify 
the average soil loss erosion 
(AVSL) in the Study area
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has been generated with the help of the RUSLE model 
(Renard et al. 1991; Millward and Mersey 1999; Wen 
et al. 2015). However, many models have been adopted 
and developed by a bunch of research scholars to estimate 
soil loss erosion, like EUROSEM (Morgan et al. 1998), 
LISEM (De Roo et al. 1996), SWAT (Arnold and Fohrer 
2005), and WEPP (Flanagan et al. 2007). In general, the 
vector layer as a soil map (Fig. 5) was converted into a 
raster layer with the help of the ARC GIS 10.3 platform, 
and the raster layers such as; Rainfall (Fig. 4), Flow accu-
mulation grid (Fig. 6), Land use and Land cover (Fig. 7), 
Slope (Fig. 8), and NDVI (Fig. 11a), were reclassified by 
using the weighted sum method. The all factor map has 

been reclassified into different categories for the purpose 
of the significant level. The factor map has been estimated 
into 1 to 5 ranks in different aspects, where rank 1 has the 
least significance and rank 10 has more significance for a 
suitable site selection in the hotspot of a particular region 
(Fu et al. 2006). Basically, the USLE/RUSLE model is 
a coefficient that is calibrated on the basis of observa-
tions of soil erosion, and it cannot measure the actual soil 
loss. However, it is widely applicable because of its data 
availability. (Jain and Kothyari 2000; Bhattarai and Dutta 
2007; Pandey et al. 2007; Sinha and Joshi 2012; Balasu-
bramani et al. 2015) (Figs. 3, 4, 5, 6, 7, 8, 9, 10, and 11).

Fig. 3   Mean Annual Rainfall 
distribution of Garhbeta Block-
I, 2013 to 2017(IMD)
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Data used

The Landsat 8 OLI/TIRS data (LULC, NDVI, and 
BESI), soil data (NBSS&LUP), CARTOSAT & SRTM 
DEM (Slope), geology map, and also field-based 

measurement (ground truth verification) were used to 
extract the outcome of the present study area (Table 1). 
All the statistical regression analyses and plots were 
performed using the XLSTAT package at α = 0.05 con-
fidence level.

Fig. 5   Soil map and Soil erod-
ibility factor map (K)
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Metrological condition

The rainfall data is collected by the Indian Meteorologi-
cal Department, India (IMD). The rainfall data has been 
collected from 9 sampling stations for the years 2013 to 

2017(Fig. 3) to gain an understanding of the change in 
the climatic conditions. The highest rainfall is recorded at 
209.9 cm in the month of July and the lowest precipitation 
is 10 cm in the month of February in 2017.

Fig. 6   Flow accumulation map 
and Land management support 
factor (LS)
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Soil loss estimation parameters (RUSLE 
Model)

The amount of soil eroded at a specific time over an area 
is called net soil loss. It is expressed in the unit area (ton 
ha-1 y1). The calculation of annual average soil loss for 

Gangani Badland topography (Garhbeta Block-I) is per-
formed using (RUSLE) the Revised Universal Soil Loss 
Equation Mathematical Algorithm and it was interfering 
with the ArcGIS 10.3 Platform. The primary equation 
of the RUSLE model (Renard 1997) is generally (Eq. 1) 
expressed as follow,

Fig. 7   Land Use and Land cover 
(LULC) with Crop management 
factor(C)
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where, average annual soil loss (metric t/ha/year), R 
rainfall erosivity factor (Mega Joules mm per h/ha/year). K 
soil erodibility factor (metric t/ha/MJ/mm), LS slope length 

(1)A = R ∗ K ∗ LS ∗ C ∗ P
steepness factor (dimensionless), C cover and management 
factor (dimensionless), and P erosion support practice or 
land management factor (dimensionless). The RUSLE input 
factors with units where, ʻMJʼ is mega joule, ʻmmʼ milli-
metres, ʻhaʼ hectares, ʻyrʼ years and ʻtʼ tons (Renard 1997).

Fig. 8   Slope map and Support 
factor map (P)
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Rainfall erosivity(R factor)

Rainfall and surface runoff play an important role in the 
process of soil erosion, which is basically expressed as the 
"R factor." The rainfall and runoff erosivity factors act as 
the forces for the sheet and rill erosion. A high rate of rain-
fall and large drop size can erode the soil particles faster 
than normal rainfall. Also, the high rate of runoff flow is 
caused by heavy storm rainfall that leads to sheet or rill 
erosion. The estimation of soil loss was affected by pre-
cipitation and surface runoff conditions of sub-surface soil, 
which was influenced by the rainfall erosivity factor (Yue-
Qing et al. 2008). Therefore, the annual rainfall variability 
and rainfall erosivity factor map of Gangani (Shilabati river 
basin); which have been generated on the basis of interpo-
lating mean annual rainfall based on Semivariogram IDW 
(Inverse distance weighted) techniques with the help of the 
ARC GIS 10.3 platform. According to the cross-validation 
results, IDW provides the least error (RMSE 82.04) for 
mapping rainfall data (Table 2). The general equation for 
the IDW method (Eq. 2) is expressed as (Chang 2018).

where, z0 is the estimated value at point 0, zi is the z value 
at known point i, di is the distance between point i and 
point 0, s is the number of known points used in estima-
tion, and k is the specified power.

The empirical equation that estimates Fournier Index 
and R-value from annual total rainfall was used (Eqs. 3, 4, 
and 5) and see Table 2 below. It is given (KICT 1992) as,

where, KE is the total Kinetic energy (MJ ha−1, I30 is the 
maximum intensity of 30 min rainfall (mm h-1) given by 
Renard and Freid (1994).
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Table 1   Factor map for annual average soil loss erosion estimation and description different types of Geo-spatial & Non-spatial data

Sl.No Data Types Data Source Details of the data Year

1 Landsat-8 OLI/TIRS United States Geological Survey (USGS) site 
(https://​earth​explo​rer.​usgs.​gov/)

Landsat 8 Consist of two instruments one is 
operational Land Imager (OLI) and another 
Thermal Infrared Sensor (TIRS) spatial 
resolution of 30 m for visible, NIR, SWIR, 
100 m for Thermal and 60 m for Panchro-
matic band

2019

2 Digital Elevation Model United States Geological Survey (USGS) site 
(https://​earth​explo​rer.​usgs.​gov/ and www.​
bhuvan.​nrsc.​gov.​in)

Shuttle Radar Topography Mission 
(SRTM)—1 arc-second for global coverage 
The Spatial resolution is 30 m and CARTO-
SAT-1 Spatial resolution-2.5 m

2019

3 Rainfall Data Indian Metrological Department, India (IMD)
(https://​mausam.​imd.​gov.​in/)

Rainfall data for a period of 10 years (2013–
2017) with 9 rain gauge stations

2013 to 2017

4 Soil Data The National Bureau of Soil Survey and Land
Use Planning, India
(https://​nbssl​up.​icar.​gov.​in/)

Soil map for the year 2003. categories of soil 
based on the soil texture

2003

Table 2   Estimation of R factor 
in assigned in mean annual 
rainfall data (IMD, 2013–2017)

Sl. No Location Slope (in 
Degree)

Latitude Longitude R-Factor

1 Amdoba 30 22°47′41.34" 87°18′23.26" 81.83
2 Gangoni 5 22°50′40.00" 87°18′14.76" 82.04
3 Amlagora 10 22°51′25.14" 87°20′37.89" 82.04
4 Moldanga 5 22°51′44.52" 87°25′27.94" 82.04
5 Shyamnagar 5 22°50′12.90" 87°28′53.09" 81.94
6 Gopalsol 30 22°55′16.83" 87°30′11.17" 81.97
7 Dhengadaha 25 22°55′20.03" 87°22′9.15" 81.9
8 Madanhari 35 22°52′37.76" 87°15′13.31" 82.04
9 Birajpur 15 22°53′58.40" 87°23′36.34" 81.9

158 Safety in Extreme Environments (2022) 4:149–170

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
http://www.bhuvan.nrsc.gov.in
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where, Pi is the average rainfall (mm), I is the month and p 
is the annual average rainfall (mm)

where,

R	� Rainfall erosivity factor and

Pr	� Annual precipitation of the study area

Soil erodibility (K factor)

The soil erodibility (K) factor refers to the inborn sensitivity 
of the soil to erosion, and it depends on the physical, mineral-
ogical, chemical, and morphological attributes of soils (Pérez-
Rodríguez et al. 2007). The K factor signifies that the amount 
of soil loss per unit of eroded with the effects of rainfall energy 
during it is also removed by 9% of bare soil (Brady and Weil 
2012). The soil texture, soil types, soil structure, organic mat-
ter, and permeability determine the erodibility of a particular 
soil. Soil organic matter reduces erodibility. Soil erodibility 
was a flexible factor, and it contained different organic con-
tent, types of soil, and textures (Robert and Hilborn 2000), 
as shown below (Table 3). Soil types and textures have been 
classified according to the classification provided by the United 
States Department of Agriculture (USDA). The soil types, 

(5)R = 38.5 + 0.35 × Pr

texture, and organic matter content have been identified with 
the help of district-level maps and information provided by 
the National Bureau of Soil Survey and Land Use Planning 
(NBSS) (1:50,000); Regional Centre, Kolkata (ICAR). In this 
study area, six types of soil classes have been identified, and 
their K values are assigned to different soil classes; see the 
table below (Table 4). The calculation is estimated through the 
(Eq. 6) experimental equation (Wischmeier and Smith 1978).

where,

M	� Particle Size Parameter; (Percent Silt + Percent very 
fine Sand) (100-Percent Clay),

a	� Percent Organic Matter,

b	� Soil Structure Code used in Soil classification; and 
c = Soil permeability Class.

Slope length and steepness (LS factor)

Topography plays an important role in soil erosion 
and landslides (Kim 1992). The LS factor represents 
the ratio of soil loss under a given condition. The 
steeper and the longer the slope, the higher the risk 
for soil erosion. The L factor (slope length) is defined 
as the outcome of the research as the distance from 
the source of runoff to the point where deposition 
begins. The LS factor has been generated using the 
CARTOSAT and SRTM DEM (2015) with the help 
of Arc GIS 10.3 and SNAP software by using gap-
fill generation and also fishnet methods to extract 
the elevation to study the nature of the slope in this 
region, which has been collected by the USGS Earth 
Explorer. The LS factor is also known as the topo-
graphic factor. The LS factor equation is basically 
based on the existing conditions, including surface 
cover at the site. The LS factor grid was (Eqs. 7, 7.1, 
7.2, 7.3, and 8) estimated with the help of this equa-
tion, which was proposed by (Moore and Burch 1986; 
McCool et al. 1987).

where, L is slope length factor; λ is the field slope length 
(m); m is the dimensionless exponent that depends on slope 
steepness. 22.13 is the RUSLE unit plot length (m)

(6)
K = 2.1 × 10 − 4(12 − a) × M + 3.25 × (b − 2) + 2.5 × (c − 3)∕100

(7)L =
(

�

22.13

)m

(7.1)S = 10.8 sin � + 0.03 if � ≤ 5
0

Table 3   Different types of soil texture classes are specifically distrib-
uted the soil organic matter (Robert and Hilborn 2000)

Texture Class Organic Matter Content

Average  < 2%  > 2%

Clay 0.22 0.24 0.21
Clay Loam 0.30 0.33 0.28
Coarse Sandy Loam 0.07 0.07 0.07
Fine Sand 0.08 0.09 0.06
Fine Sandy Loam 0.18 0.22 0.17
Heavy Clay 0.17 0.19 0.15
Loam 0.30 0.34 0.26
Loamy Fine Sand 0.11 0.15 0.09
Loamy Sand 0.04 0.05 0.04
Loamy very Fine Sand 0.39 0.44 0.25
Sand 0.02 0.03 0.01
Sandy Clay Loam 0.20 0.20 0.20
Sandy Loam 0.13 0.14 0.12
Silt Loam 0.38 0.41 0.37
Silt Clay 0.26 0.27 0.26
Silt Clay Loam 0.32 0.35 0.30
Very Fine Sand 0.43 0.46 0.30
Very Fine Sandy Loam 0.35 0.41 0.33
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where, S is slope steepness factor and θ is slope angel in 
degree.

As the hill slope gradient increases, the velocity and 
the erosivity of Runoff increase. The length of the slope 
is longer than the amount of runoff is also higher and the 
steeper the slope the higher the runoff velocity which con-
tributes to erosion. (Ustun 2008).

Land cover and crop management(C factor)

The C Factor is the most significant value for crop manage-
ment. The effect of cropping and management practises on 
soil erosion rates high in agricultural lands is also indicated 
in C Factor (Karaburun 2010). Most of the study area is 
public land used primarily for recreational purposes. The 
vegetation cover protects the soil from erosion by dissipating 
the raindrop energy before it reaches the soil surface. Basi-
cally, the ranges of the C factor depend on the vegetation 
type, canopy cover percentage, and growth development at 
different stages in vegetation, (Gitas et al. 2009; Rao 1981). 
The C factor values are assigned to a single factor of vegeta-
tion land cover, based on the land use and land cover classifi-
cation (Table 5), and the modified C factor equation (Eqs. 9 
and 10) was proposed by  Van der Knijff et al. (2000).

(7.2)S = 16.8 sin 𝜃 − 0.5 if 𝜃 > 5
0

(7.3)S = 21.91 sin � − 0.96 if � ≤ 10
0

(8)

LS = Power([Flow Accumulation]

× [Cell size]∕22.13)0.4 × Power(Sin[Slope Grid(Degree)]

× 0.01745∕0.0896)1.4 × 1.4

(9)C = 1.02 − 1.21 × NDVI

(10)C = exp

[

−a

NDVI

(2b−NDVI)

a

]

where, a and b are unit less parameters that determine the 
shape of the curve relating to NDVI and C factor.

The crop management factor (CMF) was prepared on the 
basis of the land use and land cover map of the study area. For 
the image classification of land use and land cover, a satellite 
image has been used and it is also collected by USGS Earth 
Explorer (Landsat 8 OLI/TIR, 2019). The land use and land 
cover have been generated by supervised classification tech-
niques using ERDAS Imagine image processing software (Joshi 
and Nagare 2009). The land use and land cover of the Gangani 
were classified into nine categories, namely, plantation, river, 
sand, settlement, shrub land, barren land, crop land, fallow 
land, and open forest. The land use and land cover maps were 
reclassified on the basis of the C value to regenerate the C fac-
tor map. The C-values were used in the present study, proposed 
by (Kim et al. 2005). The crop management factor (C) values 
vary between 0 and 1 which is basically based on the types of 
land cover.

Support practice (P factor)

The support practice factor (SPF) is a measure based on 
the cultivation method. It is a measure of the relationship 
between contouring and slope in cultivated crop field 
areas (Pandey et al. 2007). There are contour, Cropping, 
and terrace as its methods and it is an important factor 
that can control erosion. The P values have been cal-
culated based on the cultivation method. The P-values 
range from 0 to 1. Where the value of 0 means a very 
good manmade erosion resistance facility and the value 
of 1 represents no manmade erosion resistance facility 
(Simms et  al. 2003). The support practice factor was 
assigned according to the cultivating methods and aspect 
of a slope (CARTOSAT and SRTM DEM); it is given by 
Yang et al. 1999 (Table 6).

Table 4   K factor value are based on the soil texture, particle size parameter (M), organic Matter (%-A), permeability classes(C), & soil structure 
(b)

Soil Name Sand (%) Silt (%) Clay (%) Particle Size 
Parameter (M)

Organic Mat-
ter %(A)

Permeability 
Class (c)

Soil Structure 
Class (b)

K-Factor

Coarse Sandy Loam 72 23 5 9025 0.07 0.75 3 0.55
Fine Sand 92 6 2 9604 0.08 1 2 0.92
Fine Sandy Loam 87 10 3 9409 0.18 2 3 0.72
Loamy Fine Sand 52 20 28 5184 0.11 1 2 0.72
Loamy Sand 80 5 15 7225 0.04 1.2 2 0.27
Sandy Clay 75 20 5 9025 0.2 1.5 2 0.55
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Model validation

The Normalized Difference Vegetation Index (NDVI) is 
directly related to ground parameters such as vegetation 
phonological health assessment, photosynthetic activity of 
the plant, leaf area index, and the amount of biomass in the 
particular area (Fig. 11a). NDVI values range from + 1.0 
to -1.0. Areas of barren rock, sand, or snow usually show 
very low NDVI values (0.1 or less). Sparse vegetation such 
as shrubs, grasslands or senescing crops results in moder-
ate NDVI values (approximately 0.2 to 0.5). High NDVI 
values (0.6 to 0.9) correspond to dense vegetation. The 
equation (Rouse et al. 1974) is given below (Eq. 11).

The Bare Soil Index or Bare Earth Soil Index (BSI/
BESI) was calculated to identify the difference between 
agriculture and non-agriculture vegetation. Bare soil is an 
indicator of the normalized index in the soil reflectance 
(Fig. 11b). The short-wave infrared and the red band are 
used to quantify the soil mineral composition and soil 
moisture content, while the blue and near-infrared spec-
tral bands enhance the presence of vegetation (Chen et al. 
2004). This index is calculated using this equation (Eq. 12)

(11)NDVI =
(�NIR − �R)

(�NIR + �R)

The Root Mean Square Error (RMSE) is the uncertainty 
of the predicted error of standard deviation. However, it 
measures the residual of all data points that depends on 
how far from the linear regression line of all data in any pre-
dicted model, and the R2 is the metric that measures where 
the dependent and independent variables have explained 
the proportion of variance in the predictive model (Eq. 13).

RMSE measured absolute error between observed soil 
loss and vegetation indices to reflect the nature of the cor-
relation. Where Pi is the model value (NDVI & BSI) and 
Oi is the observed value (Soil loss traning data sets) and 
N is the number of observations (test sapling data sets).

Results

Rainfall erosivity(R factor)

R factor represents the driving force of sheet and rill ero-
sion by rainfall and runoff (Naqvi et al. 2013) processes of 
the earth surface. The present study shows that the value of 
the R factor also varies according to rainfall distribution. 
The range of the rainfall erosivity factor (REF) is 81.83 to 
82.04 MJ mm ha-1 yr-1 of the Garhbeta Block-1 (Fig. 4). 
The results showed that the R-value ranged between the 
highest values being in the middle portion (Bulanpur, 
Amlagora, Gangani, Madanhari, Fatesingpur & Moldanga, 
and surrounding areas of the Shilabati river basin catch-
ment areas, and the lower values being observed in the 
northern and southwestern parts of the present study areas 
(Gopalsol & Dhengadaha).

(12)BESI∕BSI =
(SWIR2 + R) − (NIR + B)

(SWIR + R) + (NIR + B)

(13)RMSE =

�

∑N

i=1

�

Pi − Oi

�2

N

Table 6   Support Practice (P Factor) are classified in different types of 
slope steepness measurement (SRTM DEM)

Sl. No Slope in(%) by  
Yang et al. 1999

Estimated in DEM 
(Degree)

P factor

1 0–5 0–5 0.11
2 5–10 5–10 0.12
3 10–20 15–30 0.14
4 20–30 30–40 0.22
5 30–50 45–60 0.43

Table 5   Crop management 
factor (C) for assigned in 
different types of Land Use & 
Land Cover types types

Sl. No Land Use & Land Cover Area in Hectares Area (%) Ranges of 
C Factor

1 Open Forest 6422.4 17.856651 0.008
2 Shrub Land 8274.69 23.006704 0.014
3 Plantation 363.24 1.009942 0.02
4 Fallow Land 5157.63 14.340122 0.33
5 Crop Land 11,657.25 32.411474 0.28
6 Settlements 1633.77 4.542486 0.09
7 Barren Land 1928.88 5.363001 1.0
8 River 391.32 1.088015 0.0
9 Sand 137.25 0.381606 0.01
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Soil erodibility (K factor)

Soil Erodibility Factor (SEF) values were assigned to respec-
tive soil types, texture, and organic matter in the soil of the 
Garhbeta Block-1 (Fig. 5). In general, the K-factor is inte-
grated with respect to the effects of rainfall, surface runoff, 
and infiltration rate on soil loss, accounting for soil property 
influences on soil loss (Xu et al. 2005). The soil erodibil-
ity factor (k) estimates the susceptibility of soil particles 
or surface materials to transportation by the main agent of 
rainfall. The soil structure, texture, organic matter content, 
and permeability also contribute to the soil erodibility fac-
tor. The K value varies from 0 to 1.37 in the present study 
area. The results showed that the soil erodibility values for 
the lateritic badland areas in the middle part of the Shilabati 
river basin and the surrounding northwestern parts of the 
older badland tract of the Gangani were better than those 
in other lateritic areas, including the southeastern sides of 
the Birajpur and Balarampur. The least significant K values 
are associated with the lateritic soil having low moisture 
content, low permeability, and nutrient capacity.

Slope length and steepness (LS factor)

The LS factor is also known as the topography factor (SLF), 
and this factor represents the influence of slope length and 
steepness on removing the topsoil. The LS factor was devel-
oped using both the raster grid accumulation and maximum 
downhill slope methods. Many kinds of research scholars 
have used these two factors, L and S, as a combined LS factor 
(Pal and Shit 2017). However, the high LS values illustrate 
the high potential for soil erosion in this area. In this study, it 
was observed that the minimum value of LS is 0 (north and 
southwestern parts) and the maximum values are 23.69 (mid-
dle portion of Shilabati river basin area). The lower LS val-
ues lead to a negative impact on the existing soil loss in the 
lateritic upland areas of the older badland tract (Fig. 6). The 
slope shape, defined by the interaction of angle and length of 
the slope, has an effect on the magnitude of erosion.

Land cover and crop management (C factor)

The C Factor is the crop or land cover management fac-
tor and measures the combined effect of all the interrelated 
vegetation cover and management variables. The amount of 
protective coverage of crops on the surface of the soil influ-
ences the soil erosion rate. The C value is equal to 1 when 
the land has continuous bare fallow and has no coverage 
(Fig. 7). The C value is lower when there is more coverage 
of a crop on the soil surface, resulting in less soil erosion. 
The C factor values varied from 0 to 0.025 of the study 
areas. The study area has been classified into nine land use 

and land cover classes. The C factor (crop management) was 
assigned to different types of land-use patterns using the C 
values given in Table 5. Basically, the land use-land cover 
map, NDVI and the C factor value are used to prepare the 
crop management factor map (Zhou et al. 2008).

Support practice (P factor)

In RUSLE, the support practice factor is generally applied to 
distributed lands and represents how surface and management 
practices such as contouring, terracing, and strip cropping are 
used to reduce soil erosion (Dabral et al. 2008). The P fac-
tor value varies from 0.003 to 1; when the p-value is 0.033, 
which shows good protection practices, and on the other hand, 
the value close to 1 shows bad protection practices. The sup-
port practice factor (P) represents the impact of support prac-
tise on soil erosion rates (Fig. 8). The characteristics of the 
topographic scenery are that the slope ranges from 5o to 45°. 
Variable high soil erosion is observed in the north-western and 
south-western parts with slopes ranging from 35° to 45°, while 
moderate to low soil erosion is observed in the east and south-
eastern parts with slopes ranging from 5° to 15°, respectively. 
The P-factor values varied from 0 to 0.31 in the present study.

Discussion

Delineation of soil erosion probability zones

Several research methodologies were used by a group of 
researchers to calculate the main factors (R, K, LS, C, & P) 
for contributing to soil loss, which is the key component of 
the RUSLE model for estimating annual average soil loss 
(Renard et al. 1996; Wischmeier and Smith 1978; Hurni 
1985; Poesen et al. 2003). The Annual Average Soil Loss 
map was created by cell-to-cell multiplication of the input 
raster layer in thematic maps (soil erodibility, slope gradient, 
rainfall erosivity, conservation practice, and cropping and 
management factors) and slope length in a GIS environment 
using the raster calculation method and weighted overlay 
analysis to estimate soil loss map. The estimated annual 
average soil of the Shilabati River lateritic upland zone 
ranges between > 7–20 ton/ha/year (Fig. 9). In the present 
research, a soil erosion hazard risk map has been generated 
through the RUSLE model for Garhbeta block I; which is a 
characteristic of this regions undulating topography based 
on extreme erosional features of the rill and gully of lateritic 
upland. The CDF plot represents the probability of the ran-
dom factor as a soil loss risk area in the region. The CDF 
plot shows that the highly significant in the Shilabati river 
bank areas (high risk probability) and the less significant 
Bulanpur area reflect the nature of very low risk probability 
areas (Fig. 10).
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The outcome of the RUSLE model may be due to the 
extreme rate of soil loss (Gangani, Gopalsol, Amlag-
ora, & Fatesingpur) being delineated as Shilabati river 
catchment agricultural fallow land and barren land areas 
(14.95 to > 20 ton/ha/year) and high erosion (Dhengdaha 
& Amdoba) being observed in open forest and shrubland 
(10.97 to 12.96 ton/ha/year) and low erosion(Bulanpur) 
capability rate is identified plantation or grassland areas 
(< 7 to 8 0.98 ton/ha/year) in Garhbeta Block I (Table 7). 
Remote sensing data combined with the RUSLE model in 
a GIS platform for determining soil erosion hazards and 
pinpointing high-risk prone areas where soil conservation 

practises are required (Prasannakumar et al. 2011; Wang 
et al. 2003; Markose and Jayappa 2016).

Vetiver grass plays an important role in the sensitive 
nature of the hydrophytic and xerophytic characteristics 
as well as great physical strength, making it an ideal plant 
for their stabilization. Interlocking fibrous roots pene-
trate down to 3.0–4. 5 m beneath the surface and bind 
soil particles while the aboveground growth extends up 
to a height of 1.2 m, to protect the trapping sediments, 
soil erosion, river bank erosion, control the high-veloc-
ity water flows and surface runoff processes, gully ero-
sion, etc. (Grimshaw and Faiz 1995; Zeitz 2015; Yinglun 

Fig. 10   Frequency distribution 
of the soil erosion risk probabil-
ity zone by using CDF plot
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(AVSL) probability map of the 
Garhbeta
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2018). It grows luxuriantly in regions receiving annual 
rainfall of between 100—200 cm, and the densely tufted 
grass can tolerate temperatures ranging from -14 °C to 
55 °C. Vetiver grass (Vetiveria zizanioides) has been sug-
gested as one of the most promising solutions to stabi-
lize eroding banks in terms of its cost-effectiveness and 
long-term resilience (Okon and Babalola 2004; Tripathy 
et al. 2014). Vetiver grass will survive in the months sub-
merged in the water. However, this type of management 
strategy should be implemented in this region to reduce 
soil and sub-surface nutrient loss, which also builds the 
resilient adaptive capacity of land in the tropical environ-
ment. Garhbeta has a humid tropical climate with summer 
temperatures > 40 °C and an annual rainfall of 140 cm, 
which is favourable for the luxuriant growth of the cashew 
nut trees. The older lateritic upland surfaces of Gangani, 
Gopalsol, Amlagora, and Fatesingpur and parts of Garh-
beta Block-I are oxidised and demonstrate the colonies of 
terrestrial plants like Shorea robusta sp., Anacardium sp., 
and Mangifera sp. etc. in the form of semi-natural forest. 
In the absence of the cashew nut (Anacardium occiden-
tale) vegetation cover, several blowout spots have been 
developed in the previous decades, particularly along the 
older lateritic upland surface by concentrated wind ener-
gies which gradually extended the rapid soil erosional 
activities on the southwestern part of the Shilabati river 
basin catchment areas. (Paul 2002). Soil erosion control 
is better protected in native bioengineered vetiver grasses 
than in cashew nut trees in the current region. The present 
status of the study area depicted that the soil erosion is 
highly arrested in the gully front areas of the older tracts 
(Eucalyptus sp.) of the lateritic upland in the region.

Spectral indices: NDVI and BSI/BESI

The present study reveals that the inclusion of a ρSWIR, 
ρred and ρNIR reflectance bands can provide useful com-
plementary information on the geometrical structure of the 
canopy, heath condition of the species, the optical properties 
of the underlying soil composition, soil moisture, and even 

surrounding green covers, and can adjust canopy closure and 
background reflectance in the retrieval of the both spectral 
indices of the NDVI and BSI (Nguyen et al. 2021; Becker and 
Choudhury 1988). Vegetation cover is an essential influential 
factors for soil erosion that is depend on the physiographic 
aspects of the slope length and steepness factor (Benkobi et al. 
1994) The generated data of the annual average soil loss in the 
study area, viz., NDVI and BSI, were utilised to study the sen-
sitivity of the region. Bare soil index performance differs from 
the humid to tropical dry arid regions. The Normalized Differ-
ence Vegetation Index map of the Garhbeta Block-I showed 
0.32–0.45 in the north-western and southwestern parts of 
the Shilabati river basin catchment areas, 0.24–0.32 in the 
northwester part of the Amdoba, and the least amount ranged 
from -0.13–0.16 in the lateritic badland surfaces (Fig. 11a). 
The BSI values are recorded in May -June months, respec-
tively, in Garhbeta Block-I due to the occurrences of moderate 
amounts of rainfall (1400 mm). The bare soil index ranges 
from 49.21–172.03 in the region. The highest amount of bare 
soil is recorded in the lower part of the southwestern region, 
and the least significant is found in the Shilabati river catch-
ment areas (Fig. 11b). Among them, low NDVI and BSI val-
ues do not represent the healthier environment of the smaller 
tract of the older and newer badland region to support multi-
ple activities like tourism-recreation, agriculture, settlements, 
horticulture, etc., over a long period. Overall assessment of 
the areas indicates the high sensitive hotspot region in the 
Shilabati river basin areas and the low sensitive areas in the 
badland tract of the Gangani. The multiple linear regression 
model helped to focus on the relationship between spectral 
indices and soil loss.

Relationship between soil loss and spectral indices

The empirical model of soil loss erosion is also validated 
with a correlation coefficient regression factor into two dif-
ferent indices, namely the Normalized Difference Vegetation 
Index (NDVI) and the Bare Soil Index (BSI) index. Yang 
and Shi (1994) developed the empirical model the relation-
ships between soil loss ratios and canopy cover and surface 

Table 7   Annual rate of soil erosion in the study area

Sl No Soil Ero-
sion hazard 
Classes

Rate of Soil 
loss(ton/hec/
year)

Area Under affected in Soil erosion Soil erosion in Land Use & Land 
cover Classes

Soil erosion Rate 
in Area hectares

% of Area

1 Low  < 7–8.98 Bulanpur Plantation of Lateritic Upland 1928.88 5.37
2 Moderate 8.98–10.97 Dhengadaha & Amdoba Built-upland &Fallow land 5152.63 14.35
3 High 10.97–12.96 Madanhari & Birajpur Open Forest 6422.4 17.86
4 Very High 12.96–14.95 Moldanga & Shyamnagar Shrub Land & Agricultural paddy 

field
8274.69 23.01

5 Extreme  > 14.95–20 Shilabati River Basin area,Gangani, 
Gopalsol, Amlagora, Fatesingpur

Barren land, Plantation & Agricul-
ture fallow land

11,657.25 32.42
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cover sub-factors. However, it is necessary to model validate 
by using some randomly selected ground truth points. Here 
are 26 tested GPS ground truth points data and the surround-
ing 66 training data sets of Google Earth points to estimate 
the correlation coefficient between NDVI, Bare Soil Index, 
and Soil erosion rate. Here, we have taken three parameters, 

i.e., vegetation index, bare soil index and annual soil loss. 
In this context, the ‘X’ axis represents the number of ground 
points of soil loss and the ‘Y’ axis represents the indices 
values (Fig. 12). It is clearly observed that agricultural land 
and crop management factors (NDVI) have highly positive 
correlations (R2 = 0.859, RMSE = 0.044) with the annual 

Fig. 11   Soil loss empirical algo-
rithm (RUSLE) model validated 
in two indices (a) Normalized 
Difference Vegetation Index 
(NDVI) and (b) Bare Earth Soil 
Index (BESI/BSI)
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average soil loss (R2 = 0.722). The bare soil index represents 
the slightly positive correlates (R2 = 0.841, RMSE = 0.038) 
with the annual soil loss (R2 = 0.722) index due to the effect 
in sheet/rill erosion by playing a major role in the surface 
runoff, climatological conditions, surface morphometry, 
and weathering processes (Physical and Chemical both). 
Among all three parameters are have a positive relationship 
(Table 8). In this lateritic area, the bare earth soil index and 

NDVI are the most important factors for land management 
systems that are also related to soil erosion. The present 
study deals with the soil erosion hazard map by consider-
ing abrupt changes in the physical and chemical weathering 
induced by gully erosion, land use and land cover trans-
formation, flood inundation, and sediment transportation in 
the river basin areas that directly impact the climate change 
phenomenon (Fig. 13).

Fig. 12   Statistical regression 
co-efficient correlation analysis 
using XLSTAT software; (a) 
the relationship between NDVI 
and annual soil loss and, (b) the 
relationship between BESI/BSI 
and annual soil loss
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Table 8   Statistical experiment for evaluate the model validation through co-relationship between three parameters of Annual soil loss rates, 
NDVI & BSI index in different approaches (R2 & RMSE)

Sl No Soil Ero-
sion hazard 
Classes

Rate of Soil 
loss(ton/hec/
year)

Soil Loss R2 NDVI Ranges R2 RMSE Bare Soil Index(BSI) Soil Loss R2 R2 RMSE

1 Low  < 7–8.98 0.722  < -0.13 0.859 0.044 49.21–77.14 0.722 0.741 0.038
2 Moderate 8.98–10.97 -0.13–0.16 77.14–89.18
3 High 10.97–12.96 0.16–0.24 89.18–102.67
4 Very High 12.96–14.95 0.24–0.32 102.67–118.08
5 Extreme  > 14.95–20 0.32–0.45 118.08172.03
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Conclusions

The landscape of Gangani is highly dissected by the exten-
sion of rills, gullies, and ravines across the lateritic terrain 
under 40 m elevation of terraced banks along the river 
Shilabati in Garhbeta Block-I, of Paschim Medinipur Dis-
trict, West Bengal. Deep gullies and ravines have exposed 
the laterite profiles and underlying depositional facies of 
sedimentary beds across the badland surface. Land degra-
dation and water-induced soil loss are one of the major cri-
teria of the global and local level environmental problems 
that threaten the natural ecosystem. The application of the 
universal soil loss equation model reveals that topsoil of 
the lateritic upland surface is removed by seasonal runoff 
in the monsoon months and also by deep weathering pro-
cesses during the wet period. In the head wards of badland 
terrain, areas affected by forest loss provide opportunities 
for rapid surface runoff processes and reduced infiltration 
rates. The significant duricrust formation is recorded on 
the top of lateritic terrain after the removal of plynthite 
and exposure to the subaerial conditions under alternate 
dry and wet conditions. Further, the exposed duricrust 
layer is weathered and fragmented by local drainage and 

climatic conditions. The application of the Revised Uni-
versal Soil Loss Equation (RUSLE) Model reveals that 
topsoil of the lateritic upland surface is removed by sea-
sonal runoff in the monsoon months and also by deep 
weathering processes during the wet period. The study 
also ravels about 20 tons/ha/yr of soil, usually removed 
from the study areas of Garhbeta Block-I, which increases 
the nutrient loss around the cultivated area.

The present study revealed that to estimate the annual 
average soil loss (AVSL) and identify the suitable sites for 
soil erosion hazard prone areas of the Garhbeta Block I. 
The result of the study focused on the application of the 
empirical algorithm in the RUSLE model and integrated it 
with Geographic Information System (GIS) tools to assess 
soil loss erosion. According to the findings of the study, 
the mean annual average soil loss estimated in the RUSLE 
model is nearly 11,657.25 (Soil loss rate > 14.95-20ton/
hectares/year) hectares in the Shilabati river catchment 
lateritic undulating upland areas of badland topography 
(agricultural fallow land & barren land); and the built-
upland and fallow land have a moderate soil loss probabil-
ity; indicating that 5152.63 hectares (8.98–10.9720ton/
hectares/year) and a low soil erosion rate (1928.88 

Fig. 13   Types of soil erosion in Garhbeta Block-I region in different 
perspective;( a) Weathering layer of badland topography in Gangani 
(Surface soils with nodular grains &Duricrust, pisolithic grains with 
brown color and iron oxide). (b) Rill & Gully erosion in open for-
est area; (c) Extreme rate of soil erosion in downstream of Shilabati 
river catchment basin area dew to effect of chemical weathering and 

sand mining washover processes (Paddy field); (d) Stratigraphic sec-
tion are decomposed by conglomeratic grains with relative low oxide 
contain, silica dominated hydrated alumina zone (e) Gulley erosion in 
undulating badland topography and (f) Experiment and measurement 
of rill and gullies due to field survey
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hectares) areas are delineated in the downstream (Shila-
bati River) region, which is covered by plantation and 
shrubland areas on the upper surface of the badland 
topography (< 7–8.98 ton/hectares/year). The outcome of 
the research shows that the very extreme erosion rates are 
observed in Gangani, Gopalsol, Amlagora, Fatesingpur, 
Moldanga, Shyamnagar, Madanhari, and Birajpur. Land 
use and Land Cover (LULC), slope, aspect, and contour 
patterns as a geomorphological signature, climatological 
conditions, and crop rotation play a significant role in 
controlling soil loss, and overgrazing should be prohibited 
to reduce surface soil loss. Soil erosion is very rapid in 
the lateritic badlands of the Garhbeta-I Block. There are 
some natural-based solutions that can be recommended 
for the reduction of soil erosion in the study area, such 
as; i) the floor of the badlands is affected by wash depos-
its and material transport during the monsoonal rains. 
To increase the moisture retention capacity of the open 
and bare soil surface, plantation of iron-resistant vegeta-
tion (i.e. Anacardium sp; and Mangifera sp) is needed. 
At the same time, the humus content may be increased 
with the deposition of litter and growth of grasses below 
the planted trees, which may resist the surface runoff 
induced erosion in the lateritic floor. ii) the gulley banks 
with sandy alluviums may be used for plantation of veti-
ver grasses (Vetiveria zizanioides) with modification of 
slopes and bio-engineered surfaces to protect the bank 
recession during the wet season. The promotion of bio-
engineered bank margins with the plantation of grasses 
can minimize the soil losses with time, and iii). the valley 
across the check dam with the local materials block the 
sudden flow of water along the gulley channel to reduce 
the flow energy and erosion along the valley floor. Thus, 
the above management practises will reduce the soil ero-
sion from the different sources of lateritic river banks 
along the Shilabati river basin in Garhbeta- Block-I. The 
planner should be implemented by policymakers for man-
aging soil erosion hazards in the most efficient manner in 
the Shilabati basin for treatment of plantation strategies 
and, land use and land management practices.
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