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Abstract

Soil erosion is a serious issue, causing loss of agricultural productivity, increase in sediment deposit in the riverbeds, and dam-
age to the ecological balance of the affected areas. Proper assessment of the soil erosion rate is essential for managing natural
resources. The present study employs a GIS-based RUSLE (Revised Universal Soil Loss Equation) model to estimate annual
soil loss in Majuli River Island of Assam, India. Annual average rainfall, soil properties, topographic characteristics, and LULC
were taken as inputs to identify the soil erosion susceptible areas. The result revealed that annual soil loss of the study area
ranges between 0 to 711 t ha™' yr™', with a mean annual soil loss of 23.02 t ha™ yr™'. The entire region was classified into six
soil loss severity classes, around 90 % of the area was found to be very slightly affected (< 5 t ha ' yr™") by soil erosion, around
5 % slightly affected (5 — 10 t ha™" yr™"), roughly 3% moderately affected (10 — 20 t ha™" yr™"), around 1% moderate high (20 — 40
t ha™' yr™), nearly 0.3 % area affected severely (40 -80 t ha™' yr™") and very severely affected areas (> 80 t ha™ yr™") contributes
0.1 %. A total of six priority levels of conservation were demarcated village-wise; priority level | requires immediate attention,
and so on. The research outcome can help effectively implement conservation and management practices to check soil erosion

in the study area.

Keywords: Geographical Information System (GIS), Majuli Island, Remote Sensing, Revised Universal Soil Loss Equation

(RUSLE) Soil Erosion.

INTRODUCTION

Soil erosion is a serious problem worldwide, mostly
where fluvial processes are pro-active. It is the disinte-
gration and removal of topsoil due to the combined ef-
fect of rainfall and surface runoff affecting the soil's nu-
trition level, thereby affecting any region's agricultural
productivity. It is estimated that the average rate of soil
erosion throughout the world is roughly between 12 to
15 tons/halyear (Biggelaar et al., 2003; Buraka et al.,
2022), which implies 0.96 to 1.2mm of soil loss from the
land surface every year (Food and Agriculture Organi-
zation, 2019). In India, out of 328.8 million hectares of
the total land surface, 94 million hectares are affected
by soil erosion caused by water, 16 million hectares are

affected by acidification, 14 million hectares by flood-
ing,9 million hectares by wind erosion, 6 million hec-
tares are affected by salinity and 7 million hectares are
affected by a combination of factors (Bhattacharyya et
al., 2015)

Soil erosion results from several factors, including soil
types, rainfall intensity, topographic conditions, and
anthropogenic land use (Makhdumi et al., 2023). The
slope characteristics influence run-off mechanisms, viz.
higher slope angle increases surface run-off and limits
infiltration (Barman et al.,, 2022; Makhdumi et al.,
2023). Soil physical properties play an important role in
holding the soil particles together viz., weaker soil
types comprised of silt are more prone to erosion as
the soil lacks the strength to bind the soil particles to-
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gether owing to high runoff rate, while sandy and clayey
soil are less prone to soil erosion (Ghosh et al., 2022).
Land use and land cover changes such as alteration in
agricultural practices, clearing of the forest, etc. have
accelerated the rate of soil erosion (Guo et al., 2019).
Several research studies have identified that soil loss is
mainly due to water erosion which is aggravated by
inadequate land use and management practices such
as unscientific tillage and agriculture practices (Bhatt et
al., 2020). Soil erosion devastates the nutrient-rich top-
soil as it exposes the impermeable sub-surface soil,
reducing the soil water content (Zhao et al., 2019). In a
developing country like India, where agriculture is the
backbone of the economy, the impact of soil loss, par-
ticularly, the loss of top fertile soil, has a huge effect on
agricultural output, land use intensity, and cropping pat-
terns, all of which have significant environmental and
economic consequences (Rajbanshi and Bhattacharya,
2020). Apart from affecting agricultural productivity, soil
erosion increases the siltation of the rivers, reservoirs,
and wetlands leading to disasters like floods and
drought, which threaten the ecology of the affected are-
as (Jamal et al., 2022).

In recent decades, research communities across the
globe have mainly focused on estimating soil erosion
and sediment yield in river basins using remote sensing
and GIS techniques (Issaka and Ashraf, 2017). The
conventional soil erosion assessment method requires
more time and money, especially when the study area
is large, like a district block (Srinivas et al., 2002; Jiang
et al., 2015; Karamage et al., 2017). Here, effective
modeling aided with remote sensing and GIS can pro-
vide useful information about the current erosional pro-
cesses and future predictions.

In the year, 1968 Wischmeier and Smith developed the
Universal Soil Loss Equation (USLE) model that can
predict soil erosion from cropland, which later became
very popular throughout the world (Bhattarai and Dutta,
2007; Kouli et al., 2009; Demirci and Karaburun, 2012).
In the early 1990s, the basic USLE model was updated
and computerized to create an erosion prediction tool
that can be integrated with remote sensing and geo-
graphic information systems and was called the Re-
vised Universal Soil Loss Equation (RUSLE) (Demirci
and Karaburun, 2012; Fu et al., 2005; Renard et al.,
1997; Yue-Qing et al., 2008). The RUSLE model be-
came popular among researchers as it can be practical-
ly used for predicting soil loss due to its capacity to in-
clude various control management and practices with
limited data requirements (Sujatha and Sridhar, 2018).
The model can effectively predict the average annual
rate of soil erosion based on data related to rainfall,
soil, topography, cropping system, and soil manage-
ment practices (Ayalew et al., 2020; Pham et al., 2018;
Wischmeier and Smith, 1978). It considers the factors
namely, rainfall erosivity (R), soil erodibility (K), topog-

raphy (LS), cover and management (C), and support
practice (P) (Ayalew et al., 2020).

Majuli, the world’s largest inhabited river island has
been greatly affected by soil erosion after the 1950
earthquake. In 1950, due to a severe earthquake, the
south bank of the river Brahmaputra was affected enor-
mously, resulting in the construction of protective
measures for bank erosion near the Kokilamukh area,
leaving the north bank in Majuli unprotected (Sankhua
et al., 2005). The riverbed was affected by the deposi-
tion of silt and alluvium altering the flow dynamics and
resulting in severe erosion (Goswami, 2011). The pre-
sent study aimed to apply the RUSLE model in combi-
nation with geospatial technology, mainly remote sens-
ing and GIS, to determine the rate of soil erosion in
Maijuli Island, Assam, which is considered sensitive to
land degradation. It also intended to identify the priority
areas of soil conservation that may help the planners
and decision-makers successfully implement soil
management practices and ensure sustainable
development.

MATERIALS AND METHODS

Description of the study area

The study area, Majuli Island is located in Assam and is
the only island district in India. It is situated between
26° 40" N to 27° 10" N latitude and 93° 40’ E to 94° 40’
E longitude (Fig. 1). The area is a fluvially originated
delta formed by the gradual deposition of sediments by
a large number of north and south bank tributaries of
the river Brahmaputra. Mauijli Island is about 94.83 km
long and has an average width of about 10-15 km with
a total geographic area of about 935.76 sq. km.

The region’s highest elevation is 84.5 above sea level
(Dutta et al., 2010). The Subansiri River bounds the
Island on the northwest, the Khertatia Suti on the north-
east, and the main Brahmaputra River on the south and
southwest (Dutta et al., 2010). The Brahmaputra is a
highly braided river. Its channel near Majuli Island con-
stantly shifts every year, especially towards the north,
which increases the rate of soil erosion and flood oc-
currence, posing a huge threat to the inhabitants and
their cultural landscapes.

Data collection and sources

The study used various geospatial datasets acquired
from different sources (Table 1). The data for perform-
ing the RUSLE model comprised rainfall, soil, digital
elevation model (DEM), and satellite images. Cloud-
free Landsat 8 OLI satellite image path 135/ row 41
was acquired on 20.08.2023 to extract information re-
garding land cover management and practices and
SRTM 1 Arc-Second DEM (30 m resolution) was ac-
quired on 30.06.2023 to analyse the topographic influ-
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Fig. 1. Location of the study area

ence on soil erosion. Both Landsat image and SRTM
DEM were collected from Earth Explorer (United States
Geological Survey). The gridded average annual rain-
fall data, with a spatial resolution of 5 km for a period of
41 years (1981- 2022), used for the analysis of rainfall
erosivity, was downloaded from CHIRPS (Climate Haz-
ards Center InfraRed Precipitation with Station data) on
01.07.2023. Standardized soil profile data of the world
that provides information about soil properties, espe-
cially sand, silt clay content, and organic carbon for the
analysis of soil erodibility was acquired on 20.08.2023
from the World Soil Information Service developed and
maintained by ISRIC, WDC-Soils. The map of the ad-
ministrative boundary was acquired from the Socioeco-
nomic Data and Applications Center from the archive
developed by Meiyappan et al. (2018). Fig. 2. shows
the methodological framework adopted for the estima-
tion of soil erosion in Majuli District, Assam, India.

Development of the RUSLE Model factors for soil
erosion estimation

The Revised Universal Soil Loss Equation (RUSLE)
model considers mainly five factors, rainfall erosivity
factor (R), soil erodibility factor (K), slope length and
steepness factor (LS), cover management factor (C)
and conservation practice factor (P) for the estimation
of the average annual soil loss (A) (Renard et al., 1997)
and can be expressed as

A=RxXxKXLxSxCxP y

Il ~

(
,R
K

where, A = average annual soil loss (t ha-1 yr-1)
rainfall erosivity factor (MJ mm ha-1 h -1, yr-1)

T
94°30'0"E

soil erodibility factor (t h MJ-1 mm-1), LS = slope-
length and slope steepness factor (dimensionless), C =
land management factor (dimensionless), and P = con-
servation practice factor (dimensionless).

Rainfall erosivity factor (R)

The rainfall erosivity factor (R) highlight the erosive
power of rainfall which evaluate the impact of raindrops
in the form of kinetic energy and also helps in predict-
ing the rate and amount of surface run-off during a pre-
cipitation event (Ghosal & Bhattacharya, 2020).
Wischmeier and Smith (1957) in their work have men-
tioned that the rainfall erosivity (R) factor is the product
of the kinetic energy of a rainstorm and its maximum
30-minute intensity, which is expressed as Ely and
identified the method to give the most reliable estimate
of soil erosion. However, such data namely, the kinetic
energy of rainfall and rainfall intensity (Els) is not avail-
able for the study area. Therefore, the empirical equa-
tion (Singh,1981) was used to estimate the Rainfall
erosivity (R) factor in the Indian context. The equation
is expressed as,

R =79 + 0.363 AAP
(2)

where ‘R’ is the rainfall erosivity factor, ‘AAP’ is the
average annual precipitation in mm. Rainfall erosivity
(R) is expressed in MJ mm ha™ h™ yr . The higher R-
factor value signifies more power of raindrops to erode
the topsoil. Average annual rainfall data for a period of
41 years (1981- 2022) was used to generate a rainfall
map in the ArcGIS environment using Inverse Dis-
tance Weighting (IDW), a popular interpolation tech-
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Table 1. The datasets used in the study and their respective sources

Dataset Source

Date of acquisition

Satellite data (Landsat 8)

SRTM DEM http://earthexplorer.usgs.gov/
Soil data http://soilgrids.org
Rainfall data

Administrative boundary

http://earthexplorer.usgs.gov/

https://data.chc.ucsb.edu/products/CHIRPS-2.0/

https://sedac.ciesin.columbia.edu/

Data acquired on 20.08.2023

Data acquired on 30.06.2023

Downloaded on 20.08.2023
Downloaded on 01.07.2023

Data acquired on 16.07.2023

nigue, and consequently, applying Eq. (2) in a raster
calculator, the R factor map was generated.
Soil Erodibility Factor (K)

The soil erodibility (K) factor indicates the soil
loss rate per rainfall erosion index unit measured on a
standard plot determined by the inherent soil properties
(Parysow et al., 2003). It relies on soil and/or geological
characteristics, such as parent material, structure and
texture (Ditzler et al., 1951), organic matter content,
and porosity (Schwab et al., 1994). The properties of
the top soil play a decisive role in soil erosion. The val-
ues can range from 0 to 1, higher K factor values indi-
cate higher probability of soil erosion and vice-versa
(Mohapatra, 2022).
The K factor was estimated using the soil type map
acquired from the World Soil Information Service Snap-
shot- 2019 (Batjes et al., 2020), which was extracted
according to the study area in ArcGIS software. The
physical properties of each soil type, mainly silt, sand,
and clay as well as the organic matter was extracted
following the soil texture classification scheme
(Groenendyk et al.,2015)which was used to generate
the K factor values using a formula adopted from pub-
lished literature (Sharpley and Williams, 1990).

K = Fesand X Fsi —cl X Forgc X Fhisand % 0.1317
3)

SIL
Fesand = [0.2 + 0.3.exp (—0.256.SAN (1 - —))]

100
4)
rei el [ SIL 1°3
St—¢Cl = |\—/—/—/—/—/——
CLA + SIL
(5)
I [1 . 0.25C
g = M T T Y exp(3.72 — 2.950)

(6)
0.70 SN,
SN, +exp(—5.51 + 2.95 SN;)

Fhisand = [1.0

(7)

where, SAN, SIL and CLA represents percentage (%)
sand, silt and clay, respectively; C is the organic carbon
content; and SN1 is sand content subtracted from 1
and divided by 100, Fcsand indicates a low soil erodi-
bility factor for soil with coarse sand and a high value
for soil with little sand content, Fsi-cl reflects a low soil

erodibility factor with high clay to silt ration, Forgc is the
factor that reduces soil erodibility for soil with high or-
ganic content, whereas, Fhisand is the factor that re-
duces soil erodibility for soil with extremely high sand
content.

Slope length and Steepness factor (LS)

The effect of terrain and topography on soil
loss is reflected by the slope length (L) and slope steep-
ness (S) factors (Chang et al., 2016). The cumulative
run-off and its velocity contributing to soil erosion are
the outcome of increased slope length and steepness
(Ghosal and Bhattacharya, 2022). The L and S were
generated using SRTM DEM (2023) data at 30 m reso-
lution downloaded from Earth Explorer, USGS. The LS
factor was thus calculated using ArcGIS in a raster cal-
culator following the equation suggested by Wischmeier
& Smith (1957).

2

A
_ 2
LS = (G) .(0.065 + 0.046s + 0.0065s%) @)
Where A is the flow path length (m or feet),

which is expressed as = (flow accumulation x cell
size), the value of W is 22.13 for Sl units as the (LS)
factor is the ratio of soil loss per unit area from a field
slope to that from a 22.13 m length. S is average slope
(%), m=0.2fors<1,0.3for1<3,04for3<s<5,0.5
for5<s<12and 0.6 for s 2 12%.

Cover and management Factor (C)

The vegetation cover of any place plays a very signifi-
cant role in soil erosion as it reduces the impact of
raindrop energy on soil surface (Benkobi ef al., 1994;
Ghosal and Bhattacharya, 2022). The C factor used in
RUSLE equation depicts the influence of land cropping
and terrestrial vegetation management in the rate of soil
erosion (Renard et al., 1996). The C factor value rang-
es between 0 to 1 where, 0 indicates very strong cover
effects and 1 indicates no cover effect and the respec-
tive land surface treated as barren land and vulnerable
(Erencin, 2000). Hence, if the land use and land cover
of an area comprises of highest percentage of vegeta-
tion and crop field, the impact of C factor on soil erosion
is nominal (Ganasri and Ramesh, 2016). The land use
and land cover map prepared in ArcGIS using super-
vised image classification was used to derive the crop
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management (C) factor for the study area. The LULC
were classified into six feature classes according to the
ground information. The C value was assigned to each
class accordingly. (United States Soil Conservation
Service, 1972; Wischmeier and Smith, 1978; Pandey et
al., 2007).

Conservation support practice factor (P)

The conservation or support practice factor (P)
shows the effects of conservation practices that will
decrease the rate and amount of run-off, and, thus,
reduce the rate of soil erosion (Ghosal and Bhattachar-
ya, 2022). Several studies suggest that the P factor is
directly proportionate to soil loss for a particular support
practice in an area with an upward and downward
slope, tillage practice, contour farming (Wischmeier and
Smith,1957; Renard et al.,1997). The Conservation (P)
factor ranges from 0 to 1, where the value near to 0
indicates the presence of conservation practices like,
contour cropping, built-up land and the areas devoid of
any conservation practices (barren areas, grasslands)
are given a value of 1.

Estimation of Annual Soil Loss and identification of
the priority area of conservation

The input data, namely, R, K, LS, C, and P factors in
raster format were integrated and overlayed in ArcGIS
using eq. 1 in the raster calculator to generate the final
soil erosion estimation map with a spatial resolution of
30 meters for the study area. The soil erosion map was
categorized into six classes namely, less than 5 t ha—1

yr—1 (Very slight), 5 — 10 t ha-1 yr—1 (Slight), 10 — 20 t
ha-1 yr-1 (Moderate), 20 — 40 t ha-1 yr-1 (Moderate
high), 40 — 80 t ha—-1 yr—1 (Severe) and more than 80 t
ha-1 yr-1 (Very severe) (Singh et al., 1992).

Once the annual rate of soil erosion is estimated for the
entire study area, the priority areas of conservation
were identified at the village level. The village boundary
was derived from the Socioeconomic Data and Applica-
tion Centre (SEDAC) and was extracted according to
the study area in ArcGIS software. Using zonal statis-
tics in the Spatial Analyst extension in Arc Toolbox, the
mean soil loss value for each village was estimated
from the soil erosion estimation map. The villages were
later reclassified into six priority classes ranging from
high to low mean soil erosion value.

RESULTS AND DISCUSSION

Rainfall erosivity factor (R)

The force of raindrops and consequent surface soil
erosion of any region is the outcome of precipitation
and sediment yield (Duarte et al., 2016). The annual
average rainfall (1981- 2022) in the Majuli District
ranged from 2382.86 to 2842.79 mm (Fig. 3. a) which
was very high compared to other parts of India. About
38 % (372.33 sq. km) of the area receives average
rainfall between 2382.86 to 2563.23 mm and the re-
maining 62 % (597.79 sq. km) area receives rainfall
ranging between 2563.23 to 2842.79 mm. The rainfall
erosivity R factor derived using eq. 1 ranges between
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1110.94 to 943.98 MU mm ha™' h™ yr™ (Fig. 3. b). The
higher rainfall and K factor value was witnessed in the
study area's northern and central parts and the lowest
value was seen in the south-eastern part in and around
the Brahmaputra River channel.

Soil Erodibility factor (K)

The main soil types of the study area consisted of Ac-
risols, Cambisols, Fluvisols, Gleysols, Luvisols and
Vertisols. Cambisols (highly weathered younger alluvi-
um) was the dominant soil type spread across 59 %
(574.95 sq. km) of the area followed by Acrisols 19 %
(185.45 sg. km), Fluvisols 18.6 % (181.11 sq. km),
Gleysols 2.83 % (27.49 sqg. km) and the remaining was
shared by Luvisols and Vertisols roughly 1% (0.85 sq.
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km) (Fig. 4. a). The results of soil erodibility K factor
generated using eq. 3 ranged between 0.0233 to
0.0154 h MJ™ ' mm™ " (Fig. 4. b). Since, K factor value
closer to 0 indicates that the soil is less prone to ero-
sion and a value closer to 1 indicates weaker soil with
higher rate of soil erosion, Fluvisols with a K value of
0.0233 MJ™" mm™ ' were most severely affected by soil
erosion while Luvisols with a K value of 0.0154 MJ™ '
mm~ " was found to be least susceptible to soil erosion
(Table 2).

Slope length and Steepness factor (LS)

The LS factor plays an important role in the process of
soil erosion (Mohapatra, 2022). The slope map gener-
ated using SRTM DEM data provided the topographic
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Fig. 3. (a) Average Annual rainfall 1981-2022; (b). R factor map
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Table 2. Soil properties and the values of fcs and, fcl-si, forgC and fhisand and K factor of the study area.

. Sand . Organic . .
Soil Type (%) Clay (%) Silt (%) gz)rbon fcsand fcl-si Forgc fhisand K Factor
Acrisols 49.0 24.0000 27.0000  1.0000 0.2000 0.8263  0.9919 0.9993 0.0216
Cambisols  42.0 22.0000 36.0000  1.0000 0.2003 0.8667  0.9919 0.9998 0.0227
Fluvisols 39.0 20.0000 41.0000  0.9000 0.2008 0.8876  0.9939 0.9999 0.0233
Gleysols 40.0 21.0000 39.0000 1.2500 0.2006 0.8788  0.9860 0.9999 0.0229
Luvisols 81.0 10.0000 9.0000 0.5700 0.2000 0.7992  0.9982 0.7360 0.0155
Vertisols 16.0 55.0000 29.0000 0.7500 0.2164 0.7268  0.9964 1.0000 0.0206
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Fig. 5. (a) Slope in degrees; (b). LS factor map

information of the study area. The slope ranged be-
tween 0 to 48.21 degrees (Fig. 5. a), where 45. 65%
(459.63 sqg. km) fell under the category of 0— 0.94 de-
grees slope, 0.94 — 2.64 degrees slope contributed
35.45 % (356.92 sq. km), 2.64 — 5.48 degree slope
accounted for 15.52 % (156.30 sq. km) and the remain-
ing 3.37% (33.68 sq. km) area was dominated by 5.48
to 48.21-degree slope angle.

The LS factor generated using eq. 8 in the ArcGIS envi-
ronment showed that the value ranged between 0 to
86.51 (Fig 5. b). It was observed that when slope and
flow accumulation increased, the LS factor also in-
creased. Brahmaputra River channel had the lowest LS
factor value as the area is a flat surface whereas,
stream banks and undulating slope associated with the
settlement area had the highest LS value.

Cover Management (C) and Practice (P) factor

The land use and land cover were classified from the
Landsat 8 imageries with the help of a supervised clas-
sification technique using maximum likelihood algo-
rithms (Fig. 6. a). The study area presented different
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LULC classes namely, Dense vegetation, water bodies,
sand dunes, built-up areas, Agricultural land (wet-
paddy cultivation), and barren land. Almost 35% of the
study area (346.83 sq. km) was covered by agricultural
field where paddy cultivation dominated and dense
vegetation was scattered in the central and northern
parts of the region occupying the least area roughly,
0.67 % (6.513 sq. km). The C factor value (Fig. 6. b)
was assigned to different LULC classes, the highest
value of 1 was provided to Built-up, sand dune, and
barren land as these areas were found to be without
cover management, waterbodies were assigned 0 val-
ue, dense vegetation (0.004) and agricultural land
(0.28) following several literatures (United States Soil
Conservation Service, 1972; Wischmeier and Smith,
1978; Pandey et al., 2007). The P factor value (Fig. 6.
c) indicated the erosion-resistant practices in the study
area. Since, the study area is generally a plain topogra-
phy, no significant conservation practices were noticed,
thus, the values for the P factor were assigned as 1.0
for the areas without any conservation practices name-
ly, sand dune and barren land whereas, the rest of the
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Fig. 6. (a) Land use and land cover types; (b) C factor map; (c) P factor map
Table 3. LULC types, their areal coverage and C and P factor value
LULC types Area (Sq. Km) Area (%) C Factor P Factor
Water body 103.798 10.699 0.000 0.000
Dense vegetation 6.513 0.671 0.004 0.000
Built-up 185.683 19.140 1.000 0.000
Sand dune 244.239 25.176 1.000 1.000
Agricultural land 346.830 35.750 0.280 0.000
Barren land 83.080 8.564 1.000 1.000

areas providing minimum support practices were as-
signed a value of 0 (Dabral et al., 2008; Pandey et al.,
2007; Zonunsanga, 2016). Table 3. Shows different
land use and land cover types and their assigned C
and P values.

Potential soil loss at Majuli Island

The soil erosion severity of the study area was estimat-
ed using eq. 1 overlaying the thematic layers namely,
R, K, LS, C, and P factors in the ArcGIS environment.
The average annual soil loss ranged from 0 to 711 t
ha-1 yr-1, with a mean annual loss of 23.02 t ha™" yr .
The entire study area was divided into six categories
(Fig. 7. a) namely, very slight (< 5t ha™" yr™"), slight (5 —
10 t ha™'yr™"), moderate (10 — 20 t ha™' yr™"), moderate-
high (20 — 40 t ha™' yr'"), severe (40 — 80 t ha™' yr™")
and very severe (> 80 t ha™' yr'"). A large portion of the
study area was classified into a very slight soil erosion
category, accounting for more than 90 % (861.164 sq.
km). These areas were dominated by paddy cultivation,
built-up areas on a relatively higher slope. Very severe
soil erosion covered 0.691 sqg. km (0.072%) of the area,
and severe soil erosion covered nearly 0.3% (2.63 sq.
km) of the area. These areas were mostly noticed in
some isolated pockets on the immediate northern bank
of the river Brahmaputra. The sinuous curve generated
by the river channel due to its northward shift in these
places and the presence of barren land and sand

dunes devoid of any support practices were responsi-
ble for the very high rate of soil erosion. The results
also revealed that more than 5% of the study area fell
under slight soil erosion categories, which was roughly
50 sq. km. More than 3% (30.63 sq. km) fell under the
moderate category and roughly 1% (10.78 sq. km) fell
under the moderate high soil erosion category (Table
4).

Identification of priority areas of conservation
(Village- level)

Soil erosion conservation is a tedious process requiring
a lot of time, money, and effort. Due to these reasons, it
cannot be implemented all over the study area at the
same time. Thus, the priority areas of conservation
were delineated using a village-level map using zonal
statistics depicting mean soil loss t ha™ yr™'. The entire
villages in Maijuli district were classified into six catego-
ries (Fig. 7. b) based on their priority level for conserva-
tion planning namely, Priority level 1 ( < 7.090 mean
soil loss t ha™' yr'"), priority level 2 ( 3.807 — 7.090
mean soil loss t ha™" yr'"), priority level 3 ( 2.483 —
3.807 mean soil loss t ha™ yr™"), priority level 4 ( 1.517
— 2.483 mean soil loss t ha™ yr"), priority level 5
( 0.721 — 1.517 mean soil loss t ha™ yr™') and priority
level 6 ( > 0.721 mean soil loss t ha™" yr™"). The study
revealed that out of 245 villages (cadastral and non-
cadastral), 1 village fell under priority zone I, 18 villages
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Fig. 7. (a) Soil loss severity map; (b) Village-level Mean soil loss map

fell under priority zone I, 52 villages were identified as
priority zone Ill, 72 village fell under priority zone IV, 60
villages were identified as priority zone V and 42 villag-
es were considered least affected by soil erosion and
were delineated as priority zone VI (Table 5). The over-
all estimation of soil erosion in Majuli Island using the
RUSLE model suggested that most of the study area
had low soil erosion susceptibility, whereas, the region
nearby by the river banks (barren and sandy areas)
were most severely affected by soil erosion and re-
quired protection at highest priority (Fig. 8).

Conclusion

The soil erosion estimation for Majuli Island was carried
out using the RUSLE model integrated with remote
sensing and GIS techniques. The model considered
five parameters namely, Rainfall erosivity factor (R),
Soil Erodibility Factor (K), Slope Length and Steepness
Factor (LS), Cover Management (C), and Practice (P)
factor for the identification of soil erosion severity
zones. The results revealed that most of the study area
(more than 90%) had a very slight rate of soil erosion,
which roughly accounted for less than 5 t ha™ yr™". Sev-
eral small pockets near the river banks exhibited se-
vere soil erosion, accounting for 40 — 711 t ha™" yr".
The study also delineated priority conservation areas

SvoE 150K

Table 4. Soil erosion severity classes and their areal
coverage.

Severity Area

0,
classes (sq. km) % Area
< 5 (Very slight) 861.164 90.090
5-10 (Slight) 50.003 5.231
10 - 20 (Moderate) 30.629 3.204
20 - 40 (Moderate high) 10.780 1.128
40 - 80 (Severe) 2.628 0.275
> 80 (Very severe) 0.691 0.072

by identifying villages affected by soil erosion at various
scales. It was found that out of 245 villages, 1 village
falls under priority level | and requires immediate atten-
tion, priority level 1l had 18 villages where conservation
strategies are to be adopted, priority level Il contains
52 villages, priority level IV included 72 villages, priority
level V encompasses 60 villages and rest 42 villages
were identified as priority level VI. These villages have
comparatively lesser erosion severity, but effective
planning and conservation efforts will be necessary to
protect against soil erosion in the long run. Thus, it can
be stated that the RUSLE model proves to be very ef-
fective in predicting the rate of soil erosion in the study
area, but the accuracy of such prediction could only be
assured with the help of numerical data derived from
monitoring stations and previous studies, which is

Table 5. Village-level priority areas of conservation and aggregate mean soil erosion rate

Priority level (Stuhrz_‘:fxf?? Soil erosion rate (S|_l|’ ;tgig)ea No. of Villages
I 23.0167 10.585 1

Il 87.872 3519.014 18

1] 152.812 27884.271 52

v 144.14 24379.927 72

\ 66.261 24054.324 60

\ 14.544 6794.5162 42

Grand Total 488.647 86642.637 245
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Fig. 8. (a) Satellite image of embankments on riverbank; (b) Damage of embankments due to severe erosion; (c) Severe

soil erosional site; (d) Riverbank protection measures

absent in the case of Majuli river Island. Proper soil
loss management will be possible with more intensive
and gradual research in the present study area. This
research will serve as a repository of information for
managing and conserving soil resources vulnerable to
erosion.
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