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ABSTRACT

1. INTRODUCTION

Erosion is one of the major threats to the soils that limits its productive
capacity. Soil erosion in Jirang block, Ri-Bhoi district of Meghalaya under sub
tropical eco-system was assessed using revised universal soil loss equation
(RUSLE) in geographic information system (GIS). In the study, IRS P6 LISS IV
data of the study area was used to prepare land use/land cover (LU/LC) map
by visual interpretation technique and digital elevation model (DEM) was
generated from Cartosat-1 data, which was further used to develop slope,
contour, flow direction and flow accumulation maps. Thematic raster layers of
RUSLE factors (R, K, LS, C and P) were computed and used to estimate average
annual soilloss in GIS (ArcGIS 10.0). The results showed that about 30% area is
subject to severe (20.1-40.0 tha'yr") to extremely severe (>80.0 tha'yr"). Based
on the severity of soil erosion in the block, Umkadhar, Mokirson, Mauling and
Dagiya Parbat villages have been categorized under high priority zone with
severe (20.1-40.0 t ha'yr") to extremely severe (>80.0 t ha"yr™). The soil erosion
was found to be higher near to the 1% and 2™ order streams where soil
conservation measures are imminent. The study demonstrated that use of
geospatial technologies in combination with RUSLE is a comprehensive
approach for spatial assessment of soil erosion for better resource planning.

al., 2014). According to National Bureau of Soil Survey

Soil erosion can be defined as the detachment and
transportation of soil (Tideman, 1996). Soil erosion is
a hazard in a tropical country like India with an
agrarian economy. Soil erosion by water is the most
important type of soil degradation occupying 56% of
world wide area affected by human-induced soil
degradation, whereas, the area affected by wind
erosion occupies 28% of the degraded terrain mainly
occurring in Asia and Africa (Oldeman et al., 1991;
Oldeman, 1994; Bai et al., 2008). In India, about 57% of
the total geographical area (TGA) is suffering from
various forms of degradation - water erosion, wind
erosion, chemical and physical deterioration (Dutta et

and Land Use Planning (NBSS&LUP) about 120.72 M
ha area is suffering from various kinds of land
degradation, itincludes area affected by water erosion
82.5M ha, wind erosion 12.4 M ha, salinity/alkalinity
6.7 M ha, soil acidity 17.9 M ha and 1.0 M ha is under
other complex problems (Maji et al., 2010). Sheet
erosion is ubiquitous in India (Tideman, 1996). On the
other hand, accelerated rate of soil erosion through
rill and gully erosion has become yet another endemic
problem (Singh and Dubey, 2002). Many human
induced activities, such as mining, construction and
agricultural activities (like shifting cultivation) disturb
land surfaces resulting in accelerated soil erosion. So
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it is very difficult to assess its economic and
environmental impacts accurately because of its
extent, magnitude, rate, dynamic nature and complex
processes associated with it (Lal, 1994). Soil erosion
causes reduction in land/soil quality, loss of top soil
and decrease in the content of soil organic matter and
thereby to the loss in crop yield. Soil erosion induces
high runoff rates and low soil permeability which in
turn leads to less water availability for the crops (Lal,
2001).

The North Eastern hilly region of India is
characterized by heavy soil erosion, loss of soil
fertility and deforestation causing acute environmental
degradation and severe ecological imbalance
(Sachchidananda, 1989). Shifting cultivation or slash
and burn agriculture (Jhum) in its more traditional and
cultural integrated form, is an ecological and
economically viable system of agriculture as long as
population densities are low and jhum cycles are long
enough to maintain soil fertility (Anon, 1992). With
ever increasing population pressure on land and their
dietary requirement, jhum cultivation becomes very
devastating in nature. In North-East India, the
average annual loss of top soil, organic carbon, P,O,
and K,O due to shifting cultivation were to the extent
0f40900,702.9,0.15and 7.5 kg ha’, respectively (ICAR,
1983). Agriculture under this system is practiced in
steep slopes after removing the forest vegetation and
thus is susceptible to excessive soil erosion. Besides
this, washing of fertile top soil and exposure of rocks
due to soil wash as a result of shifting cultivation have
been reported from Garo hills of Meghalaya state in
India (Goswami, 1968).

There are several erosion models, which are used
to estimate soil erosion and to develop optimal soil
erosion management plans, such as universal soil
loss equation (USLE) (Wischmeier and Smith, 1978),
water erosion prediction project (WEPP) (Flanagan
and Nearing, 1995), soil and water assessment tool
(SWAT) (Arnold et al., 1998) and european soil erosion
model (EUROSEM) (Morgan et al., 1998), which have
been used over many years. Among these models the
USLE was developed by the United States
Agricultural Research Service, has remained the
universally accepted method of estimating soil
erosion for nearly 40 years (Dennis and Rorke, 1999;
Kinnell, 2000). The USLE model has been widely
applied at the watershed scale on the basis of the

lumped approach (Griffin et al., 1988; Dickinson and
Collins, 1998; Reddy et al., 2004) to catchment scale
(Jain and Kothyari, 2000; Jain et al., 2001). The revised
and updated version of USLE (Renard et al., 1997) is
known as RUSLE. Although the RUSLE has the same
empirical principles as the USLE, it provides more
accurate estimation of soil loss. This is because RUSLE
has numerous improvements, such as monthly factors,
incorporation of the influence of profile convexity/
concavity using segmentation of irregular slopes, and
improved empirical equations for the computation of
LS factor (Foster and Wischmeier, 1974; Renard et al.,
1991). The soil loss map of Meghalaya was prepared
by following USLE method by Dutta ef al. (2014).
However, RUSLE has not been used in the Meghalaya
Plateau of North Eastern hill region, which provides
more precise estimation of soil loss. Therefore, a study
hasbeen undertaken in Jirang block of Ri-Bhoi district,
Meghalaya to assess the soil loss due to water erosion
using RUSLE in GIS.

2. MATERIALS AND METHODS
Study Area

The Jirang block in Ri-Bhoi district of Meghalaya
is a part of the North Eastern region of India and lies
between 25°47'17.16" N to 26°0522.56" N latitudes and
91°20'40.56"E to 91°51'41.4"E longitudes, which covers
an area of 714 sq.km (Fig. 1). It is bounded by Assam
state in the north, Umling block in the East and West
Khasi Hills district in the South. It has elevation ranges
varying from 60 to 980 m above mean sea level (amsl)
and has a mean annual rainfall of 2395 mm. The Jirang
block is one of the remotest blocks of the Meghalaya
state with sparse population. The area has a very
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Fig. 1. Location map of Jirang block
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complex landforms and topography varying from
denudational hills to valley plains. Soil depth varies
from deep to very deep. The dominant soil texture is
characterized by fine-loamy to fine. The slope
articulate with egregious rainfall makes the area more
vulnerable to soil erosion. The study area is rich in its
abundant species of flora from open shrub (grass) to
pine forest in the plateau region and rest is covered
mostly by tropical moist deciduous to evergreen
forest. The most important flora is Bambusa plymorpha,
Bambusa tulda, Dendrocalmas spp., Musa spp. The
deciduous forest species are sal (Shorea robusta), teak
(Tectona grandis), etc.

Data Used

Digital data of IRS P6 (Resourcesat-2) LISS IV
sensor with a spatial resolution of 5.8 m acquired
from National Remote Sensing Centre (NRSC),
Hyderabad was used to prepare LU/LC map through
visual image interpretation techniques. DEM (10 m
spatial resolution) was generated from Cartosat-1
stereo pair data sets and the same was used to develop
slope (degree), flow direction and flow accumulation
thematic rasters. The details of the digital data have
been shownin Table 1.

Computation of Revised Universal Soil Loss
Equation (RUSLE) Factors

The RUSLE quantifies soil erosion using five
factors of eq. 1 (Wischmier and Smith, 1978; Renard et
al., 1997).

A=RxKxLSxCxP (1)

Where, A is the average annual soil loss per
unit area (t ha'yr’), R is the rainfall and runoff
factor (MJ mm hayr"), K is the soil erodibility factor
(t ha MJ'mm™), LS is the topography factor, C is the
cover and management factor and P is the support
practice factor.

Thirty years (1983-2013) rainfall data was

Table: 1
Details of the digital data used

Satellite Sensor Date of Pass Path Row
Resourcesat-2 LISS-1V 09/02/2013 110 53C
05/03/2013 110 53D
Cartosat-1 PAN-A/F 02/02/2012 602 278
08/12/2014 603 277
21/11/2007 603 278
30/10/2007 604 277

30/10/2007 604 278

procured from the meteorological observatory of
ICAR-Research Complex for the North Eastern Hill
Region from which the rainfall erosivity factor (R) was
estimated. The rainfall erosivity factor is the erosivity
of rainfall events and is defined as the product of two
rainstorm characteristics: kinetic energy (E) and the
maximum 30 minute intensity (I) (Wischmeier, 1959).
In the present study the eq. 2 was employed to
compute R-values (Duttaet al., 2014).

R=79+0.363x (2)
Where, x=Mean annual rainfall (mm).

The soil resource information is available at
1:10,000 scale for the study area (Jena et al., 2016), was
used for calculation of soil erodibility factor (K) for
each soil mapping unit. Soil erodibility factor is a
measure of potential erodibility of a particular soil
under a set of condition. This factor quantifies the
cohesive character of a soil type and its resistance to
dislodging and transports due to raindrop impact and
overland flow sheer forces (Tirkey et al., 2013). Some of
the intrinsic soil properties that influence the soil
erodibility are soil texture, stability of soil structure,
soil permeability, infiltration, organic matter and soil
mineralogy. The best way to get erodibility factor (K)
for a particular soil type is through field measurements
on a unit plot, which is expensive and time
consuming. Wischmeier and Smith (1978) used soil
properties to estimate K-values and presented a
nomograph for this purpose, which was employed to
estimate K-values in the study area using the eq. 3:

K =1.2917 [2.1 * 10* M"" (12-a) * 3.25 (b-2) + 2.5 (c-
3)/100 ()

Where, M= Percent silt * (100-percent clay); a =
percent organic matter; b =the soil structure code used
in soil classification; c=the profile permeability code.

For computing K-factor, the database was
generated in the field study. The study area has
textural variations from fine loamy to fine. The soil
structure was estimated from field observation and
the textural data generated after laboratory analysis
(Piper, 1966) was used to assess the permeability. Then
the numerical codes were assigned for both the
characteristics (Sinha and Joshi, 2012) and K-factor
was calculated.

The LS factor can be estimated from several
available relationships (Wischmeier and Smith, 1978;
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Moore and Burch, 1986a and 1986b; McCool et al., 1987
and 1989; Moore and Wilson, 1992; Desmet and
Govers, 1996). Among these, units stream power
theory is best suited for integration with the GIS and
whichis calculated using eq. 4:

LS=(A/22.13)"(Sin B/0.0896)™ (4

Where, A is the up-slope contributing factor, B is
the slope gradientin degrees.

RUSLE uses both the factors, L and S and are
combined to give the topographic factor LS (Jha and
Paudel, 2010). The precision with which it can be
estimated depends on the resolution of the DEM
(Simms et al., 2003). The combined topography (LS)
factor was computed rather than the individual slope
length and slope angle because the slope length factor
was replaced by up slope contributing area (Moore
and Burch, 1986a; Mitasova et al., 1996; Desmet and
Govers, 1996).

The LS factor for RUSLE was computed using the
eq. 5 and the raster calculator in ArcGIS (ESRI, 2010)
was used to build an expression for estimating LS,
based on flow accumulation and slope steepness
(Mitasova and Mitas, 1999).

LS= ([Flow Accumulation]*Cell size/22.13)"" (Sin
([Slope of DEM]*0.01745)/0.0896)'*1.4 ..(5)

The C-factor measures the effects of all inter-
related cover and management variables (Renard et
al., 1997). Several authors have worked on soils with
various types of vegetative covers to find out C-factor
(Singh et al., 1981). In the present study, LU/LC map
was prepared from the LISS IV satellite data of
February and March, 2013, which provided
comprehensive mapping of LU/LC classes (NRSC,
2006). The values of C-factors were assigned to the
different LU/LC classes in the study (USDA, 1972;
Rao, 1981; Pandey et al., 2007; Narain et al., 1994;
Roose, 1977; Singh et al., 1981) (Table 2).

The erosion control practice factor is the ratio of
soil loss using the specific practice compared with the
soil loss using up and down hill culture (Kirkby and
Morgan, 1980). The erosion control practices usually
included in this factor are contouring, contour strip
cropping, terracing, conservation tillage, crop
rotation, fertility treatments and the retention of
residues.The conservation and support practice factor
(P-factor) values for each LU/LC classes of the study

area were assigned depending upon the major
conservation practices adopted (Narain et al., 1994;
Roose, 1977; Singh et al., 1981). Similarly, the P-factors
were assigned to the different LU/LC classes in the
study area (Table 3).

Spatial Assessment of Soil Erosion Using Geo-
statistics and GIS

The computed values of R, K, C and P were
converted to 10 x 10 m grid so as to maintain uniform
cell size at par with spatial resolution of Cartosat-1
DEM. The LS factor map was already in 10 x 10 m grid
format as it was derived from the 10 m DEM. The
generated rasters of RUSLE factors were integrated in
GIS to estimate the soil loss of Jirang block in a spatial
domain (Fig. 2). The RUSLE was applied through
raster calculator and all the factor layers were
multiplied to derive the soil erosion map. The soil

Table: 2
Cover and managementfactor (C) values used in assessing soil
erosion

S.No. Cover and Management (C) C-factor value
1. Agriculture, Crop land 0.5
2. Current shifting cultivation 0.8
3. Terrace cultivation 0.5
4. Plantations 0.02
5. Scrub land 0.6
6. Land with open scrub 0.7
7. Wasteland 1.0
8. Built up 1.0
9. Evergreen forest 0.004

10. Deciduous forest 0.008

11. Scrub forest 0.05

12. Dense scrub forest 0.08

13. Water bodies 0

Table: 3

Erosion control practice factor (P) values used in assessing soil
erosion

S.No. Erosion Control Practice P-factor value
1. Agriculture, Crop land 0.5
2. Current shifting cultivation 1.0
3. Terrace cultivation 0.5
4. Plantations 0.8
5. Scrub land 1.0
6. Land with open scrub 1.0
7. Wasteland 1.0
8. Built up 1.0
9. Evergreen forest 1.0

10. Deciduous forest 1.0

11. Scrub forest 1.0

12. Dense scrub forest 1.0

N
w

Waterbodies 1.0
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erosion map thus generated in GIS indicates the
spatial distribution of soil loss in terms of t ha'yr".
Average soil loss per pixel was calculated as the
product of each pixel value multiplied by pixel area.

Hydrology Analysis

The Cartosat 1 DEM (10 m) of the study area was
given fill operation to generate a completely smooth
raster surface. This fill layer was used for deriving
flow direction and flow accumulation layer. Then flow
accumulation and flow direction layer were used as
inputs in conditional tool to generate conditional flow
accumulation layer where in a value of 1 indicate cells
representing a stream and null value indicate no
stream cells. The conditional flow accumulation and
flow direction layers were used as inputs to generate
stream order (Strahler stream order) and converted to
feature class. The feature layer showed upto 9" order
of streams which were reduced up to 3“ order of
streams by giving query in the definition queries.

3D Analysis of Soil Erosion and LU/LC

The raster layer of soil loss and vector layers of
LU/LC and drainage were used for generating a 3D
view in ArcScene to identify erosion prone areas with
respect to their LU/LC, slope and drainage pattern.
Due to complex elevation variation of the study area,
contours with 50 m interval were generated from
Cartosat 10 m DEM. From this 50 m contours, DEM
was again generated using triangular irregular
network (TIN), which helped to get smoother DEM.
This smoothened DEM was in turn used for
overlaying soil erosion, drainage and LU/LC maps to
have a better interpretation of soil erosion across
different slopes and LU/LC.

Ramfall
Database

R Factor

Soil Datab ase

Catosat DEM
(10m)

Flow accumnlation map
and Slope map

Vs 7

Land UseLand Cover map
LISSIV Data

Fig. 2. Flow chart of methodology for assessing average soil loss

3. RESULTS AND DISCUSSION
RUSLE Factors

The rainfall erosivity factor (R-factor) for block
was found to be 950 MJ mm hayr" in the block. It
was uniform for the study area. The soil erodibility
(K-factor) reported to vary from 0.09 to 0.32 t ha
MJ'mm™ in the block. The low (<0.10) and high K
(0.30-0.40) values were observed in valley plains, which
covers 3.24% of the study area. The soils are mostly
sandy clay loam, silty clay loam and silty clay in
texture. Whereas, plateaus and hills were having K-
values ranged from 0.10 to 0.30 t ha MJ'mm” (96.76%
of TGA). In higher landforms, the soils are mostly
loam, clay loam and clay in texture. K-values of <0.1
were obtained sporadically in the study area, whereas,
Umtasor, Umpirtha and Umkangsiar villages had
higher K-values (0.30-0.40). The other villages of the
block had K-values ranging from 0.10 to 0.30 (Fig. 3a).

The topography factor (LS factor) ranged from 0.5
to 15in the block. The lower LS factor values of <1 have
been mostly noticed in valley plains as well as on the
flat tops of the plateaus and hills covering 28.08% of
TGA. The lower LS value was observed in Umtasor,
Umpirtha, Purana Nongbir, Umtur and Umkangsiar
villages. The LS factor values of 1.0-3.0 observed in
the adjacent landforms of valley plains, plateaus and
hills where slope percentage varied from 3-10% (gently
sloping to moderately sloping) covering 11.80% of
TGA, which are interspersed with other LS factor of
the study area. The LS factor values in 10 to 33% slope
(strongly sloping to steep) was found in the range of
3.0 to 10.0. The highest LS factor values (>10.0) were
observed in very steep (33-50%) to extremely steep
slopes (>50%) covering 28.70% of TGA. The highest LS
factor of >10 have been observed in Raniari, Rajabala,
Mokerson, Teekilabam, Lowki, Mawkyndah,
Nongprut and Mauling villages (Fig. 3b).

The cover and management factor (C-factor) in
Jirang block encompasses land use, which includes
forest, scrub lands, wastelands and agricultural lands.
The C-values of the block ranged from 0.004 to 1.0. C
factor of <0.0051 was noticed mainly in eastern and
small portion of the northern part of the block
covering an area of 11.97%. The values 0.0051-0.01 are
located in eastern part of the block stretching from
North to South with an area of 63.23%. The values
0.01-0.1 were found in the north eastern part of the
block covering 10.07%. However, the highest values of
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Fig. 3. Computed K (a), LS (b), C (c) and P (d) Factors for Jirang block

>0.1 were observed in central part of the block
(Umpirtha, Umkadhar, Umkangsiar and Mokerson
villages) covering an area of 14.73% of TGA (Fig. 3¢).

The conservation practice factor (P-factor) in
Jirang block ranged from 0.5 to 1.0, the lowest values
(<0.5) were observed in valley regions where
agricultural lands were mainly confined and very less
in coverage, found in Umkangsiar, Umpirtha, Umkadhar
and Umtasor villages covering an area of 3.25% of
TGA. The highest values (0.5-1.0) were observed in
rest part of the block, which covers an area of 96.75%
of TGA (Fig. 3d). Adoption of suitable conservation
measures like afforestration, prevention of short term
jhum cultivation, in slopes contour bunding, terrace
farming and contour cultivation help to reduce the top
soilloss due to water erosion.

Spatial Assessment of Soil Erosion

The soil erosion was assessed spatially by
integrating the rasters of R, K, LS, C and P-factors in
GIS. Seven soil erosion classes namely very slight (<5.0
tha'yr"), slight (5.0-10.0 tha'yr"), moderate (10.1-15.0

tha'yr"), moderately severe (15.1-20.0 t ha'yr"), severe
(20.1-40.0 tha'yr™), very severe (40.1-80.0 tha'yr") and
extremely severe (>80.0 t ha'yr') were identified in
the block (Fig. 4). The study showed that the study
area has an average annual soil loss of 36 t ha'yr’.
Many authors have followed similar classification
system in defining the soil loss classes in India (Challa
et al., 2001; Sahoo et al., 2005; Reddy et al., 2013 and
2016). Analysis showed that very slight (<5.0 tha'yr")
and slight (5.0-10.0 t ha''yr") classes covered mainly
in the eastern side and sporadically in the western
side of the block with an area of about 44.17 and
13.07%, respectively. However, area under moderate
(10.1-15.0 t ha"yr") and moderately severe (15.1-20.0 t
hayr") soil loss was noticed in only 7.41 and 5.11% of
TGA, respectively. Severe (20.1-40.0 t ha'yr") and
very severe (40.1-80.0 t ha'yr") soil loss was observed
in the extreme eastern part of the block where
elevation is sharply reducing towards Assam. The
area under severe and very severe soil loss was
noticed in 10.19 and 6.41% of TGA, respectively.
Extremely severe (>80.0 t ha'yr") soil loss was noticed
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in central, southern and north eastern part of the
block. The extremely severe soil loss was observed on
very steep to extremely steep slopes covering an area
of 13.64% of TGA (Table 4). There was no trend in the
soil loss across north to south and east to west due to
complexity in the topography. The maximum soil loss
was found near the 1" and 2™ order streams where the
slope is more (Fig. 5a). In the steep slopes soil gets
detached easily at the time of rainfall and gets
transported with the runoff leading to excessive soil
erosion in this region. The 3D analysis of average soil
loss showed soil erosion was severe to extremely
severe in slopes which were under scrub land and
wasteland with minimum vegetative cover (Fig. 5a
and b). Even high slopes are less prone to soil erosion
particularly in the eastern and some part in the
western side of the block, this might be attributed to
adequate canopy cover (forest).

Soil erosion in the Jirang block of Ri-Bhoi district,
Meghalaya is due to both natural causes like water
erosion and anthropogenic activities like deforestration,
stone quarries and shifting cultivation, which
accelerated the process of soil erosion. There is a need
to develop site specific conservation strategies to
preserve soils production potential, sustain productivity,
conserve in-situ rainwater, minimize soil erosion,
moderate flood downstream, harvest and recycle
inevitable runoff and ensure environmental security
(Handbook of Agriculture, 2009).

Thus the study indicates that the entire area
contributed to soil erosion with little contribution
from agricultural fields. Hence, if the soil erosion

Table: 4
Status of soil loss in Jirang block
S.No. Soil loss (t ha™yr?) Area (ha) Area (%)
1. Very Slight (<5.0) 31535 44.17
2. Slight (5.0-10.0) 9335 13.07
3. Moderate (10.1-15.0) 5294 7.41
4. Moderately severe (15.1-20.0) 3650 5.11
5. Severe (20.1-40.0) 7274 10.19
6. Very severe (40.1-80.0) 4574 6.41
7. Extremely severe (>80.0) 9738 13.64
Total 71400 100.00
(a) =5 »
- o
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Fig. 5. 3D view of soil loss (a) and land use/land cover (b) of
Jirang block

from the agricultural land continues, it may lead to
the physical, chemical and biological soil degradation
and thereby rendering the cultivable land unfit for
cultivation. The soil erosion may increase in future
due to increasing human activities in the area in form
of cleaning forest to bring more area under traditional
shifting cultivation. So the combination of both
engineering and non-engineering measures for soil
conservation can thwart soil erosion in this region.
Thus, the estimated soil loss of the study area through
RUSLE model would be of immense help to adopt
site-specific suitable conservation measures to
minimize the severity of soil erosion.

Suggested Soil and Water Conservation Measures
for Erosion Susceptible Areas

Based on the severity of soil erosion, Umkadhar,
Mokirson, Mauling and Dagiya Parbat villages have
been categorized under high priority zone, where soil
and water conservation measures need to be adopted
on priority. The villages like Raniari, Teekilabam,
Rajabala, Umtasor, Nongprut and Lowki were
categorized under medium priority, whereas,
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Nongkynrih, Purana Nongbir, Mawkyndah, Umtur,
Huro Jirang and Umpirtha villages were grouped
under low prioritized zone. Agronomic measures on
cultivated lands like contour farming, tillage
practices, multiple cropping and mulching are
recommended on mildly sloping inter hill valleys
(<3%) with objective of maximizing conservation of
in-situ rainfall for sustained and higher production.
Mechanical measures like contour bunding, graded
bunding and bench terracing could be the better
options, where slope is more than 3% in arable lands.
Tree based farming practice has a long tradition
among indigenous people of Meghalaya, where trees
are integrated extensively in the crop production
practice according to the agro-climatic conditions. The
summits and steep slopes should be covered with tree
species to minimize the exposure of soil to rainfall,
which causes splash erosion. The different farming
practice like Khasi pine based farming practice, Tea
based farming practice, MPTS (multipurpose trees
and shrubs) based farming practice, Bamboo based
farming practice and Bamboo-arecanut-betel based
farming practice could be adopted on the wastelands
located on the side slopes (Fig. 5b) to minimize the
severity of water erosion (Jeevaet al., 2006).

4. CONCLUSIONS

The spatial assessment of soil erosion in Jirang
block, Ri-Bhoi district, Meghalaya showed that about
30% area is subject to severe to extremely severe soil
erosion. The average annual soil loss in the study area
using RUSLE method was found to be 36 t ha'yr".
Spatial assessment of soil erosion in large scale using
remote sensing, GIS and RUSLE enabled to identify
most susceptible areas as erosion hazard zones in order
to adopt suitable engineering and non engineering
measures at village level for sustainable soil and water
conservation in the study area. It was observed that
the erosion was high near the 1" and 2" order streams.
The study demonstrates that use of remote sensing,
GIS and RUSLE model can be considered as a
powerful tool in the assessment of soil erosion and
identification of the erosion prone areas. The
planners, managers and policy makers can effectively
use the results obtained from the study to develop
site-specific agronomic and mechanical soil and water
conservation strategies, particularly in high erosion
risk areas to minimize the soil loss and preserve soils
for sustained productivity at the village level.

REFERENCES

Anon. 1992. Agro-climatic planning for agriculture development in
Meghalaya. Working group, Zonal Planning Team, Eastern
Himalayan Region, AAU, Jorhat.

Arnold, J.G., Srinivasan, R., Muttiah, R.S. and Williams, J.R. 1998.
Large area hydrologic modeling and assessment part I: model
development. J. Am. Water Resour. Assoc., 34(1):73-89.

Bai, Z.G., Dent, D.L., Olsson, L. and Schaepman, M.E. 2008. Proxy
global assessment of land degradation. Soil Use Manage., 24:
223-234.

Challa, O., Kurothe, R.S. and Gajbhiye, K.S. 2001. Soil Erosion in
Maharashtra. NBSS Publ. No. 82. NBSS&LUP (ICAR),
Nagpur, Maharashtra, India. 51p.

Dennis, M.F. and Rorke, M.F. 1999. The relationship of soil loss by
interill erosion to slope gradient. Catena., 38:211-222.

Desmet, PJ. and Govers, G. 1996. A GIS-procedure for the
automated calculation of the USLE LS-factor on topographically
complexlandscape units. J. Soil Water Cons., 51: 427-433.

Dickinson, A. and Collins, R. 1998. Predicting erosion and sediment
yield at the catchment scale, soil erosion at multiple scales.
CAB International, UK, pp.317-342.

Dutta, D., Bandopadhyay, S., Baruah, U., Sarkar, Dipak, Singh, S.K.,
Maji, A K. and Dhyani, B.L. 2014. Soil Erosion in Meghalaya,
NBSS Publ. No. 160, NBSS&LUP (ICAR), Nagpur, India. 29 p.

ESRI. 2010. Geostatistical analyst tutorial, ArcGIS (ver. 10). Environmental
System Research Institute (ESRI), Redlands, USA.

Flanagan, D.C. and Nearing, M.A. 1995. USDA water erosion
prediction project: hillslope profile and watershed model
documentation. NSERL Report No. 10. USDA-ARS National
Soil Erosion Research Laboratory, West Lafayette, IN 47907-
1194.

Foster, G.R. and Wischmeier, W.H. 1974. Evaluating irregular slopes
for soil loss prediction. Trans. ASAE. 17(1): 305-309.

Goswami, P.C. 1968. Shifting cultivation and its control in the Garo
hills. Assam Soil Conservation Department, Assam.

Griffin, M.L., Beasley, D.B., Fletcher, J.J. and Foster, G.R. 1988.
Estimating soil loss on topographically non-uniform field and
farm units. J. Soil Water Conserv., 43(4): 326-331.

Handbook of Agriculture. 2009. Sixth (Revised) Edition, Directorate
of Information and Publications of Agriculture, Indian
Council of Agricultural Research, New Delhi-12.

Indian Council of Agricultural Research (ICAR). 1983. Shifting
cultivation north east India. Publication unit, ICAR, New
Delhi. 68 p.

Jain, M.K. and Kothyari, U.C. 2000. Estimation of soil erosion and
sediment yield using GIS. Hydrolog. Sci. ]., 45(5): 771-786.

Jain, S.K., Kumar, S. and Varghese, J. 2001. Estimation of Soil Erosion
for a Himalayan watershed using GIS technique. Water Resour.
Manag., 15:41-54.

Jeeva, SR.D.N., Laloo, R.C. and Mishra, B.P. 2006. Traditional
agricultural practices in Meghalaya, North East India. Indian J.
Tradit. Know., 5(1): 7-18.



R.K. Jena et al. / Ind. J. Soil Cons. 46(3): 273-282, 2018 281

Jena, R.K,, Duraisami, V.P,, Sivasamy, R., Shanmugasundaram, R.,
Krishnan, R., Padua, S., Bandyopadhyay, S., Ramachandran,
S., Ray, P, Deb Roy, P, Singh, SK. and Ray, SK. 2016.
Characterization and Classification of Soils of Jirang block in
Meghalaya Plateau. Agropedology, 26(1): 47-57.

Jha, M.K. and Paudel, R.C. 2010. Erosion Predictions by Empirical
Models in a Mountainous Watershed in Nepal. J. Spat. Hydrol.,
10(1): 89-102.

Kinnell, P.I.A. 2000. AGNPS-UM: applying the USLE-M within the
agricultural nonpoint source pollution model. Environ. Model.
Softw., 15:331-341.

Kirkby, M.J. and Morgan, R.P.C. 1980. Soil Erosion. A Wiley-
Interscience Publication, Great Britain, 45 p.

Lal, R. 1994. Soil erosion by wind and water: problems and
prospects. In: Lal, R. (ed.). Soil Erosion Research Methods
(Second edition). Soil and Water Conservation Society, St.
Lucie Press, Delray Beach, FL.

Lal, R. 2001. Soil degradation by Erosion. Land Degrad. Dev., 12: 519-
539.

Maji, AK., Reddy, G.PO. and Sarkar, D. 2010. Degraded and
wastelands of India: Status and spatial distribution. Directorate of
Information and Publications of Agriculture, ICAR, Krishi
Anusandhan BhavanI, Pusa, New Delhi, 158 p.

McCool, D.K,, Foster, G.R., Mutchler, C.K. and Meyer, L.D. 1987.
Revised slope steepness factor for the universal soil loss
equation. Trans. of ASAE., 30(5): 1387-1396.

McCool, D.K,, Foster, G.R., Mutchler, C.K. and Meyer, L.D. 1989.
Revised slope length factor for the universal soil loss equation.
Trans. of ASAE., 32(5): 1571-1576.

Mitasova, H. and Mitas, L. 1999. Modeling soil detachment with RUSLE
3D using GIS. GeographicModeling Systems Laboratory, University
of Illinois at Urbana-Champaign, http://Skagit.meas.ncsu.edu/-
helena/gmslab/erosion/usle.html.

Mitasova, H., Hofierka, J., Zlocha, M. and Iverson, R. 1996.
Modeling topographic potential for erosion and deposition
using GIS. Int.|. Geogr. Inf. Syst., 10(5): 629-641.

Moore, I. and Burch, G. 1986a. Physical basis of the length-slope
factor in the universal soil loss equation. Soil Sci. Soc. Am. ]., 50:
1294-1298.

Moore, L. and Burch, G. 1986b. Modeling erosion and deposition
topographiceffects. Trans. ASAE., 29(5):1624-1630.

Moore, L. and Wilson, J.P. 1992. Length slope factor for the revised
universal soil loss equation: simplified method of solution. J.
Soil Water Conserv., 47(4): 423-428.

Morgan, R.P.C., Quinton, J.N., Smith, R.E., Govers, G., Poesen,
JW.A,, Auerswald, K., Chisci, G., Torri, D. and Styczen, M.E.
1998. The European Soil Erosion Model (EUROSEM): a
dynamic approach for predicting sediment transport from
fields and small catchments. Earth Surf. Proc. Land., 23: 527-
544.

Narain, P., Khybri, M L., Tomar, H.P.S. and Sindhwal, N.S. 1994.
Estimation of runoff, soil loss and USLE parameters for Doon
valley. Indian ]. Soil. Cons., 22(3): 129-132.

National Remote Sensing Centre (NRSC). 2006. Manual of National
Land Use Land Cover Mapping Using Multi-Temporal Satellite
Data. Department of Space, Hyderabad.

Oldeman, L.R., Hakkeling, R.T.A. and Sombroek, W.G. 1991. World
Map of the Status of Human-Induced Soil Degradation: An
Explanatory Note. ISRIC (International Soil Reference and
Information Centre) Wegeningen, The Netherlands.

Oldeman, L.R. 1994. The global extent of soil degradation. In: D.J.
Greenland and 1. szabolcs (eds). Soil resilience and sustainable
land use, Wallingford, UK: CAB.

Pandey, A., Chowdary, V.M. and Mal, B.C. 2007. Identification of
critical erosion prone areas in the small agriculture watershed
using USLE, GIS and remote sensing. Water Resour. Manag.,
21(4):729-746.

Piper, C.S. 1966. Soil and Plant Analysis. University of Adelaide,
Australia.

Rao, Y.P. 1981. Evaluation of cropping management factor in
universal soil equation under natural rainfall condition of
Kharagpur, India. In: Proc. of Southeast Asian regional
symposium on problems of soil erosion and sedimentation. Asian
Institute of Technology, Bangkok, pp. 241-254.

Reddy, G.P.O., Maji, A.K., Chary, G.R., Srinivas, C.V., Tiwary P.
and Gajbhiye, K.S. 2004. GIS and remote sensing applications
in prioritization of river sub basins using morphometric
and USLE parameters - A case study. Asian |. Geoinform., 4: 35-
49.

Reddy, G.P.O. Kurothe, RS, Sena, D.R., Harindranath, C.S.,
Niranjana, K.V.,, Naidu, L.GK., Singh, SXK., Sarkar, D.,
Mishra, PK. and Sharda, V.N. 2016. Assessment of soil
erosion in tropical ecosystem of Goa, India using Universal
Soil Loss Equation, geostatistics and GIS. Indian ]. Soil Cons.,
44(1):1-7.

Reddy, G.P.O., Sarkar, D., Prasad, J. and Ramamurthy, V. 2013.
Geospatial modeling in assessment of biophysical resources
for sustainable land resource management. Tropical Ecol., 54:
227-238.

Renard, K.G., Foster, G.R., Weesies, G.A. and Porter, J.P. 1991.
RUSLE- Revised Universal Soil Loss Equation. ]. Soil Water
Conserv.,46(1): 30-33.

Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K. and
Yoder, D.C. 1997. Predicting Soil Erosion by Water: A Guide to
Conservation Planning with the Revised Universal Soil Loss
Equation (RUSLE). Agriculture Handbook No. 703, U.S.
Department of Agriculture, Washington, D.C., USA, 384 p.

Roose, E.J. 1977. Application of the universal soil loss equation of
Wischmeier and Smith in West Africa. In: Soil conservation and
management in the humid tropics. Greenland, D.J. and Lal, R.
London (eds). Wiley, pp177-187.

Sachchidananda. 1989. Shifting cultivation in India. Concept
Publishing Company, New Delhi, 256 p.

Sahoo, A K., Sarkar, D., Sah, K.D., Maji, A.K. and Dhyani, B.L.

2005. Soil erosion of Bihar. NBSS Publ. 125, NBSS&LUP
(ICAR), Nagpur, 49 p.



282 R.K. Jena et al. / Ind. ]. Soil Cons. 46(3): 273-282, 2018

Simms, A.D., Woodroffe, C.D. and Jones, B.G. 2003. Application of
RUSLE for Erosion Management in a Coastal Catchment,
Southern NSW. In: Proc. of MODSIM 2003: International
Congress on Modelling and Simulation- 2, Integrative Modelling of
Biophysical, Social and Economic Systems for Resource
Management Solutions. Townsville, Queensland, pp 678-683.

Singh, G., Ram Babu and Chandra, S. 1981. Soil loss prediction research
in India. Tech. Bull. T-12/D-9, CSWCRTI, Dehradun, India.

Singh, S. and Dubey, A. 2002. Gully erosion and Management methods
and Application (A Field Manual). New Academic Publishers, 1-2.

Sinha, D. and Joshi, V.U. 2012. Application of Universal Soil Loss
Equation (USLE) to recently reclaimed Badlands along the
Adula and Mahalungi Rivers, Pravara Basin, Maharashtra. J.
Geol. Soc. Ind., 80:341-350.

Tideman, E.M. 1996. Watershed Management-Guidelines for Indian
Conditions. Omega Scientific Publishers, New Delhi, pp 1-6.

Tirkey, A.S., Pandey, A.C. and Nathawat, M.S. 2013. Use of Satellite
Data, GIS and RUSLE for Estimation of Average Annual Soil
Loss in Daltonganj Watershed of Jharkhand (India). ]. Remote
Sens. Technol., 1(1): 20-30.

USDA-Soil Conservation Services (USDA-SCS). 1972. Hydrology in
SCS National Engineering Handbook. Science 4, US Department
of Agriculture, Washington, D.C.

Wischmeier, W.H. 1959. A rainfall erosion index for a universal soil-
loss equation. Proc. Soil Sci. Soc. Am., 23:246-249.

Wischmeier, W.H. and Smith, D.D. 1978. Predicting Rainfall Erosion
losses. Agriculture Handbook No. 537, United States
Department of Agriculture, Washington, D.C.



	1

