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Abstract

Water activated soil erosion is an environmental problem in the Panchnoi river basin of North East India which
causes serious fluvial hazards in downstream areas. Land degradation by soil erosion is one of the major problems
of agriculture in Assam part of Panchnoi basin. Process of soil erosion is a complex system of parameters such as
rainfall, rock and soil type, terrain characteristics, and prevailing land use and land cover dynamism that’s leave
behind a track of land into uneconomic for crop productivity. In order to prevent the ongoing and unseen damages
occurred due to erosion of soil, it becomes important to identify the areas which are vulnerable to soil erosion for
soil conservation practices. The study is based on Revised Universal Soil Loss Equation (RUSLE) and it is found
much suitable to estimating soil loss and erosion in humid tropical lands. Here we assigned values on different soil
erosion parameters such as rainfall, soil types, relief, slope, and land use and land cover base on scientific principles
and generate GIS layers Arcinfo 9.3 and accordingly rate of soil loss and amount of soil erosion estimated. Beside
estimate this study discloses the parametric impact of erosion parameters in the basin and found that soil types and
vegetation cover played major role in soil erosion scenario of whole basin, and in hilly sections terrain conditions
and rainfall has a deep control over soil erosion. Again the study reveals soil erosion risk degraded hilly section is
quite high and should be paid particular attention for soil conservation practices, especially in regards to forest
degradation activities to attains sustainability in the region.

Keywords: Panchnoi River, Soil loss and erosion, RUSLE, Parametric impact, soil conservation.

1. Introduction
Water induces soil erosion is a natural

are key components and measures of the functioning
of the Earth system. Erosion and sediment

phenomenon to shape the landscape, but sometime it
becomes serious environmental problem in the concern
regions due to various geo-environmental
maladjustments arise via human actions. The processes
of erosion, sediment delivery and sediment transport
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redistribution processes are the primary drivers of
landscape development and play an important role in
soil development (Walling, 2009). Soil erosion is one
form of environment degradation that has been
recognize as a serious hazard not only for agricultural
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lands, but also areas used for forestry, transport, and
recreation. Brown (1984) estimated that about 23
billion tons from crop fields in the world is being lost
every year. According to UNEP (1982), about 20
million hectare areas in the world become
uneconomical for cropping each year due to soil
erosion each year and erosion induce degradation.
According to Morgan (2005) soil erosion is a hazard
traditionally associated with agriculture in tropical and
semi arid areas and is important for its long-term effect
on soil productivity and sustainable agriculture. Soil
erosion is integrally linked to land degradation, and
excessive soil loss resulting from poor land
management has important implications for crop
productivity and food security and thus for the
sustainable use of the global soil resource
(Montgomery, 2007). As majority of population
directly or indirectly depend on agricultural practices,
soil erosion phenomena and related consequences is
a threat for their livelihood and survival. It is also a
major threat to ecology, environment and sustainable
functioning of natural systems. Thus, to protect the
sustainability of agricultural lands and natural
environment, effort should be conducted to minimize
the rate of soil erosion in humid tropics. Researchers
have been concerned in soil dynamism since half of
twentieth century, and develop many empirical and
mathematical models for estimating soil erosion and
soil loss with their functioning mechanism
(Wischmeier and Smith, 1978; Morgan et al., 1984;
Renard et al., 1997; Adinarayana et al., 1999;
D’Ambrosio et al., 2001; Shen et al., 2003). In this
study the empirical base soil erosion model RUSLE
has been employed to estimating soil degradation and
parametric impact of different variables in geo-spatial
environment.

RUSLE is an improved version of Universal Soil
Loss Equation (USLE; Wischmeier and Smith, 1978),
by including more diverse databases (Renard et al.,
1997). The Revised Universal Soil Loss Equation
(RUSLE; Renard et al., 1997) model, developed to
predict water erosion in the form of soil loss and it is
to be sophisticated medium for assessment of soil
erosion from river basins. RUSLE is designed in such
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a way that capable to estimating soil loss from diver’s
terrain characteristics. The RUSLE model enables
prediction of an average annual rate of soil erosion by
incorporating a various geo-environmental parameters.
Itis arenowned empirical model to predict soil erosion
from ungagged catchments by using knowledge of the
catchment characteristics and local hydro-climatic
conditions (Garde and Kathyari, 1990).

Process of soil erosion is a complex system of
parameters such as rainfall, rock and soil type, terrain
characteristics, and prevailing land use dynamism
that’s leave behind a track of land into uneconomic
for crop productivity. In order to prevent the ongoing
and unseen damages occurred due to erosion of soil,
it becomes important to identify the areas which are
venerable to soil erosion for soil conservation
practices.

2. Geo environmental base of the study area

The study area located at subtropical monsoon
belt of Himalayan foothill region, where fluvial
dynamism and soil erosion processes accelerated by
heavy monsoonal downpour on the fragile geological
bases. The basin extended from 26°33'13" N to
27°04'29" N latitudes and 92°15’14" E to 92°24'01"
E longitude (Fig. 1) with an area of 545.84 km?2. The
total length of the river from source to mouth is 75.50
km. It originated in lower Himalayan ranges in north
western Arunachal Pradesh, India and flow southward
direction to Brahmaputra River. Deosini River,
Mainajulli River and Bhutimari River are main
tributaries of Panchnoi River. The study area is
characterized with by high seismicity, flimsy
geological base, and towering seasonal variations of
precipitation, assorted physiographic setting, affluent
biodiversity and inimitable ethnic and cultural opus.
The climatic characteristics of the study area have an
assorted one, about 77% of rainfall occurs in
monsoonal period, mostly in the form heavy downpour
that leads to high soil erosion in the period. There is
also deviation in rainfall distribution in the river basin,
the lower reaches has low average rainfall (180 cm),
and where as the upper reaches accounts some higher
precipitation (225 cm).
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Fig.1: Location of the study area Panchnoi River basin

3. Methodology and data set

The overall methodologies involved in the study
is the use of RUSLE in a GIS environment, with factors
obtain from different authentic sources such as rainfall
data from Assam water resource department, soil data
from Assam agricultural department, terrain data from
topographical maps of survey of India, IRS LISS IV
of 2008 imagery and other relevant studies in the
methodological field concern. Each separate GIS
layers are prepared for each factors of RUSLE in raster
format to estimate soil erosion in the form of soil loss.
And their parametric impact assess by implying
statistical methods to extracted GIS data.

3.1. Revised Universal Soil Loss Equation
(RUSLE)

The study is based on RUSLE (Revised universal
soil erosion equation, Renard et al., 1997) which is
found to be suitable method for calculating soil erosion
by running water in the study area.” The Universal Soil
Erosion Equation (USLE), developed by Wischmeier
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and Smith in 1978 is one of the most frequently used
empirical soil erosion model worldwide. It is later
modified into a Revised Universal Soil Erosion
Equation (RUSLE) model by including improved
means of computing soil erosion factors” (Shi et al.,
2002). The inclusion of technically improved methods
for derived factors of RUSLE has gives the sound base
to improve prediction capability. The RUSLE model
can predict erosion potential on a pixel-by-pixel basis,
which is effective while attempting to identify the
spatial pattern of soil erosion present in a region. GIS
can then be used to isolate and query these locations
to identify the role of individual variables in
contributing to the observed erosion potential value
(Shi et al., 2002). RUSLE computes average annual
soil erosion from cover slopes (Renard et al., 1997).
The derivative equation of RUSLE is as:

A=R.K.LS.C.P 1)

Where A is the average soil loss in t/ha over a
particular period due to water erosion, usually yearly
basis but sometimes it may calculate month or season
basis; R is the rainfall erosivity factor in MJ.mm ha-
thrt; K is the soil erodibility factor t hat/(MJ.mm); L
is the slope length factor (dimensionless); S is the slope
steepness factor (dimensionless); C is the cover and
management factor (dimensionless); and P is the
conservation practices factor (dimensionless).

3.1.1. R factor

The rainfall-runoff erosivity factor (R) quantifies
the effect of raindrop impact and reflects the amount
and rate of runoff likely to be associated with rain. It
is a numerical description of the ability of rainfall to
erode soil (Wischmeier and Smith, 1978). Within the
RUSLE rainfall erosivity is usually estimated using
the El,, measurement (Renard et al., 1997). However,
there is lack of continuous pluviograph data and thus
the R factor is determined by the following relationship
(Wischmeier et al., 1978):

R= Y.1.735x105(0g ((pixpi)/p)-0.8188)) (2)

Where, p, is the monthly amount of precipitation
and p is the annual precipitation. R factor layer has
been prepared in 10 meter grid cell at Arcinfo
platform (Fig.2).
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Fig. 2 : Rainfall-runoff erosivity factor (R factor)

3.1.2. K factor

Soil erodibility K-factor was determined by using
inherent soil properties, here the values are computed
from the soil map data of prepared by the Department
of Agriculture, Government of Assam with description
of soil texture and composition of the soil belts. The
erodibility index values have been calculated (Fig. 3)
by using the following equation that put forwarded
by Sharply & Williams (1976) as EPIC (Erosion
productivity impact calculator):

K= {0.2+ exp E0.0256SAN (1-SIL/100]}* BIL/
(CLA+SIL)P**{1.0-0.025C/ C+ exp(3.72-2.95C) I}
*{1.0-0.7SN, / BN, +exp(-5.51+22.9SN,) ]} 3)

Where, SAN is referred to the content of sand
(%), SIL is the content of silt (%), CLA is content of
clay (%), Cis the organic carbon (%) and SN, =1-SAN/
100. This equation results in a K-factor with units of t
ha*/(MJ.mm) (Renard et al., 1997).
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Fig. 3 : Soil erodibility factor (K factor)

3.1.3. LS factor

L and S of RUSLE are one of the difficult factors
to calculate for relatively large areas. It reflects the
effect of topography on erosion. There are a number
of empirical formulas that capable to calculate the L
and S factors. In recent times the advancement of GIS
helps a lot to calculate the L and S factors compositely
by using raster base DEM and slope data. The study
employed Moore and Burch (1986) method of LS
calculation, and accordingly topographic (LS) factor
derived for the basin (Fig. 4). The equation is:

LS= (AS/22.13) ™ *(Sin 1/0.09)" 4)

Where AS = Upslope contributing area per unit
width of pixel spacing; Eslope angle (degrees), m and
n are exponent of slope parameters for slope length
and gradient and the typical values of m and n are 0.4
- 0.6 and 1.0 - 1.4, respectively. Lower values of m
and n are selected as 0.40 and 1.4 respectively. This
selection is made considering the uneven character of
the topography of the study area. In Arcinfo platform
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the equation is applied in the following form
LS = (Flow Accumulation grid*cell size /22.13)%* x
(Sin (Slope grid * 0.01745) / 0.0896)*4  (5)
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Fig. 4 : Topographic factor (LS factor)

3.1.4. Crop Cover management Factor (C)

The C factor reflects the effect of cropping and
management practice on soil erosion rates, and is the
factor used most often to compare the relative impacts
of vegetation cover and management options on
conservation tactics (Renard etal., 1997). This C factor
has a close connection to land use and land cover types
and also anthropogenic interventions on the soil
erosion processes. Vegetation cover protects the soil
by dissipating the raindrop energy before reaching the
soil surface (Karaburun, 2010). Usually the C factor
is computed using empirical equations that consider
field measurements of ground cover. But these
techniques are very tedious and time consuming and
not much suitable for a large area such as large
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drainage basins as it need rigorous and time consuming
investigations for determining the values of each land
cover values. Thus in this study the C factor values
are computed with the help of remote sensing data of
IRS LISS IV P6 (four band 2, 3, 4 and 5) imagery of
2008. For make relevant computation of C factor
values of the basin the following equation has been
used in the remote sensing image and GIS arena;

C=(¥(Band3/Band2)x((CIx((NBand5-band4)/
(Band5+band4)+0.5)2x0.11423)x((¥(Band3/
Band2)x0.0647)*TNDV1)) (6)

*Cl=composite image of Band2, Band3, Band4,
Band5, **TNDVI=Transformed normalized difference
vegetation index

By the use of above mentioned equation C factor
values of each and every pixel of LISS IV image of
2008 have been calculated in the study area as shown
in Fig. 5, and it is found that this method efficiently
calculate the values of C.
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Fig. 5 : Crop cover management factor (C factor)
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3.1.5. Support practice factor (P)

The P factor is the ratio between soil erosion with
a specific support practice and the corresponding
erosion with upslope and down slope tillage. The
support factor P represents how surface conditions
such as contouring, tillage marks or terracing influence
erosion—deposition processes when surface runoff
occurs. These practices mainly affect erosion by
regulating the flow pattern, direction of surface runoff
and by reducing the amount and rate of runoff (Renard
and Foster, 1983). Values for P are generally difficult
to determine and are the least reliable of all the RUSLE
factors (Renard et al., 1994). In the study area of
Panchnoi River basin no supporting practice witnessed
thus the value of ‘P’ taken as 1.

4. Results and discussion

The composite analysis of parametric impact on
water induce soil erosion from Panchnoi River basin,
reveals that rainfall, slope, LULC, and soil types has a
deep influence on soil degradation. Based on the
Revised Universal soil loss equation and geospatial tools
quantity of soil loss and parametric impact of different
variables has been assessed out to obtain basin
degradation processes and principal causes for it. The
impact of each of these factors are discussed here under-

Table-1: Amount and magnitude of soil

Jaiswal et al., / The Clarion (2014)

4.1. Soil loss assessment

Estimation of soil erosion from large river basin
is often being a difficult task. In the present study soil
erosion from the basin has been calculated by using
RUSLE in GIS environment. In the Panchnoi River
basin the total amount of soil erosion is 109626.56
tonne (87788.18 m? in volume) with an average of
2.008tons per hectare. The spatial distribution of the
gross soil loss, shown in the Fig. 6 and Table 1, was
divided into five sensitivity zones of according to rate
of soil loss; these are minimal, low, moderate, high
and extremely high rate, area and portion of each class
are tabulated in Table 1. It is estimated from the table
that 87.85 % of the study area are categories in the
minimal to low rate of soil loss (0- 3 tonne /hectare)
where total soil erosion is estimated as 79834.84 tonne
that comprises 72.82% of total soil erosion. And again
about 2.32 % areas are categories under High to very
high rate of Soil loss at the rate of 5 to <7tonne/hectare
where total soil erosion is estimated as 10575.41 tonne.
The minimal to low soil loss classes mostly occurred
in plain part of the basin and the hilly section categories
with high to extreme soil loss with some patches of
moderate and low soil loss zones.

Fig. 6 : Annual soil loss of the study area

loss in soil erosion sensitivity classes

Soil erosion Soil erosion Areain Percentage of |Total soil erosion| Percentage of
class(tonne/hec.) | sensitivity class Km? area in tonne soil loss
0.0-1.0 Minimal 97.12 17.79 6106.22 5.57
1.0-3.0 Low 382.39 70.06 73728.62 67.25
3.0-5.0 Moderate 53.68 9.83 19216.24 17.53
5.0-7.0 High 7.18 1.32 4179.47 3.81
<7 Extreme 5.47 1.00 6395.94 5.83
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4.2. Parametric impact on soil loss in LULC

In the water induces soil erosion; rainfall is the
prime governing factor in collaboration with terrain,
soil, and vegetation cover. All these parameters
collectively run the mechanism of soil erosion in
particular area. In the Panchnoi River basin 9 major
LULC categories has been identified and four
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subcategories of forest cover and tea garden; these
are settlement, agricultural land, tea garden including
fully grown and newly planted, forest cover including
forest and open forest, grass land, wetland, barren land,
sandbars and the Panchnoi River itself (Fig.7). The
chorological distribution of land use classes along with
other variables are given in the table 2.

Fig. 7 : Land use and land cover of
Panchnoi River basin
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This study reveals amount of annual soil loss
varied significantly in each type of LULC (Table 2).
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Table-2 :  Summary of average parametric values in LULC along rate and
amount of soil erosion
Land use and land Areain |Mean LS| Mean R | Mean C [ Mean K | Rate of | Total soil | % of
cover categories km? values | values | values values | Soil loss | erosion in| soil
Tonne/ | Tonne loss
hectare
Settlement 62.24 1.237 | 267.31| 0.127 0.039 1.647 | 10248.38| 9.35
Agricultural fields 252.68 1.249 | 270.17 | 0.158 0.039 2.087 | 5274493 | 48.11
Fully grown tea garden | 13.96 1.236 | 321.68 [ 0.077 0.043 1.312 1831.18 | 1.67
New planted tea garden | 10.97 1.234 | 326.92 | 0.143 0.043 2.488 2729.14 | 2.49
Dense mix deciduous 88.79 | 11.612 | 359.94 | 0.020 0.030 1.908 | 16941.66 | 15.45
Open mix deciduous 80.45 | 10.602 | 351.00 [ 0.030 0.033 2.298 | 18489.58 | 16.87
Grass land 13.54 1.275 | 267.71 | 0.125 0.040 1.747 2365.18 | 2.16
Barren land 2.45 1.458 | 294.72 | 0.130 0.041 2.158 528.81| 0.48
Sand bar 7.95 1292 | 282.19 | 0.138 0.041 2.131 1693.90| 1.55
River 8.93 1.577 | 275.10 | 0.113 0.039 1.782 1591.71| 145
Wetland 3.88 1.257 | 243.06 | 0.101 0.038 1.191 462.09| 0.42

Table-3 : Impact of soil erosion factors in soil loss under different LULC

Land use and land cover
categories

Settlement
Agricultural fields
Fully grown tea garden
New planted tea garden
Dense mix deciduous
Open mix deciduous
Grass land

Barren land

Sand bar

River

Wetland

Aggregate rank of €——m———————————)

factors on soil loss

Rank of LS
factor in soil
erosion

P W W w w NN PRAwoww

Rank of R
factor in soil
erosion

N N T N = Y S U N

Rank ofC
Factor in soil factor in soil
erosion erosion
1 2
1 2
4 2
3 2
3 4
3 4
2 1
1 2
2 1
2 1
2 3
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Thus, vegetation coverage might be one of the most
important factors controlling soil loss. Increasing the
vegetation coverage rate is usually a very effective
strategy to reduce soil erosion in humid tropics,
because of vegetation can enhance infiltration and
reduce surface runoff. In addition; human activities
play an important role in soil loss. Results of the study
(Table 1 and 2) indicated that soil loss in the tea
gardens both the fully grown and newly planted and
forest land were the highest, because vegetation cover,
intense farming activity and human degradation
activity. Here another remarkable thing noticed that
due to high soil erosion going on in hilly sections, a
large track of piedmont area converted into barren land
and streams creates large sand bars by depositional
activity. This activity convert large agricultural field
into uneconomic lands.

The role of each LULC and parameters of soil
erosion on soil loss has been calculated by principal
component analysis (PCA). This analysis shows the
relevant impact of different variables on soil loss. In
the table 3 ranking of the PCA values arrange in order
for trouble-free understanding of pertinent importance
of parameters. Here we found that due to composite
influence of parameters tea garden areas are highest
vulnerable to soil loss, followed by dense and open
forest areas; in these areas rainfall is the major factor
for soil loss as it stand no. 1 rank in PCA analysis. In
rest other LULC s it stands no. 4 rank (least rank) as
in the whole basin, thus subsequently the others are
not much susceptible to soil loss. While analyzing
whole the basin soil and vegetation characteristic are
having no. 1 and no. 2 ranking respectively. These
indicate in cumulate effect of parameters in soil loss
of Panchnoi River basin, soil and vegetation are having
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pronounced effect than others (table 3).

5. Conclusion

Based on the RUSLE and statistical techniques
rate of soil loss, amount of soil erosion and parametric
effect of various factors on these has been calculated
under subtropical climatic conditions of Panchnoi
River basin. In the hilly terrain areas rainfall and slope
plays an important role in soil erosion boosted by
human degradation activities. On the other hand in
plain areas vegetation cover and soil characteristics
are dominant in soil loss scenario. The study also
reveals that different soil loss varied remarkably on
LULC’s, rainfall regimes, soil types, and terrain
characteristics. Soil loss in forest categories and tea
gardens estimated one of the highest despite good
vegetation cover here rainfall, terrain characteristics
and soil types guided this phenomena of soil loss. On
the other hand agricultural field, barren land, sand bars,
and grass land has causes soil loss due to low
vegetation cover and soil type, despite low rainfall
and terrain slope. This study shows soil erosion can
accelerated in topographically gentle area under the
impact of rainfall where vegetation cover negligible.
The current pattern of land use and land cover is leads
to indefensibility to retain fertility of agricultural lands
and natural systems of the region in longer perspective.
Therefore there should be proper LULC planning and
management to ensure the quality of the basin
environment and avoid land degradation by soil
erosion. The findings in this study provided reliable
data of soil loss phenomena of Panchnoi River basin
under the subtropical monsoon climate condition. And
open new vista to look at soil erosion and conservation
practices with remarkable precise for further studies.
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