RESEARCH ARTICLES
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Quantitative assessment of soil loss in Ambika
watershed, Gujarat, India was done using universal
soil loss equation (USLE) and geographic information
system (GIS) to analyse spatial distribution of soil
loss. The annual average soil loss for the entire
watershed was estimated at 22.41 tonne ha™' year™,
which substantially contributes to low agricultural
productivity of the area. About 80% of the watershed
area is affected by moderately high to very high soil
erosion (>15 tonne ha™' year') and requires imme-
diate attention for soil conservation measures. The
average slope of micro-watersheds in this area varies
between 5% and 8%. So, according to recommenda-
tions of land capability classification for class IV
lands, contour bunds and terraces were selected as soil
conservation measures, which resulted in the reduc-
tion of annual average soil erosion of the entire
watershed to 17 tonne ha™' year™'. Therefore, these
conservation measures can be effectively applied in
watersheds with similar geomorphology and average
slope up to 8%, to reduce soil erosion. The cumulative
effect of soil conservation measures indicated that
area affected by soil erosion magnitude under priority
class 1 was reduced from 7.5% to 0%; under priority
class 2 it reduced from 49.75% to 37.19%, and for
priority class 3 the area reduced from 22.41% to
17.63%. Hence, determination and monitoring of soil
erosion and subsequent planning of soil conservation
practices for improving agricultural productivity
can be effectively achieved using USLE and GIS tech-
nology.

Keywords: Agricultural productivity, conservation
measures, soil erosion, mathematical modelling, water-
shed area.

AGRICULTURE is the major source as well as a victim of
non-point source pollution, and sediment is its most
important ingredient along with pesticides and fertilizers.
Thus, identification of critical areas based on soil erosion
hazard and implementation of best management practices
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is essential for successful soil conservation programmes.
In the process of erosion, soil particles get detached and
are transported from one location to other due to the im-
pact of water'. It is influenced by disturbance of topsoil
as well as roughness of the surface. Almost 50% of top-
soil on earth has been eroded in past 150 years’, which
has affected soil availability and soil-carrying capacity® .
Spatial variations of soil erosion play a significant role in
analysing erosion intensity and deciding soil and water
conservation structures for a particular location. Intensive
agricultural practices have a significant effect on soil
properties, which help reduce soil loss mainly in steep-
slope areas’. Rich productive topsoil gets eroded from
catchment areas that affects crop production; subsequently
the eroded soil gets deposited in rivers, lakes and reser-
voirs resulting in reduction of reservoir capacity and
degradation of water quality”®. Soil erosion at watershed
scale can be estimated using numerous empirical mod-
els™. The sediment yield index method proposed by
Bali and Karale'' and universal soil loss equation (USLE)
by Wischmeier and Smith'? are widely used for the esti-
mation of soil erosion. USLE has been extensively
applied at the watershed scale on the basis of lumped
approach'>'* to catchment scale”'>'¢.

Ambika watershed in Dang district of southern Gujarat
region experiences heavy rainfall. Soil loss is the major
cause of concern for rich biodiversity in general and agri-
culture in particular in this region. Therefore, estimation
of soil loss at watershed scale is necessary, but difficult
to carry out due to undulating topography, heavy rainfall
and inaccessible areas in this region. It is essential to
estimate soil loss from the watershed for planning and
execution of soil and water conservation measures, and
suggesting best management practices (BMPs) for a par-
ticular watershed. Advent of new technologies and tools
like remote sensing and geographical information system
(GIS) has been proven to be beneficial in the collection
of more accurate information from any region and
better analysis of the same'”'’. Therefore, natural re-
sources management has become relativity easier and
faster in many parts of the world. So it is prudent to use
these technologies and tools for better planning
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and development of watersheds to increase crop produc-
tivity.

Materials and method

The study area, viz. Ambika watershed in southern Guja-
rat, lies between 20°34—20°54'N lat. and 73°25'-73°53’E
long. covering a geographical area of 830.5 sq. km (Fig-
ure 1). The cloud-free satellite image (Landsat ETM+
imagery) was acquired from the Global Land Cover Fa-
cility, whereas ASTER DEM of 30 m resolution was ac-
quired from Earth Remote Sensing Data Analysis
Center (ERSDAC), Japan. Monthly rainfall data during
1984 to 2013 were collected from India Meteorological
Department (IMD), Waghai. Soil analysis data were
collected from Krishi Vigyan Kendra (KVK) Waghai,
Gujarat, based on which soil map of the study area was
prepared.
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Figure 1. Location of Ambika watershed, Gujarat, India.
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Model description

Average annual soil loss from a catchment can be esti-
mated using USLE, which depends on rainfall erosivity,
soil erodability, slope length and steepness factor, cover
management and conservation practice factor. USLE has
been widely applied for various areas comprising agricul-
tural and forest watersheds, range land, hilly land, rugged
terrain and degraded lands for predicting average annual
soil loss®™*!. The average annual soil loss was estimated
using the following USLE (eq. (1))*".

A=RXKXLXSXCXP, @))]

where 4 is the average annual soil loss (tonne ha™'), R the
rainfall erosivity factor, K the soil erodibility factor, L
the slope length factor, S the slope steepness factor, C the
cover and management factor and P is the conservation
practice factor. The thematic layers of all these factors
were prepared in ArcGIS 10.3 to quantify the average
annual soil loss of Ambika watershed®.

Results and discussion
Rainfall erosivity factor

The R-factor indicates the potential ability of rainfall to
cause soil erosion at a particular location. It is calculated
as the product of total storm energy and its maximum
30 min intensity'”. The average annual rainfall of 30
years (1984-2013) was estimated as 1833 mm. In this
study, R-factor was estimated using the formula given by
Choudhury and Nayak™.

R=179 +0.363X,, ©)

where R is the rainfall erosivity and X, is the average
annual rainfall (mm).

Soil erodibility factor

The K-factor indicates the susceptibility of soil particles
to detach and be transported from one location to other.
The ability of soil to resist erosion depends on its physio-
chemical properties and thus the K-factor value varies
with different soil types. Soil analysis data of ten loca-
tions collected from KVK Waghai were used for the
estimation of K-factor using the equation given by
Wischemer et al.**.

100K =2.1 M"" (10%) (12 - a)
+3.25(b—2) +2.5(c - 3), (3)

where K is the soil erodibility factor, M = (% silt + 0.7%
sand) X (100 — % clay), a the organic matter content, b
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the structure of soil and ¢ is the permeability of soil.
% OM (organic matter) was estimated as (1.724 X %
organic carbon). Point map was prepared for these ten
sampling stations in ArcGIS and value of K-factor is
assigned to each station. Further, using raster interpola-
tion technique, the K-factor map for Ambika watershed
was prepared (Figure 2).

Slope length factor

The LS-factor indicates the combined effect of slope
steepness and slope length on the rate of soil erosion. Steep
and long slope produces high flow velocity and corres-
ponding high surface run-off, thereby contributing more
to soil erosion””. The LS-factor was computed using the
following equation given by Wischmeier and Smith'?.

LS = ((Flow accumulation) x (cell size)/22.13)"
x (0.065 + 0.0455 + 0.006557), 4)

where S is the slope (%) was derived from digital eleva-
tion model (DEM) of Ambika watershed and the value of
m is based on slope categories. Flow accumulation was
derived from DEM after performing fill and flow direc-
tion processes using ArcHydro tool in ArcGIS 10.2.
Figure 3 shows the DEM and LS-factor map of Ambika
watershed.
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Figure 2. K-factor map of Ambika watershed.
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Cover and management factor

The C-factor represents the effect of vegetation cover
which prevents soil erosion by reducing raindrop velocity
during rainfall. The amount of energy dissipated by vege-
tation depends upon percentage and type of vegetation
cover. In the present study, the C-factor values suggested
by USDA?® and applied by Kayet et al.”’ and Pancholi
et al®® for Indian conditions were used (Table 1). The
Landsat image was classified in five different land-use
(LU) classes: agriculture land, barren land, built-up land,
forest and water bodies (Figure 4) with the help of ground
truth data (Figure 4). Table 1 shows the area under vari-
ous LU class and their corresponding C-factor values.

Conservation practices factor

The P-factor represents the ratio of soil loss from a field
with the given conservation practice to that where no
conservation is practised. The control practice reduces the
rate of soil erosion by influencing drainage patterns, con-
centration, velocity and hydraulic forces of run-off*'. The
Landsat image was classified and pixels of each LU class
was assigned a P-value, as suggested in the United States
Department of Agriculture (USDA) Handbook (Table 1)*.

Average annual soil loss using USLE

Thematic layers of R-, K-, LS-, C- and P-factors were
generated in ArcGIS and the product of these layers gives
the average annual soil loss (4) for Ambika watershed
(Figure 5). A layer of annual soil loss was overlaid with
the micro-watershed map which contains 64 micro-
watersheds to obtain the micro-watershed-wise soil loss
(Figure 5), which was further classified in different soil
erosion classes’ (Table 2). The amount of average annual
soil loss at micro-watershed level ranged between 4.5 and
52.24 tonne ha ' year'. The study shows that about 50%
of the area falls under high risk of soil erosion, whereas
18% of the area has moderate and 22% has moderately
high risk of soil erosion (Table 2). Priority fixation was
done on the basis of average annual soil loss of micro-
watersheds.

Best management practices

Adoption of BMPs is required to reduce sediment yield,
and run-off rate after deciding the priority of a micro-
watershed. Various types of BMPs can be suggested
to control soil loss for the highest priority micro-
watersheds. BMPs are not exactly the same for all micro-
watersheds; they vary according to geomorphology of the
micro-watersheds. BMPs like afforestation, trenching,
bunding, terracing, vegetative barriers, sediment basin,
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Figure 3. LS-factor map of Ambika watershed.
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Table 1. Area and C-factor value under different land use land cover (LULC) classes
Land use Agriculture land  Barren land  Built-up land  Forest Water bodies
Area (%) 16.24 2.11 7.15 70.10 4.40
C-factor 0.5 0.8 0.2 0.04 0
P-factor 0.5 1.0 1.0 1.0 1.0
Table 2. Percentage of area under different erosion classes
Soil erosion Area Area No. of
(tonne ha™' year™) Erosion class (sq. km) (%) micro-watersheds
0-5 Very low 10.56 1.27 1
5-10 Low 9.98 1.20 1
10-15 Moderate 148.29 17.85 12
15-20 Moderately high 186.16 22.41 15
20-40 High 413.24 49.75 32
>40 Very high 62.32 7.50 3
Total 830.50 100 64
>  T3'300°E TA'400E 73°50'0°E - micro-watersheds which come under moderate to very
g 2 high category (soil erosion >10 tonne ha' year ') were
5 =  considered for soil conservation treatments and incorpo-
rated in BMPs of Ambika watershed.
N Soil erosion can be tackled by planning a suitable
cropping system based on erosion hazard in order to im-
> = prove soil health and its preservation. To develop a scien-
'§ : tific programme of management, the Soil Conservation
5 2 Service (SCS) of USDA has done pioneering work on land
capability classification®'. Accordingly, land is broadly
classified in two groups —land suited for cultivation
comes under group 1 and land not suited for cultivation
- - under group 2 (ref. 32). Each group is again divided into
o 5 four classes. ‘Group 1 lands’ comprise of ‘land classes
? ? I-IV’ which are cultivable and ‘group 2 lands’ comprise
& | of ‘land classes V—VIII’ which are non-cultivable.
Accordingly, if per cent slope of land varies from 5 to 8,
it comes under class IV and soil conservation measures
- LU class - like contour bunds or terrgces and inte}gse agronomical
g T g Isltls(aisur;s may be a(iopted f1nllsuc¥1 areas™". 111: gle p;esen(;
g T | y, the average slope of a mlcro.-waters eds selecte
Rl R — &~ for soil conservation treatments varies from 5% to 8%.
0255 1w 3 20 S Bukt up tand So, conservation measures like contour bunds and terrac-
B Focest ) ; :
es were selected in these micro-watersheds to reduce soil
B viater boctes erosion. Accordingly, the P-factor values of 0.5 for con-
73°30'0°E 73°40'0°E 73 50'0°E tour bunds and 0.1 for terracing were incorporated®® and

Figure 4. Land-use map of Ambika watershed.

bendway weir and different kinds of check dams are
selected in different studies. In the present study, BMPs
were decided on the basis of mean slope of the micro-
watershed and corresponding soil erosion magnitude. It
was observed that soil erosion is mostly affected by slope
of the micro-watershed. With increase in average slope of
a micro-watershed, soil loss increases (Table 3). The

988

soil erosion was estimated keeping other factors (R, K, LS
and C) the same.

The cumulative effect of conservation measures on soil
erosion for priority classes 1-3 is reduction in the area
affected by average soil erosion magnitude from 7.5% to
0% for priority class 1, 49.75% to 37.19% for priority
class 2, and 22.41% to 17.63% for priority class 3 (Tables
3 and 4). Figure 6 shows soil erosion map of Ambika
watershed after incorporating BMPs. It can be observed
from Figure 6 that the number of micro-watersheds in

CURRENT SCIENCE, VOL. 119, NO. 6, 25 SEPTEMBER 2020
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Table 3. Mean slope and number of watersheds in the respective erosion classes
Soil erosion Mean slope Priority
(tonne ha™' year) Erosion class (%) No. of MWs class
10-15 Moderate 5.46 12 4
15-20 Moderately high 5.54 15 3
20-40 High 6.08 32 2
>40 Very high 7.83 3 1

Table 4. Percentage of area under different erosion classes after incorporating
best management practices

Soil erosion Area Area No. of
(tonne ha™' year')  Erosion class (sq. km) (%) MWs
0-5 Very low 13.19 1.59 2
5-10 Low 29.31 3.53 3
10-15 Moderate 332.75 40.06 25
15-20 Moderately high 146.45 17.63 12
20-40 High 308.85 37.19 22
>40 Very high 0.00 0.00 0
Total 830.50 100 64
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Figure 5. Soil erosion (a) and priority (b) of Ambika watershed.

priority class 1 has reduced from 3 to 0, in priority class 2
from 32 to 22 and in priority class 3 it has reduced from
15to 12.

Conclusion

Quantitative assessment of soil loss using USLE and GIS
in Ambika watershed was done to analyse the spatial dis-
tribution of soil erosion. The annual average soil loss for
the entire watershed was estimated as 22.41 tonne ha'

CURRENT SCIENCE, VOL. 119, NO. 6, 25 SEPTEMBER 2020

year '. A large portion of the watershed was affected by
sheet and rill erosion resulting in low agricultural produc-
tivity. The use of contour bunds and terraces as soil
conservation measures in areas with moderately high to
very high soil erosion (>15 tonne ha' year ') can reduce
the annual average soil loss by 24%. Therefore, these
conservation measures can be effectively applied to Am-
bika watershed and other watersheds with similar geo-
morphology with slope ranging from 5% to 8%, to reduce
soil erosion. Hence, estimation of soil loss, understanding
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the

conservation measures
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Figure 6.

causes of soil erosion, and planning and execution of
are essential for improving

agricultural productivity and livelihood security.
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