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ABSTRACT

Rindu Hati sub-watershed is located in District of Central Bengkulu, Bengkulu Province, that has flat until montain-
ous topography with various slope and annual rainfall up to 4,032 mm year” which possible causes erosion. This re-
search was aimed to analyze soil erosion at Rindu Hati sub-watershed based on the Universal Soil Loss Equation for-
mula, using remote sensing imagery data and by applying GIS technique. USLE method were uses five parameters,
those were length and slope factor, rainfall erosivity factor, crop management factor and land conservation , and soil
erodibility factor. An overlay analysis has been conducted to obtain the erosion. Then, the result is overlaid with soil
depth map to get the level of erosion hazard, which is classified into: very llght lzght moderate, heavily, and very
heavily. The results showed that the total erosion was 12,410,650.59 tons ha'' year”, while its level of erosion hazard
were very light (15 tons ha' year') covering an area of 2, 983 ha spreading over community agricultural areas and
forest areas, the rate of light erosion (> 15-60 tons ha year') has the largest area of covering an area of 10,410.05
ha which scattered in plantation areas having flat topography, moderate erosion rates (> 60-180 tons ha™ year™) of
1,317.33 ha spread over land areas with shrub land use and relatively flat topography, heavily erosion rates (> 180-
480 tons ha'* year™) covering 1,735. 48 ha s Ipread over land with shrub land use but has a hilly topography and very
heavily erosion rates (> 480 tons ha'' year”) covering 2,700.42 ha located in the mining area. Erosion potential rate
mapping will be very helpful in determining good and appropirate land management and conservation in the study
area.
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INTRODUCTION

Watershed degradation has been accelerated
by increasing utilization of natural resources as a
result of population growth, economic development,
policies that do not favor natural resources conserva-
tion, and the lack of awareness and participation of
the community in the context of natural resource use
(Sonapasma, 2010)

The Agency for Watershed and Protection
Forest Management of Ketahun (2013) stated that
there has been a change of function of the forest area
into a mining and plantation area in the Rindu Hati
sub-watershed area, the upstream part of the Bengkulu
watershed. The conversion of the forest area has led
to an increase in degraded land in the upstream area
of the Bengkulu watershed with a critical area of
363,583.68 ha. The degraded land is divided into

32

slightly degraded of 207,414.75 ha (57.05%),
degraded of 149,587.52 (41.14%) and highly degraded of
6,581.41 ha (1.81%), while the degraded land outside
the forest area reaches 866,176.80 ha consisting of slightly
degraded of 295,662.01 ha (34.13%), degraded of 477,113
ha (55.08%), and highly degraded of 93,401.79 ha (10.78%).

One of the causes of the increase in the degraded
land is the erosion that occurs on open land that has
little vegetation on it as a ground cover. Erosion it-
self is a process of loss or erosion of soil or parts of
land from a place that is transported by water or wind
to another place. The eroded land transported by sur-
face runoff will be deposited in a place where water
flow slows down such as rivers, irrigation channels, reser-
voirs, lakes or river mouths. This will have an impact
on silting rivers, resulting in more frequent floods in
the rainy season and drought in the dry season
(Arsyad, 2010)
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Analysis of The Level of Erosion Hazard

To get erosion data, it is necessary to predict
soil erosion from a model. Erosion is predicted from
a model because to get actual erosion data requires a
lot of time, energy and cost. Sulistyo (2011) states that
one of the erosion prediction models that is widely used in
various countries, including Indonesia, is USLE. USLE
(Universal Soil Loss Equation) is an erosion prediction
model that is widely used in various countries, because
the model is easy to manage, relatively simple and the
number of inputs or parameters needed is relatively small
compared to other erosion prediction models (Sulistyo,
2011).

In the USLE, there are 6 factors used including
erosivity factors (rainfall), soil erodibility factors,
slope length factors, slope steepness factors, vegetation
cover factors and plant management, and conservation
factors soil (Manik et al., 2013). To be able to analyze
and calculate erosion can utilize Geographic Information
System (GIS) technology. This technology can map
and describe the physical condition of the research
area spatially. These physical conditions are the parameters
that cause erosion. By utilizing GIS, this method can
determine, calculate, and show visually areas that need
conservation (Santoso, 2014). Based on the description
above, this study was conducted to analyze the level
of erosion hazard in the Rindu Hati sub-watershed area.

MATERIAL AND METHOD
Location of the research

This research was conducted in the Rindu Hati
sub-watershed in the Central Bengkulu area with an
area of 19,147 ha, which was conducted from August
2019 to November 2019.

Data Collection

Data needed in conducting this research is ero-
sivity map, topographic map, soil and land unit map and
land use map. Before the research activities are car-
ried out, a research plan is first carried out, a litera-
ture review, procurement of image maps, land use
maps, topographic maps and rainfall data for the Rin-
du Hati sub-watershed. The analysis is done by con-
verting soil type maps into K (erodibility) map, rain-
fall data into erosivity map (R), topographic maps
into slope map and land use map into vegetation map
and soil conservation technique (CP).

Data Analysis

The method of assessing the level of erosion
hazard is carried out by overlaying or combining several
maps into a unitary and scoring method (assessment).
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Erosivity score

Rm = 6,119 (Rainm)**'x (Daysm)*“x (max Pm)*s

Where:

Ry = rain erosivity

Rain,, = monthly average rainfall (in cm)

Days,, = average number of rainy days in one
month

Max P, = average maximum rainfall in the month
(cm)

Erodibility score

Soil erodibility is the sensitivity of soil to erosion,
the higher the erodibility value of a soil, the easier it
is to erode. The soil erodibility value obtained from the
calculation of the erodibility value using the equa-
tion as foloows (Wischmeier et al., 1971) :

100 K = 1,292[2,1 M"" (10 (12-a) + 3,25 (b-2) +
2,5(c-3)]

M = Percentage of very fine sand and dust
(diameters from 0.1 to 0.05 and 0.05 to
0.02 mm) x (100 - percentage of clay)
percentage of organic matter

value of soil structure

value of soil permeability

a
b
c

LS score

L Factor
( Lex
22,43

L=
Where :
La = actual slope length (in m)
m =0.5

S Factor

For slopes < 25% the factor S value uses the values
as presented in Table 1.

Table 1. Slope scores (S)

Slope
Class (%) Sscore
I 0-3 0.1
11 >3-8 0.5
111 >8-15 1.4

v >15-25 3.1
Source : RTKRHL modification, 2009
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For slopes >25%, it uses the Gremory formulas:

LS =C x Cos (S9)"*"” x {05 x sin (Sa)'** + sin (Sg)
7

Where :

Sq¢  =slope in degrees

C = constant (34.7046)
M =05

CP score

The value of plant management and soil con-
servation is obtained from the land use map and is
matched with the value of the results of research that

has been carried out as presented in Table 2 and Table 3.

Table 2. C scores (Crop management )

A=RxKxLSxCxP

= amount of eroded land (ton / h / year)
R = erosivity factor

K = soil erodibility factor

L = slope length factor

S slope factor

C factor of land cover vegetation
P = factor of soil conservation

Table 3. P scores (soil conservation technique)

Soil Conservation Technic P scores
Bench terrace, good 0.04
Bench terrace, moderate 0.15
Bench terrace, bad 0.40
Traditional terrace 0.35
Plant the slope contour 1-3% 0.4
Plant the slope contour 3-8% 0.5
Plant the slope contour 8-15% 0.6
Plant the slope contour 15-25% 0.8
Plant the slope contour >25% 0.9

Source : RTKRHL modification, 2009

Then the erosion map is overlayed to soil
depth map which is then classified into the erosion
hazard level. An assessment of the rate of erosion is

Type of plant C scores
Rice fields 0.01
Upland rice (dry land) 0.53
Corn 0.64
Soybean 0.4
Peanut 0.4
Cassava 0.7
Talas 0.7
Sweet potatoes 0.4
Cotton 0.7
Tobacco 0.4-0.6*
Chilles, onions, other
vegetables 0.7
Coffee 0.6
Chocolate 0.8
Coconut 0.7
Palm oil 0.5
Rubber 0.6-0.75*
Empty land, not procesed 0.95
Empty land, cultivated 1.0
Unditurbed bush 0.01
Forest undisturbed, a little bit 0.005

After calculating and assessing erosivity,
erodibility, length and slope factors and crop man-
agement and soil conservation techniques, the erosion
rate (A) can be obtained. Estimated amount of ero-
sion can be determined by the USLE method accord-
ing to Wischmeier and Smith (1978) that is :
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presented in Table 4.

Table 4. Assessment of the erosion rate of the
model predictions USLE

Class erosion

Soil 1 11 11 v \4

Depth Erosion (ton/ha/year)

©m 15 1560 B Ay >480
Eggp 0VL L IM ILH
%‘fggrme L IMONLH o
S0 MOIH gn U On
stalow it B 0N

Source : RTKRHL, 2009

Remarks:  0-VL = Very light; I-L = Light
II-M = Moderate
III-H = Heavily
IV-VH = Very Heavily
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RESULT AND DISCUSSION

Erosivity score

The largest erosivity value is 4,032 with an area of
200 ha or (1.045%) spread in the area of Taba Teret Vil-
lage, Taba Baru Village, Surau Village and Rindu Hati
Village (Table 5 and Figure 1).

Table 5. The Area and their percentage for each erosivity
value in the Rindu Hati sub-watershed

Erosivity score (R) Area (ha) Area (%)
1.950 150 0.78
2.050 328 1.71
2.150 993 5.18
2.250 705 3.68
2.350 894 4.66
2.450 1.299 6.78
2.550 2.175 11.35
2.650 4.310 22.51
2.750 3.303 17.25
2.850 970 5.06
2.950 690 3.60
3.050 599 3.12
3.150 482 2.51
3.250 379 1.97
3.350 377 1.96
3.450 200 1.04
3.550 224 1.17
3.650 254 1.32
3.750 241 1.25
3.850 200 1.04
3.950 174 0.91
4.032 200 1.04
Total 19,147 100.00

i
H
i

T

Figure 1. Erosivity Map of Rindu Hati sub-watershed
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Erodibilityscore

Soil types in the Rindu Hati sub-watershed are
dominated by inceptisol soil types, while the smallest K
value is 0.05 with an area of 1,322.55 ha or 6.90% of
the total area. Then Ultisols soil type has an erodibility
value of 0.3 and has an area of 149.74 ha or 0.78%
of the total area. The soil erodibility value in the Rindu
Hati sub-watershed ranges from 0.05 to 0.42. With
an average erodibility value of 0.23 included in the
medium category, it can be concluded that the Rindu
Hati sub-watershed has a soil sensitivity to erosion that
is neither too low nor too high (Figure 2 and Table 6).

Figure 2. Erodibility Map of Rindu Hati sub
Watershed

Table 6. Soil type and Erodibility Value in the Rindu-
Hati sub-watershed

Land Unit TySI::;l()f K Scores Area (ha)
Af1.2.1 Inceptisol ~ 0.28 909.60
Hab 1.1.7  Inceptisol  0.05 1,322.55
Hq1.1.1 Inceptisol  0.31 605.28
Hq1.2.1 Inceptisol ~ 0.28 304.01
Ma2.1.2 Inceptisol ~ 0.20 6,518.51
Ma2.3.3 Inceptisol  0.30 132.18
Mab 2.2.2  Ultisol 0.30 149.74
Mab 2.2.3 Inceptisol  0.25 5,301.75
Mab 2.3.3 Inceptisol  0.42 2,710.89
Mq2.2.2  Inceptisol  0.08 826.33
X.1 Inceptisol ~ 0.10 364.93
Total 19.147

Source : Data analysis, 2019
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LS score

Length and slope factors are obtained from slope
maps created using 25 meter contour interval data.
The slope class of the Rindu Hati sub-watershed is
divided into six classes, namely flat (0-3%), slightly
flat (> 3-8%), sloping (> 8-15%), rather steep (> 15-
25%), steep (> 25-45%) and very steep (> 45%). The
slope map can be seen in Figure 3, while their area is
presented in Table 6.

Figure 3. Slope Map of Rindu Hati sub-watershed

Table 6. The area for each Slope and LS Score

Class Slope LS Area  Area
(%)  scores (ha) (%)

I 0-3 0.1 2,648.18 13.83
II >3-8 0.6 145.94 0.76
I >8-15 2.0 699.09 3.65
v >15-25 12.0 7,105.04 37.10
A% >25-45 143 7,444.90 38.88
VI >45 19.7 1,107.25 5.78
Total 19.147 100

Source : Data analysis, 2009

CP score

The Rindu Hati sub-watershed consists of 9
types of land use, namely forest, open land, rubber,
coffee, rice fields, oil palm, scrub, mining and settle-
ment. Land use in the Rindu sub-watershed is domi-
nated by forests with a lot of litter and includes cof-
fee plantations with an area of 13,333.716 (69,63%)
ha, but for coffee plantations that are not included in
the forest has an area of 4,658 ha (0.024%) and for
the lowest land use namely shrubs covering an area
0f'2,034.528 ha (10.625%), oil palm plantations cov-
ering 1,295.193 ha (6.764%), rubber plantations cov-
ering an area of 40,321 ha (0,211%), open land
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335,372 ha (1.751%), coal mining covering an area
of 1,372.476 ha (7.168%), settlements covering
221,152 ha (1.155%). Map of land use in the Rindu
Hati sub-watershed can be seen in Figure 4. The
value of plant management (C) and soil conserva-
tion (P) factors can be seen in Table 7.

Figure 4. Landuse Map of Rindu Hati sub-
watershed

Tabel 7. Extensive data for each CP Value of Land

Landuse CP scores
Forest 0,001
Open field 0,95
Rubber 0,4
Coffee 0,24
Rice filed 0,0035
Young plam oil 0,3
Palm oil 0,45
Shrubs 0,01
Coal mine 1
Settlement 1
Source: RTKRHL, 2019

Soil Depth

The soil depth in the Rindu Hati sub-
watershed is dominated by a depth of 60-90 cm. The
soil depth table is presented in Table 8 and the soil
depth map of the Rindu Hati sub-watershed can be
seen in Figure 5

Tabel 8. Soil depth

Soil Depth

o
(cm) Area (Ha) Area (%)
>90 4,615 24.1
60-90 14,531 75.9
Total 19,147 100.0

TERRA,3(2), 32-38 (2020)
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Figure 5. Soil Depth Map of Rindu Hati sub-
Watershed

The Level of Erosion Hazard

The role of GIS in analyzing the level of ero-
sion hazard map is in the overlay process by com-
bining each erosion factor into new data with more
complete attributes. From the overlay results there
will be attribute table that has the value fields of R,
K, LS, C and P which then used for the erosion cal-
culation by multiplying the erosion parameters and
then overlaying it again with a soil depth map so that
a map of erosion hazard level is obtained (Figure 6).
From the results of this calculation an erosion hazard
classification of five classes was carried out, and it is
presented in Table 9.

i
|

Pfed]

Figure 6. The Level of Erosion Hazard of Map
Rindu Hati sub-watershed

The erosion hazard class in the Rindu Hati
sub-watershed consists of 5 classes: very light, light,
moderate, heavily and very heavily. Based on the
calculation, the amount of land lost due to erosion is
12,410,650.59 tons ha' year'. The very light
erosion class has an area of 2,983.11 ha (9.06%), the
light erosion class has the largest area of 10,410.05
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ha (54.37%), the moderate erosion class is 1,317.33
ha (14.1% ), a heavily erosion class of 1,735.48 ha
(15.58%) and a very heavily erosion class of
2,700.42 ha (6.88%) The mining area has a large
erosion value, this is because in mining activities the
process is carried out soil dredging will change the
contour of the soil so that it is cause faster and more
eroded.

Table 9. Level of Erosion

Erosion Total

Level of Area Area
3 0,
(ton ha™ year™) Erosion (ha) (%)
Very
<15 Light 2,983 9.06
>15-60 Light 10,410.05 54.37
>60—-180  Moderate 1,317.33 14.1
>180—480 Heavily 1,735.48 15.58
> 480 Very 570042 6.88
Heavily

Total 19.147 100

Source : Data analsys, 2019

CONCLUSION

Rindu Hati sub-watershed has a light to very
heavily erosion rate Land lost due to erosion ranged
from 0.01 tons ha™ year’ "'t0 23,146.68 tons ha year

! with a very light erosion rate (15 tons ha™' year™)
having an area of 2,983 ha spread over community
agrrcultural areas and forest areas , the rate of light
erosion (> 15-60 tons ha™ year™) has the largest area
of 10,410.05 ha spread over plantatlons that have
flat topography, moderate erosion rates (> 60-180
tons ha™' year™) of 1,317.33 ha spread over land area
with shrub land use and relatively flat topograPhy,
heavily erosion rate (> 180-480 tons ha™' year") of
1,735.48 ha spread over land area with shrub land
use but have topography h111y and very heavily ero-
sion rate (> 480 tons ha™' year) has an area of
2,700.42 ha located in the coal mining area. The
minjng area has a large erosion value because in mining
activities a dredging process is carried out which will
change the contours of the soil so that it is cause
faster and more eroded.
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