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INTRODUCTION

Soil loss is the second largest problem after 
population growth in the world [Pradhan et al., 
2012] and is threatening the watershed ecosystem 
[Zokaib and Naser, 2011; De Mello et al., 2018; 
Li et al., 2018; Giacomazzo et al., 2020], agricul-
tural and plantation production [Gomiero, 2016; 
Tarigan et al., 2018]. Soil loss not only causes 
agricultural land to be poor in nutrients, but also 
harms the ecological balance of the watershed 
and causes poverty for local communities [Sun et 
al., 2013; Sokouti and Nikkami, 2017]. Approxi-
mately 85% of land degradation in the world was 
caused by soil loss causing a decrease in yields of 
17% [Siddique et al., 2017]. 

In Indonesia, watershed degradation is mostly 
influenced by the soil loss triggered by land use 

around the watershed that does not use the prin-
ciples of soil and water conservation [Abood et 
al., 2015; Harjianto et al., 2016]. Rainfall is the 
main cause of soil loss and nutrient loss by caus-
ing ecological damage to watersheds [Adimassu 
et al., 2017].

The cause of soil erosion is the interaction 
between natural phenomena and human distur-
bance [Borrelli et al., 2017; Panagos et al., 2018; 
Poesen, 2018; Tesfaye et al., 2018; Haghighi et 
al., 2021]. The Dolago upstream areas have expe-
rienced disturbances due to shifting cultivation, 
land occupation, and other land-use practices ig-
noring soil and water conservation. The Dolago 
watershed is a watershed priority, meaning that 
it needs to be addressed in development policies, 
especially the physical conditions of the land and 
hydrological factors during degradation, where 
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during the rainy season there will be floods and 
silting of the downstream main rivers.

Various studies have applied different models 
to calculate the soil loss due to water erosion and 
sediment yield such as Universal Soil Loss Equa-
tion (USLE) [Watena et al., 2021], Revised Uni-
versal Soil Loss Equation (RUSLE) [Chuenchum 
et al., 2020], estimation of soil loss using GIS 
and remote sensing approaches [Gelagay and 
Minale, 2016]. The application of a particular 
model generally depends on the scale or spatial 
characteristics, accessibility, and data efficiency. 
RUSLE is the most widely used model and has 
its main advantages in planning future soil con-
servation [Ganasri and Ramesh, 2016]. RUSLE 
is the latest version of the USLE model and has 
been widely applied in many fields, namely ag-
riculture, geography, forestry, and the territorial 
approach. The RUSLE model estimates the soil 
loss due to the integration of geospatial technol-
ogy with low data requirements. Recent advances 
in Geographical Information Systems (GIS) have 
enhanced RUSLE to allow monitoring of erosion 
at various spatial and temporal ranges.

The factor of soil loss is strongly influenced 
by rainfall as surface runoff, including soil type 
and land cover. Therefore, variations in soil loss 
are mainly caused by the changes in rainfall and 
vegetation cover inhibiting or accelerating the 
soil loss process [Mohammad and Adam, 2010; 
Sharma et al., 2011; Alatorre et al., 2012].

The erosion hazard classification calculation 
using RUSLE is more widely used at the plot 
scale, but currently, RUSLE has been developed 
for a larger land area, especially on the water-
shed scale. Prediction of soil loss and critical land 
identification for the application of forest and 
land management in watersheds are the core of 
the soil and water conservation program [Tesfaye 
et al., 2018]. RUSLE has been adopted in several 
countries in the world as an equation of soil loss 
giving the best results in planning soil and water 
conservation in a sustainable manner [Kalambu-
kattu and Kumar, 2017; Tessema et al., 2020]. 
According to Phinzi et al., (2021), RUSLE is an 
equation that is useful as a guide in the soil and 
water conservation strategies, both mechanically 
and vegetatively.

The Dolago upstream area is experiencing 
environmental degradation, especially of the land 
and water resources. The factors causing the de-
cline in environmental conditions are the way 

farmers use land, shifting cultivation, area en-
croachment, and land occupation, specially pro-
tected areas. If it continues, this will increase the 
high erosion intensively, causing the depletion of 
topsoil with high organic matter content and mak-
ing the land less productive and critical.

Ecologically, the Dolago watershed has suf-
fered serious damage, such as a water balance 
deficit resulting in flooding and drought at any 
time and the expansion of critical land in the up-
stream area. In order to carry out conservation 
planning and appropriate watershed management 
steps, it is necessary to identify the type of land 
use with a high soil loss risk. This study aimed 
to determine the erosion hazard classification 
and erosion hazard map in the Dolago Watershed 
Central Sulawesi using RUSLE as the basis of a 
soil and water conservation planning program. 

MATERIAL AND METHODS

Time and Location

This study was carried out from March to 
November 2020 at Dolago Watershed, Parigi 
Moutong Regency, Central Sulawesi. The Do-
lago watershed covers an area of 17,649.76 ha 
and in the forest management area at the local 
level namely the Forest Management Unit (FMU) 
Dolago Tanggunung. This is in accordance with 
the division of forest management units in the 
Ministerial Decree of Forestry No.79/Men-
hut-II/2010. The Dolago Watershed is located 
on 119°54’13.80”E and 120°33’40.03”E and 
0°42’46.15”S and 1°14’12.67”S with the high-
est altitude of 1.876 m ASL (Figure 1) and the 
average elevation of 375 m ASL. The analysis of 
soil physical and chemical properties, especially 
soil erodibility factor (K) was conducted at the 
Laboratory Faculty of Agriculture and Faculty of 
Forestry, Tadulako University.

Methods

The soil loss rate equation was developed by 
Wischmeier and Smith, (1978) to estimate the an-
nual average soil loss occurring in a watershed. 
RUSLE is used to calculate the soil loss as a re-
sult of six factors namely rainfall-runoff erosivity 
factor (R), soil erodibility factor (K), slope length 
and steepness factor (LS), cover-management 
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factor (C), and support practices factor (P) with 
the following formula:

A = R * K * LS * C*P (1)

Rainfall-runoff erosivity factor (R) is a rain 
kinetic force causing the release of particles from 
the soil mass including the transport of soil par-
ticles to the lowest place [Silalahi et al., 2017]. 
This study used annual rainfall erosivity data for 
10 years (from 2011 to 2020) from the rain gauge 
station at the Kasiguncu Poso Meteorological 
Station and was calculated using the following 
formula:

 R = 2.21 MR1.36 (2)

where: R = Rainfall erosivity factor,
 MR = monthly rainfall.

Soil erodibility factor (K) is the sensitivity 
of soil to erosion, the higher the soil erodibility, 
the easier it will be eroded [Silalahi et al., 2017]. 
Soil erodibility can be calculated by the following 
formula:

 100 K= 1.292(2.1.M1.14 (10–4)(12-a) + 
 + 3.25 (b-2)+ 2.5 (c-3) (3)

where: K = soil erodibility value,

 M = particle size (% dust + % very fine 
sand ) x (100 – % clay),

 a = the organic matter content (%)
 b = the soil structure class
 c = the permeability class (cm/hour).

In order to obtain the K value according to 
Wischmeier and Smith (1978), it is necessary to 
take soil samples to the study location. The first 
stage is to observe the soil type map. The map can 
determine the number of soil samples taken. The 
Dolago watershed has five types of soil, namely 
red-yellow podzolic, brown forest soil, lithosol, 
alluvial, and gray hydromorphous. In this study, 
each type of soil was collected at two different 
points. The samples consisting of two types, 
namely disturbed soil samples and undisturbed 
soil samples, were taken. The soil samples were 
obtained using ring samples.

Slope length and steepness factor (LS), is 
the steeper the slope, the greater the slope val-
ue and the easier it will be for the soil to erode. 
The determination of the slope value was carried 
out by the presence of slope class data classified 
based on the slope value (LS) (Table 1).

Soil loss is influenced by slope steepness to 
a greater extent than by slope length. The higher 
the soil loss, the higher the steepness is. In the 
RUSLE model, the effect of topography on soil 
loss is estimated by a combination of slope length 

Figure 1. Altitude in Dolago Watershed
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(L) and slope steepness (S) as one index expressed 
as the soil loss ratio [Wischmeier, 1978].

Slope length and steepness (LS) were ana-
lyzed using the following formula: 

LS = L ½ (0.00138 S2 + 0.00965 S + 0.0138) (4)

where: L = Slope length (m),
 S = Slope steepness (%).

Cover-Managment factor (C), is the cover-
management factor represents the soil loss ratio 
under a certain cover to base soil [Biddoccu et 
al., 2020]. Land cover with a variety of vegetation 
life dynamics can reduce soil erosion by slowing 
runoff and increasing infiltration rates.

If an area has very tight vegetation cover with 
the cover-management factor (C), the soil will be 
protected from rainwater, so that high-intensity 
erosion will not occur. Land use or land cover 
map is used to estimate the C value. The land use 
or land cover map is converted to a vector format 
and an appropriate C value is given for each land-
use class based on the cover value proposed by 
Hurni, (1985); Silalahi et al., (2017) (Table 2). 

Support Practices factor (P), is the land 
management with conservation techniques, can 
make an important contribution in minimizing the 
rate of soil erosion [Haregeweyn et al., 2015]. In 
RUSLE, the P factor is the soil loss ratio with soil 
conservation practices to the losses associated 
with cultivation practices on steep slopes with a 
value of one. The P-value ranges from 0 – 1, de-
pending on the soil management activities carried 
out in a particular plot of soil. This management 
activity is highly dependent on a slope. The P fac-
tor for cropland and for all other land uses is as-
sumed to be 1, because there is no practice control 
measure [Wischmeier and Smith, 1978].

Support practices factor (P) is a land manage-
ment practice to reduce erosion such as contour 
farming or terracing on steep slopes with agri-
cultural land, or it can be expressed differently to 
reduce the runoff rates [Eisenberg and Muvundja, 

2020; Naharuddin et al., 2020]. In order to obtain 
the P factor, this study conducted field observa-
tions and interviews with farmers utilizing the 
Dolago watershed. The P factor can be analyzed 
according to an instruction by Arsyad, (2010) 
(Table 3).

Data Analysis 

The data processing was carried out on each 
type of map to obtain the five types of index val-
ues required in calculating the erosion hazard in-
dex according to Silalahi et al., (2017) (Table 4). 
The four map types were then overlayed into 
one combined map showing the area distribution 
based on the total erosion value of the RUSLE 
equation for each land cover. 

RESULTS AND DISCUSSION

Rainfall-runoff erosivity (R) factor

Rainfall erosivity was calculated based on 
the average monthly and annual rainfall (2011 to 
2020) from the Kasiguncu Poso Meteorological 
rain gauge station. The monthly rainfall erosiv-
ity was between 14.113 and 181.115, the lowest 
monthly rainfall erosivity was in March while 
the highest monthly rainfall-runoff erosivity was 
in August and September. The annual erosivity 
was 987.605 (Table 5), and meanwhile average 
monthly rainfall (Figure 2).

The rainfall erosivity factor is an important 
factor affecting the soil loss in a land use or land 
cover. Rainfall erosivity is obtained by multiply-
ing the rainfall total kinetic energy with the maxi-
mum intensity (30 minutes). In order to mini-
mize erosion in watersheds, infiltration-based 

Table 1. Slope value (LS)

Class Steepness (%) Description LS_Value
I 0 – 8 Flat 0.40
II 8 – 15 Sloping 1.40
III 15 – 25 Rather steep 3.10
IV 25 – 45 Steep 6.80
V >45 Very steep 9.50

Table 2. Cover management value (C)

Land Use C_Value
Shrubs and natural forests 0.01
Pasture land 0.01
Contour farm 0.14
Mixed agricultural crops 0.43
Plantation 0.07
Settlement 0.20
Rice field 0.22
Moor or field 0.50
Vacant land 0.05
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rainwater management needs to be carried out 
properly [Asiedu, 2018]. 

Soil erodibility (K) factor

Soil erodibility (K) shows the sensitivity of 
soil to erosion. Soil erodibility is influenced by 
soil texture (percentage of very fine sand, dust, 
and clay), soil structure, soil permeability, and 
soil organic matter content. The analysis of physi-
cal and chemical properties was carried out to de-
termine the organic matter, permeability, and soil 
texture, as presented in Table 6 and Table 7.

On the basis of Table 7, there were two types 
of land with a very high classification, namely Pri-
mary land forest and rice field. Meanwhile, Sec-
ondary land forest, dryland farming, and mixed 
dryland farming were classified as high category, 
while shrub was included in the Medium category.

Slope length and steepness (LS) factor

On the basis of the results, (Figure 3), the 
Dolago watershed has a slope above 40% (very 
steep) with an area of 12171.32 ha, 25% to 40% 
(steep) of 2834.19 ha, 15% to 25% (Rather steep) 
of 461.27 ha, and 0% – 8% (flat) of 2182.98 ha. 
The obtained results showed that LS ranged from 
0.40 to 9.50. The lowest LS value was in the rice 
field, while the highest was in the primary land 
forest and secondary land forest in the Dolago up-
stream areas. This is in accordance with the char-
acteristics of the Dolago watershed where the up-
stream area has a steep to very steep slope class. 
Slope length and steepness (LS) determines the 
dimensions and severity of erosion in land use or 
land cover [Özşahin and Eroğlu, 2019]. Soil loss 
can increase due to a combination of slope length 
and steepness in a land unit. The LS factor was 
obtained from a digital elevation model. 

Cover management (C) factor

The study area has six land cover classes as 
units of analysis, namely primary land forest, 
secondary land forest, scrub, dryland agricul-
ture, mixed dryland agriculture, and rice field. 

Table 4. The commonly used erosion hazard 
classification in Indonesia

Erosion rate (t/ha/yr) Class Erosion Index
<15 I very low

15–60 II low
60–180 III medium

180–480 IV high
>480 V very high

Table 3. Soil conservation practice value (P)

Soil conservation practice P_Value
No erosion control measures 1.00
Terracing:
Good construction 0.04
Medium construction 0.15
Poor construction 0.35
Traditional terracel 0.40
Planting strips:
Bahia grass 0.40
Clotararia 0.64
Contouring 0.20
Soil preparation and planting according to contours:
0–8% slope 0.50
8–20% slope 0.75
> 20% slope 0.90

Figure 2. Average monthly rainfall
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Overall, 98.82% of Dolago watersheds reached 
17,649.76 ha. The C factor was identified accord-
ing to land cover (Table 2).

On the basis of the results, the C factor ranged 
from 0.01 to 0.43 according to the land use map. 
In addition, the results showed that the C factor 
close to zero was found in forest areas. Mean-
while, a C factor close to 1 was found in mixed 
dryland agriculture. The Primary Land Forest had 
a C factor of 0.01 so that it can reduce erosion 
rates. In order to reduce erosion hazards, the for-
est area needs to be maintained. This is in line 
with a statement by Teng et al., (2019) that re-
storing vegetation and maintaining the condition 

of vegetated forest areas is a promising strat-
egy to reduce the risk of soil loss across various 
landscapes. 

Support Practices (P) factor

On the basis of the results, the P-factor ranged 
from 0 to 1, where, the highest value was found 
in a land without conservation practices such as 
dryland farming, while the minimum value was 
found in the terracing rice fields of 0.04. Thus, the 
conservation agriculture system can reduce the 
erosion rate and increase the efficiency of conser-
vation practices. This is in line with a statement 
by Mohamed et al., (2013) that these practices 
can minimize erosion and become an effective in-
put in creating sustainable land use planning and 
management strategies. According to Chen et al., 
(2017) and Rybicki, (2021), terracing is consid-
ered a soil and water conservation strategy.

Erosion Hazard Classification (EHC) 

The erosion hazard classifictaion was deter-
mined based on Table 5. The results showed that 
erosion hazard classification in the Dolago wa-
tershed was in very low to very high category 
(Figure 4). On the basis of the results, very low 
erosion hazard was found in rice field of 2.22 t/
ha/yr. Meanwhile, Low erosion hazard was found 
in two types of land namely primary land forest 

Table 7. Soil erodibility calculation

Land cover OM S P M K Classification
Primary land forest 2.35 3 5 5299 0.56 very high
Secondary land forest 1.85 3 4 4370 0.46 high
Shrubs 4.78 3 4 3486 0.28 medium
Dryland farming 3.01 3 4 4665 0.44 high
Mixed dryland farming 2.04 3 4 4773 0.49 high
Rice fields 2.08 3 5 5898 0.64 very high

Description: OM = the organic matter content (%), S = the soil structure class, P= the permeability class (cm/hour) 
M = soil texture class (% dust + % very fine sand ) x (100 – % clay).

Table 5. Rainfall-runoff erosivity factor

Month Monthly rainfall (cm) R = 2,21 MR1.36

January 10.5 30.872
February 12.3 36.164
March 4.8 14.113
April 5.6 16.465
May 34.7 102.024
June 26 76.445
July 23.6 69.388
August 61.6 181.115
September 61.6 181.115
October 26.1 76.739
November 25.9 134.954
December 23.2 68.212
Rainfall-runoff erosivity 987.605

Table 6. The results of soil physical and chemical properties test 

Land cover Organic matter 
(%)

Permeability 
(cm/hour)

Texture (%)
Texture class

Coarse sand Fine sand Dust Clay
Primary land forest 2.35 1.46 41.9 31.0 23.8 3.3 loamy sand
Secondary land forest 1.85 5.98 47.8 28.0 18.4 5.8 loamy sand
Shrubs 4.78 2.32 45.9 22.2 18.2 13.7 sandy loam
Dryland farming 3.01 2.69 46.8 27.7 21.1 4.4 loamy sand
Mixed dryland farming 2.04 3.00 36.0 31.7 21.7 10.6 sandy loam
Rice fields 2.08 1.22 20.8 42.0 25.1 12.1 sandy loam
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and shrubs of 52.54 t/ha/yr and 26.27 t/ha/yr. 
Medium erosion hazard was found in secondary 
land forests namely 86.32 t/ha/yr, high erosion 
hazard was found in mixed dryland farming of 
291.32 t/ha/yr. Meanwhile, a very high erosion 
hazard was found in dryland farming of 577.95 
t/ha/yr. These results are helpful in understand-
ing the mechanisms behind the soil loss changes 
based on the dimensions of land use or cover and 
to provide the information for sustainable soil 
and water management and vegetation restora-
tion. According to Jin et al., (2021) the changes 

in land surface conditions, including vegetation 
cover and forested areas, as well as soil conser-
vation measures have a dominant influence on 
the spatial heterogeneity of erosion with 11.9% 
contributing to erosion reduction. However, the 
rainfall erosivity factor has a strong effect on 
increasing soil loss [Abdulkadir et al., 2016]. 
Likewise, the conversion of forest land from 
other forms of land use, especially agricultural 
land, has increased the erosion rate [Zare et al, 
2017; Mehri et al., 2018; Ouyang et al., 2018; 
Naharuddin et al. 2019].

Figure 3. LS factor

Figure 4. Erosion hazard classes
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Figure 4, shows that dry agricultural land has 
a very high erosion hazard due to the high range 
of C and LS values,  where these factors cause 
high RUSLE results because the R and K factors 
are only characterized by slight differences in the 
study area. According to Eisenberg and Muvund-
ja, (2020) the sand content causes a low K factor 
and reduces erosion due to high infiltration due to 
vacuum. According to Srinivasan et al., (2019), if 
the higher organic matter content usually reduces 
the susceptibility to erosion, this can be found in 
primary and Secondary Land Forest areas in the 
Dolago watershed.

CONCLUSIONS

The corrosion hazard classification in the Do-
lago Watershed varies, including very low, low, 
medium, high, and very high. Dryland agriculture 
had a very high erosion rate of 577.95 t /ha/yr. A 
very low erosion rate was found in a rice field of 
2.22 t/ha/yr.

Most of the Dolago watershed areas were in-
cluded in the medium erosion hazard classifica-
tion mainly in primary and secondary land for-
ests, while the areas included in the high erosion 
hazard classification were concentrated in the Do-
lago watershed because of the high slope length 
and steepness values   (LS-Factor).

In the study area, a combination of mechani-
cal and vegetative soil and water conservation 
methods is needed to minimize the erosion rate by 
increasing soil stabilization and vegetation den-
sity. It is recommended that model validation and 
testing should be carried out in future studies, as 
this is a strategic step to develop a more effective 
and efficient sediment yield modeling tool. The 
results obtained can help in the application of soil 
management and conservation practices to reduce 
the soil loss in the Dolago watershed.
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