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INTRODUCTION 


A watershed
is an ecological system formed through interactions between biotic and abiotic
components that mutually influence environmental balance. Massive land-use
changes resulting from population growth, agricultural expansion, settlement
development, and various economic activities have increased pressure on
watershed sustainability. These conditions have reduced the land’s capacity to
control surface runoff and increased the risk of land degradation. According to
the Food and Agriculture Organization, land degradation caused by erosion has
become one of the most serious threats to environmental sustainability and
agricultural productivity in developing countries (Mishra,
2025).
Furthermore, uncontrolled land-use changes without appropriate conservation
practices can accelerate topsoil loss and significantly reduce land resource
quality (Habtu, 2024).


Soil erosion
is the process of topsoil removal caused by water or wind, occurring naturally
or being accelerated by human activities. In tropical regions, high rainfall
intensity and steep topography are the primary factors increasing erosion potential
within a watershed area. Vegetation cover degradation in upstream watershed
areas in Indonesia contributes to increased sedimentation and decreased soil
infiltration capacity (Basuki et
al., 2022).
Meanwhile, uncontrolled erosion rates may damage soil fertility, reduce
agricultural land productivity, and increase the risks of flooding and
landslides in downstream areas (Rashmi et
al., 2022).
Therefore, erosion prediction analysis is essential to support sustainable and
conservation-based watershed management.


The
Jeneberang Watershed is one of Indonesia’s national priority watersheds and
plays a strategic role as a water catchment and ecological buffer area in South
Sulawesi Province. This area experiences considerable environmental pressure
due to land conversion and intensive agricultural activities in the upstream
region. Data from Indonesian Forum for the Environment (WALHI) indicate that
most areas within the Jeneberang Watershed have been converted into non-forest
land, thereby reducing the watershed’s capacity to absorb water and control
erosion (Nurindah et
al., 2024).
This condition is supported by research showing that the Malino Sub-Watershed
has high erosion vulnerability due to the dominance of steep slopes and the
limited implementation of soil conservation techniques (Nyairo,
2024).
If these conditions continue, land degradation within the Jeneberang Watershed
may intensify and threaten the sustainability of the watershed’s hydrological
functions.


Several
previous studies have examined erosion prediction using the Universal Soil Loss
Equation (USLE) method in various watershed areas in Indonesia and other
countries. The USLE method has been widely recognized as an effective approach
for identifying soil loss levels based on rainfall, slope steepness, soil type,
and land-use factors (Zeghmar et
al., 2024).
Similarly, research conducted in West Java found that areas with low vegetation
cover experienced higher erosion rates than forested land (Nahib et
al., 2024).
However, studies concerning erosion prediction in the Malino Sub-Watershed remain
limited, particularly those integrating land-use characteristics, conservation
factors, and erosion hazard levels comprehensively. Most previous studies have
focused on general watershed analysis without specifically examining the
biophysical conditions and land-use variations within the Malino Sub-Watershed.


The research
gap in this study lies in the limited availability of recent scientific
information regarding the distribution of erosion hazard levels based on
land-use variations within the Malino Sub-Watershed, Gowa Regency. Previous
studies generally assessed erosion rates partially without integrating
topographic factors, vegetation cover, and conservation practices into a
comprehensive analysis. In addition, several earlier studies still relied on
low-resolution spatial data, which could not adequately represent the actual
erosion vulnerability conditions at the land-unit level. Spatial approaches
based on land units are necessary to improve the accuracy of identifying
erosion-prone areas in upstream watersheds (A. Kumar et
al., 2025).
Therefore, this study has scientific urgency in providing more specific
information regarding erosion rates and erosion hazard levels across different
land uses in the Malino Sub-Watershed.


Based on these issues, this study aims
to analyze erosion prediction and erosion hazard levels in the Malino
Sub-Watershed of the Jeneberang Watershed, Gowa Regency, using the Universal
Soil Loss Equation (USLE) method. This research is expected to provide
scientific information regarding the influence of rainfall erosivity, soil
erodibility, topography, land use, and conservation practices on erosion levels
within the study area. Furthermore, the findings are expected to serve as a
basis for soil conservation planning and sustainable watershed management,
particularly in the upstream area of the Jeneberang Watershed, which has
relatively high erosion vulnerability. Through this study, efforts to mitigate
land degradation and control erosion in the Malino Sub-Watershed are expected
to be implemented more effectively and appropriately.


 


THEORETICAL
REVIEW


Watershed
Concepts and Land Degradation


            A watershed is
a hydrological system that functions as a water regulator, ecological buffer,
and environmental stabilizer within a particular region. From a landscape
ecology perspective, a watershed is understood as a spatial unit influenced by
the interaction of rainfall, topography, vegetation, soil characteristics, and
human activities. Uncontrolled land-use changes may disrupt watershed
hydrological stability, thereby increasing surface runoff, sedimentation, and
land degradation. According to the theory of sustainable watershed management,
vegetation cover plays an important role in maintaining water infiltration and
reducing soil loss caused by erosion (S.
S. Kumar et al., 2025). In addition, Jiang
et al. (2023) explained that land degradation in tropical watersheds has
intensified due to the conversion of forest areas into agricultural land and
settlements without adequate soil conservation practices. These conditions
indicate that watershed sustainability is strongly influenced by land-use
patterns and the effectiveness of environmental management in upstream areas.


            In the
Indonesian context, watershed degradation has become a serious environmental
issue because many upstream areas have experienced rapid land-use conversion.
Research conducted by Sunardi
et al. (2022) demonstrated that land-use changes within Indonesian watersheds
increase the risks of erosion, river sedimentation, and declining water
resource quality. Meanwhile, Taye
et al. (2023) found that watershed areas dominated by open land have higher
erosion vulnerability compared to forested areas. These findings reinforce the
theory of soil conservation, which states that vegetation cover serves as
protection against the kinetic energy of rainfall on the soil surface.
Therefore, conservation-based watershed management is essential to maintain
environmental stability and reduce the risk of land degradation in upstream
watershed regions.


 


Soil
Erosion Theory and Influencing Factors


            Soil erosion
is the process of detachment and transportation of soil particles from one
location to another due to water, wind, or human activities. Theoretically,
erosion is influenced by several major factors, including rainfall erosivity,
soil erodibility, slope length and steepness, vegetation cover, and
conservation practices. The soil loss theory developed in the Universal Soil
Loss Equation model explains that the magnitude of erosion is the result of
interactions among biophysical and land management factors (Luvai
et al., 2022). High-intensity rainfall can increase the impact energy of
raindrops on the soil surface, thereby increasing erosion potential.
Furthermore, steep slopes accelerate surface runoff velocity and intensify soil
particle transportation processes.


            Soil
characteristics also influence the sensitivity of soil to erosion. According to
Le
Bissonnais (2023), soils with low organic matter content and weak soil structure
are more susceptible to erosion than soils with stable aggregates. Similarly, Li
(2025) explained that agricultural lands in tropical regions with intensive
tillage practices are more vulnerable to soil loss due to limited vegetation
protection on the soil surface. Vegetation plays an important role in reducing
rainfall impact energy, improving infiltration, and slowing surface runoff.
Therefore, the combination of topographic conditions, soil characteristics, and
land use becomes the primary determinant of erosion hazard levels within a
watershed.


 


Universal
Soil Loss Equation (USLE) Approach in Erosion Prediction


            The Universal
Soil Loss Equation (USLE) method is one of the most widely used empirical
approaches for soil erosion prediction in many countries. This model was
developed to estimate annual soil loss based on rainfall erosivity, soil
erodibility, slope length and steepness, vegetation cover factor, and
conservation practice factor. According to lliouche
et al. (2026)), the USLE method provides relatively high accuracy in
identifying areas with severe erosion risk in both tropical and subtropical
regions. This approach is also considered effective because it integrates
various environmental and land-use parameters into a single analytical model.
Therefore, the USLE method continues to be extensively applied in soil
conservation and watershed management studies.


            Several
previous studies have demonstrated that the USLE method is capable of providing
spatial descriptions of erosion hazard distribution under different land-use
types. Nang
et al. (2024) reported that open land and agricultural areas on steep slopes
exhibit higher erosion rates than forested regions. Furthermore, research
conducted by Dharmawan
et al. (2023) in a watershed area of Sumatra revealed that conservation
practices such as terracing and contour planting significantly reduced erosion
rates. These findings indicate that the USLE method is not only useful for
predicting erosion but can also serve as a basis for determining appropriate
soil conservation strategies according to regional characteristics.


 


Land Use
and Erosion Hazard Levels


            Land use is
one of the dominant factors affecting erosion hazard levels within a watershed.
Changes in land cover from natural vegetation to intensive agricultural land or
open areas can increase surface runoff and intensify soil loss. According to
the vegetative conservation theory, vegetation cover protects the soil surface
from rainfall impact energy and enhances soil infiltration capacity (Yu
et al., 2023). Therefore, forested areas generally exhibit lower erosion rates
than open land or agricultural areas without conservation measures. Juan-Diego
et al. (2025) found that vegetation cover degradation in upstream watershed
areas increases river sedimentation and elevates flood risk in downstream
regions.


            In tropical
regions of Indonesia, agricultural land use on steep slopes is often the main
cause of severe erosion. Research conducted by Zhang
& Han, (2023) showed that mixed agricultural land and shrubland in hilly areas
experience higher soil loss compared to paddy fields and secondary forests. Meanwhile,
Fajeriana
et al. (2024) found that the implementation of soil conservation techniques
such as bench terraces and contour planting significantly reduced erosion
hazard levels. These findings support the importance of conservation-based land
management as an effort to control land degradation within watershed regions.


 


The
Importance of Research in the Malino Sub-Watershed


            The Malino
Sub-Watershed is an upstream part of the Jeneberang Watershed that plays an
important role as a water catchment and hydrological buffer area in Gowa
Regency. However, environmental pressure in this area continues to increase due
to land-use changes, agricultural activities, and the decline of natural
vegetation cover. Topographic conditions dominated by steep slopes make this
region highly vulnerable to erosion and land degradation. Previous studies have
mainly focused on the general condition of the Jeneberang Watershed without
specifically examining the distribution of erosion hazard levels based on
land-use units in the Malino Sub-Watershed. In fact, land-unit-based analysis
is crucial for producing more detailed and accurate information regarding
erosion vulnerability within a region (Bilas
et al., 2022).


            This study is
important because it provides scientific information regarding the
relationships among rainfall, soil characteristics, topography, land use, and
conservation practices affecting erosion levels in the Malino Sub-Watershed.
Furthermore, the findings are expected to serve as a basis for developing soil
conservation strategies and sustainable watershed management plans. Mohammed
et al. (2025) emphasized that identifying priority erosion-prone areas is
essential for supporting land rehabilitation policies and environmental
degradation mitigation in upstream watershed regions. Therefore, this study
contributes not only to the advancement of soil conservation science but also
provides practical benefits for environmental management and sustainable
development in Gowa Regency.


 


METHODOLOGY  


Research Design and Approach


            This study employed a quantitative approach
using a survey research design to analyze erosion prediction and erosion hazard
levels in the Malino Sub-Watershed of the Jeneberang Watershed, Gowa Regency.
Quantitative approaches are widely applied in environmental and watershed
studies because they allow researchers to measure and evaluate biophysical
variables systematically and objectively (Shekar &
Mathew, 2024).
The study utilized the Universal Soil Loss Equation method as the primary
analytical approach for estimating annual soil erosion rates based on rainfall
erosivity, soil erodibility, slope characteristics, vegetation cover, and
conservation practices. According to Naqvi et al.
(2024),
the USLE method remains one of the most effective empirical models for
identifying erosion risk in tropical and subtropical regions because it
integrates environmental variables into a comprehensive predictive framework.
The research was conducted from September to October 2024 in the Malino
Sub-Watershed located in Tinggimoncong District, Gowa Regency, South Sulawesi
Province.


 


Population and Sampling Technique


            The population of this study consisted of all
land units distributed within the Malino Sub-Watershed area covering
approximately 2661.22 hectares. Sampling was conducted using a purposive
sampling technique based on variations in land use, slope classes, and soil
types within the study area. This sampling technique was selected because it
enables researchers to identify representative land units according to
environmental characteristics directly related to erosion vulnerability (Ahmed, 2024). Land-unit
samples were generated through overlay analysis of soil maps, slope maps, and
land-use maps using a Geographic Information System (GIS) approach. The overlay
process produced 44 land units representing variations in topography,
vegetation cover, and soil characteristics in the Malino Sub-Watershed. Similar
land-unit-based sampling approaches have been widely used in erosion studies
because they provide more accurate spatial representation of erosion-prone
areas (Zhou et al.,
2025).


 


Data Collection Techniques and Research
Instruments


            This study used both primary and secondary
data sources. Primary data were collected through direct field observations,
soil sampling, and land characteristic measurements within each land unit. The
collected primary data included soil bulk density, effective soil depth, slope
conditions, vegetation cover, and existing conservation practices. The research
instruments used in this study included soil ring samplers, soil augers,
crowbars, roll meters, Global Positioning System (GPS) devices, computers, and
field documentation tools. Nicosia et
al. (2024)
emphasized that direct field measurements are essential in erosion studies
because they provide accurate and reliable biophysical information for
estimating soil loss rates.


            Secondary data consisted of land-cover maps
obtained from the Ministry of Environment and Forestry of the Republic of
Indonesia, soil-type maps from the Indonesian Center for Agricultural Land
Resources Research and Development, slope maps derived from Shuttle Radar
Topography Mission data with a spatial resolution of 30 meters, and rainfall
data obtained from the Meteorological Climatological and Geophysical Agency.
Spatial data processing and map overlay analysis were conducted using
Geographic Information System software to determine land-unit distribution and
topographic variation within the watershed area. Singh et al.
(2023)
explained that GIS-based spatial analysis significantly improves the accuracy
of erosion hazard assessment and supports sustainable watershed management
planning.


 


Research Procedure


            The research procedure was conducted
systematically through several stages. The first stage involved collecting
spatial and climatic data related to land use, soil characteristics, slope
classes, and rainfall intensity within the study area. The second stage
involved overlaying thematic maps to identify land-unit classifications
representing variations in soil type, slope, and land use. The third stage
consisted of field surveys and soil sampling to obtain primary data regarding
soil physical properties, vegetation conditions, and conservation practices
implemented in each land unit. Wang et al.
(2024)
stated that field verification is necessary to improve the accuracy of erosion
prediction models and ensure consistency between spatial analysis and actual
field conditions.


            The next stage involved estimating annual
soil erosion rates using the Universal Soil Loss Equation approach based on
rainfall erosivity, soil erodibility, slope length and steepness, vegetation
cover, and conservation practices. Rainfall erosivity values were determined
using long-term rainfall data, while soil erodibility values were obtained
through laboratory analysis of soil properties. Vegetation cover and
conservation practice values were identified through direct field observations
and adjusted according to standardized conservation references. Soniari et
al. (2024)
explained that combining laboratory analysis, spatial interpretation, and field
observation improves the reliability of erosion estimation in tropical
watershed areas.


 


Conservation Practice Assessment


            The conservation practice factor was
determined based on the type of soil conservation implemented within each
land-use category. Conservation practices identified in the study area included
contour planting, bench terraces, and traditional terraces. According to Du et al.
(2022),
conservation practices play an important role in reducing runoff velocity,
improving infiltration, and minimizing soil particle displacement on sloping
land. Areas without conservation measures were categorized as highly vulnerable
to erosion because rainfall runoff directly affects the soil surface without
protective barriers. Meanwhile, agricultural land applying contour planting and
terracing systems showed lower erosion potential due to improved runoff control
and enhanced soil stability.


Table 1.
Conservation Practices Identified in the Study Area





 
  
   	
   No

   
   	
   Conservation Practice

   
   	
   Description

   
  

 
 
  	
  1

  
  	
  Bench Terrace

  
  	
  Terracing system constructed on sloping
  land to reduce runoff velocity

  
 

 
  	
  2

  
  	
  Traditional Terrace

  
  	
  Traditional soil conservation terrace used
  in agricultural land

  
 

 
  	
  3

  
  	
  Contour Planting

  
  	
  Planting system following contour lines to
  minimize runoff

  
 

 
  	
  4

  
  	
  No Conservation Practice

  
  	
  Land without any erosion control treatment

  
 







Source: Adapted from field observation data,
2026.


 


Data Analysis Technique


         Data analysis was conducted
quantitatively using the Universal Soil Loss Equation method combined with
spatial analysis techniques. The estimated erosion values for each land unit
were classified into erosion hazard categories ranging from very low to very
severe erosion levels. Statistical tabulation and spatial interpretation were
used to identify the dominant environmental factors influencing erosion rates
in the Malino Sub-Watershed. Geographic Information System software and
Microsoft Excel were utilized to process spatial data, calculate erosion
parameters, and generate erosion hazard distribution maps. According to Halder et al.
(2024),
integrating GIS technology with erosion prediction models improves spatial
accuracy and supports more effective watershed management decision-making.
Therefore, the analytical approach applied in this study is expected to provide
comprehensive information regarding erosion vulnerability and conservation
priorities within the Malino Sub-Watershed.


 


RESULTS


Land Unit Classification in the Malino
Sub-Watershed


            The analysis of land units in the Malino
Sub-Watershed was conducted through an overlay process involving soil type
maps, topographic maps, land-use maps, and rainfall distribution maps. Based on
the overlay results, 44 land units were identified within the study area. These
land units represent variations in land use, slope characteristics, and soil
conditions that influence erosion susceptibility in the Malino Sub-Watershed.
The total study area covered approximately 2661.22 hectares consisting of
shrubland, secondary dryland forest, plantation forest, dryland agriculture,
mixed dryland agriculture, and paddy fields. Mixed dryland agriculture
dominated the watershed area with 936.71 hectares or 35.20% of the total land
area, followed by paddy fields with 719.90 hectares or 27.05%. Meanwhile, plantation
forest represented the smallest land-use category with only 28.48 hectares or
1.07% of the total study area.


Table 2. Land Unit Classification Based on
Land Use in the Malino Sub-Watershed





 
  
   	
   No

   
   	
   Land Use Type

   
   	
   Area (ha)

   
   	
   Percentage (%)

   
   	
   Land Unit Code

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  427.62

  
  	
  16.07

  
  	
  U14, U19, U21, U23, U26, U28, U30, U33

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  507.06

  
  	
  19.05

  
  	
  U5, U15, U16, U18, U24, U41, U44

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  28.48

  
  	
  1.07

  
  	
  U10, U11

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  41.45

  
  	
  1.56

  
  	
  U6, U22

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  936.71

  
  	
  35.20

  
  	
  U1, U3, U8, U9, U17, U20, U25, U29, U31,
  U34, U36, U38, U40, U42

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  719.90

  
  	
  27.05

  
  	
  U2, U4, U7, U12, U13, U27, U32, U35, U37,
  U39, U43

  
 

 
  	
   

  
  	
  Total

  
  	
  2661.22

  
  	
  100

  
  	
  44 Units

  
 







Source: Primary Data, 2026.


 


Rainfall Erosivity Factor


            Rainfall erosivity analysis was carried out
using monthly rainfall data collected during the period 2018–2022 from the
Meteorological Climatological and Geophysical Agency of South Sulawesi
Province. The erosivity factor represents the ability of rainfall to detach and
transport soil particles from the land surface. The results showed that
rainfall erosivity values varied significantly across months depending on
rainfall intensity and precipitation amount. January recorded the highest
rainfall erosivity value of 407.59, corresponding to the highest average
monthly rainfall of 463.5 mm. In contrast, August showed the lowest erosivity
value of 5.63 with average rainfall of only 19.9 mm. The annual rainfall
erosivity value in the Malino Sub-Watershed reached 1289.03, indicating
relatively high rainfall influence on erosion processes within the watershed
area.


Table 3. Average Monthly Rainfall and
Rainfall Erosivity Values (2018–2022)



 
  
   	
   Month

   
   	
   Average Rainfall (mm)

   
   	
   Average Rainfall (cm)

   
   	
   Rainfall Erosivity (R)

   
  

 
 
  	
  January

  
  	
  463.5

  
  	
  46.35

  
  	
  407.59

  
 

 
  	
  February

  
  	
  340.7

  
  	
  34.07

  
  	
  268.18

  
 

 
  	
  March

  
  	
  263.5

  
  	
  26.35

  
  	
  189.08

  
 

 
  	
  April

  
  	
  163.75

  
  	
  16.37

  
  	
  99.01

  
 

 
  	
  May

  
  	
  114.5

  
  	
  11.45

  
  	
  60.87

  
 

 
  	
  June

  
  	
  81.0

  
  	
  8.10

  
  	
  38.01

  
 

 
  	
  July

  
  	
  42.77

  
  	
  4.27

  
  	
  15.95

  
 

 
  	
  August

  
  	
  19.9

  
  	
  1.99

  
  	
  5.63

  
 

 
  	
  September

  
  	
  21.0

  
  	
  2.10

  
  	
  6.06

  
 

 
  	
  October

  
  	
  32.4

  
  	
  3.24

  
  	
  10.93

  
 

 
  	
  November

  
  	
  130.4

  
  	
  13.04

  
  	
  72.64

  
 

 
  	
  December

  
  	
  182.9

  
  	
  18.29

  
  	
  115.08

  
 

 
  	
  Annual Erosivity

  
  	
   

  
  	
   

  
  	
  1289.03

  
 




Source: Primary Data, 2026.


 


Soil Erodibility Factor


            The soil erodibility factor describes the
susceptibility of soil to erosion based on soil physical properties such as
texture, structure, permeability, and organic matter content. The results
indicated that secondary dryland forest had the highest average soil
erodibility value of 0.45, followed by shrubland with 0.42 and paddy fields
with 0.40. Meanwhile, dryland agriculture showed the lowest erodibility value
of 0.25. Several soil types were identified within the study area, including
Aeric Epiaquepts, Andic Eutrudepts, Typic Eutrudepts, and Typic Hapludands.
Typic Eutrudepts exhibited the highest individual erodibility value of 0.51,
indicating high sensitivity to erosion processes. These results demonstrate
that soil characteristics strongly influence erosion vulnerability in the
Malino Sub-Watershed.


Table 4. Average Soil Erodibility Values (K)
Based on Land Use



 
  
   	
   No

   
   	
   Land Use

   
   	
   Soil Type

   
   	
   K Value

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  Andic Eutrudepts, Typic Eutrudepts, Typic
  Hapludands

  
  	
  0.42

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  Aeric Epiaquepts, Typic Eutrudepts, Typic
  Hapludands

  
  	
  0.45

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  Andic Eutrudepts, Typic Hapludands

  
  	
  0.27

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  Typic Hapludands

  
  	
  0.25

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  Aeric Epiaquepts, Andic Eutrudepts, Typic
  Eutrudepts, Typic Hapludands

  
  	
  0.37

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  Aeric Epiaquepts, Andic Eutrudepts, Typic
  Eutrudepts, Typic Hapludands

  
  	
  0.40

  
 




Source: Primary Data, 2026.


 


Topographic Factor


            Topographic conditions in the Malino
Sub-Watershed varied from flat to very steep slopes. The slope length and
steepness factor significantly influenced surface runoff velocity and erosion
intensity. Shrubland areas had the highest average LS value of 4.96, followed
by secondary dryland forest with 4.09 and mixed dryland agriculture with 3.72.
Dryland agriculture showed the lowest LS value of 0.73 due to relatively gentle
slopes. Areas characterized by steep and very steep slopes generally
experienced higher erosion susceptibility because runoff velocity increased
rapidly on inclined land surfaces. These findings indicate that slope
conditions play a major role in determining erosion intensity within the study
area.


Table 5. Average Slope Length and Slope Steepness
Factor (LS)





 
  
   	
   No

   
   	
   Land Use

   
   	
   Slope Class

   
   	
   Average LS Value

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  Flat to Very Steep

  
  	
  4.96

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  Flat to Steep

  
  	
  4.09

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  Gentle

  
  	
  1.20

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  Flat to Gentle

  
  	
  0.73

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  Flat to Very Steep

  
  	
  3.72

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  Flat to Steep

  
  	
  2.87

  
 







Source:
Primary Data, 2026.


 


Vegetation Cover and Conservation Practice
Factors


            Vegetation cover and conservation practices
strongly affected erosion rates within the Malino Sub-Watershed. Shrubland
areas had limited vegetation protection and no conservation practices,
resulting in higher erosion vulnerability. Secondary dryland forest had the
lowest vegetation cover factor due to dense forest vegetation that effectively
protected the soil surface. Conservation measures identified in the study area
included contour planting in dryland agriculture, moderate bench terraces in
mixed dryland agriculture, and traditional terraces in paddy fields. Other
land-use categories did not apply any conservation practices. The
implementation of conservation techniques reduced runoff velocity and minimized
soil displacement on sloping land surfaces.


Table 6. Vegetation Cover and Conservation
Practice Factors





 
  
   	
   No

   
   	
   Land Use

   
   	
   Vegetation Type

   
   	
   C Factor

   
   	
   Conservation Practice

   
   	
   P Factor

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  Shrubs

  
  	
  0.30

  
  	
  No Conservation Practice

  
  	
  1.00

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  Natural Forest with Low Litter

  
  	
  0.005

  
  	
  No Conservation Practice

  
  	
  1.00

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  Selective Logging Production Forest

  
  	
  0.20

  
  	
  No Conservation Practice

  
  	
  1.00

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  Medium Density Mixed Garden

  
  	
  0.20

  
  	
  Contour Planting

  
  	
  0.50

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  Medium Density Mixed Garden

  
  	
  0.20

  
  	
  Moderate Bench Terrace

  
  	
  0.15

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  Paddy Field Vegetation

  
  	
  0.01

  
  	
  Traditional Terrace

  
  	
  0.40

  
 







Source: Primary Data, 2026.


Erosion Prediction and Erosion Hazard Levels


            The estimated erosion rates in the Malino
Sub-Watershed varied considerably depending on land-use characteristics,
topography, vegetation cover, and conservation practices. Shrubland areas
experienced the highest erosion rate at 805.59 tons/ha/year, classified as a
very severe erosion hazard level. This condition was mainly caused by steep
slopes, limited vegetation cover, and the absence of conservation measures. In
contrast, paddy fields showed the lowest erosion rate at 5.92 tons/ha/year due
to dense vegetation cover and traditional terrace implementation. Secondary
dryland forest also exhibited a very low erosion rate of 11.86 tons/ha/year
because forest vegetation effectively reduced rainfall impact and runoff
velocity. Plantation forest and mixed dryland agriculture showed moderate
erosion hazard levels with erosion rates of 83.53 and 87.68 tons/ha/year,
respectively.


Table 7. Average Erosion Rates Based on Land
Use in the Malino Sub-Watershed





 
  
   	
   No

   
   	
   Land Use

   
   	
   R

   
   	
   K

   
   	
   LS

   
   	
   C

   
   	
   P

   
   	
   Erosion Rate (tons/ha/year)

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  1289.03

  
  	
  0.42

  
  	
  4.96

  
  	
  0.30

  
  	
  1.00

  
  	
  805.59

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  1289.03

  
  	
  0.45

  
  	
  4.09

  
  	
  0.005

  
  	
  1.00

  
  	
  11.86

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  1289.03

  
  	
  0.27

  
  	
  1.20

  
  	
  0.20

  
  	
  1.00

  
  	
  83.53

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  1289.03

  
  	
  0.25

  
  	
  0.73

  
  	
  0.20

  
  	
  0.50

  
  	
  23.52

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  1289.03

  
  	
  0.37

  
  	
  3.72

  
  	
  0.508

  
  	
  1.15

  
  	
  87.68

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  1289.03

  
  	
  0.40

  
  	
  2.87

  
  	
  0.01

  
  	
  0.40

  
  	
  5.92

  
 







Source: Primary Data, 2024.


 


Table 8. Erosion Hazard Classification in the Malino
Sub-Watershed





 
  
   	
   No

   
   	
   Land Use

   
   	
   Area (ha)

   
   	
   Erosion Rate (tons/ha/year)

   
   	
   Hazard Level

   
   	
   Classification

   
  

 
 
  	
  1

  
  	
  Shrubland

  
  	
  427.62

  
  	
  805.59

  
  	
  V

  
  	
  Very Severe

  
 

 
  	
  2

  
  	
  Secondary Dryland Forest

  
  	
  507.06

  
  	
  11.86

  
  	
  I

  
  	
  Very Low

  
 

 
  	
  3

  
  	
  Plantation Forest

  
  	
  28.48

  
  	
  83.53

  
  	
  III

  
  	
  Moderate

  
 

 
  	
  4

  
  	
  Dryland Agriculture

  
  	
  41.45

  
  	
  23.52

  
  	
  II

  
  	
  Low

  
 

 
  	
  5

  
  	
  Mixed Dryland Agriculture

  
  	
  936.71

  
  	
  87.68

  
  	
  III

  
  	
  Moderate

  
 

 
  	
  6

  
  	
  Paddy Field

  
  	
  719.90

  
  	
  5.92

  
  	
  I

  
  	
  Very Low

  
 







Source: Primary Data, 2026.


 


            Overall, the results indicate
that land-use characteristics, slope conditions, vegetation cover, and
conservation practices strongly influenced erosion intensity in the Malino
Sub-Watershed. Areas with limited vegetation cover and without conservation treatment,
particularly shrubland, experienced the highest erosion rates and were
categorized as having very severe erosion hazards. In contrast, land uses with
better vegetation protection and conservation measures, such as paddy fields
and secondary dryland forests, showed significantly lower erosion rates. These
findings demonstrate that appropriate land management and soil conservation
practices play an important role in reducing soil loss and maintaining
watershed stability. Therefore, conservation-based land-use management is
necessary to minimize land degradation and support sustainable environmental
management in the Malino Sub-Watershed.


 


DISCUSSION


The results of this study
show that erosion rates in the Malino Sub-Watershed varied significantly among land-use
types, indicating that soil loss is not determined by a single factor but by
the interaction of rainfall erosivity, soil erodibility, slope, vegetation
cover, and conservation practices. This finding is consistent with the basic
concept of the Universal Soil Loss Equation, which explains that erosion is
formed through the combined influence of climate, soil properties, topography,
land cover, and land management. In this study, shrubland had the highest
erosion rate of 805.59 tons/ha/year, while paddy fields had the lowest erosion
rate of 5.92 tons/ha/year, showing that land cover and conservation treatment
strongly shaped the final erosion level. This pattern supports Kardhana
et al. (2024), who found that land-cover conditions strongly influence erosion
and sedimentation rates in the Citarum Watershed, although their study focused
on a larger watershed scale, while this research provides a more specific
analysis at the sub-watershed and land-use unit level.


The very severe erosion
level found in shrubland indicates that open vegetation, steep slopes, and the
absence of conservation practices created a high-risk condition for soil loss.
In erosion theory, vegetation acts as a physical barrier that reduces the
direct impact of raindrops, slows surface runoff, and improves water
infiltration into the soil. The high erosion rate in shrubland is similar to
the findings of Assede
et al. (2023), who reported that changes in land use and land cover increased
soil erosion vulnerability, especially when natural vegetation was converted
into more open land. However, the difference lies in the local driving factors,
because erosion in the Malino Sub-Watershed was strongly influenced by the
combination of steep slopes and weak conservation treatment, while Goyo
& Puno (2023) emphasized broader land-cover change dynamics. This means that
shrubland in the Malino Sub-Watershed requires priority intervention because it
functions as the main contributor to erosion hazard in the study area.


The low erosion rates in
paddy fields and secondary dryland forests confirm the important role of
vegetation cover and land management in reducing erosion intensity. Paddy fields
had the lowest erosion value because the presence of traditional terraces and
water-retaining land management reduced runoff energy, while secondary dryland
forests were protected by vegetation cover that minimized the direct impact of
rainfall on the soil surface. This finding is in line with Epple
et al. (2022), who emphasized that soil erodibility and field-based validation
are important in determining erosion hazard levels using the USLE method. The
similarity between their study and this research lies in the use of USLE to
assess erosion sensitivity, but this study differs by showing that even land
with relatively high erodibility, such as secondary dryland forest, can still
produce low erosion when protected by dense vegetation cover. Therefore, the
findings strengthen the theoretical view that vegetation and conservation
practices may reduce erosion risk even when soil and slope conditions are
naturally vulnerable.


Moderate erosion levels in
plantation forest and mixed dryland agriculture show that vegetation cover
alone is not always sufficient to suppress erosion when slope and land
management factors are not optimal. Mixed dryland agriculture covered the
largest area in the Malino Sub-Watershed, reaching 936.71 ha, and had an erosion
rate of 87.68 tons/ha/year, indicating that this land-use type has an important
contribution to overall watershed degradation. This result is comparable to Kariminejad
et al. (2023), who showed that erosion hazard analysis can be used to identify
land rehabilitation priorities in degraded areas, especially where land use and
slope conditions increase soil loss. The difference is that their study focused
on rehabilitation direction, whereas this research emphasizes the comparison of
erosion responses across six land-use types in the Malino Sub-Watershed. Thus,
mixed dryland agriculture should not be ignored, because its large area means
that moderate erosion can still produce serious cumulative impacts on watershed
stability.


The main contribution and novelty of this
study lie in its specific analysis of erosion prediction and erosion hazard levels
based on land-use variation in the Malino Sub-Watershed, which has not been
widely discussed in recent studies. Previous studies generally examined erosion
at broad watershed scales or focused only on spatial erosion mapping, while
this research connects erosion values directly with land-use characteristics,
slope conditions, vegetation cover, and conservation practices in one
integrated interpretation. This study also confirms that erosion control in
tropical upstream watersheds cannot rely only on slope classification or soil
type, because the effectiveness of vegetation cover and conservation practices
determines whether erosion becomes very low, moderate, or very severe.
Therefore, the findings provide a scientific basis for prioritizing shrubland rehabilitation,
strengthening conservation practices in mixed dryland agriculture, and
maintaining paddy fields and secondary forests as erosion-buffering land uses
in the Malino Sub-Watershed.


 


CONCLUSIONS AND RECOMMENDATIONS


The results of this study
demonstrate that erosion intensity in the Malino Sub-Watershed was strongly
influenced by land-use characteristics, slope conditions, vegetation cover, and
conservation practices. Shrubland showed the highest erosion rate of 805.59
tons/ha/year and was classified as a very severe erosion hazard level, while
paddy fields and secondary dryland forests exhibited very low erosion rates due
to better vegetation protection and conservation treatment. These findings
confirm that conservation-based land management plays an important role in
reducing soil loss and maintaining watershed stability. Therefore,
rehabilitation of shrubland areas, strengthening contour-based conservation
practices, and maintaining vegetative land cover are necessary to minimize land
degradation and support sustainable watershed management in the Malino
Sub-Watershed.  


 


FURTHER STUDY


            This study was limited to the
application of the Universal Soil Loss Equation method using available spatial
and climatic data within the Malino Sub-Watershed. Future studies are
recommended to integrate remote sensing technology, higher-resolution spatial
analysis, and long-term hydrological monitoring to improve erosion prediction
accuracy. Further investigation is also needed to evaluate the effectiveness of
specific conservation techniques under different land-use conditions and
climate variability scenarios. Expanding the study into sedimentation dynamics
and watershed rehabilitation strategies would provide broader insights for sustainable
environmental management.
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