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INTRODUCTION

Soil erosion is one of the significant environ-
mental problems in watershed areas, particularly in 
regions experiencing land use changes. The Jompi 
watershed, located in Muna Regency, is a prime 
example of an area facing ecosystem pressure due 
to human activities such as converting forest land 
into agricultural fields, settlements, and open land. 
These land use changes result in the loss of soil 
cover vegetation, ultimately accelerating the rate 
of erosion [Owens, 2020]. Continuous erosion can 
lead to land degradation, reduced soil productivity, 
and disruption of the watershed’s hydrological func-
tions. The impacts are not limited to environmental 
damage but also threaten the social and economic 

sustainability of communities around the Jompi 
Watershed, which rely heavily on agricultural land 
as their main source of livelihood [Hussain et al., 
2021]. Therefore, it is essential to analyze Erosion 
sensitivity to mitigate these impacts.

Erosion sensitivity refers to the degree of 
vulnerability of a land area to erosion, whether 
caused by water or wind. Erosion sensitivity is in-
fluenced by the physical and chemical properties 
of the soil, topographic characteristics, land cov-
er, and rainfall. The higher the susceptibility of a 
land area to erosion, the greater the risk of losing 
topsoil due to the scouring process [Kanianska 
et al., 2024]. However, erosion sensitivity does 
not always result in actual erosion; rather, it in-
dicates the potential for erosion to occur if land 
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management practices are not adequately imple-
mented [Martínez-Mena et al., 2020; Tsunekawa 
and Haregeweyn, 2021].

The analysis of erosion sensitivity aims to fa-
cilitate land management and soil and water con-
servation planning. This data allows for the iden-
tification of areas with high erosion risk, enabling 
more effective and efficient land management 
[Silva et al., 2024]. Additionally, erosion sensitiv-
ity analysis helps determine appropriate land use 
based on erosion sensitivity levels, supports en-
vironmental management policies, prevents land 
degradation, and enhances agricultural productiv-
ity. Information on erosion sensitivity is also es-
sential for planning soil and water conservation 
measures, such as the construction of terraces, the 
management of ground cover vegetation, and the 
regulation of drainage channels to control surface 
run off [Nacishali, 2020]. The factors influencing 
erosion sensitivity include topography, soil type, 
land use, and rainfall. Understanding these fac-
tors is critical in determining more effective land 
management strategies [Nunes et al., 2023]. 

Based on this background, this study aims to 
analyze the erosion sensitivity in the Jompi wa-
tershed by considering biophysical characteristics 
and erosion-controlling factors – information on 
erosion sensitivity is crucial in supporting sus-
tainable watershed management.

METHODS

This study was conducted from February to 
April 2024 and involved fieldwork, field observa-
tions in the Jompi watershed area of Muna Re-
gency, and laboratory work for soil analysis. The 
tools used in the field included a GPS, measur-
ing tape, soil auger, sample rings, sample plastic 
bags, label paper, machete, hoe, shovel, pounding 
block, office supplies, and a camera. Additional-
ly, various tools were utilized for laboratory soil 
sample analysis.

The materials used in this study included 
a soil review map of Southeast Sulawesi at a 
1:250,000 scale, a slope map (topographic map) at 
a 1:250,000 scale, and a land use map of Southeast 
Sulawesi Province at a 1:250,000 scale. The ma-
terials used for laboratory analysis included soil 
samples and chemical reagents for soil analysis.

This study employed a survey and laboratory 
testing method with a land unit (LU) approach. 
During the preparation stage, base maps and sec-
ondary data were collected to create the LU. The 
creation of LUs was carried out by overlaying 
the slope map, land use map, and soil type map 
of Southeast Sulawesi Province using ArcGIS 
10.8. The final stage of LU determination was 
based on uniform characteristics, eliminating 
LUs that did not meet the area size criteria for 

Figure 1. Land unit distribution in the Jompi watershed area, Muna Regency (ArcGIS analysis, 2024)
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map accuracy. As a result, 22 LUs were identi-
fied (Figure 1). Field surveys were conducted for 
each LU, using undisturbed and disturbed soil 
sampling. Undisturbed soil sampling was con-
ducted at each depth using sample rings to ana-
lyze soil permeability. At a 0–30 cm depth, soil 
samples were also taken to analyze soil organic 
matter and texture. Erosion sensitivity (ES) was 
determined based on the results of permeabil-
ity, soil texture, and organic carbon (C-organic) 
analysis using the applicable formula. Accord-
ing to [Asdak, 2010], the calculation of ES is 
determined using the following equation:

	 KE = {2.7 × 10-4(12 – OM)M1.14 +	
	 + 3.25(S – 2) +2.5(P – 3)/100	 (1) 
where:	KE – erosion sensitivity, OM – percentage 

of organic matter, S – soil classification 
code, P – soil permeability (cm/hour), M – 
(% silt + fine sand) × (100 - % clay).

The results of laboratory tests on soil tex-
ture and permeability and the calculated ero-
sion susceptibility are then classified based on 
[Arsyad, 2010] (Table 1, 2, and 3) to facilitate 
descriptive explanation.

RESULTS AND DISCUSSION

Soil texture

Soil texture is the ratio of the percentage of 
sand, silt, and clay particles. In addition, soil 
texture indicates the roughness or smoothness 
of the soil [Hardjowigeno, 2010]. Based on its 
distribution, the soil texture in the Jompi water-
shed area is dominated by two categories: a fine 
texture category with sandy clay loam and clay 
loam classes covering 2,049.62 ha (41.06%), in-
cluding UL 2, 3, 4, 5, 10, 11, 14, 15, 16, and 
a somewhat coarse texture category with sandy 
clay covering 1,562.67 ha (31.29%), including 
UL 6, 7, 8, 12, 13, 17, 18, 20. This is influenced 

by geological conditions, particularly the Wapu-
laka Formation. From a lithological perspective, 
the Wapulaka Formation consists of carbonate 
rocks such as limestone, shale, and claystone, 
which, when weathered, tend to produce fine 
to moderately fine-textured soils. Additionally, 
this formation contains conglomerates and sand-
stones, which can produce coarse or sandy soils 
when weathered [Malim and Amala RM, 2023]. 
For further details, refer to Table 4 and the soil 
texture distribution in Figure 2.

Soil permeability

Soil permeability is the property of soil that 
indicates how quickly or slowly water can pass 
through saturated soil, which can be measured 
by the rate of water infiltration in the soil over 
a specific period of time [Arsyad, 2010]. Based 
on its distribution, the soil permeability in the 
Jompi watershed area is dominated by two cat-
egories: moderate permeability with values be-
tween 0.5–2.0 cm/hour covering 1,653.82 ha 

Table 1. Soil texture classification
Category Soil texture

Fine Soils with a fine texture, including sandy clay, silty clay, clay

Slightly fine Soils with a slightly fine texture, including sandy clay loam, silty clay loam, clay loam

Moderate Soils with a medium texture, including loam, silt loam, silt

Slightly coarse Soils with a slightly coarse texture, including sandy loam, fine sandy loam, very fine sandy loam

Coarse Soils with a coarse texture, including loamy sand, sand

Table 2. Soil permeability classification 
Category Permeability (cm/hour)

Slow < 0.5

Slightly slow 0.5–2.0

Moderate 2.0–6.25

Slightly fast 6.25–12.5

Fast > 12.5

Table 3. Erosion sensitivity classification
Category Erosion susceptibility

Very low 0.00 to 0.10

Low 0.11 to 0.20

Moderate 0.21 to 0.32

Slightly high 0.33 to 0.43

High 0.44 to 0.55

Very high 0.56 to 0.64
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Table 4. Soil texture analysis results in the Jompi watershed area

Land unit
Soil texture Area

Sand (%) Silt (%) Clay (%) Texture class Category (Ha) (%)

1 20 30 50 Clay Fine 744.94 14.92

2 57 23 20 Sandy clay loam Slightly fine 518.71 10.39

3 47 26 27 Sandy clay loam Slightly fine 7.95 0.16

4 60 17 23 Sandy clay loam Slightly fine 58.58 1.17

5 51 22 27 Sandy clay loam Slightly fine 210.56 4.22

6 53 30 17 Sandy loam Slightly coarse 97.94 1.96

7 58 27 15 Sandy loam Slightly coarse 244.73 4.90

8 58 25 17 Sandy loam Slightly coarse 205.21 4.11

9 75 12 13 Loamy sand Coarse 81.53 1.63

10 32 30 38 Clay loam Slightly fine 1,026.91 20.57

11 42 30 28 Clay loam Slightly fine 73.35 1.47

12 75 12 13 Sandy loam Slightly coarse 32.88 0.66

13 57 23 20 Sandy loam Slightly coarse 356.05 7.13

14 39 31 30 Clay loam Slightly fine 108.30 2.17

15 48 23 29 Sandy clay loam Slightly fine 34.85 0.70

16 38 28 34 Clay loam Slightly fine 10.41 0.21

17 60 23 17 Sandy loam Slightly coarse 343.55 6.88

18 62 21 17 Sandy loam Slightly coarse 273.80 5.48

19 50 31 18 Loam Moderate 514.39 10.30

20 74 12 14 Sandy loam Slightly coarse 8.51 0.17

21 88 6 6 Sand Coarse 24.29 0.49

22 85 6 9 Sand Coarse 16.01 0.32

Note: Laboratory test results, 2024

Figure 2. Soil texture distribution in the Jompi watershed area, Muna Regency (ArcGIS analysis, 2024)
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(33.13%), including UL 2, 10, 11, 15, and rapid 
permeability with values > 12.5 cm/hour cover-
ing 1,458.16 ha (29.20%), including UL 7, 12, 
17, 18, 19, 20, 21, 22. The permeability rate, 
whether slow or fast, is influenced by the soil 
texture in the study area, which contains signif-
icant fractions of clay, loam, and sand. The clay 
content in the soil is a key factor in determining 
permeability, as it affects the infiltration of wa-
ter, while a higher percentage of sand results in 
faster permeability rates [Cai et al., 2018]. For 
further details, refer to Table 5 and the perme-
ability distribution map in Figure 3 below.

Erosion ensitivity

Erosion sensitivity is one of the indicators 
of erosion balance that measures the sensitiv-
ity of soil to water particles and flow [Sholikah 
et al., 2024]. The soil properties that influence 
sensitivity to erosion include soil texture, or-
ganic matter, structure, and permeability [Ar-
syad, 2010]. Furthermore, erosion sensitivity 

indicates the soil’s resistance or durability lev-
el. Based on observations in the study area, 
the erosion sensitivity in the Jompi watershed 
area varies significantly. The very low erosion 
sensitivity category, with values ranging from 
0.00 to 0.10, covers an area of 2,667.90 ha 
(53.44%), including land units 1, 2, 4, 5, 10, 11, 
and 15. The low erosion sensitivity category, 
with values ranging from 0.11 to 0.20, covers 
580.65 ha (11.63%), including land units 3, 6, 
13, 14, and 16. The medium erosion sensitivity 
category, with values between 0.21 and 0.32, 
covers 295.25 ha (5.91%), including land units 
8, 9, and 10. The moderately high erosion sen-
sitivity category, with values ranging from 0.33 
to 0.43, covers 518.53 ha (10.38%), including 
land units 7 and 18. The high erosion sensitiv-
ity category, with values ranging from 0.44 to 
0.55, covers 416.73 ha (8.35%), including land 
units 12, 17, 21, and 22. The very high erosion 
sensitivity category, with values between 0.56 
and 0.64, covers 514.39 ha (10.30%), including 
land unit 19.

Table 5. Soil permeability analysis results in the Jompi watershed area 

Land unit Permeability value (cm/hour) Category
Area

(Ha) (%)

1 0.1 Slow 744.94 14.92

2 1.3 Slightly slow 518.71 10.39

3 4.9 Moderate 7.95 0.16

4 0.4 Slow 58.58 1.17

5 0.2 Slow 210.56 4.22

6 4.8 Moderate 97.94 1.96

7 13.5 Fast 244.73 4.90

8 7.3 Slightly fast 205.21 4.11

9 11.8 Slightly fast 81.53 1.63

10 0.5 Slightly slow 1,026.91 20.57

11 0.6 Slightly slow 73.35 1.47

12 22.0 Fast 32.88 0.66

13 4.8 Moderate 356.05 7.13

14 2.5 Moderate 108.30 2.17

15 0.7 Slightly slow 34.85 0.70

16 5.6 Moderate 10.41 0.21

17 19.97 Fast 343.55 6.88

18 14.5 Fast 273.80 5.48

19 21.1 Fast 514.39 10.30

20 13.9 Fast 8.51 0.17

21 18.3 Fast 24.29 0.49

22 19.3 Fast 16.01 0.32

Note: Laboratory test results, 2024
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Figure 3. Soil permeability distribution in the Jompi watershed area, Muna Regency (ArcGIS analysis, 2024)

The data above shows that the very low ero-
sion sensitivity category dominates the study 
area. This is influenced by the dominance of 
clay and sand textures, as well as slow and 
fast soil permeability. Soil with a higher clay 
content tends to have high erosion sensitivity, 
while soil with a higher sand content results in 
lower erosion sensitivity. Similarly, soil with 
fast permeability has low erosion sensitivity, 
while soil with slow permeability exhibits high 
erosion sensitivity [Marghmi et al., 2024]. For 
further details, refer to Table 5 and the erosion 
sensitivity distribution map in Figure 4 below.

To manage erosion sensitivity in the Jompi 
Watershed, several measures need to be imple-
mented, including vegetation management by 
maintaining and increasing vegetation cover, 
particularly in areas with high and very high 
erosion sensitivity, to strengthen soil struc-
ture and reduce the impact of raindrop energy 
[Mamo and Wedajo, 2023], land slope manage-
ment by applying terracing or other soil con-
servation techniques in areas with steep slopes 
to reduce surface water flow velocity [Shen et 
al., 2024], and land use regulation by control-
ling land use changes to match the land po-
tential. Additionally, improving soil quality 
through the addition of organic matter and the 

implementation of agroforestry systems can 
enhance soil physical properties, increase infil-
tration capacity, and reduce erosion sensitivity 
[Ciawi et al., 2023]. With proper management, 
erosion sensitivity in the Jompi Watershed can 
be minimized, reducing the risk of land deg-
radation and ensuring the sustainability of the 
watershed’s ecological functions.

CONCLUSIONS

The study concludes that erosion sensitiv-
ity in the Jompi watershed exhibited significant 
variation, ranging from very low to very high 
levels. The variation was primarily influenced 
by the soil texture and permeability character-
istics of each Land Unit within the watershed. 
The spatial distribution of erosion sensitivity 
identified in this study provided a valuable ba-
sis for developing targeted and effective land 
management interventions. Management strat-
egies to address erosion sensitivity include 
vegetation management, land use regulation, 
and soil quality improvement. Furthermore, 
tailored management approaches should be 
implemented to address the specific sensitivity 
levels of individual areas within the watershed.
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Table 6. Results of erosion sensitivity analysis in the Jompi watershed area

Land unit Erosion sensitivity value Category
Area

(Ha) (%)

1 0.05 Very low 744.94 14.92

2 0.07 Very low 518.71 10.39

3 0.15 Low 7.95 0.16

4 0.003 Very low 58.58 1.17

5 0.01 Very low 210.56 4.22

6 0.20 Low 97.94 1.96

7 0.41 Slightly high 244.73 4.90

8 0.22 Moderate 205.21 4.11

9 0.29 Moderate 81.53 1.63

10 0.06 Very low 1,026.91 20.57

11 0.08 Very low 73.35 1.47

12 0.52 High 32.88 0.66

13 0.15 Low 356.05 7.13

14 0.12 Low 108.30 2.17

15 0.03 Very low 34.85 0.70

16 0.16 Low 10.41 0.21

17 0.53 High 343.55 6.88

18 0.38 Slightly high 273.80 5.48

19 0.58 Very high 514.39 10.30

20 0.31 Moderate 8.51 0.17

21 0.45 High 24.29 0.49

22 0.47 High 16.01 0.32

Note: Calculation results and laboratory tests, 2024

Figure 4. Distribution of erosion sensitivity in the Jompi watershed area, Muna Regency (ArcGIS analysis, 2024)



279

Ecological Engineering & Environmental Technology 2025, 26(2), 272–279

Acknowledgments

The author would like to thank the local gov-
ernment of Muna Regency for granting permis-
sion at the research location. The author would 
also like to thank Agung Pratama, B.Sc., and 
Wandi, B.Sc. who have assisted in the process of 
collecting research samples in the field. 

REFERENCES

1.	 Arsyad, S. (2010). Konservasi Tanah & Air. Edisi 
Kedua. IPB Press.

2.	 Asdak, C. (2010). Hidrologi dan Pengelolaan Dae-
rah Aliran Sungai. Edisi Kesatu. Gadjah Mada Uni-
versity Press.

3.	 Cai, Y., Zhao, X., Wu, P., Zhang, L., Zhu, D., & 
Chen, J. (2018). Effect of soil texture on water 
movement of porous ceramic emitters: A simula-
tion study. Water (Switzerland), 11(1). https://doi.
org/10.3390/w11010022

4.	 Ciawi, Y., Hidayati, A. M., Kedaton, K. H., Tonyes, 
S. G., & Elizar. (2023). Exploring the mechanism of 
vetiver system for slope reinforcement on diverse 
soil types – A review. Journal of Geoscience, Engi-
neering, Environment, and Technology, 8(2), 123–
130. https://doi.org/10.25299/jgeet.2023.8.2.12705

5.	 Hardjowigeno, S. (2010). Hargowijeno. Cetakan 
ke-7. Akademika Pressindo, Jakarta.

6.	 Hussain, M. I., Abideen, Z., & Qureshi, A. 
S. (2021). Soil degradation, resilience, res-
toration and sustainable use. https://doi.
org/10.1007/978-3-030-73245-5_10

7.	 Kanianska, R., Kizeková, M., Jančová, Ľ., Čunderlík, 
J., & Dugátová, Z. (2024.) Effect of soil erosion 
on soil and plant properties with a consequence on 
related ecosystem services. Sustainability (Switzer-
land), 16(16). https://doi.org/10.3390/su16167037

8.	 Malim, A. I. L. O., & Amala RM, W. O. (2023). Karst 
dan dinamika tektonik formasi Wapulaka kota Baubau. 
Jurnal Geosains Dan Teknologi, 5(3), 191–202. https://
doi.org/10.14710/jgt.5.3.2022.191-202

9.	 Mamo, A. T., & Wedajo, G. K. (2023). Responses 
of soil erosion and sediment yield to land use/land 
cover changes: In the case of Fincha’a watershed, 
upper Blue Nile Basin, Ethiopia. Environmental 
Challenges, 13, 100789. https://doi.org/10.1016/j.
envc.2023.100789

10.	Marghmi, A., Cheikha, L.B., El Asmi, A.M., & 

Gueddari, M. (2024). Soil erosion risk assessment of 
the Lakhmess watershed (northwestern Tunisia) via 
the SEAGIS model: Inferred prioritization of risky 
sub-watersheds. International Journal of Sediment 
Research, 39(6), 868–884. https://doi.org/10.1016/j.
ijsrc.2024.08.001

11.	Martínez-Mena, M., Carrillo-López, E., Boix-Fayos, 
C., Almagro, M., García Franco, N., Díaz-Pereira, 
E., Montoya, I., & de Vente, J. (2020). Long-term 
effectiveness of sustainable land management prac-
tices to control runoff, soil erosion, and nutrient loss 
and the role of rainfall intensity in Mediterranean 
rainfed agroecosystems. Catena, 187, 104352. 
https://doi.org/10.1016/j.catena.2019.104352

12.	Nacishali, J. (2020). The Palgrave Encyclopedia of 
Urban and Regional Futures. The Palgrave Encyclo-
pedia of Urban and Regional Futures, July. https://doi.
org/10.1007/978-3-030-51812-7

13.	Nunes, A. N., Gonçalves, J. P., & Figueiredo, A. 
(2023). Soil erosion in extensive versus intensive 
land uses in areas sensitive to desertification: A case 
study in Beira Baixa, Portugal. Land, 12(8). https://
doi.org/10.3390/land12081591

14.	Owens, P. N. (2020). Soil erosion and sediment 
dynamics in the Anthropocene: a review of hu-
man impacts during a period of rapid global en-
vironmental change. Journal of Soils and Sedi-
ments, 20(12), 4115–4143. https://doi.org/10.1007/
s11368-020-02815-9

15.	Shen, D., Guo, Y., Qu, B., Cao, S., Wu, Y., Bai, Y., 
Shao, Y., & Qian, J. (2024). Investigation and simula-
tion study on the impact of vegetation cover evolution 
on watershed soil erosion. Sustainability (Switzer-
land), 16(22). https://doi.org/10.3390/su16229633

16.	Sholikah, D. H., Naufal, R., Sigit Wicaksono, K., & 
Soemarno, S. (2024). Analisis erodibilitas tanah dan 
hubungannya dengan produktivitas tanaman kopi di 
kecamatan Wajak, kabupaten Malang. Jurnal Tanah 
Dan Sumberdaya Lahan, 11(1), 125–134. https://
doi.org/10.21776/ub.jtsl.2024.011.1.14

17.	Silva, T. P., Bressiani, D., Ebling, É. D., & Reichert, 
J. M. (2024). Best management practices to reduce 
soil erosion and change water balance components 
in watersheds under grain and dairy production. 
International Soil and Water Conservation Re-
search, 12(1), 121–136. https://doi.org/10.1016/j.
iswcr.2023.06.003

18.	Tsunekawa, A., & Haregeweyn, N. (2021). Soil erosion 
and sustainable land management (SLM). In Soil Ero-
sion and Sustainable Land Management (SLM). https://
doi.org/10.3390/books978-3-0365-0787-3


