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ABSTRACT Land degradation, driven by levels of land criticality, is a global issue that significantly impacts land 

productivity, food security, and the environment. Land use that deviates from conservation principles contributes to 

surface runoff, erosion, and a range of economic and environmental consequences. This study aims to analyze the 

degree of land criticality as a basis for shaping sustainable conservation policies. The spatial analysis of critical land 

was conducted by overlaying erosion hazard maps, derived using the RUSLE method and Geographic Information 

Systems (GIS), with slope maps and land management maps in agricultural areas, protected forest areas, and zones 

outside protected forest areas. The study's findings revealed that the erosion hazard index in the Meko Sub-Watershed, 

Central Sulawesi, is primarily characterized by a very high erosion hazard level of 539.76 tons/ha/year in residential 

areas, while primary dryland forests exhibit a very low erosion hazard level of 0.32 tons/ha/year. High to very high 

erosion hazards were observed on lands with high erodibility values, particularly in residential areas with an erodibility 

index of 0.57. The definition of erodibility is the ability of soil to be easily eroded or transported by an erosion agent, 

namely water.The Meko Sub-Watershed is classified into four land criticality categories: non-critical 12,128.01 ha 

(23%), potentially critical 5,500.74 ha (10%), somewhat critical 34,961.60 ha (66%), and critical 608.54 ha (1%), out 

of a total area of 53,198.89 ha. In the context of land use planning, the analysis of erosion hazard levels and the spatial 

distribution of critical lands can serve as a conceptual framework for conservation policies in the Meko Sub-Watershed 

and the broader Poso Watershed. This is particularly relevant given the watershed's status as a priority area for conser-

vation and sustainable management. 
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INTRODUCTION 
Land degradation has been a global problem (Pimentel 

and Burgess, 2013; Albaladejo et al., 2021) for thousands of 

years (Engdawork and Bork, 2014; Issaka and Ashraf, 2017). 

The high problem of land degradation, the United Nations Con-

vention highlights the important role of research in this direction 

in achieving the indicators of sustainable development goals (Du 

et al., 2024). Land degradation is defined as a critical land form 

or loss of biological or economic productivity caused by land use 

or human activities that are not in accordance with conservation 

principles (Shao et al., 2020). Forest areas in watersheds have 

decreased by 38% worldwide which has a major impact on cli-

mate change and biodiversity (Newbold et al., 2019; Steffen et 

al., 2015). Inappropriate land use for conservation measures in 

watersheds affects surface runoff (Naharuddin et al., 2024). High 

surface runoff affects soil erosion (Bettoni et al., 2023), erosion 

ultimately impacts critical land (Rachman and Naharuddin, 

2022). Land that is degraded to critical has an impact not only on 

the land system but also on the hydrological system (Nugroho et 

al., 2022). Critical land is land (including forests) that has been 

damaged, resulting in loss or reduction of its function to a speci-

fied limit, the nature of its management is not in accordance with 

the principles of soil and water conservation (Naharuddin, 2021).  

The decline in the quality of the environment and natural 

resources followed by an increase in land use conversion, espe-

cially from forests to agriculture and from agricultural land to 

settlements, which can result in high levels of erosion hazards. 

The global impact of high soil erosion hazards can reduce food 

crop yields by 33.7 million tons, with the consequence of a price 

increase of 0.4 to 3.5%, and an increase in abstraction water of 

48 billion m3(Sartori et al., 2019). 

Various research methods have been developed to analyze 

land degradation, particularly in areas classified as critically de-

graded lands. These include the use of remote sensing (Deteix et 

al., 2023), the integration of remote sensing and Geographic In-

formation Systems (GIS) (Cetin et al., 2024; Fekete et al., 2015), 

terrestrial-based measurement techniques (Lima et al., 2024), 

and methods utilizing the Normalized Difference Vegetation In-

dex (NDVI) (Yulianto et al., 2023).Although there has been 

much research for decades, there is no consensus on an adequate 

method to evaluate the level of land criticality, especially in the 

research location area in the Meko Sub-watershed, Poso Water-

shed.  

To assess land degradation, especially land criticality, the 

right method is to use a combination method of several land 

cover/use parameters, overlay erosion hazard level maps using 

the RUSLE method, slope maps, and land management maps, 

then carry out a ground check process to compare field condi-

tions with interpretation data from the overlay results so that the 

data is more accurate and up to date (Irwansah, 2021; Chaidar et 
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al., 2017). This method has advantages because it uses the Re-

vised Universal Soil Loss Equation (RUSLE) approach and has 

been used by the Ministry of Forestry of the Republic of Indone-

sia as a basis for part of the land criticality assessment in addition 

to slope factors, and land management so that it is considered 

feasible in evaluating land criticality as a basis for conservation 

and rehabilitation. 

The Meko Sub-Watershed is part of the Poso Watershed and 

is one of the priority watersheds in need of restoration. Various 

issues have emerged, including extensive land conversion for 

plantation activities that do not adhere to soil and water conser-

vation principles. Additionally, unsustainable agricultural prac-

tices have led to land degradation, resulting in an increased risk 

of erosion (Sukamdani and Sukwika, 2023). These changes have 

not only caused significant biophysical impacts, such as the ex-

pansion of critical land areas and a reduction in the land's carry-

ing capacity, but have also adversely affected the social and eco-

nomic conditions of the communities within the watershed area 

(Supriyono, 2018), contributing to increased surface runoff (Na-

haruddin et al., 2024). 

The Meko Sub-watershed is administratively included in 

the West Pamona District, Poso Regency, Central Sulawesi and 

is one of the targets of the watershed restoration project. The 

Meko Sub-Watershed area has experienced monthly flooding 

with high levels of erosion and sedimentation in recent years due 

to the influence of changes in land use, i.e. from forest land to 

plantation land that is not in accordance with conservation prin-

ciples. The topography of the land in the Meko sub-Watershed is 

dominated by steep to very steep slopes, and the steep topogra-

phy is one of the triggers for high flooding, erosion, and sedi-

mentation. Floods and erosion are influenced by changes in land 

use and topography, and the impact of forest damage gives rise 

to complex problems, namely high flood discharge and surface 

runoff and erosion (Chimdessa et al., 2018).  

The Meko Sub-Watershed, which is part of the Poso Water-

shed, is designated as one of the 108 priority watersheds in Indo-

nesia. This watershed encompasses Lake Poso, whose ecosystem 

service functions are increasingly under threat due to significant 

lake shallowing and heavy sedimentation. These issues are pri-

marily driven by a high runoff coefficient. Increased erosion is 

directly proportional to the area of critical land around the Poso 

Watershed. This study aims to analyze the level of land criticality 

as a basis for sustainable conservation policy direction. 

 

MATERIALS AND METHODS 
The research was conducted from May to November 2023, 

after previously throughout 2022 a location survey of ten sub-

Watersheds in the Poso watershed area had been conducted, so 

the Meko Sub-Watershed was selected as part of the upstream 

Poso watershed, Central Sulawesi which was degraded with a 

high level of land utilization and exploitation.  

Of the ten sub-watersheds in the Poso Watershed (Kodina 

Sub-watershed, Wimbi Sub-Watershed, Taipa Sub-Watershed, 

Meko Sub-Watershed, Bancea-Panja Sub-Watershed, Toinasa 

Sub-Watershed, Salukaia Sub-Watershed, Peura-Sangele Sub-

Watershed, Tokilo-Dulumai Sub-Watershed, and Saluopa-Ma-

yakeli Sub-Watershed). The Meko Sub-Watershed experiences 

high levels of problems, seen from the contribution of sediment 

which results in shallowing in the downstream area of the water-

shed, so this becomes the basis for management priorities. 
The Meko Sub-Watershed has the largest area, namely 

53,199 ha of the Poso Watershed area from the total Poso Water-

shed area of 267,485 ha, with a main river length of 54.89 km 

and is the largest contributor to sediment discharge flowing into 

the Poso River. The Meko sub-Watershed, Poso Watershed is ad-

ministratively located in West Pamona District, Poso Regency, 

Central Sulawesi with coordinates at 120 ° 31'29 "E and 1° 

53'36" S, and an average altitude of 524 meters above sea level 

(Figure 1). 

  

 
Fig.1 Research Location, Meko Sub-Waterhed, Central Sulawesi 
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The Meko Sub-Watershed has rainfall between 2,000–2,600 

mm per years. This rainfall is included in the high category which 

can affect various hydrological processes, such as surface runoff, 

infiltration, and potential soil erosion. The Meko Sub-Watershed 

has a complex river network pattern with tributaries spread 

evenly. The main river flows towards Lake Poso forming the 

main outlet point in the western part of the watershed. Soil sam-

ple analysis was carried out in the laboratories of the Faculty of 

Forestry and Faculty of Agriculture, Tadulako University. 

The research was carried out in several procedures, namely: 

Secondary data collection involved: (1) the collection of monthly 

rainfall data over a ten-year period sourced from the Meteorolog-

ical, Climatological, and Geophysical Agency or the Kasiguncu 

Poso Meteorological Station, as well as location maps, soil type 

maps, slope maps, and land use maps; (2) calculation of the area 

and length of the Meko Sub-Watershed (Sub-Watershed Meko). 

Subsequently, primary data analysis was conducted, which in-

cluded: (1) determination of the average annual maximum rain-

fall based on the rainfall data; (2) calculation of the Rain Ero-

sivity Factor (R) using Equation 2 with the identified maximum 

monthly rainfall data; (3) calculation of the Soil Erodibility Fac-

tor (K) based on soil type maps for several land units within the 

Meko Sub-Watershed, Poso Watershed, which were then ana-

lyzed at the Soil Science Laboratory, Faculty of Agriculture, 

Tadulako University; (4) calculation of the Slope Length and 

Steepness Factor (LS); (5) calculation of the Land Cover (C) and 

Land Management Factor (P) based on land use map data; (6) 

calculation of the overall erosion rate using the RUSLE Method, 

which includes all relevant factors. The total erosion rate calcu-

lation can be performed once the values for all the required fac-

tors have been obtained.  

Forest areas both in primary dry forest land and in second-

ary dry forest land with high vegetation density are one of the 

important factors that can minimize the rate of soil erosion, and 

the types and combinations of several types of vegetation that 

play an important role in regulating surface runoff and sediment 

yields. One opinion that confirms this is according to Cerdà et 

al., (2017), because of the complementary effects of different tree 

species, primary and secondary forests and other mixed forests 

can be more resistant to damage due to soil erosion compared to 

dry land agriculture or shrubs. Furthermore, the diverse vegeta-

tion distribution pattern, multispecies forests can reduce erosion 

due to high rainfall by reducing the kinetic energy of raindrops 

and strengthening soil stability (Wang et al., 2017). Land with 

low vegetation density tends to increase the number of potential 

discharge points, which increases the risk of soil erosion (Nanko 

et al., 2015, Goebes, 2015).  

 

The land use in Meko  

sub-watershed 
Understanding the relationship between soil erosion and 

land use in watershed landscapes is essential to optimize sustain-

able conservation. According to Sun et al., (2017) it is necessary 

to analyze the significant impact of land use changes on land-

scape patterns in watersheds on soil erosion and land criticality 

levels. Furthermore, a comprehensive understanding of this pro-

cess is also needed to improve conservation strategies (Nicotra 

et al., 2015). Based on land use map data and ground check re-

sults in the Meko sub-Watershed (Figure 2) from a total of 53,199 

ha, land use is dominated by primary dryland forest of 38,466 ha 

(72.31%), followed by secondary dryland forest land use of 

8,122 ha (15.27%) while the lowest is dryland agriculture of 26 

ha (0.05%) (Figure 3). 

 

 
Fig.2 Land Use in the Meko Sub-Watershed, Central Su-

lawesi 

In addition, species with the same ecological niche tend to 

increase competition for resources (e.g. light, soil moisture, and 

nutrients), which impacts vegetation growth and function, 

thereby increasing the risk of soil erosion (Lal, 2014). In addition 

to interactions between species, various driving factors influence 

soil erosion, such as climate, soil properties, topography, and 

vegetation characteristics (Anache et al., 2018). 

In the research area of Meko Sub-Watershed, Watershed 

Poso generally in secondary dry forest land, the intensity of land 

use is high and even changed to other land uses such as gardens 

that do not comply with soil and water conservation principles so 

that they have the potential to become critical land. According to 

Rafif et al., (2024) continuous changes in land use contribute to 

erosion, a natural process in which soil is transported, causing 

sedimentation, and ultimately causing flooding. 

Determination of spatial analysis of critical land in the Meko 

Sub-Watershed was carried out by overlaying several parameters 

for determining the level of land criticality, including a map of 

the level of erosion hazard previously analyzed using the RUSLE 

approach based on Geographic Information Systems (Naharud-

din et al., 2021; Naharuddin et al., 2020), a map of slope gradi-

ents and their scoring, and a land management map (Ramadhan, 

2024). The land management map was analyzed in agricultural 
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cultivation areas, protected forest areas, and protected areas out-

side protected forest areas. Furthermore, to assess the level of 

land criticality, a scoring method was used for each parameter. 

In the analysis unit of the results of the spatial data overlay, the 

scores were then added up based on Table 1, so that the classifi-

cation of the level of land criticality could be classified into non-

critical, potentially critical, somewhat critical, critical, and very 

critical. 

 

 
Fig.3 Area of land use in the Meko Sub-Watershed, Central Sulawesi 

Before conducting critical land analysis, the determination 

of the erosion hazard level (EHL) is first analyzed, which is pro-

duced by overlaying erosion results with soil depth maps. The 

amount of erosion is calculated using the Revised Universal Soil 

Loss Equation (RUSLE) formula (Naharuddin et al., 2021; 

Dunkerley, 2021), namely: 

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

Description: A is the amount of eroded soil (ton/ha/year), R 

is the average annual rainfall erosivity (MJ/ha) (mm/hour), K is 

the soil erodibility index (ton∙ ．ha ∙ hour)/(ha ∙ mega joule ∙ 

mm), LS is the slope length and gradient index, C is the crop 

management index, P is the soil conservation effort index. 

The rainfall erosivity index (R) was analyzed using the for-

mula according to the instructions of Erwanto and Lestari, 

(2021); Lal and Elliot, (2017): 

R ൌ 6.119	ሺRainሻ	mଵ.ଶଵ		ሺDaysሻ	mି଴.ସ଻	ሺMax	Pሻ	m଴.ହଷ (2) 

With, R is an average rainfall erosivity index (units/month), 

Rain is the average amount of monthly rain (cm/month), Max P 

is the average maximum rainfall per day (cm), Days is the aver-

age number of rainy days per month, I30 is the maximum inten-

sity 30 minutes (cm/hour), and E is the kinetic energy of rain 

(sec/ha/cm/hour). 

The soil erodibility index (K) was analyzed according to the 

instructions of Ostovari et al, (2016) and Naharuddin et al., 

(2019) using the formula: 

K=(7.71×10-4．(12-0M)M1.14+3.25(S-2)+2.5)(P-3)(/100) (3) 

Description: K is soil erodibility, OM is the percentage of 

organic matter, M is the percentage of particle size (% silt + very 

fine sand) x (100% clay), S is the soil structure classification code 

(granular, flat), P is soil permeability. 

The slope length and slope (LS) index was analyzed using 

the formula according to the instructions of Almouctar et al., 

(2021): 

LS={FA×(cell size/23.13)}0.4×{sin(slope of DEM  

× 0.01745)/0.09}1.3×1.6 (4) 

Description: LS is the slope length and slope gradient fac-

tor, FA: flow accumulation, where both are inputs in the calcula-

tion of the LS factor. The LS factor describes the influence of 

topography on soil erosion. The results of the score addition are 

then classified to determine the level of land criticality in the 

Meko Sub-Watershed, the equation model according to the in-

structions of Makalalag et al. (2020), as follows: 

CLL PFA: 0.5(LU/C)+0.2(SG)+0.2(EHL)=0.1 (LM) (5) 

CLL ACA: 0.3(SG)+0.3(EHL)+0.4(LM) (6) 

CLL PAOPFA: 0.5(LU/C)+0.1(KL)+0.1(EHL)= 0.3(LM) (7) 

Description: CLL: Critical land level, PFA: Protected forest 

area, ACA: Agricultural cultivation area, PAOPFA: Protected 

area outside protected forest area, LU/C: Land use/ cover, SG: 

Slope gradient, EHL: Erosion hazard level, LM: Land manage-

ment. 

The calculation results based on equations 5, 6, and 7 will 

be in the Classification of land criticality levels, according to Ta-

ble 1 in three areas, namely: Protected forest area, Agricultural 

cultivation area, and Protected area outside protected forest area.

Table 1 Classification of land criticality levels 

Protected forest area (ha) Agricultural cultivation area (ha) Protected area outside protected forest area (ha) Critical Land Criteria 

120-180 115-200 110-200 Very critical 

181-270 201-275 201-275 Critical 

271-360 276-350 276-350 Somewhat critical 

361-450 351-425 351-425 Critical potential 

451-500 426-500 426-500 Not critical 

 

RESULTS AND DISCUSSION 

1. The mean annual soil loss  

Soil erosion is a type of land degradation caused by the in-

teraction of various factors, such as natural factors and human 

factors. Erosion is a process of soil erosion caused by the impact 

of rainwater, causing surface water runoff that carries material in 
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the form of soil so that the soil degrades based on its function and 

productivity in maintaining the ecosystem of natural resources 

and the environment.  

(1) Rainfall Erosivity  Factor (R) 

The rainfall erosivity factor (R) in the Meko sub-

watershed is calculated using climatic data obtained from 

the Meteorology, Climatology, and Geophysics Agency 

or the Kasiguncu Poso Meteorological Station. The 

influence of climatic stations on the Meko Sub-Watershed 

is analyzed using the Thiessen Polygon method, which 

considers the areas affected by the climatic stations 

located within or around the Meko sub-watershed. Based 

on the analysis using the RUSLE method, an R value of 

750 mm/hour was obtained for all land use types (see 

Table 2). The higher the R value in a region, the greater 

the potential for erosion due to the effects of rainfall. 

(2) Soil Erodibility Factor (K) 

Soil erodibility, which reflects the resistance of soil 

to erosion, is influenced by various soil characteristics, 

such as texture, aggregate stability, infiltration capacity, 

as well as organic matter content and chemical elements. 

These soil characteristics are dynamic and can change 

over time, influenced by changes in land use or cropping 

systems. Based on the soil type analysis in the Meko sub-

watershed, the soil erodibility (K) values found are 

presented in Table 2. The highest erodibility value was 

observed in residential land use, with a value of 0.57. 

(3) Slope Length and Steepness Factor (LS) 

Slope length and steepness are topographic factors 

that significantly affect surface runoff and erosion. Slope 

length refers to the path of surface water flow, which is 

the location where erosion occurs and sediment deposition 

is likely to happen. In general, slope steepness is 

considered a relatively constant factor. Research shows 

that the highest LS value is found in dryland agricultural 

areas, with a value of 4.63, while the lowest LS value is 

observed in mixed agriculture, with a value of 0.68 (see 

Table 2). As the slope lengthens and steepens, coupled 

with high rainfall intensity, the potential for erosion 

increases. Therefore, the LS factor can be minimized 

through soil and water conservation measures, especially 

in areas with steep topography. The application of 

terracing on steep slopes and proper crop management to 

reduce erosion and landslides is highly recommended. 

(4) Vegetation Management Factor (C) 

Vegetation management (C) are factors that can be 

controlled to mitigate erosion. Vegetation management 

can be achieved by maintaining existing vegetation or 

replanting areas that have become barren due to illegal 

logging, landslides, or land clearing. The C factor reflects 

the influence of vegetation, litter, surface soil conditions, 

and land management practices on erosion levels.  

(5) Soil and Water Conservation Factor (P) 

Soil conservation measures are represented by the P 

factor, which indicates the effect of conservation practices 

on erosion compared to conditions without conservation 

measures. Research indicates that the smallest C and P 

value is found in primary forest land (see Table 2), which 

demonstrates that good vegetation management is highly 

effective in reducing erosion. In contrast, the largest C and 

P value is observed in residential areas, which are more 

exposed and vulnerable to erosion. According to Deribew 

et al., (2024) the combination of factors, the high C and P 

value will trigger a high level of soil loss in the river basin 

area. 

This results in the accumulation of soil volume in 

certain locations such as drainage, reservoirs, and rivers. 

The accumulation of soil in the accumulation area and 

enlargement results in the risk of disaster. The research 

results show that there are five classes of erosion hazard, 

namely very low, low, medium, high, and very high 

(Table 2). 

Table 2 The Mean Annual Soil Loss and Classification of Erosion Hazard Index in Meko Sub-Watershed, Central   Su-

lawesi 

Land Use R K LS C P A (ton/ha/year) Criteria 

Primary Dry Land Forest 750 0.14 1.88 0.002 0.8 0.32 Very low 

Secondary Dry Land Forest 750 0.23 1.95 0.007 1 2.35 Low 

Shrubland 750 0.19 3.32 0.68 0.43 138.33 Medium 

Settlement 750 0.57 2.14 1 0.59 539.76 Very high 

Dryland Agriculture 750 0.37 4.63 0.4 0.7 359.75 High 

Mixed Dryland Agriculture 750 0.33 0.68 0.2 0.8 26.93 Low 

Paddy Field 750 0.23 1.17 0.2 0.6 24.22 Low 

Note: Classification of Erosion Hazard Index based on the instructions of Novita et al, (2024); Naharuddin et al., (2021) 
 

Table 2 shows that the classification of the erosion hazard 

index in the Meko Sub-watershed, is dominated by a very high 

erosion hazard level of 539.76 tons/ ha/year in residential areas, 

while very low is in primary dryland forests of 0.32 tons/ ha/year. 

Data on high to very high erosion hazard levels occur in lands 

with high erodibility values, for example in residential areas with 

an erodibility index of 0.57. The greater the erosion that occurs 

in an area, the higher the chance of critical land emerging in the 

watershed, in line with the opinion of Chen et al, (2021) that crit-

ical land needs to be conserved. The distribution of erosion haz-

ard levels in the Meko Sub-watershed, is presented in Figure 4. 
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Fig. 4 Distribution of Erosion Hazard Levels in the Meko 

Sub-Watershed, Central Sulawesi 

High intensity of land use will result in increased degrada-

tion. land especially the level of criticality of the land caused by 

the rate of erosion that occurs in each land unit. Dryland agricul-

ture and settlements show high to very high erosion potential be-

cause the land is more open, less vegetation at the tree level in 

minimizing surface runoff which causes erosion to occur com-

pared to tree canopies in primary dryland forests and secondary 

dryland forests. This phenomenon occurs because the root sys-

tem of plants in dryland agricultural land is not as good as pri-

mary dryland forests in withstanding the damaging power of 

rainwater. This is evidence that land use/cover has become an 

important factor in erosion. Furthermore, slope gradient and land 

management factors also influence the high and low levels of ero-

sion hazard. 

2. Land Criticality Level  
The determination of the critical level of land is obtained 

from the overlay of critical land determining parameters, each 

score of each parameter is multiplied by its respective weight. 

The results of the analysis show that there are four classes of land 

criticality levels in the Meko sub-watershed, namely not-critical 

at 12,128.01 ha (23%), potentially critical at 5,500.74 ha (10%), 

somewhat critical at 34,961.60 ha (66%), critical at 608.54 ha 

(1%) of the total area of the Meko sub-watershed of 53,198.89 

ha (Table 3). 
Table 3 Area of Critical Land Level in Meko Sub-wa-

tershed, Central Sulawesi 

Class Area (Ha) Percentage (%) 

Not Critical 12,128.01 23 

Potentially critical 5,500.74 10 

Somewhat Critical 34,961.60 66 

Critical 608.54 1 

Total 53,198.89 100 

 

Soil erodibility refers to the capacity of soil to resist erosion. 

However, even if the soil has low erodibility, its location on steep 

slopes still presents a risk of erosion. In addition to soil erodibil-

ity (K), erosion is influenced by other factors such as rainfall (R), 

slope length and steepness (LS), vegetation cover (C), as well as 

human activities or land management practices (P). Field surveys 

and soil erodibility analyses conducted on several land units in 

the Meko sub-watershed reveal that, in general, areas with high 

erodibility are those that are devoid of vegetation cover (Table 

2). Lands with high erodibility are more susceptible to erosion, 

while soils with low erodibility are more resistant to erosion. 

This may have significant implications for the land's criticality 

status. 

Table 3 and Figure 5 show the area and distribution of non-

critical land of 12,128 ha (23%) are in the primary dryland forest 

area and secondary dryland forest. This shows the importance of 

land cover for watershed management. The Meko Sub- water-

shed has land with high vulnerability to erosion, high slope steep-

ness, and high rainfall erosivity factors according to the results 

of erosion predictions using the RUSLE approach, the high level 

of erosion hazard will also increase the chances of critical land 

emerging so that it can reduce the hydrological function of the 

watershed. The existence of dryland agriculture and quite large 

vegetation felling by human activities in the Meko Sub-water-

shed area, then the area can be considered a high priority area to 

be managed to reduce soil loss, most of which occurs in the up-

stream part of the Meko Sub-watershed. 

 

 
Fig.5 Critical Land Distribution Map in the Meko Sub-

Watershed 

The main characteristics of critical land are bald, appear arid 

and even rocks appear on the surface of the ground and are gen-

erally located in areas with hilly or steep slope topography (Ak-

tab et al., 2021). Based on this statement, the research location is 

often found mainly in dry land agricultural land as with the dom-

inant land cover of cogongrass (Imperata cylindrica) and red-yel-

low podzolic soil type, sandy clay soil texture, low soil fertility, 

yellowish red in color, and does not contain high organic matter 

(Figure 6). 
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Fig.6 Critical land area in the Meko Sub-Watershed, 

Central Sulawesi; (A) dominant plant type land 

coverImperata cylindrica; (B) Conditions red yel-

low podzolic soil 

The high level of land criticality in the Meko sub-Water-
shed, especially outside primary forest land and secondary forest 
due to the lack of ground cover vegetation in the form of tree 
stands as a source of organic material, resulting in the effect of 
erosion, as well as poor land management. High land cover with 
vegetation density, especially in primary forest land and second-
ary forest, plays an important role as a regulator of water man-
agement, and an important part of the hydrological cycle, with a 
dense canopy that can reduce the kinetic energy of rainwater and 
increase the infiltration rate and minimize erosion. This opinion 
is further emphasized by Budiastuti et al., (2020) that plant vari-
ations using trees to increase the high canopy layer and plants at 
lower levels inhibit the speed of rainwater, reduce the impact 
force and erosive effects when water reaches the ground surface.  

In relation to soil and water conservation on critical land, 
tree vegetation functions to control the speed of rainwater falling 
through the canopy through the branch-leaf system or the stem 
flow process. According to Naharuddin, (2021) vegetation dif-
ferent tree levels based on their architecture create different can-
opy gaps which ultimately determine the effect of rainwater on 

the ground surface. Understanding the process of critical land oc-
currence and the factors that influence it is very necessary as a 
reference for implementing land management, especially critical 
and very critical land. Therefore, in land use planning, critical 
land and the factors that influence it are problems that should be 
addressed first before further efforts are made, especially since 
changes in land use that are currently occurring certainly greatly 
affect the rate of critical land levels. 

 

Conclusion 
High to very high erosion hazard levels occur on land with 

high erodibility values, namely on residential land with an erod-
ibility index of 0.57. The greater the erosion that occurs in the 
Meko sub-watershed, the higher the chance of critical land 
emerging. Classification of the level of criticality of land in the 
Meko Sub-watershed, is the highest, slightly critical at 34,962 ha 
and critical at 609 of the total area of the Meko Sub-watershed 
of 53,198.89 ha, generally the distribution of critical land is in 
less productive dry land agricultural areas. Determination of the 
level of criticality that is somewhat critical or critical based on 
the results of the scoring value is the basis for determining the 
watershed that needs to be restored in conservation efforts. Soil 
erosion as an accumulation of the causes of critical land is a se-
rious problem in the Meko Sub-watershed. Therefore, it is 
needed as data for land use and sustainable soil and water con-
servation management. In controlling critical land in the Meko 
Sub-watershed, efforts are needed to conserve soil and water 
based on vegetation, namely by implementing a planting system 
that combines trees with agricultural crops, namely an agrofor-
estry system involving the community as the main key to the pro-
gram. 

This study contributes scientifically to the mapping of ero-
sion hazard levels and the identification of critical lands in the 
Meko Sub-Watershed. The results of soil erodibility analysis and 
land criticality classification provide a strong foundation for 
planning land restoration through sustainable soil and water con-
servation efforts. Furthermore, this research emphasizes the im-
portance of implementing agroforestry systems as a vegetation-
based conservation solution that involves local community par-
ticipation. This contribution is expected to serve as a reference 
for designing effective and environmentally friendly land man-
agement policies in the Meko Sub-Watershed and surrounding 
area. 
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