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Abstract. Tangka Sub-Watershed in West Sinjai District is one of the sub-watersheds in South
Sulawesi, which often experiences landslides. Factors causing landslides were divided into
control factors and trigger factors. One of the triggering factors for landslides is the
characteristics of soil and plant properties. Several previous research results stated that soil
characteristics greatly affect the occurrence of landslides, while plant roots help stabilize soil
bonds and slopes. This study aims to determine the triggering factors of the soil (soil texture and
porosity) and the distribution of plant roots that affect the occurrence of landslides. Soil texture
analysis using hydrometer method. Soil porosity and moisture content using gravimetric and
pyenometer methods. The results showed that the soil texture was dominated by silty clay loam
impact on low soil cohesion. Intensive land use decreases soil porosity to <50% and increases
soil bulk density to 1.4 g/em®. The soil quickly becomes saturated and could induce the rotting
of plant roots. These characteristics increase the vulnerability of the soil, thereby increasing the
potential for landslides.

1. Introduction

The Tangka River Watershed is located in West Sinjai and is one of the watersheds in South Sulawesi
with a high intensity of landslide events [ 1]. Landslides are disasters that have a major impact on human
life and safety. From 2008 to 2017, there have been 55 landslides in South Sulawesi which resulted in
38 deaths or missing [2]. This result is reinforced by Arsyad’s research (2018) that the Tangka watershed
is one of the watersheds that has the potential to cause natural disasters in the form of landslides,
especially upstream of the watershed [3].

The potential for landslides in the Tangka watershed still raises questions about the factors that
trigger landslides. The results of Arsyad's research in 2018 suggest further research, especially on the
characteristics of porosity and bulk density of soil in landslide events [3]. These two parameters are
expected to be able to answer the hydrological process of water to disaster events in the Tangka
watershed. This is reinforced by the results of research by Rudiyanto (2010) which states that the
porosity and permeability of the soil affect the occllfience of landslides [4]. Water that ent§§Jthe soil
will reduce friction in the soil so that it will affect the level of vulnerability to landslides. This study
aims to study the characteristics of texture, bulk density and soil porosity associated with plant root
models in landslide events.
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2. Methods

The research location is in the Tangka Sub-watershed, South Sulawesi Province (Figure 1). The soil
sampling method used is a field survey method based on sample points determined in the field after
reviewing the former landslide events at the research location. Soil samples were taken at the top layer
(0-20cm), undisturbed soil samples were carried out by ring samples for bulk density and soil porosity
analysis. Disturbed soil samples are used for soil texture analysis.
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Figure 1. Research Location Map.

g)il texture analysis using hydrometer method. Soil porosity and moisture content using gravimetric
and pycnometer methods. In addition, the results of the analysis of soil texture and porosity will be
related to the landslide event based on the comparison of data in the area of the former landslide and the
area that does not. Map creation with ArcGIS 10.8 (Figure 1).

3. Results and Discussion

At the research location in the Tangka Sub-watershed, West Sinjai District, there are two points where
land landslides occurred and at the same time become a point for carrying out plant debris parameters
in the landslide field which are then coded T1 and T2 (Figures | and 2). Both landslides have a concave
slip plane, with the landslide material in the form of soil and rock with a slump model.
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Figure 3. T2 (5°15°35”S 120°58°48"E)

Figure 2. T1 (5°13°6”S 120°0°36"E)

Table 1. Soil Texture Analysis Results.

Sample Code % Sand % Silt % Clay Texture
Tl 21 54 25 Silty clay loam
T2 17 50 34 Silty clay loam
T3 23 57 19 Silt loam
T4 23 56 22 Silt loam
T5 10 55 35 Silty clay loam
T6 5 48 47 Silty clay
T7 1 46 53 Clay
T8 11 59 30 Silty clay loam
T9 20 56 24 Silt loam
T10 13 59 28 Silty clay loam

The table 1 shows that there are four soil texture classes based on USDA, namely clay which is in
the fine category at one point, dusty clay, dusty clay, which is in the medium category at one point, and
dusty clay at three points which is in the medium category. The dominant type of texture in the former
landslide in the Tangka Sub-watershed {fldusty clay loam where the dominant fraction percentage is the
dust fraction. The more dust fraction of a soil texture, the more micro pore spaces are formed which are
filled with water and air so that it is possible to trigger landslides..

The occurrence of landslides in the field which is dominated by dusty clay clay texture is supported
by Ahmad et al. (2018) that the accumulation of dust in the subsurface layer also contributes to reducing
the available pore space and triggers landslides [5]. The results of the analysis of soil texture correlated
with the results of the analysis of soil porosity, where the soil that has a dusty clay loam texture is
classified in the poor porosity class.
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Table 2. Soil Porosity Analysis Results.

Sample  Bulk Density  Porosity

Code (o’ /gr) %) Porﬁy Class [6]
Tl 0.98 63 Moderate
T2 0.92 63 Moderate
T3 1.38 47 Low
T4 1.05 60 Moderate
T5 1.30 50 Low
T6 1.24 53 Moderate
T7 1.30 50 Low
T8 1.35 48 Low
T9 1.40 44 Low
T10 1.37 47 Low

The percentage of soil porosity values in the Tangka sub-watershed h§fjla poor porosity class at six
points and a good grade at four points. Soil porosity has an influence on the occurrence of landslides
based on the percentage yield of bulk density (Table 2). This is in line with Bintoro's (2017) statement,
indirectly the bulk density greatly affects soil porosity [7]. The smaller the bulk density value, the greater
the percentage of soil porosity, on the contrary when the bulk density value is high it will reduce the
number of pores so that the soil porosity will be low and classified as poor when > 50%.

Poor soil porosity also affects the slow rate of permeability. Achmad et al. in 2016 said the speed
of water to enter the soil body is called permeability, the slower the water seeps into the soil body, the
more water is stored in the soil body so that the slope load is higher and has the potential for landslides

[8].
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Figure 4. Land Use Map of Tangka Sub-watershed.
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Tabel 3. Average Root Length and Diameter in ex-Landslide.

Sample Code Root Type Root Length (cm)  Root Diameter (mm)
Tl Ride vertical 60 -90 4-5
T2 Fiber Vertical 25-30 0.8-1

Figure 5. Plant Roots in Landslide Field (T1) Figure 6. Plant Roots in Landslide Field (T2)

The land cover plants at the location of the first landslide (T'1) contained several types of woody
plants which on average had taproots that grew vertically into the soil (Figure 5). In (Figure 2), it can be
seen that the roots of a taprooted woody plant which have an average root length of 60-90 ¢cm and an
average diameter of 4-5 mm allow stabilizing the slopes and have a sufficiently large soil grip, but
landslides still occur due to another factor, namely the physical properties of the soil, one of which is
the texture of dusty clay loam at the landslide point. Hairiah in 2020, said that higher soil silt and clay
content and lower water content led to higher soil shear strength because it allowed rotting of tree roots
[9].

In terms of land use, the former land slide (T1) is a mixed garden managed by local land owners.
The results of Hairiah’s research also say that intensifying soil management after forest conversion can
lead to soil compaction which means lower pore space and soil infiltration, increasing shear strength
and runoff, along with reducing vegetation weight, these changes can reduce probability of slope failure
with time after forest conversion [9]. However, loss of 'root anchoring' associated with gradual decay of
tree roots in the first few years after conversion increases the risk of landslides.

The land cover plants at the location of the second landslide (T2) are grasses that have fibrous
roots that grow vertically into the soil (Figure 6 and Figure 3). In (Figure 2), it can be seen that fibrous
roots which have an average root length of 25-30 cm and an average dif#kter of 0.8-1 mm are
considered to be unable to stabilize slopes and have low soil gripping power. The shear strength of the
soil depends on the soil texture and soil moisture content, and we found spread in shear strength with
low root length.

At the location of the second landslide (T2) there is a use of shrub land which is dominated by
grass as land cover. This statement is in accordance with Arsyad's research in 2018 that the use of bush
land is prone to landslides because the roots are not deep enough to bind or grip the soil [3]. the lack of
land cover and vegetation, making the roots as a soil binder reduced in the dry season and in the rainy
season water will easily seep into the soil layer through the cracks and cause the soil layer to become
saturated with water, sooner or later this will cause landslides to occur.
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4. Conclusions

Silty clay loam soil texture has a high percentage of silt fraction, resulting in a decrease in soil cohesion
properties so that the soil is easily dispersed and triggers landslides. The value of bulk density in some
land uses increases in line with the decrease in the value of soil porosity which can reduce the infiltration
ability of the soil, making the soil saturated, thereby increasing root rot and triggering landslides and
erosion.
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