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ABSTRACT: 

Most agro-tourism areas are located in the upstream area of the watershed, in the highlands, steep 

slopes, and the air temperature is peaceful and calm. One of them is in the tourism area in the Penet 

upstream watershed, Bali, Indonesia. Agro-tourism, in addition to providing economic benefits to 

agricultural products, also from tourist visits to the panorama and landscape of agricultural land. 

Land use that is not wise and not following conservation rules can cause erosion. This study aims to 

investigate soil erosion rate and plans for environmental-based conservation. The method used to 

quantify erosion uses Universal Soil Loss Equation (USLE) with a geographic information system 

(GIS) approach. This research integrates field surveys and soil analysis in the laboratory. The result 

showed that the erosion rate in agro-tourism areas ranges from 0.32 t ha-1 yr-1 (very light) to 1,535.34 

t ha-1 yr-1 (very heavy). The agro-tourism areas affected by erosion with heavy to very heavy 

categories are the villages of Antapan, Bangli, Apuan, Angseri, and Candikuning. Conservation 

actions can be taken, including improving plant management factors with dense vegetation, 

increasing land management actions by constructing bench terraces, and planting parallel to contour 

lines. It is recommended for further researchers to model erosion by integrating remote sensing data 

and geographic information systems in order to complement data that cannot be obtained in the field 

or the laboratory.  
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1. INTRODUCTION 

The island of Bali has been known by many tourists worldwide as a famous tourist destination 

(Rideng et al., 2020). Natural tourism objects such as beaches, lakes, mountains, cultural tourism 

objects, and agro-tourism are all found on the island of Bali (Utama, 2020). Many researchers have 

studied the agro-tourism sector regarding marketing, development concepts, and economic benefits . 

Agro-tourism is an activity that seeks to develop the natural resources of an area with the potential 

for agriculture to be used as a tourist area. Plantation areas, specific vegetable-producing centers, 

and rural areas have great potential to become agro-tourism objects (Mahanani et al., 2021; Marin, 

2015; Rosardi et al., 2021). The contained potential must be viewed in terms of the natural 

environment, geographical location, types of products, agricultural commodities produced, 

facilities, and infrastructure (Satriawan et al., 2015). In this study, we examine from a different 

perspective, namely, the impact of agro-tourism activities in the upstream area of the river on the 

environment. Apart from lowland rice, horticultural crops such as vegetables are one of the 

commodities cultivated in this upstream of agrotourism area. Characteristics of horticultural 

cultivation are intensive soil cultivation. Intensive tillage can cause the stability of soil aggregates to 

be disturbed. The upstream area of this agro-tourism area has an average annual rainfall of 3,110 

mm/year. Cultivation of horticultural crops in areas with steep slopes, intensive tillage, and high 

rainfall can cause erosion.  

Another problem with agricultural activities on steep slopes is that they are prone to landslides 

(Diara et al., 2022; Trigunasih & Saifulloh, 2022). Therefore, using sloping land to meet human 
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interests requires the application of soil and water conservation. Soil and water conservation are 

efforts to maintain and increase soil productivity, quantity, and water quality. Applying soil and 

water conservation techniques is the primary strategy in efforts to preserve and utilize the 

environment and natural resources (Narendra et al., 2021; Nugroho et al., 2022). Soil and water 

conservation is beneficial in mitigating climate change and land degradation in the long term. 

Therefore, it is essential always to pay attention to conservation rules so that the land is not 

susceptibility to erosion. 

Based on the abovementioned problems, the authors assume it is necessary to research erosion 

mapping and determine appropriate conservation plans in agro-tourism areas. This study aims to 

quantify the amount of erosion and its spatial distribution and to plan environmental-based 

conservation measures. 

2. STUDY AREA  

This research was conducted in the upstream area of agro-tourism on the island of Bali (Fig 

1a). Hydrologically this area is included in the upstream Penet and Beratan watersheds. The slope of 

the slope is dominated by steep, with altitudes ranging from 334 - 2142 masl (Fig 1b). This area is 

located in Baturiti District, Tabanan Regency, Bali Province. Several villages use the land for agro-

tourism activities, such as Candikuning, Angseri, Baturiti, and Antapan villages. The main tourist 

attraction is Lake Batur, with superior commodities on the surrounding agricultural land: 

strawberries, peppers, carrots, etc. Geographically, is located at 08°14'30''-08°38'07'' latitude and 

114°59'00''-115°02'57'' east longitude. 

 

Fig. 1. The research location is viewed from a global scale in Indonesia and the island of Bali (a),  

a regional scale and shows the altitude of the research area (b),  

mapping units and the location of soil samples in the field (c). 
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3. DATA AND METHODS 

3.1. Tools and Materials 

The materials needed for our reserch include (1) chemical compounds (Calgon 5%, H2O2 30%, 

H2O, K2Cr2O7, concentrated H2SO4, concentrated H3PO4, DPA, FeSO4); (2) soil samples obtained 

from field observations; (3) rainfall data for the last ten years from Meteorological, Climatological, 

and Geophysical Agency (BMKG); (4) soil type maps ; (5)  land use maps, and slope class maps 

derived from Alos Palsar Digital Elevation Model (DEM), and Google Earth Satellite Imagery. The 

tools used include (1) Belgy drill; (2) sample ring; (3) field knife; (4) Abney levels; (5) ArcGIS 10.8 

software; (6) laboratory analysis equipment, such as permeability determination apparatus, mug or 

glass beaker, pipette, tin, Erlenmeyer, burette, Petri dish, texture sieve, measuring cup, oven, and 

scale. 

 

3.2 Data Analysis 

The method used in this research is a field survey method by taking soil samples using the 

purposive sampling technique and then the soil samples analysis at the Laboratory. The stages of 

research implementation are (1) preparation (library study, determination of homogeneous land 

units, and preliminary survey); (2) field survey and soil sampling; (3) soil analysis in the 

Laboratory; (4) erosion calculations; (5) Tolerable erosion (EDP) calculation; (6) soil and water 

conservation planning; and (7) erosion mapping. This research mapping unit is based on thematic 

map overlays (soil type, land use, and slope). Eighteen mapping units were obtained, which were 

then used to take soil samples in the field. Soil sampling was carried out by purposive sampling and 

compositely, referring to the mapping unit that had been made previously. The map of the mapping 

unit and the soil sampling point is presented in Fig. 1c.Two parameters are observed, namely those 

observed in the field and those observed in the Laboratory. The parameters observed in the field 

include: 

1. the length of the slope (L) measured using a meter, 

2. the slope (S) measured or observed with the Abney level, 

3. visually observed soil structure based on the shape and type of soil structure, 

4. adequate depth measured with a Belgy Drill, 

5. visually observed type and density of vegetation (C), and 

6. visually observed land management (P). 

Meanwhile, the parameters observed in the Laboratory include 

1. soil texture using the pipette method, 

2. organic materials using the Walkey and Black method, 

3. permeability using the De Booth method based on Darcy's law, and 

4. soil volume weight using the ring sample method. 

Parameter criteria through field observations and laboratory analysis adopted from previous 

researchers, which were carried out in the Galunggung Watershed, Bali Province (Trigunasih et al., 

2018). We adopted the previous researchers because our area's biophysical characteristics are 

similar to those of previous researchers. The difference is in the research area and the recommended 

conservation output, that this research is specific for conserving the upstream watershed area for 

ago-tourism activities. 

a. Calculation of soil Erosion 

The method used for calculating erosion is the USLE method proposed by (Wischmeier & 

Smith, 1978) with the following Eq. 1 

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

where A is the weight of soil lost (t ha-1 yr-1), R is the rain erosivity factor (kj ha-1 cm-1), K is the 

soil erodibility factor (t kj-1), LS is the factor of slope length and slope, C is the factor of vegetation 

cover and plant management, and P is the factor of land management. 
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b. Rainfall Erosivity (R) 

Rain erosivity (R) is the ability of rainwater to cause erosion which is calculated using the Bols 

methode (Wischmeier & Smith, 1978) with the Eq. 2 

        EI30 = 6.119(RAIN) 1.21 × DAYS-0.47 × MAXP0.53                                                              (2) 

where EI30 is the monthly rainfall erosivity, RAIN is the average monthly rainfall (cm), DAYS 

is the average rainy day in one month, and MAXP is the maximum rainy day in the month 

concerned (cm). 

 

c. Soil Erodibility (K) 

Soil erodibility (K) is the ease with which the soil erodes, which can be calculated using the 

following (Wischmeier & Smith, 1978) Eq. 3 

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

where K is the soil erodibility value. M is the percentage of very fine sand fraction (0.1 – 0.05 

mm diameter) and dust fraction (0.05 – 0.002 mm diameter) × (100 – clay fraction percentage), a is 

the percentage of organic matter, b is the soil structure code, and c is the soil profile, permeability 

class. 

 

d. Slope Length (LS) 

Length and slope (LS) is the ratio between the amount of erosion from a plot of land with a 

certain slope length and steepness, which can be calculated using the (Renard et al., 1991) Eq. 4 

       LS = √x(0,0138 + 0,00965s + 0,00138s2)                                                                             (4) 

       where x is the length of the slope (m) and s is the steepness of the slope (%). 

 

e. Ground Cover Vegetation and Plant Management and Land Management (CP) 

Ground cover vegetation and plant management (C) is the ratio between the amounts of erosion 

from planted soils with certain management to the amount of soil erosion that is not planted and 

processed cleanly, whose value is obtained by observing visually at the field survey stage. 

Land management (P) is the ratio of the amount of soil erosion with a certain conservation 

measure to the amount of erosion from soil that is processed according to the direction of the slope, 

whose value is also obtained by direct observation at the field survey stage. The C and P values are 

then calculated by multiplying the two factors to get the combined CP value. 

 

f. Permissible Erosion (Edp) 

Setting the maximum allowable erosion rate (Edp) is essential because it is impossible to reduce the 

erosion rate to zero on agricultural land, especially in sloping areas. The Edp value was obtained 

using the (Renard et al., 1991) Eq. 5 

         Edp (t ha-1 yr-1) = Edp (mm yr-1.) × Bulk Density × 10 (t ha-1 yr-1.)                                           (5) 

Where Edp is the allowable erosion rate (t ha-1 yr-1.), the equivalent depth is the effective depth 

× value of the depth factor (mm), the useful life of the soil is 400 years, and Bulk Density is the 

weight of the soil volume. 
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4. RESULTS AND DISCUSSIONS 

4.1. Parameters Causing Erosion 

The rain erosivity values obtained each month are then added together to get the annual 

erosivity value. The results show that the annual rainfall erosivity at Pos Luwus is 2,414.18 t ha-1 

cm-1;  the annual rainfall erosivity at Baturiti Post is 2,443.00 t ha-1 cm-1, and rain erosivity at 

Candikuning Post has a value of 2,807.23 t ha-1 cm-1 (Fig 2a). Soil erodibility in the study area 

ranges from 0.08-0.51 (very low to high). Very low soil erodibility is found in Unit 2, with a value 

of 0.08. Low soil erodibility was found in Units 3, 7, 12, 13, 17 and 18. Medium soil erodibility was 

found in Units 4, 5, 8, 9, 10, and 11. Slightly high soil erodibility was found in Unit 14. High soil 

erodibility was found in Units 1, 6, 15, and 16 (Fig 2b). Calculating the length and slope of the 

slopes produce LS values between 0.39 to 6.06. The lowest LS value of 0.39 is found in Unit 5, with 

a length and slope of 50 m and 3%, respectively. While the highest LS value, which is 6.06, is found 

in Unit 2, with a slope length of 3.5 m and a slope of 45% (Fig 2c). The CP value obtained starts 

from the lowest, which is 0.001, and the highest is 0.28. The lowest CP values were found in Units 

1, 2, 3, and 4 with forest land use and no land management or conservation action. In comparison, 

the CP with the highest value can be found in Units 15, 16, 17, and 18 with the use of dry land and 

land management actions in the form of traditional terraces (Fig 2d). Statistical data regarding the 

parameters that cause erosion are presented in Table 1. 
 

 
 

Fig 2. The thematic map that we use to calculate the amount of erosion i.e. Erosivity (R) is derived from 

data on rainfall (a), erodibility (K) (b), slope length (LS) (c), and land management (CP) (d). 

4.2. Spatial Distribution of Soil Erosion and Conservation Effort 

The amount of erosion (A) calculation shows that the study area experienced erosion from 0.32 

to 1535.34 t ha-1 yr-1. Based on the classification of erosion levels according to (Morgan et al., 

1984), the amount of erosion in the study area is very light to very heavy. Very light erosion was 
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found in Units 1, 2, 3, 4, 10, 11, 12, 13, and 14 (4,848.31 ha). Mild erosion was found in Unit 5 

(971.88 ha). Moderate erosion was found in Units 7, 8, 9, and 17 (989.61 ha). Heavy erosion 

occurred in Units 6 and 18 (599.70 ha). Very heavy erosion was found in Units 15 and 16 (2,516.77 

ha) (Fig 3a). 
Table 1. 

Statistical data on the parameters that cause erosion calculation results and conservation efforts. 

Land 

Unit 
Landuse 

Area 

(ha) 
R K LS CP 

A (t ha-1 

yr-1) 
Categories EDP Conservation 

1 
Primary dry 

land forest 
266.26 2443 0.47 5.76 0.001 6.68 Very Light 28.2 Maintenance effort 

2 

Primary 

dryland 

forest 

722.13 2443 0.08 6.07 0.001 1.25 Very Light 24.03 Maintenance effort 

3 

Secondary 

dryland 
forest 

897.32 2443 0.21 4.89 0.001 2.49 Very Light 33.3 Maintenance effort 

4 

Secondary 

dryland 

forest 

661.25 2443 0.27 5.48 0.001 3.63 Very Light 35.1 Maintenance effort 

5 

Mixed 

Dryland 

Farming 

971.88 2414.18 0.25 0.39 0.08 19.04 Light 27.79 Maintenance effort 

6 
Mixed 

Dryland 

Farming 

243.31 2443 0.46 3.22 0.08 290.78 Heavy 24.75 

Mixed dryland 
farming (high density) 

and bench terraces of 
good construction 

7 
Mixed 

Dryland 

Farming 

358.58 2414.18 0.19 3.79 0.08 139.5 Moderate 25.65 

Mixed dryland 

farming (high density) 

and bench terraces of 
good construction 

8 

Mixed 

Dryland 
Farming 

280.58 2443 0.22 1.8 0.08 76.09 Moderate 19.6 

Mixed dryland 

farming (medium-
high density) and 

bench terraces of 

medium-fine 
construction 

9 

Mixed 

Dryland 

Farming 

255.31 2443 0.27 1.4 0.08 74.85 Moderate 24.7 

Mixed dryland 

farming (medium-

high density) and 
bench terraces of 

medium-fine 

construction 

10 Ricefield 1652.35 2414.18 0.22 0.4 0.0015 0.32 Very Light 17.1 Maintenance effort 

11 Ricefield 169.81 2443 0.26 1.79 0.0015 1.71 Very Light 14.55 Maintenance effort 

12 Ricefield 305.26 2414.18 0.19 2.01 0.0015 1.38 Very Light 19.95 Maintenance effort 

13 Ricefield 103.12 2443 0.19 0.82 0.0015 0.58 Very Light 16.5 Maintenance effort 

14 Ricefield 337.07 2807.23 0.34 1.01 0.0015 1.43 Very Light 18.53 Maintenance effort 

15 
Dryland 

Farming 
2208.66 2443 0.49 4.61 0.28 1535.3 Very heavy 22.27 

Peanuts with straw 
mulch 4 t h-1 and 

bench terraces of good 
construction 

16 
Dryland 

Farming 
308.11 2443 0.51 4.32 0.28 1505.6 Very heavy 22.73 

Peanuts with straw 

mulch 4 t h-1 and 

bench terraces of good 

construction 

17 
Dryland 

Farming 
95.14 2443 0.14 1.54 0.28 147.36 Moderate 23.75 

Dryland farming and 

terrace benches are of 
good construction 

18 
Dryland 

Farming 
356.39 2443 0.2 2.1 0.28 289.56 Heavy 26.33 

Mixed dryland 

farming (high density) 

and bench terraces of 
medium construction 

Source: Researcher Analysis in 2022. 
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Very light erosion was spread in the villages of Angseri, Antapan, Apuan, Bangli, Batunya, 

Baturiti, Candikuning, Mekarsari, Perean, Perean Kangin, and Perean Tengah (Units 1, 2, 3, 4, 10, 

11, 12, 13, and 14). The K factor that causes very mild to mild erosion in Units 2, 3, 5, 12, and 13 

indicates that the soil in the area is not easily eroded. Meanwhile, the CP factor causes very mild 

erosion in Units 1, 2, 3, 4, 10, 11, 12, 13, and 14. Units 1, 2, 3, and 4 have land use in the form of 

forests with a lot of litter. Forests have a high density between plants to reduce the impact of 

rainwater because it is blocked by plant canopies that touch each other. In addition, a lot of litter 

also plays a role in increasing infiltration so that it can reduce the surface runoff velocity. Units 10, 

11, 12, 13, and 14 have land use in the form of rice fields with bench terraces of medium 

construction. 

 Irrigated rice has a dense plant density to reduce runoff and block the soil surface from the 

impact of rainwater. In addition, the fibrous roots in rice can control erosion because the fine 

threads in the fibrous roots can bind the primary soil grains so that the stability of soil aggregates 

becomes stable (Trigunasih et al., 2018; Trigunasih et al., 2017). Using rice fields with terraces also 

contributes to reducing the CP value. Bench terraces reduce the length and slope of the slope to 

minimize the amount and speed of runoff (Gao et al., 2020; Lowe et al., 2021; Ma et al., 2019).   

Light erosion was spread in the villages of Angseri, Antapan, Apuan, Bangli, Baturiti, Luwus, 

Mekarsari, Perean, Perean Kangin, and Perean Tengah (Unit 5). The area has the lowest LS value 

with a slope classified as sloping. The gentle slope can increase infiltration, reducing the amount 

and speed of runoff. Erosion is spreading in the villages of Angseri, Antapan, Apuan, Bangli, 

Batunya, Baturiti, Candikuning, Luwus, Mekarsari, and Perean Kangin (Units 7, 8, 9, and 17). The 

slope in this area is classified as slightly sloping to sloping, allowing surface runoff. Units 7, 8, 9 

(Fig 3a) have medium density mixed dryland farming with traditional terraces. 

 

Fig. 3. Map of spatial distribution of erosion magnitude in agro-tourism areas (a),  

spatial distribution of environmental-based conservation action plans (b). 
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Raindrops will easily destroy soil particles because the plant density is less dense, so the plant 

canopy does not completely cover the soil. In addition, the ability of traditional terraces will not be 

as good as that of bench terraces of moderate to good quality in reducing the amount and speed of 

runoff (Chen et al., 2022; Deng et al., 2021; Khelifa et al., 2017). 

Heavy erosion was spread in the villages of Antapan, Bangli, Batunya, Baturiti, and 

Candikuning (Units 6 and 18). The K factor is the cause of heavy erosion in Unit 6 with a high 

category, indicating that the soil in the area is easily eroded. The slope in this area is classified as 

slightly sloping to slightly steep so that it can cause surface runoff. Land Unit 6 has a land use of 

medium density mixed dryland farming of medium density and dry fields can increase the erosion 

value because it has a density between less dense plants. So that the soil is easily destroyed by the 

destructive power of rain and traditional terraces that do not have as good quality as bench terraces 

of medium and good construction. 

Very heavy erosion was spread in the villages of Angseri, Antapan, Apuan, Bangli, Batunya, 

Baturiti, Candikuning, Luwus, and Mekarsari (Units 15 and 16). The high value of soil erodibility 

(K) indicates that the soil in the area is easily eroded. The LS value in the unit is high which can 

increase the amount and speed of runoff. CP with the use of dry land can increase the erosion value 

because it has a loose plant density, causing soil aggregates to be easily destroyed when it rains with 

high intensity and traditional terraces do not have the ability as well as bench terraces in reducing 

the amount and speed of runoff (Gao et al., 2020; Khelifa et al., 2017). 

Recent research conducted by (Jemai et al., 2021), estimating soil erosion using GIS and 

remote sensing in South-Eastern Tunisia. The average soil loss rate is about 0.2 t ha-1 yr-1. The 

maximum soil loss in the study area is 17 t ha-1 yr-1 in the Matmata mountain area. Further research 

by (Pham et al., 2018) in Sap Watershed, Central Vietnam. The results showed that forest land 

experienced the most soil erosion at around 19 t ha−1 year−1, plantation forests at 7 t ha-1 yr-1, and 

other agricultural lands at 3.70 and 1.45 t ha-1 yr-1 for annual crops and lowland rice.  

Comparing the two previous researchers in different regions of the country shows that our 

findings regarding the erosion rate are drastically different, namely for the maximum erosion rate 

reaching 1,535.3 t ha-1 yr-1 on dry land farming land use. This condition is caused by the 

characteristics of the regions in the different research areas, causing different results for each 

parameter built using the USLE model. We assume that the findings of our study should be 

evaluated by conducting further research with a different approach.  

This research is not based on raster/pixel but the based data from vector/polygon. The 

uncertainty and weakness are that the resulting erosion model is general. Other researchers analyzed 

the erosive factor with remote sensing data such as the Global Precipitation Measurement Mission 

(GPM) and Tropical Rainfall Measuring Mission (TRMM) (Chen et al., 2021; Das et al., 2022). 

Land use and vegetation density through remote sensing spectral index approach (e.g., Normalized 

Difference Vegetation Index ) (Ayalew et al., 2020), and use of detailed scale soil type to analyze 

erodibility (Ayalew et al., 2020). The effects of land use change must also be considered in 

quantifying erosion. The study investigates the impact of land use change on the rate of soil erosion, 

and informs that the rate of soil erosion is increasing along with changes in forest land to crop with 

lowest vegetation density and bare land (Eskandari Damaneh et al., 2022; Mariye et al., 2022; Sourn 

et al., 2022). 

The conservation actions are determined after comparing the amount of erosion that occurs (A) 

with the tolerable erosion (EDP). If the value of (A) is greater than (EDP) then conservation action 

is required. Meanwhile, if the value of A is less than Edp, then there is no need to take conservation 

measures and only implement maintenance efforts. Units with an A value lower than the Edp value 

are Units 1, 2, 3, and 4 with forest land use, Unit 5 with mixed dryland farming, and Units 10, 11, 

12, 13, and 14 with paddy field use. The unit does not require soil and water conservation measures 

and requires only maintenance efforts. Meanwhile, Units 6, 7, 8, and 9 with mixed dryland farming 

and 15, 16, 17, and 18 with dry land use require soil and water conservation measures because these 

eight units have A values greater than EDP. Conservation data based on allowable erosion 

conditions are presented in Table 1, and their spatial distribution is shown in Fig. 3b. 
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5. CONCLUSIONS 

The erosion rate in agro-tourism areas ranges from 0.32 t ha-1 yr-1 (very light) to 1,535.34 t ha-1 

yr-1 (very heavy). The spatial distribution of erosion rates in the heavy to very heavy categories, 

respectively, is 599.70 and 2,516.77 ha. The agro-tourism areas affected by the erosion rate in this 

category are the villages of Antapan, Bangli, Apuan, Angseri, and Candikuning. Conservation 

actions can be taken, including improving plant management factors with dense vegetation, 

increasing land management actions by constructing bench terraces, and planting parallel to contour 

lines. It is recommended for further researchers to model erosion by integrating remote sensing data 

and geographic information systems in order to complement data that cannot be obtained in the field 

or the laboratory. 
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