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The spatial distribution of surface erosion on corn fields in Boalemo 

Regency, Gorontalo Province is a significant concern. Boalemo Regency 

is known for its corn production, but the land clearing for corn cultivation, 

especially on steep slopes, has led to land degradation, triggering floods 
and landslides. This study aims to examine the spatial distribution of 

surface erosion on corn agricultural land in Boalemo Regency, covering all 

corn plantations in an area of 181,672.83 hectares. The RUSLE (Revised 

USLE) method was used to analyze soil erosion. The analysis of surface 

erosion levels was conducted based on the stages of corn planting, 

including the land preparation and planting stages. The results indicated 

that the total erosion during the land preparation stage was 2474870411 

tons per year, while during the corn planting stage, it was 1150961410 tons 

per year. The level of erosion was found to be very severe, covering an area 
of 46706.92 hectares (25.71%) during the land preparation stage and 

33852.80 hectares (18.63%) during the planting stage. 
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1. INTRODUCTION 

Soil erosion is a significant environmental issue in various regions worldwide, particularly in 

areas dominated by agricultural activities. Poorly managed land cultivation, especially in areas 

with steep topography, can trigger high rates of soil erosion, leading to land degradation. Land 

degradation is one of the most serious environmental problems today. Changes in land use are a 

primary driver of land degradation (Chaidar et al., 2017; Getu Engida et al., 2021; Huang & Lo, 

2015; Lundekvam et al., 2003). The effects of land degradation due to erosion are not limited to 

soil fertility loss but also have broader implications for food production sustainability, food 

security, and ecosystem stability (Huang & Lo, 2015). (Chalise et al., 2019) highlighted that land 

degradation is a critical issue in Nepal. Population growth, conventional land management 

practices, and excessive chemical fertilizer use are key factors contributing to erosion. Land 

degradation manifests in various forms, such as soil acidification, alkalinization, nutrient 

depletion, soil erosion, and biodiversity loss.  

In Indonesia, soil erosion is worsening due to agricultural intensification, particularly in 

steeply sloped areas like Gorontalo Province. As one of the largest corn-producing provinces in 

Indonesia, Gorontalo has a significant area of corn plantations, many of which are established on 

steep and very steep slopes. For instance, in Boalemo Regency, approximately 20% of the total 

agricultural land area consists of land on steep slopes, covering a total of 64,145.46 hectares 
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(Machmud et al., 2023). The land in this region is cleared at a high intensity to meet the demand 

for corn, both for local consumption and export. However, improper land management, especially 

without adequate soil conservation techniques, has triggered increased soil erosion. This has led to 

land degradation, characterized by declining agricultural productivity and increased risks of 

disasters such as floods and landslides (Chaidar et al., 2017; Getu Engida et al., 2021). 

Soil erosion in agricultural land is often caused by rapid land cover changes, as highlighted by 

(Hirsan, F.P;Susanti, F; Ridha, 2021) in their study in Dompu Regency. Their research revealed 

that converting forests into cornfields has led to an increased risk of flooding in the region. Another 

study by (Ferdianyah, D; Sahidu, A; Juniarsih, 2023) in Wawo District, Bima Regency, found that 

land conversion to cornfields triggered severe erosion and reduced access to clean water sources. 

This trend is also evident in Gorontalo Province, where the rate of land use change continues to 

accelerate. According to (Machmud et al., 2023), the agricultural land area in Gorontalo increased 

from 119,094 hectares in 2013 to 205,631 hectares in 2021. This significant increase in land 

conversion, particularly from forests and shrublands to agricultural land, has directly contributed 

to the degradation of forest ecosystems, which play a vital role in hydrological regulation and 

erosion mitigation (Anwar et al., 2011). 

The main issue faced in land degradation in Boalemo Regency is the rise in soil erosion caused 

by land cultivation without proper conservation techniques. According to a study by (Fatema & 

Chakrabarty, 2020), land on steep slopes is more susceptible to erosion than flat land, particularly 

when it lacks sufficient vegetation cover. In Boalemo Regency, many cornfields have been opened 

on steep slopes without considering proper land management techniques, leading to accelerated 

soil erosion. This not only contributes to land degradation but also alters surface water flow 

patterns, ultimately increasing the risk of flooding in the region (Anwar et al., 2011). 

Various conservation solutions have been proposed and implemented. One of the commonly 

adopted solutions is soil and water conservation techniques such as terracing, strip cropping, and 

the use of cover crops (David, 1988). These techniques are effective in reducing erosion rates by 

slowing surface water flow and enhancing water infiltration. However, despite their effectiveness, 

the application of these conservation techniques in the field is often limited by farmers' lack of 

knowledge and resources. Consequently, soil erosion and land degradation remain serious 

challenges in corn farming areas such as Boalemo Regency.  

Although various conservation solutions have been implemented, there remain research gaps 

on the most effective ways to address land degradation and erosion, particularly in areas with 

complex land characteristics like Boalemo Regency. These gaps relate to the lack of specific studies 

on the impact of land cover changes on soil erosion and the insufficient implementation of 

comprehensive conservation strategies. Most existing studies tend to focus on the impact of 

greenhouse gas emissions from agricultural activities, while the effects of soil erosion are often 

overlooked (Harimurti et al., 2019). Therefore, further research is needed to specifically examine 

the relationship between land cover changes, land management patterns, and soil erosion to 

formulate and implement more effective conservation solutions in the field. 

This study aims to address these gaps by conducting an in-depth examination of the impact of 

soil erosion in Boalemo Regency. Through this study, it is expected that a better understanding of 

the factors influencing soil erosion rates in cornfields can be achieved, and solutions that can be 

implemented to mitigate land degradation and maintain agricultural productivity in the region can 

be identified. 

  

2. METHOD 

2.1 Research Location  

This study was conducted in Boalemo Regency, Gorontalo Province, Indonesia. 

Astronomically, Boalemo Regency is located between 0° 23’ 55’’ - 0° 55’ 38’’ North Latitude and 

122° 01’ 12’’ - 122° 39’ 17’’ East Longitude. Geographically, the northern part of Boalemo Regency 

is bordered by Gorontalo Utara Regency, while the southern part is bordered by the Tomini Bay. 
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To the west, it is bordered by Pohuwato Regency, and to the east, it shares a border with Gorontalo 

Regency.  

2.2 Data Collection Methods 

The data used in this study consist of both primary and secondary data. Rainfall data were 

collected from 14 rain gauge stations spread across the study area. These stations provided long-

term rainfall data, which are essential for calculating rainfall erosivity. The soil erodibility factor 

was obtained from secondary data, specifically from the Soil Erodibility Map provided by the Bone 

Bolango Watershed Management Agency (BPDAS Bone Bolango). Topographic data, including 

slope length and slope steepness, were obtained from the Shuttle Radar Topography Mission 

(SRTM) imagery interpretation. Meanwhile, land cover data were acquired using Google Earth 

Engine, a platform that provides access to global satellite imagery, particularly Sentinel-2A satellite 

imagery, which is well-suited for high-resolution, wide-coverage multispectral mapping (Gorelick 

et al., 2017). 

 

2.3 Data Analysis Methods 

The method used for soil erosion analysis is the Revised Universal Soil Loss Equation (RUSLE), 

as formulated by (Wischmeier & Smith, 1978). The RUSLE model estimates the average annual 

soil loss (A) per unit area (ton/ha/year) based on several factors, as expressed in equation (1): 

𝐴 = 𝑅 × 𝐾 × 𝐿 × 𝑆 × 𝐶 × 𝑃               (1) 

Where: 

A  = Soil loss per unit area per year (ton/ha/year) 

R  = Rainfall erosivity  

K  = Soil erodibility 

L   = Slope length 

S  = Slope steepness 

C  = Land cover  

P  = Conservation practice 

Rainfall Erosivity Factor (R) 

The rainfall erosivity factor (R) is calculated using equation (2) based on the empirical formula 

developed by Babu et al., (2004): 

𝑅 = 81.5 + 0.38𝑃        (2) 

 

Where: 

R = Rainfall erosivity 

P = Annual rainfall (mm) 

This formula estimates the erosive potential of rainfall events based on the total annual rainfall. In 

this study, rainfall data from the 14 stations were used to compute the erosivity factor. 

 
Soil Erodibility Factor (K) 

The soil erodibility factor (K) represents the susceptibility of soil particles to detachment and 

transport by rainfall and surface runoff. The K values were derived from the Soil Erodibility Map 

provided by BPDAS Bone Bolango. This factor is critical because soil texture, structure, organic 

matter content, and permeability all contribute to how easily soil erodes. The use of the soil 

erodibility map ensures that the data accurately reflect local soil characteristics. 

 
Slope Length and Slope Steepness Factors (LS) 

The slope length and steepness factors (L and S) represent the effect of topography on soil 

erosion. The combination of these two factors, commonly referred to as LS, was calculated using 

equation (3), which is based on the relationship between slope steepness and erosion rate developed 

by David (1988) 
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𝐿𝑆 = 𝑎 + 𝑏 × 𝑆𝐿
4 3⁄

          (3) 

Where: 

a = 0.1 (constant) 

b = 0.21(constant) 

SL = Slope steepness (%) 

This formula highlights the increased susceptibility to erosion on steeper and longer slopes. Areas 

with steep slopes, particularly in the study area, are expected to have higher LS values, indicating 

higher erosion potential. 

 
Land Cover Factor (C) 

The land cover factor (C) reflects the ratio of soil loss from an area with specific land cover and 

management to the soil loss from bare ground. C values vary depending on land use and cover, as 

they affect soil exposure to erosive forces. For example, during the land preparation stage, the C 

value is set at 1, indicating maximum vulnerability due to the lack of protective vegetation. In 

contrast, during the corn planting stage, the C value is adjusted to 0.55, representing a more stable 

condition with partial land cover. The values of C used in this study were drawn from the literature 

(David, 1988) and adjusted based on local conditions in Boalemo Regency, as shown in Table 1. 

 

Table 1.  Land Cover Factor (C) Values for Corn Farming in Boalemo Regency 

Land Cover Type Land Preparation Planting 

Water 0 0 

Forest 0.003 0.003 

Swamp 0.001 0.001 

Agricultural Land 1 0.55 

Bare Land 0.1 0.1 

Settlements 0.2 0.2 
Source: (David, 1988) 

These C values provide insight into how different land cover types contribute to erosion. For 

instance, forested areas have low C values, indicating that they effectively protect the soil from 

erosion, whereas agricultural land in the preparation phase is more prone to erosion due to the lack 

of protective cover. 

 

Table 2.  Conservation Practice Factor (P) Values for Corn Farming in Boalemo Regency 

Land Cover Type Land Preparation Planting 

Water 1 1 

Forest 0.8 0.8 

Swamp 1 1 

Agricultural Land Slope <3% 1 0.6 

Agricultural Land Slope 3-9% 1 0.5 

Agricultural Land Slope 9-13% 1 0.6 

Agricultural Land Slope 13-17% 1 0.7 

Agricultural Land Slope 17-21% 1 0.8 

Agricultural Land Slope 21-26% 1 0.9 

Agricultural Land Slope >26% 1 0.95 

Bare Land 1 1 

Settlements 1 1 
Source: (David, 1988) 
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Conservation Practice Factor (P) 

The conservation practice factor (P) reflects the ratio of soil loss under specific conservation 

practices to the loss from conventional farming. P values are influenced by slope steepness and the 

type of conservation practice employed. For instance, contour plowing and terracing can 

significantly reduce erosion by slowing water runoff and promoting infiltration. Table 2 shows the 

P values for different slope conditions during both the land preparation and corn planting stages in 

Boalemo Regency. 
 

Erosion Analysis 

Erosion analysis was conducted under two main scenarios: land preparation and planting stages. 

During the land preparation stage, C and P factors were both assumed to be 1, representing the 

highest erosion potential due to the exposed soil and absence of conservation practices. During the 

planting stage, the C and P factors were adjusted to reflect the more stable conditions of land cover 

and management practices. These values were derived from the relevant literature (David, 1988) 

to illustrate the variability in erosion rates based on different land management practices. 

By applying the RUSLE model under these two scenarios, the study aimed to quantify the 

differences in soil erosion during the land preparation and planting stages and to provide insights 

into the effectiveness of various conservation practices in mitigating soil erosion. 

 

3. RESULTS AND DISCUSSION 

The impact of surface erosion caused by corn farming activities was evaluated using the 

Revised Universal Soil Loss Equation (RUSLE) method. The erosion assessment was conducted 

in two phases: the land preparation stage and the corn planting stage. Rainfall erosivity data were 

derived from a 12-year analysis (2010–2022) of rainfall data collected from 14 rain gauge stations 

distributed across Boalemo Regency and surrounding areas. Rainfall was analyzed using the 

isohyet approach to determine the spatial distribution of rainfall in the region (see Figure 1). 

Detailed rainfall and erosivity data for Boalemo Regency are presented in Table 3. The erosivity 

map of Boalemo Regency is shown in Figure 1. 

 
Table 3. Average Rainfall and Erosivity Values in Boalemo Regency 

Rainfall Station Average Rainfall (mm)  
2010-2022 

Erosivity (R) 

ARR Boliohuto Bulontio 27747.03 1125.37 
MRG DAS Langgula-Lamu 2265.84 942.52 
ARR Paguyaman Mohiolo 3535.40 1424.95 

ARR Paguyaman Lakeya 3804.31 1527.14 
ARR Paguyaman Tangkobu 2288.69 951.20 

ARR Bendungan Paguyaman - Olimohulo 2188.14 912.99 
ARR Paguyaman Saritani 3571.83 1438.79 

ARR Paguyaman Pantai 1425.45 623.17 
ARR Paguyaman Dulupi 1302.09 576.29 

ARR Tilamuta Modelomo 1388.83 609.25 

ARR Tilamuta Piloliyanga 1882.52 796.86 
ARR Tabulo Bendungan 1648.75 708.02 

ARR Paguat Bunuyo 1974.67 831.87 
ARR Bumbulan Karya Baru 3291.35 1332.21 

Source: Analysis results, 2023 

3.1 Rainfall Erosivity and Soil Erodibility 

The erosivity factor (R) for the study area was derived from rainfall data and exhibited 

significant spatial variation across Boalemo Regency, with values ranging from 576.29 mm to 

1527.14 mm. This variation highlights the influence of rainfall intensity and distribution on erosion 

potential (see Figure 1). The spatial distribution of erosivity also illustrates the areas where rainfall 

exerts the greatest erosive force on the landscape, making them particularly vulnerable to soil 

erosion (Borrelli et al., 2021; Nearing et al., 2011) 
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(a)                                                                                    (b) 

Figure 1. Rainfall Map (a) and Erosivity Map (b) in Boalemo Regency 

In terms of soil erodibility (K), data were obtained from soil maps provided by the Bone Bolango 

Watershed Management Agency (BPDAS Bone Bolango). The results show that alluvial soils, with 

a K value of 0.5, exhibited the highest erodibility, making them more susceptible to erosion 

compared to other soil types such as grumusol, which had a lower K value of 0.16 (see Table 4). 

The spatial distribution of soil erodibility is shown in Figure 2, which demonstrates how different 

soil types influence erosion rates across Boalemo Regency. 

Table 4. Soil Erodibility Value in Boalemo Regency 

Soil Type K Value 

Aluvial 0.5 

Grumusol 0.16 

Latosol 0.39 

Podsolik 0.49 
Source: Soil map analysis, 2023 

 

 

  

(a)                                                                               (b) 

Figure 2.  Map of Soil Types (a) and Erodibility Map (b) in Boalemo Regency 

 

 

 



7 
doi: 10.37905/jage.v5i1.38283                 ejurnal.ung.ac.id/index.php/jage 
 

Copyright © 2026 The Authors. Published by Geology Engineering Study Program, Universitas Negeri Gorontalo 
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License. 

 

Figure 3. LS Factor Distribution Map in Boalemo Regency 

3.2 Slope Length and Steepness Factor (LS) 

The slope length and steepness factor (LS) is a critical determinant of erosion risk, as areas with 

long and steep slopes are more prone to severe erosion. The LS factor in Boalemo Regency ranged 

from a minimum of 0.1 to a maximum of 392.664 (Table 5), with the highest LS values occurring 

in areas with steep and extended slopes. Figure 3 illustrates the spatial distribution of LS values, 

with the highest erosion risks concentrated in regions with high topographic variation. 

Table 5. Slope Length and Steepness Factor (LS) in Boalemo Regency 

LS Factor Value 

Minimum 0.1 

Maximum 392.664 
Source: Analysis results, 2023 

3.3 Land Cover Factor (C) and Conservation Practices (P) 

The land cover factor (C) reflects the extent to which vegetation and other land cover types 

protect soil from erosion. In Boalemo Regency, C values were adjusted based on different land use 

stages. For instance, during the land preparation stage, C was set to 1, indicating maximum 

vulnerability to erosion, while during the corn planting stage, the C value was reduced to 0.55, 

representing a more stabilized condition with partial vegetation cover (David, 1988). The spatial 

distribution of land cover is shown in Figure 4. 

Conservation practices (P) measure the effectiveness of erosion-reducing techniques, such as 

terracing and contour plowing. In areas with steep slopes, these practices significantly reduce 

erosion, as reflected in the P values assigned based on slope gradients. For instance, agricultural 

land on slopes between 3% and 9% has a P value of 0.5 during the planting stage, indicating reduced 

erosion risk compared to bare land (David, 1988). Figure 5 depicts the spatial distribution of land 

cover across the study area. 
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Figure 4. Land Cover Map in Boalemo Regency 

3.4 Soil Erosion during the Land Preparation Stage 
The total soil erosion during the land preparation phase in Boalemo Regency amounted to 

2,474,870,411 tons/year, with an average erosion rate of 13,622.68 tons/ha/year (Table 6). The 

spatial distribution of soil erosion during this phase is shown in Figure 5. Erosion was particularly 

severe in areas with steep slopes and high rainfall erosivity, with 25.71% of the total agricultural 

land in Boalemo Regency experiencing "very severe" erosion, affecting 46,706.92 hectares of land. 

These findings underscore the vulnerability of land without adequate soil conservation measures 

during the preparation stage (Getu Engida et al., 2021; Nurdin et al., 2023; Wischmeier, W H and 

Smith, 1978). 

Table 6. Surface Erosion Levels, Land Area, and Total Erosion during the Land Preparation Stage in 

Boalemo Regency 

Erosion Level 
Classification 

(ton/ha/year) 
Area (ha) % 

Total Erosion 

(ton/year) 

Very Light <15 39658.10 21.83 370637.53 

Light 15-60 80847.79 44.50 1111912.57 

Moderate 60-180 9165.21 5.04 2965100.24 

Heavy 180-480 5294.82 2.91 7412750.59 

Very Heavy >480 46706.92 25.71 2463010010.06 

Total 181672.83 100 2474870411 
Source: Analysis results, 2023 
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Figure 5. Spatial Distribution Map of Erosion in the Corn Land Preparation Stage in Boalemo Regency 

3.5 Soil Erosion during Corn Planting 

During the corn planting stage, total soil erosion decreased to 1,150,961,410 tons/year, with 

an average erosion rate of 6,335.36 tons/ha/year (Table 7). Despite this reduction, "very heavy" 

erosion still affected 25.37% of the total agricultural land in Boalemo Regency, particularly in areas 

with steep slopes. This decrease in erosion can be attributed to better land cover during the planting 

stage, as vegetation such as corn provides protection against rainfall-induced erosion (Babu et al., 

2004). The spatial distribution of erosion during the planting stage is shown in Figure 6. 

Table 7. Erosion level, area and magnitude of surface erosion at the corn planting stage in Boalemo 

Regency 

Erosion Level Classification (ton/ha/year) Area (ha) % 
Total Erosion  

(ton/year) 

Very Light <15 39983.30 22.01 329891.70 

Light 15-60 81125.96 44.66 989675.13 

Moderate 60-180 14473.65 7.97 2639133.65 

Heavy 180-480 12236.85 6.74 6597834.11 

Very Heavy >480 33852.80 18.63 1140404875.42 

Total  181672.56 100 1150961410 
Source: Analysis results, 2023 
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Figure 6. Spatial Distribution Map of Erosion at the Corn Planting Stage in Boalemo Regency 

3.6 Implications for Land Management 

The results of this study highlight the urgent need for more intensive soil conservation measures, 

particularly during the land preparation stage for corn farming. Areas experiencing "very heavy" 

erosion during both the preparation and planting stages require immediate attention, with the 

adoption of conservation practices such as terracing, strip cropping, or the use of cover crops 

(Hirsan, F.P;Susanti, F; Ridha, 2021). Moreover, a spatially-based land management approach, 

which accounts for slope gradients and rainfall distribution, is crucial for better land management 

planning. (Fatema & Chakrabarty, 2020) suggest that spatially-targeted land management can 

significantly improve erosion prevention, particularly in areas with high erosion risk like Boalemo 

Regency. 

 

4. CONCLUSIONS 

Based on the analysis of soil erosion during the land preparation and planting stages in Boalemo 

Regency, it can be concluded that corn farming practices without adequate soil conservation 

measures lead to severe erosion, especially on steep and highly erodible lands. Therefore, a more 

sustainable and strategic land management approach is required, considering the spatial 

distribution of erosion risk factors. Implementing better soil conservation methods, such as 

terracing and cover crops, can significantly reduce soil erosion and maintain agricultural 

productivity in Boalemo Regency. Further research is needed to evaluate the effectiveness of 

various conservation techniques in this region to minimize the negative impacts of surface erosion 

on agricultural land. 
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