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Abstract

Soil losses due to water erosion threaten the sustainability of agriculture and the food security of current 
and future generations. This study estimated potential soil losses and sediment production under different 
types of land uses in a subbasin in the Municipality of Alfenas, southern Minas Gerais, southeastern 
Brazil. The objective of this research was to evaluate the application of the Potential Erosion Method 
by the Intensity of Erosion and Drainage program and correlate the findings with the results obtained by 
the Revised Universal Soil Loss Equation as well as geoprocessing techniques and statistical analyses. 
In the Potential Erosion Method, the coefficient indicating the mean erosion intensity was 0.37, which 
corresponded to erosion category IV and indicated weak laminar erosion processes, and the total soil 
loss was 649.31 Mg year-1 and the mean was 1.46 Mg ha-1 year-1. These results were consistent in 
magnitude with those obtained in the Revised Universal Soil Loss Equation, which estimated a mean 
soil loss of 1.52 Mg ha-1 year-1 and a total soil loss of 668.26 Mg year-1. The Potential Erosion Method 
suggests that 1.5% of the area presents potential soil losses above the soil loss tolerance limit, which 
ranged from 5.19 to 5.90 Mg ha-1 year-1, while the Revised Universal Soil Loss Equation indicated that 
7.3% of the area has potential soil losses above the limit. The maximum sediment discharge was 60 
Mg year-1, meaning that 9.3% of the total soil loss reached the depositional areas of the river plains or 
watercourses. The Potential Erosion Method was efficient in the evaluation of water erosion in tropical 
soils, and the results were consistent with models widely employed in the estimation of soil losses. 
Thus, the model can support the evaluation of soil losses in Brazil and is a robust tool for evaluating the 
sustainability of agricultural activities.
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Resumo

Perdas de solo por erosão hídrica colocam em risco a sustentabilidade agrícola e a segurança alimentar 
das gerações atuais e futuras. Assim, este trabalho estimou as perdas potenciais de solo e a produção 
de sedimentos em diferentes tipos de usos da terra em uma sub-bacia hidrográfica no Município de 
Alfenas, sul de Minas Gerais, Sudeste do Brasil. A pesquisa teve como objetivo avaliar a aplicação 
do Método de Erosão Potencial pelo programa Intensidade de Erosão e Escoamento, correlacionando 
com os resultados obtidos pela Equação Universal de Perdas de Solo Revisada, aliado às técnicas de 
geoprocessamento e de análise estatística. No Método de Erosão Potencial, o coeficiente que indica 
a intensidade média da erosão foi de 0,37, ou categoria IV de deterioração, que aponta processos de 
erosão laminar de grau fraco, com perda total de solo de 649,31 Mg ano-1 e média de 1,46 Mg ha-1 
ano-1. Os resultados corresponderam, em magnitude, aos obtidos na Equação Universal de Perdas de 
Solo Revisada, com perda média de solo de 1,52 Mg ha-1 ano-1 e total de 668,26 Mg ano-1. O Método 
de Erosão Potencial sugere que 1,5% da área possui perdas potenciais de solo acima do limite da 
Tolerância de Perda de Solo, que variou de 5,19 a 5,90 Mg ha-1 ano-1, enquanto a Equação Universal de 
Perdas de Solo Revisada indicou que 7,3% da área possui perdas potenciais de solo acima do limite. 
A descarga máxima de sedimentos foi de 60 Mg ano-1, ou seja, 9,3% da perda total de solo atinge as 
áreas deposicionais do deflúvio ou cursos d’água. O Método de Erosão Potencial mostrou eficiência na 
avaliação da erosão hídrica em solos tropicais, com resultados consistentes com modelos amplamente 
empregados na estimativa de perdas de solo, e dão suporte para a avaliação das perdas de solo no Brasil, 
sendo assim, uma ferramenta robusta para avaliar a sustentabilidade das atividades agrícolas.
Palavras-chave: Método de Gavrilovic. Hidrologia. IntErO. Conservação do Solo.

Introduction

Soil is an essential natural resource that supports 
terrestrial ecosystems and food production, which 
needs to increase as the population grows (FAO, 
2015). However, soil takes thousands of years 
to form, and losses by water erosion are rapid 
and not compensated by soil formation rates 
(SCHULTZ et al., 2014). This scenario will lead 
to increased pressure on soils and deleterious 
effects on terrestrial ecosystems and agricultural 
production (DYONISIO, 2010). Thus, the adoption 
of conservation management is the best method 
of preserving this public good, although predatory 
uses intensify the natural processes and promote 
greater environmental degradation (SPERANDIO 
et al., 2012). 

One of the obstacles to agricultural sustainability 
is water erosion (YOUSEFI et al., 2014), which 
occurs when the soil loss rates are higher than the 
formation rates (PANAGOS et al., 2015). The layer 
rich in nutrients and organic matter is removed at 
the beginning of the process, thereby changing the 

landscape dynamics and causing silting, flooding 
and water body contamination (MINELLA et al., 
2011).

Brazil loses approximately 8 million tons 
per year of nitrogen, phosphorus and potassium 
fertilizers (FAO, 2015). Estimates reveal that 
500 million tons of soil are annually eroded due 
to inadequate farming practices that remove 
vegetation and affect the water balance (BRADY; 
WEIL, 2013; SCHULTZ et al., 2014). Research on 
this topic is essential to evaluating the effectiveness 
of different soil conservation practices (OLIVEIRA 
et al., 2015). 

Water erosion models are classified into 
empirical or regression models, conceptual models 
and physics-based models. Moreover, these models 
can be qualitative, quantitative and semiquantitative 
(DRAGICEVIC et al., 2016). De Vente and Poesen 
(2005) describe and compare semiquantitative 
models that use grouped variables to characterize 
a river basin. Most models lack data for validation 
because of the limited associated research, and 
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they present application problems in large basins 
and limitations regarding their use under Brazilian 
edaphoclimatic conditions (SANTOS et al., 2013). 
In addition, these models include physical variables 
of river basins and thus depend on access to such 
data, which are still scarce and limit the application 
of more sophisticated models (SPALEVIC, 2011). 

One of the semiquantitative empirical models 
for water erosion assessment that is widely used 
in Eastern Europe, the Middle East and North 
Africa is the Erosion Potential Method (EPM) 
(GAVRILOVIC, 1988). The EPM was developed 
from field experiments in the Morava basin (Serbia) 
and laboratory experiments that allowed creating 
tables of erosion factors (GAVRILOVIC, 1976). 
The EPM coefficients consist of soil resistance to 
water erosion, land use and management, observed 
erosion features, mean slope of the river basin, 
mean annual temperature and mean annual rainfall.

Due to the high amount of EPM input data, 
Spalevic (2011) developed the Intensity of 
Erosion and Outflow (IntErO) software, which 
can automatically calculate soil losses based on 
EPM coefficients and obtain results in a quick and 
accurate manner; moreover, it can avoid data errors 
resulting from manual processing (VUJACIC; 
SPALEVIC, 2016). 

Other tools shown to be effective in soil loss 
estimates are based on geoprocessing techniques in a 
Geographic Information System (GIS) environment, 
and these tools contribute to assessing environmental 
degradation and defining the best practices for land 
use and management (EFTHIMIOU et al., 2016). 
Among the models better adapted to the application 
of geoprocessing techniques, the Revised Universal 
Soil Loss Equation (RUSLE) (RENARD et al., 
1997) and the Universal Soil Loss Equation (USLE) 
(WISCHMEIER; SMITH, 1978) are the most used 
in Brazil (TERRANOVA et al., 2009). The EPM 
model with GIS spatially distributed input data 
was developed by Globevnik et al. (2003), among 

others. However, this model has been rarely applied 
in Brazil (SILVA et al., 2014).

One of the parameters used to evaluate the 
conservation conditions of agricultural lands is the 
Soil Loss Tolerance (SLT) (BERTOL; ALMEIDA, 
2000), which indicates the maximum limit of 
acceptable soil loss to maintain the sustainability 
of agricultural production considering the different 
soil formation rates (CÂNDIDO et al., 2014).

Thus, this study aimed to estimate soil loss rates 
due to water erosion and evaluate the application 
of the EPM by correlating its results with the 
results obtained by RUSLE and SLT for a reference 
subbasin in the Alfenas Municipality, southern 
Minas Gerais State, southeastern Brazil.

Materials and Methods

Study Area

The study area is the Córrego da Laje River 
Subbasin, which is a tributary of the Furnas 
Hydroelectric Power Plant reservoir and located 
at the Capoeirinha Farm (Ipanema Agrícola S.A.) 
in Alfenas, Minas Gerais State (MG), Brazil, at 
UTM 23K 402000 to 405000 m E and 7616700 to 
7620200 m N, Datum SIRGAS 2000. 

According to the EPM model, the physical 
parameters of the study area are as follows: 
subbasin area (F) of 437 ha, perimeter (O) of 9.90 
km, minimum altitude (Hmin) of 814 m, maximum 
altitude (Hmax) of 914 m, length of the main stream 
(Lv) of 2.98 km and shortest distance between 
the source and mouth (Lm) of 2.15 km. The 
Köppen classification of the climate is Tropical 
Mesothermic (CwB) (SPAROVEK et al., 2007). 
The relief belongs to the ‘mares de morros’ (seas of 
hills) physiographic unit, which is in the southern 
plateau of MG in the Varginha-Guaxupé Complex 
(UFRJ; CPRM, 2010). The geological substrate of 
the subbasin consists of garnet-biotite gneisses and 
biotite gneisses.
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The digital soil map was based on topographic 
variation as a soil formation element (MCBRATNEY 
et al., 2003), and it included morphological 
descriptions and physical and chemical laboratory 
analyses. For this purpose, a digital elevation 
model (DEM) was obtained (Figure 1A) via the 

interpolation of contours at 20- to 10-m resolution 
(pixel) based on the Alfenas Topographic Map 
(IBGE, 1970) using the Topo to Raster tool in 
ArcGIS 10.3 software (ESRI, 2015). The relief 
classes (IBGE, 2015) were obtained from the slope 
map (Figure 1B) using the ArcGIS 10.3 Slope tool.

Figure 1. Digital elevation map (A) and slope map (B) of the Córrego da Laje River Subbasin in Alfenas, southern 
Minas Gerais, Brazil.

were obtained from the slope map (Figure 1B) using the ArcGIS 10.3 Slope tool. 

 

Figure 1. Digital elevation map (A) and slope map (B) of the Córrego da Laje River Basin in Alfenas, 
southern Minas Gerais, Brazil. 
 

 
 

Soil samples were collected in March and April 2016 according to Santos et al. (2015). Disturbed 

samples, undisturbed cylinder samples (92.53 cm3) and undisturbed chunk samples were obtained at depths 

of 0-20 and 20-60 cm for each of the three relief classes under native forest and under coffee crops. The 

morphological description of the physical attributes was conducted in micro trenches measuring 40 × 40 × 60 

cm in the eighteen sampled sites. 

The following laboratory analyses were performed: particle size distribution (texture), which was 

analyzed by the pipette method with and without addition of NaOH 1 mol L-1 (BLACK, 1986); bulk density, 

which was analyzed by the volumetric ring method (BLAKE; HARTGE, 1986); total porosity 

(DANIELSON; SUTHERLAND, 1986); microporosity, which was analyzed by the tension table method 

with suction equivalent to a 60-cm-high water column; macroporosity, which was analyzed by the difference 

between total porosity and microporosity (GROHMANN, 1960); and organic matter, which was analyzed by 

calorimetry of the oxidation of Na2Cr2O7 1 mol L-1 and H2SO4 5 mol L-1. 

Soil permeability was obtained in the field with a Decagon Devices Mini Disk Infiltrometer with a 

suction rate of 2 cm (ZHANG, 1997). Three replicates were used for each of the eighteen sampled sites. The 

permeability classification considered the soil texture and structure (SSDS, 1993; GALINDO; MARGOLIS, 

1989), and the soil classification was according to the Brazilian Agricultural Research Corporation 

(EMBRAPA, 2013). The land use map was generated from Landsat-8 Thematic Mapper (TM) satellite 

Soil samples were collected in March and April 
2016 according to Santos et al. (2015). Disturbed 
samples, undisturbed cylinder samples (92.53 cm3) 
and undisturbed chunk samples were obtained 
at depths of 0-20 and 20-60 cm for each of the 
three relief classes under native forest and under 
coffee crops. The morphological description of the 
physical attributes was conducted in micro trenches 
measuring 40 × 40 × 60 cm in the eighteen sampled 
sites.

The following laboratory analyses were 
performed: particle size distribution (texture), which 
was analyzed by the pipette method with and without 
addition of NaOH 1 mol L-1 (BLACK, 1986); bulk 
density, which was analyzed by the volumetric 
ring method (BLAKE; HARTGE, 1986); total 
porosity (DANIELSON; SUTHERLAND, 1986); 
microporosity, which was analyzed by the tension 
table method with suction equivalent to a 60-cm-
high water column; macroporosity, which was 
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analyzed by the difference between total porosity and 
microporosity (GROHMANN, 1960); and organic 
matter, which was analyzed by calorimetry of the 
oxidation of Na2Cr2O7 1 mol L-1 and H2SO4 5 mol L-1.

Soil permeability was obtained in the field with 
a Decagon Devices Mini Disk Infiltrometer with 
a suction rate of 2 cm (ZHANG, 1997). Three 
replicates were used for each of the eighteen sampled 
sites. The permeability classification considered the 
soil texture and structure (SSDS, 1993; GALINDO; 
MARGOLIS, 1989), and the soil classification was 
according to the Brazilian Agricultural Research 
Corporation (EMBRAPA, 2013). The land use map 
was generated from Landsat-8 Thematic Mapper 
(TM) satellite images, in the bands TM6, TM5 and 

TM4 (orbit/point 219/75) obtained from the United 
States Geological Survey (USGS) and field checks. 
The images were processed using ArcGIS 10.3 
(ESRI, 2015).

Coefficients for the calculation of soil losses in the 
Potential Erosion Method

The coefficients for calculating soil losses in the 
EPM (Table 1, Equation I) include the mean annual 
rainfall, mean temperature (Table 1, Equation 
II) and erosion intensity (Table 1, Equation III), 
and sediments retained in the terrain and those 
that contribute to runoff were quantified (Table 1, 
Equation IV). 

Table 1. Equations and descriptions of the input parameters for estimating soil losses in the EPM model.

images, in the bands TM6, TM5 and TM4 (orbit/point 219/75) obtained from the United States Geological 

Survey (USGS) and field checks. The images were processed using ArcGIS 10.3 (ESRI, 2015). 

 

Coefficients for the calculation of soil losses in the Potential Erosion Method 

The coefficients for calculating soil losses in the EPM (Table 1, Equation I) include the mean 

annual rainfall, mean temperature (Table 1, Equation II) and erosion intensity (Table 1, Equation III), and 

sediments retained in the terrain and those that contribute to runoff were quantified (Table 1, Equation IV).  

 

Table 1. Equations and descriptions of the input parameters for estimating soil losses in the EPM model. 
 
 

 
 
Dim(*): Dimensionless. Source: Gavrilovic (1988) and De Vente and Poesen (2005). 

 

Soil resistance to water erosion (Y) differs according to the soil attributes (PANAGOS et al., 2015). 

Gavrilovic (1988) defined soil resistance to particle disaggregation and removal values based on between 

0.25 and 2.00, and the values were primarily dependent on the characteristics of the source material and the 

rocky substrate (TANGESTANI, 2006). 

The geological framework of the area is formed by garnet-biotite gneisses and biotite gneisses, and 

under the conditions of soil development, these substrates tend to form thick well-developed soils rich in 

kaolinitic clays with a low propensity to natural erosion. 

The land use and management coefficient (Xa) is lower in areas with good soil conservation and 

vegetation cover practices, especially in agricultural areas (ZORN; KOMAC, 2009). In the studied area, the 

values defined for the land use and management classes were as follows: native forest, 0.05; corn and bean 

crops in succession with no-till, 0.40; coffee cultivated under a contour farming system, 0.70; eucalyptus 

with "downhill" planting, 0.90; and access routes with exposed soil, 1.00. 

The field erosion coefficient (φ) represents the occurrence of erosion features associated with the 

land uses. Values range between 0.01 for areas with weak laminar erosion and 1.00 for advanced laminar 

erosion and severe linear erosion features, such as ravines and gullies. In the area, the values were defined 

according to the presence of erosion features with each land use and by considering the vegetation cover and 
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Gyr = mean soil loss (m3 km-2 year-1) 
T = temperature coefficient (Dim(*)) 
Hyr = mean precipitation (mm year-1) 
Z = erosion coefficient (Dim) 
Ru = sediment retention coefficient (Dim). 
t0 = mean air temperature (°C year-1) 
Y = soil resistance to water erosion (Dim) 
Xa = land use and management (Dim) 
φ = erosion observed in the field (Dim) 
Isr = mean slope (%) 
O = length of the subbasin (km) 
D = slope length (m) 
Lv = length of the main stream (km) 

Dim(*): Dimensionless. Source: Gavrilovic (1988) and De Vente and Poesen (2005).

Soil resistance to water erosion (Y) differs 
according to the soil attributes (PANAGOS et al., 
2015). Gavrilovic (1988) defined soil resistance 
to particle disaggregation and removal values 
based on between 0.25 and 2.00, and the values 
were primarily dependent on the characteristics 
of the source material and the rocky substrate 
(TANGESTANI, 2006).

The geological framework of the area is formed 
by garnet-biotite gneisses and biotite gneisses, and 

under the conditions of soil development, these 
substrates tend to form thick well-developed soils 
rich in kaolinitic clays with a low propensity to 
natural erosion.

The land use and management coefficient (Xa) 
is lower in areas with good soil conservation and 
vegetation cover practices, especially in agricultural 
areas (ZORN; KOMAC, 2009). In the studied area, 
the values defined for the land use and management 
classes were as follows: native forest, 0.05; corn 
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and bean crops in succession with no-till, 0.40; 
coffee cultivated under a contour farming system, 
0.70; eucalyptus with “downhill” planting, 0.90; 
and access routes with exposed soil, 1.00.

The field erosion coefficient (φ) represents the 
occurrence of erosion features associated with the 
land uses. Values range between 0.01 for areas 
with weak laminar erosion and 1.00 for advanced 
laminar erosion and severe linear erosion features, 
such as ravines and gullies. In the area, the values 
were defined according to the presence of erosion 
features with each land use and by considering 
the vegetation cover and soil management: native 

forest, 0.10; corn and bean crops in succession, 
0.30; coffee, 0.50; eucalyptus, 0.60; and access 
routes, 0.70 (Table 2).

In addition to soil losses, the EPM estimates the 
amount of sediment that reaches the depositional 
areas in the water basin runoff (Table 3). The mean 
water level (hb) was obtained from the annual 
mean of heavy rainfall (above 70 mm) and 24-hour 
duration between 1981 and 2014 from the annual 
data of three rainfall stations in the municipalities 
of Alfenas, Machado and Paraguaçu, MG (ANA, 
2016).

Table 2. Mean values for the land use and management (Xa), observed erosion (φ) and soil resistance (Y) coefficients.

Area                                                       Xa                        φ                     Y
(ha)         (%) Land Use and Management 0.05 - 1.0 Erosion 0.1-1.0 Soils 0.25-2.00

68.99
60.49
237.3
16.95
9.71
21.60
2.40
19.51

15.78
13.84
54.31
3.88
2.22
4.95
0.55
4.47

Native Forest
Corn/Beans

Coffee
Eucalyptus

Access Routes
Deposition Area
Fertilizer Shed

Drainage

0.05
0.40
0.70
0.90
1.00
0.00
0.00
0.00

Very Weak
Weak

Moderate
Moderate

Strong
-
-
-

0.10
0.30
0.50
0.60
0.70
0.00
0.00
0.00

LVd1(*)

LVd1
LVd2(*)

LVd2
LVd3(*)

LVd1
LVd2
LVd2

0.90
0.90
0.90
0.90
0.90
0.00
0.00
0.00

437 100     0.50     0.37    0.90

LVd1(*): Dystrophic Red Latosol in a flat to gently undulating relief; LVd2(*): Dystrophic Red Latosol in an undulating relief; 
LVd3(*): Dystrophic Red Latosol in a strongly undulating relief.

The physical characteristics of the subbasin, such 
as shape, symmetry, sinuosity, channel development, 
drainage density, width, length and perimeter, were 

obtained using GIS by geoprocessing according to 
the specialized literature (OLSZEVSKI et al., 2011; 
VILLELA; MATTOS, 1975).
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Table 3. Equations and descriptions of input parameters for the calculation of the maximum flow rate (Qmax).

Dim(*): Dimensionless. Source: Gavrilovic (1988).

soil management: native forest, 0.10; corn and bean crops in succession, 0.30; coffee, 0.50; eucalyptus, 0.60; 

and access routes, 0.70 (Table 2). 

In addition to soil losses, the EPM estimates the amount of sediment that reaches the depositional 

areas in the water basin runoff (Table 3). The mean water level (hb) was obtained from the annual mean of 

heavy rainfall (above 70 mm) and 24-hour duration between 1981 and 2014 from the annual data of three 

rainfall stations in the municipalities of Alfenas, Machado and Paraguaçu, MG (ANA, 2016). 

 

Table 2. Mean values for the land use and management (Xa), observed erosion (φ) and soil resistance (Y) 
coefficients. 

Area Xa φ Y 

(ha)      (%) Land Use and 
Management 0.05 - 1.0 Erosion 0.1-1.0 Soils 0.25-2.00 

68.99 
60.49 
237.3 
16.95 
9.71 
21.60 
2.40 
19.51 

15.78 
13.84 
54.31 
3.88 
2.22 
4.95 
0.55 
4.47 

Native Forest 
Corn/Beans 

Coffee 
Eucalyptus 

Access Routes 
Deposition Area 
Fertilizer Shed 

Drainage 

0.05 
0.40 
0.70 
0.90 
1.00 
0.00 
0.00 
0.00 

Very Weak 
Weak 

Moderate 
Moderate 

Strong 
- 
- 
- 

0.10 
0.30 
0.50 
0.60 
0.70 
0.00 
0.00 
0.00 

LVd1(*) 

LVd1 
LVd2(*) 

LVd2 
LVd3(*) 

LVd1 
LVd2 
LVd2 

0.90 
0.90 
0.90 
0.90 
0.90 
0.00 
0.00 
0.00 

437 100      0.50      0.37     0.90 
LVd1(*): Dystrophic Red Latosol in a flat to gently undulating relief; LVd2(*): Dystrophic Red Latosol in an undulating 
relief; LVd3(*): Dystrophic Red Latosol in a strongly undulating relief. 

 

The physical characteristics of the subbasin, such as shape, symmetry, sinuosity, channel 

development, drainage density, width, length and perimeter, were obtained using GIS by geoprocessing 

according to the specialized literature (OLSZEVSKI et al., 2011; VILLELA; MATTOS, 1975). 

 

Table 3. Equations and descriptions of input parameters for the calculation of the maximum flow rate (Qmax). 
 
 
(V) 
 
 
(VI) 
 
 
 
(VII) 
 
 
 
(VIII) 

 
                  √             
        
 
                            
 
 
 
                            
 
 
 
                          √     

Qmax = Maximum flow rate (m3 s-1) 
A = Basin shape coefficient (Dim(*)) 
S1 = Permeability coefficient (Dim) 
S2 = Vegetation cover coefficient (Dim) 
w = Water percolation (m) 
2gDF0.5 = Rainfall kinetic energy (m3 km-2 s-1) 
fp = Very permeable rocks (%) 
fpp = Medium permeable rocks (%) 
f0 = Poor permeable rocks (%) 
fs = Dense vegetation cover (%) 
ft = Medium vegetation cover (%) 
fg = Little or no vegetation cover (%) 
hb = Mean water level in heavy rainfall (mm) 
Lv = Main watercourse (km) 

 
Dim(*): Dimensionless. Source: Gavrilovic (1988). 

 

The soil losses were determined by the EPM using IntErO software (SPALEVIC, 2011), the 

distribution of soil losses was determined using GIS in ArcGIS 10.3 (ESRI, 2015), and the raster calculator 

tool was used to generate the final map of soil losses. 

The soil losses were determined by the EPM 
using IntErO software (SPALEVIC, 2011), the 
distribution of soil losses was determined using 
GIS in ArcGIS 10.3 (ESRI, 2015), and the raster 
calculator tool was used to generate the final map 
of soil losses.

RUSLE Model Parameters

The RUSLE model equation works by multiplying 
the following factors: R, or rainfall erosivity (MJ 
mm ha-1 h-1 year-1); K, or soil erodibility (Mg h MJ-1 
mm-1); LS, or topographic (dimensionless); C, or 
soil cover (dimensionless); and P, or conservation 
practices (dimensionless).

The R factor (6,500 MJ mm ha-1 h-1 year-1) 
was determined for southern MG by Aquino et al. 
(2012) based on the Fournier equation with the 
kriging interpolation method adjusted for Lavras, 
MG and is used in studies in the region (AYER et 
al., 2015; OLIVETTI et al., 2015). The C and P 
values were obtained from Bertol et al. (2001) for 
no-till corn/beans (C = 0.0271; P = 0.01), Prochnow 
et al. (2005) for coffee with a spacing of 3.0 × 0.5 
m under a contour farming system (C = 0.1354; P 

= 0.50) and Silva et al. (2016) for eucalyptus under 
downhill planting system (C = 0.1240; P = 1.00) and 
preserved native forest (C = 0.0150; P = 0.01).

The K and LS factors were calculated for the 
soils of the Corrego da Laje River subbasin. The 
K factor was obtained by calculating the indirect 
estimate in Latosols (SILVA et al., 1999) and the 
LS from the DEM and geoprocessing techniques, 
thereby obtaining the contribution area, direction 
flow and runoff accumulation flow (MITASOVA et 
al., 2001; OLIVEIRA et al., 2013). 

Soil Attributes for the Calculation of Soil Loss 
Tolerance

The most used method in Brazil for calculating 
the SLT is the one developed by Bertol and Almeida 
(2000), which uses the largest number of soil 
attributes in its formulation (CÂNDIDO et al., 2014). 
The method multiplies the following attributes: h = 
effective soil depth (mm), which is limited to 1,000 
mm; ra = ratio that jointly expresses the effect of the 
textural relationship between horizons B and A and 
the clay content of horizon A; m = factor expressing 
the effect of organic matter on the 0-20 cm soil 
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layer; p = factor expressing the effect of the soil 
permeability; and 1,000-1 = constant expressing the 
time required to erode a 1,000 mm thick soil layer.

To evaluate the goodness of fit of the EPM 
model, approximately five thousand randomly 
extracted points (pixels) with a minimum distance 
of 10 m were correlated using the ‘create random 
points’ and ‘extract value to point’ tools in ArcGIS 
10.3 software and based on the soil loss maps 
obtained with the RUSLE and EPM models. The 
points were grouped considering the variables 
‘land use’ and ‘slope’. The data were statistically 
analyzed using Spearman’s correlation coefficient 
with 5% significance in the Statistical Package for 
Social Sciences (SPSS-IBM, 2017).

Results and Discussion

In the studied subbasin, the mean rainfall (Hyr) 
was 1,500 mm year-1 (SPAROVEK et al., 2007), 
the mean water level in heavy rains (hb) was 82.50 
mm and the rainfall kinetic energy (2gDF0.5) was 
56.37 m3 km-2 s-1. The mean air temperature (t0) 
was 22°C (INMET, 2016) and the temperature 
coefficient (T) was 1.52. The length of the class 1 
and 2 watercourses (ΣL) was 5.97 km, resulting in 
a drainage density (G) of 1.25 km km-2, indicating 
high drainage flow to the subbasin. The sinuosity 
index (K) was 1.09, which indicates low sinuosity 
in the hydrological dynamics. The shape of the 
subbasin (A), calculated as 0.65, indicates little 
tendency to flooding in the area. The mean width of 
the subbasin (B) was 3.40 km.

The subbasin appears very asymmetric (a = 0.02) 
and the difference in elevation, which represents the 
mean slope length (D) in the runoff, was 37.21 m. 
The mean altitude of the subbasin (Hleb), which leads 
to variations in temperatures and evapotranspiration, 
was 847.21 m, and the mean height of the terrain 
erosion was 104 m. The development coefficient of 

the subbasin (m) obtained was 0.40. The volume 
of percolated water in the subsurface layer (w) was 
1.05 m, with a maximum flow rate (Qmax) of 29.65 
m3 s-1.

The subbasin relief classes are as follows: flat 
to gently undulating (0-8%), undulating (8-20%) 
and strongly undulating (20-45%) (Figure 1B). The 
mean slope (Isr) was 11.72%. 

The soils were classified as dystrophic red latosol 
in flat to smooth gently undulating relief (LVd1), 
undulating relief (LVd2), strongly undulating relief 
(LVd3) and indiscriminate floodplain soils (IFS), 
which covered 26.77%, 46.60%, 14.30% and 9.40% 
of the area, respectively (Figure 2A). The IFS loss 
was not calculated because the studied area is a 
deposition area.

The soil resistance to water erosion (Y) for 
the soil classes was 0.90, which indicates good 
resistance (GAVRILOVIC, 1988) because of 
the physical characteristics of the soil and rocky 
substrate. The soil structure was classified as 
medium subangular blocky in soil classes LVd1 and 
LVd2, weak subangular blocky in LVd3, slightly 
plastic consistency in LVd1 and LVd2 and plastic 
in LVd3. The clay contents ranged from 58.40 to 
60.70%, and the texture was defined as clayey to 
very clayey. The mean bulk density was 1.15 Mg 
m-3, and large variations were not observed with 
depth, which favors permeability (ARSHAD et al., 
1996). The permeability (S1) was considered low 
(SSDS, 1993; GALINDO; MARGOLIS, 1989) at a 
value of 1.00, which was due to the clayey to very 
clayey texture and subangular blocky structure. The 
high metamorphic degree of the biotite gneiss and 
garnet-biotite gneiss lithotypes indicate a rocky 
substrate with medium permeability.

The K factor of the RUSLE model was 0.021, 
0.004 and 0.026 Mg h MJ-1 mm-1 for soil classes 
LVd1, LVd2 and LVd3, respectively. The mean 
value of the LS factor was 0.318.
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Figure 2. Digital soil map (A) and land use map (B) of the Córrego da Laje River Subbasin, southern Minas Gerais, 
Brazil. Notes: Dystrophic Red Latosol in flat and gently undulating (LVd1), undulating (LVd2) and strongly undulating 
(LVd3) reliefs. Indiscriminate floodplain soils (IFS).

 
 

 

 

The mean land use and management coefficient (Xa) in the EPM had a value of 0.50, which 

indicates good land use management due to the use of conservation practices, namely, contour and no-till 

farming systems, in approximately 70% of the area. The vegetation cover coefficient (S2) was 0.78, which 

indicates good soil protection. 

The mean erosion value observed in the terrain (φ) was 0.37, which indicates the predominance of 

weak laminar erosion and different levels of erosion intensity according to soil conditions, permeability, 

slope, land use and management. According to the EPM, the degree of erosion in forest areas (15.78%) was 

intensive; therefore, a value of 0.10 was assigned to it. However, in areas with exposed soils (2.22%), a value 

of 0.70 was assigned. The erosion coefficient (Z) ranged from 0.01 to 1.12, with a mean of 0.37, which 

indicates the predominance of erosion category IV, which is of weak intensity (Figure 3A). The preserved 

native forest areas showed erosion rates between 0.01 and 0.03, or category V, which is of very weak 

intensity and contributes 1.05% to the erosion intensity. 

Access routes with exposed soils indicated the highest mean erosion intensity at 0.81, and the 

maximum was 1.12. These areas belong to erosion category II, which is of intensive erosion. These values 

are associated with the high slope of the land and poor vegetation cover. Although it occupies the smallest 

area among the land uses, the access routes contribute the most to the erosion intensity at 38.75%, thus 

revealing the lack of soil conservation practices in these sites (Table 4). 

 

Table 4. Erosion intensity values (Z) in each land use class. 
Land Use Classes 

of the Soil 
 

Area 
Mean 

(Z) 
Maximum 

(Z) 
Category 

(Z) 
 

Z 
Contribution 

(Z) 
 ha %   I — V  % 

The mean land use and management coefficient 
(Xa) in the EPM had a value of 0.50, which indicates 
good land use management due to the use of 
conservation practices, namely, contour and no-
till farming systems, in approximately 70% of the 
area. The vegetation cover coefficient (S2) was 0.78, 
which indicates good soil protection.

The mean erosion value observed in the terrain 
(φ) was 0.37, which indicates the predominance 
of weak laminar erosion and different levels of 
erosion intensity according to soil conditions, 
permeability, slope, land use and management. 
According to the EPM, the degree of erosion in 
forest areas (15.78%) was intensive; therefore, a 
value of 0.10 was assigned to it. However, in areas 
with exposed soils (2.22%), a value of 0.70 was 
assigned. The erosion coefficient (Z) ranged from 

0.01 to 1.12, with a mean of 0.37, which indicates 
the predominance of erosion category IV, which is 
of weak intensity (Figure 3A). The preserved native 
forest areas showed erosion rates between 0.01 and 
0.03, or category V, which is of very weak intensity 
and contributes 1.05% to the erosion intensity.

Access routes with exposed soils indicated the 
highest mean erosion intensity at 0.81, and the 
maximum was 1.12. These areas belong to erosion 
category II, which is of intensive erosion. These 
values are associated with the high slope of the land 
and poor vegetation cover. Although it occupies 
the smallest area among the land uses, the access 
routes contribute the most to the erosion intensity at 
38.75%, thus revealing the lack of soil conservation 
practices in these sites (Table 4).
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Table 4. Erosion intensity values (Z) in each land use class.

Land Use Classes
of the Soil

Area
Mean
(Z)

Maximum
(Z)

Category
(Z)

Z
Contribution

(Z)
ha % I — V %

Coffee
Corn + Beans

Eucalyptus
Native Forest
Access Routes
Fertilizer Shed

Drainage
Deposition Area

237.3
60.49
16.95
68.99
9.71
2.40
19.51
21.60

54.31
13.84
3.88
15.78
2.22
0.55
4.47
4.95

0.42
0.17
0.63
0.01
0.81

0.70
0.25
0.79
0.03
1.00

IV
V
III
V
II
-
-
-

Weak
Very Weak
Moderate

Very Weak
Strong

-
-
-

24.22
8.65
27.33
1.05
38.75

-
-
-

-
-
-

-
-
-

Total 437 100 0.37 0.01 - 1.00 II to V 100

The soil loss map of the EPM model was 
classified according to Beskow et al. (2009) (Figure 
3B). In the coffee crops under contour farming 
(54.78%), the soil losses ranged from 1.53 to 4.41 
Mg ha-1 year-1, with a mean of 2.09 Mg ha-1 year-1. 

The SLT values were 5.19, 5.69 and 5.90 Mg ha-1 
year-1, respectively, for the LVd1, LVd2 and LVd3 
soils. The result of the variable h was 1,000 mm, 
the weighting value of the variable ra was 1, and the 
weighting of the variables m and p was 0.7. 

The lowest soil loss rates were associated with 
preserved native forest areas (15.78%), which had 
values between 0.002 and 0.40 Mg ha-1 year-1 and 
a mean of 0.009 Mg ha-1 year-1, and no-till corn and 
beans in succession (13.84%), which had values 
between 0.31 and 0.93 Mg ha-1 year-1 and a mean of 
0.55 Mg ha-1 year-1. These results demonstrate the 
efficiency of conservation management practices 
and the presence of native vegetation cover on the 
margins of the water resources.

Figure 3. Map of erosion intensity (Z) (A) and spatial distribution map of soil losses (B) according to the classification 
of Beskow et al. (2009) in the Corrego da Laje River Subbasin, southern Minas Gerais, Brazil. (DA) Deposition Area; 
(FS) Fertilizer shed.

Coffee 
Corn + Beans 

Eucalyptus 
Native Forest 
Access Routes 
Fertilizer Shed 

Drainage 
Deposition Area 

237.3 
60.49 
16.95 
68.99 
9.71 
2.40 
19.51 
21.60 

54.31 
13.84 
3.88 
15.78 
2.22 
0.55 
4.47 
4.95 

0.42 
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0.63 
0.01 
0.81 
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1.00 
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V 
II 
- 
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- 
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Very Weak 
Strong 

- 
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- 

24.22 
8.65 

27.33 
1.05 

38.75 
- 
- 
- 

- 
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- 
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- 

Total 437 100 0.37 0.01 - 1.00 II to V  100 
 

The soil loss map of the EPM model was classified according to Beskow et al. (2009) (Figure 3B). 

In the coffee crops under contour farming (54.78%), the soil losses ranged from 1.53 to 4.41 Mg ha-1 year-1, 

with a mean of 2.09 Mg ha-1 year-1.  

The SLT values were 5.19, 5.69 and 5.90 Mg ha-1 year-1, respectively, for the LVd1, LVd2 and 

LVd3 soils. The result of the variable h was 1,000 mm, the weighting value of the variable ra was 1, and the 

weighting of the variables m and p was 0.7.  

The lowest soil loss rates were associated with preserved native forest areas (15.78%), which had 

values between 0.002 and 0.40 Mg ha-1 year-1 and a mean of 0.009 Mg ha-1 year-1, and no-till corn and beans 

in succession (13.84%), which had values between 0.31 and 0.93 Mg ha-1 year-1 and a mean of 0.55 Mg ha-1 

year-1. These results demonstrate the efficiency of conservation management practices and the presence of 

native vegetation cover on the margins of the water resources. 

 

 

Figure 3. Map of erosion intensity (Z) (A) and spatial distribution map of soil losses (B) according to the 
classification of Beskow et al. (2009) in the Corrego da Laje Water Subbasin, southern Minas Gerais, Brazil. 
(DA) Deposition Area; (FS) Fertilizer shed. 
 

 
 

The eucalyptus planting was characterized as downhill planting, which is a management type that 

does not respect the topographic contour lines (PRUSKI, 2009), and the soil losses ranged from 2.29 to 5.27 
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The eucalyptus planting was characterized as 
downhill planting, which is a management type 
that does not respect the topographic contour 
lines (PRUSKI, 2009), and the soil losses ranged 
from 2.29 to 5.27 Mg ha-1 year-1, with a mean of 
3.77 Mg ha-1 year-1, which is above the average of 
the subbasin due to the absence of conservation 
practices but below the minimum SLT limit. Access 
routes (2.22%) showed the highest soil loss rates at 
between 4.39 and 8.87 Mg ha-1 year-1 and mean of 
5.50 Mg ha-1 year-1. Such values may be associated 
with the lack of vegetation cover, the slope of 
the terrain and the heavy traffic of large vehicles 
(harvesters), which reduce the macroporosity of the 
soil and increase surface runoff.

The area of the fertilizer shed (0.55%) is 
waterproofed, and the areas of drainage, floodplains 
and sediment deposition (9.42%) were not subject 
to the soil losses calculation.

The EPM indicated that only 1.5% of the 
subbasin had soil losses above the SLT limit. The 
RUSLE model estimated soil losses at 7.35% above 
the limit. The mean soil loss according to the EPM 
was 1.46 Mg ha-1 year-1, which had a sediment 
retention coefficient (Ru) of 0.093, indicating that 

9.3% or 60.37 Mg year-1 of sediments reach the 
runoff areas and 90.7% or 588.94 Mg year-1 are 
retained in terrain depressions. The total soil loss 
calculated by the EPM was 649.31 Mg year-1. In 
the RUSLE model, the mean soil loss rate was 1.52 
Mg ha-1 year-1 and the total loss was 668.2 Mg year-1 
(Table 5).

The EPM model in the IntErO software presents 
tabulated input and output data at the end of the 
automated modeling process (Table 6).

In the coffee crops, 1,877 soil loss points 
were statistically assessed in the different slope 
classes (Figure 4A), and they did not show a good 
correlation with the slope variation (r = 0.006; p > 
0.05); however, a significant correlation (r = 0.15; p 
< 0.001) was observed between the values obtained 
by the EPM and by the RUSLE. Such results can be 
explained by the land use and management, which 
had corresponding values in the two models despite 
the differences in the order of magnitude obtained 
by the two models. Soil losses as a function of 
the slope are associated with the soil resistance to 
erosion (Y) and erodibility (K), which did not show 
significant variations in the EPM (Y = 0.90) and 
RUSLE (K = 0.021 to 0.026).

Table 5. Soil losses based on the EPM and RUSLE for different land use classes.

Land Use
Area Mean soil loss soil Total loss soil (*)Ru = 0.093

ha
Mg ha-1 year-1 Mg year Mg year-1

EPM RUSLE EPM RUSLE EPM RUSLE
Coffee
Corn + Beans
Eucalyptus
Native Forest
Access Routes
Fertilizer Shed
Drainage
Deposition Area

237.35
60.49
16.95
68.99
9.71
2.40
19.51
21.60

2.090
0.100
3.770
0.009
5.500

-
-
-

1.58
0.12
6.08
0.01
18.77

-
-
-

497.85
33.42
63.98
0.60
53.46

-
-
-

375.01
7.26

103.05
0.69

182.25
-
-
-

46.30
3.10
5.95
0.06
4.97

-
-
-

34.87
0.67
9.58
0.06
16.94

-
-
-

Total 437.00   1.460 1.52 649.3 668.2 60.37 62.14
(*)Ru = Sediment retention coefficient.
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In the eucalyptus areas, the 301 soil loss points 
(pixels) considered (Figure 4B) had a weak and 
nonsignificant correlation with the slope in the EPM 
(r = 0.12; p = 0.038) and in the RUSLE (r = 0.14; 
p = 0.015). However, they showed a significant 
correlation between the two models (r = 0.78; p < 
0.001), indicating similarities between the values in 
the parameters “Xa” and “φ” of the EPM and “C” 
and “P” of RUSLE. 

In the access routes (Figure 4C), the 160 points 
considered did not show a correlation between the 
soil losses in the two models (r = 0.006; p = 0.945) 
and with the slope. In the RUSLE, soil losses of 100 
Mg ha-1 year-1 were obtained, while in the EPM, 
soil losses of 8.5 Mg ha-1 year-1 were obtained. 
The soil losses in these areas were considered 
statistically random in both models. However, the 
RUSLE model may overestimate the actual soil 
losses, while the EPM may underestimate these 

values. Therefore, because higher soil loss rates are 
observed in these areas in both models, these areas 
should be prioritized for adopting erosion mitigating 
practices. 

In native forests (Figure 4D), 1,095 points were 
evaluated, and they presented a weak correlation 
(r = 0.13; p < 0.001) between the models. In these 
areas, the correlation between the slopes and the 
soil losses in both models was not significant in 
the EPM (r = 0.35; p < 0.001) and in the RUSLE 
(r = 0.038; p = 0.209) due to the concentration of 
native forests along the lowest slopes, which are in 
the permanent protection areas in the margins of the 
bodies of water. In the areas with corn and beans in 
succession (Figure 4E), 1,155 soil loss points were 
analyzed, and a significant correlation was observed 
between the models (r = 0.44; p < 0.001), and no 
correlation was observed with the slope. 

Figure 4. Scatterplot of soil losses based on the EPM and RUSLE models according to the following uses: coffee 
crops (A), eucalyptus (B), access routes (C), native forest (D) and corn and beans in succession (E).
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The correlations of the potential values of soil 
losses between the two models showed a similar 
pattern for the different land uses and management 
types despite the different orders of magnitude. The 
differences in losses may be due to the different 
methods adopted for obtaining the factors used in 
soil loss estimates. Thus, new studies should focus 
on performing comparisons and relative calibrations 
of the corresponding parameters in the two models. 
However, it should be noted that in average terms, 
the EPM presented the same trend as the RUSLE 
and can be used for global erosion estimates on 
river basin scales.

Conclusions

1. The mean soil loss ranged between 0.009 
and 5.50 Mg ha-1 year-1 in the EPM and between 
0.04 and 18.64 Mg ha-1 year-1 in the RUSLE model. 
The mean loss in coffee crops (54.31%) was below 
the soil loss tolerance (5.69 Mg ha-1 year-1) in both 
models. In the EPM and RUSLE models, only 1.5% 
and 7.3% of the area showed potential soil losses 
above the soil loss tolerance limit, respectively.

2. In the EPM and RUSLE, the highest rates of 
soil loss occurred in eucalyptus areas and access 
routes due to the lack of conservation management 
practices. These areas should be prioritized for the 
mitigation of erosion rates as well as for the adoption 
of soil conservation and soil loss monitoring 
practices.

3. The estimation of potential soil losses 
and erosion intensity by the EPM supports the 
assessment of degradation risks of tropical soils, and 
it has the potential to represent an important tool for 
assessing the conditions of agricultural activities.

4. The EPM results should be considered 
environmental indicators since they require 
experimental validation to calibrate the coefficients 
assigned in the model.
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