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ABSTRACT: Erosion process occurs naturally, shaping the Earth’s surface. Soil loss can
cause harmful effects to the environment when intensive anthropic activities occur.
Mathematical models have been used as effective and less costly alternatives for
identifying sites highly prone to soil loss, especially at the watershed scale. In Brazil, the
Revised Universal Soil Loss Equation (RUSLE) is one of the most commonly used soil loss
prediction models. The RUSLE requires information on soil erodibility, rainfall erosivity,
topography, land use and cover (C), and conservation practices (P) to estimate average
annual soil losses. Images derived from remote sensing techniques are generally used to
quantify the spatialization of C factor; however, the variation in land use throughout the
year is not usually considered. This study aimed to estimate soil losses in an important
subwatershed of Candiota river watershed (CRWsub) by using RUSLE, considering land
use and rainfall erosivity in different periods of the year. The periods considered were P1
(January, February and March), P2 (April, May and June), P3 (July, August and September)
and P4 (October, November and December). Based on the results, the lowest soil losses
occurred in P1. Probably, the high vegetation cover in the soil increases its protection
against rainfall erosivity. In P3, the heavy rainfall events are predominantly frontal,
occurring in the same months as those when the preparation of the soil for later planting
takes place; that is, there is no vegetation cover in this period, thus making the soil more
prone to erosion. The use of different images to classify and identify land uses is the best
way to understand soil losses throughout the year in the study area. It was possible to
observe that agricultural areas are generally associated with greater soil losses in the
subwatershed. In addition, the land uses were considered to vary quarterly, thereby
making it possible to identify the periods most prone to erosion processes throughout the
year. Finally, the erosion percentages in the subwatershed can be linked to the tolerance
index for different land-uses, soil classes, and slope categories.
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INTRODUCTION

Soil losses result in harmful impacts onsite and offsite when anthropic activities intensify
them. The loss of nutrients from the surface layers of the soil and consequent reduction in
crop productivity can cause silting and eutrophication (Napoli et al., 2016; Kavian et al.,
2017). According to FAO (2015), 33 % of the Earth’s soils are already degraded, and
the main indicators of this degradation are erosion and compaction of agricultural soils.
Erosive processes cause the loss of nutrients that can lead to a loss of up to 50 % in the
productivity of crops. In addition, over 90 % of the Earth’s soils will be degraded until
2050 (IPBES, 2018).

Environmental laws have encouraged environmental monitoring in watersheds;
however, there is still a lack of field data, which is time-consuming and costly to obtain
(Batista et al., 2017). Mathematical modeling is a fast and effective tool to analyze
erosion processes and establish mitigation plans. The Revised Universal Soil Loss
Equation (RUSLE) (Renard et al., 1997) is a widely used worldwide equation intended
for estimating soil loss (Abdo and Salloum, 2017; Swarnkar et al., 2018; Koirala et al.,
2019). In Brazil, RUSLE has been widely used in different regions (Batista et al., 2017;
Colman et al., 2018; Steinmetz et al., 2018).

The RUSLE estimates average annual soil loss taking into account the following factors:
rainfall erosivity (R), soil erodibility (K), topography (LS), land use and cover (C), and
conservation practices (P). It is possible to spatialize soil losses and broaden the
understanding of erosion processes when RUSLE is applied with a Geographic Information
System (GIS) (Renard et al., 1997). In this way, it becomes easier to analyze the complex
relationships among the various factors controlling soil erosion (Thomas et al., 2018).

In watersheds with agricultural areas and changes in land use throughout the year, it is
essential to analyze the C factor in different periods. Thus, it is important to use more
than one image for the characterization of land uses from classification techniques.
Several researchers have analyzed the temporal distribution of soil losses to identify the
periods of the year that are the most prone to erosive processes (Bellocchi and Diodato,
2020; Rutebuka et al., 2020; Zhu et al., 2021). Understanding the temporal variations
in land use helps in making decisions regarding the monitoring and management
of watersheds.

An example of an area with intense agricultural activity and changes in land use throughout
the year is the Candiota region, which has the largest Brazilian coal reserve and is
responsible for 38 % of Brazil’s coal production (Chaves et al., 2018). Furthermore,
there is an important subwatershed in the region (CRWsub) that has potential for future
extraction and mining activities. Because of the possible vulnerability of this watershed
to undergo erosive processes, environmental monitoring and planning become essential.

This study aimed to estimate the RUSLE factors, the average quarterly soil losses, and the
erosion tolerance index in the CRWsub, located in southern Brazil. Our main hypothesis is
that soil losses vary throughout the year due to the changes in land use and the rainfall
erosivity in different periods of the year.

MATERIALS AND METHODS

Delineation and characteristics of the study subwatershed

The study area comprises an important subwatershed of the Candiota river watershed
(CRWsub), located in the city of Candiota, state of Rio Grande do Sul, Brazil (Figure 1).
The CRWsub has a drainage area of 314.61 km? and a perimeter of 154.20 km. This
subwatershed refers to the drainage area upstream from the ANA’s water level station
(code 88181000).
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Figure 1. Location of the Candiota river watershed (CRWsub).

The region’s climate is Cfa - a subtropical humid type, characterized by hot summers with
temperatures above 24 °C and annual average precipitation of 1,465 mm (Alvares et al.,
2014). The CRWsub is located in the Pampa biome, which is characterized by pastures
and high biodiversity of fauna and flora (Lupatini et al., 2013).

The study area is characterized by the presence of poorly developed soils compounds of
some rock outcrops associated with Eutric Leptsol and Leptic Regosol (Cunha et al.,2006;
IUSS Working Group WRB, 2015). This corresponds to the association between Afloramento
Rochoso + Neossolo Litélico Eutrdfico tipico + Neossolo Regolitico Distréfico Iéptico,
according to the Brazilian Soil Classification System - SiBCS (Santos et al., 2018). Soils
with an argic horizon were also found, such as Abruptic Acrisol, Haplic Lixisol and Abruptic
Alisol, which correspond to Argissolo Vermelho-Amarelo Distréfico tipico, Argissolo
Vermelho Eutrdfico tipico, and Argissolo Amarelo Distrofico tipico, respectively (Figure 2a).
Other soils found in lower percentages in the area were soils with mollic horizon such
as Someric Phaeozem (Chernossolo Haplico Ortico tipico); poorly drained soils, such as
Reductic Gleysol (Gleissolo Meldnico Ta Eutrdfico planossélico vertissélico) and Eutric
Leptsol (Neossolo Litélico Eutréfico tipico). The percentages of each soil class in the
CRWsub are: Rock Outcrops (12.57 % - associated with Eutric Leptsol + Leptic Regosol);
Abruptic Acrisol (44.39 %); Haplic Lixisol (18.77 %); Abruptic Alisol (8.09 %); Someric
Phaeozem (6.41 %); Reductic Gleysol (5.23 %) and Eutric Leptsol (4.54 %).

The delineation and characterization of the CRWsub were performed automatically in the
software ArcGIS 10.1° (ESRI, 2014), following the procedures proposed by Ray (2018).
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It was used a digital elevation model (DEM) derived from the Shuttle Radar Topographic
Mission (SRTM) (Farr et al., 2007) with a spatial resolution of 30 m (Figure 2b). The altitudes
in the CRWsub range from 166 to 406 m, and the average slope is equal to 7.74 %.
The CRWsub presents 57.44 and 39.56 % of the area, respectively, in low (0 - 8 %) and
medium (8 - 20 %) slopes, and 3 % is classified as a high (20 - 45 %) slope, according
to the classification suggested by Embrapa (1979) (Figure 2c).

Land use classification

Preliminary field campaigns were carried out to identify the existing land uses and
management of soils. Subsequently, a supervised image classification was conducted
considering 30 m resolution images for the orbit-point 222082 from the Enhanced Thematic
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Figure 2. Indication of (a) digital elevation model; (b) slope and (c) soil classes in the Candiota
river watershed (CRWsub). The soil classes were compared to the WRB classification (2015).
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Mapper Plus (ETM +) and Operational Land Imager (OLI) sensors of the Landsat 7 and
Landsat 8 satellites, respectively. The final quality of the classification was assessed by
a confusion matrix and the Kappa Index (l¢), as performed by Kavian et al. (2017) and
Abdo and Salloum (2017). The supervised classification was performed using ArcGIS
software (ESRI, 2014). False-color composites were used in the study because they
are more recommended to analyze land use and cover (Kou et al., 2015). Thus, the
multispectral bands used for Landsat 7 were 5-4-3, and for Landsat 8, the equivalent
composition 6-5-4 was used. A classification of 16 land use images was carried out, one
for each quarter of the year from 2013 to 2016, with the following periods of analysis:
P1 - January to March; P2 - April to June; P3 - July to September; and P4 - October to
December. Information regarding the images used can be found in table 1.

Revised Universal Soil Loss Equation (RUSLE)

The methodology used to estimate average annual soil loss was proposed by Renard et al.
(1997) (Equation 1), referred to as Revised Universal Soil Loss Equation (RUSLE).

A=RKLSCP Eq.1

in which: A is the average annual soil loss per unit area (Mg ha™ yr'), R corresponds
to the rainfall erosivity factor (M) mm ha™ h™ yr?), K refers to the soil erodibility factor
(Mg h MJ* mm™), LS is the topographic factor (dimensionless) and CP means the cover
factor (use and cover) and soil conservation practices (dimensionless).

RUSLE is generally applied in an annual timestep. However, due to the different
rainfall patterns and land use throughout the year experienced in the study area,
the period of analysis proposed in this study was quarterly (A = Mg ha™ quarter™).
Therefore, some variables were modified in relation to units as follows: erosivity factor
(R=M) mm ha™ h* quarter™) and cover factor (one image was analyzed for each quarter
of the year, totaling 16 land use images).

Erosivity factor (R)

Erosivity is the potential of rainfall to erode bare soil (Renard et al., 1997). Soil losses
are related to the erosivity index (EI30), which is the product of the total kinetic
energy (E) by the average maximum intensity of 30-minute rainfall (130) (Koirala et al.,
2019). The erosivity index is one of the best indicators for quantifying the rainfall
erosive potential.

Determination of the EI30 using rainfall intensity data is laborious because extensive and
consistent data series are necessary to determine the kinetic energy and the maximum
intensity of the rainfall events. Since there is a lack of data from self-recording rain
gauges, mainly at the national level, daily rainfall data from non-recording rain gauges
have been used to estimate the EI30 (Santos and Montenegro; 2012; Back et al., 2017).
Thus, it is possible to correlate the EI30 with the Fournier’s index, established as the

Table 1. Date of acquisition of Landsat 7 and Landsat 8 images used for C factor analyses, in
the following periods: P1 - January to March; P2 - April to June; P3 - July to September; and P4 -
October to December

Year
Periods
2013 2014 2015 2016
P1 03/06* 01/28 02/08 01/18
P2 05/17 06/21 05/07* 06/18*
P3 08/05 09/25 09/12 08/13
P4 10/08 10/27 11/15 12/11*

* Date from Landsat 7.
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rainfall coefficient (Rc), which represents the relationship between the square of monthly
average rainfall and annual average rainfall (Equation 2). We opted for the equation
developed by Pefialva-Bazzano et al. (2007) to estimate rainfall erosivity from daily
rainfall data (Equation 3). This equation was obtained from rainfall data monitored in a
city close to Candiota.

2

p
Rc =— Eq. 2
=

EI30 = -47.35 + [82.72 Rc] Eq. 3

in which: EI30 is the erosivity index (M) mm ha™ h); Rc is Fournier’s rainfall coefficient
(mm); p is average monthly rainfall (mm) and P is average annual rainfall (mm).

We used the historical rainfall series from the Bagé meteorological station (code 83980)
from 1961 to 2019, monitored by the Brazilian National Institute of Meteorology. Rainfall
erosivity was analyzed on quarterly and annual time steps, as agricultural practices,
cultivation systems, and rainfall patterns are different throughout the year in this area. The
annual erosivity values (M] mm ha™ h™ yr') were classified according to the methodology
adapted from Carvalho (2008): R <2452: low; 2452< R <4905: weak; 4905=< R <7357:
moderate; 7357< R <9810: strong; and R =9810: very strong.

Soil erodibility

Soil erodibility (K) represents the intrinsic susceptibility to soil erosion, determined by
annual soil loss and annual rainfall erosivity (Cassol et al., 2018). The soil classes that
are present in the CRWsub were identified from the soil map prepared by Cunha et al.
(2006). The values used for K were the same as those presented by Zanchin (2020),
whose literature review prioritized studies with field experiments. The K values
(Mg h MJ* mm™) adopted were: Rock Outcrops (0.0087); Abruptic Acrisol (0.0338); Haplic
Lixisol (0.0351); Abruptic Alisol (0.0215); Someric Phaeozem (0.0385); Reductic Gleysol
(0.0395); Eutric Leptsol (0.0463) and Leptic Regosol (0.0409).

Topographic factor

Topographic factor (LS) represents the effects of topography on soil loss. Factor L
indicates the impact of the slope length, whereas, the factor S represents the effect
of terrain slope on soil losses (Wischmeier and Smith, 1978). One of the widely used
methodologies (Equation 4) for calculating the LS factor is that proposed by Moore and
Burch (1986) (Hrabalikovd and Janecek, 2017; Zanin et al., 2017), which allows the
spatial representation of the LS factor in areas of complex relief such as watersheds
(Minella et al., 2010). Equation 4 was established in ArcGIS 10.1 (ESRI, 2014) through
the Raster Calculator.

FA: b \**° [ sen(a) )1'3]
- ' Eq. 4
L5 [( 22.13) (0.0896 q

in which: FA is the accumulated flow in cell i, b is the spatial resolution of the cell (m),
and a is the slope (degrees).

Cover management and conservation practice factors

Land cover and conservation practices factor (CP) represents the anthropic intervention
in the control of soil loss associated with different land covers. Cover (C) refers to the
joint impacts of intense use and inadequate management on soil loss rates. Conservation
practices (P) represent the effect of complementary conservation practices to control
soil loss, compared to the corresponding soil loss when the crop is established in the
direction of the slope (Didoné et al., 2015).

Rev Bras Cienc Solo 2021;45:e0210050 6
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Values selected for the land cover and conservation practices factors were those proposed
by Zanchin (2020), such that the choices were based on data from experiments carried
out in the field. The values used were: pasture (0.500), annual crop (0.212), bare soil
(1.000), water body (0.000), reforestation (0.122) and native vegetation (0.015). Due
to the difficulty in obtaining the conservation practices factor through satellite images,
the value of P = 1 was used (Batista et al., 2017).

Estimation of soil loss

Average soil loss in the CRWsub was analyzed on quarterly and annual time steps, taking
as reference the period from 2013 to 2016. Knowledge of soil loss at different time scales
is essential for planning and environmental management in watersheds. Thus, it is
possible to identify the most appropriate soil and water management and conservation
systems, aiming to minimize negative effects and soil losses.

Erosion tolerance index

Identification of regions under critical erosion conditions was conducted using the
erosion tolerance index (ETI) (Sudhishri et al., 2014; Ghafari et al., 2017), which expresses
the ratio between soil loss tolerance and the annual rate of soil loss in the watershed.
The use of the ETI makes it possible to quantify how much the soil losses are beyond
the tolerance, without the need to adopt arbitrary classifications, as they vary with the
local geomorphology.

Soil loss tolerance values used in the present study were presented by Zanchin (2020)
in Mg ha™ yr*. The author prioritized data from experiments carried out in the field,
namely: Rock Outcrops (2.63); Abruptic Acrisol (9.39); Haplic Lixisol (11.01); Abruptic
Alisol (10.00); Someric Phaeozem (13.13); Reductic Gleysol (8.70); and Eutric Leptsol
+ Leptic Regosol (5.26).

Tolerance index was used to classify the potential for soil loss, according to the classification
suggested by Ghafari et al. (2017): ETI >1: very low; 0.8< ETI <1: low; 0.5< ETI <0.8:
medium, and ETI <0.5: high. According to the authors, ETl values <0.5 indicate that the
soil loss exceeds more than twice the limit value of tolerance for soil losses. It is worth
mentioning that no studies were found in Brazil involving the ETI until the completion
of this study.

RESULTS

Image classification

Table 2 shows the average values obtained between 2013 and 2016 for each type of
land use classified in the CRWsub.

Soil loss (A) and erosion tolerance index (ETI)

Average annual rainfall erosivity obtained for the CRWsub was equal to
9960.52 M) mm ha™ h™ yr?, classified as very strong (Carvalho, 2008). The average
quarterly rainfall erosivity values were: P1: 2418.38; P2: 2212.34; P3: 2699.30, and P4:
2630.50 mm ha® h™* quarter™ (Figure 3). The values obtained for the LS factor varied
between 0 and 32.62, with an average equal to 3.

Average quarterly soil loss values were: P1: 42.3; P2: 66.7; P3: 70.4, and P4:
54.8 Mg ha™ quarter™ (Figure 4). The average ETl values were computed for each period
and for each soil class present in the CRWsub. The average ETI ranged between 0.67
and 7.24 (Table 3). Table 4 presents the areas of the CRWsub occupied for different land
uses, soil classes and degrees of slope in relation to the tolerance index.

Rev Bras Cienc Solo 2021;45:e0210050 7
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Table 2. Average values of the land use class in the CRWsub

Land Use Class Area

P1 P2 P3 P4

%

Native Forest 8.01 7.56 7.41 6.45
Grassland 66.91 67.19 60.22 58.74
Reforestation 8.46 7.87 7.58 8.28
Annual Cropping 9.05 5.51 7.95 14.77
Bare Soil 5.81 10.11 15.08 10.00
Water Body 1.76 1.76 1.76 1.76
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Figure 3. Analysis of (a) average monthly rainfall and (b) rainfall erosivity in the Candiota region.

DISCUSSION

Image classification

Through the visual classification of images, the predominant land use in the CRWsub over
the four years of analysis and at different periods of the year was pasture, followed by
agriculture (P1 and P4) and bare soil (P2 and P3) (Table 2). These land uses corroborate
those found by Farias et al. (2015) for this watershed.

Variations in the estimated values of soil loss are largely related to the percentages of
bare soil (P3) and the type of agricultural cultivation (P4). Due to the impact of these
activities, the tendency is to increase soil losses when such land uses are combined with
high rainfall intensity and soils with low tolerance to erosion processes.

Rev Bras Cienc Solo 2021;45:e0210050 8
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Figure 4. Soil loss (A - Mg ha™ quartier?) in (a) P1; (b) P2; (c) P3 and (d) P4 in the Candiota river
watershed (CRWsub).

Table 3. Soil loss (A) and erosion tolerance index (ETI) for the soil classes present in the Candiota
river watershed (CRWsub)

Soil Class A 2l

P1 P2 P3 P4 P1 P2 P3 P4

—— Mg ha™ quartier’ ———

Rock Outcrops 1.15 1.05 1.40 1.49 2.30 2.52 1.88 1.77
Abruptic Acrisol 3.64 3.50 4.55 4.45 2.59 2.68 2.07 2.11
Haplic Lixisol 2.76 2.67 3.62 3.56 3.99 4.13 3.08 3.10
Abruptic Alisol 1.74 1.64 2.25 2.28 5.76 6.11 4.46 4.40
Someric Phaeozem  2.11 1.99 2.59 2.65 6.25 6.62 5.19 5.06
Reductic Gleysol 1.21 1.22 1.49 1.59 7.24 7.17 6.00 5.51
Eutric Leptsol 6.04 5.76 7.69 7.95 0.87 0.92 0.69 0.67

Rev Bras Cienc Solo 2021;45:e0210050 ¢
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Table 4. Percentages of the area in the Candiota river watershed (CRWsub) according to the ETI
classification relation to land slope, soil class and use

Very Low Low Medium High

Interest Factors Total
Area
%
Low (0 - 8 %) 42.46 4.09 5.28 8.40 60.24
Slope Class Medium (8 - 20 %)  13.10 1.20 2.80 19.05 36.15
High (20 - 45 %) 0.84 0.26 0.42 2.10 3.61
Rock Outcrops 5.56 2.06 1.25 3.70 12.57
Abruptic Acrisol 20.00 5.60 6.74 12.05 44.39
Haplic Lixisol 9.23 1.93 2.32 5.29 18.77
Soil Class Abruptic Alisol 4.44 1.43 0.47 1.75 8.09
Someric Phaeozem 3.96 1.04 0.38 1.03 6.41
Reductic Gleysol 2.14 1.19 0.85 1.05 5.23
Eutric Leptsol 1.56 0.33 0.49 2.16 4.54
Water Body 1.76 0.00 0.00 0.00 1.76
Native Forest 5.78 0.73 0.69 0.16 7.36
L U s Grassland 35.00 16.09 3.02 9.15 63.26
Reforestation 3.62 0.96 141 2.06 8.05
Annual Cropping 3.67 0.38 0.95 4.32 9.32
Bare Soil 2.10 0.29 0.39 7.47 10.25

Soil loss

The average annual erosivity value (9960.52 M) mm ha™ h* yr?) is in agreement with
the values obtained by other authors for locations close to the area of this study
(Pefialva-Bazzano et al., 2007; Martins et al., 2009). When analyzing a quarterly watershed,
the R values demonstrated the heterogeneity of rainfall over the months in the CRWsub
and, consequently, the greater variation in the values soil loss. This finding goes along
with the results found by Cordeiro et al. (2019), who observed high interannual variability
in the region’s rainfall regime when evaluating historical rainfall data (1961 to 2016)
from Bagé (RS).

Despite the high rainfall depths in P1, this period does not hold the highest rainfall
erosivity values in the CRWsub (Figure 3). The highest values of erosivity occurred in P3
and P4. Considering that the Fournier index was applied in this study, the result may be
related to the predominance of frontal rainfall systems, increasing the rainfall depths in
this period of the year in Rio Grande do Sul State (Wollmann, 2014).

The LS factor allows to observe the variation of the flatter locations in relation to the
steeper areas. Despite varying from 0 to 32.62, the LS values obtained for the CRWsub
indicate low (LS <1) or very low (1< LS =2) susceptibility to erosion in 77 % of the area,
according to Fornelos and Neves (2007). Following the same classification, only 4.5 %
of the watershed has LS with strong susceptibility to erosion (LS >10).

Soils with argic horizon comprise about 72 % of the total area in the CRWsub, and are
mostly found in medium- to high-slope regions (8-45 %). Reductic Gleysols, Eutric Leptsols
and Someric Phaeozem soils are found in small areas of the watershed and are located
in regions with a predominance of low slopes (0-8 %).

Eutric Leptsols had the greatest soil losses, followed by soils with argic horizon (Abruptic
Acrisol and Haplic Lixisol) (Table 3). It is known that Leptsols tend to be shallow and
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abundant in rock fragments (Corado Neto et al., 2015). Thus, even in flat areas in the
CRWSsub, these soils offer few resistances to the erosion process, probably due to the
low aggregation. Sartori et al. (2005) suggested that soils with argic horizon have
low resistance and low tolerance to soil loss. In most of these soils, there is a texture
gradient, promoting high direct surface runoff and erodibility. The lowest soil losses were
identified in the Rock Outcrops and Reductic Gleysols. Even in association with Eutric
Leptsol and Leptic Regosol, it is known that rock outcrops do not experience soil losses
(Steinmetz et al., 2018), contributing to the low estimated values.

The lowest soil losses occurred in P1 and the highest in P3. The P1 is marked by the
beginning of flowering and filling of soybeans (predominant crop), which leads to the
expansion of land cover and protection against the impact of raindrops and direct surface
runoff. The P3 refers to the period of soil preparation for later planting, when the soil
is more susceptible to erosion, mainly due to the removal of the vegetation cover and
soil revolving. Nachtigall et al. (2020) observed that greater soil losses in RS occur in
the spring period, corroborating the results found in the present study. The results are
explained due to the agroclimatic seasonal variation in the region.

In southern Brazil, monthly variations in rainfall and land use are observed. Therefore,
the estimation of soil loss over shorter periods such as quarterly is a useful strategy.
Some authors have indicated that it is possible to determine the periods of the year
and the area most susceptible to soil loss with greater precision, when using the
seasonality effect on RUSLE factors (Buriol et al., 2013; Moura-Bueno et al., 2018;
Nachtigall et al., 2020).

Erosion tolerance index (ETI)

Among soils, Eutric Leptsols and Rock Outcrops had low ETI values, representing high
potential for soil loss (Table 4). The soil type with greater loss tolerance was Someric
Phaeozem and Reductic Gleysol. Even though some Someric Phaeozem may have a
texture gradient, these soils do not have a texture gradient in the CRWsub, thereby
favoring saturation with water (Sartori et al., 2005). In addition, both are naturally
located on flat sites.

The ETl values between soil classes within the same period showed very small differences.
Despite this, the ETI values between the analyzed periods indicated considerable
differences (Table 3). High ETI values were observed for all soil classes in P2. There is a
tendency for reduction in soil loss in relation to tolerance in this period. This is possibly
due to lower rainfall erosivity values in the months of P2 and the high soil coverage with
pasture in this period of year. On the other hand, lower values of ETI were observed
in P3 and P4, suggesting that soil losses tend to be greater than the tolerated values.
This is due to the high rainfall erosivity between October and December; combined with
the scarcity of vegetation cover on the soil, since the crops are in the planting (P3) and
emergence (P4) periods.

When the ETl is analyzed by slope classes according to area percentage (Table 4), it was
found that most of the CRWsub had very low ETI (56.40 %), however, approximately
30 % of the CRWsub is classified as high ETI (ETI <0.5) in areas of greater slopes,
combined with bare soil or agricultural activity, and in soils with high susceptibility to
losses. As analyzed, agricultural areas occupy the largest extent of the basin. So, it is
recommended to adopt practices that minimize soil losses in these areas, such as the
use of terrain contours on slopes and the implementation of a no-till.

These findings revealed that, for identifying the high hazard areas for soil erosion, more
studies are needed involving the erosion tolerance index (ETI) in Brazil. The results of this
study are useful for officials and policy makers of soil conservation and environmental
protection agencies in the region.
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CONCLUSION

Use of different images for the classification and identification of land uses is the best
way to understand soil losses throughout the year in the study area. Agricultural areas
are generally associated with greater soil losses in the subwatershed. Since land uses
were considered to vary quarterly, periods most prone to erosion processes throughout
the year were identified. Erosion percentages in the subwatershed can be linked to the
tolerance index for different land uses, soil classes, and slope categories.
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