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Abstract

Water erosion is a factor of soil degradation that is triggered by the impact of raindrops originated by intense
rainfall disaggregating the soil, followed by the carrying of particles by surface runoff. In the erosion process,
in addition to soil loss, nutrients, fertilizers, and pesticides are carried resulting in water courses and water
pollution. Erosion can have a major impact on agricultural production, when land use and management
techniques are not used. Therefore, this study aimed to evaluate the soil loss in the Malacara river basin, which
is a sub-basin of the Mampituba river basin characterized by a contrasting relief, with high altitudes in the
escarps of Serra Geral and floodplain. The method used for the development of this research was the
application of the Universal Soil Loss Equation (USLE). USLE soil loss estimation requires the following factors:
rainfall erosivity (R), soil erodibility (K), slope length (L), slope steepness (S), land use and management (C), and
erosion control practice factor (P). The estimated rainfall erosivity was 5,754.2 MJ mm ha™' h™' year'. Erodibility
was determined for the soils present in the basin, highlighting a high value for gleysoil. The topographic factor
(LS) showed values from 0O to greater than 20, which corresponds to the low to very high runoff potential. The
floodplain showed lower runoff rates, while for the locations close to the enclosed valleys in the Malacara
canyon, the runoff potential varied from high to very high. The land use and management factors and
conservation practices (CP) obtained a maximum value of 0.404, corresponding to the exposed soil; the second
most representative class was agricultural areas, with a value of 0.145. The soil loss in the Malacara river basin
varied from 0 to more than 200 t ha™' year™. In fact, 87.38% of the area presents a degree of sheet erosion
normal to slight and, only 2.94% of the area has a high or very high degree of erosion. Moreover, due to the
relief characteristics with shallow soils and intense rainfall in mountainous basins, knowing and understanding
soil losses due to erosion is crucial for the adequate management of water resources in river basins.
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Resumo

A erosdo hidrica é um fator de degradagdo do solo que é desencadeado pelo impacto das gotas de chuvas
originadas por precipitacdes intensas, desagregando o solo, seguido pelo carreamento das particulas pelo
escoamento superficial. No processo de erosdo, além de perdas de solos, ocorre carreamento de nutrientes,
fertilizantes, defensivos agricolas e, dessa forma, ocorrem os processos de assoreamento dos cursos d'agua e
poluicdo dos recursos hidricos. A erosdo pode gerar grande impacto na produgdo agricola, quando ndo sdo
realizadas técnicas de uso e manejo do solo. Nesses aspectos, o presente trabalho teve como objetivo avaliar
a perda de solos na bacia hidrografica do rio Malacara, que é uma sub-bacia da bacia do rio Mampituba,
caracterizada por um relevo contrastante, com grandes altitudes nas escarpas da Serra Geral e a planicie de
inundacdo. O método utilizado para o desenvolvimento da pesquisa foi aplicacdo da Equacdo Universal de
Perda de Solo (USLE). A estimativa da perda de solo pela USLE requer os fatores: erosividade da chuva (R),
erodibilidade do solo (K), comprimento da vertente (L), declividade da vertente (S), uso e manejo do solo (C) e
praticas conservacionistas (P). A erosividade da chuva estimada foi de 5.754,2 MJ mm ha' h" ano™. A
erodibilidade foi determinada para os solos presentes na bacia, destacando um elevado valor para o Gleissolos.
O fator topografico (LS) apresentou valores de 0 a maiores que 20, que corresponde ao potencial de
escoamento superficial baixo a muito alto. A planicie de inundagao apresentou taxas de escoamento superficial
menores, enquanto os locais préximos aos vales encaixados, no canion Malacara, o potencial de escoamento
superficial variou de alto a muito alto. Os fatores de uso e manejo do solo e de praticas conservacionistas (CP)
obtiveram valor maximo de 0,404, correspondente ao solo exposto, a segunda classe mais representativa foi
areas agricolas, com valor 0,145. A perda de solo na bacia hidrografica do rio Malacara, variou de 0 a mais de
200 t ha" ano™', onde 87,38% da area apresenta um grau de erosdo laminar normal a ligeiro e, apenas 2,94%
da area possui um alto ou muito alto grau de erosdo. Adicionalmente, devido as caracteristicas de relevo, solos
pouco profundos, precipitacdes intensas nas bacias montanhosas, conhecer e compreender as perdas de solo
por erosdo é de extrema relevancia para o adequado gerenciamento de recursos hidricos de bacias
hidrograficas.

Palavras-chaves: Erosdo hidrica; SIG; Bacia montanhosa.
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1 Introduction

Soil losses from water erosion have been considered worldwide as one of the most
important environmental problems, especially in tropical and subtropical climates (MELLO
et al. 2013). Erosion is a process in which soil particles are released from the cohesive matrix
of the soil and then carried in the downstream direction by one of the transport agents
(MINELLA et al,, 2007).

The process of water erosion is triggered by the impact of raindrops on the soil and
runoff (KINNELL, 2010), with land use being one of the key factors that influence
susceptibility to soil erosion (MINELLA et al, 2007). Panachuki et al. (2006) point out that the
impacts caused by anthropic interference, such as the removal of forests, expose the soil to
natural actions in places of great rainfall affecting the productive capacity of the soils.
Barbosa et al. (2015) mention that the main effects of water erosion are: the reduction of the
productive potential of crops, pollution of water resources, and silting due to the transport
of soil and sediment particles to water courses.

The main factors that influence erosion processes are rain, the topography of the land,
the vegetation cover, and the nature of the soil (BERTONI; LOMBARDI NETO, 2012). In Brazil,
the eastern portion, which extends from north to south, is predominantly characterized by
mountainous river basins. These basins have great height variations between the top of the
hills and the plain, as well as a steep slope with the predominance of orographic rains
(KOBIYAMA et al, 2018). Orographic rainfall is a frequent phenomenon characterized by
having variable intensity, long duration, and covering relatively small areas (BACK, 2013).

Furthermore, mountainous regions, as highlighted by Kuksina et al. (2017), intensify
the rain convection process, enhancing the ability to generate runoff. In these regions, the
hydrological response is triggered by factors such as temperature, precipitation, soil,
lithology, vegetation, and slope (IVES; MESSERLI, 1989; STOFFEL et al,, 2016). In addition to
these factors, land use and occupation in these regions, according to Kobiyama et al. (2018),
has intensified and this usually happens without planning, compromising conservation and
environmental preservation. Based on these aspects, it can be said that these factors favor

the occurrence of water erosion in mountain river basins.
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According to Minella et al (2007), water erosion is the main consequence of
intensified land use and occupation, causing a reduction in the productive capacity of soils
and an increase in the transfer of sediments and pollutants to water bodies. Thus, for
environmental planning and adoption of practices that enable soil and water conservation,
information on soil loss is crucial (BACK; POLETO, 2018).

Soil losses can be estimated by empirical equations developed to predict soil loss,
based on factors related to climate, soil, topography, vegetation, and soil management.
Currently, there are a variety of empirical models to estimate water erosion such as: the
Universal Soil Loss Equation-USLE proposed by Wischmeier and Smith (1978); the Universal
Modified Soil Loss Equation-MUSLE Equation developed by Williams and Berndt (1977); the
Universal Soil Loss Equation Revised (RUSLE 1) by Renard et al. (1997) and USLE-M (KINNELL;
RISSE, 1998). These models are modified versions of the USLE, and were proposed with the
aim of adding or replacing parameters to improve the soil losses estimation due to water
erosion. Kinnell (2010) presents a detailed review of the parameters and the family of soil
loss equations derived from USLE.

The USLE model, the focus of this study, integrates all the universally known factors
that affect soil water erosion, that is, runoff, soil, slope length, degree of slope, cover, and
land use and management practices for erosion control (WISCHMEIER; SMITH, 1978). The
soil loss estimated by the USLE is the result of a multiplication of six factors, which are: soil
erodibility (K), soil cover and management (C), conservation practices (P), rain erosion (R),
length (L), and slope (S) of the area (BACK; POLETO, 2018).

These factors can be obtained from secondary data (soil maps, rainfall, land use and
cover, etc.), of remote sensing images or aerial photographs (drones or aircraft). In addition,
these data can be modeled and integrated in a computational environment using
Geographic Information Systems (GIS) which enables to estimate soil losses in a distributed
way in the river basin.

For this reason, studies in various parts of the world have used these technologies to
estimate soil losses due to water erosion, as well as their individualized factors as shown by

different studies (PANAGOS, 2015; BACK; POLETO, 2018; POLETO, 2018; KINNELL, 2010;
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BARBOSA et al,, 2015). The use of GIS software for the application of USLE has shown great
potential to assist in environmental planning, especially due to the ease of visualization, data
integration, and speed of execution of results (PINTO; GARCIA, 2011).

In the south of Brazil, in the eastern part of Santa Catarina State, the relief is
characterized by steep and rugged forms, with rivers that flow in strongly enclosed valleys,
which open on the plain forming deposits of alluvial fans. The steeps are modeled on rocks
of the Serra Geral formation, especially basaltic spills, where the Atlantic Forest vegetation
(Dense Ombrophylous Forest) predominates.

The flatter part of this region is formed by coarse basaltic (gravels, pebbles, and rocks),
sandy, and clayey sediments (SCHEIBE et al, 2010). Currently, the Atlantic Forest is quite
altered, mainly in the flat areas and smooth slopes, where it has been replaced by agricultural
crops (rice, bananas, corn, beans, etc.). On the steep slopes, the vegetation is more preserved,
but it consists of secondary Atlantic forest and small fragments of reforestation of pine and
eucalyptus. In this region, studies related to soil losses due to water erosion are still rare;
therefore, it is important to understand the effects of climate and relief on soil erosion.

Thus, the goal of this study was to evaluate the soil loss in the Malacara river basin
located in the mountainous region of southern Santa Catarina State, using the USLE model

with GIS assistance.

2 Material and Methods

2.1 Study area

The Malacara river basin is a sub-basin of the Mampituba river basin area (1,940 km?)
which covers two states in southern Brazil, Santa Catarina State and Rio Grande do Sul State
(Figure 1). The Malacara river basin has a total area of 40.48 km? with a perimeter

corresponding to 38.10 km.
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Figure 1 - Malacara River basin location
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The rivers of the Malacara basin area are born in the cliffs of the Serra Geral formation
(altitude of 1,700 m) and find, in a short distance (10 km), the floodplain (average altitude of
100 m) where the Praia Grande City in Santa Catarina State is located (SZYMANSKI et al.,
2019). The maximum altitude is 1,113 m at the top of the basin, on the cliffs of Serra Geral
formation, and the minimum altitude is 17 m at the river mouth (Mampituba River). The
region climate, according to the K&ppen classification, is of the Cfa type, subtropical (humid
mesothermal and with hot summers), with an average annual precipitation of 1,500 mm and

an average annual evapotranspiration of 900 mm (PANDOLFO et al., 2002).
2. 2 Input spatialized data in the USLE model

Orthorectified aerial photographs, soil map, and a Digital Terrain Model (DTM) were
used as input data in the USLE model. Both aerial photographs (spatial resolution of 0.39 m)
and DTM (resolution of 1.0 m) were obtained from the Santa Catarina Secretariat for
Sustainable Economic Development - SDS (2013). However, the SDS DTM covers 97% of the

total area of the river basin in Santa Catarina State.
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Thus, to complete the 3% coverage of the Malacara river basin, the DTM from the ALT
Palsar satellite (Advanced Land Observing Satellite) of the National Aeronautics and Space
Administration - NASA (2011) was used, which has a spatial resolution of 12.5 m. In order to
integrate the two DTMs, it was necessary to resample the MDT-ALOS pixels from 12.5 m to
1.0 m resolution. The soil map (scale 1:250,000) was obtained from the Brazilian Agricultural

Research Corporation (EMBRAPA, 2004).
2. 3 USLE model input parameters

Universal Soil Loss Equation (USLE)

To evaluate soil loss in the study area, the USLE model by Wischmeier and Smith
(1978) was used. Back (2020) mentions that the USLE is an erosion model designed to predict
the average soil loss over time, considering the runoff from specific areas, under precise

management conditions and is defined by:
A = RK.LS.C.P (1)

Where, A is the average annual loss of soil per unit area [t ha" year']; R is the rainfall
erosivity factor [MJ mm ha™' h” year™]; K is the soil erodibility factor [t h MJ" mm']; L is the
length of the slope, and S is the slope steepness (m.m™"); C is the land use and management
factor [dimensionless]; and P is the conservation practices factor [dimensionless].

Rainfall erosivity factor (R)

The R factor is of great relevance in the quantification of energy produced by the
impact of raindrops on the soil. Wischmeier (1959) defined erosivity as “the product of the
kinetic energy of a given rainfall (Ec) by its maximum intensity in 30 minutes (I30)". According
to Back (2020), for a more accurate determination of the R factor, continuous rainfall records
measured in pluviographs must be analyzed. Cassol et al. (2007) mention that it is necessary
to divide the rainfall diagram of each rain into uniform segments, calculate the kinetic energy
of each segment, and multiply by the total energy of the largest amount of rain recorded in

the period of 30 consecutive minutes. However, in places where rainfall data is not available,
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the R factor can be estimated by the accumulated rainfall data over 24 hours, using equations

that relate erosivity to the rainfall coefficient (Rc;), defined according to Equation (2).

Re; = (p;)?/P (2)

Where, p: is the monthly average precipitation of month i (mm); and P is the average
annual rainfall (mm).

In this study, the Erosivity Index (E/30) was calculated by Equation (3) defined for the
southern region of Santa Catarina State by Valvassori and Back (2014), with an R? of 0.9080,

showing that the study had a satisfactory result. Therefore, it can be used.

Ely, = 45.1.Rc -127.05 (3)

The rainfall erosivity factor (R) was calculated using the rainfall data from the Praia
Grande rainfall station (code 2949001), located in the center of Praia Grande City (SC) at the
coordinates: 29.1958 °S and 49.9633 °W, 60 meters above sea level. This station is the
responsibility of the National Water Agency (ANA) and is operated by the Agricultural
Research and Rural Extension Company of Santa Catarina State (EPAGRI/SC). The historical
series used comprises a period of 43 years (1976-2019). The result of rain erosivity was
attributed to the entire drainage area of the Malacara river basin.

Finally, to obtain the R factor, the sum of the Erosivity Indices was performed,

according to Equation (4).

R= 25130 "

Soil Erodibility Factor (K)

The K factor is a property of the soil that represents its susceptibility to erosion
(WISCHMEIER; SMITH, 1978). Mannigel et al. (2008) report that, to determine the K factor,
indirect methods are used due to the greater ease of obtaining the data, and in direct
methods it is necessary to follow rules and structure experimental plots that require a long
time to determine the final value. In this study, Equation (5), proposed by Wischmeier and

Smith (1978), was used to calculate the K factor.
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0.1317x2.1M*1*(107*)(12—a)+3.25(b—2)+2.5(c-3)

100 (5)

|

Where, M is the parameter that represents the soil texture [dimensionless], « is the
organic matter content [%], b is the soil texture class [dimensionless], and c is the

permeability of the soil profile [dimensionless].

M = (%_silte + %_thinsand) x (100 — %_clay) (6)

The K factor was determined for the soils present in the study area, namely,
Cambissoil, Gleysoil, and Neossoil (EMBRAPA, 2004). The parameters for calculating the K
factor (Equations 5 and 6) were obtained from the soil survey on the scale 1:250,000 of
EMBRAPA (2004).

Topographic Factor (LS)

The LS takes into account the topography of the soil in the erosion process, which is
represented by the length of the slope length (L) and the slope steepness (S) of the soil
(BERTONI; LOMBARDI NETO, 2012). The LS factor represents the contribution of surface
runoff to the water erosion process (MINELLA et al.,, 2010). Thus, the increase in the slope
length (L) intensifies total soil loss and in soil loss per unit area, due to the progressive
accumulation of surface runoff in the downstream direction (lower slope). With the increase
in the slope steepness (S), the flow velocity and erosion resulting from surface runoff also
rises (WISCHMEIER; SMITH, 1978).

The factors L and S, when analyzed together (LS), are extremely important in the
quantification of sheet erosion in a given area, due to the carrying of soil particles related to
the speed of runoff, which will indicate a greater or lesser sediment transport.

In this study, the maps containing the factors L and S were combined to form a single
map that represents the topographic factor LS. To obtain the factors, a slope and
accumulated areas of the Malacara river basin map were generated both from the DTM of
SDS (2013). It is worth mentioning that the accumulated areas were obtained from the flow
directions of the runoff flow determined in ArcGIS 10.3.1.

The flow direction defines the hydrological relationships between different points

within a basin, indicating the predominant direction of the runoff. From the flow direction,
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the accumulated flow is obtained, adding the amount of pixel of the DTM in the runoff flow
direction. The accumulated flow, also called the basin area, represents the drainage network
of the river basin (SOBRINHO et al., 2010). To determine the topographic factor (LS),
Equation (7) proposed by Moore and Burch (19864, b) was used.

LS = ( As )0'4 (sen(G))l'3 (7)

2213 0.0896

Where As is the specific contribution area, which corresponds to the product of the
accumulated flow and the pixel size (1.0 m?); 6 is the degree of slope.
Factor use and soil management and conservation practices

CP factors are directly related to land use and cover. When the objective is to estimate
soil loss through erosion, these factors must be analyzed together.

Factor C represents the relationship between the quantities of soil eroded under
certain conditions of use and management and the losses arising from this same soil kept
continuously uncovered, with cultivation operations (WISCHMEIER; SMITH, (1978).

Thus, for the definition of land use and cover information, a map was created using
digital aerial photographs (SDS, 2013) with a spatial resolution of 0.39 m obtained in
December 2010. This map was prepared in ArcGIS 10.3.1, using the Maximum Likelihood
supervised classification method.

In this study, factor C was defined based on the data shown in Table 1 proposed by
Bertoni and Lombardi Netto (2012). For land use, the following classes were considered: (i)
forest (native and exotic tree vegetation), (ii) fields for undergrowth vegetation (native and
cultivated pasture), (ii) agriculture (rice, banana, corn, etc.), and (iv) exposed soil (area devoid

of vegetation and dirt roads).

Table 1 - Land use and management factor (Factor C)

Land use and cover C Factor
Forests 0.01
Fields 0.26
Permanent agriculture 0.29
Exposed soil 0.404

Source: Bertoni and Lombardi Netto (2012)
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The factor P is related to the conservation practices used in soil management.
According to Cardoso et al. (2020), the P factor is the relationship between the expected
intensity of soil loss with the adoption of a particular soil conservation and management
practice.

Thus, the P factor was defined for the study area based on the data shown in Table 2,

proposed by Bertoni and Lombardi Netto (2012).

Table 2 - Conservation practices factor (P factor)

Conservation practices P factor
Cords of permanent vegetation 0.2
Weeding and contour planting alteration 0.4
Contour planting 0.5
Planting down the hill 1.0

Source: Bertoni and Lombardi Netto (2012)

Soil loss (A)
The soil loss in the Malacara river basin was then determined by Equation 1 using the

ArcGlIS raster calculator and maps corresponding to factors K, R, CP, and LS.

3 Results and Discussion

Rain Erosivity Factor (R)

The results of rain erosivity are totally related to local precipitation and, the greater
the precipitation, the greater the rain erosivity, increasing the probability of causing soil
erosion. For the Malacara river basin, the estimated value of rain erosivity was 5,754.2 MJ
mm ha™' h”" year. According to the classification proposed by Santos (2008) values between
5,000 and 7,000 MJ mm ha ' h”" year" can be considered medium erosivity. This value
corroborates with Back and Poleto (2018) who obtained erosivity values between 5,000 and
6,000 MJ mm ha™' h'" year™ for the southern region of Santa Catarina State.

Other studies carried out in the southern region of Brazil, especially in Santa Catarina

State and Rio Grande do Sul State, obtained similar results for rain erosivity. Back and
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Valvassori (2014), in a research carried out in Urussanga City in Santa Catarina State, found
an annual mean value of 5,665 MJ mm ha™ h™'. Back (2018), studying the region of the
Planalto Serrano Santa Catarina State, obtained an annual average of 5546.8 MJ mm ha™' h-
! for Lages City and 7579.3 MJ mm ha™' h™' for Sdo Joaquim City. Eltz et al. (2013) determined
for Sdo Gabriel City in Rio Grande do Sul State the value of 6,432.4 MJ mm ha™' h™! year. All
results can be classified as average annual rain erosivity, with the exception of Sao Joaquim

City, which showed high erosivity.
Soil Erodibility Factor (K)

Table 3 shows the soil parameters (class, texture, % of coarse sand, % of fine sand, %
of silt, % of clay, and organic carbon) determined for each class of soil in the Malacara river
basin, which were obtained from the Bulletin Research and Development for Soils in the
Santa Catarina State (EMBRAPA, 2004). The other factors were determined by the indirect
method described by Wischmeier and Smith (1978), such as organic matter content (a), soll
structure (b), and permeability (c). The parameters of texture content and erodibility were

calculated by Equations (6) and (5), respectively.

Table 3 - Data used to calculate soil erodibility

Soil Class Coarse Fine Silt? Clav?

SBCS2nd Texture sand’ sand? y C a b c M
[mm] [mm]

Level [mm] [mm]

Cambissoil Clayish 1 3.67 4533 50 112 193 3 3 2450

Gleyssoil Average 44 12.67 20.34 23 125 214 3 3 2541

Very

2.67 233 3533 5967 223 384 3 4 1519.22
clayey

Neossoil

"Granulometry: 2.0 - 0.20 mm; 2Granulometry: 0.20 - 0.05 mm; *Granulometry: 0.05 - 0.002 mm; “Granulometry: < 0.002
mm. C - Organic Carbon [%]; a - Content of organic matter [%]; b - Soil structure [dimensionless]; ¢ - Permeability
[dimensionless]; M - texture [dimensionless].

Figure 2 shows the soils present in the study area and the K factor for each type of
soil. Greater erodibility is observed in the Gleysoil, which correspond to only 2.6% of the area

of the river basin.
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Figure 2 - Soil types map according to Embrapa (2004) and their respective soil
erodibility factors (K)
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Cambisoils cover 54% of the total area (22.04 km?), and also have significant
erodibility. Neossoils are the ones with less erodibility and represent 43% of the basin (17.40
km?). Neossoils are present, above all, in the areas with the highest declivity, as can be seen
in Figures 2 and 3a (declivity map).

It should be noted that the scale (1:250,000) adopted for the definition of soil types
and the corresponding erodibility parameter (K), may not accurately represent the variability
of the river basin soils. However, in this study, soil profiles from the EMBRAPA survey (2004)
were used since they are located as close as possible to the study area. The profiles used
were: profile n® 006 with samples from Praia Grande City, profile n° 018 with samples from
Jacinto Machado City and profile n® 040 with samples from Ararangua City. These cities are
located close to the study area (EMBRAPA, 2004).

However, for future research, it is suggested to carry out a more detailed soil survey
to more accurately identify the characteristics of each soil. This, it is possible to improve the

level of detail for soil classification and present other types of soil in the location.
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Topographic Factor (LS)

The study area has altimetric amplitude of 1,096 m, varying from 1,113 m to 17 m,
with some areas with high slope. The configuration of the relief is characteristic of
mountainous areas which can influence soil loss, correlating with the flow speed and carrying
power of particles.

Regarding slope, areas with slope varying from 89.4 degrees were observed in the
hillside areas, up to values close to 0 degrees in the floodplain predominantly located in the
areas close to the river mouth, where agricultural areas are present, and also at the top of
Serra Geral formation where there are floodplains of native countryside. The relief of the
Malacara river basin was categorized according to the classification of the slope proposed
by Embrapa (1979). Moreover, the Malacara river basin spatial distribution (Figure 3a) and

the areas corresponding to each class (Table 4) were both determined.

Table 4 - Classification of the slope of the Malacara river basin according to EMBRAPA

(1979) and their respective areas

Slope [%] Relief ] Area B
0-3 Flat 11.17 27.6
3-8 Gently wavy 6.03 14.9

8 -20 Wavy 5.81 14.3
20 -45 Heavily wavy 7.32 18.1
45 -75 Mountainous 5.01 12.4

>75 Strongly mountainous 5.14 12.7

The relief varies from flat to heavily mountainous, with flat being the most
predominant, covering 27.6% of the total area of the river basin. Areas with slopes between
20% and 45%, classified as strongly undulating, is the second most representative class
corresponding to 18.1% of the total area. The rest of the relief classes are close to the
escarpments of the Serra Geral formation and are present in percentage areas below 15% of

the total.
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Figure 3 - a) Slope map of the river basin; b) Map of the topographic factor (LS)
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The LS factor represents the topographic potential for water erosion to occur. Figure

3b shows that the values found ranged from 0 to numbers greater than 20, indicating an

area with low to very high surface runoff potential, respectively. In the river basin, areas with

very low runoff rates predominate (52.3% of the total area). The sites with high to very high

runoff potential, 23.2% of the total area of the basin, are located close to the enclosed valleys,

in the Malacara canyon where the slope is extremely high. In the plateau and in the

floodplain, it is observed that the runoff rates are lower.

Table 5 - Classes of occurrence of the topographic factor defined by Bertoni and

Lombardi Neto (2008) and their respective areas

Surface runoff Class Area
potential [adimensional] [km?] [%]
Very low <1 21.19 52.3

Low 1-5 5.69 14.1
Moderate 5-10 422 104
High 10-20 5.29 13.1
Very high > 20 4.09 10.1
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Land use and Management Factor and Conservation Practices (CP)

Figures 4a and 4b show the maps of land use and cover and the values corresponding
to the CP factor, respectively. Table 6 shows the classes of land use and cover in the basin
area.

Based on the values proposed by Bertoni and Lombardi Netto (2012) for the CP factor,
the map in Figure 5a was reclassified, obtaining the values shown in Table 7. These values
were defined based on the field knowledge of the study area.

Table 6 - Classes of land use and cover in the Malacara river basin and their respective areas

Classes of land use and Area
cover [km?] [%]
Water 1.53 3.8%
Agricultural crops 9.37 23.1%
Pasture or native field 517 12.8%
Exposed soil 0.20 0.5%
Tree vegetation 24.23 59.8%

According to the coverage and land use, the Malacara river basin is in good conditions
of environmental preservation, having 59.8% of its area covered by tree vegetation, mostly
composed of native forest. This occurs due to the steep slope found on the Serra Geral
formation, constituting a strong restriction factor for the use of the soil for agricultural and
livestock activities.

In the land use and cover map (Figure 5a), it is possible to observe that the agricultural
area is quite expressive, and corresponds to 23.1% of the total area. In fact, irrigated rice is
the main crop in the region which is found in the floodplain. Subsistence crops (maize,

bananas, beans, cassava, etc.) are planted on the slopes of the Serra Geral formation.

(Continue..))
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Figure 4 - a) Land use and cover; map b) Land use and management factor and
conservation practices (CP) map.
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Table 7 - Land use and management factor (C) and conservation practices factor (P)

applied to the study area

Land use C factor P factor CP factor
Water 0 0 0
Tree vegetation 0.010 0.2 0.002
Pasture or native field 0.260 04 0.104
Agricultural crops 0.290 0.5 0.145
Exposed soil 0.404 1.0 0.404

In Table 7, the lowest CP values were obtained for tree vegetation cover, which

represents areas with little or no agricultural soil management. This land use and cover

provides greater protection of the soil against erosion during runoff processes (BARBOSA et

al, 2015). The highest values, on the other hand, are associated with classes that provide

little or no soil coverage (exposed soil and agricultural crops on the slopes of the mountains),

making the soil highly vulnerable to water erosion.

Soil loss (A)

The values of soil loss in the Malacara River basin vary from 0 to more than 200 t ha"

" year. The soil loss classes, shown in Table 8, proposed by the Food and Agriculture
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Organization of the United Nations - FAO (1980) were used to interpret the degree of
susceptibility to erosion.
Table 8 - Classification regarding susceptibility to soil erosion and their respective areas

according to FAO (1980)

Soil loss [t ha™' year '] Degree Cff sheet . Area
erosion [km*“] [%]
<1 Normal 19.70 48.7%
1-10 Slight 15.68 38.7%
10 - 50 Moderate 3.92 9.7%
50 - 200 High 1.09 2.7%
> 200 Veey high 0.10 0.2%

Most of the river basin has a low degree of sheet erosion, ranging from normal to
slight. The predominant type of erosion is normal (A < 1.0 t ha™ year") found in 48.7% of its
total area. The second most expressive class is the degree of slight erosion (between 1 and
10 t ha™' year™), occurring in 38.7% of the basin. The remaining 12.6% of the study area
ranges from moderate to very high soil losses.

Figure 5 - Distribution of soil losses in the Malacara river basin
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When analyzing the soil loss map, together with the maps of the factors used for its
determination, it is observed that the spatialization of the erosion values is associated mainly
with the topography (LS factor) and the use and cover of the soil (CP factor). The R factor
was uniform for the entire river basin, while the K factor showed a small variation in values
between the soil classes present in the study area, thus presenting a low influence on the
results of soil losses.

The determination of the soil loss map makes it possible to visualize the spatial
distribution along the river basin, facilitating environmental planning and decision-making
process regarding the suitability for anthropic activities of the river basin. In the soil loss
distribution map, it is possible to identify critical points and direct efforts to the places most
susceptible or affected by soil erosion, that is, to apply soil management and conservation
practices (level cultivation, terraces construction, etc.), as well as defining an environmental

preservation area (top of hills, slopes, and riparian zone).

4 Conclusion

The USLE model applied to the Malacara river basin allowed the identification of the
areas most critical to sheet erosion, as well as those that need to be preserved to minimize
the impact of water erosion on the soil. As this is a basin with a mountainous environment,
it is crucial to know and understand the potential for water erosion of the soil, so that the
activities developed in the region can be properly planned, aiming to preserve the
environment surrounding water resources.

The loss of soil in the Malacara river basin ranged from 0 to more than 200 t ha™ year-
1, with 87.38% of the area showing a degree of sheet erosion normal to slight, 9.68% showing
a degree moderate, and only 2.94% of the area has a high or very high degree of erosion.
The results corroborate with the use and coverage of the soil in the Malacara basin, with
59.8% of the river basin having an area covered by tree vegetation, which provides greater

protection to runoff and, consequently, less soil losses due to sheet erosion.
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