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HIGHLIGHTS:
The Mato Grosso state predominantly has medium natural erosion potential.
High natural erosion potential was associated with steep slope areas.
Areas with current agricultural use and high natural erosion potential should be monitored.

ABSTRACT: Understanding the susceptibility of soils to erosion is crucial for planning land use towards sustainable
agriculture. This study aimed to determine the spatial variability of natural erosion potential for the state of Mato
Grosso, an important agricultural center of Brazil. Natural erosion potential was calculated using the Universal Soil
Loss Equation, which accounts for erosivity, erodibility, and the topographic factor. For each of these three factors,
a map was generated in raster format that was combined into a Geographic Information System and used to create
a map of natural erosion potential. This map was then used to separate classes of natural erosion potential for the
state of Mato Grosso. The state predominantly has medium levels of natural erosion potential (58.38% in area),
followed by high (21.67%) and low (19.57%) levels. Areas of low natural erosion potential are predominantly located
in the flatter sections of the state. The topographic factor was strongly correlated with natural erosion potential. It
is an important component to support land use planning and soil conservation practices. Regions considered to
have high natural erosion potential are most commonly in the northwest (46.69% in area), north (32.7%), and west
(30.05%) macro-regions.
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RESUMO: O entendimento da suscetibilidade de solos & erosio é crucial para o planejamento de uso da terra visando
uma agricultura sustentével. O estudo teve como objetivo determinar a variabilidade espacial do potencial natural
de erosdo para o Estado de Mato Grosso, um importante centro agricola do Brasil. O potencial natural de erosdo
foi calculado usando a Equagdo Universal de Perda de Solo, que considera a erosividade, erodibilidade e o fator
topografico. Para cada um desses trés fatores foi criado um mapa em formato raster, que foi combinado em um Sistema
de Informagdo Geografica e usado para criar o mapa de potencial natural de erosdo. O mapa foi, entdo, utilizado
para separar classes do potencial natural de erosdo para o Estado de Mato Grosso. O Estado predominantemente
apresentou niveis médios de potencial natural de erosdo (58,38% da drea), seguido por altos (21,67%) e baixos
(19,57%) niveis. As areas de baixo potencial natural de erosdo estdo predominantemente localizadas nas partes
mais planas do Estado. O fator topografico apresentou forte correlagio com o potencial natural de erosio, sendo
um importante componente para auxiliar o planejamento do uso da terra e praticas de conservagédo do solo. Regides
consideradas com maiores potenciais naturais de erosao sdo mais comuns nas macrorregides noroeste (46,69% da
area), norte (32,7%) e oeste (30,05%).
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INTRODUCTION

Natural erosion is a component of processes such as soil
genesis and landscape formation. Nevertheless, soil erosion
can be accelerated by human activities, leading to several
environmental, agricultural, and socioeconomic impacts.
Accelerated erosion compromises the sustainability of
agricultural activities, given that highly eroded areas may
become unusable (Du et al., 2022).

The Universal Soil Loss Equation (USLE), proposed by
Wischmeier & Smith (1978), is widely used to predict soil losses
by water erosion, considering the following factors: rainfall
erosivity (R), soil erodibility (K), topography (LS), soil use and
management (C) and soil conservation techniques (P). Within
the factors considered in USLE, only C and P include human
interventions. Therefore, when R, K, and LS are considered
alone, it can be assumed to be the natural erosion potential
(NEP) (Silva et al., 2011; Duraes & Mello, 2016).

NEP can support decision making processes, mainly
regarding land use planning (Silva et al., 2011). Identifying
areas more prone to erosion guides public policies towards
soil and water conservation (Polidoro et al., 2021) and also
guides land adaptation aimed at respecting land use capability
(Taveira et al., 2021). Especially in the Mato Grosso state,
where agricultural production and deforestation pressure is
significant, NEP determination can guide the adoption of
cropping systems aimed at combining high yields with erosion
mitigation (Silva et al., 2021). Previous studies have calculated
NEP within Brazil (e.g., Silva et al., 2011; Cunha et al., 2017).
However, there is still a gap in the details for critical areas,
such as the Cerrado highlands and Pantanal basin, which are
important agricultural areas within the Mato Grosso state.

The Mato Grosso state is a very important agricultural
center for Brazil. It leads in the national production of soybean,
maize, cotton, and beef. Concurrently, significant land use
changes and high rates of deforestation and soil losses have
been observed within the state (Barbosa et al., 2018; Zolin et al.,
2021), requiring careful attention. In this context, the objective
of this study was to determine the spatial variability of natural
erosion potential (NEP) for the state of Mato Grosso, Brazil.

MATERIAL AND METHODS

The study was carried out in the state of Mato Grosso, the
central western region of Brazil (Figure 1). Mato Grosso has
an approximate area of 93 million hectares with a predominant
climate classification of Aw (following Koppen). The relief is
characterized by large planar surfaces located on plateaus and
in Pantanal (Salgado et al., 2015). The main soil classes are
Oxisols, Ultisols, or Entisols, which cover most of the state.

The spatial variability of natural erosion potential (NEP)
was estimated using the Universal Soil Loss Equation (USLE),
shown in Eq. 1, which calculates mean annual soil loss (PS,
t ha! per year) as a function of five factors: rainfall erosivity
index (R, MJ mm ha h™' per year), soil erodibility (K, Mg ha
h' ha! MJ! mm™), topographic factor (LS), cropping factor
(C), and conservation practice factor (P).
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Figure 1. Localization and altimetry of Mato Grosso state,
Brazil

PS=R-K-LS-C-P 1)

The rainfall erosivity index (R) map used in this study
(Figure 2A) was first presented in Di Raimo et al. (2018) and
is based on erosivity estimates from 158 pluviometric stations
within the Mato Grosso state. These estimates were calculated
using the equations proposed by Almeida etal. (2012), and they
are based on estimates of the rainfall coefficient (R ) from 10
pluviographic stations within the state. The selection criteria for
the best estimate of R for each of the 158 pluviometric stations
was adapted from the methodology described in Oliveira et
al. (2012a), accounting for the distance between stations and
the correlation between their rainfall characteristics. Data
interpolation was performed using geostatistical methods,
following the principles of spatial dependence (Di Raimo et
al., 2018).

The erodibility (K) map (Figure 2B) was initially presented
in Di Raimo et al. (2019), and it is based on 427 soil profiles
distributed throughout the state of Mato Grosso. For each
soil profile, erodibility was calculated following the equations
proposed by Wischmeier & Smith (1978) and Denardin
(1990). To determine which equation was best for each soil
profile, estimated values were compared with literature values
specific to field experiments within the same soil class. Data
interpolation was performed using geostatistical methods,
following the principles of spatial dependence (Di Raimo et
al., 2019).

The topographic factor (LS) map (Figure 2C) was
calculated using Eq. 2, as published by El Jazouli et al. (2017).
It is based on calculations of flow accumulation and slope.
Flow accumulation is a raster image map of accumulated
flow to each pixel from neighbor cells based on the direction
of their slope.
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Figure 2. Maps of (A) rainfall erosivity, R, (B) soil erodibility, K, and (C) the topographic factor, LS, for the state of Mato

Grosso, Brazil

04 / . 1.4
LS:(FAst sin(s)-0.01745 @)
22.1 0.09

where:
FA - flow accumulation raster;
PS - pixel size; and,
s - slope.

In this study, unit values of 1 were assigned to parameters
C and P, simulating the hypothetical situation of no land
cover and no soil conservation practices. The remaining USLE
parameters (R, K and LS) were obtained for the entirety of
the Mato Grosso state. By applying USLE in this manner, the
natural erosion potential (NEP) was estimated for the area of
interest.

The NEP map was generated following Eq. 1, as the product
of R, K, and LS maps, and the classes were set according to Table
1. To determine the most influential factors at the state and
macro-region levels, linear correlations between NEP and R,
K, and LS factors were calculated using the “rasterCorrelation”
function of the package “SpatialEco” in R (Evans, 2019).

To determine regionally isolated events or critical
situations, the state of Mato Grosso was divided into seven
macro-regions (northwest, north, northeast, middle north,
west, central south, and southeast) as proposed by IMEA

Table 1. Natural erosion potential (NEP) classes, as presented
by Cabral et al. (2005)

(2016). In addition, the main uses and activities developed
in each of the macro-regions, also described in IMEA (2016),
were considered for characterization of critical areas.

RESULTS AND DISCUSSION

Spatial variability of NEP for the Mato Grosso state is
presented in Figure 3, and the proportional area by class in
Table 2. The majority of Mato Grosso state is classified within
the medium class, covering 58.38% of the state. Regions with
critical levels of NEP, including the high and very high classes,
together account for 22.05% of the state, with 21.67 and 0.38%
respectively.

Low NEP areas occupy 19.57% of the state. They are
concentrated in the middle north, northeast, southeast,
and central south macro-regions, matching with the planar
regions of Pantanal, the Cuiaba Lowlands, and the plateaus
of Parecis and Guimaraes (Figure 3). Medium and high
NEP areas, with their greater extents, embrace considerable
areas of all macro-regions within the state. Areas with very
high PNE are concentrated in the northeast, west, and south
center macro-regions, occurring according to the high values
of the topographic factor (LS) which is attributed to the high
slopes present in the contours and escarpments of the Parecis

Table 2. Proportion of Mato Grosso state by natural erosion
potential (NEP) class
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Figure 3. Spatial variability of natural erosion potential (NEP)
within the state of Mato Grosso

and Guimaries plateaus, Province Serrana, and Chapada de
Dardanelos.

Considering the NEP mapping within Brazil, Silva et al.
(2011) found values similar to those presented in this study,
with higher levels of NEP concentrated in the northeast and
west and lower values in flatter regions. However, despite the
similar distribution of values, Silva et al. (2011) found a larger
extent of high NEP values as compared to these results. This is
due to the lower resolution of maps of R, K, and principally the
topographic factor, LS, as shown by Wu et al. (2005).

Linear correlation coeflicients between NEP and individual
USLE factors (R, K and LS) are in Table 3 at both the state
and macro-region levels. Firstly, it is highlighted that only
positive correlation values were obtained, since R, K and LS
are directly proportional to the NEP values. The correlation
between NEP and LS was the strongest for the state of Mato
Grosso and for the individual macro-regions. In general, factor
K showed low correlation with NEP values, with the exception
of the middle north region, likely due to the strong presence of
Oxisols which have low erodibility and are strongly associated
with gentle slopes.

Within the three factors, R showed the least influence
on NEP values. This low correlation can be attributed to the
homogeneity of this factor across the state (Figure 2A), when
compared to the other USLE factors. Factors K and LS are

Table 3. Linear correlation values, for Mato Grosso state and
its macro-regions, between natural erosion potential (NEP)
and the contributing factors: erosivity (R), erodibility (K), and
the topographic factor (LS)

. Correlation of factors
Region

NEP x R NEP x K NEP x LS
Mato Grosso 0.29 0.24 0.69*
Northwest 0.03 0.27 0.61*
North 0.17 0.43* 0.52*
Northeast 0.24 0.50* 0.59*
Middle North 0.15 0.69* 0.63*
Southeast 0.16 0.34* 0.67*
Central South 0.25 0.05 0.83*
West 0.23 0.32* 0.73*

Correlation

| |

I T |

0 0.5 1

* - Significant correlations at p < 0.05

Rev. Bras. Eng. Agric. Ambiental, v.26, n.9, p.655-661, 2022.

Luis A. Di L. Di Raimo et al.

spatially more heterogeneous (as observed in Figures 2B and
C), leading to a stronger influence on the variability of NEP,
especially over short distances. Although correlation values
between R and NEP are low, the R factor clearly presents a large
influence over erosive processes in the state, principally in the
west, northeast and north regions, where erosivity values are
generally greater than 8000 MJ mm ha™ h™ per year, or highly
erosive (Oliveira et al., 2012b). It is noteworthy to state that the
homogeneity is compared to other more heterogeneous factors,
as high differences in rainfall are recorded within the state.
For example, there is more than 2500 mm of annual rainfall
in northern Amazon regions and less than 1500 mm of annual
rainfall in southern regions of Pantanal and Cerrado biomes.

Figure 4 illustrates the percentage of area occupied within
each class of NEP for each macro-region. The pie and bar
graphs indicate, respectively, the percentages and frequencies
of NPE values in each macro-region. In the northeast and north
regions, the predominant classes are medium and high NEP,
covering approximately 95% of these regions. High NEP classes
account for 46.69 and 32.70% of these regions, respectively.

Elevated values of NEP in the northwest and north regions
of Mato Grosso state are due to a combination of high values
of R and LS factors, in agreement with the results observed by
Duries & Mello (2016) who studied a watershed in the Minas
Gerais state, Brazil. Nevertheless, it is noteworthy that LS had
the strongest influence on NEP when compared to the R factor,
as already discussed and shown in Table 3. The elevated R in
these macro-regions occurs due to the frequent and intense
convective rains of the Amazon biome and high rainfall indices
generated by the marked presence of the continental equatorial
mass (Mello et al., 2013). The high values of the topographic
factor LS occur due to the steep relief that characterizes these
regions (Vieira et al., 2015). According to Rodrigues et al.
(2011), LS has a large influence on the definition of highly
erodible areas, with both a high and significant influence, which
also supports these results. In this study, the spatial correlation
between NEP and LS in the northeast and north regions was
0.61 and 0.52, respectively.

Despite large areas with high NEP in the northwestern
and northern macro-regions, these areas are not extremely
vulnerable to erosive processes because they are predominantly
forested or covered with dense savanna or pasture (IMEA,
2016) which provide protection for the soil surface (Rodrigues
et al, 2011; Cunha et al,, 2017). Regions with forest or dense
savanna coverage have low risk of erosion as they are constantly
vegetated. In areas used for livestock, as long as they are not
degraded, soil erosion is low due to the high density of grass
stems and roots which reduce the intensity of floods and
increase the resistance of soil particles to the shear stress
of water (Bertoni & Lombardi Neto, 2017). However, it is
noteworthy that given the elevated levels of NEP in the north
and northeast regions, degraded pastures and recently cleared
areas for annual crops may show high levels of soil loss (Cunha
et al., 2017).

In the middle-north region, medium and low classes of
NEP were the most common, with proportions of 60.7 and
31.09%, respectively (Figure 4). The predominance of low
erosion susceptibility in the middle-north region is validated by



Natural erosion potential in the Mato Grosso state, Brazil

659

Figure 4. Percentages of Mato Grosso macro-regions occupied by each class and frequency of values of natural erosion

potential (NEP)

the study from Zolin et al. (2021), in which the authors found
16 Mg ha™ of soil loss when monitoring bare soil during the
rainy season. R values are high in this region, similar to the
northeast and north, but the lower NEP compared to those
regions is due to low values of LS and K, as shown by the high
correlation with these factors in Table 3. The low level of LS in
this region is predominantly due to the gentle slopes, whereas
the low level of K is due to the Oxisols, which commonly have
high permeability and low risk of soil erosion. Also, they are
strongly associated to plateau regions (Salgado et al., 2015;
Silva et al., 2021).

Although the middle-north region has predominantly low
levels of NEP, the concentration of annual crops (IMEA, 2016)
requires the implementation of soil conservation activities.
According to Peixoto et al. (2020), mechanized processes used
for annual crops increase the probability of erosion because
they induce soil compaction, surface sealing, and consequently
increased runoff. Processes that could minimize erosion, such
as minimum tillage, no-tillage, crop rotation, and limiting
tillage operations to proper soil moisture conditions, should
be recommended for these areas.

The northeast region of the state is marked by different
soil uses (IMEA, 2016). In the southern part of this region,
annual crops are predominant, while in the east, livestock is

more common, and the native forests of the Amazon biome are
present in the north. As seen in Figure 3, the areas within this
region that intensively used for agriculture are on the south
side, within areas with low and medium NEP, similar to those
in the middle-north region where conservation techniques are
necessary to control erosion.

Similar to the northeast, the southeast region is also
characterized by several patterns of land use. The northern
part of the region is dominated by annual crops, with medium
levels of NEP. In the east, livestock is more common, and in
the west, sugarcane. In the center of this region, livestock and
agriculture both occur together. Within the southeast macro-
region, 60% of its territory was classified as medium NEP. In
general, the northern region requires the most attention, due
to the strong presence of annual crops.

In the South-Center region, the differences between the
north and south potions are visually different (Figure 3). The
south side shows predominantly low levels of NEP and is
principally devoted to livestock (IMEA, 2016). The confluence
of low-risk activities with low levels of NEP characterizes areas
with low vulnerability to erosion. In the north side, medium
and high classes of NEP are most common, and the region is
used for a wide variety of products, including annual crops,
sugarcane and livestock (IMEA, 2016). In the case of annual

Rev. Bras. Eng. Agric. Ambiental, v.26, n.9, p.655-661, 2022.
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crops, erosion mitigation practices are required, especially in
areas with high NEP. In general, areas under sugarcane and
pasture are less risky compared to annual crops such as maize
and soybeans, as they can produce greater soil cover providing
greater protection to soil surface most of the time (Silva et
al., 2021; Tabriz et al., 2021). In the off-season cultivation of
sugarcane, soil coverage is dependent on the maintenance of
plant residues (green cane harvesting techniques). In areas
under grass crops, the high biomass production can control
erosion and enhance soil functions, depending on crop systems
management (Merlo et al., 2022).

Approximately 30% of the west region shows high levels
of NEP and is considered at critical risk for erosion (Figure
4). These areas of critical NEP coincide with municipalities
recognized as great producers of annual crops (such as Sapezal
and Campos de Julio), and they should be monitored to
evaluate the annual soil loss.

Areas with high NEP, including the aforementioned
municipalities of Campos de Julio and Sapezal, have high values
for all contributing factors (R, K and LS). For these regions,
constant surface cover is recommended throughout the year, e.g.,
by inclusion of cover crops. This can reduce the erosive action
of raindrops directly on the soil surface (Bertoni & Lombardi
Neto, 2017). It could also reduce erodibility by allowing the
cementation of soil particles which caused by the decomposition
of organic matter (Parwada & Van Tol, 2017). Furthermore, the
conservation practices can reduce the kinetic energy of surface
runoff, due to energy dissipation through the friction between
the water and the soil coverage (Bertoni & Lombardi Neto, 2017).

CONCLUSIONS

1. The Mato Grosso state is dominated by medium levels
of natural erosion potential (58.38%), with low and high
NEP areas occupying 19.57 and 21.67% of the state’s area,
respectively.

2. Areas of low natural erosion potential are predominantly
located in the flatter sections of the state.

3. The topographic factor was strongly correlated with NEP
and is an important component to support land use planning
and soil conservation practices.

4. High levels of natural erosion potential are concentrated
in the northwest (46.69% in area), north (32.7%), and west
(30.05%) macro-regions.
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