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Abstract

Changes in soil cover and use have become a leading environmental
degradation factor, especially soil erosion. In the last four decades,
Cerrado environments have undergone an intense conversion to
anthropic use, especially agriculture, bare soil and, mainly, pasture.
This work evaluates the relationship between these changes and water
erosion, highlighting the most affected phytophysiognomies and the
consequent emergence of critically degraded areas. The methodology
comprises the correlation between the CP factor dynamics (Land cover
and use and management practices) of each phytophysiognomy class
and land use from 1985 to 2014 and the density of outbreaks and area
of erosive contribution in 2014. The results indicate that the period
1985-1995 was noteworthy for converting Savannah, Thin Savanna, and
Typical Savanna to Agriculture, Bare Soil and Pasture, while the period
1995-2005, consolidated this type of use. In 2005-2014 there was a low
conversion of phytophysiognomies and consequently increased
consolidation by anthropic use. The areas with a high density of up to
3.5/km?, a high percentage of erosive contribution (up to 48%), and in
critical stages of degradation are associated with converting these three
phytophysiognomies to Bare Soil and mainly Pasture, both of high CP
values. Throughout the period, 53.32 % of the erosive contribution area
was due to the same type of conversion. Another 33.88 % occurred in
areas where similar use already prevailed in 1985 and persisted in this
condition all through the analyzed period.
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INTRODUCTION

Changes in land cover and use induced by
anthropic actions are among the factors that
directly and indirectly contribute the most to
bigger and more severe environmental changes,
whose consequences are manifest from local to
global scales (CAPITANTI et al., 2016; ELLIS,
2015). These alterations result from feedback
mechanisms related to these conversions and
imply the distribution and balance of energy,
especially thermal and kinetic, and its
interaction with continental and oceanic
surfaces (FINDELL et al., 2017). Consequently,
there are observable impacts on biodiversity,
climate, the availability and quality of natural
resources, especially soil and water, the
economy, and, above all, the well-being of
populations (ARNOUS et al., 2017; BAJOCCO et
al., 2012; GRIGGS et al., 2014).

In recent decades, the gradual increase in
soil loss, especially over large areas, has become
one of the leading causes of environmental
degradation (HASSAN et al., 2016; OZSAHIN et
al., 2018; OZSAHIN; UYGUR, 2014). This
scenario highlights a key challenge for
contemporary societies’ sustainable use and
management of land surface resources to
guarantee a fairer legacy for future generations.
Likewise, in many cases, it is evident that these
degradation processes are already irreversible;
the substantial environmental liabilities
generated over decades of inappropriate use and
management have led to increasingly uncertain
recovery possibilities.

The characteristic Cerrado plant formations
covered the Brazilian Central Plateau,
comprising an extensive area with one of the
most diversified landscapes and biodiversity on
the planet. In the early 1950s, the primary use
was extensive cattle raising, and from the 1960s
onwards, there was a new phase of change
driven by the modernization of agriculture and,
more recently, the implementation of agro-
industrial complexes (GRAZIANO DA SILVA,
1996). In this context, in recent decades, the
Cerrados region has undergone significant
changes in land cover and use, gaining new,
mainly economic, meanings. It has become a
strategic region for agribusiness due to its
location and relief, which is mostly favorable to
mechanized agricultural management
(OLIVEIRA, 2014; SILVA et al., 2015).

Public incentives promoted the arrival of the
agricultural frontier and were associated with
the availability of extensive areas of plateaus
with climatic and soil conditions favoring

agricultural activities during most of the year.
The ease of acquiring large areas at very low
prices resulted in migratory waves, mainly from
the South and Southeast regions of Brazil. The
implementation of government programs
intensified the changes, mainly linked to the
1972-1974 1 Plano Nacional de Desenvolvimento
(PND, brazilian economic plan), such as the
Programa de Desenvolvimento do Centro-Oeste
(PRODOESTE, destined to increase the
economic development of the southern states of
Mato Grosso, Goids and Distrito Federal) and
the 1975-1979 1II Plano Nacional de
Desenvolvimento, with the Programa de
Desenvolvimento dos Cerrados
(POLOCENTRO, with the objective of
promoting the development and modernization
of agricultural activities in the Centro-Oeste)
and Programa de Cooperagdo Nipo-Brasileira
para o Desenvolvimento Agricola dos Cerrados
(PRODECER, technical and financial
cooperation with the objective of making the
cerrado region productive). These initiatives
promoted the region’s development and
Integration into the national productive system,
as recollected by Barbalho and Castro (2014),
Menezes et al. (2009), Oliveira et al. (2018), and
Rocha et al. (2014).

However, the lack of systematic studies
about the potential and limitations of each
environment and the forms of wuse and
management practices used at the time resulted
in extensive levels of degradation, mainly
through linear water erosion processes
involving ravines and gullies. In this context,
this work aims to evaluate the relationship
between the process of conversion of Cerrado
vegetation types to anthropogenic use and the
occurrence of linear water erosion features, and
the consequent emergence of critical areas
characterized by a high density of foci and the
erosion contribution area, highlighting the most
degraded phytophysiognomies in the period
1985-2014.

MATERIALS AND METHODS

Location and characterization of the study
area

The study area covers the municipalities of
Mineiros, Santa Rita do Araguaia, Perolandia,
and Portelandia, all located in the Southwest
Microregion of Goids in the highest parts of the
Araguaia and Paranaiba river basins (Figure 1).
The geological substrate is from the Parana
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Sedimentary Basin, predominantly composed of
different sedimentary formations with a
predominance of claystones, sandstones, and
sand deposits, sometimes permeated by basaltic
intrusions. As specified below, these formations
have different resistance to weathering
processes, resulting in distinct altimetric levels

corresponding to  staggered geomorphic
surfaces. A highlight is the Serra de Caiapé
toponym, part of the Parana Basin’s Northern
Plateau (AB’ SABER; COSTA JUNIOR, 1950;
DRAGO et al., 1981), its highest section is 1010
m high.

Figure 1 - Location of the area (a); Geological formations and lithologies (b); Hypsometry (c); Slope
(d); pedology (e); and land cover and use in 2014 (f).
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Source: Nunes (2015).

The various altimetric levels have well-
established limits since the transition to
adjacent areas is marked by a clear-cut

reduction in altitudes, accompanied by
increased declivity. In turn, these direct
consequences of changes in the lithology

influence geomorphological, pedological, and
predominantly land cover and use patterns,
with direct impacts related to linear water
erosion processes.

In the central portion and the extreme south
of the area, the higher and flatter surfaces have
claystones, sandstones, and sand deposits
belonging to the Cachoeirinha Formation
(BRASIL, 1983; LACERDA FILHO; FRASCA,
2008). The altitudes vary from 857 to 1010 m,
with the declivity varying from 0 to 8%, forming
extensive plateaus called Chapadas or
Chapadées. The Red Latosol (Ferralsols,
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Oxisols), with a clayey to very clayey texture,
predominates in slopes up to 8%, and Haplic
Gleissol (Haplic Alfisol) with clayey texture
along the plains, following low altimetric
gradient channels and a declivity of up to 3%
(ALVES et al., 2017; PAULINO et al., 2015).
Latosol (Ferralsols, Oxisols) areas were the first
to be occupied by agriculture in the 1960s,
consolidated in the 1970s, with the advent of
modernized agriculture (PINTO; WANDER,
2016), linked to the Green Revolution, involving
the intense application of technological
knowledge to land management.

In the west and southeast segments, eolian
sandstones of the Sdo Bento Group — Botucatu
Formation predominate, interspersed with
sandstones and siltstones of the Passa Dois
Group Corumbatai Formation (BRASIL,
1983). The former is found on higher preserved
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levels, with interfluves with more rounded edges
and a predominance of medium-textured Red
Latosol (Red Oxisol, Ferralsol) associated with a
sandy-textured Orthic Quartzarenic Neosol
(Typical Quartpsamment, Typical Arenosol)
that transitions to a sometimes
sedimented/silted Hydromorphic Quartzarenic
Neosol (Hydromorphic Entisol, Arenosol) on the
valley floor. The predominant uses are
agriculture in Latosol (Oxisol, Ferralsol) and
pasture in less fertile soils such as sandy
Neosols.

In the lower and more dissected southeastern
portion with more concave interfluves, mostly
sandy Ortic Quartzarénico Neosol (Typical
Quartpsamment, Arenosol) and medium-
textured Red Ultisol (Red Acrisol) predominate
(SCOPEL et al., 2013). These are areas where
the conversion process for anthropic use
intensified throughout the 1970s and, in
particular, the 1980s. Their low capacity for
agriculture led to extensive areas being
converted to pasture and, more recently, zones
of exposed soil, which are subject to the advance
of linear water erosion processes (NUNES;
CASTRO, 2015).

In the northern portion, diamictites, shales,
sandstones, and siltstones belonging to the Itaré
Group, Aquidauana Formation preponderate
(BRASIL, 1983; MOREIRA et al., 2008). The
relief is even lower than the previous area, with
altitudes of up to 413 m. There is advanced
erosive dissection, resulting in a flat, low
gradient, with slopes of up to 20% on the
interfluve edges and 3% on the valley floor. Red
Ultisols (Red Acrisol) of medium texture
predominate, transitioning to Fluvic Neosols
(Fluvent Entisol, Fluvisol) with a sandy texture
along the main channels. Pasture is the primary
land use, and in recent years there are

The Kernel density, available in the ArcGIS
software, was used to create the focus density
and erosive contribution area maps. For the
density of foci outbreaks, an analysis or

Figure 2 - Location and mapping of medium-sized erosive features (a); and large erosiv

.'. o _-‘
Source: The authors (2018).

significant patches of exposed soil.

The climate is tropical sub-humid
throughout the area, with two distinct periods.
The dry season lasts from June to August, and
the rainy one from September to May (SILVA et
al., 2006), fitting into the Koppen Aw type
(MONTEIRO, 1951; NIMER, 1972).

Mapping of foci and elaboration of density
maps and area of erosive contribution

The mapping of the linear erosive foci was
carried out in the second half of 2014, based on
the interpretation and visual inspection of
colored GeoEye images with a spatial resolution
of 0.4 m. For mapping purposes, erosion was
considered a feature with a linear aspect,
slightly deepened and with steep edges, and
generally, with a degraded interior, that
contrasts with the immediate surroundings, as
shown in Figure 2. At this level of detail, the
scale of 1:2,000, polygon mapping was possible,
which allowed the central point or centroid to be
calculated. The area of each feature was
subsequently converted into the erosive
contribution area (% of the eroded area in 1 km?,
for example), and, consequently, the stage of
degradation could be assessed with more
confidence. The images were scanned and
analyzed by dividing the polygon surrounding
the study area into 1000 x 500 m rectangles,
adjusted to a 21” monitor. This procedure
permitted the entire study area to be visually
inspected at the same level of detail, compatible
with the image resolution parameters, thus
avoiding misinterpretations and erroneous
conclusions about the erosive feature, especially
its limits. Thus, it was possible to perceive
spatial patterns of occurrence of erosive foci
more rigorously and classify them into small,
medium, and large dimensions.

e features (b).

i #

weighting radius of 3700 meters was adopted,
corresponding to the average distance between
the erosive features’ centroids, resulting in the
number of foci per km? and an output resolution
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of 30 meters in a matrix structure. For the
erosive contribution area map, the erosive
focus/surrounding area ratio was adopted,
considering an analysis radius of 700 meters,
which corresponds to the average distance
between the edges of the erosive features.
Therefore, the percentage dimension of the
erosive contribution area also has a matrix
structure with an output spatial resolution of 30
meters.

The bivariate map of critical areas was
designed by dividing and crossing the five
classes of each parameter, thus resulting in a
5x5 class key. This procedure allowed a detailed
representation of four different patterns of
erosive occurrence in the area, namely: low focus
density (0 - 0.5 focus/km?) and low area of
erosive contribution (0 - 5 %); low focus density
and high erosive contribution area (20 - 48%);
high focus density (2 - 3.5 outbreaks/km?) and
low area of erosive contribution; and very
critical areas where both the focus density and
the area of erosive contribution are high.

Multitemporal mapping of coverage and
use classes and their correspondence in CP
factor  (Coverage and Management
Practices).

The mapping of the phytophysiognomies and
land use classes was elaborated from Landsat
images of the months without rainfall. Images
from the TM Landsat 5 sensor in the RGB 543
color composition and 2% spectral enhancement
were used for 1985, 1995, and 2005. In 2014, the
sensor and OLI Landsat 8 used the RGB 654
composition and the same highlight. The
definition of the phytophysiognomy classes
followed the nomenclature proposed by Ribeiro
and Walter (2008), which includes the main
phytophysiognomies found in the Cerrado
biome’s plant formations (Forest, Savanna, and
Grassland Formations) (Figure 3).

Figure 3 - Phytophysiognomies of the Cerrado biome and their correspondence in color and texture

R
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Source: adapted from Ribeiro and Walter (2008).

Therefore, the classification key was created
from the correlation between the photographic
inventory and observations of representative
areas of each phytophysiognomy in the field,
whose coordinates were collected with GPS,
transposed to a digital environment, and then
superimposed on the images, observing the color
and texture verified around each point. A
similar procedure was adopted by Castro (2014)
to identify the phytophysiognomies of the
Cerrado biome using aerogammaspectrometry
and remote sensing, thus allowing better use of
TM Landsat 5 images in the classification of

plant physiognomies.

Once the land cover and land use and
management maps had been created, the next
step was to analyze how each class corresponded
with the Use/Management and Conservation
Practices factor, C and P factors of the Universal
Soil Loss Equation, according to Oliveira (2012)
and Stein et al. (1987). Next, the interval was
divided into five classes, and each one was
assigned a code related to the respective class of
the other time frames (Table 1).

Soc. Nat. | Uberlandia, MG | v.33 | e60606 | 2021 | ISSN 1982-4513 5
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Table 1 - Classes of phytophysiognomies, land cover, and land use and their correspondence in
Factor C (Coverage/Use and Management) and P (Conservationist Practices).

Plant Formation/Phytophysiognomy | Factor | P factor CP Class Code
and Coverage and Use C factor

Wet field 0 1 0 1
Savannah, Dense Savanna, Gallery | 0.00004 1 0.00004 2
Forest

Typical Savanna 0.0007 1 0.0007 3
Shrub savanna 0.01 1 0.01 4
Agriculture 0.12 0.12 0.0144 4
Thin savanna 0.01035 1 0.01035 4
Pure grassland 0.02 1 0.02 4
Pasture 0.1 1 0.1 5
Burnt ground 0.2 1 0.2 5
Bare soil 1 1 1 5

Source: adapted from Oliveira (2012); Stein et al. (1987).

This procedure established the bivariate
spatial relationships between variables and
between each of these and phenomena related to
erosive processes. The synthesis flowchart of the

materials used, the methodological procedures,
and the respective syntheses produced is
presented in Figure 4.

Figure 4 - Synthesis flowchart of the methodological procedures adopted.
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Source: Adapted from Nunes (2015).

RESULTS AND DISCUSSION

Bivariate analysis between focus density
and erosive contribution area classes in
2014

The mapping analysis highlights four spatial
and numerically distinct patterns regarding the
distribution of erosive features, as shown in
Figure 5. The first results from the low density

Soc. Nat. | Uberlandia, MG | v.33 | e60606 | 2021 | ISSN

of foci and low area of erosive contribution,
corresponding to the plateau areas covered by
Red Latosols (Red Oxisol, Ferralsol) and, to a
lesser extent, by Haplic Gleysol (Haplic Alfisol),
both of clayey texture and low slope, where
agricultural use was consolidated in the 1970s
and 1980s. In addition to agricultural use,
another decisive factor is the existence of the

Emas National Park, whose protected
vegetation prevents soil degradation through
erosion.

1982-4513 6
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Figure 5 — Point erosive foci density maps (a); area of erosive contribution (b); and the bivariate
relationship between the two (c).
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Another pattern results from areas with high
focus density and a low area of erosive
contribution (detail in Figure 5 a), which
concentrates on the transition of the central and
northern portions of the study area. In these
environments, Lithologic Neosols (Lithic
Entisols, Leptsols) and Haplic Cambisols
(Haplic Inceptisols) predominate, ranging from
medium to gravelly textured, where almost all
erosive foci are less than 1 ha. The impression of
a large erosive contribution area is due to the
high number of foci and the high proximity
between the incisions. However, although this
spatial distribution pattern resembles areas
with large erosions, the shallow depth of these
soils principally causes disaggregation in the
more superficial portions.

A third pattern results from areas with low
foci density and high erosive contribution (detail
in Figure 5 b). Although it also occurs in the
northern and southeastern portions, this
pattern is more characteristic of the western
part, where the number of outbreaks is small,
but the area of erosive contribution tends to be
sizeable. Three of the eighteen most extensive
foci with areas above 12 ha occur in this section.
There is a prevalence of medium-textured Red
Oxisols (Red Ferralsol) associated with slopes of
up to 8% mainly used for agriculture, although
there is some pasture. Large erosive foci tend to
occur on the transition from the upper third to
the intermediate third of the slopes and the
consequent exposure of sandy Quartzarenic

Neosols (Quartzipsamment Entisol, Arenosol)
from eolian sandstones of the Botucatu
Formation. The triggering of erosive incisions in
these environments is strongly associated with
pasture use. Its evolution is strongly conditioned
by the soils’ greater depth and texture, leading
to large-scale losses in the form of sizeable
incisions.

The pattern resulting from the high density
of outbreaks and high area of erosive
contribution indicates at least 18 areas with a
high level of degradation, of which 15 occur in
the southeastern portion, as illustrated in
Figure 5 ¢. While they occur in the northern and
western  portions, the most significant
degradation stages are in the southeast, where
there are up to 3.5 outbreaks per km?, and the
contribution area reaches 48%. These are areas
of sandy Red Ultisols and, mainly, Quartzarenic
Neosols associated with slopes ranging from 8 to
16%. Pasture was introduced to these areas in
the 1970s. Due to their low capacity for
agriculture, the land use remained the same
throughout the study period. As a result of this
repeated usage, some erosions occupy up to 25.2
ha and reach the rocky substratum.

Degradation of phytophysiognomies and
linear water erosion processes.

The outcome of converting vegetation cover to
anthropogenic use in 1985, 1995, 2005, and 2014
is shown in Figure 6. Agricultural use was

Soc. Nat. | Uberlandia, MG | v.33 | e60606 | 2021 | ISSN 1982-4513 7
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concentrated on the highest and flattest
surfaces throughout the period, including the
vicinity of Emas National Park. At the same
time, the emergence and increase of pasture
areas and bare soil were concentrated in the
lower and more dissected areas, where more

sandy and less fertile soils predominate. This
finding corroborates the work of Pinto and
Wander (2016) and Silva (2018), who state that
the higher areas were the first to be occupied by
annual crops, which were consolidated in the
1970s and 1980s.

Figure 6 — Spatial and temporal dynamics of the phytophysiognomies and land use classes in
southwestern in 1985, 1995, 2005 and 2014.
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Source: Nunes (2015).

The maps indicate that the most intense
consolidation in the study area occurred
between 1985 and 1995. From the latter year,
the size of the agricultural area stabilized; the
land use predominated in about 23.7% of the
area.

In 1985, pasture and bare soil areas were
already evident in small but numerous spots in
the north, west, and southeast portions, making

up just over 9.50% and 4.63% of the study area,
respectively. In the same year, the main Cerrado
physiognomies occurred in very expressive
areas. Figure 7 shows these in order of
prevalence: Savannah 23.32%; Thin Savanna
18.03%; Shrub Savanna 6.63%; Gallery Forest
6.24%; Wet Field 6.31%; Typical Savanna
4.93%; Dense Savanna and Pure Grassland with
2.42% each.

Figure 7 - Dynamics of each class of land cover and land use in 1985, 1995, 2005 and 2014 and

respective percentages of outbreaks and area of erosive contribution.
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In 1985-1995, there was a marked reduction
in vegetation cover and the expansion of areas of
bare soil and mainly pasture. The most
degraded phytophysiognomies are the
Savannah, Thin Savanna, and the Typical
Savanna, which dropped from 23.32%, 18.03%,
and 4.93% in 1985, to only 10.29%, 9.89 %, and
1.91%, respectively, in 1995. The area of the
remaining phytophysiognomies changed little.
The greater frequency of Pure Grassland and
Shrub Savanna is related to the proximity of the
Emas National Park; the Wet Field and Gallery
Forests are the closest to the watercourses.

In the 1995-2005 and 2005-2014 intervals,
there was a stabilizing trend in land cover and
use conditions. The phytophysiognomies,
especially those on the top of the interfluve and
medium slope, were reduced to small areas. At
the same time, bare soil and, mainly pasture,
came to predominate in most areas, especially in
environments where low soil fertility has
discouraged agricultural use.

Areas with bare soil and especially pastures
were decisive for the concentration of erosive
processes. In 2014, around 38% of the incisions
were associated with exposed soil, while 55.8%
were associated with pasture, thus totaling
93.80%. As verified by Barbalho and Castro

(2014), these are very expressive amounts; their
work indicates that pasture is responsible for
more than 60% of the erosion processes in the
basins of the Claro and Bois rivers. Regarding
the area of erosive contribution, there is a slight
increase in the association between bare soil and
the incisions, rising to 38.8%, while pastures
account for 53.1%, thus totaling 91.9%.

Bivariate analysis of the CP Factor and its
relationship with the occurrence of erosive
processes

Three situations are evident from the bivariate
analysis of the CP factor dynamics over each of
the 10-year intervals. The first, less frequent,
shows a reduction in CP values, the second
increases, and in the third and most frequent,
the CP values remained unchanged. Between
1985-1995, almost no environment (only 1.43%)
showed a reduction in the CP factor. This is
indicated by the near lack of blue-toned areas in
Figure 8a. The low reduction occurred at the
expense of a significant area with an increase in
the CP factor due to the intense anthropization
during this period, with extensive areas of
natural vegetation being converted to pastures.

Figure 8 — Change maps in the CP factor between 1985 and 1995 (a); between 1995 and 2005 (b) and
respective areas of occurrence.
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The most frequent situation has an increase
in the CP factor, resulting from the conversion
of the Savannah, Typical Savanna and Thin
Savanna vegetation partly into agriculture and,
mainly, pasture and exposed soil, both with high
CP factor values. This fact is clear from the high
occurrence of yellow and orange tones and
respective percentages in Figure 8a. For all the
classes in this condition, it can be seen that, in
the period, about 27% of the area showed an
increase in CP values, highlighting the fact that
the region is undergoing a considerable process
of conversion of vegetation cover for human use.
The most common situations, covering 72.28% of
the area, indicate no change in coverage and
especially in land use and, consequently, the CP
value was maintained.

The analysis of the dynamics of CP factor
values between 1995 and 2005 (Figure 8b)
shows a slight increase in areas with a reduction
in the CP factor. From 1.43% in the 1985-1995
interval, it rose to 1.59% in the following decade.
Of this total, 0.94% corresponds to the
conversion of Dbare soil and pasture to

agriculture. Concerning areas that had an
increase in the CP factor, there was a marked
reduction compared to the previous period. The
analysis of all areas in this condition shows that
the CP factor increased in only 13.12% of the
area. For most of the area, this period was
marked by the consolidation of areas with high
CP factor values, especially in soil environments
less favorable to agriculture and, therefore,
destined for pasture.

The dynamics of the CP factor values
between 2005 and 2014 revealed a reduction in
CP factor values in about 2.92% of the area.
Agricultural use in areas that used to have bare
soil and pasture (2.3%) contributed to this slight
reduction. In this context, it 1is worth
highlighting the cultivation of eucalyptus in
areas heavily affected by erosion, especially in
the upper Araguaia River basin. A sharp
reduction occurred in the areas with an increase
in the CP factor compared to previous periods.
From 2005 to 2014, only 7% of the area was
converted for anthropic use, as observed in the
yellow and orange colors (Figure 9a).

Figure 9 - Change maps in the CP factor between 2005 and 2014 and respective areas of occurrence
(a); between 1985 and 2014 (b).
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Finally, Figure 9b summarizes the process of
converting vegetation cover into anthropogenic
use and the consequent increase in areas with
high CP factor values. In this context, the areas
that underwent an increase in values are
noteworthy, especially those whose CP factor
values were already high in 1985 and remained
unchanged in 2014.

Figure 10 quantitatively synthesizes the
bivariate relationship between the CP factors
for 1985 and 2014 and the respective
percentages of outbreaks and erosive
contribution area. The classes with the highest
CP factor in 2014 account for most features and
the erosive contribution area. This percentage is
higher when related to the high CP factor
classes of 1985.

Figure 10 - Area distribution between the 1985 and 2014 CP factor classes and respective
percentages of outbreaks and area of erosive contribution.
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Given the anthropization process already
observed in previous periods, the main highlight
in the 2005-2014 period is the high percentage
of areas of bare soil and, mainly, pasture. Thus,
it is essential to highlight that this high
percentage is due to the cumulative effect
verified through the areas where the CP factor
increased in 1985-1995 and 1995-2005.

CONCLUSIONS

The analysis verified that degradation by
erosive processes is contemporaneous with the
expansion process of pasture in areas adjacent
to the plateaus where agriculture began in the
1960s and consolidated in the 1970s and 1980s.
Expansion to hillier and less favorable land was
decisive for the degradation process.

The permanence of unfavorable areas to
agriculture as bare soils and, mainly, pastures
for long periods proved to be determinant for the
occurrence of critical situations of degradation.
The areas with the highest density of foci and
the largest area of erosive contribution occur in
environments where bare soil and pasture
predominated throughout the study period.

Regarding the deforestation process, it is
noteworthy that the above was true for the

Savannah phytophysiognomy, related to flat
terrains and clayey soils on the tops of plateaus.
Deforestation and consequent further
degradation by erosive processes occurred in the
predominant phytophysiognomies in terrains
with greater declivity and medium to sandy
soils. The Typical Savanna, Dense Savanna, and
Thin Savanna stand out, as the conversion

process has resulted in environments in
advanced stages of degradation.
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