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Abstract: This article presents the identifi cation of soil use potential for different 
agropastoral and forest scenarios, using an indicator for erosion susceptibility from the 
spatialized Universal Soil Loss Equation (USLE). All USLE factors were spatialized using 
ArcGis 10.5 software, for the case study of the Cachoeira Cinco Veados Watershed-RS. To 
determine the R factor, we used the Cassol et al. 2007 equation and a 33-year series of 
rain data from six climatic stations. For the K factor, published values for the soil classes: 
Entisol, Ultisol, Oxisol, Molisols were used. From the DEM, the LS factor was obtained, 
considering six slope classes (0-3, 3-8, 8-20, 20-45, 45-75, >75%). In addition to the actual 
land use situation in the watershed, nine scenarios were proposed for the C factor. The 
value of 0.5 was used for the evaluation of conservation practices (P factor). Considering 
scenarios of current use situation along with the nine other scenarios, the results 
showed that, by identifying the most susceptible areas in each scenario, it is possible to 
construct an indicator map of soil compatibilities for each use, considering sustainable 
limits of soil losses. Therefore, this resulting map has potential use as instrument for 
land use planning and zoning studies.
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INTRODUCTION

High rates of soil degradation harm agricultural 
and forest production (Mosbahi et al. 2013, Hu 
& Flanagan 2013, Bonumá et al. 2014, Dyonisio 
2010) and often have their cause linked to water 
erosion. Erosion by water is a natural cause 
(Silva et al 2010), which may be aggravated 
by the use of inadequate soil management 
techniques. Cândido et al. 2014 explain that soil 
cover and management system are important 
factors that infl uence the intensity of runoff and 
water erosion in forest systems.

The characteristics of the climate, relief, 
vegetation cover and soil type should be taken 

into account when planning the use of an area, 
regardless of the purpose, considering that the 
activities altering the soil surface structure, 
together with the inadequate management, 
make it prone to erosion (Bertoni & Lombardi 
Neto 2010, De Araújo et al. 2009) and regulate 
its intensity (Costa et al. 2009). Sheet erosion is 
highly related to anthropic activity, considering 
the forms of soil occupation, where different 
areas may have the same susceptibility to 
erosion. However, for different uses, such 
areas will present different classes of potential 
erosion (Kreitlow et al. 2016). Considering the 
infl uence of anthropic activities, Didoné et al. 
2014 observed that soil management systems 
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used by farmers are inefficient to reduce runoff 
and erosion in cropping areas, evidencing the 
effects of cropping systems on soil losses.

For farming with a lower environmental 
impact, knowledge and planning are needed at 
different scales of analysis and in an integrated 
way. The study of soil erosion can anticipat 
knowledge can direct the human activity towards 
sustainable soil uses (Lopes et al. 2011, Minella 
et al. 2009, 2007).

Thus, soil loss potential by water erosion 
is among the variables to be considered in 
planning processes. The Universal Soil Loss 
Equation (USLE) is a methodology, among others, 
developed to consider this factor in planning, 
being the most used model in the world and in 
Brazil for erosion forecasting (Pham et al. 2018, 
Avanzi et al. 2013, Beskow et al. 2009) and to 
estimate the average annual soil loss rates for 
different soils and climatic conditions (Silva et 
al. 2016). The application of this model of soil 
loss estimation associated with GIS is a viable 
alternative for planning and improvement of the 
results, since it allows extrapolating information 
useful for land use planning through treatment, 
analysis and data modeling (Oliveira et al. 2015, 
Silva et al. 2013, Bonumá et al. 2013, Chou 2010), 
besides quantifying soil losses at different scales 
(Avanzi et al. 2013). The main reasons why USLE-
type modeling is used worldwide are certainly 
its high degree of flexibility and accessibility 
to data, a parsimonious parameterization, and 
the extensive scientific literature (e.g. Avanzi et 
al. 2019, Schmidt et al. 2019, Weiler et al. 2019, 
Cassol et al. 2018, Silva et al. 2017, Schick et al. 
2017, Tuchtenhagen et al. 2017, Ali & Hagos 2016, 
Bagio et al. 2016, Medeiros et al. 2016, Zola & 
Juvenal 2016, Graça et al. 2015, Braz et al. 2014, 
Volk & Cogo 2014) and comparability of results, 
allowing the model to be adapted to almost all 
types of conditions and regions of the world 
(Alewell et al. 2019).

Finding strategies to reduce erosive 
processes is in agreement with the objectives 
of this study, since the use of this simple 
data processing tool has great potential for 
satisfactory results in the watershed level and 
it may contribute to the environmental planning 
focusing on soil loss prevention criteria. In 
this study, the application of spatialized USLE 
was chosen as a tool in planning, prevention 
and mitigation of soil loss because it is widely 
studied and discussed, as in the publications 
of Tesfaye et al. 2018, Silva et al. 2017, Durães & 
Mello 2016, Lin et al. 2016, Coutinho et al. 2014, 
Pradhan et al. 2012, Souza & Gasparetto 2012, 
Gurgel et al. 2011, Guimarães et al. 2011 and Stipp 
et al. 2011. Chatterjee et al. 2014 highlight that 
the classification of areas vulnerable to erosion 
using geospatial techniques is significant for 
watershed management and planning, and it 
may also be used for estimates in contiguous 
watershed of a region with similar landscape 
conditions.

The Cachoeira Cinco Veados watershed, 
in this case study, is affected by erosion, as 
many parts of the watershed have been in 
continuous development for more than four 
decades. The study region, although located 
in a mountainous area, is part of the Pampa 
Biome and its vegetation has undergone 
natural and anthropic changes over the years, 
largely due to the agricultural development and 
management techniques, and the introduction 
of new crops in areas previously characteristic 
of this biome (MMA 2016). Thus, the agricultural 
potential of a given region, associated with soil 
conservation practices integrated with spatial 
tools (Cerdà et al. 2016, Mekonnen et al. 2014), 
may provide evidence for a possible future 
forecast of the possible resulting impacts, as 
well as association with longer time series of 
data. In other words, the effectiveness of these 
practices may be improved if the spatialization 
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of soil loss classes associated with the influence 
of cultivation practices is considered, instead 
of simple conditions, just inserting the current 
losses (Di Stefano & Ferro 2016).

Removal of the natural biome that was 
performed in this watershed, with no repercussion 
on the environmental consequences, can be the 
key of the erosion problems in the watershed. In 
addition, the rapid increase in urbanization, such 
as the construction of unpaved roads (highways 
and local roads) and many agricultural activities 
are also very common in the area. 

Considering erosion as one of the main 
causes of soil degradation in watersheds, this 
study aims to assess the dynamic and spatial 
risks of soil erosion by associating changes in 
land use. This is achieved using data officially 
available for the watershed scale and correlating 
the results of the soil loss forecast with different 
changes and occupation in the area.

MATERIALS AND METHODS

The study area, Cachoeira Cinco Veados 
Watershed (CCVW), is located in the Ibicuí River 
Watershed - Uruguay Hydrographic Region, in 
the extreme west of the state of Rio Grande do 
Sul, Brazil, between the geographic coordinates 
28°53 ‘and 30°51’ S and 53°39’ and 57°36’ W 
(Figure 1). It is located in the transition zone 
between the Central Depression and the Plateau 
Sul-Riograndense, covering the municipalities 
of Tupanciretã. Quevedos, Júlio de Castilhos and 
São Martinho da Serra, with a drainage area 
of 1541.9 km2 and emphasis on the Toropi and 
Guassupi Rivers.

USLE model
The calculation of the potential erosion of the 
watershed was based on the Universal Soil Loss 
Equation proposed by Wischmeier & Smith 
1978 (Equation 1), with the aid of a Geographic 
Information System, ArcGis 10.2.1 software, for 
spatialization factors.

A=R.K.LS.C.P	 (1)

Figure 1. Location of the study area and weather stations.
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where: A is the average annual soil loss 
(t.ha-1.year-1), R is the rainfall erosivity (MJ.
mm.ha-1.h-1.year-1), K is the soil erodibility factor 
(t.h.MJ-1.mm-1), LS is the topographic factor 
(dimensionless), C is the cropping management 
factors (dimensionless), and P is the practice 
support factor (dimensionless).

Next, it is presented how to apply each 
factor of the model. already presenting the data 
of the case study. However, for replication in 
another region, researchers must seek similar 
data from the region where the methodology 
will be applied.

In order to calculate the R factor, the data 
were obtained by the HidroWeb software of the 
National Water Agency (ANA 2016). They were 
obtained from six weather stations (Figure 1) from 
1985 to 2015, with continuous data consisting of 
total annual rainfall and total monthly rainfall, 
being the rainfall erosivity (R) calculated for each 
season from Equation 2 developed by Cassol et 
al. 2007 for the region of Ijuí (RS).

ΣR = R = 109.65*(p2/P)0.76	  (2)

where: p = mean monthly rainfall (mm); 
P = mean annual rainfall (mm); R = monthly 
average erosion index (MJ.mm.ha-1.h-1.month-1); 
ΣR = rainfall erosivity (MJ.mm.ha-1.h-1.ano-1). After 
calculating the R, a raster map was created by 
means of the interpolation of the values of each 
station by the Inverse Distance Weigthed - IDW 
method.

The K values followed experimental works 
already developed by Durães & Mello 2016, 
Pasquatto & Tomazoni 2016, Didoné et al. 2015, 
Graça et al. 2015, Shabani et al. 2014, Franco et al. 
2012, Costa et al. 2009 and Tomazoni et al. 2005.

During data processing, we used the soil 
classification map based on the survey map of 
the soils of Rio Grande do Sul - scale 1:750.000 
(BRASIL 1973). The classes of Entisol (K=0.03280), 
Ultisol (Tuia K=0.02857; Júlio de Castilhos 
K=0.03119), Oxisol (Cruz Alta K=0.02078; Passo 
Fundo K=0.02260) and Molisols (K=0.04540), with 
an area of 738.06 km2, 464.49 km2, 324.67 km2 and 
13.8 km2, respectively. Then a raster was created 
for factor K (Figure 2).

Figure 2. Soil Erodibility Factor Map (K).
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The Digital Elevation Model (DEM) of SRTM 
in the GEOTIFF, 30m resolution, format was 
obtained from the Laboratory of Geoprocessing 
of the Ecology Center of the Federal University 
of Rio Grande do Sul – UFRGS, adapted to the 
state of Rio Grande do Sul by Weber et al. 2016. 
From the DEM, a methodological procedure was 
performed based on Moore & Burch 1986 and 
Desmet & Govers 1996 to obtain the raster of 
the LS factor for the watershed. The six declivity 
classes considered for this study were (0-3, 3-8, 
8-20, 20-45, 45-75 and greater than 75%) (Santos 
et al. 2013). The first three classes of slope 
stand out with 99% of the area, presenting flat 
to undulating relief, but there are well-marked 
areas such as rock walls, hills and waterfalls.

The C values were obtained from the 
literature, including Barbosa et al. 2015, Didoné 
et al. 2015, Martins et al. 2010, Galdino et al. 
2004 and Wischmeier & Smith 1978. The actual 
soil use in the watershed was obtained from 
the database of the MMA 2016: 65.02% of the 
area with farming use. C value varies according 
to crop (soybean - 0.0155, oat - 0.02083, corn - 
0.01155), 31.54% of the area with natural field 
use (C= 0.08285), and the remaining 3.45% with 
native forest (C = 0.00942), reforestation (C = 
0.03270), urban anthropic (C = 0.036722) and 
water (C = 0). In addition to the actual land use 
situation in the watershed, a further 9 scenarios 
were elaborated for the C factor. Then, a raster 
was created for each scenario of C factor.

The value of 0.5 was used for the evaluation 
of conservation practices for arable areas, 
referring to the practice of planting around the 
region, a value referenced by Bertoni & Lombardi 
Neto 2010.

Studied scenarios
The suggested scenarios are as follows: a) USLE, 
where factor C is the current use of the area 
and the agricultural sector assumes the value 

as soybean/pasture/soybean (C = 0.0155). In the 
other scenarios, factor C was varied with different 
managements: b) USLE01, where the agricultural 
value assumes the value of factor C as soybean/
fallow/oat agriculture (C = 0.02083); c) USLE02, 
where the agricultural value assumes the value 
in factor C as soybean/bare soil/soybean (C = 
0.10273); d) USLE03, where the agricultural value 
assumes the value in factor C as soybean/
oat/corn (C = 0.01155); and e) USLE04,  the 
agricultural sector assumes the value of factor C 
(C = 0.03382), representing cattle raising activity. 
Scenarios were created with a single type of soil 
use, respecting urban areas and with water: f) 
USLE05, with simulation of entire watershed 
with agricultural use soybean/pasture/soybean; 
g) USLE06, with cattle raising; h) USLE07, with 
reforestation; i) USLE08, with native forest; and 
j) USLE09, for natural field use.

The erosive values were categorized 
according to the methodology of Ribeiro 2006, 
where 1<A = very low, 1≤A<10 = low, 10≤A<50 = 
low to moderated, 50≤A<100 = moderate, 100 ≤A< 
500 = moderate to high, 500 A<1.000 = high, 1.000 
A<5.000 = very high and A>5.000 = extreme.

RESULTS

For the current land use scenario (USLE), the 
watershed presents 8.43% of total potential 
losses considered in the very low class (0-1 t.ha-

1.year-1) in the slope areas between 0-3 % (low 
fragility and flat relief), occupying around 10% 
of the total area of the watershed. These areas 
are spatialized in all types of soil present in the 
watershed. with resistance varying from very 
low to high. Less than 5% of the watershed has 
areas with high erosion (500-1.000 t.ha-1.year-1) 
spatially distributed in the southern region of 
the watershed, in hilly relief to mountainous. 
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distributed in all declivity classes except > 75%, 
and they are in all types of soil and uses. 

In the soil loss maps by different covers in the 
same area. we have the comparison of potential 
erosion as a function of different agricultural 
scenarios (USLE, USLE01, USLE02, USLE03) and 
cattle raising activity (USLE04) (Figure 3). The 
scenarios: soybean/pasture soybean, soybean/
oat/maize and soybean/fallow/oat showed 

similar average potential losses, in the range 
of 35 to 45 t.ha-1.year-1. The soil use with cattle 
raising approximate these values, but with a 
higher potential erosion, between 45-55 t.ha-1.
year-1. On the other hand, the soybean/bare 
soil /soybean scenario distances itself from the 
behavior of the other scenarios, presenting a 
high potential loss (> 85 t.ha-1.year-1).

Figure 3. Distribution of 
predicted soil erosion 
according to the criterion 
of Ribeiro (2006) for 
different soil uses.
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For each scenario, there is a distribution of 
total predicted soil erosion in the watershed as a 
function of the classes of predicted soil erosion, 
as well as of areas contemplated in each class 
of predicted soil erosion (Figure 4). The highest 
percentage of area remained in the class of 10-
50 t.ha-1.year-1 for the soybean/pasture/soybean, 
soybean/fallow/oat and cattle raising scenarios; 

however, this represents about 7% of the total 
predicted soil erosion.

The soybean/oat/maize scenario presented 
a higher percentage of area in the class 
considered as low erosive potential (1-10 t.ha-

1.ano-1), approximately 50% of the watershed 
area with potential up to 10 t.ha-1.year-1. 
Notwithstanding, about 75% of total potential 
losses are concentrated in the highest ranges of 

Figure 4. Different 
land use scenarios: 
(a) Percentage 
distribution of 
total soil erosion; 
(b) Percentage of 
area per predicted 
class of soil 
erosion.
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predicted soil erosion (100-5000 t.ha-1.year-1), the 
remaining 50%.

The soil use scenario for agriculture in the 
soybean/bare soil/soybean system was more 
prone to erosion, with 85% of the watershed 
areas concentrated in the potential loss classes 
(10-500 t.ha- 1.year-1), and with percentages of 
total potential loss in the highest potential 
erosion classes of (100-5.000 t.ha-1.year-1).

When analyzing soil use with cattle raising, 
it is possible to observe a smaller number of 
areas in the classes considered less susceptible 
to erosion compared to the scenarios with 
agriculture, except for scenario USLE04 
(soybean/bare soil/soybean). In some classes 

this difference between cattle raising and 
agriculture exceeds 40% of the total area of this 
watershed.

To verify changes of areas in the watershed 
and the influence that each soil use reflects 
on soil loss rates, some scenarios were 
proposed. Besides wetlands and urban areas, 
the watershed presents the following soil uses 
scenarios: agriculture – soybean/pasture/
soybean (USLE05), cattle raising (USLE06), 
reforestation (USLE07), native forest (USLE08) 
and natural field (USLE09) (Figure 5).

In relation to predicted soil erosion, there 
was little change of area between the scenarios 
and the current scenario, except for that 

Figure 5. Soil use 
scenarios: (a) Area 
distribution (km2) 
in soil loss classes; 
(b) Percentage 
distribution of total 
predicted soil erosion 
per class of predicted 
soil erosion.
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modified for natural field use. The native forest 
scenario (USLE08) had the largest area (1521.73 
km2) present in the class least susceptible to 
erosion (0-50 t.ha-1.year-1), followed by agriculture 
(soybean/pasture/soybean). Being 2.68% greater 
than the area of these same classes in relation 
to the scenario USLE05, and 17% in relation to 
the scenario used for cattle raising (USLE06).

The cattle raising scenario and the 
reforestation scenario are similar in area by 
classes, presenting similar responses in the 
erosive behavior. Nevertheless, there was 
migration of areas for the classes of 50-100 t.ha-

1.year-1 presenting a more susceptible character 
than with current use. All in all, the result that 
differs from the current scenario is the natural 
field, where the areas with losses are larger.

Table I presents comparative percentage 
values of the watershed areas in the classes of 
predicted soil erosion for each soil use scenario 
in relation to the current use. The first column 
expressed the classes of predicted soil erosion. 
The second column represents the current use 
scenario of the watershed soil with the areas 

framed by predicted soil erosion class (1st 

column). The other columns present titration 
for the evaluated use, and are divided in two 
columns, the first with the areas framed in each 
class of predicted soil erosion and the second, 
with percentage variation of area compared to 
the current use scenario (2nd column).

Negative values represent migration of areas 
from one class to another. In contrast to the 
current scenario, each use presents a greater or 
smaller variation of area per class of predicted 
soil erosion. We can highlight here the native 
forest scenario, which presents an increase of 
about 25% of the area for the classes of smaller 
susceptibility to erosion.

DISCUSSION

The analysis based on the mean and total 
potential losses and the relation with the 
watershed area allows the manager to analyze 
susceptible classes to the erosive processes, the 
classes which deserving more attention in the 

Table I. Percentage variation of areas of the soybean/pasture/soybean (USLE05), cattle raising (USLE06), 
reforestation (USLE07), native forest (USLE08) and natural field (USLE09) scenarios compared to the current 
scenario (USLE).

Percentage variation of areas between Scenarios of use soil (USLE 05, 06, 07, 08, 09) compared to the Current Scenario (USLE)

Classes
(t.ha-1.ano-1)

Current 
scenario

Agriculture - 
Soybean/Pasture/

Soybean
Cattle raising Reforestation Native Forest Natural field

Area 
(Km2)

Area 
(Km2) Variation Area 

(Km2) Variation Area 
(Km2) Variation Area 

(Km2) Variation Area 
(Km2) Variation

0-1 148.9 153.9 0.3% 130.0 -1.2% 130.3 -1.2% 192.7 2.8% 123.8 -1.6%

1-10 522.1 656.6 8.7% 194.4 -21.3% 198.4 -20.9% 859.5 21.9% 83.8 -28.4%

10-50 538.2 670.4 8.6% 937.8 25.9% 946.2 26.5% 469.6 -4.5% 564.6 1.7%

50-100 140.9 48.4 -6.0% 207.5 4.3% 200.7 3.9% 15.9 -8.1% 392.6 16.3%

100-500 188.7 12.5 -11.4% 70.4 -7.7% 64.8 -8.0% 4.3 -11.9% 362.8 11.3%

500-1.000 3.1 0.04 -0.2% 1.6 -0.1% 1.6 -0.1% 0 -0.2% 11.3 0.5%

1.000-5.000 0.1 0 0.0% 0.1 0.0% 0.1 0.0% 0 0.0% 3 0.1%

>5.000 0.0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

Total 1541.9 1541.9  - 1541.9  - 1541.9  - 1541.9  - 1541.9  -
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management. Even though the results show few 
areas in the higher classes of soil loss, these 
present the highest values of total potential 
losses. In the current soil use scenario (USLE), 
this characteristic is evident, in which only 12% 
of the watershed area is responsible for 60% 
of the total losses in the moderate-high class, 
needing priority attention.

The areas with high potential erosivity occur 
mainly in the transition places from Plateu to 
Central Depression of the state, where there 
are high slopes, hills, and even occurrence of 
waterfalls. The relief was also cited by Guimarães 
et al. 2019, in which areas of higher slope had 
the highest loss values, which contributed to the 
formation of particle drag in the runoff. Leomo 
et al. 2016 also found higher soil losses values 
due to shrubby soil use associated with slopes 
of 15% to 25% in a river watershed in Indonesia, 
reaching values up to 830.89 t.ha-1.year-1.

In addition, the loss increases its potential 
when associated with fragile or overused soils. 
In this watershed. approximately 50% of its area 
is covered by Entisol, whose erosion resistance 
class is considered very low, and when associated 
with annual crops, presents high potentiality to 
erosive processes. Similar fact is described by 
Braga et al. 2017, in which the areas that were 
classified as high potential fragility are located 
in this type of soil. Galdino et al. 2004 applied 
the Universal Soil Loss Equation and they found 
similar values (555.6 t.ha-1.year-1) to these of the 
Cachoeira Cinco Veados Watershed, in the Alto 
Taquari watershed. In these areas, the factor 
that contributes to high soil loss results refers 
to the inadequate soil use associated with soil 
type combined with slope. Similarly, the study 
by Durães & Mello 2016 points to higher soil 
losses in rugged landscape, emphasizing the 
importance of maps in the identification and 
analysis of risk areas to erosion, providing 

subsidies for soil planning and conservation 
measures.

In the scenarios with different soil coverages 
(Figures 3 and 4), there are values considered with 
very high erosive potential, explained by the fact 
that the areas are related to factors such as high 
slopes and low to very low soil depth, following 
the logic explained by Campos et al. 2008. In 
agreement with the studies developed by Irvem 
et al. 2007, high values of precipitation regulate 
soil denudation and topographic variables are 
secondary but equally important to explain the 
process, confirming the different results found 
in the erosion estimation.

The mean values of predicted soil erosion 
found for scenarios USLE, USLE01 and USLE03 
did not show significant variation due to the 
similar protection realized by crops in the area. 
On the other hand, the scenario that has bare 
soil during part of the time (USLE02) enhances 
losses, largely due to the susceptibility to 
these areas present during rainfall events. 
Silva & Machado 2014 reinforce this idea when 
describing that areas without plant protection 
present more compacted soils and more 
susceptible to erosion processes.

In general terms, soil under cattle raising 
(USLE04) was more degradable than under 
annual crops, much due to cattle trampling, which 
favors soil compaction, thus reducing infiltration 
and favoring runoff. These are impacts also cited 
by Greenwood & McKenzie 2001. Considering 
that the difference in average values is low, the 
identification of these areas and the correct 
management of cattle raising activity may be 
potential in soil use planning. For instance. the 
introduction of more diversified systems, such 
as crop-cattle raising integration, is important 
for the increase in soil organic matter (MOS) 
and provide well-structured soils, as cited by 
Franzluebbers 2007. In addition, Zolin et al. 2011 
verified the significant reductions of soil loss 
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in scenarios with conserved pasture, indicating 
that the optimization of soil conservation can be 
done by adopting conservationist management 
practices.

In terms of vegetation, soil protection varies 
depending on the type and the density of the 
cover. By analyzing the use and coverage factor 
through the USLE, it is possible to analyze the 
watershed in its current state of use, and to 
rethink the areas that should be relocated to 
cover the soil, due to predicted soil erosion in the 
higher classes, mainly in the southwest, a region 
near the exudation. The great advantage of the 
GIS-allied model is that it allows identification 
of the watershed areas that concentrate 
the highest values of predicted soil erosion. 
Considering each type of use individually, we 
may analyze the classification of these areas 
into classes of predicted soil erosion, as well as 
to quantify and to distribute potential mean and 
total soil losses in the watershed at intervals of 
class of predicted soil erosion.

The total area resulting from the variation 
between the scenarios, when classified in the 
soil loss classes, makes it possible to verify the 
spatial influence of the soil use in relation to soil 
loss susceptibility and to compare this scenario 
with other uses (Table I).

From the formulation of different soil 
uses it was possible to identify the behavior of 
watershed areas that presented high potential 
losses in the current scenario and that started 
to present lower values and less susceptible to 
erosion when they were altered. The advantage 
of this method of analysis lies in the fact that, 
as a combination of soils, slopes and erosivity in 
the watershed, it is possible to observe that the 
changes in the soil use scenarios are not linear.

The natural field scenario (USLE09) 
presented areas more susceptible to predicted 
soil erosion compared to native forest (USLE08), 
still showing the highest percentage of total 

predicted soil erosion in this watershed. This 
result is explained by the fact that the natural 
field vegetation is sparser and smaller in relation 
to the tree vegetation, since according to Martins 
et al. 2010, Alarcon et al. 2015 native forest allows 
the production of a large layer of litter, which 
provides protection to the soil. Silva & Machado 
2014 mention that forest areas create dense 
vegetation cover, which protects the soil from 
the effects of rainfall, thus contributing to slower 
infiltration and avoiding the accelerated and 
intense runoff. Silva et al. 2011 also described the 
decrease of potential erosion when introducing 
permanent preservation areas in their study.

The reforestation (USLE07) presented 
potential losses greater than those of the native 
forest (USLE08), as verified by Rodrigues et al. 
2014 and Martins et al. 2010. However, this practice 
presents a satisfactory degree of coverage, since 
the tendency is to reduce soil losses in the area 
over time, because the plantations increase the 
canopy cover, consequently, the accumulation 
of litter (Oliveira et al. 2013), protecting the soil 
from rain drops and reducing their effects.

In the comparison between Eucalyptus 
stands and grass species. Reichert et al. 2017 
observed that the watershed with forest stands, 
presented higher evapotranspiration, greater 
interception of rainfall and lower flow. Therefore, 
the cultivation of Eucalyptus can provide 
better structural conditions to the soil, greater 
infiltration and retention of water, and greater 
underground recharge, consequently it provides 
the reduction of soil degradation by erosion.

CONCLUSION

In order to obtain subsidies for integrated 
environmental planning and management. 
based on susceptibility to soil erosion. this 
study considered the spatial and dynamic 
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analysis as a function of changes in land use for 
the watershed.

Depending on the adopted management 
(changes in the land use and cover scenario), 
changes in the erosive behavior were noticed. 
This information becomes relevant to managers, 
as in some scenarios high rates of soil loss are 
concentrated in few areas of the watershed.

The expected amount of soil loss and its 
spatial distribution provide a key information for 
comprehensive management and sustainable 
use of land for this watershed. For example, the 
need to avoid management activities where soil 
is exposed or to change the current use.

An understanding of the dynamics of 
erosion requires accurate information. However, 
little information is available on the factors 
responsible for susceptibility to soil erosion, 
which requires more specific studies in this 
topic. Finally, it is recommended studies aimed 
at the elaboration of a spatial database on soil 
properties, land use and vegetation.
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