AIMS Geosciences, 2 (4): 345-365
A 1 M s Geosciences DOI: 10.3934/geosci.2016.4.345

Received date 14 July 2016

Accepted date 21 November 2016

Published date 24 November 2016
http://www.aimspress.com/journal/geosciences

Research article

Soil Loss Vulnerability in an Agricultural Catchment in the Atlantic

Forest Biome in Southern Brazil

Rafael Gotardo, Gustavo A. Piazza *, Edson Torres, Vander Kaufmann and Adilson Pinheiro

Environmental Engineering Department, Regional University of Blumenau (FURB), 89030-000,
Blumenau, Santa Catarina, Brazil

* Correspondence: Email: gustavoapiazza@gmail.com; Tel: +55-47-9947-2527

Abstract: This study estimates soil loss vulnerability using field samples and spatial data in a 30 km=
area in the Atlantic forest biome in southern Brazil. The anthropogenic part of the landscape consists
mainly of small agricultural properties. Soil loss vulnerability was calculated using adaptations of the
universal soil loss equation. The results were compared to sediment data collected during field
surveys. Spatial analysis was performed using a geographical information system (GIS) and fine
resolution data (1 m). Both field and spatial analyses produced similar results, 5.390 tons of soil loss
per year using field data and 5.691 tons per year using GIS. Using soil loss and sediment data related
to the Concordia River, we estimate that of all the exported sediment 25% of the lost soil reaches the
river. These data are an effective source of information for municipal administrators of the region,
which consists of small agricultural catchments (dominated by small properties) that comprise the
regional economy. A thematic map was used to determine sub-drainage priority as information for
public managers.
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1. Introduction

Catchments have been constantly modified by human activities [1]. The removal of native
vegetation to expand agricultural and urban frontiers is one of the main sources of ecosystem
degradation, such as erosion. Although soil erosion can be associated with natural phenomena,
human activities such as agriculture can accelerate it further [2]. Soil erosion is a serious problem
arising from agricultural intensification [3] and urban development [4]. It is a major problem in
developing countries [5] that threatens natural resources and even the economy [6]. According to
Peter et al. [7], soil erosion negatively affects agricultural productivity, water quality, aquatic
ecology, and river morphology. The improper use of land combined with current climate anomalies
increases soil loss. The soil loss rate is affected by topography, climate, soil characteristics, and
vegetation cover [8-11], all of which are affected by human activities [12]. Unprotected areas in
particular tend to suffer from erosion.

Soil loss is a diffuse and complex process in catchments that leads to the loss of nutrient-rich
surface soil, increased runoff from more impermeable subsoil, and decreased water availability to
plants [3]. These processes can be easily qualitatively and quantitatively estimated under a wide
range of conditions using current technology. Spatial and quantitative information about soil erosion
contributes significantly to soil conservation, erosion control, and general management [13]. The
quality processes are determined by taking sediment samples and collecting turbidimeter data, and
the quantity is determined using geographic information systems (GIS). Several studies have used
the combination of GIS and the universal soil loss equation (USLE) to simulate the impact of land
use in catchments [13,14]. The USLE [8] is a simple model for predicting erosion that estimates
long-term average annual soil loss and can be modified for specific conditions. The method as a
whole is based on estimating soil loss per unit area and takes into account parameters such as
precipitation, topography, soil erodibility, erosivity, and runoff [15].

Despite its recognized limitations [16] the USLE model remains one of the most used tools in
soil loss modeling for catchments [17]. The simplicity of the methodology can be considered its most
important characteristic considering the speed of the changes in both the land use and the climate in
the current scenario. Complex models can sometimes be difficult to use due to the parameters, which
in some cases can be hard to obtain. The data required for the simple USLE equation can be
generated using geospatial techniques [5]. The combined application of USLE and GIS results in a
map showing the spatial distribution of potential erosion and is an important tool to support planning
and management [18,19]. Advanced image processing techniques have opened up new possibilities
for mapping landscape features and thus facilitate quantitative assessments of soil erosion risks [20]
that are useful in the planning and conservation of watersheds. Mati and Veihe [21] and Angima et al. [22]
state that USLE is the most efficient tool to estimate soil erosion loss and guide development and
conservation plans to control erosion under different land-cover conditions. Estimating soil loss and
identifying areas where it is critical to implement best management practices is central to the success
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of soil conservation programs [3,5]. A quantitative assessment [23] is needed to determine the extent
and magnitude of soil erosion problems so that sound management strategies based on field
measurements can be developed on a regional basis. The thematic map allows the identification of
vulnerable areas where the replacement of natural vegetation with a new use may result in
environmental damage. These results can be used as a source of information when implementing
land conservation practices that can lead to natural resilience and the proper use of land and water.

In most cases in southern Brazil, there is no measured soil loss data available for agencies to
implement watershed management plans. The objective of this work is to estimate soil loss in the
Concordia River catchment using the USLE in order to prove its efficiency and ease of use and to
demonstrate the potential use of the methodology when no data is available.

2. Materials and Methods

2.1.  Study Area

The study was performed in the experimental catchment of the Concordia River (Figure 1)
located in Lontras, Santa Catarina, southern Brazil. The Concordia River is a tributary of the Lontras
River, which feeds the Itajai-Aqi River, the largest watershed on the Atlantic side of the state. The
Concordia catchment has a drainage area of 30.93 km=2The climate of the region is temperate—humid
with hot summers (Cfa according to the K&pen climate classification system) [24] and temperatures
reaching above 22<C. Annual rainfall varies from 1600 to 1800 mm. Cambisol and Red-Yellow
Ultisol are the predominant soil types [25]. The catchment is covered by dense ombrophilous
forest [26] that is part of the Atlantic Forest biome, in 45.1% of the catchment. The agricultural areas
make up 15.7% of the catchment. The main agricultural products are maize, beans, tobacco, and rice.
Most farmers adopt the conventional tillage system consisting of subsoiling and plowing.

During 2008, we took soil samples from a 135 scattered points in a shallow soil profile (0-20 cm)
within the catchment area (Figure 1). Physical and chemical analyses of the soil were performed at the
Environmental Chemistry Laboratory at the State University of Western Parana(UNIOESTE-PR).
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Figure 1. Location map and soil collection plots in Concordia River catchment, Lontras (SC).
2.2.  Universal Soil Loss Equation (USLE)

Soil loss was calculated using the USLE for all sample points in the catchment. USLE [27] is an
empirical model used to estimate the average loss of soil due to laminar erosion over long periods.
The equation is given by:

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

Where A is the soil loss (tha™-yr™); R is the rainfall erosivity index; K is the soil erodibility; LS
is the topographic factor; C is the plant cover factor; and P represents the specific erosion
control practices.

The rainfall erosivity factor (R) is a measure of the erosive force of a specific rainfall. It is
generally determined as a function of the intensity and duration of a rainfall. According to
Wischmeier and Smith [27], R reflects the effect of rainfall intensity on soil erosion. In this study,
monthly and annual rainfalls were used. The annual erosivity was based on the equation (2) created
by Renard and Freimund [28] that is designed to simulate the rain energy index in the United States.
However, other authors, such as Kim et al. [29] and Markose et al. [5], have used the same equation
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in hot and humid regions with conditions similar to those in the Concordia catchment. The monthly
rainfall calculation was performed based on the equation (3) created by Bertoni and
Lombardi Neto [30]:

R =587.8 —1.219 %P + 0.004105 xP? (2)

a Frfl 0.759
Ropomenty = Z 89.823 X
i=1 P

B 3)

Where Rmontniy 1S the monthly rainfall erosivity (MJ mm ha™ h™); Py, is the average month
precipitation (mm); and P is the annual precipitation (mm).

The soil erodibility (K) represents the vulnerability of soil or surface material to erosion and the
amount of runoff given a particular rainfall input, as measured under standard conditions. It is also
considered to represent the rate of soil loss per unit of rainfall erosion index for a specific soil. It
indicates the vulnerability to erosion in accordance with properties inherent to the land [30]. The soil
erodibility was estimated using the Denardin [31] equation (4):

K =7.48x10"°M 4+ 448059x%10 %P —6.31175x10 " DMP 4+ 1.039567 %107 %N @)

Where K is the erodibility index (MJ ha*mg™*-mm™); M is (fine sand + gravel) x [(fine sand +
silt) + gravel] (%); P is the permeability factor (dimensionless); N is [gravel x (organic matter
content / 100)]; and DMP is weighted average diameter (mm) smaller than 2 mm, expressed by
equation (5):

DMP = [(0.65xA,) +(0.15%4,) + (0.0117x5) + (0.00024Xa)]/100 )
Where Ay is gravel (%); At is fine sand (%); S is silt (%); and a is clay (%).
Soil permeability is the process by which water percolates through the soil pores [32].
Permeability can be classified according to the physical and structural characteristics of the soil [33]
and the texture. For permeability classification, we used Table 1 from Galindo and Margolis [33].
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Table 1. Permeability classification according to soil texture.

Permeability

Texture Granulometry Structure class Factor
Low Low 3
Clay Clay > 35% Moderate Low 3
Strong Moderate 2
. . Low Moderate 2
Moderate 15% < clay <35% Moderate Moderate 2
Strong Quick 1
. . Low Moderate 2
Sandy Clay + silt < 15% Moderate Quick 1
Strong Quick 1

Source: Adapted from Galindo e Margolis [33].

The topographic factor is related to the slope steepness factor (S) and the slope length factor (L)
and is considered a crucial factor in quantifying erosion due to surface run-off. The slope has a major
effect on the rates of soil erosion. As the slope gets steeper, the higher the velocity of the overland
flow becomes, thus increasing shear stresses on the soil particles [34]. Moreover, as the slope length
increases, the overland flow and the flow velocity also steadily increase, leading to greater erosion of
the soil surfaces [35]. The topographic factor (LS) is expressed by the equation proposed by
Wischmeier and Smith [27], which defines soil loss due to the length and slope. We used equation (6)
to determine the topographic factor:

Le Y™ "
5= (£) x(0.065 +0.04XSd + 0.0065X5d?) 6)
Where LS is the topographic factor (dimensionless); m is described in Table 2; Le is the
equivalent rectangle width (m); and Sd is the average slope of the basin (%).
The |, variable was obtained based on Paiva and Paiva [36], determined by equation (7):

| -
k xvA | 1.128\2
o L
1.128 ! k,
N ()

Where k. is the watershed compactness coefficient (dimensionless) and A is the catchment
area (m?). The k. depends on the area and the perimeter of the catchment, described by equation (8):

k.= 0.282xPer/VA ()

Where Per is the perimeter of the catchment (m) and A the area (m3 The m of the LS
calculation is assigned according to the average slope, according to Table 2.
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Table 2. Values assigned to m variable according to slope.

Slope (Sd) m

Sd < 1% 0.2
1% <Sd <3% 0.3
3% < Sd 5% 0.4
Sd > 5% 0.5

The average slope (Sd) was obtained using the Williams and Berndt [37] equation (9):

Sd = 0.25XZX(LCy + LCsp + LCy5) /A ©)

Where Z is the gap between the outflow and the highest altitude (m); LCys is the length of the
river considering the elevation lines until 25% of Z (m); LCsg is the length of the river considering
the elevation lines until 50% of Z (m); LCys is the length of the river considering the elevation lines
until 75% of Z (m); and A is the catchment area (m?).

The plant cover factor (C) is the soil loss ratio considering the land use. In this study, values
were assigned based on the literature (Table 3).

Table 3. Plant cover factor (C) considering the land use.

Land use C factor Source
Agriculture 0.1097  Bertol et al. [38]
Native Forest 0.002 Martins et al. [39]
Regeneration 0.01 Stein et al. [40]

Pasture 0.01 Tomazoni et al. [41]
Planted Forest 0.008 Martins et al. [39]
Constructed areas 0.01 Morgan [42]

Water bodies 0.0 Stein et al. [40]

Bare soil 1.0 Werneck Lima et al. [17]

The specific erosion control practices (P) represent the relationship between the soil loss and the
management practices of the region [43]. Practice factor (P) is defined as the ratio of soil loss after a
specific support practice to the corresponding soil loss after up-and-down cultivation. One of the
most common approaches to calculating the specific factor is the evaluation of current farming
practices by experts, either with field observations or using aerial photos [44]. In this study, both
analysis (field and aerial) were performed. P values were assigned according to Table 4.
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Table 4. P values to different conservation practices.

Conservation practices Valor de P
Permanent green cords (forests) 0.2
Toggle weeding and planting wrap 0.4

Planting in contour 0.5
Downbhill planting 1.0
Built-up areas 1.0
Bare soil 1.0
Others 1.0

Source: Wanielista [45] and Werneck Lima et al. [17].

2.3.  Universal Soil Loss Equation (USLE) in GIS

When assessing erosion risk at the local and regional levels, GIS become important and
powerful tools [46]. According to Mati and Veihe [21], the application of GIS has increased in the
last decade with the availability of digital data, cheaper and more user-friendly software, and the
need to handle large spatial databases. Multi-temporal, high-resolution, remotely sensed data and
GIS have been used extensively to monitor environmental changes and to map land cover changes on
local, regional, and global scales [47—49]. These have helped in land use planning and the sustainable
management of resources [50,51].

Using GIS, the potential erosion of the catchment was estimated with the help of ArcGIS 10.3.
The equation was executed using spatial information about the Concordia catchment, such as GPS
points and drainage vectors. Aerial photogrammetric products (elevation, surface, and imagery) with
1-meter resolution of the place were also used. However, for processing purposes all data were
processed with spatial resolution of 10 meters in raster format because not all information has the
same resolution. Rainfall erosivity (R) was calculated using 10 pluviographs located in the study area.
For this study, rain gauges were separated according to different altitude classes (300-450, 450-600,
600-750, and 750-900 meters). Each soil sampling point (135) received an R value referring to its
altitude. An erosivity raster for each season (summer, fall, winter, and spring) was created using the
geostatistical analyst tool from ArcGIS using the Kriging interpolation method.

The erodibility (K) was obtained based on soil samples of the catchment and the granulometric
composition of the soil. A triangulated irregular network (TIN) was created with spatialized values
of samples. The topographic factor (LS) was calculated based on the digital elevation model (DEM)
from the aerial photogrammetric survey. The fill, flow direction, and flow accumulation tools were
run, and the slope of the catchment was generated, using the MapAlgebra tool (Raster Calculator) in
processing the equation (10). The LS raster was generated following this:

“Flow "= atial. resolution
LS — 2CC Ep

(VR
1 ) * (Sin(“slope” = 0.01745)/0.09)%*

(10)
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A simplified classification was executed to derive the plant cover factor (C) and specific erosion
control practices (P). Using color aerial photography (RGB) through the image classification tool,
classes of samples were selected: Native Forest/Forestry, Agriculture/Pasture, and Bare Soil/Urban.
The maximum likelihood classification algorithm was used. Conversion tools were used to join
classes (polygons) in single information for subsequent insertion of C and P values in the attribute
table (Table 5).

Table 5. C and P values for geoprocessed data.

Land use C P

Native Forest/Planted forest 0.002 0.2
Pasture/agriculture 0.1 0.5
Bare soil/urban 1.0 1.0

With all USLE variables (R, K, LS, C, and P) we used the Raster Calculator tool to estimate
potential erosion in each cell (pixel resolution 10 m <10 m) in the catchment. With the thematic map
performed, vulnerability classes were reclassified using the automatic classifying tool from ArcGIS
10.3 through the Geometrical Interval method. This method creates class breaks based on class
intervals that have a geometric series. The geometric coefficient in this classifier can change once (to
its inverse) to optimize the class ranges. The algorithm creates geometric intervals by minimizing the
sum of squares of the number of elements in each class. This ensures that each class range has
approximately the same number of values with each class and that the change between intervals is
fairly consistent.

2.4.  Sediment Transportation in the Main River

Stream sediment transportation in a catchment is reflected by the presence of particulate matter
in suspended form as well as at the bottom of the river. The suspended material consists of the finest
fraction of the sediment carried by the turbulent fluid action, which prevents the deposition of the
material. The transportation of the bottom material or drag sediment occurs when the hydraulic
conditions exceed the critical condition of the bed material. According to Yang [52], the transported
sediment in a riverbed can represent up to 25% of the total transported material.

In this study, suspended sediment load estimation for the river was calculated using turbidity
and river flow data. A multiparametric probe installed in the catchment outflow collected the
turbidity data from 2012 and 2013 with record intervals of 30 minutes. The flow rate was obtained
using electronic equipment using the flow data (Thallimedes, OTT®) with a resolution of 0.01 m and
precision of #0.002 mm with data logging intervals of 30 minutes. Both pieces of equipment were
installed in the same location. The level data were transformed into flow data using the following
equation (11):
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Q =-1.31250E - 05H%+ 1.61219E - 02H?— 6.60348E + 00.H + 9.03166E + 02 (11)

Where Q is the flow (L-s™) and H is the water level (cm).

During this period, observations were also made after water sampling analysis of suspended
solids in the laboratory that allowed the construction of a curve between suspended solids and
turbidity. Using the defined curve, we analyzed the correlation between sediment concentration (mg-L™)
and turbidity (NTU), resulting in the equation y = 0.761 + 0.197y with an R* = 0.999. Suspended soil
loss was calculated using the equation.

The bottom soil loss was held by direct measurements in field and mathematical calculations.
Bottom sediment samples were used to determine the particle size characteristics. Analysis was
performed in the laboratory according to the EMBRAPA Solos Analysis Methods Manual [53].
Initially, we calculated the average particle diameter of the bottom sediment. Following this and
using Yang’s method (1973), we estimated the bottom outlet. Following are the equations described
in Paiva and Paiva [36] for applying Yang’s [54] method:

@ Speed on friction particles (U), equation (12):

—_ 0.5
U =981.Rh.S (12)

Where U is the frictional speed (m's™); Rh is the hydraulic radius of the section (m); and S is the
water line slope (m-m™). Consider

(b) Particles fall viscosity (w), equation (13):
2 Ys 2 0.5
W:{[(E).g.(?—l}.ﬂa-l-EE.v ] —e.y}
D (13)

Where W is the particle fall velocity (m-s™); g is the gravitational acceleration (m-s™); D is the
particle diameter (m); Y is the kinematic viscosity (m%s™); ys is the specific gravity of water (tm™);
and y is the specific weight submerged sediment (tm™).

(©) Critical speed (U.), equation (14):
=W 2> +0.66
’ [log(%) - n.ne]
' (14)

Where U, is the critical speed; W is the particle fall velocity (m's™); D is the particle
diameter (m); Y is the kinematic viscosity (m*s™); and U is the speed of friction particles.
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(d) Total concentration (TC), equation (15):

W u
logTC = 6,681 — 0,633.l0g (—) — 4816, log(—)
DY W
W.D U U.s U,
+ [2,?84 —0,305.log (T) —0,282.log (E)] dog (— — —)

| (15)

Where TC is total concentration; U, is the critical speed; W is the particle fall velocity (m-s™); D
is the particle diameter (m); Y the kinematic viscosity (m*s™); and U is speed of friction particles.

(e) Solid sediment discharge (Qt), equation (16):

Qt = 0.0864.0.CT (16)

Where Qt is the total discharge (t-day™); Q flow (m*s™); and CT is sediment concentration (mg-L™).
3. Results and Discussion
3.1. USLE Factors

For the Concordia River, the greatest soil loss happens in the summer season, considering the
rainfall; soil loss reaches 0.789 t-ha™-yr™. The next greatest soil loss occurs in spring, at 0.509 t-ha™-yr™.
In winter, there is a soil loss of 0.438 t-ha'l-yr'l, and in fall there is a soil loss of 0.426 t-ha'l-yr'l. This
result can be explained by the intensity and volume of rainfall that occurred during summer, which is
greater compared to the other seasons (Table 6). Studying the erodibility of Cambisol during rainfall,
Bertol et al. [38] also observed greater soil losses during the spring and summer seasons.

Table 6. Soil loss seasonality of Concordia River catchment—Lontras (SC).

Season Average Rainfall Soil I_loss1 Soil Loss -
(mm) (tha~-yr™) (t-catchment™-yr™)

Summer 600.9 0.789 2,439.6

Fall 422.2 0.426 1,316.5

Winter 407.6 0.438 1,355.4

Spring 475.1 0.509 1,573.0

Total 1,905.8 2.160 6,684.2

The greatest soil loss (2.60 t-ha™y™) occurs with typical aluminic Haplic Cambisol (Table 7). In
sequence, losses are distributed among typical aluminc Humic Cambisol with 1.99 t-ha™*-yr™, typical
aluminic Red-Yellow Ultisol with 1.94 tha™yr! and typical aluminic Haplic Cambisol with
1.31 thatyr'. The lowest soil loss occurs with Ta typical distrophic Haplic Gleysol with
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0.57 tha™yr'. It is important to highlight that greater
summer (Figure 2).

soil losses occur in the

Table 7. Soil loss in different soils of Concordia River catchment—Lontras (SC).

. Area Area Specific loss
Soil Type (km?) (%) Pha PB (Pha/area)
Ultisol Red-Yellow typical aluminic PVAa 95 309 19 18544 0.20
Haplic Cambisol typical aluminic CXa 139 449 26 3,604.7 0.19
Haplic Cambisol ta typical dystrophic CXvd 5.0 16.2 1.3 657.6 0.26
HumicCambisol typical aluminc CHat 19 63 20 3889 1.02
Haplic Gleysol Ta typical distrophic Gxva 05 1.7 0.6 30.9 1.06
Total - 309 100 8.4 6,536.52 0.27

Legend: Pha: Soil loss per hectare (t-ha™-yr™): PB: Soil loss in the catchment (t-catchment™-yrY).

However, specific soil loss rates (Pha/area) show that the Haplic Gleysol (1.05 t-ha-yr'-km'%
and Humic Cambisol (1.02 t-hat-yr-km?) have the highest soil loss vulnerability. These two soils
types have the highest potential for soil loss and therefore require more care during management.
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Figure 2. Seasonal soil loss for different soil types of Concordia River, Lontras (SC), Brazil.

Agriculture areas have the highest soil loss in the catchment at with 3043.9 t-catchment™yr™.
Native forest areas have the second highest loss at 1482.1 t-catchment™yr™. This is because the
native forest comprises the largest part of the catchment, at 45.1% of the total area. In sequence,
losses are divided among pasture (404.8 t-catchment™yr™) and planted forest (405.4 t-catchment™yr™).

AIMS Geosciences
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Regeneration (which comprises the smallest area) is responsible for soil losses of
54.3 t-catchment™yr* (Table 8). However, considering specific losses, regeneration is responsible
for the second highest soil loss, reaching 1.1 t-ha™yr*-km'2 following only agriculture with an
estimated loss of 1.3 t-ha™yr*-km™=Native forest areas had the lowest soil loss at 0.076 t-ha™yr*km=
Following this was pasture land at 0.1 t-ha’yr*km? and planted forest at 0.2 t-hatyrtkm=2
Regeneration areas may have this result because of the simplified soil and tree structure, which
predispose them to erosion.

Table 8. Annual soil loss related to land uses of Concordia River catchment, Lontras (SC), Brazil.

Area Area  Soil Loss  Soil Loss Specific Soil Loss
Land use ) 1 1 .

(km?) (%) (tha~yr~) (tcatchment™yr~) (Soil Loss/area)
Agriculture 484 1565 6.3 3,043.9 1.3
Pasture 543 1754 0.7 404.8 0.1
Native Forest 1395 4511 10 1,482.1 0.1
Regeneration 0.72 2.32 0.8 54.3 1.1
Planted forest  4.47 1444 0.9 405.4 0.2
Others 1.18 3.81 - - —
Water 0.34 1.11 0 0 0.0
Total 30.93 100 9.6 5,390.5 0.3

Analyzing SWAT model response to estimate sediment production in the experimental
catchment of the Canchim River (EMBRAPA Pecu&ia Sudeste), Silva et al. [55] found total
sediment losses of 5.7 t-halyr®. Their result is low compared to the Concordia River catchment,
which had losses of 9.7 t-ha™-yr. Further results were not possible because the authors did not
characterize the Canchin catchment properly. Bertoni and Lombardi Neto [30] also estimated soil
losses relating to land use in the state of S& Paulo and found annual soil losses of 12.4 t-ha™ for
sugarcane plantations, 0.9 t-ha™ for orange groves, 12 t-ha™ for corn, 0.4 t-ha™* for pasture land, and
0.9 t-ha™* for planted forest. These values are similar to those in this study in which the greatest losses
also occurred for agriculture, pasture land (0.75 t-ha'), and planted forest (0.91 t-ha™). The
Concordia River catchment results were not similar to Silva’s [56] results; he calculated the soil loss
in the Canchim catchment using geoprocessing and the USLE model and obtained values of
0.39 t-ha™ for native forest; 2.9 t-ha™ for planted forest; 3.86 t-ha™ for grazing land; 32.5 t-ha™ for
sugarcane plantations; and 42 t-ha™ for corn. In a case study of the Coruja/Bonito catchment, which
has an area of 52 km=in the southern state of Santa Catarina, Vieira [57] found losses of
5,225 t-catchment™-yr™, which is similar to the Concordia catchment results (5390.5 t-catchment *-yr™).
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32. GIS

The total soil loss from the catchment is 5691.98 t-yr™. The Concordia River catchment has
greater soil losses in agricultural, pasture, bare soil, and sloped areas (Figure 3). These results are in
agreement with those of Oliveira et al. [58], who studied soil vulnerability in the Green River
catchment and who found that agricultural and pasture areas have the most erosion.

C3 Catchment
~~ Hydrography
~~ Concordia River

Summer

Vulnerability m Low, & Moderate e m High.

Figure 3. Vulnerability map of Concordia River catchment, Lontras (SC), Brazil.

Table 9. Annual soil losses of Concordia River catchment using GIS.

Vulnerability Summer Fall Winter Spring
Low (0-5 t-catchment™yr™) 69.03% 73.88% 74.87% 73.19%
Moderate (5-100 t-catchment™yr?) 18.66% 17.50% 16.61% 17.28%
High (>300 t-catchment™-yr™) 12.31% 8.62% 853% 9.53%

The largest amount of soil loss in the catchment occurs in the summer season (Table 9). Urban
and bare soil areas combined comprise those areas with the largest soil losses (elevate values of C
and P factor). The Concordia River catchment contains 72.74% of the areas with low vulnerability,
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17.51% of the areas with moderate vulnerability, and 9.75% of the areas with high vulnerability. As
seen in Figure 3, the majority of the study area experiences soil erosion between 0 and 5 t-catchment
year?, especially where the slope is very low. However, excessive soil erosion is observed in
downstream areas of the catchment where heavy rainfall events make ideal conditions for soil loss.
High erosion rates are associated with either a higher slope gradient or with degraded bare land,
grassland, or shrub land cover.

Studying the Yialias River in the Potamia catchment (110 km=in the broader region of Nicosia,
Cyprus, Alexakis et al. [34] found soil losses of 6,391 t-ha™-year™. Pradeep et al. [59] determined
soil erosion rates (ranging from 0 to 4227 t-h™-year™) of sub-watersheds of the Meenachil River in
India using the RUSLE model. The estimated soil loss for the study area varied from 0 to
6995 t-ha™-year® (with the greatest occurrence of 0 and 49 t-ha™-year” classes). Ganasri and
Ramesh [3] estimated annual soil losses of 473,339 t-yr * in the Nethravathi Basin (3128.72 km?) in
India using the RUSLE model.

3.3.  Sediment Load Estimation for the Concordia River

The annual sediment transported in suspension is 698.7 t-yr*. Suspended solids ranged from
76.57 t for spring to 318.04 t for winter (Table 10). This result can be attributed to the agricultural
practices of the region based on conventional tillage of the soil leading to exposure (bare soil).
According to Gilles et al. [60], conventional tillage leaves the soil with no cover, thus reducing
roughness and porosity and increasing vulnerability to erosion. The bottom transportation of
sediments, however, was higher in summer due to the precipitation that raised the river level and
thereby increased the transport of solid particles.

Table 10. Production and export of sediments of Concordia River catchment.

. Suspended Bottom Total
. Total Soil . . :
Season Rainfall Flow loss_USLE solids—River sediment transported
(Turbidimeter) (Yang, 1973) sediments
(mm) (m%) (t-catchment™yr™)

Summer 621.03 245  2,654.6 151.9 321.4 473.3
Fall 428.23 1.83 1,612.5 177.1 283.1 406.4
Winter  417.03 3.24  1,685.7 318.0 306.3 624.4
Spring  442.43 1.04 12811 76.6 145.9 190.3

3.4.  First Attempt at an Erosion Management Map for Concordia River

USLE results show that erosion occurs in the zone between 300 and 800 m elevation. It is
essential to focus conservation efforts in this zone. In order to provide information to regional
manners, sub-catchments were established according to the order in which they require treatment
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using conservation technologies based on the amount of soil loss [61-64]. The highest priority for
soil conservation treatments is given to upland catchments that have the highest soil loss (Figure 4).

C3 Catchment
Hidrography
~~ Concordia Stream

Priority

I Monitoring s
[ 1First actions

[ Control actions ! ) h P
B Integrated actions < N V' e km

Figure 4. Priority map of Concordia River catchment, Lontras, Santa Catarina, Brazil.

For the upland areas of the catchment, we suggest only water monitoring in order to identify
natural processes. The next priority is to instruct family farmers to apply simple techniques to reduce
erosion processes on small properties. The next task is a complex action because this area comprises
the agricultural part of the catchment. Control actions should be applied in this region to reduce
erosion processes and consequently the sediment load in the river. The outflow area requires
integrated actions that encompass the entire catchment. If previous actions had been applied
adequately, this section would not be a problem, as the sediments resulting from agricultural
practices area mostly controlled.

4. Conclusions

GIS can be easily used to treat digital georeferenced data that can be used to assess areas
vulnerable to erosion, even in fragmented agricultural catchments. The studied catchment is
representative of the situation in the state of Santa Catarina, particularly the eastern part that consists
of a large number of small agricultural catchments where family farming using conventional systems
predominates. USLE and field measurements have the potential to be applied in various state cases.
We support the use of this methodology in small municipalities for which digital data is easily
accessible at http://sigsc.sds.sc.gov.br/, where 70,000 colored and infrared images and digital models
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are available at high spatial resolution. GIS becomes important when there is a lack of information or
when the area is difficult to access. Using GIS, vulnerability maps can be drawn to facilitate initial
decision making. However, we emphasize the use of field sampling. Otherwise, it is recommended
that the sampling points have adequate spatial spread in the catchment area. The results of this study
encourage the use of this tool to assist local and state decision makers to easily assess the areas
vulnerable to erosion and to promote action to help reduce the impact of agricultural activities.

Another point to be highlighted is related to the importance of monitoring flow, suspended
solids, and drag. This data could be used to make inferences about erosion. As stated in the literature,
only 25% of the available sediment reaches the main river and the outflow of the catchment. The
season with the highest vulnerability of soil loss is summer, followed by fall and spring.
Conventional tillage used for summer crops has led to increased vulnerability, thus increasing
turbidity levels in the river. Of the soil types, Gleysol Haplic Ta aluminic and Cambisol humic
aluminic are particularly vulnerable, especially in summer.
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