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Morphometric characteristics and hydrological dynamics in micro-
basins with different land uses of cerrado soils in Mato Grosso

Caracteristicas morfométricas e dinamica hidrolégica em
microbacias sob diferentes uso do solo do cerrado Mato-Grossense

Wellington de Azambuja Magalhdes'"; Ricardo Santos Silva Amorim?;
Maria O’Healy Hunter’; Edwaldo Dias Bocuti'; Tulio Gongalves dos Santos'

Highlights:

Land use contributes to ecosystem stability in the cerrado biome.

Micro-basins with sandy soils show greater regulation of runoff.

Land use change from native vegetation to pasture alters the hydrologic regime of the micro-basin.
Micro-basins with clayey soils show greater extremes of water retention.

Abstract

Understanding the hydrologic regime, and monitoring runoff at the micro-basin scale is critical for
understanding water availability, and for managing water resources in strategic biomes such as the
cerrado. The objective of this research is to evaluate morphometric characteristics and the hydrologic
regime and determine their relationships with soil characteristics and typical land-use in the cerrado
biome. To reach this objective morphometric characterization, runoff and precipitation monitoring, and
determination of the water retention curve were conducted in three micro-basins in the municipality
of Campo Verde, Mato Grosso. These micro-basins each have a different, but regionally typical land-
use and were selected strategically to represent this area of cerrado: agriculture, pasture and native
vegetation. The results obtained allow for the analysis of the hydrologic regime throughout the period
measured. Micro-basins with native vegetation and pasture, with greater altimetric range and more
sandy soils, show greater erosion. Despite this, the micro-basin with pasture cover showed greater
regulation of runoff. The micro-basin with agriculture showed less regularization of water flux due to
the physical characteristics of the local soils.

Key words: Hydrologic behavior. Turbidity. Basin-scale management. Land-use.

Resumo

O conhecimento e monitoramento da vazao, assim como o entendimento do regime hidrolégico a nivel
de microbacias tem sido relevante para se determinar a disponibilidade hidrica, assim como promover o
gerenciamento dos recursos hidricos em biomas considerados estratégicos como o cerrado. Este trabalho
foi desenvolvido com o objetivo de avaliar as caracteristicas morfométricas e o regime hidrologico e
sua relag@o com as caracteristicas do solo bem como do seu uso em trés microbacias no bioma cerrado.
Para alcangar o objetivo proposto, fez-se a caracterizagdo morfométrica, o monitoramento da vazao e da
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precipitagdo diaria e elaborag@o da curva de permanéncia de trés microbacias hidrograficas localizadas
no municipio de Campo Verde-MT contemplando os seguintes usos: agricultura, pastagem e vegetacao
nativa. Essas bacias foram selecionadas estrategicamente por serem representativas dos principais
sistemas de uso do solo na regido de cerrado. Os resultados obtidos permitem ponderar que hé diferenca
no regime hidrologico das microbacias hidrograficas ao longo do periodo analisado. As microbacias com
vegetacdo nativa e com pastagem, por terem maior amplitude altimétrica, além de apresentarem solos
de textura arenosa, sdo mais propensas a erosao hidrica. A microbacia com pastagem apresentou maior
regularidade na vazao e, a microbacia com agricultura uma menor regularizacdo do fluxo hidrolégico
em fun¢ao das caracteristicas fisicas dos solos que compde a microbacia.

Palavras-chave: Comportamento hidrolégico. Coeficiente de escoamento. Manejo de bacias. Uso do

solo.

Introduction

The use and occupation of soils in areas of the
cerrado has increased greatly in the last decades,
leading the alterations in the hydrologic dynamics
of the system. These changes may provoke flash
floods resulting in increased erosion, causing
both environmental and socio-economic impacts
(Graaf, 1996; Tucci, 1998). These alterations can be
limited by researching management techniques that
minimize the impact on the environment.

The cerrado biome covers 2 million km? and
24% of the Brazilian territory. According to an
Empresa Brasileira de Pesquisa Agropecuaria
[EMBRAPA], (2015) survey, the majority of this
biome is undisturbed, with an estimated 54.5%
intact. Planted pastures and agriculture occupy
29.4% and 11.6% respectively. These are the three
most common land uses in the biome, though it is
important to note that agriculture is increasingly
common due to the flat terrain, suitable soils, and
climate favorable to many crops.

Hydrologic dynamics of a basin can vary due
to geomorphology (including the form, relief, area,
geology, drainage patterns, soil, and others) and the
type of vegetation (Lima, 1986). Many other factors
also contribute, principally those related to land use
that directly and indirectly contribute to infiltration,
evapotranspiration and surface and subsurface
runoff.

Existing research has quantified the increase in
mean annual runoff due to decreases in vegetation
cover in various ecosystems (Andréassian, 2004;

Bosch & Hewlett, 1982; Brown, Zhang, McMahon,
Western, & Vertessy, 2005; Bruijnzeel, 1990;
Dias, Macedo, Costa, Coe, & Neill, 2015), though
few of these studies were conducted in Brazil or
within the cerrado biome. In the past decades the
transformation to pasture and soybean within this
region has also led to changes in the hydrological
dynamics of water catchment basins.

Few studies have been conducted within the
cerrado that focus on the hydrological dynamics
of systems on the basis of use and management
of soils, especially at the micro-basin level.
Knowledge of natural mechanisms, as well as the
effect of rainfall events on different land uses is of
critical importance. Depending on a rainfall events
intensity and duration it may result in high levels
of erosion, and consequently sediment transport to
stream channels. Schneider et al. (2014) note that
it is important to identify the dynamics of transport
within water basins as this helps land managers
determine when new methods of land management
may be necessary.

Changes in the hydrologic cycle of a water
basins may occur from the moment of conversion
from native vegetation to pastures (Grip, Fritsch,
& Bruijnzeel, 2004). Changes in the local climatic
characteristics alter the process of water transfer to
the atmosphere (Diaz, Bigelow, & Armesto, 2007).
These factors, including incident solar radiation,
evaporation, and precipitation, as well as others
including lithology, relief, soil and vegetation
cover drive the variability in the hydrologic regime
according to Tucci (2002).
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A variety of studies on the hydrologic cycle
have been conducted in the Brazil recently,
mainly at the basin scale (Rocha & Santos, 2018;
Avila, Mello, Pinto, & Silva, 2014; Leli, Stevaux,
Noébrega, & Souza, 2011; Nobrega et al., 2017), that
have contributed to the management of land use
and planning for agricultural and conservationist
practices. However, it is necessary that researchers
take into account many factors, including climate,
relief, soil and vegetation characteristics, and
hydrologic dynamics at the micro-basin scale,
especially changes in land use and management.
These actions are necessary and fundamental
for monitoring and controlling erosion, which is
primarily influenced by the physical properties of
soil such a texture, density and porosity (Silva,
Schulz, & Camargo, 2007). The objective of
this research is to evaluate the morphometric
characteristics of three hydrologic micro-basins,
and the relationship between these characteristics
and the hydrologic regime under three typical land
uses (agriculture, pasture, and native vegetation) of
the cerrado biome.

Materials and Methods

This research was conducted in three micro-
basins in the municipality of Campo Verde, in the
state of Mato Grosso (Figure 1). These catchments
are within the Rio das Mortes basin, one of the
principal tributaries of the Araguaia River. The three
micro-basins of interest are classified as first order
and each has a spring that is protected by native
vegetation around 180 meters from its outlet. These
basins were selected strategically to represent the
principal management and land uses of this region
of the cerrado; Those under pasture and agriculture
have 7% and 5% of native vegetation respectively.
This region is characterized by intensive agriculture
and ranching, with the following uses for the micro-
basins studied: traditional pasture with Braquiaria
and 1 animal hectare! during the growth and
finishing stages; annual crops of soy and corn in a
successive cultures with direct planting, and; native
vegetation of the cerrado biome, the reference of a
non-developed environment.
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Figure 1. Location of study areas: Alto Rio das Mortes micro-basins in the state of Mato Grosso, Brazil.
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The climate of the region is classified following
Koppen and Geiger as Tropical (Aw), with a mean
annual temperature of 22.3°C and mean annual
precipitation of 1,726 mm. To better understand the
hydrologic dynamics, rain gauges were installed in

each of the micro-basins to measure the intensity
of local precipitation. The data pertaining to daily
precipitation during the period of the study, from
August 2012 to November 2014, are shown in
Figure 2.
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Figure 2. Average daily precipitation data in each micro-basin (native vegetation, pasture and agriculture) in

Campo Verde, state of Mato Grosso.

A detailed survey of altimetry was completed
in the study region to delineate the catchment area
of each basin using a precision GPS (TOPCON
RTK Hiper Lite). With this survey, a digital
elevation model (DEM) was generated, with 5 x 5
meter pixels. Using automated delineation of the
basin, morphometric characteristics of the micro-
basins were determined following Tonello (2005)
including: compactness coefficient, form factor, and
circularity index.

The compactness coefficient (Kc) or Gravelius
index is the relationship between the perimeter of
the basin and the circumference of a circle of equal
area (Villela & Mattos, 1975). The size of the basin
does not influence this coefficient, but rather the
shape will result in different values of Kc. Values
close to 1 are related to circular basins that are more
prone to flooding, whereas values above 1 relates to
basins that are irregular or elongated in shape and
have lower likelihood of flooding (Souza, Cardoso,
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Souza, Santos, & Santos, 2015). The compactness
coefficient was calculated following Equation 1
(Villela & Mattos, 1975):

_ P
Kc =028, (D

where Kc is the compactness coefficient, P is the
perimeter (km) and A is the area of the basin (km?),
(Villela & Mattos, 1975).

The form factor (FF) is the relationship between
the mean width of the basin and the longest path
from the spring to the basin edge. The closer this
value is to one, the greater the susceptibility to
flooding. The FF is calculated using Equation 2
(Horton, 1945):

A
FF=L_2

2

where FF is the form factor, A is the area of the basin
(km?) and L is the length of the longest axis (km).

The circularity index (Ci), was determined
following Cardoso, Dias, Soares and Martins
(2006), and is the relationship between the perimeter
and the area of the basin, wherein values approach
unity for circular basins and decrease for elongated
basins. The Ci was calculated using Equation 3
(Schumm, 1956):

Ci=1257x (%) 3)

where Ci is the circularity index, A is the area of the
basin (km?) and P is the perimeter of the basin.

In each of the micro-basins were collected
disturbed and undisturbed samples at 0 - 0.20 m,
0.2 - 0.4 m, and 0.4 - 0.6 m, within a sampling grid
0f 200 x 120 m. Disturbed samples were oven dried
with forced air (60 C) for 48 hours. After drying,
samples were sifted with a 2 mm sieve and properly
stored. In these samples quantities of sand, silt and
clay were determined using the pipette method
as described by Donagema, Campos, Calderano,
Teixeira and Viana (2011) with modifications
suggested by Ruiz (2005). The total organic carbon
(TOC) was determined using an Leco CHN 628
Elemental Analyser. This equipment determines
carbon in the form of CO, through optimized non-
dispersive infrared (NDIR) cells. Undisturbed
samples were saturated using liquid surface
elevation over 24 hours and then a matric potential
(¥) of -100 hPa was applied using a tension table.
After reaching equilibrium at a given tension, water
content was determined. After the last measurement
was made, the sample was oven dried at 105°C for
48 hours to determine total porosity, macroporosity,
microporosity, soil moisture equivalent to field
capacity and hydraulic conductivity as presented in

Table 1.

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 5, suplemento 1, p. 1909-1922, 2020

1913



Magalhées, W. A. et al.

Table 1
Physical and physical-hydric attributes of soils studied in the three micro-basins, in Campo Verde, state of
Mato Grosso

Depth Statistic SAND  SILT  CLAY TOC BD PT MA MI FC HC

m % Mg m? % cm h!
Average  85.15 2.52 12.33 0.93 1.42  48.00 2894 19.06 17.53 510.83

8 SD 6.15 1.80 4.43 0.35 0.11 3.19 2,65 425 4.04 85.17

2 Interval 1540  4.93 10.47 0.90 0.26 830 643 10.00 9.70 214.13

£ Cv 7.22 7137 3595 3827 7.40 6.64  9.17 2229 23.04 16.67
§ o  Average 8743 1.27 11.31 0.43 1.51 4391 2727 1664 1542 542.03
:j)'? 2 SD 0.69 0.45 0.63 0.14 0.06 2.56 5.58  6.05 521 345.65
§ i Interval 1.90 1.40 1.88 0.36 0.17 6.90 18.54 16.68 14.76 993.20
§ Cv 0.79 35.35 5.55 32.38 3.92 584 2046 36.35 33.81 63.77
o  Average 86.19 1.70 12.11 0.34 1.49  41.66 27.03 14.62 13.69 565.55

S SD 1.08 1.11 1.31 0.06 0.04 082 197 130 144 179.61

<o;-_ Interval 2.54 2.81 3.36 0.13 0.09 2.20 488 332 352  449.00

= Ccv 1.25 6525 10.83 1834  2.66 198 728 889 10.50 31.76
Average  88.96 1.33 9.71 0.80 1.56 4552 3027 1525 1435 514.16

5 SD 0.57 0.53 0.62 0.21 0.06 096 1.62 126 122 102.72

g Interval 1.88 1.61 1.89 0.58 0.20 3.31 524 327 331 34424

Ccv 0.65 39.69 6.35 26.24 3.58 211 535 829 850 19.98

o o Average  87.46 1.74 10.81 0.52 1.54  47.11 32.82 1430 13.54 668.06
é ; SD 0.97 0.48 0.82 0.18 0.08 231 227 213 211 12281
£ g Interval 3.35 1.61 2.90 0.56 0.31 7.15 1022 7.50  7.11 441.02
= CvV 1.10 27.34 7.63 35.65 4.98 4.90 6.92 1487 15.60 18.38

o  Average 88.59 1.28 10.13 0.36 1.51  44.08 2926 14.82 14.10 496.54

p SD 1.16 0.48 1.03 0.14 0.07 343 244 136 144 150.78

S’Ir_ Interval ~ 3.17 1.73 3.38 0.52 0.21 11.07 7.75 437 433  449.00

= CvV 1.31 37.83 10.12 39.86 4.52 7.77 834 9.16 1024 30.37
Average 2493  19.00 56.07 2.70 .15 59.00 12.59 4641 3824 108.37

5 SD 10.03 5.64 6.20 0.81 0.12 355 332 351 367 8212

3 Interval 3477 2029  23.23 3.51 0.52 16.46 10.83 12.54 1331 233.54

Ccv 40.23  29.67 11.05 29.85 10.54 6.01 2640 756 9.59 7577
Average  26.55 19.16  54.28 1.67 1.14 57.57 15.62 4195 3518 97.89
SD 14.23 5.75 10.45 0.44 0.15 6.15 487 624 621 161.76
Interval ~ 49.41 19.67  36.74 1.64 0.58 2324 1553 25.18 2549 568.94
Ccv 53.57  30.00 19.25 2626  13.04 10.68 31.15 14.87 17.64 165.25
Average 20.00 19.73  60.27 1.36 1.14 58.53 1292 4561 38.04 62.35
SD 3.62 5.25 541 0.20 0.05 1.86 382 279 1.69 8479
Interval  12.51 17.58  22.47 0.72 0.18 6.87 1356 980 634 250.64
Ccv 18.10  26.62 8.98 14.66 4.17 3.18 2954 6.11 444 13598

Agriculture
0.20-0.40

0.40-0.60

Subtitle - TOC: total organic carbon; BD: bulk density; PT: total porosity; MA: macroporosity; MI: microporosity; FC: field
capacity; HC: hydraulic conductivity; CV: coefficient of variation; SD: standard deviation.
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To monitor outflow, convergence points for
surface water were identified in the three micro-
basins studied and flow measurement stations were
installed. To monitor flow in each control section, a
triangular spillway and a level sensor to continually
register the surface level over a Parshall flume were
installed. Flow was calculated based on the water
height and the calibration curve of the Parshall
flume.

Results and Discussion

The morphometric characteristics of each micro-
basin are presented in Table 2, with values for the
form factor (FF), compactness coefficient (Kc),
and circularity index (Ci). Within the areas studied,
the agricultural micro-basin has the largest area of
1.35 km?, resulting in the largest catchment area
and consequently larger amounts of precipitation
entering the system when compared to the micro-
basins with native vegetation or pasture. Considering
the form factor, the agricultural area has a factor of

Table 2

0.51, greater than either other area. Small values of
FF are related to longer basins that are less subject
to flooding due to longer water concentration times
and lower probability of the entire basin receiving
water from the same rainfall event. In general, only
basins with FF higher than 0.75 are prone to large
floods (Villela & Mattos, 1975).

The compactness coefficient in all micro-basins
was greater than 1.5, which following Souza et al.
(2015) indicates low risk of flash flooding. The
micro-basin with native vegetation showed higher
values for the compactness coefficient (2.07)
whereas the pasture and agricultural micro-basins
showed lower values of 1.57 and 1.68 respectively.
The circularity index, that relates the perimeter to
the area of the basin, shows comparatively larger
values were found for the micro-basin with pasture,
followed by those with agriculture and native
vegetation. Values of this ratio tend toward one
for circle-shaped basins, and decrease as the basin
becomes more elongated (Cardoso et al., 2006).

Morphometric characteristics of micro-basins with the components of agriculture, pasture and native vegetation

in Campo Verde, state of Mato Grosso

Micro-basin Area Perimeter FF Kc Ci
km? km e dimensionless ----------
Native vegetation 0,79 7,0 0,23 2,07 0,23
Agriculture 1,35 43 0,51 1,68 0,34
Pasture 0,58 6,6 0,33 1,57 0,40

Subtitle - FF: Form factor; Kc: Compactness coefficient; Ci: circularity index.

It is important to note that the micro-basins with
pasture and native vegetation have the same type of
soil, quartzarenic Neossols, that are characterized by
large quantities of sand in the soil profile (Table 1).
According to Guimaraes, Watanabe and Srinivasan
(2000), the type of vegetation present in an area has
a large influence on the surface runoff, and sediment
production can be greatly reduced when soils are
protected by native vegetation or mulch.

It is also important to note that the mean
altimetric amplitude of these areas varies between
40 and 100 meters, with altitudes between 756 and
855 m (Table 3). The DEMs of the hydrographic
micro-basins with agriculture, pasture and native
vegetation are presented in Figure 3.
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Table 3

Descriptive statistics of the altimetry of microbasins with native vegetation, pasture and agriculture in Campo

Verde, state of Mato Grosso

Micro-basin Average Minimum Maximum SD ()%

m %
Native vegetation 807,96 756,60 854,07 29,13 3,60
Pasture 813,53 771,55 855,24 23,69 2,91
Agriculture 785,60 770,77 801.74 8,32 1,06

Subtitle - SD: standard deviation; CV: coefficient of variation.

Altimetric amplitude is a morphometric index
that, together with slope and degree of dissection
controls the potential energy available for the water
droplet. As this value increases, the potential energy
also increases as does the erosive capacity of the
relief (Crepani et al., 2001; Moraes, 2016). In this
sense, the micro-basin with native vegetation,
followed by pasture, show relief more favorable to
the erosive process when compared with the micro-
basin with agriculture. This helps explain why sandy
and sloped areas are, in general, considered not
proper for the cultivation of soy or corn. Producers
of corn and soy prefer flatter areas with medium
textured to clayey soils.
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In Table 4 and Figure 4 is shown that changes
in the hydrologic regime are not only in function
of physiographic and morphometric characteristics
but also in function of the land-use and soil cover
of each micro-basin during the period of analysis.
Note that in Table 4 the pasture micro-basin shows
the largest measure of runoff per year (477.84
mm), following by the micro-basin with native
vegetation (361.80 mm) and by the micro-basin
with agriculture (141.32 mm). It is also of note that
the surface runoff coefficient within the pasture and
native vegetation micro-basins were significantly
higher than the micro-basin with agriculture in
every month evaluated.
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Figure 3. Digital elevation models (DEM) for hydrographic micro-basins with pasture, native
vegetation and agriculture as the dominant land use, Campo Verde, state of Mato Grosso.
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Table 4
Precipitation, Flow and Runoff Coefficient (RC) data in micro-basins with native vegetation, pasture and
agriculture component, Campo Verde, State of Mato Grosso, Brazil

Agriculture Pasture Native vegetation
Month Precipitation Flow rates Precipitation Flow rates Precipitation Flow rates
mm
Jan 257.79 15.38 218.57 56.96 218.75 39.04
Feb 244.22 17.57 244.04 52.17 244.31 41.56
Mar 226.71 24.19 217.69 63.85 228.76 58.48
Apr 148.51 20.10 138.36 59.44 128.93 49.30
May 72.88 10.66 79.31 33.74 71.94 25.83
Jun 36.17 10.95 35.19 37.51 32.64 27.07
Jul 29.31 9.37 36.55 35.68 38.88 24.44
Aug 1.57 4.94 2.05 9.90 2.40 13.83
Sep 45.36 3.76 54.60 27.49 57.69 11.20
Oct 154.15 7.23 145.93 25.86 150.19 23.28
Nov 238.86 8.80 250.43 39.76 227.34 25.50
Dec 185.32 8.36 194.08 35.50 177.49 22.28
Annual 1640.85 141.32 1616.79 477.84 1579.33 361.80
RC 0.09 0.30 0.23
0,60
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Figure 4. Specific yield discharge for micro-basins under land use of pasture, native vegetation and
agriculture in the cerrado biome, Campo Verde, state of Mato Grosso, Brazil.
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In the cerrado and more specifically in the region
of the Campo Verde municipality, the rainy season
extends from October to April, and the dry season
from May to September. During the rainy season
observe four peaks of runoff (Figure 4) principally
in the pasture and native vegetation micro-basins.

It is apparent that the differences between
the micro-basins are not only in terms of their
hydrology but also their soil characteristics. It
is important to stress that knowledge of local
hydrologic dynamics at the micro-basin scale can
assist managers and owners of rural properties make
decisions and potentially seek out new strategies
for the management of soil, especially aiming to
conserve not only soil, but water, and the ecosystem
as a whole.

In Figure 4 it is apparent that the temporal
variability of runoff imposes varying conditions
for water use, allowing for greater use during high
runoff volume periods and lower during drought,
for all monitored basins. Monitoring specific

yield discharge allows for spatial visualization of
runoff (Tucci, 2000). Using this methodology it is
observed that micro-basins with sandy soils tend to
show runoff that has greater natural regularization,
with a mean of 0.231 m® s ha! and varying from
0.124 m’ s ha'! to 0.431 m* s ha' throughout the
year, whereas the agriculture micro-basin has a
mean runoff of 0.034 m* s ha'l.

The flow duration curve relates runoff and the
percentage of time that the flow is at or above a
given level throughout the historical record (Cruz &
Tucci, 2008). As shown in Figure 5 the flow duration
curve varied with the characteristics of each micro-
basin with greater intensity at the extremes of the
graph of occurrence probability. The flow duration
curves specific to the areas of native vegetation
and pasture are not differentiable at high flow
(Q,,), where the probability of higher flow is 10%,
reinforcing similarities between these two micro-
basins. However, all three basins show differences
at low flow rates (Q,, or Q).
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Figure 5. Permanence curves for micro-basins under land uses of pasture, native vegetation and
agriculture in the cerrado biome, Campo Verde, state of Mato Grosso.
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According to Vestena, Oliveira, Cunha and
Thomaz (2012), analysis of the flow duration curve
allows for immediate visualization of the natural
potential of the river, highlighting the minimum
flow and the level of permanence of varying
magnitudes of flows. Note that the pasture micro-
basin shows the highest natural regularization,
and the agriculture micro-basin the lowest natural
regularization. This is due to the morphometric
characteristics of each basin, conditioned by factors
including land use and the dynamics of water
infiltration into the soil.

The agriculture micro-basin has clayey textured
soils (Table 1), classified as Latossols, that may
contribute to the limited natural regularization of
the hydrologic flux. Soils of this type show higher
water retention, limiting the outflow for this micro-
basin’s outlet. The infiltration of water into the soil
is a process that depends on many factors, but each
at different levels. According to Rawls, David,
Van Mullen and Ward (1996), these factors can be
divided into those related to soils, those related to the
ground surface, those related to management, and
others. In the case of the micro-basins with pasture
and native vegetation, both are characterized by
sandy soils, with good permeability, and soil water
infiltration (Bocuti, Amorim, Santos, Loreto, &
Pereira, 2019).

Dias et al. (2015) observed alterations in the
hydrological dynamics of the Alto Xingu basin
depending on the land use (soy, pasture and
native vegetation). The authors observed that the
conversion of native vegetation significantly altered
evapotranspiration and increased the outflow in
small hydrographic basins. However, in the basin
with soybean cultivation, the mean outflow was three
times higher, and the simulated evapotranspiration
39% lower when compared to the basins with native
vegetation.

According to Tucci (2000), the role of the
hydrographic basin is the transformation of an
inflow that is concentrated in time (precipitation),

into an outflow (runoff) that is most spread out over
time. Nevertheless, this hydrological role will be
greatly influenced by physical characteristics of
the basins that include their drainage area, form,
drainage system and relief.

Using the basin with native vegetation as a
reference for undisturbed environment, we perceive
the differences in the hydrological dynamics caused
by pasture, as these two basins have the same soils.
The variation in drainage along the period analyzed
(Figure 4) and described by the flow permanence
curve (Figure 5) can be related to the land use. The
micro-basin characterized by native vegetation
has dense tree coverage of species native to the
region that result in high evapotranspiration when
compared with pasture. This explains the measurable
difference in the outflow; The native vegetation had
a higher demand for water, reducing the amount
of water available for outflow, and contributing to
the lower natural regularization of the waterway.
According to Best, Zhang, McMahom, Western
and Vertessy (2003), evapotranspiration is the most
important component of the hydrological cycle,
greater than other factors such as recharge, surface
runoff and variations in soil humidity. A study by
Leopoldo, Franken, & Villa Nova (1995) in central
Amazonia, showed that 97% of total precipitation
is only stored temporarily, without contributing
to surface runoff and approximately 67.6% of
precipitation is transpired.

It is important to remember than any alteration
of an ecosystem, changing native vegetation for
pasture and/or agriculture, may cause changes in
local climate, changing the transportation of water
to the atmosphere, and increasing the rate of surface
runoff (Diaz et al., 2007; Li, Gu, Tan, & Zhang,
2009; Grip et al., 2004).

Nobrega et al. (2017) evaluated the effects of
the conversion of native vegetation to pasture in
the same study area as the current work. Authors
observed that evapotranspiration was lower in the
pasture area (639 + 31% mm yr') when compared
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to the native vegetation of cerrado (1.004 + 24%
mm yr'), further noting the conversion from
cerrado to pasture led to degradation of soil physical
properties. Our results corroborate those of Nobrega
et al. (2017), showing the increase in the specific
flow at the outflow during the dry season of the
micro-basin with pasture, influenced by the low
evapotranspiration of this system.

Conclusions

The micro-basins studied have form factor
below one, related to irregular and elongated forms
with low risk of flood.

The micro-basins with native vegetation and
pasture have higher altimetric range, and despite
having sandy soils show higher risk for erosion.

The showed greater
regularization of flow, and the micro-basin with

pasture micro-basin
agriculture lower regularization of flow due to the
physical characteristics of each micro-basin.
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