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Abstract 

Serra da Canastra National Park, located in the Cerrado Biome in the State of Minas 

Gerais, Brazil, consolidates a conservation unit that includes the sources of several 

important Brazilian hydrographic basins. Given the significance of local and national 

water supply and regulation, this study aimed to analyze and understand the physical-

hydraulic characteristics of the soil in the riparian zone within the park. Field data were 

collected using a rainfall simulator and a concentric ring infiltrometer. The results 

demonstrated an elevated infiltration capacity in the study área. Only 23.74% of the 

57.4mm of artificially precipitated high-intensity rainfall was runoff. Basic infiltration 

velocity (BIV) values were considered very high (50.74 mm/h). Overall, these values were 

associated with the characteristics of the landscape, highlighting the importance of 

vegetation in the soil cover and the physical attributes of the soil. These factors 

influenced the modulation of the soil's capacity to retain, infiltrate, and store large 

volumes of water. In this regard, the importance of these riparian zones for the 

environment was emphasized as they play a crucial role in protecting watercourses. They 

act as barriers against erosive flow from upstream areas, incorporating water into the 

soil profile to store and release over time.  These areas thus become important sites for 

water regulation. 
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INTRODUCTION 

 

 

Water management is essential for the 

development of societies. It is necessary to 

produce precise information about water 

infiltration rates and displacement forms in 

different soil types to adopt more assertive 

practices for the use and conservation of 

environments (Taylor et al., 2012). 

Water infiltration is a dynamic process of 

great importance for the hydrological cycle and 

water balance (Rahmati et al., 2018; Confessor, 

2019). The movement of water penetrates the 

surface, influencing various soil processes and 

functions (Santos et al., 2015).  

This includes water and nutrient availability 

for plants, microbial activity, erosion rates, 

physical and chemical weathering, as well as 

thermal and gas exchanges between soil and 

atmosphere (Campbell, 1985; Klein; Klein, 2015; 

Carvalho et al., 2021; Confessor et al., 2022). 

For understanding this dynamic, field data 

collection is essential to reveal behavioral 

conditions of the flow (Morbidelli et al., 2017). 

Also, studying the natural areas of the research 

sites not only aids in understanding system 

functions but also is necessary for model 

parameterization, serving as a comparative data 

source for areas at different stages of human 

alteration. 

In this context, the Parque Nacional da Serra 

da Canastra - Serra da Canastra National Park 

(Parnacanastra) stands out as a unit of integral 

protection, exhibiting elevated topographic 

characteristics compared to surrounding areas 

with different cerrado phytophysiognomies and 

creates large hydrographic basin springs (São 

Francisco and Paraná). These springs are 

considered strategic for the national and 

international territory (Silva, 2020; Rodrigues et 

al., 2023; Confessor et al., 2024a). 

Given the area’s importance for local and 

national hydrological dynamics, this study 

aimed to enhance understanding of the physical-

hydraulic characteristics of soil in a riparian 

zone within the Serra da Canastra National 

Park - MG, producing a primary field data 

survey involving the use of flood and sprinkler 

infiltrometers, correlating the collected data 

with the landscape elements in the area. 

 

 

MATERIALS AND METHODS 

 

 

The area of Chapadão do Diamante, belonging 

to the Parnacanastra, has been categorized into 

different classes and subdivided based on 

material characteristics, topography, and 

aerogamma spectrometric data (Nazar; 

Rodrigues, 2019a, 2019b).  

Among these classes, the land cover of 

Organic Materials associated with wet areas 

covers an area of 8.97% of the entire plateau, 

occurring mainly in valley bottoms and is 

primarily related to heavily dissected relief 

patterns, where entrenched valleys and 

sometimes streams running over rock are 

observed (Nazar, 2018).  

The occurrence of organic materials near 

areas of permanent or temporary water 

saturation characterizes them as riparian zones 

(Attanasio et al., 2013), They play an important 

role from both hydrological and ecological 

perspectives in the areas where they assist in 

maintaining environmental health as well as 

the resilience of the watershed (Pert et al., 
2010). 

In order to understand the water dynamics of 

these areas, this study was conducted in a 

riparian zone of a slope of the Chapadão do 

Diamante, precisely at coordinates 

20°13'56.48"S and 46°36'29.83"W. Field 

experiments were conducted using two types of 

infiltrometers, namely a Rainfall Simulator and 

a Semiautomatic Constant Head Infiltrometer 

with reduced variable load and field tests 

carried out during the inter-rainfall period of the 

region to avoid possible interference from 

natural rainfall volumes.  

The Rainfall Simulator was built and 

adjusted to reproduce high-intensity rain 

similar to that occurring in the study area 

(Figure 1). The procedures are explained in 

Confessor (2023). In summary, the equipment 

was calibrated based on information collected by 

the Vargem Bonita Climatological Station 

(2046013), which provided 46 years of 

precipitation data.  

From the data analysis, an intensity of 57.4 

mm/h was established using a regression 

analysis of erosive rainfall volumes found in the 

region. This volume was replicated in simulated 

rainfall at three random locations in the 

research area, with simulated rains of 60 

minutes. 

To assess the maximum soil infiltration 

capacity, a Semiautomatic Constant Head 

Infiltrometer with reduced variable load was 

used (Confessor, 2023). This established a water 

column of 5 centimeters on the surface for 3 
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hours of experiments (Figure 1). Infiltration 

values were recorded at 10-minute intervals, 

totaling 18 samplings, with three tests 

conducted in the study área. Collection points 

were determined randomly. 

 

Figure 1 - Equipment used in the research. Semiautomatic constant head infiltrometer with reduced 

variable load (A and B); Rainfall simulator and wind protection (C and D). 

 
Source: Confessor (2023). 

 

The vegetation cover was evaluated using 

ENVI 4.2 software, employing supervised image 

classification (Pinese Júnior et al., 2008). For 

this purpose, images of the plots were captured 

at a distance of 1 meter from the ground, 

moments before the rainfall simulations. 

Soil classification in the area was carried out 

using the Brazilian soil classification system 

(Santos, 2018). In addition to classification, 

undisturbed surface samples were collected at 4 

randomly scattered points in the area to assess 

total soil density, particle density, and total 

porosity. Disturbed subsurface samples were 

collected to determine granulometric 

characteristics, taken every 10 centimeters up to 

50 centimeters depth, and subsequently treated 

according to established procedures (Teixeira et 

al., 2017). 

After granulometric separation, the samples 

were classified using the coefficients of non-

uniformity (CNU) and curvature (CC). In this 

context, CNU permits characterizing the soil 

regarding homogeneity of the particle size 

distribution, classifying the soil as very uniform 

(CNU < 5); moderately uniform (CNU 5 to 15); 

or non-uniform (CNU > 15), with values 

obtained from the following equation (Souza; 

Bastos, 2015): 

 

𝐶𝑁𝑈 =
𝐷60

𝐷10
                                                         (1) 

 

In which: 

 

CNU - coefficient of non-uniformity; 

D10 - 10th percentile; 

D60 - 60th percentile. 

 

The curvature coefficient, on the other hand, 

analyzes the shape of the granule size 

distribution curve and allows identifying the 

distribution of granule sizes, classifying the soil 

as well-graded (CC between 1 and 3) or poorly-

graded (CC > 3), represented by the following 

equation (Souza; Bastos, 2015): 

 

𝐶𝐶 =
(𝐷30)2

(𝐷10)(𝐷60)
                                          (2) 

 

In which: 

 

CC – Curvature coefficient; 

D10 – 10th percentile; 

D30 – 30th percentile; 
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D60 – 60th percentile. 

 

The investigation of soil water loss through 

evaporation involved the collection of 

undisturbed samples in 100 cm3 volumetric 

rings at a depth of 0 to 5 centimeters. The 

samples were submerged in water for 2 hours, 

drained, and weighed 1 hour later. 

Subsequently, they were weighed at 24-hour 

intervals over six days (Confessor, 2023). Water 

loss was thus monitored by the variation in 

weight between the initial sample and those 

subsequent. 

RESULTS AND DISCUSSIONS 

 

 

The study slope has a length of 1000 meters, 

with a gradient between the hilltop and valley 

bottom of 80 meters (Figure 2). It exhibits 

different types of vegetation cover, soils, and 

slopes along its discent. The land cover, Organic 

Materials, occupies a small area of the study 

slope located in the valley bottom and forms a 

thin strip that borders the stream. This lowest 

part of the terrain has an average slope of 15.5% 

along its length. 

Figure 2 - Study slope. Deeper soils in flat areas at the top of the slope (A); shallow soils in 

the middle third of the slope (B); (C) Riparian zone in the valley bottom; (D) Rock. 

Source: Confessor (2023). 

 

The vegetation covering the riparian zone 

consists almost entirely of grassesrandomly 

arranged on the surface (Figure 3). Plants 

exhibited heights ranging from 20 to 40 cm. 

Scattered among these clumps, small native 

species spread sporadically over the area, 

forming a litter predominantly less than 40 

centimeters in height. 

Larger shrubs develop along the stream 

banks, with heights predominantly less than 1.5 

meters. Due to their limited distribution and 

dispersion over a minimal portion of the terrain, 

they are not significant in the rest of the area. 
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Figure 3 - Riparian Zone Vegetation: Stream in the valley bottom (A); Experiment site in the study 

area (B); Infiltrometer in the clumps of grass (C); Scattered clumps (D). 

 
Source: Confessor (2023). 

 

The open, herbaceous vegetation, with small 

shrubs and abundance of grasses, characterizes 

the area as “campo limpo” phytophysiognomy. 

Due to these predominant species, distributed 

only near the stream, this indicates a selective 

environment. 

The vegetative composition, predominantly 

grasses with abundant but narrow leaf 

structures, provides cover for the soil (68.07%), 

with exposed soil only in areas without 

vegetation, between the clumps (Figure 4). 

 

Figure 4 - Relationship between vegetation cover and exposed soil in experimental sites. A - 

16.60% exposed soil; B - 38.48% exposed soil; C - 40.71% exposed soil. 

 
Source: Confessor (2023). 

 

In addition to the characteristics cited, the 

vegetation cover also reflects a fire that occurred 

on the study slope 2 years before the 

experiments. The fire consumed structural and 

foliar parts of the plants as well as the surface 

litter, thereby reducing soil protection. This 

indicates that the environment requires time for 

complete recovery. 

Overlaying the quartzitic rock, the riparian 

soil is deep (1.60 meters) compared to soils in 

mid-slope areas (20 centimeters) (Confessor et 

al., 2024a). Classified as Gleysol Melanic Ta 

Dystrophic neofluvisol (Figure 5), this soil is 

distributed throughout the hydromorphic 

environment, with pedogenetic processes linked 

to higher water presence imparting 

characteristics to the organic as well as the 

inorganic materials. 
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Figure 5 - Soil profile of the study area.

 
Source: Confessor (2023). 

 

The soil is characterized by grayish-colored 

materials, with its horizons predominantly 

exhibiting massive and friable structures 

composed mainly of sandy fraction materials, 

with minimal presence of gravel throughout the 

horizons. This gravel, characterized by 

fragments of quartzitic rock, is found only along 

a thin strip between depths of 45 and 60 

centimeters. 

The granule size analysis reveals that 

throughout the profile, the soil exhibits 

homogeneous physical characteristics, with 

materials classified as “non-uniform” by the 

coefficient of non-uniformity (CNU) and graded 

poorly by the curvature coefficient (CC) (Figure 

6). 
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Figure 6 - Granule Size Distribution Curves. 

 
Source: Confessor (2023). 

 

The pale coloration of the profile indicates 

the occurrence of chemical reactions in the 

environment, derived from the saturation of the 

sandy soil matrix by water over a prolonged 

period, promoting the reduction and/or removal 

of oxidized pigmented elements such as Fe, 

altering the soil hue to paler colors (Pinheiro 

Júnior et al., 2020). 

The saturated environment also aids in the 

fixation of organic matter, reducing its oxidation 

and producing greater storage. The 

accumulation of organic matter also contributes 

to the pigmentation of granules, inducing soil 

darkening (Valladares et al., 2008). 

The clod structure also suggests the presence 

of water in the profile, as constant saturation 

prevents the formation of granular structures 

(Pinheiro Júnior et al., 2020). Water fills the soil 

voids, resulting in the movement of finer 

material among coarser material, rearranging 

granules to densify them. 

The decomposition of organic matter under 

anaerobic conditions leads to the formation of 

humic substances, which also contribute to the 

cohesion of mineral granules (Baldotto; 

Baldotto, 2014). Furthermore, its decomposition 

by microorganisms results in the formation of 

compounds important for the cementation and 

stabilization of aggregated mineral granules 

due to their long carbon chain structure 

(Sampaio et al., 2012). 

Despite exhibiting a clod structure, the 

values of total soil density (Dt) (Table 1) indicate 

that the soil in the area is not compacted, 

revealing values below the critical limit of 1.81 

(Dt) as reported by Reichert et al. (2007), 

reflecting porosity values close to those 

considered optimal (0.50) by Kiehl (1979). 

 

Table 1 - Soil Physical Analysis; Dp - Granual density; Dt - Total density; Pt - Total porosity. 

Dp 

(g/cm3) 

Dt 

(g/cm3) 
Pt (%) 

2,3 1,22 0,47 

Source: Confessor (2023). 

 

Regarding the data produced by the field 

equipment, the ring infiltrometer revealed an 

initial peak infiltration rate for the riparian soil 

of 225.99 mm/h (Figure 7), stabilizing after 50 

minutes of testing and exhibiting a final steady 

infiltration rate (SIR) of 50.74 mm/h until the 

end of the experiments. The data demonstrated 

that the environment has a high infiltration 
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capacity, with values above 30 mm/h classified 

as very high by Bernardo et al. (2006). 

The variation in infiltration rate between the 

beginning and the end of the experiments was 

78.18%, with a correlation curve among the 

collected values of R2= .60, indicating that even 

though there are high infiltration rates when 

exposed to water presence for long periods of 

time, this environment has its infiltration 

capacity considerably reduced. 

 

Figure 7 - Infiltration curves generated by the ring infiltrometer. 

 
Source: Confessor (2023). 

 

The experiments involving the rainfall 

simulator revealed that after the onset of 

precipitation, surface runoff originated at 11:22 

minutes, with an initial abstraction of 10.87 

mm, accounting for 18.94% of the total 

precipitation over the entire experimental 

period (Figure 8). The delay in the onset of 

surface runoff, besides the elevated soil 

infiltration capacity, suggests an accumulation 

of water on the surface due to potential barriers 

created by the vegetation. 

Clumps of grass distributed over the area 

impeded the propagation of surface flow, 

accumulating water through pooling. After 

saturation of the surface accumulation spaces, 

water flowed continuously over the plot, 

increasing in volume until the end of the 

experiments. This resulted in high correlation 

values for the runoff curve, R2 = 0.94, 

corresponding to 23.74% (13.62 liters) of the 

total precipitation. 

  



CONFESSOR et al.                                                                                      Hydraulic Dynamics of the Riparian Soil 

9 
Soc. Nat. | Uberlândia, MG | v.36 | e72336| 2024 | ISSN 1982-4513 

Figure 8 - Runoff and infiltration curves generated by the use of the rainfall simulator. 

 
Source: Confessor (2023). 

 

Following saturation, the riparian soil 

exhibited a water retention volume of .46 

ml/cm3. Evaporation losses decreased steadily 

over time (R2 .94), with the highest values 

observed in the first 96 hours, during which 

87.15% of the total evaporated volumes 

occurred. 

At the end of six days, a total volume of .36 

ml/cm3 had been evaporated, corresponding to 

80.79% of all stored water (Figure 9). Thus, the 

soil exhibited a water retention capacity (WRC) 

of .08 ml/cm3, which is only 19.20% of its total 

storage capacity, indicating elevated 

regenerative capacity. 

 

Figure 9 - Water losses due to evaporation. 

 
Source: Confessor (2023). 

 

Systematization 

 

Overall, the area exhibited a wide infiltration 

capacity, where the sandy composition of the 

soil's granulometric matrix reflected in the 

formation of environments with good porosity, 

contributing to high infiltration rates. However, 

after being saturated for long periods, the 

hydraulic conductivity of water in the soil 

reduced considerably, resulting in decreased 

infiltrated volumes. 

 It was observed that when dry, the local soil 

exhibited hydrophobicity (Figure 10), which 

hindered infiltration, forming a water film on 

the surface during the initial moments of 

precipitation and accumulating water in the 

form of puddles in small irregularities of the 

terrain. After wetting, the repellence gradually 

ceased, allowing an increase in infiltrated 

volumes. 
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Figure 10 - Soil hydrophobicity 

 
Source: Confessor (2023). 

 

Water repellency is associated with the 

coating of soil mineral particles by hydrophobic 

organic substances (Jaramillo, 2004), being 

greater in surface horizons and decreasing with 

increasing depth as organic matter content also 

tends to decrease in deeper layers (Shakesby et 

al., 2000). 

In addition to naturally incorporated organic 

matter, wildfires, as occurred two years before 

the study, are common in the area. Such events 

are responsible for generating physical and 

chemical changes in the soil, altering materials 

and producing substances that affect water 

movement. 

The burning process increases soil density in 

its surface layer and the collapse of aggregates. 

This causes pore blockage through mineral 

alteration and ash deposition (Ketterings et al., 

2002). 

By products of the combustion process also 

reduce hydraulic conductivity as soil pores are 

filled with burnt matter and ashes produce a 

layer that coats the exterior of aggregates 

preventing water infiltration (Debano, 2000; 

Shakesby; Doerr, 2006). 

Concurrently, the hydromorphic 

environment generates a greater accumulation 

of organic matter providing a larger quantity of 

repellent material. Frequent fluctuations in the 

water table level cause movements of humic 

particles throughout the riparian profile, aiding 

in coating the sandy mineral matrix with 

organic matter. 

In addition to hydrophobicity, a delay in the 

formation of surface runoff was observed due to 

vegetative action. The predominantly clump 

vegetation cover creates obstacles for surface 

runoff, generating unevenness in the terrain 

which impedes flow. Water is stored on the 

surface providing more time for infiltration to 

occur. This process moistens the soil reducing 

surface hydrophobicity. 

The position on the slope, with greater soil 

depth compared to surrounding areas, indicates 

that the site acts as a sediment deposition area. 

The sandy matrix with low gravel presence has 

a selective effect on deposited materials. The 

smaller particles have a low clay concentration, 

different from their source area at the top of the 

slope (Confessor et al., 2024b). 

In this sense, despite repellence, clod 

structure, steep slope, and reasonable soil cover, 

the riparian zone exhibits high basic infiltration 

rates. This indicates potential to absorb intense 

rainfall. High rates of water loss by evaporation 

contribute to soil void spaces necessary for 

infiltration, releasing pores to absorb water of 

future rainfall, highlighting a dynamically 

hydrological environment. 

 

 

CONCLUSION 

 

 

The results reveal that the riparian zone under 

study exhibited elevated infiltration capacity, 

indicating that this area plays a crucial role in 
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regulating hydrological processes, contributing 

to water storage and controlled distribution in 

the lower slope. Located near the drainage 

channel, it acts as a natural filter, potentially 

contributing to improving water quality in the 

stream by retaining sediments and any 

nutrients carried by flows from upstream slopes. 

The area serves as a barrier that can somewhat 

prevent floods and maintain a constant water 

supply for adjacent ecosystems. 

Due to its more constant soil moisture, the 

riparian zone provides environments more apt 

to accommodate organic matter storage and 

consequently carbon. This process can 

contribute to preventing carbon release into the 

atmosphere and mitigating potential effects of 

climate change. 

In this sense, the importance of preserving 

areas with attributes similar to those described 

in the present study is highlighted, as these 

environments provide important ecosystem 

services that can extend beyond their areas. 
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