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ABSTRACT

Brazil, the fourth-largest holder of bauxite reserves worldwide, plays a prominent role in
global mineral production. However, open-pit mining can alter soil hydrological attributes
due to vegetation removal and intensive soil disturbance. This study evaluated the effects of
rehabilitation practices implemented by Companhia Brasileira de Aluminio (CBA) on water
infiltration, unsaturated hydraulic conductivity, and soil water repellency. Six study areas
were selected in the municipality of Sdo Sebastido da Vargem Alegre, Minas Gerais State,
Brazil, comprising three rehabilitated areas (0610, 0630, and 0123) and three reference areas.
Assessments were conducted using a MiniDisk infiltrometer, and the results were compared
using the Mann—Whitney test. The rehabilitated areas exhibited significantly higher values of
infiltration rate (293.88 mm h™'), infiltration capacity (308.78 mm h™'), and unsaturated
hydraulic conductivity (48.44 mm h™') than the reference areas, which showed mean values of
129.38 mm h', 147.53 mm h', and 9.19 mm h™', respectively (p < 0.05). Soil water
repellency was significantly lower in the rehabilitated areas (1.48%) than in the reference
areas (6.22%) (p < 0.05). These findings demonstrate that rehabilitation practices promoted
the recovery of soil hydrological functionality by enhancing water infiltration, increasing the
soil’s capacity to transmit water through the profile, and reducing the expression of soil
hydrophobicity.
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EFEITO DA REABILITACéO
DE AREAS DE MINERACAO
DE BAUXITA NA

INFILTRACAO E NA
REPELENCIA DO SOLO A
AGUA

RESUMO O Brasil, quarto maior detentor
de reservas de bauxita, destaca-se
mundialmente na  producdo  mineral.
Entretanto, a mineracdo a céu aberto pode
promover  alteracdes  nos atributos
hidrolégicos do solo em decorréncia da
remocdo da cobertura vegetal e da
movimentacdo do solo. Este estudo avaliou
os efeitos da reabilitagao de areas mineradas
pela Companhia Brasileira de Aluminio
(CBA) sobre a infiltracio de 4gua, a
condutividade hidrdulica ndo saturada e a
repeléncia do solo a 4gua. Foram
selecionadas seis dreas localizadas no
municipio de Sdo Sebastido da Vargem
Alegre, Minas Gerais, Brasil, sendo trés
areas reabilitadas (0610, 0630 ¢ 0123) ¢ trés
areas de referéncia. As avaliagcdes foram
realizadas utilizando infiltrometro MiniDisk
e os resultados comparados pelo teste de
Mann-Whitney. As  4reas  reabilitadas
apresentaram  valores  significativamente
superiores de taxa de infiltracdo (293,88 mm
h™), capacidade de infiltracdo (308,78 mm
h™") e condutividade hidraulica nao saturada
(48,44 mm h™') em comparacdo as areas de
referéncia, que apresentaram valores médios
de 129,38 mm h™!, 147,53 mm h™' € 9,19 mm
h™', respectivamente (p < 0,05). A repeléncia
do solo a agua foi significativamente menor
nas areas reabilitadas (1,48%) em relacdo as
areas de referéncia (6,22%) (p < 0,05). Os
resultados demonstram que as praticas de
reabilitagdo favoreceram a recuperagdo da
funcionalidade  hidrolégica do  solo,
promovendo maior infiltragdo, maior
capacidade de transmissdo de agua no perfil
e menor expressao da hidrofobicidade.

Palavras-Chave: Repeléncia do solo a agua,
Restauragdo hidrologica, Reabilitagdo de
areas degradadas

1. INTRODUCTION
Brazil holds a prominent position in
global mineral reserves and production,

ranking as the fourth-largest holder of
bauxite reserves, with approximately 30
gigatonnes, behind Guinea, Vietnam, and
Australia (IBRAM, 2025). Bauxite mining is
carried out through open-pit operations,
resulting in  vegetation removal and
substantial soil disturbance, which may affect
nutrient cycling, soil biota, organic matter
content, soil structure, and several
hydrological processes (Cugula et al., 2021;
Freitas, 2018; Grant et al., 2007; Silveira,
2017). Inadequate management can intensify
soil exposure to raindrop impact and surface
runoff, altering soil physical properties and
reducing water infiltration (Albuquerque et
al., 2002; Sousa & Paula, 2019). In this
context, effective rehabilitation strategies are
essential to restore soil functionality and
ensure the proper functioning of ecosystem

processes.
Water infiltration plays a fundamental
role in soil hydrological functioning,

contributing to the reduction of surface
runoff, soil erosion, and flood risk (Brandao
et al, 2012). In addition, hydraulic
conductivity is an important indicator of soil
physical quality because it reflects the soil’s
capacity to transmit water through its pore
network,  directly  influencing  water
movement and storage within the soil profile.
In degraded areas, structural changes in the
soil may impair these processes, reducing the

efficiency of water infiltration and
redistribution.
However, soil hydrophobicity may

reduce infiltration capacity, increase surface
runoff, and intensify erosive processes
(Davis & Park, 2024; Maia et al., 2005;
Perera et al., 2024; Vogelmann et al., 2015a).
This phenomenon is associated with the
presence of hydrophobic organic compounds
that hinder the wetting of soil particles (Mao
et al.,, 2019; Vogelmann, 2014). Soil water
repellency directly affects surface and
subsurface  hydrological dynamics by
restricting water entry into the soil profile
and potentially compromising the functional
recovery of degraded areas.

Despite the widespread adoption of
rehabilitation practices in mined areas,
knowledge gaps remain regarding their

effects on soil hydrological attributes,
particularly water infiltration, hydraulic
conductivity, and soil water repellency.
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Understanding the effectiveness of these
rehabilitation strategies 1is essential for
improving restoration practices, promoting
long-term recovery of soil functions, and
enhancing ecosystem stability. Therefore,
this study aimed to evaluate the effects of
bauxite mine rehabilitation on water
infiltration and soil water repellency through
a comparison between rehabilitated and
reference areas belonging to Companhia
Brasileira de Aluminio (CBA), located in the
municipality of Mirai, Minas Gerais State,
Brazil.

2. MATERIAL AND METHODS

The study was conducted in three mined
and rehabilitated areas managed by
Companhia Brasileira de Aluminio (CBA/
Mirai), identified by the codes 0610, 0630,

and 0123, located in the municipality of Sao
Sebastido da Vargem Alegre, Minas Gerais
State, Brazil (Figure 1). The areas are located
at the following UTM coordinates (Zone
23K): 750337 E/7676902 S (0610), 751034
E/7676090 S (0630), and 753019 E/7673629
S (0123). The study compared rehabilitated
and reference areas using data collected
between May and October 2022. In all areas,
the predominant vegetation was Brachiaria
spp., except in reference area 0610, where
molasses  grass  (Melinis  minutiflora)
predominated. The soil was classified as a
Typical Dystrophic Red-Yellow Oxisol
(Borges, 2013). Mean annual precipitation in
the region is 1,336 mm, and mean annual
temperature is 19 °C (Alvares et al., 2013).
Water infiltration and soil water
repellency were evaluated using a MiniDisk

Figure 1. Study areas (0123, 0610 and 0630) in the municipality of S3o Sebastido da Vargem Alegre,

Minas Gerais, Brazil, em 2024

Figura 1. Area de estudos (0123, 0610 ¢ 0630) no municipio de Sdo Sebastiio da Vargem Alegre,

Minas Gerais, Brasil, em 2024
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tension infiltrometer (Figure 2). This
instrument allows the estimation of
unsaturated hydraulic conductivity and the
assessment of infiltration behavior under
unsaturated conditions, acting predominantly
on soil micropores (Pavao, 2017; Shenga,
2019). Because it operates under tension, the
instrument minimizes the influence of
preferential flow commonly observed under
saturated conditions (Chavez et al., 2014). Its
main advantages include portability, rapid
field application, and low water consumption
(Meter Group, 2025). A tension infiltrometer
provides a time series of cumulative
infiltration measurements from  which
hydraulic conductivity can be estimated
(Nimmo & Voss, 2023).

Before each test, the soil surface was
cleaned and leveled with a thin layer of
sieved soil to ensure proper contact between
the porous disk and the soil surface. The
infiltrometer was operated at a matric
potential of -2 cm, following the
manufacturer's recommendations.

For infiltration tests, both the upper and
lower reservoirs of the instrument were filled
with water. For soil water repellency
determination, the upper reservoir was filled
with water and the lower reservoir with 90%
ethanol. Due to its lower viscosity and lower
surface tension, ethanol penetrates soil pores
more readily and is not affected by soil
hydrophobicity (Ribas, 2018; Vogelmann et
al., 2017).

Measurements were recorded every 30 s
in an electronic spreadsheet until three
consecutive intervals presented the same
infiltrated volume or until a cumulative
infiltration volume between 15 and 20 mL
was reached, according to the manufacturer's
recommendations. The resulting data were
entered into the analysis spreadsheet
provided by the MiniDisk Infiltrometer
manufacturer, which estimates unsaturated
hydraulic conductivity according to the
procedure proposed by Zhang (1997). Values
originally expressed in cm s' were
subsequently converted to mm h™".

Figure 2. MiniDisk infiltrometer used for infiltration and soil water repellency measurements in the
municipality of Sdo Sebastido da Vargem Alegre, Minas Gerais, in 2022

Figura 2. Aparelho infiltrometro MiniDisk usado nas medi¢des de infiltragdo e repeléncia do solo a
agua no municipio de Sao Sebastido da Vargem Alegre, Minas Gerais, em 2022
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To determine soil water repellency,
ethanol sorptivity (Se) and water sorptivity
(Sw) were calculated using Equations 1 and
2:

(Eq. 1)
(Eq. 2)

where I is infiltration and t is time. Using the
calculated sorptivity values, the repellency
index (R) was determined using the Equation
3:

(Eq. 3)

as proposed by Tillman et al. (1989), with R
expressed as a percentage (%).

Using infiltration (mm) and time (h)
data generated by the manufacturer's
software, infiltration rate and infiltration
capacity were calculated in Microsoft
Excel® spreadsheets (Cenachi, 2023).
Infiltration rate was obtained by dividing
infiltration by time (h), whereas infiltration
capacity was calculated from cumulative
infiltration and time values. The infiltration
rate was considered when measurements
began to stabilize, and the corresponding
infiltration capacity was determined at the
same stage. The obtained values represent
infiltration behavior during the initial stages
of the process evaluated using the MiniDisk
infiltrometer.

Soil moisture was determined from
samples collected from the 0-20 cm layer
using a Dutch auger. Samples were placed in
previously weighed aluminum containers,
sealed, and transported to the Forest
Hydrology Laboratory of the Federal
University of Vicosa (UFV). Subsequently,
the samples were weighed, oven-dried at 105
°C for five days, and weighed again to
determine dry mass. Soil moisture content
was calculated according to the procedures
described in ABNT NBR 6457:2016.

Data normality was initially assessed
using the Shapiro—Wilk test. Because the data
did not meet the assumptions of normality, the
non-parametric  Mann—Whitney test was
applied to compare treatments. All statistical
analyses were performed using Microsoft
Excel® and RStudio®.

3. RESULTS

The results of the hydrological and soil
moisture analyses are presented as overall
averages for the rehabilitated and reference
areas, without distinguishing among areas
0610, 0630, and 0123. The statistical
analyses and hydrological results for the
evaluated variables are summarized in Table
1.

The presence of gravel in the areas
rehabilitated by CBA may have contributed
to greater pore continuity and facilitated
water movement through the soil profile
(Figure 3). Regarding infiltration rate, the
rehabilitated areas exhibited a higher initial
value than the reference areas, reaching
37223 mm h' and 23893 mm h',
respectively (Figure 4), suggesting that the
rehabilitation practices adopted may have
enhanced water infiltration.

Soil water repellency data are presented
both as overall averages and individually for
areas 0123, 0610, and 0630 under
rehabilitated and reference conditions,
illustrating the spatial variability of this
property. Tables 2, 3, and 4 present soil water
repellency values for each replicate (P1-P5)
throughout the evaluation period. At the
beginning of the test (t = 0 s), no repellency

values were recorded because the first
measurement was obtained after 30 s.
In the reference areas, soil water

repellency generally increased over time,
whereas the rehabilitated areas exhibited
lower repellency values and reduced
temporal variability (Figure 5).

4. DISCUSSION

The successful rehabilitation of mined
areas is directly associated with appropriate
soil management and the rapid re-
establishment of vegetation cover, both of
which are essential for soil conservation,
maintenance of hydrological cycles, and the
functional recovery of ecosystems. In this
context, several studies have demonstrated
that integrated management practices can
promote significant improvements in soil
physical, chemical, and biological attributes.
Cavalcante (2023), for example, verified the
feasibility of rehabilitating bauxite-mined
areas through the integrated use of fertilizers,
cover crops, and coffee cultivation. Among
the evaluated species, brachiaria (Urochloa
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Figure 3. Presence of gravel in the area rehabilitated by CBA, in the municipality of S8o Sebastido da
Vargem Alegre, Minas Gerais, in 2024

Figura 3. Presenca de cascalho na area reabilitada pela CBA, no municipio de Sao Sebastido da
Vargem Alegre, Minas Gerais, em 2024
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Figure 4. Water infiltration
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rate curves for the CBA rehabilitated area and the reference area in the

municipality of Sdo Sebastido da Vargem Alegre, Minas Gerais State, Brazil, in 2022
Figura 4. Comportamento da curva da taxa de infiltracdo de dgua no solo na area reabilitada pela
CBA e na area de referéncia, no municipio de Sao Sebastido da Vargem Alegre, Minas Gerais, em

2022
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Table 1. Statistical analysis results for infiltration rate (Ti), infiltration capacity (Ci), hydraulic
conductivity (Ch), and soil moisture (Um) in reference and rehabilitated areas in the municipality of
Sao Sebastido da Vargem Alegre, Minas Gerais State, Brazil, in 2022

Tabela 1. Resultado da analise estatistica para as varidveis taxa de infiltragao (Ti), capacidade de
infiltragdo (Ci), condutividade hidraulica (Ch) e umidade (Um) para a area de referéncia e area
reabilitada no municipio de Sao Sebastido da Vargem Alegre, Minas Gerais, em 2022

U = Mann—Whitney test statistic.
U = teste estatistico de Mann-Whitney.

Table 2. Soil water repellency values (%) obtained in rehabilitated and reference area 0123 for
replicates P1, P2, P3, P4, and P5, over a measurement period from 0 to 330 s, in the municipality of
Sao Sebastido da Vargem Alegre, Minas Gerais State, Brazil, in 2022

Tabela 2. Valores de repeléncia (%) obtidos na area reabilitada e na area de referéncia 0123 para as
repeticdes P1, P2, P3, P4 ¢ P5, com tempo variando de 0 a 330 s, no municipio de Sao Sebastido da
Vargem Alegre, Minas Gerais, em 2022

Time (s) Rehabilitated area Reference area

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5

0 B i} _ i} B i} i} B i} _
30 1.95 1.95 1.46 1.95 0.84 3.12 1.95 0.98 1.46 1.17
60 1.95 1.30 1.95 1.46 0.65 3.90 1.73 0.98 1.39 1.22
90 2.51 1.30 2.28 1.76 0.69 4.39 1.95 0.98 1.30 1.17
120 2.60 1.24 2.51 1.79 0.65 5.36 1.80 1.08 1.24 1.30
150 2.48 1.20 2.68 1.81 0.62 5.63 1.82 1.06 1.30 1.17
180 2.40 1.17 2.82 1.82 0.61 5.85 1.84 1.14 1.25 1.26
210 2.34 1.15 2.73 1.95 0.59 6.63 1.85 1.20 1.30 1.23
240 2.44 1.13 2.84 1.95 0.58 6.38 1.86 1.25 1.26 1.27
270 2.38 1.11 2.76 2.05 0.57 7.09 1.87 1.22 1.23 1.19
300 2.34 1.10 2.81 2.15 0.58 7.15 1.95 1.26 1.27 1.30
330 2.30 1.09 2.85 2.13 0.58 7.80 1.95 1.30 1.24 1.28
Mean 2.34 1.25 2.52 1.89 0.63 5.76 1.87 1.13 1.30 1.23

Overall Mean 1.73% 2.26%

The symbol (-) was assigned to time zero (0). Measurements are recorded 30 seconds after the start of the
test,1 1every ?O seconds. R values < 1 indicate non-repellent soils, and R values > 1.95 indicate extremely
repellent soils.

O simbolo (—) foi atribuido ao tempo zero (0). As medig¢des sdo anotadas 30 segundos apds o inicio do
teste, a cada 30 segundos. Valores de R < | indicam solos ndo repelentes, e valores de R > 1,95 indicam solos
extremamente repelentes.

Table 3. Soil water repellency values (%) obtained in the rehabilitated and reference areas of site
0610 for replicates P1, P2, P3, P4, and P5 during the 0—330 s evaluation period, in Sdo Sebastido da
Vargem Alegre, Minas Gerais State, Brazil, in 2022

Tabela 3. Valores de repeléncia (%) obtidos na area reabilitada e na area de referéncia 0610 para as
repeticdes P1, P2, P3, P4 ¢ P5, com tempo variando de 0 a 330 s, no municipio de S3o Sebastido da
Vargem Alegre, Minas Gerais, em 2022

Time (s) Rehabilitated area Reference area
P1 P2 P3 P4 P5 P1 P2 P3 P4 P5
0 - - - - - - - - - -
30 0.65 0.56 0.28 0.65 3.25 1.95 0.98 31.20 0.59 16.99
60 0.49 0.60 0.29 0.56 1.95 2.60 0.98 19.50 0.75 18.48

Cont...
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Cont...
Time (s) Rehabilitated area Reference area
P1 P2 P3 P4 P5 P1 P2 P3 P4 P5
90 0.56 0.69 0.30 0.35 1.95 2.34 1.17 25.35 0.80 17.31
120 0.50 0.57 0.26 0.42 1.79 2.60 0.98 33.15 0.84 16.18
150 0.55 0.59 0.27 0.33 1.82 2.44 1.11 27.30 0.94 15.19
180 0.57 0.53 0.28 0.44 1.84 2.60 1.22 23.40 0.98 14.86
210 0.59 0.57 0.29 0.39 1.85 2.73 1.13 27.30 1.01 14.50
240 0.60 0.58 0.33 0.34 1.86 2.44 1.06 30.23 1.03 14.13
270 0.59 0.56 - 0.34 1.87 2.60 1.14 33.15 1.05 13.77
300 0.60 0.58 - 0.32 1.88 2.51 1.13 29.64 1.07 13.43
330 0.62 0.60 - 0.38 1.82 2.60 1.11 31.98 1.09 13.10
Mean 0.57 0.58 0.29 0.41 1.99 2.49 1.09 28.38 0.92 15.27
Overall Mean 0.77% 9.63%

The symbol (-) was assigned to time zero (0). Measurements are recorded 30 seconds after the start of the
test, every 30 seconds. R values < 1 indicate non-repellent soils, and R values > 1.95 indicate extremely
repellent soils.

O simbolo (—) foi atribuido ao tempo zero (0). As medi¢des sdo anotadas 30 segundos apods o inicio do
teste, a cada 30 segundos. Valores de R < 1 indicam solos ndo repelentes, ¢ valores de R > 1,95 indicam solos
extremamente repelentes.

Table 4. Soil water repellency values (%) obtained in the rehabilitated and reference areas of site
0630 for replicates P1, P2, P3, P4, and P5 during the 0-330 s evaluation period, in Sdo Sebastido da
Vargem Alegre, Minas Gerais State, Brazil, in 2022

Tabela 4. Valores de repeléncia (%) obtidos na area reabilitada e na area de referéncia 0630 para as
repetigoes P1, P2, P3, P4 e P5, com tempo variando de 0 a 330 s, no municipio de Sao Sebastido da
Vargem Alegre, Minas Gerais, em 2022

Rehabilitated area Reference area

Time (s) Pl P2 P3 P4 P5 Pl P2 P3 P4 P5

0 - - - - - - - - - -
30 163 780 130 260 098 48 683 1014 650  3.90
60 137 390 130 273 098 58 715 737 624  3.90
90 135 2.73 130 251 1.06 488 683 745 613 433
120 122 293 124 238 105 507 663 780 634 46l
150 123 306 125 273 110 446 650 806 650 488
180 121 260 126 244 119 463 780 826 638 540
210 114 273 123 237 111 512 752 842  7.09  5.46
240 120 266 115 273 119 520 836 924 715 585
270 118 240 122 264 117 563 804 929 720 642
300 117 237 116 271 123 607 878 1021 780  7.11
330 116 247 114  2.63 117 636 895 1017 840  7.37
Mean 126 324 123 259 111 529 758 876 688 538

Overall Mean 1.89% 6.78%

The symbol (-) was assigned to time zero (0). Measurements are recorded 30 seconds after the start of the
test, every 30 seconds. R values < 1 indicate non-repellent soils, and R values > 1.95 indicate extremely
repellent soils.

O simbolo (—) foi atribuido ao tempo zero (0). As medig¢des sdo anotadas 30 segundos apds o inicio do
teste, a cada 30 segundos. Valores de R < | indicam solos ndo repelentes, e valores de R > 1,95 indicam solos
extremamente repelentes.

spp.) stood out for substantially increasing
the Soil Quality Index (SQI), particularly
under  fertilized  conditions,  thereby
enhancing the recovery of the physical,

chemical, and organic properties of the
substrate. Complementarily, Balestrin et al.
(2025) observed that assisted natural
regeneration  efficiently  promotes the
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Figure 5. Soil water repellency curves for the rehabilitated and reference areas in the municipality of
Sdo Sebastido da Vargem Alegre, Minas Gerais State, Brazil, in 2022

Figura 5. Comportamento da curva de repeléncia a agua do solo na area reabilitada e na area de
referéncia, no municipio de S@o Sebastido da Vargem Alegre, Minas Gerais, em 2022

recovery of vegetation cover and soil
attributes in mined areas. Fonseca et al.
(2023) also demonstrated that green manure
contributes to the physical, chemical, and
biological recovery of soils while promoting
important ecosystem services, such as
protecting the soil surface from direct
raindrop impact and reducing erosive
processes.

The results of the present study
demonstrate that rehabilitation practices
applied in bauxite-mined areas promoted
substantial improvements in key soil
hydrological attributes, particularly water
infiltration, hydraulic conductivity, and soil
water repellency. Mean hydraulic
conductivity, infiltration rate, and infiltration
capacity were significantly higher in
rehabilitated areas than in reference areas,
with increases of 427%, 130%, and 109%,
respectively.

Although related, infiltration rate and
hydraulic conductivity represent distinct
attributes of soil hydrological behavior.
Infiltration rate describes the intensity at
which water enters the soil over time,
whereas hydraulic conductivity expresses the
soil's capacity to transmit water under a
given  hydraulic  gradient. = Therefore,
structural changes promoted by rehabilitation
can simultaneously influence both variables,
although their controlling mechanisms and
temporal dynamics are not identical.

Water infiltration into the soil depends
on multiple factors, including soil structure,
aggregate stability, surface roughness, bulk
density, pore connectivity, vegetation cover,
soil moisture, and management practices
(Bertol et al., 2015; Brandao et al., 2012;
Vereecken et al., 2019). When these attributes
are degraded, water entry into the soil is
restricted, reducing water storage and
increasing the potential for surface runoff
generation. Thus, the higher infiltration rate
and infiltration capacity observed in
rehabilitated areas indicate that the adopted
practices were effective in restoring soil
hydrological functioning.

Despite the higher values observed in

rehabilitated areas, the large standard
deviations recorded for infiltration rate,
infiltration  capacity, and  hydraulic

conductivity indicate considerable spatial
variability in these attributes, possibly
associated with the heterogeneous pore
network  formed  after  rehabilitation
interventions. Local differences in macropore
distribution and  connectivity  directly
influence infiltration and near-saturated
hydraulic conductivity, potentially resulting
in contrasting hydrological responses even
within the same management area (Kelishadi
et al., 2014). In this context, soil disturbance
associated ~ with  gravel  incorporation
(Silveira, 2017) may have promoted the
formation of larger pores and increased
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surface roughness, reducing soil sealing and
facilitating ~ water  entry.  Unsaturated
hydraulic conductivity, estimated using the
MiniDisk infiltrometer, represents the soil’s
capacity to transmit water under tension
conditions and is strongly influenced by pore
distribution, connectivity, and continuity
(Macedo et al., 2017). The higher values
observed in rehabilitated areas suggest more
favorable conditions for water movement
through the soil profile during the initial
stages of infiltration assessed by the
MiniDisk infiltrometer.

The maximum infiltration rates recorded
in some rehabilitated areas exceeded 900 mm
h™'. However, these values represent point
measurements obtained during the initial
stages of infiltration under controlled tension
conditions imposed by the MiniDisk
infiltrometer. In well-structured soils with
high pore continuity and efficient internal
drainage, elevated initial water-entry rates
may occur locally and do not necessarily
represent steady-state infiltration under
prolonged rainfall events. Consequently, such
values should be interpreted as indicators of
soil hydraulic functioning under the specific
measurement conditions rather than as direct
estimates of infiltration behavior throughout
an entire rainfall event.

The  considerable  depth, natural
drainage, and granular structure of Oxisols
naturally favor infiltration and vertical water
flow, allowing high initial water-entry rates
when associated with favorable soil
structural  conditions  (Borges, 2013;
Embrapa, 2018; Sartori et al., 2005). In
addition to these intrinsic characteristics of
Oxisols, Cenachi (2023) highlighted that
conditions created through rehabilitation may
also contribute to increased infiltration.

The results obtained are consistent with
previous studies addressing hydrology in
post-bauxite-mining environments. Silveira
(2017), evaluating bauxite-mined areas in the
Zona da Mata region of Minas Gerais, found
that rehabilitated areas exhibited
hydrological behavior similar to that of
natural areas. Similar results were reported
by Spletozer et al. (2022; 2024), who
observed not only the restoration of
infiltration in rehabilitated areas but also a
substantial reduction in surface runoff,
reaching values up to fourteen times lower

than those observed before mining activities.
Tang et al. (2019) emphasized that soils with
greater infiltration capacity tend to generate
less surface runoff and exhibit lower
susceptibility to erosion.

In the reference areas, lower infiltration
values indicate physical restrictions to water
flow. These areas were predominantly
covered by brachiaria (Urochloa spp.), used
for grazing and subjected to animal
trampling, a condition that promotes surface
compaction and reduces soil macroporosity.
Brito et al. (2019), evaluating riparian forest
areas converted to pasture using a MiniDisk
infiltrometer, reported significantly higher
infiltration rates in natural areas (556.9 mm
h™") compared with pasture areas (242 mm
h™"). According to the authors, the reduction

in infiltration resulted from surface
compaction caused by livestock
management, a situation similar to that

observed in the reference areas of the present
study. Kelishadi et al. (2014) reported higher
hydraulic conductivity values in agricultural
areas (91.23 mm h™') and lower values in
pasture areas (44.06 mm h™'), attributing
these differences to the greater frequency and
connectivity of macropores in agricultural
soils and the higher degree of compaction
observed in pasturelands, factors that directly
influence soil water movement. Klein &
Klein (2014) emphasized that conservation
practices and management systems that
minimize compaction tend to substantially
increase infiltration and reduce surface water
losses.

In addition to the effects on infiltration
and hydraulic conductivity, a substantial
reduction in soil water repellency was
observed. In general, the reference areas
exhibited higher repellency indices than the
rehabilitated areas. The reference areas
showed an average repellency of 6.22%,
whereas the rehabilitated areas presented an
average value of 1.48%, corresponding to a
77% reduction in soil repellency. This result
indicates that the interventions adopted
during rehabilitation contributed to reducing
the expression of soil hydrophobicity,
thereby creating more favorable conditions
for water infiltration compared with non-
rehabilitated areas.

In area 0610, the rehabilitated site
exhibited repellency in only one of the
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evaluated replicates, resulting in an overall
mean value of 0.77%, indicating the virtual
absence of this property. Compared with the
reference area, this result corresponds to an
approximate  92%  reduction in  soil
repellency, demonstrating the effectiveness
of rehabilitation practices in mitigating soil
hydrophobicity. In contrast, the reference
area recorded high values at specific
sampling points, reaching an average of
9.63%, which classifies the soil as extremely
water repellent according to the classification
proposed by Tillman et al. (1989). This
behavior may be associated with the
predominant vegetation cover, composed of
molasses grass and brachiaria. Molasses
grass produces large amounts of biomass,
and its decomposition releases organic
compounds into the soil. In addition, oils
secreted by the glandular hairs of this species
(Chagas, 2001) may contribute to increased
hydrophobicity during the decomposition
process.

In area 0630, indications of water
repellency were observed in both the
rehabilitated and reference areas. However,
the highest values occurred in the reference
area, classifying the soil as extremely water
repellent according to the criteria established
by Tillman et al. (1989).

Unlike areas 0610 and 0630, area 0123
presented relatively similar mean repellency
values under rehabilitated and reference
conditions, indicating that the response of
soil hydrophobicity to rehabilitation practices
may vary spatially according to local soil
characteristics and vegetation cover.

Water repellency exhibited high spatial
and temporal variability throughout the
evaluation period, corroborating the findings
of Vogelmann et al. (2015b), who highlighted
the difficulty of establishing consistent
patterns of hydrophobicity distribution in
soils due to its pronounced heterogeneity.
This behavior is associated with the partial or
complete coating of soil particles and pore
surfaces by  hydrophobic  compounds,
resulting in different levels of water
repellency (Mattos et al., 2022). Because it is
a transient property, soil hydrophobicity may
change over short time intervals and often
exhibits a reversible character (Oliveira et al.,
2023; Lozano-Baez et al., 2020). Similar
results were reported by Wang et al. (2025),

who evaluated soil water repellency in four
pasture areas in China and observed wide
spatial variation, with values ranging from
65.78% to 100%.

In addition to this heterogeneous
behavior, the distribution of hydrophobic
compounds also influences the intensity of
soil repellency. In this regard, Vogelmann et
al. (2015a)  emphasized  that  the
homogenization of these compounds tends to
reduce soil hydrophobicity. This mechanism
may partially explain the lower repellency
observed in the rehabilitated areas. Soil water
repellency reduces or delays infiltration,
resulting in water accumulation at the soil
surface, which may subsequently be lost
through evaporation or surface runoff (Davis
& Park, 2024; Hewelke et al., 2022). This
phenomenon directly affects the rate of water
entry into the soil and is particularly critical
in highly hydrophobic soils (Alagna et al.,
2019). In the present study, the reference
areas, characterized by higher repellency
indices, exhibited lower infiltration rates
during the MiniDisk infiltrometer tests,
whereas the rehabilitated areas presented
higher values, highlighting the influence of
hydrophobicity on the initial infiltration
process. Carvalho (2024) reported a positive
correlation between soil wetting resistance,
surface runoff, and sediment production, with
more hydrophobic soils generating greater
runoff and sediment yields.

Soil moisture also influences water
repellency. Drier soils tend to exhibit greater
hydrophobicity, whereas increasing moisture
content generally reduces this behavior
(Simkovic et al., 2023). In the present study,
the reference areas showed a higher mean
moisture content (32%) than the rehabilitated
areas (24%).

Although the reference areas exhibited
higher moisture contents, the greater
repellency indices observed suggest that
factors related to soil composition, vegetation
cover, and the presence of hydrophobic
compounds exerted a stronger influence on
this property than soil moisture alone. The
lower moisture contents observed in
rehabilitated areas may be associated with
greater water entry and redistribution within
the soil profile. Under these conditions, water
can percolate more rapidly into deeper layers,
reducing its residence time in the surface
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layer evaluated. These findings demonstrate
that soil water repellency is controlled by the
interaction of multiple factors and cannot be
explained exclusively by soil moisture
conditions at the time of assessment.

Mielnik et al. (2021) emphasized that
soil moisture directly affects soil physical,
chemical, and biological properties. Brito et
al. (2022), studying a tropical riparian forest
in the Federal District of Brazil using a
MiniDisk infiltrometer, observed greater
repellency during the dry season and
virtually no repellency during the rainy
season. Similar results were reported by
Oliveira et al. (2023), who observed
increased repellency during less rainy
months in the Brazilian Cerrado. Confessor
et al. (2024) also found a progressive
reduction in repellency following the onset of
soil wetting, promoting increased infiltration.
To date, no studies have been identified that
evaluated soil water repellency in bauxite-
mined areas using the MiniDisk infiltrometer.

Taken together, the results indicate that
the rehabilitation practices adopted promoted
significant improvements in soil hydrological
attributes by increasing initial infiltration
rates, enhancing unsaturated hydraulic
conductivity, and reducing the expression of
soil  hydrophobicity. These  processes
constitute essential components for the
restoration of ecohydrological functionality
and the long-term sustainability of bauxite-
mined landscapes.

5. CONCLUSION

The rehabilitation of bauxite-mined
areas promoted significant improvements in
soil hydrological attributes, as evidenced by
higher infiltration rates, infiltration capacity,
and unsaturated hydraulic conductivity,
together with reduced soil water repellency
compared with the reference areas. These
findings demonstrate the effectiveness of the
rehabilitation practices in restoring soil
hydrological functionality by enhancing
water entry, redistribution, and movement
throughout the soil profile.

The lower hydrophobicity observed in
the rehabilitated areas indicates more
favorable conditions for water infiltration and
soil water dynamics, potentially contributing
to water percolation through the soil profile
and local groundwater recharge processes.

In addition to demonstrating the benefits
of rehabilitation, this study expands current
knowledge regarding the application of the
MiniDisk Infiltrometer in mined and
rehabilitated areas, a topic that remains
poorly explored in the scientific literature.
The findings highlight the need for further
research to improve understanding of the use
of this equipment and of hydrological
processes under different rehabilitation
conditions.
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