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RESUMO

Areas Umidas localizadas na regido oeste de Minas Gerais vem sendo convertidas
em terras agricolas e de mineracao de argila. O objetivo desse artigo foi avaliar as
diferencas na concentracao e distribuicdo de macro, micronutrientes e outros
parametros fisicos em solos de areas Umidas usados para producao agricola desde
1970 ou pela mineragcdo, comparando com areas Umidas naturais ou nao
impactadas, durante a estacdo seca. Para isso, amostras de solo foram coletadas
em diferentes profundidades em 6 pontos. Por meio de trabalhos de campo, foi
possivel avaliar as mudancas morfolégicas do solo e coletar amostras para realizar
analises fisico-quimicas. As analises granulométricas e a quimica forneceram

informacdes para melhor compreender a extensdo dos impactos ambientais em
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decorréncia de atividades econbémicas desenvolvidas na area. Dentre os pontos
analisados, notou-se mudangas morfolégicas nas areas de cultivo agricola e
principalmente na area de mineragdo, onde ocorre erosdo laminar. A analise
granulométrica mostrou mudanga textural nos locais de cultivo agricola, enquanto
que os demais pontos foram classificados como textura argilosa ou muito argilosa. A
analise quimica mostrou que as areas de cultivo agricola apresentaram teores
elevados de macro e micronutrientes nas camadas superficiais e a saturagdo por
bases foi muito baixa em praticamente todos os pontos estudados. O local da
Mineracdo se mostrou como o mais degradado e menos propicio ao crescimento

vegetal.

Palavras Chave: Wetlands; Conservation; Environmental Impacts; Legislation.

Abstract

Wetlands located in western region of Minas Gerais state have been converted in
agricultural land and clay mining. The objective of this article was to evaluate
differences in concentration and distribution of macro, micronutrients and other
physics parameters in wetland soils used for agricultural production since 1970 or
mining comparing with natural and non - impacted wetland soils, in dry season. For
that, soil samples were collected at different depths at 6 sites. Through field work, it
was possible to assess the morphological changes of the soil and collect samples to
perform physicochemical analyses. Particle size and chemical analysis provided
information to better understand the extent of environmental impacts resulting from
economic activities carried out in the area. Among the points analyzed, morphological
changes were noted in agricultural cultivation areas and especially in the mining area,
where laminar erosion occurs. The particle size analysis showed a textural change in
the places of agricultural cultivation, while the other points were classified as clayey
or very clayey texture. The chemical analysis showed that the agricultural cultivation
areas presented high levels of macro and micronutrients in the superficial layers and
the base saturation was very low in practically all the studied points. The mining site
proved to be the most degraded and least suitable for plant growth.

Key words: Wetlands; Conservation; Environmental Impacts; Legislation.
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1. INTRODUCTION

Soil and water are the two critical components of the Earth’s Critical Zone (LIN
et al., 2015). One the most perfect synergistic relations between water and soil is
found in wetlands areas. The ecological functions and environmental services
provided by wetlands contribute significantly to the biodiversity, they have a “sponge
effect” filtering residues of fertilizers and pesticides, store soil carbon and provide
fiber and fruits for traditional communities (TILTON, 1995).

However, the natural wetlands remain one of the most vulnerable ecosystems
because have been losing area and affecting their capacity to maintain the
functionality between hydric soil and water (GIBBS, 2000). In Brazil, statistical data
on wetland conversion, degradation and a plan for restoring previously converted
cropland not exist, despite their geographic extension in the Brazilian territory
(approximately 30% of the total area) and their diversity and economic importance
(JUNK et al., 2013).

Wetlands are widespread in Cerrado Biome in western region of Minas Gerais
state. The shallow depressed areas are waterlogged during rainy seasons, are
covered by grasses resistant to aquic conditions and present soil profiles enriched
with soil organic matter (SOM) contrasting to surrounded upland. Previous studies
carried out in this landscape have shown that wetland soils concentrate large
amounts of micronutrients from intensive agriculture because their shape (depressed
topographic zones) and wide distribution over the plateau benefit the entry of point
and non-point pollution sources (ROSOLEN et al., 2015a).

The Gleysol presents in waterlogged areas is as natural sink due to its capacity
of retaining chemicals inorganic elements through the adsorption of soil organic
matter (SOM) (GAO et al., 2013). In addition, the concave shape represents a zone
of the convergence flow from rainfall, increasing the risk of runoff towards depressed
areas. In the Minas Gerais state, the conversion of natural wetlands in agricultural
lands started in the 1970’years.

Historically, artificial drainage was techniques used to convert wetlands for
agricultural land, allowing the crops expansion from the border toward the center of
the depression. The land use conversion was encouraged and financed by the
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Brazilian government (Provarzeas or National Program for the Use of Irrigable
Floodplains - Federal Decree n. 86146/81).

Nowadays, the practice is prohibited by federal environmental regulations
(Forest Code — Federal Law n° 12.651 of 2012) which considered wetlands
Permanent Preservation Areas. Nevertheless, the compliance with legislation is not
effective and the conservation is uncertain (ROSOLEN et al., 2015b). It is known that
once drained and along the time, wetlands soil can loss water and organic matter,
changing its natural properties (EWING and VEPRASKAS, 2006). Because the
studied area is inserted in a central area of agribusiness, producing mainly corn and
soybean, wetlands receive the input of fertilizer and lime at least two times per year,
before planting, in order to increase the fertility of the lateritic soils. Agricultural
production is responsible to release macro and micronutrients that potentially
accumulate in soils of wetlands, reflecting on the reduction of plants diversity and loss
of water quality (BEDFORD et al., 1999; EWING et al., 2012).

In view of the expose, the objective of this article was to assess differences of
concentration and distribution of macro, micronutrients and other physics parameters
in soils of wetlands used for crop production since 1970 or mining comparing to
natural and not impacted wetlands soils. We hypothesized that after several years
receiving limes and fertilizers from agriculture and because of the revolving of the soil
by the mining, the natural chemical, physical and morphological characteristics of
soils in wetlands have sensitively changing.

2. MATERIALS AND METHODS

The area of study has approximately 728.43 km? and is located in Minas Gerais
state, between the municipalities of Uberaba and Uberlandia (19¢ 26 "51 'S and 47°
53" 83' W) on a sedimentary flat plateau (Figure 1).

This plateau is a branch of the Brazilian Central Plateau, which was originally
covered by the Cerrado Biome vegetation. The Cerrado Biome is the last Brazilian
agricultural frontier areas under native vegetation, and the high seasonality with
extensive dry periods annually associated with low fertility soils demanding water
availability for irrigation and appropriate management for land use expansion
(RODRIGUES et al., 2018).
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Figure 1: Study area, with presentation of collection points and soil analysis in
the region between the municipalities of Uberlandia and Uberaba (MG)
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Source: Prepared by the authors.

The average altitude is 970 m.a.s.l. and the climate is characterized by a
pronounced dry season (from May to October) and a rainfall season during summer
months (from November to April). The average annual rainfall is 1,516 mm, and the
average annual temperature is 23°C.

Sandstones of the Marilia Formation (Bauru Sub-basin - Upper Cretaceous)
characterize the geology (BASILICl et al., 2012). In wetlands dominate Gleysol typical
of environment with excess of water. The soils may be permanently or temporarily
waterlogged, according to the rise and fall of the groundwater level following the
alternating wet and dry seasons. Grass dominates in anoxic soil conditions
(VEPRASKAS et al., 1994).

Wetlands are surrounded by soybean and maize crops and their borders
(transition zone between dry and wet soils) were converted to tillage system after

removal of the original herbaceous and shrubby vegetation.

2.1 Soil Description and Sampling
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For the description and morphological sampling of the soil, six different areas
were selected. Trenches were opened according land use, representing natural
wetlands and wetlands converted into agriculture and mining (Table 1).

Table 1: Points where soil samples were collected, with information on
altimetry and observed depths.

Collected Denomination Altimetry
samples (land use) (m) Depths sampled
0-20 cm; 20-40 cm; 40-60
P1 Murundu 942 cm: 60-80 cm
P2 963
P2.1 Murundu 2 963
P2.2 963
P3 984
P3.1 983 0-20 cm; 20-40 cm; 40-60
——————— Drained Murundu cm
P3.2 974
P3.3 980
P4 Cane plantation 942
Soybean
P5 plantation 982
P6 976
—_— Mining 0-20 cm; 20-40 cm
P6.1 976

Source: Prepared by the authors.

In total, were opened 12 trenches and denominated P1 (Murundu), P2, P2.1
and P2.2 (Murundu 2), P3, P3.1, P3.2 and P3.3 (Drained Murundu), P4 (Cane
plantation), P5 (Soybean plantation), P6 and P6.1 (Mining) were opened.

The points "Murundu" and "Murundu 2" correspond to natural hydromorphic
areas, without anthropic use. The points called "Soybean plantation” and "Cane
plantation" are areas of agriculture. The "Mining" point refers to an old area of clay
extraction. The other areas refer to the areas that do not have natural vegetation,
being denominated "Drained Murundu".

Soil profiles were described by layers according to the FAO Soil Description
Manual (2006) and Vepraskas et al. (1994). In each described layer, soil samples
were collected for chemical and physical analysis.

In the description of soil profiles based on the FAO proposal (2006), the
properties of color (MUNSELL Soil Color Charts, 2000), texture, structure and

cohesion were considered.
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The Munsell color system is a means of visually identifying and matching
colors using a scientific approach, where the first step is to understand the three
colors attributes (hue, value and chroma, also known as HVC). In this sense, hue is
a color, such as green, red, or blue, for example. Value tells how light or dark a color
is, while chroma refers to how weak or strong a color is (MUNSELL Soil Color Charts,
2000).

Soil color descriptions should be determined out of direct sunlight and by
combining a broken ped with the color chip from Munsell's soil color charts.
Furthermore, it is noteworthy that early morning and late evening readings are not
accurate.

The other characteristics were evaluated from the visualization of the
appearance of the samples and through touch. Soil structure and soil cohesion were
described in terms of grade, size and type of aggregates. In this case, when a soil
horizon contains aggregates with different characteristics, each aggregate type must
be described separately.

In order to evaluate the water saturation time using only morphological features
in the field, the color and the presence of the stained horizons of the wetlands
Gleissolos were considered according to the proposal by Vepraskas et al. (1994). In
this proposal, the authors attribute the permanence time of water in the soil and the
saturation time (oxi-reduction) by the presence of spots and by the chroma of the soil.
The stains refer to the concentrations of Fe oxides, so the amount and chroma (< 2)
of the stains are directly related to the duration of water in the soil profile.

To assess the water table level, descriptions made for points of the same
altitude were compared, specifically analyzing the depth at which the water level was
observed.

2.2 Physical Analytical Procedures

The granulometric analysis was made to obtain the size of particles and
percentage of occurrence used to obtain the soil particle distribution curve and was
used in the soil textural classification (NOGUEIRA, 2005).

Initially the sample was dried in an oven at 45°C and buffered in agate mortar.
Each sample was weighed and placed in beakers. In this test were used 45.7 g of
sodium hexametaphosphate (deflocculant) for each 1L of water, 125 ml of this
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solution was added in each sample (NOGUEIRA, 2005). Later, each sample was
placed on an agitator and then washed on a cylinder. The sands that remained in the
sieve were transferred to beakers and placed in an oven at 45°C. In relation to the
sieving, the aim was to separate the different sizes of sand (coarse, medium and
fine), using a set of sieves of varied diameters
(0.0583mMm<0.074mm<0.149mm<0.250mm<0.297mm<0.042mm<0.059mm<1.19mm
<2.00mm<4.76mm). The material of each beaker was deposited in the upper sieve
of diameter of 4.76mm. The set was agitated for 5 minutes, and at the end of the
agitation period, the material retained in each sieve was weighed (NOGUEIRA,
2005).

With respect to the silt and clay present in the cylinders, the samples were
mechanically agitated and the measurement of the sedimentation time of the silt and
clay fractions was started. Measurements were made with the densimeter at each
pre-determined time period, in the test tubes (NOGUEIRA, 2005). With the values of
the test it was possible to obtain the gran size curve.

2.3 Chemical Analytical Procedures

In the laboratory, soil samples were homogenized and oven dried at 50°C then
sieved (nylon mesh) to obtain the fraction of < 2 mm (fine earth fraction).

The samples were analyzed for the Sortivo Complex and other parameters, as
a matter organic (MO), aluminum saturation (m), bases saturation (V), micronutrients
(Cu, Zn and Fe) and macronutrients (Ca?* and Mg?+).

Ca?* and Mg?* were extracted by ion exchange resin and determined by
atomic-emission spectrophotometer. The exchangeable Al was obtained by
colourimetry and extracted with potassium chloride 1 mol L-'. Base Saturation (V)
was calculated as the sum of K+, Ca?*, and Mg?*. Aluminum Saturation (m) was
obtained by the relationship between the exchangeable base contents in the soil and
the aluminum concentration. Mn, Cu, Zn and Fe were determined by Atomic
Absorption Spectrometry (AAS). The analyses were made in the Laboratory of Soil

and Soil Fertility of Federal University of Vigosa (Vigosa, Brazil).

2.4 Statistical Analysis
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In order to statistical analysis the similarities and differences between the
samples, was used the Kruskal Wallis statistical test.

The Kruscal-Wallis test is the nonparametric test used when comparing three
or more independent samples with respect to a single variable. This test indicates
whether there is a difference between at least two of the samples (McKNIGHT and
NAJAB, 2010).

3. RESULTS AND DISCUSSION
Based on the application of the methodological procedures, results were
obtained regarding the profiles, granulometric composition and soil chemistry.

3.1 Characterization of soil profiles

The morphological features in each profile were described by layers (Figure
2), grouped as they present common characteristics, in order to assess the
morphological differences present in the sampled areas and which may be associated
with different land uses.

e P1 (Murundu)

This point is located at 942 m of altitude and refers to a natural hydromorphic
area, having been described four layers of soil up to 80 cm.

According to the characteristics presented, the 60-80 cm layer is considered
as the typical lateritic spotted horizon, with the presence of hardened red spots and
small iron nodules, whose genesis is associated with the presence of a high water
table in periods of year (VEPRASKAS et al, 1994).

* P2 (Murundu 2)

Refers to a natural hydromorphic area, having been described three layers of
soil up to 60 cm. This profile, also without anthropic influence, differs from P1
(Murundu) by presenting a color that indicates characteristics close to the matrix of
the yellow Latosol, showing that it is a transition profile.

There was no significant change in the color of the first layer comparing P2
(Murundu 2) with P1 (Murundu), while the other layers showed a change in hue, which
was 2.5 in P2 (Murundu 2) and 7 .5 at P1 (Murundu) for the 20-40cm layer.
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The massive structure and very hard when dry, a characteristic present in all
layers, reflects the little structural development common in areas with excess water
in the soil. This characteristic makes the soil susceptible to greater erodibility by
providing greater surface runoff (CAPECHE, 2008).

At P2 (Murundu 2), the water table did not outcrop and the presence of
ferruginous nodules in the profile was not observed. The absence of water table and
oxidation-reduction characteristics may be related to the higher altitude of this profile,
with 963 meters, compared to P1 (Murundu) which is at 942 meters of altitude. Thus,
the higher altitude observed in P2 (Murundu 2) may justify the fact that the water table

is deeper.

* P83 (Drained Murundu)

It represents an area where drains were installed for the cultivation of soybean
and corn. This soil profile has an excessively hard consistency, which is related to
soil densification, a type of natural compaction that generates limitations in the
physical nature of the soil with regard to plant development, which can cause
chemical limitations, alternating soil capacity in absorbing nutrients, for example
(EMBRAPA, 2018).

This point is located at 984 meters of altitude, a fact that may justify the non-
upwelling of the water table. The colors of the layers in P3 (Drained Murundu) are
similar to the colors observed in P1 (Murundu), although there are changes in one of
the soil color variables, such as hue, which in P3 (Drained Murundu) is 10, while at
P1 (Murundu) it is 7.5 for the 20-40cm layer.

» P4 (Cane plantation)

In P4 (Cane plantation), a trench was opened up to 60 cm and described in
three layers. This profile differs from P1 (Murundu) due to the lower contrast between
the surface (0-20 cm) and subsurface (20-40 cm) layers, a fact possibly related to soil
disturbance for planting.

In the superficial layer (0-20 cm), a change in the color of the soil was
observed, being darker in P4 (Cane plantation) when compared to P1 (Murundu),
probably due to agriculture that turns the soil and incorporates a greater amount of
organic matter (SANTOS, 2007).
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In this profile, the soil was massive, therefore without structure in the most
superficial layer, unlike P1 (Murundu), which presented a lumpy structure. The lack
of soil structure, among other factors, may be related to agricultural cultivation.

In P4 (Cane plantation), the height of the water table was 40 cm deep, while
in P1 (Murundu) the water table was observed at 24 cm, and these two points are at
the same altitude (942 meters), highlighting a lowering of the sheet level.

It is noted that there is no development of the spotted horizon as in P1
(Murundu), a fact that may be related to sugarcane cultivation practices, since
agriculture influences the soil, changing its structure and the height of the water table
(EWING et al., 2012).

» P5 (Soybean plantation)

P5 (Soybean plantation) refers to a soybean growing area with trench opening
up to 60 cm. When comparing this soil with P1 (Murundu), it is clear that there are
structural and color differences between these profiles.

Regarding the soil structure, P5 (Soybean plantation) presents a micro
aggregated structure, while P1 (Murundu) presents a lumpy structure in the first layer
and massive in the others.

The color of P5 (Soybean plantation) has a red hue, while the color of P1
(Murundu) is an orange hue, with regard to the surface layer (0-20 cm).

In this soil profile, the water table was not observed, which may be related to
the higher altitude of this point, which is at 982 meters, compared to profiles P1
(Murundu) and P4 (Cane plantation), which are at a lower altitude of 942 meters.
Thus, the water table does not outcrop up to 60 cm at P5 (Soybean plantation) due
to its higher altitude.

* P6 (Mining)

Two trenches were opened and two layers (0-20 and 20-40 cm) of soil were
described for each one. The first layer of P6 (Mining) was described as a
microaggregated and non-cohesive clay.

Another characteristic observed in the two trenches opened for P6 (Mining)
refers to soil compaction, which was described for the second layer (20-40 cm). This
characteristic hinders the infiltration of water in the profile and makes it more
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susceptible to laminar erosion, compromising the reestablishment of vegetation
(SANTOS, 2007; STUMPF et al., 2011).

With the closure of the mining pits and the incorrect handling of the soil, it
becomes more compact, providing the occurrence of laminar structure (CAPECHE,
2008; STUMPF et al., 2011).

Laminar erosion is a common type of erosion in these structures and is
associated with water runoff on the soil surface when it presents poor infiltration,
providing the removal of superficial soil layers (TROEH & THOMPSON, 2007).

This erosive process is associated to inadequate land use practices, which
include mining activities when there is no correct recovery of the area (TROEH &
THOMPSON, 2007).

Among the soil profiles presented in this study, P6 (Mining) stood out for the
great change in structural morphological features compared to the other points,
showing that the performance of mining activities generates important and negative
changes in the soil.
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Figure 2: comparison of soil profiles, with description of morphological characteristics identified through observation and
sampling at the points mentioned.

COMPARISON
Layer o . . Description P3 Description P4 Description P5 D intion P6 .
(cm) | P1 (Murundu) Description  |p2 (Murundu 2) [Peseription P2 p3 (Drained (Drained P4 (Cane (Cane P5 (Soybean (Soybean P6 (Mining) escription Description P6.1
P1 (Murundu) (Murundu 2)|  Murundu) Murundu) plantation) plantation) plantantion) plantantion) (Mining T2) (Mining T4)
Olive light bruno (2,5Y _ Dark yellowish Brown 6
5/4), clayey, occurrence Very dark greyis| bruno (10YR 4/4) (10 YR 4/3), -
of small Tumps hardened bruno Olive light bruno clayey, clay, White clay, While clay,
0-20 clay (in the same color), (2,5Y 3/2), (2,5Y 5/6), sticky, massive, microaggregate friable, friable,
X porous, presence of many imassive structure massive structure without roots lightly structure microaggegale, micmagg}'egale,
fine roots (<0.2 mm) and and very hard. and overly and homogeneous and yellow not cohesive and |  not cohesive and
saturated. hard. volumes from the moist. moist.
| | horizon lower.
—_— —_—
Live bruno (7.5YR5/8), | [ e
clayey, massive, presence » .
yng many fine Ecu)ts Ozllg't‘?{:r:;nn Yellowish Yellow bruno HeEsEaBE P6.1 ) ‘
(<0.2 mm), occurrence ( . ), bruno (10YR 6/8), light (10YR 6/4), oA White clay, White clay,
20-40 - e massive structure ssive structure : _ transition laminar structure, laminar structure,
of patches oxidation massive structure clayey, sticky diffuse by color. i i
d the roots. and very hard. and overly and homogeneous 9697 e tightly tightly
aroun . hard compacted and compacted and
w(:iry ;tmroiu:j . massive. massive.
and saturated.
Yellowish bruno .
(2,5Y 6/3), clayey, . Very pale bruno Yellow 15]: red
sticky, massive, Yellowish bruno Live bruno (10YR 7/3), (5YR 5/8).,
presence of (10YR 6/6), (15 YR 58), clayey, sticky clay?:; dslrlrf:ll red
micropointments of massive structure massive structure and yellow matrix . Nonexistent
4050 ycllt)\lz' iron oxides and very hard. and overly with red nodules and red very pale SR e
and red with sizes hard. Teolted: imdulesl,1
varied and microporous. 0 S,
Red (2.5YR 4/8)
60-80 of the nodutes, Nonexistent Nonexistent Nonexistent Nonexistent Nonexistent Nonexistent

yellow (2,5Y 6/3) and
gray (2.5Y 7/1).

Source: Prepared by the authors.
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3.2 Grain Size Composition of Soils

The granulometry has great importance in the characterization of the soil and in
the identification of natural or anthropic processes that occur in it (RAIJ, 2011). The
study of mineral fractions reflects soil characteristics, profile drainage and cation
exchanges (ARAUJO et al., 2012). In general, the samples analyzed with respect to the
mineral fractions were classified as very clayey in places where the soil is used to
agriculture or where the soil was drained (Table 2).

Table 2: Particle size distribution of soils sampled in the study area, with
determination of the textural category.

Coarse Fine .
SITES Samples D(sr'::)h Sand | sand | SNt | Clay g;:;u‘:sy ﬁggfgfsg‘l-\e
Percentage (%) Texture Triangle
0-20 12 3 37 48 Clay representation
20-40 23 5 25 47 Clay
Murundu P1
40-60 24 4 24 48 Clay Red
60-80 23 3 25 49 Clay
0-20 24 4 9 63 High clay
P2 20-40 17 4 14 65 High clay
40-60 15 4 11 70 High clay
0-20 9 3 11 77 High clay
Murundu 2 P2.1 20-40 9 2 13 76 High clay Purple
40-60 9 2 13 76 High clay
0-20 24 3 6 67 High clay
pP2.2 20-40 23 4 13 60 High clay
40-60 15 4 11 70 High clay
0-20 8 4 27 61 High clay
P3 20-40 9 3 9 79 High clay
40-60 12 3 6 79 High clay
0-20 9 5 36 50 Clay
P3.1 20-40 12 5 12 71 High clay
Drained 40-60 11 5 11 73 High clay Green
Murundu 0-20 8 3 14 75 High clay
P3.2 20-40 7 2 14 77 High clay
40-60 10 3 15 72 High clay
0-20 8 3 12 77 High clay
P3.3 20-40 14 4 14 68 High clay
40-60 14 4 8 74 High clay
Cang P4 0-20 15 1 36 48 : Clay Yellow
plantation 20-40 13 2 41 44 Silty clay
pslgxt';‘:;"n P5 20-40 13 2 48 | 37 | siltyclay loam Blue
Mining P6.1 *kk *hk *rk *rk *kk *kk represbtla(r)ltation
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Source: Prepared by the authors.

From the obtaining of the percentages of the three mineral fractions (sand, silt
and clay) the texture of the analyzed soils was determined, using the USDA-USA

textural triangle (Figure 3).

Figure 3: UDSA-USA Texture Triangle, with identification of the soil texture from
the plotting of information for each point analyzed in the study area
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The characteristics of the studied soils are linked to the biochemical and physical
weathering processes that act on the parent material, the Marilia Formation sandstones.
In this sense, the transformation of the parent material occurs with the disaggregation
of the rock and the gradual mineral change, leading to the generation of new minerals,
called secondary (TROEH & THOMPSON, 2007).
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The sand fraction corresponds to the primary minerals of the parent material,
such as quartz and other resistant minerals, while the clay fraction corresponds to
secondary minerals formed by weathering processes (TROEH & THOMPSON, 2007).

Table 2 shows that of the 27 samples analyzed, 25 of them showed a
predominance of the clay fraction in the different layers of the profile.

In general, samples classified as very clayey are found in the northwest portion
of the study area, places where the soil is used for mining and soybean cultivation or
where there has been a change in vegetation cover.

The samples from P1 (Murundu) were classified as clayey, but they are at the
limit of the clayey-silty fraction, as well as the most superficial layer of P4 (Planting
sugarcane).

Sample P5 (Soybean planting) was classified as silty-clay loam and sample P4
(Sugarcane planting), in the 20-40 cm layer, was classified as silty-clay. It is noteworthy
that not enough sample was collected in P6 (Mining) because the soil was completely
compacted and mixed with laterite residues.

The occurrence of clayey soils is related to fertile soils, since clay presents
particles with electrical charges, attracting plant nutrient ions to the surface and making
them available to plants.

Clay stores more water in the soil profile, retaining it and making aeration more
difficult. Thus, it is noticeable that some physical properties of the soil are directly
associated to its textural class.

Clayey and very clayey soils stand out due to their greater porosity and high
cohesion, providing poor drainage of water in the profile. Furthermore, these soils are
characterized by their great susceptibility to compaction (REINERT & REICHERT,
2006).

It should be noted that the clayey soils of the South American erosion surface, in
the Tridngulo Mineiro region, are a product of the weathering of other sedimentary
material that covered the Marilia Formation (Marques et al., 2003).

The high presence of clay in the soil is related to the geological age of the material
and the intense weathering process to which the rock was subjected. These soils have
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a kaolinitic composition with a strong presence of iron and aluminum oxides (MOTTA et
al., 2002; COELHO, 2017).

Thus, the occurrence of a higher percentage of the silt fraction in some samples
shows soils that are in the process of alteration and are capable of forming more clay,
replacing what is lost by processes such as erosion, in addition to providing nutrients for
plant growth by weathering (TROEH & THOMPSON, 2007).

As for the economic activity developed in P4 (Planting of sugarcane) and P5
(Planting of soy), or the alteration of the soil in P3, P3.1, P3.2 and P3.3 (Murundu
Drenado), it is not possible to establish a direct relationship between soil management
and the observed textural change.

3.3 Chemical Composition of Soil Profiles

The statistical results of the nonparametric Kruskal Wallis test showed that the
samples presented similarity between the points for the analyzed parameters, being
possible to make a comparison between the chemical data of these points.

Graphics were constructed for the surface layer (0-20 cm) and subsurface layer
(20-40 cm) for a better understanding of the changes in relation to the parameters
analyzed. The graphs only contemplate these layers because they are the only ones
described and analyzed for the P6 (Mining), enabling the comparison.

The chemical data indicated a higher concentration of macronutrients (Ca and
Mg) in the surface layer (0-20cm) at almost all points (Figure 4), with the exception of
P2. The subsurface layer (20-40cm) showed, mainly, low to medium levels for calcium
and magnesium at the points analyzed in comparison to the reference values of Raij
(2011).

The high levels of these macronutrients in the surface layers can be attributed to
the fertilization (EWING et al., 2012). Prolonged agricultural cultivation also influences
the high levels of calcium and magnesium in the most superficial layers of the soil. The
presence of organic matter in the surface layer favors the fixation of these
macronutrients, increasing their levels (EWING et al., 2012).
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Figure 4: Calcium and magnesium concentration graphs in surface and
subsurface analyses.
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Source: Prepared by the authors.

Regarding the micronutrients (Figure 5), the zinc contents varied from medium to
high values in the surface layer (0-20cm) and low to medium in the subsurface (20-
40cm), in the same way as the manganese. The occurrence of high concentrations of
zinc may be related to the addition of pesticides and fertilizers to the soll
(BJERREGAARD and ANDERSEN, 2007; KELEPERTZIS, 2014).

The values of iron varied from medium to high in the surface layer (0-20cm) and
in the subsurface layer (20-40cm) with the exception of P6 and P6.1 (Mining). The
values corroborate the fact that tropical soils are enriched with iron oxides, considered
in this case, as secondary residual product of the weathering process on the Marilia
sandstone.

Zinc and iron can become toxic to plants, inhibiting their growth and leading to
root necrosis and consequently death of vegetation, being considered soil contaminants
(ALEXANDRE et al., 2012).
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The copper presented medium to high levels at all points (Figure 5), both for the
surface layer (0-20cm) and for the subsurface layer (20-40cm), a fact that is related to
the affinity of this element with the soil clays, linking to them (BJERREGAARD and
ANDERSEN, 2007).

Figure 5: Zinc, iron and copper concentration graphs in surface and subsurface

samples.
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Wetlands function as sinks for some elements, such as metals, the use of these
areas for agriculture poses a great environmental risk by adding some metals to the soil
(LAU, 2000). Changes in vegetation cover, drainage and fertilizer addition to the soil are
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practices that alter some chemical properties (BRULAND et al., 2003; GATHUMBI et
al., 2005; WORKU et al., 2014).

The organic matter presented values ranging from low to medium in the surface
(0-20 cm) and subsurface layer (20-40 cm) (Figure 6). At the points P6 and P6.1
(Mining), the values obtained were 0.13dag/kg (RAIJ, 2011), due to the lack of
vegetation at that point. However, because this has been a highly modified soil, the
organic matter content reflects the complete removal of the surface layer, with
subsequent impact on the deeper layers.

The base saturation on the surface layer (0-20cm) ranged from low to high, while
values for the subsurface layer (20-40cm) were quite low (Figure 7).

Figure 6: Surface and subsurface organic matter concentration graphs at
sampled points
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Figure 7: Surface and subsurface base saturation graphics at sampled points

Source: Prepared by the authors.
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The aluminum saturation presented low values in most of the sampled points
(Figure 8), except for the P2, P2.1 and P2.2 (Murundu 2) and P6 and P6.1 (Mining) for
the surface layer (0-20 cm). This parameter was detected in high quantities in P2.1 and
P2.2 (Murundu 2), P3.1 and P3.3 (Murundu Drained), P5 (Soybean Planting), P6 and
P6.1 (Mining) in the subsurface layer (20-40cm).

According to Embrapa (2010), the amount of aluminum in the soil is related to the
content of kaolinite clay, since aluminum is present in this type of clay. The large amount
of aluminum is inversely proportional to the occurrence of the sand fraction in the soils,
and as observed in the particle size analysis (MARQUES et al., 2003), the sand fraction
represents only about 10% of the composition of these soils.

The studied soil is abundant in kaolinite in the deeper layers, whereas the gibirite
is present mainly in superficial and subsurface layers (COELHO, 2017).

The high amounts of aluminum may be harmful to plant development, however,
according to Jansen et al. (2003), for some native plants of the Cerrado the aluminum
oxides gain importance when participating in the composition and construction of the

soil structure.

Figure 8: Aluminum concentration graphs at different collection points and

depths
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Source: Prepared by the authors.

The impacts observed in relation to changes in soil structure, lowering of the

water table, higher concentration of macro and micronutrients, excess of aluminum and
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other changes, are a reflection of the inefficiency of the actions in favor of the wetlands
conservation. Even with a large number of laws related to conservation and protection

of the environment, environmental legislation is not clear about wetlands.

4. CONCLUSION

Six points were analyzed, with the collection of 12 samples to identify physical-
chemical changes and in the morphology of the studied soils, as well as alterations in
the water table.

Through the characterization of the soil profiles, it was possible to observe some
morphological changes in the soils of P3, P3.1, P3.2 and P3.3 (Murundu Drained), P4
(Cane planting), P5 (Soybean planting), P6 and P6.1 (Mining). There was a change in
the water table at P4 (Sugarcane Planting) compared to P1 (Murundu), which are at the
same altitude, while in the other points the water table was not found, possibly due to
the higher altitude.

As for granolumetric analysis, most samples were classified as clayey or very
clayey, with the exception of the sample (20-40 cm) from P4 (Sugarcane plantation) and
P5 (Soybean plantation), which were classified as silty clay and silty clay loam,
respectively. However, the changes observed in particle size were not directly related to
the use of these soils for agricultural purposes.

The chemical analyzes showed high levels of micro and macronutrients in these
soils, mainly in the superficial layers of P4 (planting sugarcane) and P5 (planting soy),
low base saturation in most points and high aluminum concentrations, mainly in P6 and
P6.1 (Mining). Through chemical analyses, changes derived from land use for
agricultural purposes were perceived, as well as by mining.

Thus, the analysis carried out in the study area confirmed the initial hypothesis,
due to changes in the chemical, physical and morphological characteristics of the soil.
Thus, prolonged agricultural cultivation and mining activities cause changes in soil
characteristics, such as changes in nutrient concentrations, soil structure and plant
growth.

Wetlands around the world present an essential role in the natural ecological

balance, as they are home to different animal species and are habitats for a wide variety
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of plant species with specific characteristics. In addition, they perform economic and
social functions by storing and purifying water, storing organic carbon, regulating the
regional climate, in addition to being suitable for the development of tourist and
economic activities.

This research demonstrated the need for more studies in wetlands, which help in
territorial planning actions, as well as in the establishment of clearer and more specific
legislation regarding the conservation and protection of this biome due to its importance.
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