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1 INTRODUCTION

ABSTRACT

Soils in areas of agricultural production, in the
Cerrado region, when under intense cultivation, can
present alterations in the chemical and physical
constitution. This work aimed to evaluate the
physical and chemical quality of the soil, at
different depths in different land use systems
(SUT): sorghum, rubber tree, pasture and native
Cerrado in the municipality of Frutal-MG. In each
SUT area, three samples were collected, at two
depths. The design wused was completely
randomized 4x2, with four cropping systems and
two depths, in three areas with the same SUT. The
native forest system at a depth of 20-40 cm showed
better values for electrical conductivity. For soil
moisture the depth 0-20 cm were higher in the
pasture, native forest and rubber tree systems, and
20-40 cm was native forest, between the depths the
pasture system was greater in 0-20 cm. SUTs
pasture showed higher soil density at depth 0-20 cm
within and between depths. In the chemical analysis
of the soil, regardless of the depth, the native forest
has higher acidity. The copper content in the 20-40
cm depth, within the SUTs and depths, is higher for
pasture, native forest, and rubber trees. In the sum
of the bases within the 0-20 cm depth, the SUTs
with the highest value were pasture, native forest
and sorghum.

Keywords: Macro and micronutrients, Land use
system, Agricultural sustainability.

Grain production in Brazil may break records in the 2022/2023 harvest, with production of

312.2 million tons, 40.8 million tons more than in the 2021/22 harvest, representing a 15% increase in

production, with the state of Minas Gerais being one of the largest grain producers in the country with

an expected increase of 8.5% (CONAB, 2023). On the other hand, the areas destined for pastures have

decreased, but productivity has been increasing, reaching 149.7 million hectares (IBGE, 2018).

Exploring the Field of Agricultural and Biological Sciences
Evaluation of the physical and chemical quality of the soil in different land uses, Frutal, MG



Planted forests in Brazil extend over about 7 million hectares, and the state of Minas Gerais
leads in planted area, with 1.49 million hectares, the main species being: pine, eucalyptus and rubber
tree (CNA, 2020). These production areas are mostly located in areas that were originally Cerrado.

These soils, under natural conditions and corrected acidity, reveal favorable conditions for
agriculture and livestock through their physical attributes. However, when under intense cultivation,
they undergo changes in their chemical constitution (nutrients, organic matter, pH) and physical
constitution (texture, structure, density, porosity). Thus, soils submitted to different management
systems will tend to a new stable state, which may present a reduction in soil quality (SILVA, 2013;
D'ANDREA, 2018).

The effects on the physical and chemical attributes of the soil in each management system
depend on the type of tillage, the intensity of turning, the traffic of machinery, the types of equipment
used, the management of plant residues and the soil moisture conditions at the time of tillage (VIEIRA;
MUZILLE, 1995).

In general, the intensity of cultivation with soil turning has been observed by several authors
as the main responsible for the increase in soil density and resistance to penetration and reduction of
porosity (ALVARENGA; DAVIDE, 2009; D'ANDREA, 2018). The degradation of soil structure leads
to a reduction in soil quality, consequently reduces plant development and increases the predisposition
to accelerated water erosion, leading to loss of organic matter.

With the adoption of the appropriate cultivation system, seeking soil conservation and
improvement of the system, conventional cultivation techniques are changed. Among these, the non-
turning of the soil is always the first to be adopted. However, the absence of soil turning after several
years under conventional management (plowing and harrowing) leads to a greater face-to-face
rearrangement of soil mineral particles, resulting in a less favorable condition for cultivation than the
conventional system previously adopted, since there will no longer be a mechanical increase in soil
porosity due to turning (SANTOS et al., 2018b).

However, depending on the sustainable management practices adopted and the climatic
conditions of the site, results are observed that indicate improvements in soil quality in the system after
3 to 4 years of implementation (MATA et al., 2021), such as increased porosity and carbon stock, in
addition to reduced soil density and resistance to penetration.

Thus, it is important to continuously monitor these changes in order to produce information
that supports interventions in these systems, aiming at improving soil quality with a consequent
increase in crop productivity.

The objective of this study was to evaluate the physical and chemical quality of the soil at
different depths in different land use systems (SUTs): sorghum, rubber tree, pasture and native Cerrado

in the municipality of Frutal-MG.
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2 THEORETICAL FRAMEWORK

The study of the variation of soil attributes over time allows us to quantify the magnitude and
duration of changes caused by different management systems (SILVEIRA et al., 2011). These attributes
are important to establish whether there has been degradation or improvement of soil quality in relation
to a given management system (REICHERT et al., 2009).

The physical properties of the soil are of paramount importance due to the fact that they are
linked to root growth; storage and supply of water and nutrients, gas exchange, and biological activity
(ARSHAD; MARTINS, 2002). With the mechanization of labor in the field, soil compaction has
become much more intense due to the fact that the machines have a large mass concentrated in small
points (wheels), thus making it necessary to manage the soil with appropriate implements for soil
decompaction.

However, agricultural machinery and implements, depending on soil moisture can increase
compaction, this is also linked to the type of management and crop to be applied in the area, so it is
necessary to study the cultivation environment, indicators and soil attributes.

The main physical indicators that have been used and recommended are texture; thickness (A
horizon; solum); soil density; resistance to penetration; porosity; water holding capacity; hydraulic
conductivity; and aggregate stability (ARAUJO et al. 2012).

In the agricultural areas that are used for the first time, the soil has favorable conditions for the
cultivation of plant species and presented an excellent production result. With the passage of time and
the frequent use of the area, in addition to physical changes, the soil will also present chemical changes,
causing productivity to reduce, no longer being interesting for the producer. In order for this not to
happen, the owner must alternate crops (crop rotation/succession) so that the nutrients and properties
of the soil are not depleted.

Knowledge about the particle size distribution of solid soil particles is essential in several
situations, such as in the determination of texture, in studies on compaction and water movement and,
consequently, for understanding the erosive processes that involve transport and deposition of particles,
including nutrients essential to the development and productivity of plants (SILVA; FILE;
ZUCOLOTO, 2011).

Soil attributes influence plant development, such as soil density, texture, porosity and stability
of soil aggregates (MONTANARI et al., 2015). The main changes are evidenced by the decrease in
gas exchange, the rate of water infiltration into the soil and the increase in penetration resistance
(DALCHIAVON et al., 2014). Thus, these attributes can be considered as indicators of soil quality.

To improve the physical, chemical and biological quality of the soil, it is essential to know the
damage caused by the different management systems, Soares et al. (2016) report that the inappropriate

use of the soil, such as excessive turning or the use of poor conservation practices, can cause an
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increase in density, a decrease in macroporosity and total porosity, among other damages. Different
soil attributes have been employed to characterize the modifications resulting from the adoption of
different soil management. The commonly used parameters are soil density and porosity (CARVALHO
et al., 2014), soil resistance to penetration (TAVARES et al., 2014), soil moisture (LIMA et al., 2015),
nutrient accumulation and organic matter (MARTINS et al., 2015; GOMES et al., 2015), particle
density (BATISTA et al., 2017).

3 MATERIALS AND METHODS
3.1 AREA OF STUDY

The study was carried out in the municipality of Frutal, in the Tridngulo Mineiro region of the
State of Minas Gerais. The climate of the region is defined as Aw, according to the K&ppen-Geiger
classification, tropical with the dry and cold season occurring in winter, and summer presents the
season with the highest rainfall indices (DUBREUIL et al., 2018), with average annual temperature
and precipitation of 23.8°C and 1626.9 mm, respectively, with precipitation concentrated between the
months of November and April.

Samples were collected in four land use systems (SUT): pasture, rubber tree, sorghum and
native savannah, totaling 12 areas (Figure 1). Each system had three replicates with areas at least 1.0
km apart. In each replica of the system, a 300 m transect was traced with three equidistant points at
100 m, maintaining a distance of 50 m from the edges of the area.

In the areas, an analysis of the landscape that is occupied in the ecosystem was carried out,
where it was verified that it is in the Cerrado biome, convex, low slope and production area without

trees and shrubs, with the exception of the legal reserve areas.
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Figure 1. Location map of the experimental areas, municipality of Frutal-MG.
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Source: Prepared by the authors, 2023.

3.2 CHARACTERIZATION OF LAND USE

The characterization and classification of soils in land use systems followed that proposed by
Santos et al. (2018a). The spatial data of the locality were recorded with GPS and processed in the
QGIS 3.22.7 software (QGIS Development Team, 2020). The classification of land use cover was
carried out using the database of the Annual Project for Land Use and Mapping of the Brazilian
MapBiomas - Collection 7, with a collection at a scale of 1:250,000 and the standardized RGB legend
(MapBiomas, 2021). The platform is based on Landsat satellites (5-TM, 7-ETM+ and 8-OLI), with a

spatial resolution of 30 m.

3.3 EXPERIMENTAL DESIGN

The experimental design was completely randomized (DIC) 4x2, with four cropping systems
and two depths, in three areas with the same SUTs, with three replications in each area. Soil samples
were collected during the cultivation of the systems, at depths of 0-20 and 20-40 cm. For the collections
in each SUT, nine mini-trenches (considered as repetitions) were opened between the rows of each
selected management system at random points.

After the collections, the soils were sent to the Soil Physics Laboratory of the State University
of Minas Gerais — Fruiting Unit, where it underwent a sieve process to obtain the air-dried fine earth

(TFSA), where they were later used for soil physics and chemical analyses. The samples were manually
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de-disturbed and spread on 180 g m-2 kraft paper trays and placed in a dry and ventilated place,

exposed to the sun, until complete air desiccation.

3.4 PHYSICAL CHARACTERIZATION OF THE SOIL

For the determination of soil density (Ds) (g cm-3), by the volumetric ring method, undisturbed
samples were collected with a Uhland sampler in cylinders with an average volume of 79 cm3 and for
particle density (Dp) (g cm-3) the deformed samples were made with the Dutch auger. The total
porosity (PT) of the soil was calculated by the soil density/particle density ratio using the formula
adapted by the authors: PT = (Ds-Dp)/Ds x 100 (TEIXEIRA et al., 2017).

Following the methodology of the previous author, soil texture was analyzed by the textural
triangle, after the separation of the fractions: sand, silt and clay, by means of particle size sieves and
symphonization.

Electrical conductivity (EC) and humidity (U) were measured in situ using the Moisture Probe
Meter (MPM-160-B 12-bit) developed by ICT International Pty Ltd.

To determine the soil color of the respective samples, the classical method was used by
Munsell®'s Color Chart, in which it is expressed in three components: hue, value and chroma

(MUNSELL, 1994).

3.5 CHEMICAL CHARACTERIZATION OF THE SOIL

The pH and organic carbon analyses were performed at the UEMG soil laboratory, where they
were performed according to Teixeira et al. (2017). The carbon stock (EstC) was calculated using the
expression proposed by Costa et al. (2009): EstC = (COtotal * Ds * €)/10; where: EstC: organic carbon
stock in the studied layer (Mg ha-1); COtotal: total organic carbon in the studied layer (g kg-1); Ds:
bulk density of the studied layer (kg dm-3); e: thickness of the studied layer (cm). The carbon balance
was determined by the formula: BC= (EstCCN - EstC)/TC, where BC: carbon balance (Mg ha-1 year-
1); EstCCN: carbon stock of each system studied (Mg ha-1); TC: cultivation time (years).

For the chemical analysis of the soil, potassium (K) was read in the B 262 micronal flame
photometer, phosphorus (P) in the Ultraviolet Analytik Jena and calcium (Ca), magnesium (Mg),
aluminum (AL), hydrogen (H), zinc (Zn), copper (Cu), iron (Fe) and manganese (Mn) in the Atomic
Absorption Spectrometer (Perkin-Elmer Corp) and organic matter (MO) following the methodology
of Teixeira et al. (2017).
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3.6 DATA ANALYSIS
The effect of depth, land use system and system-depth interaction was analyzed by analysis of
variance, and qualitative data were evaluated by Tukey's test at the level of 5% probability, using the

statistical program SISVAR (FERREIRA, 2009).

4 RESULTS

The soils of the study areas were classified as a typical dystrophic Red Latosol, with dark
reddish-brown colors (Table 1).

About the Red Latosol, cropping systems were studied under different land use systems, found
in the region, always compared with the reference system, which in this study was considered the

characteristic native Cerrado in the region.

Table 1. Staining of soil collection points by Munsell's color chart.

Area Depth Cor (Munsell) Cor Manual tec. IBGE ‘ Color (reference)
Sorghum
0-20 cm 2.5YR 3/3 Dark reddish bruno-brown
! 20-40 cm 2.5YR 3/3 Dark reddish bruno-brown
0-20 cm 2.5YR2.5/3 Dark reddish bruno-brown
2 20-40 cm 2.5YR2.5/3 Dark reddish bruno-brown
0-20 cm 2.5YR 3/4 Dark reddish bruno-brown
3 20-40 cm 2,5YR 2,5/4 Dark reddish bruno-brown
Rubber tree
0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
N 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
0-20 cm 2,5YR 2,5/4 Dark reddish bruno-brown
> 20-40 cm 2,5YR 2,5/4 Dark reddish bruno-brown
0-20 cm 2,5YR 2,5/4 Dark reddish bruno-brown
6 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
Grass
0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
’ 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
; 20-40 cm 2,5YR 2,5/4 Dark reddish bruno-brown
0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
? 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
Native Bushes
0-20 cm 2.5YR 3/4 Dark reddish bruno-brown
10 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
1 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown
12 0-20 cm 2,5YR 3/4 Dark reddish bruno-brown
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| ‘ 20-40 cm 2,5YR 3/4 Dark reddish bruno-brown

Legend: Color (Munsell) = Color determined according to the Munsell chart; Color Manual Tec. IBGE = Color described
according to IBGE (2015); Color (reference) = colors obtained by RGB.
Source: Prepared by the authors, 2023.

The soil texture in the sorghum, rubber tree and pasture areas was predominantly sandy clay
loam, while in the native forest the texture was loam (Table 2). These variations in soil texture in
different areas may be related to natural, topographic, or even erosive processes that have occurred
over the years (FROZZI et al., 2018). As highlighted by Alifa et al. (2020), this variation indicates a

homogeneity in soil pedogenetic processes and their approximation to the source materials.

Table 2. Description of soil texture according to fractionation, at different depths and areas on the cultivation of sorghum,
rubber tree, pasture and native forest, municipality of Frutal-MG.

Area I Depth I Medium Sand | Medium Clay | Silte Media | Texture
Sorghum
...... cM...... Y%
1 0-20 70,4 15,4 14,2 Sandy loam
20-40 76,1 20,2 3,7 Argyl-sandy loam
) 0-20 63,7 26,8 9,4 Argyl-sandy loam
20-40 63,0 24,2 12,8 Argyl-sandy loam
3 0-20 427 15,9 41,5 Franca
20-40 47,8 16,5 35,7 Franca
Rubber tree
4 0-20 75,9 20,4 3,7 Argyl-sandy loam
20-40 65,1 12,8 22,1 Sandy loam
5 0-20 449 18,8 36,3 Franca
20-40 50,4 19,2 30,3 Argyl-sandy loam
6 0-20 63,2 24,5 12,4 Argyl-sandy loam
20-40 48,2 19,2 32,5 Franca
Grass
7 0-20 75,5 20,7 3.8 Argyl-sandy loam
20-40 42.5 9,3 483 Franca
2 0-20 68,2 23,4 8,4 Argyl-sandy loam
20-40 67,1 25,2 7,7 Argyl-sandy loam
9 0-20 45,0 31,2 23,7 Argyl-sandy loam
20-40 47,2 29,6 23,2 Argyl-sandy loam
Native Bushes
10 0-20 64,6 21,7 13,7 Argyl-sandy loam
20-40 67,6 16,2 16,2 Sandy loam
1 0-20 64,3 16,1 19,7 Sandy loam
20-40 49,5 17,2 333 Franca
1 0-20 48,7 19,6 31,7 Franca
20-40 50,4 17,8 31,8 Franca

Source: Prepared by the authors, 2023.

Figure 2 shows the map of land use and occupation, areas 1, 2 and 3, the occupation is soybean
(eudicot), however the three SUTs met with the sorghum crop, being also an annual crop, however a
monocot. In areas 4, 5 and 6 with occupation mosaic of uses (cultivated vegetation), being rubber tree

SUTs, considered a cultivated vegetation.
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For area 7 with sugarcane, 8 and 9 with pasture, all three having a pasture SUTs, as much as
sugarcane and pastures are monocots, their size and management and cultivation system are very
different. And areas 10 savannah formation (Cerrado biome), 11 and 12 use mosaic (Cerrado biome),
these with SUTs Native Forest (Cerrado biome).

Although the images were taken in the same year of the study, there are divergent readings
between the land use and occupation map with the on-site collection of the SUTs, where this is due to
the crop rotation/succession and area renewal, since the survey soil collection may have occurred in
different months from the image collected.

However, it is verified that the soils of the cultivated areas in use and occupied are suitable for

the growth and development of crops.

Figure 2. Location map of the experimental areas, municipality of Frutal-MG.
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Source: Prepared by the authors, 2023.

The physical properties of the soil are of paramount importance because they are linked to root
growth, storage and supply of water and nutrients, gas exchange and biological activity (ARSHAD;
MARTINS, 2002).

There was no significant difference for the variables particle density and soil porosity between
SUTs and depths (Table 3). However, differences were observed for electrical conductivity (EC),
moisture (U) and soil density (SD) (Table 3).
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For the EC variable at the depth of 20-40 cm, the native forest presented the highest value. The
decomposition of organic compounds present in the soil results in the release of organic salts into the
soil, which may explain this result. Electrical conductivity (EC) is used to measure, by means of
electric current, the amount of salts present in the soil solution, and the greater the amount of salts
present in the solution, the higher the EC value obtained (BRANDAO; LIMA, 2002).

Regardless of the ions present, excessive accumulation of salts in the root zone of plants can
impair plant germination, development, and productivity. This accumulation causes the plant to expend
more energy to be able to absorb water (due to the osmotic effect), impairing its essential metabolic
processes (MAIA, 2017). It is important to note that each plant species has a maximum level of
tolerance to excess salts.

Analyzing soil moisture at depth 0-20 cm, the SUTs with the highest values were native forest,
pasture and rubber tree, and at depths 20-40 cm was native forest. When checking the humidity at the
different depths in each SUT, it was found that pasture has the highest humidity in the 0-20 cm layer.
Among the systems, the humidity showed higher values in the native forest, this can be justified by the
existence of litter covering the surface layer of the soil, which helps to maintain moisture, in addition,
it helps to increase the rates of organic matter over time, thus retaining greater moisture (GONCALO
FILHO et al., 2018).

For SD, higher values were observed for pasture, rubber and sorghum at the depth of 0-20 cm.
When comparing the depths in the pasture system, the greatest increase was in the 0-20 cm layer.
Through the statistical analysis, it was possible to demonstrate that the native forest areas expressed
lower SD, pointing out that the existence of vegetation and soil cover helped in the increase of
humidity, causing a decrease in density, certainly due to the greater contribution of organic matter.

It is important to highlight that higher SD values demonstrate that the area is compacted and,
according to Mioto et al. (2020), the compaction process is one of the fundamental reasons for soil
degradation. Similar results were found by Custddio et al. (2015) and Bezerra et al. (2019) in pasture
areas, where there was an increase in SD when compared to native forest and other systems.
Compaction in pasture is associated with the topmost layer of the soil, however, it is not even
considered a limiting factor for plant development (BONETTI et al., 2015).

According to Kiehl (1979), the larger the SD, the smaller its physical structure will be and in

general less permeable, in which it may present limitations for the growth and development of plants.
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Table 3. Average values of physical attributes in pasture, native forest, rubber tree and sorghum systems in the municipality

of Frutal-MG.
CE1 U1 DP1 DS1 PO1
Cultivation | = MVeeveee | eeveerne 3 g cm™ %
systems Depth (cm)
0-20 20-40 0-20 20-40 | 0-20 | 20-40 0-20 20-40 | 0-20 | 20-40
Grass 175,67aA | 153,00bA | 3,07aA | 1,86bB | 2,95 2,62 | 3.17abA | 2.40aB | 39,56 | 47,66
gj;;vees 216,56aA | 235,78aA | 4,81aA | 4,97aA | 2,66 | 2,56 | 2,52bA | 2,70aA | 36,02 | 36,84
Rubber tree | 192,75aA | 188,80bA | 3,16aA | 3,21bA | 2,59 | 2,76 | 2.74abA | 2,60aA | 39,15 | 37,94
Sorghum 191,22aA | 192,44bA | 2,98bA | 2,89bA | 2,80 | 2,81 | 2.85abA | 2,75aA | 35,87 | 31,07
CV (%) 17,32 37,26 19,90 18,73 14,94
Causes of
. . Fc
variation
SUTs. 10,36** 0,79ns 0,51ns 0,61ns 1,35ns
Prof. 0,05ns 12,55%* 0,20ns 3,02ns 0,04ns
SUTs. X 1,20ns 1,15ns 0,66ns 2,76% 0,59ns
Prof.
Prof. X sk
SUTS. 1,20ns 1,15ns 0,66ns 2,76 0,59ns

Means compared in the columns (lowercase letters) and row (uppercase letters) with the same letter do not differ from each
other, by Tukey's test, at the level of 5% probability. * and ** significant at 5 and 1% probability, respectively. ns — not
significant. CV — Coefficient of variation. Prof. — Depth; SUTs - System.

Source: Prepared by the authors, 2023.

In the variables in Table 4, there is a significant difference for pH, SB and Cu. For pH, the crops
do not differ from each other, but all differ from the Native Forest (NM), because in crops of economic
interest, there is alkalinization of the soil through the mechanical application of lime and gypsum;
Looking at the depths, there is not a significant difference between them. However, there is a difference
between each depth when comparing the SUTs at the depth 0-20 cm, the highest values were found for
rubber trees, with a pH of 5.98. At a depth of 20-40 cm, pasture, rubber tree and sorghum had a pH of
5.63; 5.56 and 5.11, respectively.

In general, in the most superficial layer (0-20 cm) the areas of agricultural cultivation obtained
higher pH values, this fact can be justified as highlighted by Oliveira et al. (2001) due to the soil being
subjected to deep plowing with greater turnover, thus bringing a higher concentration of bases to the
surface.

For the variable Copper (Cu), there is a difference within the depth of 20-40 cm in the SUT,
with higher values for pasture, native forest and rubber tree, while among the depths there are higher
values at the depth of 20-40 cm in native forest. This is evident that SUTs are able to modify the amount
of this element in the soil. This behavior differs from the study carried out by Silva et al. (2016), where
the concentration of Cu was higher in cultivated soils than in areas with natural vegetation, however
the author corroborates when he found that Cu increased at greater soil depths.

Regarding the sum of the bases (SB), there was a significant difference in depth of 0-20 cm

between the SUTs, with higher values for the pasture, native forest and sorghum systems. It is justified
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that at this depth these SUTs presented lower amounts of Ca, Mg and K in the soil. Carvalho et al.
(2002) and Bernadi, Rassani and Ferreira (2012) point out that the values of BS in most Oxisols are
generally low in the deeper layers, when comparing the superficial layers. The authors' statement is
confirmed in this study, since at the depth of 20-40 cm, the BS values were lower than those found at
the depth of 0-20 cm.

To improve the physicochemical quality of the soil, it is essential to know the damage caused
by the different management systems, Soares et al. (2016) report that the inappropriate use of the soil,
such as excessive turning or the use of poor conservation practices, can cause an increase in density, a
decrease in macroporosity, total porosity, alteration in the amount of minerals in the soil, among other
damages.

The study of the variation of soil physical and chemical attributes over time allows us to
quantify the magnitude and duration of changes caused by different management systems (SILVEIRA
et al,, 2011). These attributes are important to establish whether there has been degradation or

improvement in soil quality in relation to a given management system (REICHERT et al., 2019).

Table 4. Average values of the chemical attributes of the soils pasture, native forest, rubber tree and sorghum systems at
different depths, in the municipality of Frutal-MG.

LAND USE SYSTEMS — SUTs FV
Rubber tree Sorghum Fe
ATRIBUTO cv Grass Native Bushes Dot o)

St ) Prof

0-20 20-40 0-20 20-40 0-20 20-40 0-20 20-40 | Prof | SUTs | X
SUTs
pH(H,0) | 1113 | 553bA | 563aA | 443bA | 4,78bA | 598aA | 5.56aA | 5,55bA | 5.1labA 0’554“ 13,34 1’958“
MO (gdm?) | 17,54 | 4,52aA | 13.98aA | 5,58aA | 16,74aA | 13,19aA | 10,67aA | 8,92aA | 7.32aA ]’35 8n 0’285“ 1’24“
P (mg dm?) 3023 S | 816aA | 2643aA | 391aA | 1943aA | 6,79aA | 409aA | 932aA | 3,55aA 0’75()“ 0’187“ 0’784“
K g;?%"k 123’3 2,15aA | 2,60aA | 1,31aA | 1,94aA | 1,19aA | 1,07aA | 1,67aA | 1,58aA 0’ls4n 1’22“ 0’155“
Ca d(rrn“,‘};‘”“ 93,61 | 22,33aA | 11,95aA | 10,37aA | 9,61aA | 8,14aA | 10,56aA | 12,54aA | 11,41aA 0’956" 1’750“ 1’22“
Mgdgf?;°1° 7600 | 433aA | 2,99aA | 3,18aA | 2.87aA | 2,51aA | 466aA | 291aA | 2,54aA O’OS“‘ 0’687“ 1’58 on
Aléﬁ_‘g"k 103 O 083aA | 3,06aA | 3,72aA | 333aA | 3,75aA | 450aA | 3,00aA | 3,.89A 1,258n 1’385“ 0’389“
H*ﬂn(l?%m"k 41,77 | 13,44aA | 13,56aA | 20,56aA | 19,33aA | 17,38aA | 18,90aA | 17,22aA | 15,89aA O’OSIH 2’657“ 0’156“
COrg}Eg dm’ 1066 | 443aA | 640aA | 556aA | 551aA | 345aA | 675aA | 3,08aA | 5.28aA 2’554“ 0’258“ 0’356“
SB(emol: | 76 70 | 28.80aA | 17,54aA | 14800 | 14 40aA | 11.84bA | 1629aA | 7110 | 55300 | 039N | g9 | 110n

dm™) A A s s
T (Cmf;IC dm’ | 5505 | 29,64aA | 20,59aA | 18,58aA | 17,75aA | 15,59aA | 20.79aA | 20,11aA | 19,42aA 0’35 In 1’18“ 1’958“
T (m“§;’1° dm’ 1 3950 | 4225aA | 31,09aA | 35.42aA | 3375aA | 2924aA | 35,19aA | 34,34aA | 3142aA 0’6S4n 0’356“ 1’159“
0,02n . | 027n

V (%) 53,08 | 64,00aA | 555%A | 34,14aA | 39,39%A | 40,76aA | 42,28aA | 45,10aA | 4348aA | 2,98 .
M (%) 10? 6 | 468aA | 2346aA | 3570aA | 2628aA | 29.99aA | 28.40aA | 23.12aA | 3341aA 0’55 In 1’358“ 0’858“
Zn(mgdm?) | 8533 | 027aA | 030aA | 025aA | 0,16aA | 03laA | 02laA | 024aA | 028aA O’tzn 0’16“ 0’654“
Cu(mgdm?) | 84,82 | 0,18aA | 0.17abA | 0.19aB | 036aA | 0,14aA | 0.17abA | 0,16aA | 0,15bA "359“ 2,19° | 138
; 105062 | 112,71a | 127.96a | 10524a | 127,33a | 103,36a | 113,52a | 122,32a | 0,17n | 0,60n | 0,89n

Fe(mgdm?) | 35.87 A A A A A A A A s s s
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Mn(f{;gdm- 5431 | 2,03aA | 1,83aA | 2,14aA | 1,80aA | 1,17aA | 1,76aA | 198aA | 1,59aA 0’155‘1 0’20“ 0’24“

EStC(};Agha' 13,74 | 15,15aA | 17,35aA | 13,48aA | 13,48aA | 9,04aA | 17,92aA | 9,60aA | 16,01aA 1’(;3“ 0’10“ °>3S4“

Means compared with lowercase letters on the line at the same depths between the SUTs, uppercase letter on the same line
between the depths in each SUTs, do not differ from each other, by Tukey's test, at the level of 5% probability. * and **
significant at 5 and 1% probability, respectively. ns — not significant. Fc — F calculated. CV — Coefficient of variation. Prof.
— Depth.

Source: Prepared by the authors, 2023.

5 CONCLUSION

The soil class was a typical dystrophic Red Latosol with dark reddish haze, and the predominant
texture in the areas of sorghum, rubber tree and pasture was sandy clay loam, and loam texture for
native forest.

The native forest system at a depth of 20-40 cm showed better values for electrical conductivity.
For soil moisture, the depth 0-20 cm was greater in the pasture, native forest and rubber tree systems
and 20-40 cm was native forest, among the depths the pasture system was greater in 0-20 cm. The
pasture SUTs showed higher soil density at the depth 0-20 cm within and between the depths.

In the chemical analysis of the soil, regardless of the depth, the native forest presents higher
acidity. The copper content at the depth of 20-40 cm, within the SUTs and depths, is higher for pasture,
native forest and rubber trees. In the sum of the bases within the depth 0-20 cm, the SUTs with the

highest value were pasture, native forest and sorghum.
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