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Abstract

The Cerrado-Amazonas ecotone occupies 4.85% of the Brazilian territory, with almost 60% of its area deforested.
Inadequate soil management practices cause changes in the physical, chemical and biological soil attributes. This study
aimed to characterize soil chemistry in different management systems, identifying its efficiency. Ten areas were divided
into two soil classes (Ultisol and Entisol quartzipsamment), each comprising a management system (1 -
silvopastoral with 30% shade (SP30), 2 - silvopastoral with 60% shade (SP60), 3 - secondary forest, 4 - native forest, 5
— pasture conventional (CP)). The samples were collected at depths of 0-10, 10-20 and 20-40 cm. The chemical attributes
of the soil analyzed were pH, P, K +, Ca?*, Mg?*, H + AI®*, AI®*, sum of bases (SB), effective cation exchange capacity
(CEC), CEC at pH 7, saturation base (V%) and aluminum saturation (m%). The data were submitted to principal
component analysis and analysis of variance and Tukey's test (p <0.05). There were minor changes in the attributes
analyzed in the Entisol management systems, comparing the other systems with the reference system (native forest);
however, SP30 was more suitable, as it increased the pH and the values of essential cations in the soil. In Ultisol, the
SP60 and CP systems showed higher averages in the studied attributes, it is inferred that these systems have similar
efficiency in land use, positioning them as the best systems studied in this soil class.

Keywords: Entisol; Ultisol; Silvopastoral; Brazilian soils.

Resumo

O ecdtono Cerrado-Amazonas ocupa 4,85% do territorio brasileiro, sendo quase 60% de sua area desmatada. As praticas
inadequadas de manejo do solo ocasionam mudangas nos atributos fisicos, quimicos e biolégicos do solo. Este estudo
objetivou caracterizar a quimica do solo em diferentes sistemas de manejo, identificando sua eficiéncia. Foram avaliadas
dez areas divididas em duas classes de solo (Argissolo e Neossolo quartzarénico), cada uma compreendendo um sistema
de manejo (1 - silvipastoril com 30% de sombra (SP30), 2 - silvipastoril com 60% de sombra (SP60), 3 - floresta
secundaria, 4 — floresta nativa, 5 — pastagem convencional (PC). As amostras foram coletadas em profundidades de 0-
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10, 10-20 e 20-40 cm. Os atributos quimicos do solo analisados foram pH, P, K +, Ca?*, Mg?*, H + A * AP+ soma
de bases (SB), capacidade efetiva de troca catiénica (CTC), CEC em pH 7, saturacdo por base (V%) e saturacdo por
aluminio (m%). Os dados foram submetidos a analise de componentes principais e a analise de variancia e teste de
Tukey (p <0,05). Houve pequenas alteracdes dos atributos analisados nos sistemas de manejo do Neossolo, comparando-
se 0s demais sistemas com o sistema de referéncia (mata nativa); no entanto, o SP30 foi mais adequado, pois aumentou
0 pH e os valores de cations essenciais do solo. No Argissolo os sistemas SP60 e PC apresentaram médias superiores
nos atributos estudados, infere-se que esses sistemas apresentam eficiéncia semelhante no uso do solo, posicionando-os
como os melhores sistemas estudados nesta classe de solo.

Palavras-chave: Neossolo; Argissolo; Silvopastoral; Solos brasileiros.

Resumen

El ecotono Cerrado-Amazonas ocupa el 4,85% del territorio brasilefio, con casi el 60% de su superficie deforestada.
Las practicas inadecuadas de manejo del suelo provocan cambios en los atributos fisicos, quimicos y bioldgicos del
suelo. Este estudio tuvo como objetivo caracterizar la quimica del suelo en diferentes sistemas de manejo, identificando
su eficiencia. Diez areas se dividieron en dos clases de suelo (Ultisol and Entisol quartzipsamment), cada una con un
sistema de manejo (1 - silvopastoril con 30% de sombra (SP30), 2 - silvopastoril con 60% de sombra (SP60), 3 - bosque
secundario, 4 - bosque nativo, 5 - pastizal convencional (CP)). Las muestras se recolectaron a profundidades de 0-10,
10-20 y 20-40 cm. Los atributos quimicos del suelo analizados fueron pH, P, K *, Ca®*, Mg ?*, H + AI¥*, Al %, suma de
bases (SB), capacidad de intercambio cationico efectivo (CEC), CEC a pH 7, saturacién base (V%) y saturacion de
aluminio (m%). Los datos fueron sometidos a anélisis de componentes principales y andlisis de varianza y prueba de
Tukey (p <0.05). Hubo pequefios cambios en los atributos analizados en los sistemas de manejo Entisol, comparando
los otros sistemas con el sistema de referencia (bosque nativo); sin embargo, SP30 fue més adecuado, ya que aumenté
el pH y los valores de cationes esenciales en el suelo. En Ultisol, los sistemas SP60 y CP mostraron promedios mas
altos en los atributos estudiados, se infiere que estos sistemas tienen similar eficiencia en el uso del suelo,
posicionandolos como los mejores sistemas estudiados en esta clase de suelos.

Palabras clave: Entisol, Ultisol, Silvopastoral, Suelos brasilefios.

1. Introduction

The Cerrado-Amazon ecotone occupies 4.85% of the Brazilian territory with almost 60% of its area deforested (MMA,
2003). Ecological zones have been converted into agricultural landscapes, especially in pastures (Aradjo et al., 2009), which are
generally handled inappropriately, resulting in the degradation of pastures and soil attributes. In pastures, intensive and
indiscriminate use causes adverse changes in the chemical, physical and biological attributes of the soil (Rocha Junior, Silva &
Guimaraes, 2013).

In Entisol quartzipsamment the use of native pasture, agriculture-livestock integration, cultivated pasture, soybean and
corn under no-tillage, do not provide significant changes in pH values, but erosion and leaching present in this soil cause
potassium loss K* and Ca + Mg and consequent soil degradation (Carneiro et al., 2009; Oliveira et al., 2017). The Entisol
Quartzipsamment in the Cerrado region have low natural fertility and the variation in the chemical attributes of the soil is mainly
related to the management of fertilization (Oliveira., 2017)

In order to delay the soil degradation process or to recover what is already degraded, systems of use and management
have been sought, which integrate annual crops, forests, with the presence of animals (Bono, Macedo & Tormenta, 2013).
Alternatives for recovery and reintroduction of these areas to the productive process include reopening, soil correction and
fertilization, and/or agroforestry activities. Therefore, increasing biodiversity and sustainability of pasture ecosystems can be
achieved by introducing or maintaining trees, composing agroforestry systems that may be alternatives for reincorporating areas
into the productive system (Godinho et al., 2014).

In silvopastoral systems the accumulation and decomposition of litter are influenced by the management system.
However, these events can occur with greater intensity than those existing in pasture areas under monoculture and even in native
forest. Studies have observed that the recycling of base cations (Ca?*, K*, Mg?*, and Na*), N and P under integrated systems was
superior (41, 116, 64, 21, 19, and 55%, respectively) to pasture systems under monoculture (Wall, 2006; Bahamonde et al.,
2012).
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The dynamics of accumulation, decomposition and release of nutrients is conditioned to the adopted silvopastoral
system model, such as level of shading, number and type of trees (Benavides, Douglas & Osoro, 2009), forage species, presence
of animals and chemical, physical and chemical factors (Mancilla-Leyt6n, Sanchez-Lineros & Vicente, 2013) from the litter
itself and the environment.

Considering that in general tropical soils have low natural fertility, organic matter provides significant contribution from
the release of its nutrients as a source of energy for organisms and plants (Cordeiro et al., 2010). The organic content of the soil
can improve the stability of the aggregates and is relevant for the chemical attributes in tropical soils.

Thus, this study aimed to define soil chemical quality in different management systems in order to identify their
efficiency.

2. Methodology
2.1 Experimental conditions

The study was conducted in a Cerrado-Amazonian ecotone area in Araguaina, Tocantins state, Brazil. The climate of
the region is classified as Aw (hot and humid) (Dubreuil et al., 2018), with well-defined seasons, average annual precipitation of
1700 mm, and average temperature of 26 °C. The experiment was developed in two different soil classes, classified according to
the Brazilian Soil Classification System (Santos et al., 2018). The first soil was classified as Ultisol (Bockheim et al., 2014),
located at coordinates UTM: zone 22, N 810489.34, E 9213706.86, and the second one was classified as Entisol
QuartziQuartzipsamment (Bockheim et al., 2014), located at coordinates UTM: zone 22, N 808635.00, E 9214729.00.

2.2 Experimental Design and data collection

Five management systems were studied: 1 - silvopastoral with 30% shading, 2 - silvopastoral with 60 % shading, 3 -
secondary forest, 4 - native forest, 5 - pasture with conventional management.

The areas of Entisol QuartziQuartzipsamment s had the following history of use: the silvopastoral areas, originating
from the association of Mombasa grass (Megathyrsus maximum cv Mombasa) and thinned native vegetation (“Fava de bolota”
Parkia Platycephala, “Pimenta de macaco”- Xylopia Aromdtica, “Jatoba do cerrado” Hymenea Stignocarpa, “Embatba”
Cecropia Pachytachya), were managed the first time in October 2009, using a luxmeter so that the first area of silvopasture had
30% shading and the second 60% shading. The secondary forest is an abandoned pasture area without treatment. The pasture
composed of Mombasa grass with conventional management system has been used since 2008 with treatments such as liming
and frequent fertilization.

Areas of Ultisol had the following history of use: the silvopastoral systems, which were established in a forest
environment of Babassu (Attalea speciosa) intercropped with Mombasa grass, in November 2011, by the thinning of the original
vegetation, determining the shading levels of 30% and 60%. The secondary forest comprised an abandoned pasture in agricultural
degradation, with no treatment. The native forest has the predominance of Babassu trees. The pasture area with conventional
management has been used since 2011, corrected and fertilized. The first three areas were managed in 2011 with dolomitic
limestone (1 t ha'l), 100 kg of P,Os (Single Super Phosphate) and 120 kg of KO (KCI), which were distributed in the total area

in a single application.

Soil sampling was carried out in each management system, where 8 samples composed of 8 subsamples were collected.
The depths of the samples were 0-10 cm, 10-20 cm, and 20-40 cm. Samples were conditioned in plastic bags and analyzed for

pH in CaCl,, available phosphorus (P) and exchangeable potassium (K), extracted using the Mehlich-1 solution. Contents of


http://dx.doi.org/10.33448/rsd-v10i7.16045

Research, Society and Development, v. 10, n. 7, 36210716045, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i7.16045

calcium, magnesium and exchangeable aluminum were extracted in 1 mol L1 KCI. Potential acidity (H + AI®*) was extracted in
0.5 mol L calcium acetate at pH 7.1-7.2. The sum of bases (S), base saturation (V%), aluminum saturation (m %), effective
CEC (T) and CEC at pH 7 (t) were determined.

2.3 Statistical Analysis

Statistical analysis was carried out. Initially the data were submitted to principal component analysis (PCA) in order to
establish which attributes analyzed had greater contribution to the component to simplify the structure of the set of analyzed
variables. The correlation data transformation matrix was used, since the values are not in the same unit of measurement and
scales. The most relevant attributes identified from the PCA were submitted to analysis of variance and the Tukey test for

comparison of means at a probability level of 0,05.

3. Results and Discussion

By the Principal Component Analysis, it was possible to obtain the graphical representation and eigenvalues of the
variables (Tables 1, 2 and 3), thus synthesizing the most influential characteristics and variations of soil attributes in the studied
areas.

The analysis shows in the tables, that the first two main components made it possible to explain 70% or more of the
variance contained in the original variables at all depths. The first main component is the most important, as it corresponds to
the direction of greatest variance in the multivariate space (Lyra et al., 2010). Such a statement could be confirmed in the
correlation circles (Figure 1 (a), (b), (c)) where the data demonstrated that component 1 was responsible for 63.56, 61.70 and
58.34% of the variation of the first component, at the depths of 0-10, 10-20 and 20-40 cm, respectively.

Tables 1, 2 and 3- Correlation of soil chemical attributes with the main components (CP) of soil chemical attributes at depths
of 0-10 cm (Table 1), 10-20 cm (Table 2), 20-40 cm (Table 3).

Table 1 Table 2 Table 3
Attribute CP1 CpP2 Attribute CP1 CP2 Attribute CP1 CP2
MO -0,82 -0,21 MO -0,68 0,05 pH -0,90 -0,06
pH -0,95 -0,14 pH -0,95 0,04 Ca -0,90 -0,13
Ca -0,87 0,35 Ca -0,87 -0,24 Mg -0,92 -0,12
Mg -0,88 0,26 Mg -0,90 -0,11 Al 0,21 -0,81
Al 0,57 0,40 Al 0,58 -0,58 P 0,22 0,50
P -0,03 -0,79 P 0,19 0,70 K -0,74 0,05
K -0,87 0,01 K -0,84 -0,03 H+Al 0,48 -0,61
H+Al 0,73 0,20 H+Al 0,58 -0,26 m 0,85 -0,24
m 0,81 0,23 m 0,86 -0,30 \Y/ -0,98 -0,08
\Y/ -0,98 0,10 \Y/ -0,98 -0,10 CEC -0,91 -0,26
CEC -0,82 0,45 CEC -0,87 -0,29
EC -0,79 -0,16

Fonte: Authors.

Component 2 represented only 11.48, 10.51, and 14.46% of the variation, respectively. Together, the two factors
comprised more than 70% of the variation of the data in each analyzed depth. Thus, it was not necessary to add any factor because
when this percentage is reached, the representativeness of the total variation of the data is guaranteed (Rencher, 2002). When

studying physical and chemical attributes Loss et al. (2009) and Alves et al. (2014), found values of variance above 70%, these
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values were linked to the variability of these attributes.

In the 0-10 depth, the attributes V%, pH, Ca?*, Mg?*, K*, and CEC had a significant contribution in the formation of the
first component, positively correlating with each other, and negatively with Al®* and m %, which also contributed to the factor.

At the depths 10-20 and 20-40 cm (fig. 1- b and c), the attributes pH, Ca%*, Mg?*, K*, CEC, and V% were positively
correlated; and m % negatively correlated, which also contributed to the first component. The positive correlation of V % with
both variables is easily understood, since the V % value is the percentage of cation exchange points that are occupied by bases.
It can also be seen as a response related to soil acidity.

The variables AI** and m % are negatively related to the others, indicating that the effect of the variation factor provided
the decrease of their values and increase of others (Guedes et al., 2006). The positive correlation between the attributes Al** and
m % is expected, since m % expresses the quantity of the effective CEC that is occupied by exchangeable Al3* ions.

The second component represented only 11.48, 10.51 and 14.46% of the total data variation, at depths of 0-10, 10-20,
20-40 cm, respectively, where P was the attribute that presented a considerable contribution to the formation of this factor at
depths of 0-10 and 10-20 cm, which was already expected, since the soil was managed with phosphate fertilization in 2014. It
was applied 60 kg ha* year? of P,Os, distributed in a single application in the silvopasture system of 30% shading in the Ultisol,
and 50 kg ha year? of P,Os in the pasture area of the Entisol quartzipsamment, while in the depth of 20-40 cm, AI®* was the

only variable to have a significant contribution in the formation of the component.
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Figure 1. Circle of the correlations of the plane formed by the main components 1 and 2 of the soil chemical attributes at depth
0-10 (a), depth of 10-20 (b), and depth 20-40 cm (c).
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Fonte: Authors.

The pH, potential acidity, aluminum saturation, phosphorus, potassium, calcium, magnesium, cation exchange capacity,
and base saturation variables contributed significantly to the components formed for depth of 0-10 cm, which are shown in Table
4,
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Table 4: Soil pH (in CaCly), phosphorus (P), potassium (K*), calcium (Ca?*), magnesium (Mg?*), potential acidity (H+AI®),
aluminum saturation (V %), cation exchange capacity (CTC) of Ultisol and Entisol quartzipsamment, in the depth of 0-10 cm

in the different management systems.

*
Soil Management system Average 0(:/V
1 2 3 4 5 0
pH (in CaCly)
Ultisol 5.47 Ab 5.92 aA 4.95aC 4.49aD 5.77aA 5.32 36
Entisol 3.58 bBC 3.41bCD 3.88 bA 3.23bD 3.80bAB 3.58 '
Average 453 4.66 4.42 3.86 4.78
H+AR* (cmole dm®)
Ultisol 1.69 bB 1.93bB 2.19 aAB 2.98 bA 251 bAB 2.26 19.4
Entisol 4.34 aB 6.12 aA 1.89aC 4,71 aB 4.36 aB 4.28
Average 3.02 4.03 2.04 3.85 3.44
P (mg dm)
Ultisol 3.22 aA 3.29 aA 2.52 aB 2.57 aB 2.64 bB 2.85 133
Entisol 2.72bB 2.74 bB 2.73 aB 2.61aB 3.51aA 2.86 '
Average 2.97 3.02 2.63 2.59 3.08
K* (cmol; dm3)
Ultisol 0.048aBC  0.058aAB  0.036 aC 0.048 aBC 0.0766aA  0.053 476
Entisol 0.001 bA 0.001 bA 0.003 bA 0.003 bA 0.004 bA  0.002 '
Average 0.025 0.03 0.02 0.03 0.04
Ca?* (cmol. dm™)
Ultisol 6.67 aCD 5.62 aD 9.54 aA 7.24 aBC 8.17 aB 7.45 247
Entisol 0.21 bA 0.17 bA 0.082 bA 0.04 bA 0.22 bA 0.14
Average 3.44 2.89 4.81 3.64 4.2
Mg?* (cmole dm)
Ultisol 2.70 aB 2.315aB 2.89 aB 2.21 aB 4.61 aA 2.9
Entisol 0.25 bA 0.22 bA 0.23bA 0.06 bA 0.25bA 0.2 42.1
Average 1.48 1.27 1.56 1.14 243
V%
Ultisol 84.74 79.07 86.85 75.18 83.63 81.90 a 11
Entisol 10.17 6.13 15.85 2.27 9.86 8.86 b '
Average 47.46 ab 42.60 bc 51.35a 38,72 ¢ 46,75 ab
m%
Ultisol 0.93aA 0aA 0.18Aa 0aA 0aA 0.48 414
Entisol 12.85hC 25.11bB 22.59Bb 41.27bA 22.08bB 24.78 '
Average 6.89 12.56 11.38 20.63 11.04
CEC (cmol; dm®)
Ultisol 11.12aBC 9.93aC 17.25 Aa 12.484 aB 15.38aA 13.23
Entisol 4.81 bA 6.51 bA 2.21Bb 4.82 bA 4.83 bA 4.63 18.2
Average 7.96 8.21 9.72 8.65 10.11

Note. Lowercase letters compare columns. Capital letters compare rows. The averages followed by the same letter did not differ statistically
from each other. The Tukey test was applied at 5% probability level. *1 - silvopasture with 30% shading, 2 — silvopasture with 60 % shading,
3 - secondary forest, 4 - native forest, 5 - pasture with conventional management. Source: Authors.

Between the two studied soils, there was a difference in pH and H+AI®**, whereas the P variable did not present a
significant difference (p > 0.01) between the two soils in two of the management systems. It was expected, since the systems in
question (3 - secondary forest and 4 - native forest) do not have a history of management of fertilization and, thus, presented

similar average values.
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The variables that refer to soil acidity (pH, H+AI®*, and m %) presented statistical difference between the two analyzed
soils. Among the management systems, only systems 1, 2, and 5 in Ultisol presented average pH values above 5 (5.47, 5.92,
5.77, respectively); the other systems presented mean values that indicate high soil acidity.

In Entisol, low pH values are expected since originally, they already have a mineralogical nature poor in basic cations
because they are predominantly composed of quartz (Carvalho et al., 2015). Acidity is also explained by the intense precipitation
over the years, which leads to the leaching of the exchangeable cations of the soil (Ca?*, Mg?*, and K*), remaining in the soil
only the cations that increase soil acidity (H* and AI**) (Theodoro et al.,2003).

The average values of CEC (T) as well as contents of Ca?*, Mg?*, K* and V% contents in Entisol were medium to low
(Ribeiro, Guimaraes, & Alvarez, 1999). However, when comparing to the native forest area, a slight increase in these values was
observed, with the exception of K*, which presented low values in both systems.

Low levels of K*, Ca?*, Mg?* in Entisol are expected due to the limitations of their chemical nature, since they are
essentially quartzous soils lacking exchangeable minerals, which limits this nutrient reserve for plants (Carvalho et al., 2015).
The results showed that the intensification of the management in this type of soil caused increases in the macronutrient levels,
which indicated an improvement, although small, in the chemical attributes of the soil in relation to the soil of native forest.

Thus, the analyzed management systems presented more stable characteristics in relation to the native vegetation area,
with respect to soil chemical attributes, except for potassium, to all other characteristics analyzed in the 0-10 cm depth. Therefore,
although both systems presented very low CEC values (<50%), which characterizes them as dystrophic, in Entisol, it is common
to find lower buffer capacity, both for pH and for P-available, which can be compared to clayey or highly clayey soils with a
higher buffer capacity and therefore require higher amounts of limestone for soil correction (Novais, Smyth, & Nunes, 2007).

The values of CEC (T) and V% for the management systems in Ultisol were all considered high, classifying the soil of
these areas as Eutrophic (> 50%); the two variables have a correlation of 0.60, indicating that they are positively correlated.

The management system 3 and 5 in Ultisol presented the highest CEC values (17.25 and 15.38, respectively). In the
case of system 5, this can be associated to soil correction and fertilization, while the area of system 3 (part of this area is located
on a floodplain) has been in disuse for some years. However, because it has been used for subsequent years, it has a nutrient
reserve that has accumulated over time. Moraes et al., (2008) observed that pasture areas abandoned in floodplains had higher
Ca®*, Mg?*, K* and pH and therefore lower AI®* values when compared to planted forests.

Table 5 shows the chemical composition of the soil in the depth of 10-20 cm. The values of pH and aluminum saturation,
which refers to soil acidity and aluminum toxicity, showed that the management systems presented pH values ranging from 4.74
to 5.78. The pH values showed that in Ultisol, the management systems had a slight acidity in the systems 3 and 4, however the
other systems had values close to the ideal for cultivation, ranging from 6.0 to 6.5 (Ronquim, 2010). However, the systems within
Entisol had lower pH values (3.21 to 3.97), indicating high soil acidity.
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Table 5. Soil pH (CaCly), phosphorus (mg dm), potassium (K*), calcium (Ca?*), magnesium (Mg?*), base Saturation (V %),
aluminum Saturation, CEC (T) of Ultisol and Entisol quartzipsamment, in the depth of 10-20 cm in the different management
systems.

. Management cVv
Soil Average o
1 2 3 4 5 %o
pH (CaCly)
Ultisol 5.47 aB 5.78 aA 4.96 aC 474 aC 5.76 aA 5.34 45
Entisol 3.61bBC 3.5bC 3.97 bA 3.21bD 3.81 bAB 3.62
Average 4.54 4.64 4.47 3.97 4.79
P (mg dm)
Ultisol 2.98 aA 3.11aA 2.44 aA 2.50 aA 2.45bA 2.7 912
Entisol 2.74 aB 3.23 aAB 2.81aB 2.56 aB 3.7aA 3.01
Average 2.86 3.17 2.62 2.53 3.07
K* (cmolc dm®)
Ultisol 0.05 aA 0.05aA 0.02aB 0.04 aA 0.04 aAB 0.04 50.9
Entisol 0.002 bA 0.002 bA 0.003 bA 0.003 bA 0.004 bA 0.002
Average 0.027 0.023 0.013 0.021 0.021
Ca?* (cmol. dm™)
Ultisol 5.43 aB 4.56 aB 9.22 aA 5.96 aB 5.50 aB 6.13 40.7
Entisol 0.04 bA 0.06 bA 0.09 bA 0.03 bA 0.19 bA 0.08
Average 2.74 231 4.65 3 2.84
Mg?* (cmol. dm3)
Ultisol 1.76 aB 3.10 aA 2.31aB 1.78 aB 3.49 aA 2.49 424
Entisol 0.14 bA 0.08 bA 0.21 bA 0.05 bA 0.17 bA 0.13
Average 0.95 1.59 1.26 0.91 1.83
V (%)
Ultisol 80.54 79.38 84.44 73.59 77.99 79.19a 99
Entisol 7.24 3.86 16.67 2.6 8.44 7.76b '
Average 43.89b 41.62 be 50.55a 38.10¢ 43.21b
m%
Ultisol 1.3aA 0aA 2.23aA 0aA 0.5aA 0.81 36.7
Entisol 26.40bBC 31.35bB 17.93bD 41.31bA 22.64bCD 27.93 '
Average 13.85 15.67 10.09 20.65 11.57
CEC (cmol, dm®)
Ultisol 9.00 aC 9.58 aBC 13.55 aA 10.51 aBC 11.57 aAB 10.84 993
Entisol 2.63 bAB 3.75 bAB 1.94 bB 3.44 bAB 4.49 bA 3.25
Average 5.82 6.67 7.74 6.98 8.03

Note. Lowercase letters compare columns. Capital letters compare rows. The averages followed by the same letter did not differ statistically
from each other. The Tukey test was applied at 5% probability level. *1 - silvopasture with 30% shading, 2 - silvopasture with 60 % shading,
3 - secondary forest, 4 - native forest, 5 - pasture with conventional management.Source: Authors.

In both soils (Table 5), system 4 (native forest) presented lower pH value (4.74) because in this system, there was no
soil acidity correction or fertilization. The highest values were found in the management systems 2 and 5 (5.78 and 5.76,

respectively) in Ultisol and in the management system 3 (3.97) in Entisol.
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The higher pH values of Ultisol are related to the fact that both systems were managed for liming and fertilization, thus
raising the pH values and soil CEC. In addition, it was possible to observe a positive correlation (0.77) between pH and organic
matter, which may be related to negative soil OM loads that are dependent on soil pH (Monte Braga, 2010).

As for Entisol, the area that presented the highest pH value was the area of managed pasture (management system 5)
that has been used over the years, and still presented pH values that are considered low. The area was managed for fertilization,
but there was no soil correction, and because it is a soil with low soil colloid, it has a low buffering capacity, not retaining cations
through fertilization, thus occurring the phenomenon known as leaching, a process that impoverishes the soil. This is also
influenced by low CEC and SOM since the soil carbon stocks are intrinsically related to soil texture, and that there is an evident
tendency of the increase of the carbon stock with the increase in clay content (Frazéo et al., 2010).

Unlike the other attributes, for V % there was no interaction between the factors, showing that factor 1 is independent
of factor 2 in this attribute. However, factors 1 and 2 are statistically different, and the management system 3 presented the
highest mean (84.44), differing statistically from the others, but not only this attribute, since in spite of having average values
that can be considered very good in Ultisol, the pH values for system 3 are acidic, while the values of K* and P are the lowest.

These values of low pH and high V% may also be related to the fact that the areas were previously used as pasture and
are now in a state of abandonment. Although they are not being fertilized, there is a reserve of nutrients in the solution. Gama-
Rodrigues et al. (2008), when evaluating the soil characteristics in different types of vegetation cover, also found pH values that
indicated the high acidity of abandoned areas.

The values of V % and m % for the management systems in Ultisol correlated negatively (-0.46). As the values of V %
increased, the values of m % decreased; this is expected since m % is the percentage of soil loads that are occupied by
exchangeable aluminum, thus expressing the level of aluminum toxicity in the soil and the saturation of bases expresses precisely
the sum of cations in the exchangeable form in the soil solution, thus, the high values of base saturation indicate that the soil
colloids are occupied by these exchangeable cations, and not by aluminum.

The values of m % for management systems 1, 2, and 4 in Entisol were considered high (26, 41, and 31%, respectively),
while systems 3 and 5 presented values that are considered average (17.9-22.4%) (Raij et al., 1986).

This shows that although areas 1, 2, and 4 (silvopasture 30%, silvopasture 60%, and pasture, respectively) are managed
with high values, which is detrimental to the development of the crops that were implanted there, without a prior correction of
the soil that is adequate to the adopted management, it can cause soils to rapidly lose fertility due to acidification, mobilization
of toxic elements (AI®*, Fe?*, and Mn), immobilization of nutrients and mineralization of soil organic matter (Theodoro et al.,
2003).

The values found corroborate with Carvalho et al. (2015), who studied different management systems in Entisol
quartzipsamment s and found high values of m % and low V % for pasture areas of conventional use, while for native forest and
integrated system, found similar values compared to the present study. This shows that the average values found in Entisol are
more related to the mineralogical deficiency of the soil and the treatments applied to it than to the adopted management system.

Soil pH and AI**, responsible for the acidity found in the systems in each soil, showed that in this depth (20-40 cm) the
lowest averages found in both soils were for the native forest areas (Table 6). This indicates a loss of exchangeable cations (Ca?*,
Mg?*, and K*) as the depth analyzed increases. A substitution of these cations in the colloid of the soil by aluminum and/or
hydrogen occurs, which in turn increases the soil acidity.

This acidity is easily understood because in this system, which is used as a reference for the others, no type of treatment
has been carried out to correct this acidity and to improve soil fertility.

Contents of Mg?* and K* varied very little among the systems within the same soil type. System 2 in Ultisol obtained

the highest average value of Mg?* (2.97 cmol. dm), which may be associated with higher litter load in this area, and therefore,
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greater increase of soil nutrient cycling. Bahamonde et al. (2012) reported that forest thinning to compose integrated systems
could reduce nutrient recycling by 30 to 35%.

Regarding V %, the highest values of base saturation found in management area 2 (81.15%), has a positive correlation
with soil CEC (0.54), indicating that the two variables increased in parallel. However, V % values decreased as the depth
increased. The trees absorb nutrients from the deeper layers and transfer to superficial layers, providing an increase in the nutrient
supply via litter, as well as improving the soil micro-flora, which contributes to accelerate the nutrient cycling (Silveira et al.,
2007; Radomski, & Ribaski, 2012).

The values of m % in the management systems in Ultisol did not statistically differ, with a mean of 1.88. However, for
the management systems in Entisol quartzipsamment, the average values were high for the native forest area and for the
silvopasture system with 60% shading.

High values were expected, since this variable had negative correlation with VV % (-0.76) and positive correlation with
Al®*(0.96) and H+AI®* (0.43). As the soil base saturation decreased, saturation was increased by aluminum; this is evident in the
positive correlation with the exchangeable aluminum.

Along the soil profile, the average values of the exchangeable cations decreased, so the exchangeable aluminum takes
the place of these cations on the surface of the soil colloids (Ronquim, 2010). Management systems that have higher base
immobilization in their biomass present higher values of AI®*and H+AIP*, and this in turn directly influences the saturation of
the soil (Freitas et al., 2013).

Management system 2, which is an area with 60% shading, with a lesser extent of the original forest, maintained a high
average m % (42.75%). This can be attributed to the fact that having a lower content of exchangeable cations and therefore a
low CEC, the nutrients are less retained, increasing the potential acidity of the soil. Thus, it should be handled with more rigorous
criteria than soils with higher clay contents, in order to reach their maximum productive potential, without loss of soil quality
(Carneiro et al., 2009).
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Table 6. Soil pH (CaCly), Aluminum (AI®*), Calcium (Ca?"), Magnesium (Mg?*), Potassium (K*), and CEC (T), base saturation

(V %), and aluminum saturation (m %) of Ultisol and Entisol quartzipsamment, in the depth of 20-40 cm in the different

management systems.
. Management cv
Soil 1 > 3 2 5 Average %
pH (in CaCly)
Ultisol 5.49 aA 5.72 aA 4.98 aB 4.75 aB 5.72 aA 5.33 58
Entisol 3.76 bAB 3.43bBC 3.91 bA 3.26 bC 3.86 bA 3.64 '
Average 4.62 4.58 4.44 4 4.79
AP (cmol. dm™3)
Ultisol 0.08 aB 0aB 0.33aAB 0bB 0.6 aA 0.2 131.8
Entisol 0.08 aB 0.20 aAB 0.07 bB 0.13aA 0.52bB 0.2
Average 0.076 0.101 0.201 0.264 0.368
Ca®* (cmol, dm™)
Ultisol 4.47 aB 4.06 aBC 7.88 aA 5.25aB 2.96 aC 4.92 414
Entisol 0.05 bA 0.05 bA 0.07 bA 0.04 bA 0.13 bA 0.07
Average 2.26 2.05 3.97 2.64 1.54
Mg?* (cmol. dm3)
Ultisol 1.78aB 2.97 aA 2.34 aAB 2.02 aB 2.24 aAB 2.27 453
Entisol 0.15 bA 0.06 bA 0.19 bA 0.04 bA 0.12 bA 0.11
Average 0.96 1.52 1.26 1.03 1.18
K* (cmol, dm®)
Ultisol 0.028 aA 0.037 aA 0.014 aB 0.028 aA 0.014 aB 0.024 717
Entisol 0.001 bA 0.001 bA 0.003 bA 0.003 bA 0.004 bA 0.002
Average 0.014 0.019 0.008 0.015 0.008
V %
Ultisol 78.30 aA 81.15aA 80.87 aA 76.71 aA 64.63 aB 76.33 118
Entisol 7.61bB 3.31bB 15.35 bA 8.91bB 3.32bAB 7.7 '
Average 42.95 42.23 48.11 40.01 36.06
m %
Ultisol 1.27aA 0aA 2.98aA 0aA 10.12aA 1.88 345
Entisol 23.92bBC 31.34bB 19,98bC 42.75bA 30.34bB 29.67 '
Average 12.60 15.67 11.48 21.37 14.73
CEC (cmolc dm)
Ultisol 8.01aB 8.65 aB 12.38 aA 9.52 aB 8.06 aB 9.32 213
Entisol 2.60 bA 3.45bA 1.74 bA 2.68 bA 3.09 bA 2.72
Average 5.3 6.07 7.06 6.1 5.58

Note. Lowercase letters compare columns. Capital letters compare rows. The averages followed by the same letter did not differ statistically
from each other. The Tukey test was applied at 5% probability level. *1 - silvopasture with 30% shading, 2 - silvopasture with 60 % shading,
3 - secondary forest, 4 - native forest, 5 - pasture with conventional management. Source: Authors.

4. Conclusion

The chemical components in both areas, in Entisol the analyzed attributes did not have great dissimilarities,
demonstrating that regardless the system, the lack of nutrients is notorious in this type of soil, which is a problem that can be
overcome by adopting practices aiming at correcting soil acidity and soil nutrient deficiency._

In Ultisol the pasture area and silvopasture of 60% shading, stood out in relation to chemical attributes of the soil, the
average values found in the areas indicate that when well-managed, regardless of the adopted system, the chemical quality of the
soil does not is affected. But it should be noted that the Silvipastoril System adds more sustainability characteristics to the

management.
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