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APRESENTACAO

A evolucédo das praticas realizadas nas atividades agricolas para cultivo de alimentos
e criacao de animais, potencializadas por inovacdes tecnolbgicas, bem como o uso mais
consciente dos recursos naturais utilizados para tais fins, devem-se principalmente a
disponibilizacdo de conhecimentos cientificos e técnicos. Em geral os avancos obtidos
no campo cientifico tém ao fundo um senso comum, que embora distintos, estéo ligados.

As investigacbes cientificas proporcionam a formacdo de técnicas assertivas com
comprovacgao experimental, mas podem ser mutaveis, uma vez que jamais se tomam
como verdade absoluta e sempre ha possibilidade de que um conhecimento conduza a
outro, através da divulgacao destes, garante-se que possam ser discutidos.

Ademais, a descoberta de conhecimentos técnicos e cientificos estimulam o
desenvolvimento do setor agrario, pois promove a modernizacdo do setor agricola e
facilita as atividades do campo, otimizando assim as etapas da cadeia produtiva. A difuséo
desses novos saberes torna-se crucial para a sobrevivéncia do homem no mundo, uma
vez que o setor agrario sofre constante pressao social e governamental para produzir
alimentos que atendam a demanda populacional, e simultaneamente, proporcionando o
minimo de interferéncia na natureza.

Desse modo, faz-se necessario a realizacao de pesquisas técnico-cientificas, e sua
posterior difusdo, para que a demanda por alimentos possa ser atendida com o minimo
de agressao ao meio ambiente. Pensando nisso, a presente obra traz diversos trabalhos
que contribuem na construcdo de conhecimentos técnicos e cientificos que promovem
o desenvolvimento das ciéncias agrarias, 0 que possibilita ao setor agricola atender as

exigéncias sociais e governamentais sobre a producédo de alimentos. Boa leitura!

Raissa Rachel Salustriano da Silva-Matos
Ramon Yuri Ferreira Pereira
Paula Sara Teixeira de Oliveira
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CAPITULO 1

MULTIVARIATE ANALYSIS IN THE EVALUATION OF
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ABSTRACT: Soil texture is an important soil
attribute for the understanding of management,
since it interferes with water retention, aeration,
nutrient availability and aggregate stability.
The objective of this study was to determine
the physical and chemical attributes of seven
different classes of soils, in the 0 to 20 and 20 to
40 cm layers, and to evaluate the soil attributes,
using a multivariate statistical analysis. The
physical and chemical attributes evaluated
were: soil texture (sand, silt and clay), degree
of flocculation, particle density, pH, soil organic
matter and base saturation. The data were
submitted to multivariate statistical analyzes in
order to verify similarities between the types
of soils through the cluster analysis and main
components. The studied soils presented texture
varying from clayey to sandy soils, suggesting
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different management to each soil class. The techniques of multivariate analysis showed that
the main attributes of the soil to distinguish between the areas are: pH, saturation by bases,
organic matter, clay, degree of flocculation, silt and sand. The use of multivariate analysis
techniques is efficient to verify the similarities or the differences, based on the soil attributes
in the studied areas.

KEYWORDS: soil physics, flocculation degree, soil organic matter, base saturation

ANALISE MULTIVARIADA NA AVALIACAO DE ATRIBUTOS DE SOLOS COM
DIFERENTES TEXTURAS COM COBERTURA VEGETAL NATURAL

RESUMO: A textura do solo é um atributo importante do solo para o entendimento do
manejo, pois interfere na retencéo de agua, na aeragao, na disponibilidade de nutrientes e
na estabilidade dos agregados. O objetivo deste estudo foi determinar os atributos fisicos
e quimicos de sete diferentes classes de solos, nas camadas de 0 a 20 e 20 a 40 cm, e
avaliar os atributos do solo, por meio de uma analise estatistica multivariada. Os atributos
fisicos e quimicos avaliados foram: textura do solo (areia, silte e argila), grau de floculacéo,
densidade de particulas, pH, matéria organica do solo e saturagdo por bases. Os dados
foram submetidos a andlises estatisticas multivariadas, a fim de verificar as semelhancas
entre os tipos de solos através da anélise de agrupamentos e componentes principais. Os
solos estudados apresentaram textura variando de solos argilosos a arenosos, sugerindo
diferentes manejos para cada classe de solo. As técnicas de analise multivariada mostraram
que os principais atributos do solo para distinguir entre as areas séo: pH, saturacéo por
bases, matéria organica, argila, grau de floculagéo, silte e areia. O uso de técnicas de analise
multivariada € eficiente para verificar as semelhancgas ou diferengas, com base nos atributos
do solo nas areas estudadas.

PALAVRAS-CHAVE: fisica do solo, grau de floculagdo, matéria organica do solo, saturacao
por bases.

11 INTRODUCTION

The soil is formed on materials of geological origin, resulting from the effect of active
environmental factors such as climate, position in the landscape and biotic activity for long
periods of time (ALTHAUS et al., 2018).

Soil is one of the most important environmental compartments for living organisms,
since it provides many essential conditions, such as climate regulation, nutrient cycling,
food production and others (FAO, 2015). However, in the last decades, this resource
has undergone several changes in its natural characteristics due to the increase in food
production activities, which increasingly require the use of chemical and organic inputs
(CASSOL et al., 2018).
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The State of Mato Grosso do Sul - Brazil has so great diversity of soils that it is
fundamental to analyze the particular physical and chemical characteristics of each soil
class, under native forest, in order to contribute with reference information, which can
serve as parameters of comparison for land use and management.

Physical parameters such as flocculation degree, particle density and soil texture
(clay, silt and sand) have great influence on the physical-water and chemical behavior of
the soil. Among these attributes, soil texture has direct interference with other soil physical
properties, such as structure, pore size distribution, compaction and densification, surface
sealing, surface runoff, drainage and infiltration process (OLIVEIRA et al., 2013; LIMA et
al., 2015). The texture is indispensable for classification and prediction of handling and
suitability for use.

Organic matter, base saturation and pH are frequently used parameters to infer part
of the chemical quality of the soil. These variables are generally positively correlated and
considered fundamental in the evaluation of soil fertility (FREITAS et al., 2017; GUARCONI,
2017).

Knowledge in soil chemical and physical attributes can provide support for the adoption
of management practices the soil, insuring the continued sustainability and conservation
of ecosystems.

In this sense, the use of statistical techniques facilitates the interpretation of soil
attributes behavior for better decision on which soil management practices are appropriate
to make, based on the soil attributes behavior. In addition, it can indicate possible attributes
with anthropogenic interference.

Thus, the objective of this study was to determine the physical and chemical attributes
of seven different classes of soils in the 0 to 20 and 20 to 40 cm layers and to evaluate the

soil attributes together with the assist of multivariate statistical analysis.

2| MATERIAL AND METHODS

The study was carried out in the State of Mato Grosso do Sul, Brazil, and includes a
geological diversity composed of igneous, metamorphic and sedimentary rocks as shown
in Figure 1.

The samples were collected during the year 2017 (Table 1), totaling 13 sampling
points and identified seven soil classes: Latossolo Vermelho (LV), Nitossolo Vermelho
(NV), Planossolo Haplico (SX), Argissolo Vermelho Amarelo (PVA), Chenossolo Rendzico
(MD), Neossolo Regolitico (RR) and Gleissolo Haplico (GX) (SANTOS et al., 2018). These
soils correspond to the soils Ferralsol, Nitisol, Planosol, Acrisol, Chernozem, Regosol and
Gleysol, respectively (IUSS, 2015).
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Figure 1 - Sample points according to the geological diversity of the State of Mato Grosso do Sul, Brazil.

Samples were collected in areas of native forest preserved, absent direct

anthropogenic contribution. Each area was subdivided into four subareas, each
corresponding to four replicates. In order to carry out the chemical and soil texture a
composite sample was deformed in each subarea, in the layers of 0 to 20 and 20 to 40 cm,
being a total of eight samples per area, totaling 104 samples collected.

For laboratory analysis, the samples were air-dried, homogenized, and passed in
a 2 mm aperture sieve. Soil texture (sand, silt and clay), degree of flocculation, particle
density, pH, organic matter and base saturation were determined according to the manual

of soil analysis methods (CLAESSEN, 1997).

Soil Classes Coordinates geographic

Ferralsol (LV
Ferralsol (LV
Ferralsol (LV
Ferralsol (LV

Nitisol (NV)
Planosol (SX)
Planosol (SX)
Planosol (SX)
Acrisol (PVA)
Acrisol (PVA)

~ ~— ~— ~

Chernozem (MD)

Regosol (RR)

22°13'48,02” S
22°15°30,12” S
22°08’10,6” S
22°11'45,19” S
22°6’40,48” S
22°21°09.2” S
22°15’49,77” S
21°40°50.4” S
22°29'55,3" §
21.29°22'64” S
20.63°52'88” S
21°06'44,1” S
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53°20’30,32” W
53°20°29,14” W
55°8°25,27" W
54°47°55,04” W
54°47°55,04” W
53°20’ 32.7” W
53°11’18,911” W
52°24’18.9" W
53°21’40” W
55.52°08’30” W
56.55°23°02” W
56.30°90°32,64" W
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Gleysol (GX) 22°14'34,207" S 54°59'34,14” W
Ferralsol (LV) 22°13'48,02" S 53°20'30,32" W

Table 1 - The geographical coordinates and the soil classes of the points sampled. The geographic
coordinates were obtained by Garmin Trex Legend® GPS.

Legend: Latossolo Vermelho (LV), Nitossolo Vermelho (NV), Planossolo Haplico (SX), Argissolo Vermelho Amarelo (PVA),
Chenossolo Rendzico (MD), Neossolo Regolitico (RR) and Gleissolo Haplico (GX).

To verify similarities and differences between the variables and the classes of the
soils, principal component analysis (PCA) was applied. The variance contained in each
main component generated was expressed by the eigenvalues of the standardized matrix
(mean of the transformed data set equal to 0 and standard deviation equal to 1), so that
the largest eigenvalue is associated with the first principal component (PC), the second
higher eigenvalue to the second PC, and so on, until the smallest eigenvalue is associated
with the last PC, placing the former as the most important.

In order to select the principal components, we used the Kaiser criterion that suggests
the use of (PCs) with eigenvalues greater than unity (Ai> 1) (HONGYU, 2015).

The results were evaluated by descriptive statistical analysis. All statistical analysis

was performed using Statistical software 10.0.

3 | RESULTS AND DISCUSSION

The analyzed soils presented great variability in their attributes, reflecting the
geological diversity (igneous, metamorphic and sedimentary), and the performance of the
pedogenetic processes in their formation. Table 2 presents the mean values and their
respective standard deviations for the analyzed variables sand, silt, clay, flocculation
degree, particle density, pH CaCl,, soil organic matter and base saturation (BS%).

The granulometric fraction allowed to classify the soils in different textural classes,
being the Ferralsol (LV) and Nitisol (NV) of the clayey class, the Chernozem (MD) and
Gleysol (GX) of the clay middle class, and the Regosol (RR), Planosol (SX) and Acrisol
(PVA) of the sandy middle class (SANTOS et al., 2018).

; Particle
Soil Classes Sand Silt Clay Degree F. Density oH CaCl, SOM BS
g kg™ Y% gcm?® g kg %
Soil (0-20 cm)
Ferralsol (LV) 198 +0.0 263+0.2 539+03 61,7+33 333+x02 47+001 327x06 31.4+05
Nitisol (NV) 217+01 236+0.2 547+01 93,7+x47 335x02 56+002 259+05 76.1=+0.7
Planosol (SX) 638 +0.1 127+01 23501 46,8+23 3.18+03 39x0.02 193+02 151x0.6
Acrisol (PVA) 572+0.2 168+0.1 260+0.2 73,3%5.1 3283+04 46+001 172x+01 432+0.4
Chernozem (MD) 364 +0.0 266+0.2 370+0.1 86,5+87 2.54=x0.1 6.1+0.01 448+04 86.6+0.2
Regosol (RR) 446 +0.1 349+03 205+0.2 68,8+43 280+02 59+003 401+03 79.1+03
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Gleysol (GX) 285+0.1 232+0.3 483+03 923+54 258=+0.1 48+0.01 335+03 455+0.3
Soil (20-40 cm)

Ferralsol (LV) 188 +0.2 187 +0.2 625+0.3 653=+4.1 344+04 45+002 21102 375x05
Nitisol (NV) 213+03 109+0.1 678+0.2 951+6.3 3.89+04 56=+0.01 221+02 79107
Planosol (SX) 672+0.2 142+0.1 186+0.2 48429 3.08+03 40x0.03 19.1+£05 12504
Acrisol (PVA) 517+01 172+0.1 31101 74188 277+02 49+0.02 147+03 73.8x+0.8
Chernozem (MD) 367 +0.1 323x0.2 310+x01 644x42 3.14x0.1 6.4+0.01 39.5+0.7 90.4x0.8
Regosol (RR) 484 +01 351+02 165+0.3 33.8+13 3.14+0.1 55+0.01 279+02 734+0.9
Gleysol (GX) 330+0.2 45+03 625+02 75167 32102 44+003 11.5+04 40.8=x0.6

Ciéncias Agrarias: Conhecimentos Cientificos e Técnicos e Difusdo de Tecnologias 4  Capitulo 1

Table 2 - Mean values and standard deviations of the physical and chemical parameters for the studied
soils.

Legend: Latossolo Vermelho (LV), Nitossolo Vermelho (NV), Planossolo Haplico (SX), Argissolo Vermelho Amarelo (PVA),
Chenossolo Rendzico (MD), Neossolo Regolitico (RR) and Gleissolo Haplico (GX). Degree F = Degree Flocculation; SOM
= soil organic matter; BS% = base saturation; + standard deviation;

The clay contents were higher in the 20-40 cm layer of the soils Ferralsol (LV), Nitisol
(NV), Gleysol (GX) and Acrisol (PVA), with average values of 625; 678; 625 and 311 g
kg respectively. However, the soils Planosol (SX), Chernozem (MD) and Regosol (RR)
presented higher clay content in the 0-20 cm layer, with mean values of 235; 370 and 205
g kg respectively.

Soils of clay texture are derived from the S&o Bento group of the Serra Geral formation
constituted by igneous rocks such as basalt and basalt (CPRM, 2019). Soils originating
from basaltic rocks inherent to regions of tropical climates are deep, with a predominance
of clayey texture, argilominerals of the 1:1 type, such as kaolinite and oxidic clays (REIS
et al., 2014).

The higher levels of sand in Regosol (RR), Planosol (SX) and Acrisol (PVA) soails,
when compared to the other soils analyzed, are associated to the source material
and weathering factors of these soils, whose geological formation is sedimentary and
metamorphic constituted by sandstone rocks with fine to thick rounded granulation and
reddish colors (CPRM, 2019).

The degree of flocculation varied between 46.8 and 93.7% in the 0-20 cm layer,
and 33.8 and 95.1% in the 20-40 cm layer. Soils Regosol (RR), Chernozem (MD) and
Gleysol (GX) presented greater differentiation along the profile. In these soils the degree
of flocculation was about 50.8; 25.5 and 18.6%, higher in the 0-20 cm layer, respectively.

This can be associated to the expressive values of SOM found especially in the
soils Chernozem (MD) and Regosol (RR), which contributes to the maintenance of basic
cations and consequent reduction of soil acidity. For Fontana et al. (2016) several factors
may be related to the degree of flocculation of soil samples, especially pH and organic
matter and cations content in the soil sorption complex.

The clayey soils Ferralsol (LV) and Nitisol (NV) showed higher values of particle
density. In relation to depth, the highest values were found in the 20-40 cm layer, with




3.44 and 3.89 g cm®, respectively. Lower values (2.70 g cm™) were found by Freitas et al.
(2014) in Ferralsol (LV) region of Cerrado in the West of Bahia. However, the values found
by these authors are similar to the Chernozem (MD), Regosol (RR) and Gleysol (GX) in the
surface horizon, which may be associated to the source material of these arenite domains.

Another justification for the lower values of particle density in Chernozem (MD),
Regosol (RR) and Gleysol (GX) soils may be the higher OM contents of these soils, since
the specific density of OM tends to reduce the density of particle. However, the presence
of oxides tends to increase the soil particle density, a possible justification for the higher
values in depth in Ferralsol (LV) and Nitisol (NV).

All soils presented acidic characteristics with little variation along the profile. Soils
Planosol (SX), Ferralsol (LV) and Gleysol (GX) presented lower values of pH when
compared to the other soils analyzed. Therefore, high acidity values contributed to low
basal saturation values in these soils, classifying them as low fertility dystrophic soils
(SANTOS et al., 2018).

Acidity in soils can be attributed to several factors, such as soil source material,
loss of basic cations in crops, relief characteristics, CO, and water reaction products, and
cation removal by precipitation (BOCARDI et al., 2018). In soils where pH is less than
5.0, Al solubility tends to increase, causing limitation in nutrient absorption, because it
inhibits the transport of basic ions such as (K* and Ca?*), forms insoluble complexes with
phosphorus (P) (KOCHIAN et al., 2015). In addition, the water content of the plants is
similar to that of the plants.

Another justification is that Ferralsols (LV) underwent a process called latolization,
which basically consists of the removal of silica and the bases of the profile (Ca?*, Mg,
K*,etc.) after transformation of the primary constituent minerals, resulting in greater active,
potential and Al*3, corroborating with the V% values found in our study (SANTOS et al.,
2018).

The values of SOM were classified as medium for the soils Gleysol (GX) and Nitisol
(NV), suitable for Planosol (SX) and Ferralsol (LV) and high for Chernozem (MD), Regosol
(RR) and Acrisol PVA), (Sousa & Lobato, 2004). In terms of values, the highest levels were
found in the Chernozem (MD) and Regosol (RR) soils, with mean values of 44.7 and 39.9
g kg, respectively.

In relation to the soil profile, except for Gleysol (GX) and Planosol (SX), all other soils
analyzed presented decreasing levels of soil organic matter with depth, a result already
observed in other studies (FREITAS et al., 2018; COSTA et al., 2017).

Analysis by Principal Components

The first two principal components were retained for the 0 to 20 and 20 to 40 cm
layers, which explained 79.4% of the data variance in the 0 to 20 cm layer and 82.3% in
the 20 to 40 cm Table 3.

Ciéncias Agrarias: Conhecimentos Cientificos e Técnicos e Difusdo de Tecnologias 4  Capitulo 1




The projection diagram of the variables (eigenvector chart), and soil class projection
(grouping plot) were constructed using the first two main components for each depth
separately. To facilitate the comparison between the variables, soil classes and depths,
graphs A, B, C and D were grouped (Figure 2). The letters A and C represent the ordering
diagrams (eigenvector chart), by analysis of principal components showing the projection
of the variables in the plane of the factor PC1 x PC2, in the depth of 0 to 20 and 20 to
40 cm, respectively. Graphs B and D show the projections of the soil classes according
to their variables in the plane of the factor PC1 x PC2, depth of 0 to 20 and 20 to 40 cm,
respectively.

CPs Eigenvalue % Total variance ~ Cumulative Eigenvalue Cumulative %
CP1 0-20 cm 4.482952 56.03690 4.482952 56.0369
CP20-20 cm 1.870858 23.38572 6.353810 79.4226
CP1 20-40 cm 3.444303 43.05379 3.444303 43.0538
CP2 20-40 cm 3.140105 39.25131 6.584408 82.3051
Variables CP10-20 cm CP2 0-20 cm CP1 20-40 cm CP2 20-40 cm
Sand 0.706467* -0.675475 -0.683212 0.606832
Silt -0.798673* -0.181676 -0.786394* -0.538434
Clay -0.524272 0.811200* 0.930754* -0.274534
Degree F. -0.772734* 0.305988 0.840913* -0.263548
Particle Density 0.494417 0.619846 0.671604 -0.344102
pH CaCl, -0.897003* -0.173801 -0.251532 -0.920686*
SOM -0.807889* -0.398056 -0.510450 -0.730241*
BS% -0.878779* -0.238843 -0.103882 -0.915315*

Table 3 - Extraction of principal components with their respective factorial coefficients, eigenvalues and
accumulated variance.

* Significant loading factors.

In the surface horizon (Figure 2A), the variables that best explain the variance of the
data: sand, silt, degree flocculation, pH, SOM and BS% are highlighted by PC1 negative
axis of X. By PC2, positive Y-axis, clay was the most explanatory variable in terms of data
variation.

In the subsurface (Figure 2C), the most explanatory variables were: clay and
flocculation degree PC1, positive axis of X, and silt negative axis of X. By PC2, pH, SOM
and BS% presented the variables higher factorial coefficients.

Analyzing Figure 2A and 2C, we observe different behavior of the variables in relation
to the depths studied. There is a high association between the pH, BS%, silt and SOM
variables in the superficial horizon, evidenced by the formation of acute angles of the
eigenvectors in relation to the abscissa axis between these variables (HONGYU et al.,
2015). In subsurface there is an association between these variables, however, in a smaller
dimension.
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The association between pH, BS%, silt and SOM in the surface horizon occurred
mainly as a function of SOM and silt levels in Chernozem (MD) and Regosol (RR) soils
(Figure 2B). The SOM levels can be justified by the deposition of vegetal residues that
accumulate in the surface horizon of the preserved areas, with dense vegetation, where
the samples were collected, with consequent release of nutrients in the mineralization
process (BOCARDI et al., 2018).

A comparative study of natural and altered management systems in the state of Sédo
Paulo found statistically higher values of SOM in the native forest, indicating that the
removal of the forest and the agricultural use reduced soil SOM contents (FREITAS et al.,
2018).

The highest levels of silt found in Chernozem (MD) and Regosol (RR), when
compared to the other soils analyzed, may be indicative of the degree of soil development.
The silt/clay ratio varied throughout the profiles, with larger values (1.04 and 2.12) in the
subsurface horizons of Chernozem (MD) and Regosol (RR), respectively, denoting the
strong connection of the C horizon with the originating material.

Still in relation to Figure 2A and 2C, the association between the variables clay,
flocculation degree and particle density in the subsurface horizon is highlighted, whereas
for the surface horizon these variables did not present such association. This fact can be
justified by the greater association of the soils Nitisol (NV), Ferralsol (LV) and Gleysol (GX)
with the positive axis of PC1, in the subsurface horizon. This axis has as main variable
clay, so it can be assumed that the higher clay content in these soils contributed to a higher
density of particles and a higher degree of flocculation.

The grouping of soil classes reflects the individual contribution of each variable to the
definition of each component. The closer a soil class is to another, the greater will be the
similarity of its characteristics. In this way, it is possible to show on the basis of Figures 1B
and 1D that the Chernozem (MD) and Regosol (RR) soils presented small changes in the
depth of the profile when compared to the other soils analyzed.

Analyzing Figures 2B and 2D it is possible to show that Planosol (SX), Gleysol (GX)
and Acrisol (PVA), were the most differentiated soils along the profile.
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Figure 2 - (A-C) ordering diagram obtained by PCA showing the projection of the variables in the plane
of the factor PC1 x PC2. (B-D) projection diagram of the soil classes as a function of their variables in
the plane of the factor PC1 x PC2. PC = Principal component. Degree F = Degree of Flocculation; SOM
= soil organic matter; BS% = base saturation.

This fact can be justified because soils such as Acrisol (PVA) and Planosol (SX) can
undergo processes of destruction of clay with formation of textural horizon B (ferrélise).
Gleysol (GX) processes iron reduction under anaerobic conditions and translocation,
forming grayish horizons with or without mottling called gleation (SANTOS et al., 2018).
These characteristics inherent to these soils are possible justifications for the differentiation
of these soil classes from the others, or even with each other with the depth of the profile.

The separation of the sand, silt and clay granulometric fractions in distinct quadrants
of the PCA, in both depths, shows that the NaOH dispersion method is effective in the
separation of the determined soil texture, and the statistical analysis by principal components
is sensitive to these variations once which analyzed soils with different textures ranging
from clayey to medium-sandy.

Principal component analysis was effective in grouping or separating the soil classes
in relation to the 0-20 and 20-40 cm layers. Soils such as Acrisols (PVA) and Planosols
(SX) present considerable differentiation along the profile as higher sand content in the
surface horizon, and clay enrichment in subsurface. Already as Gleysols (GX), they
present differentiation along the profile mainly due to the hydromorphic character, and




strong gleation, due to the reduced moisture regime.

41 CONCLUSION

The determination of the physical and chemical attributes of soils under native
vegetation is important to establish reference values for the protection of soil quality.

The studied soils presented texture varying from clayey to sandy soils, suggesting
different management to each soil class.

In the 0-20 cm layer the Chernozem and Regosol presented higher relation with
pH, base saturation, silt and organic matter. Nitosol and Gleysol with clay and degree of
flocculation. Ferralsol and Acrisol with particle density, and Planosol with sand.

In the layer of 20-40 cm the Planosol and Acrisol present greater relation with sand.
Gleysol, Ferralsol and Nitosol with particle density and flocculation degree. Regosol and
Chernozem with silt, organic matter, pH and saturation by bases.

The techniques of multivariate analysis showed that the main attributes of the soil
to distinguish between the areas are: pH, base saturation, soil organic matter, clay,
flocculation degree, silt and sand.

The use of multivariate analysis techniques is efficient to verify the similarities or the
differences, based on the soil attributes in the studied areas.
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