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MAGNETIC SUSCEPTIBILITY TO IDENTIFY LANDSCAPE
SEGMENTS ON A DETAILED SCALE IN THE REGION OF
JABOTICABAL, SAO PAULO, BRAZILD

Mariana dos Reis Barrios (9, José Marques Junior(®, Alan Rodrigo Panosso®), Diego
Silva Siqueira® & Newton La Scala Junior®

SUMMARY

The agricultural potential is generally assessed and managed based on a one-
dimensional vision of the soil profile, however, the increased appreciation of
sustainable production has stimulated studies on faster and more accurate
evaluation techniques and methods of the agricultural potential on detailed scales.
The objective of this study was to investigate the possibility of using soil magnetic
susceptibility for the identification of landscape segments on a detailed scale in
the region of Jaboticabal, Sdo Paulo State. The studied area has two slope
curvatures: linear and concave, subdivided into three landscape segments: upper
slope (US, concave), middle slope (MS, linear) and lower slope (LS, linear). Ineach
of these segments, 20 points were randomly sampled from a database with 207
samples forming a regular grid installed in each landscape segment. The soil
physical and chemical properties, CO, emissions (FCO,) and magnetic
susceptibility (MS) of the samples were evaluated represented by: magnetic
susceptibility of air-dried fine earth (MS,peg), magnetic susceptibility of the total
sand fraction (MSg) and magnetic susceptibility of the clay fraction (MSg)) in the
0.00 - 0.15 m layer. The principal component analysis showed that MS is an important
property that can be used to identify landscape segments, because the correlation
of this property within the first principal component was high. The hierarchical
cluster analysis method identified two groups based on the variables selected by
principal component analysis; of the six selected variables, three were related to
magnetic susceptibility. The landscape segments were differentiated similarly by
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the principal component analysis and by the cluster analysis using only the
properties with higher discriminatory power. The cluster analysis of MS \pgg, MS+g
and MSg,allowed the formation of three groups that agree with the segment division
established in the field. The grouping by cluster analysis indicated MS as a tool
that could facilitate the identification of landscape segments and enable the
mapping of more homogeneous areas at similar locations.

Index terms: landforms, principal component analysis, cluster analysis.

RESUMO: SUSCETIBILIDADE MAGNETICA NA IDENTIFICACAO DE
COMPARTIMENTOS DA PAISAGEM EM ESCALA DETALHADA NA
REGIAO DE JABOTICABAL (SP)

A avaliacdo e adequacdo do potencial agricola séo realizadas com base na visédo
unidimensional do perfil do solo, porém a producéo sustentavel tem estimulado estudos sobre
técnicas e métodos de avaliagéo do potencial agricola em escalas detalhadas, que sejam mais
rapidos e precisos. Assim, o objetivo deste trabalho foi investigar o potencial da suscetibilidade
magneética do solo na identificagdo de compartimentos da paisagem em escala detalhada na
regido de Jaboticabal (SP). A &rea estudada possui duas curvaturas de relevo: concavace linear,
sendo subdividida em trés compartimentos da paisagem: encosta superior (ES), meia encosta
(ME) e encosta inferior (El). Foram amostrados 20 pontos em cada compartimento, de forma
aleatdria, a partir de um banco de dados composto por 207 amostras oriundas de um gradeado
amostral regular instalado em cada compartimento da paisagem. Foram avaliados os atributos
fisicos e quimicos, a emissao de CO, (FCO,) e a suscetibilidade magnética (SM), representada
por: suscetibilidade magnética da terra fina seca ao ar (SMtgsp), da fragéo areia total (SMuy) e
dafragdo argila (SMjgg), na profundidade de 0,00 - 0,15 m. Os resultados, obtidos por meio da
analise de componentes principais, demonstraram que a SM é um importante atributo, capaz de
ser empregado na identificacdo dos compartimentos da paisagem, pois a correlagdo desse atributo
dentro do primeiro componente principal foi alta. A anéalise de cluster, método hierarquico,
permitiu identificar dois grupos, segundo as variaveis selecionadas por meio da anélise de
componentes principais, entre os quais trés das seis variaveis selecionadas correspondem a
suscetibilidade magnética. A distincdo dos compartimentos da paisagem na analise de
componentes principais foi similar a do agrupamento formado na anélise de cluster utilizando-
se somente os atributos de maior poder discriminatorio. A submisséo da SMresa, SMar € SMarg
a anélise de cluster possibilitou a formagéo de trés grupos que concordam com a divisao de
compartimentos estabelecida em campo. O agrupamento observado na analise de cluster evidencia
a possibilidade de a SM ser utilizada como ferramenta que facilite a identificacéo de
compartimentos da paisagem e viabilize o0 mapeamento de areas mais homogéneas em locais
semelhantes.

Termos de indexacao: formas de relevo, analise de componentes principais, analise de cluster.

INTRODUCTION

The increased recognition of sustainable production
has stimulated studies on evaluation techniques and
methods of the agricultural potential on a detailed scale
that are fast, accurate and economical. Therefore, the
evaluation of the expected performance of agricultural
systems must be improved by the application of
guantitative indicators, e.g., the magnetic susceptibility
of the soil (Siqueira et al., 2010), which allow objective
comparisons and the exact identification of boundaries
of landscape segments in the field.

In general, the agricultural development in the
tropics needs characterization and precise mapping of
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the soil for appropriate recommendations of the
management system to be used (Shepherd & Walsh,
2007). To meet this need, several studies have adressed
the efficacy of using mathematical tools associated with
landscape models (Pennock & Corre, 2001; Pennock et
al., 2001; Kravchenko et al., 2005; Barbieri et al., 2009;
Le&o et al., 2010) Studies about the relationships
between geomorphic and pedologic processes are needed
to deepen the understanding of the synergistic processes
occurring in soil, thus enabling the planning of more
appropriate management practices (Young & Hammer,
2000; Bui, 2004; Vidal-Torrado et al., 2005)

The terrain curvatures influence the conditions
in an area, resulting in differentiated conditions for
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the establishment of the soil physical and
mineralogical properties (Souza et al., 2009). The
mapping of a soil, characterized as free or categorical
mapping is based on the knowledge of the different
landforms found at a site of interest (Legros, 2006).
Such studies, aside from providing information for
the characterization of homogeneous areas, permit
knowledge take-over for the same sites of
pedogeomorphic domain (Marques Jr., 2009),
contributing to management strategies that are in
agreement with sustainable production.

Therefore, Marques Jr. (2009) proposed the use of
magnetic susceptibility (MS) to help identify the limits
of accuracy between different landscape forms,
emphasizing the possibility of using MS to indirectly
evaluate some soil properties quantitatively. This
information is useful for the soil classification systems
in use, because it may direct the development of
criteria for detailed soil mapping, allowing more
detailed and site-specific management practices.

Magnetic susceptibility is a property of iron-
containing minerals (Souza Jr. et al., 2010), found in
rocks, sediments and soil. The level of magnetic
susceptibility depends on the concentration and
characteristics of the minerals (composition, spatial
structure and crystal size) (Verosub & Roberts, 1995;
Fontes et al., 2000; Blundell et al., 2009; Silva et al.,
2010). This soil property can be a useful tool to gain
further insights on soil knowledge, aside from being
fast and cheap, applied in a number of areas, e.g.,
environmental monitoring, paleoclimatology,
limnology, archeology, stratigraphy, and in pedology
(Chaparroetal., 2008).

Siqueiraetal. (2010) found significant correlations
between MS,pre and some soil properties in a study
on correlations between soil properties and MSpre,
in the 0.00 to 0.20 m layer of a eutrophic Acrisol with
arenitic source material, harvested by hand with
sugarcane burning in the pre-harvest period.

The mapping of magnetic susceptibility is ideal
for studies that require large amounts of samples, as
of spatial variability, for example (Dearing et al.,
1996). Thus, the combined use of this method of
indirect analysis with multivariate statistics provides
valuable information for the mapping of homogeneous
areas with a view to develop strategies for different
agricultural systems. The objective of this study was
to investigate the potential of magnetic susceptibility
in the identification of landscape segments on a
detailed scale in an area located in Jaboticabal (SP),
under mechanically harvested sugarcane.

MATERIAL AND METHODS

The experiment was conducted in the region of
Jaboticabal, a municipality in the northeastern state
of Séo Paulo (latitude 21°17' S, longitude 48° 08" W,

1075

on the western highland of S&o Paulo. The regional
climate was classified as Aw, with tropical rainy
summers and dry winters, according to Képpen.

Two terrain curvatures were mapped, concave and
linear (Troeh, 1965). Increasing the mapping scale,
the area was subdivided into three segments, according
to the slope segment: upper slope (US), middle slope
(MS) and lower slope (LS), according to Darlymple et
al. (1968) (Figure 1).

The areais located in a region of lithostratigraphic
transition between basalts of the Serra Geral
formation of the Sao Bento group, and arenites of
the Adamantina formation, Bauru group. The soil
was classified as clayey Eutroferric Oxisol (LVef),
but in a small area of the higher upper slope, the
occurrence of a clayey Eutrofic Oxisol (LVe) was
detected (Embrapa, 2006). The topography is slightly
undulating with a slope ranging from 3 to 8 % and a
mean altitude of 600 m asl.

The experimental area had been used for sugarcane
cultivation for more than 60 years, with mechanical
harvesting (green cane management system) in the
last 14 years. For each landscape segment, a sample
grid of 90 x 90 m was established, in which 49 points
were distributed at regular intervals of 15 m. Five
points were added to each of the four quadrants of the
sample grid, resulting in a total of 69 replications per
landscape segment in the 0.00 to 0.15 m layer.

To determine the total iron (Fe,O3) content, soil
was sampled from the 0.00 to 0.15 m layer, with five
replicates per landscape segment, and Fe extracted
by sulfuric acid attack (Embrapa, 1997). The total
iron content (Fe,Os) in the segments upper slope (US),
middle slope (ME) and lower slope (LS) in the 0.00 to
0.15 m layer were 15.35, 19.25 and 21.00 %,
respectively.

The particle size (total sand content - TS; clay
content - ClI; silt content - Silt) was determined by the

Concave curvature | Linear curvature

Height (m)

Length (m)

3000

Figure 1. Elevation profile identifying the landscape
segments of the study area (adapted from Brito
et al., 2010).

R. Bras. Ci. Solo, 36:1073-1082
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method proposed by Embrapa (1997). Aggregate
stability, referring to the Geometric Mean Diameter
(GMD) was calculated as described by Kemper &
Rosenau (1986). The total pore volume (TPV) was
calculated based on the value of bulk density. Soil
moisture (M) was determined by gravimetry,
according to Gardner (1986). Organic matter (OM),
hydrogenic potential (pH), available phosphorus (Pay),
and base saturation (V%) were obtained according to
Raij et al. (1987).

The magnetic susceptibility of air-dried fine earth
(MSapee) Was evaluated using an adapted analytical
scale (Carneiro et al., 2003;). This consists of a small
permanent neodymium-iron-boron permanent
magnet used as magnetization source, a height-
adjustable support for the magnet, a sample holder
and a precision scale. The equivalent mass recorded
on the scale, the drawing power, must be converted
into mass magnetic susceptibility, based on the soil
bulk density.

To measure the magnetic susceptibility of the total
sand fraction (MS+s) and magnetic susceptibility of
the clay fraction (MS¢|) on the adapted analytical
scale, the soil samples were treated with NaOH 0.5
mol L and subjected to mechanical agitation for 10
min to disperse the particles. After this treatment,
the total sand fraction was removed in a 0.05 mm
sieve. The separation of the silt fraction occurred by
centrifugation (1,600 rpm) and the operation time was
determined by the temperature of the samples during
analysis. The clay suspension was flocculated with
concentrated HCI and centrifuged (2,000 rpm for 2
min).

The results were presented based on descriptive
statistics (mean and coefficient of variation). At first
the ANOVA F test and the data normality
assumptions were evaluated and then Tukey's test at
5 % expressed the difference between the property
means of the different landscape segments.
Multivariate analyses were performed after
standardization of the soil properties, with mean 0
and variance 1.

The principal components analysis (PCA) was
applied to all soil variables in order to explain the
variance structure of the evaluated data, taking a
smaller set of variables without interrelations into
consideration (PC), from linear combinations among
the original variables (Johnson & Wichern, 2002;
Hair et al., 2005). This analysis selected a set of
soil properties, subsequently used in cluster
analysis (Sena et al., 2002). Cluster analysis is a
hierarchical grouping analysis, which serves to
group more similar accessions (Freddi et al., 2008).
In this study the Euclidean distance and the Ward
algorithm were used for clustering. Descriptive
statistics were performed using MINITAB 14 while
for the multivariate statistics the program
STATISTICA 7.0 (StatSoft. Inc., Tulsa, OK, USA)
was used.

R. Bras. Ci. Solo, 36:1073-1082
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RESULTS AND DISCUSSION

The highest clay contents were found in the upper
slope (Table 1). The values of MS+g, M, OM, V% and
pH were highest in the middle slope position, while
TS, Silt, MSppee, MS¢), FCO,, GMD and TPV were
highest in the lower slope. Possibly, the variation of
these properties in the segments was related to the
source material, as well as to the position of the soil
in the landscape (Daniels & Nelson, 1987). The higher
MSapre, MS¢ and total iron content (Fe,O3) in the
LS indicated greater proximity to the basalt,
confirming the influence of the source material on
the greater soil magnetic susceptibility (Fontesetal.,
2000).

The MS data and their relation to the source
material of the soils are highly relevant for
lithostratigraphic transition regions as studied here.
The color is a diagnostic attribute used in the Brazilian
Soil Classification at the 2" taxonomic level
(suborder). By this attribute, evaluated by the Munsell
chart, only one environment was identified in the
study area, demonstrating the subjectivity of this
assessment method of hue, value and chroma.
However, when the MS data were taken into
consideration, three environments were detected.
Tropical and subtropical regions are favorable for the
neoformation of magnetic minerals, leading to an
increased magnetic susceptibility of the clay fraction
(Torrent et al., 2006), making the minerals present
in this fraction important pedoambiental markers
(Torrentetal., 2010).

With the exception of the property P,y the property
means (of clay and silt content, MSprg, MS+s, FCO,
and V%) differed significantly between the three
segments. The properties with significantly different
means between two segments only were: total sand
content, MS¢,, M, GMD, TVP, OM and pH. This
indicates that soil analysis based on mean values may
fail to represent the spatial variability of the soil
properties adequately, especially when the limits of
the landscape segments are not taken into account.
It can be concluded that MSt, as well as MSapgeg can
be used as auxiliary properties in the study of the
segments found in areas under the influence of different
source materials or of lithostratigraphic transition.

Although there are significant differences between
the diagnostic properties Clay and V% in the landscape
segments, the field determined limits based on
readings of a mapper, by clay analysis, would hardly
allow an exact division of the existing segments within
a same area. Thus, the use of other possible diagnostic
properties for a more detailed separation of the
environments is necessary.

The greatest percentage of properties in the
moderate class were grouped in the US segment
(12 % < CV < 60 %), according to the criteria of
Warrick & Nielsen (1980). Itwas noticed that the CV
of clay content and V% were low (CV < 12 %) and
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moderate (12 % < CV < 60 %). Studies use the CV to
assess the spatial variability in the soil properties and
report greater spatial variability of chemical and
physical properties in concave than in linear or convex
curvatures (Souza et al., 2004; Montanari et al., 2008;
Souza et al., 2009). Sanchez et al. (2009) showed in
their work the influence that the water and solution
flow, be it surface or subsurface, vertical or horizontal,
have on the processes of variability in soil properties.
Cunha et al. (2005) studied an Oxisol area in
lithostratigraphic transition (sandstone - basalt) and
confirmed that field limits can be established, which
can be useful for more consistent surveys of soils and
pedogenesis.

The first four principal components, PC1, PC2,
PC3 and PC4, whose eigenvalues are greater than
the unit (Kaiser, 1958), could explain 74.91 % of the
variability in the soil properties in the three segments
studied (Table 2). The first principal component, PC1
explained 30.50 % of the total variance in the soil
properties, PC2 explained 22.06 % while PC3 explained
13.44 % and 8.90 were explained by PC4. To identify
and quantify the changes in the soil associated with
the different pedogenetic processes some authors have
worked with a number of principal components that
explain up to 70 % of the variance of the data (Carvalho
Jr.etal., 2008).
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In the first principal component and in order of
importance, the properties with correlation coefficients
above £ 0.70 (Jolliffe, 1972) were used to characterize
the factors. The first component was characterized
by variable MS¢,, Clay, and MSpre and Silt, while
the second principal component by V%, and pH, in
order of importance (Table 2). Components 1 and 2
can be characterized respectively as the “physical” and
“chemical” components of the soils.

In this study, the two first principal components,
PC1 and PC2were used to generate a two-dimensional
graphic of the original sampling space, called biplot
graphic, by which it is possible to explain the structure
of the variables by vectors of variables in the regions
of maximum variability (Figure 2). These two
principal components together explained 53 % of the
variability of the soil properties in the three segments
studied (US, MS, LS). Siqueira et al. (2010), when
studying the ability of MS to predict some soil
properties, found that the first principal component
explained 42 % of the variance of the set of soil
properties studied, among which MS was the attribute
of greatest discriminatory power within the PC1.

The variable correlation with the principal
components (PC1 and PC2) expressed the formation
of at least three groups: US, on the left of the biplot

Table 1. Descriptive statistics regarding the landscape segments: Upper Slope; Middle Slope and Lower
Slope, in area under sugarcane cultivation, in the 0.00 to 0.15 m layer

Upper Slope Middle Slope Lower Slope
Property
Mean cv? Mean cv? Mean cv?

TS (g kg 170.49 b 23.58 170.36 b 4,05 210.34 a 7.39
Clay (g kg™ 590.70 a 5.80 580.49 b 2.77 500.31 ¢ 5.45
Silt (g kgl) 220.81 ¢ 14.38 240.05 b 5.33 280.24 a 11.39
MS ,pre (M2 kgt 107) 4.27¢ 13.00 5.56 b 5.40 7.60 a 6.98
MS.s" (m® kgt 10%) 6.84 c 17.86 9.97 a 13.79 7.85b 10.57
MS¢," (m® kg * 10%) 1.80 b 12.10 1.81b 6.39 470 a 8.84
M (%) 26.00 b 9.23 27.00 a 5.67 2500 b 6.13
MDG (mm) 259 b 9.30 3.74a 13.33 3.83a 11.78
TPV (m*m™®) 0.54 b 5.13 0.53 b 5.10 0.55 a 4.29
OM (g dm?) 28.58 b 16.31 32.36 a 12.92 28.61 b 12.58
Py (Mg dm®) 4757 a 52.12 49.64 a 31.03 42.77 a 56.34
V (%) 58.45 b 18.29 64.41 a 8.80 51.30 ¢ 19.75
pH 517 a 6.29 527 a 3.56 4.93b 5.83

N = 69 Atribute TS (total sand), Cl (clay content), Silt (silt content), MS - (magnetic susceptibility of the air-dried fine earth),
MS.¢ (magnetic susceptibility of the total sand fraction), MS, (magnetic susceptibility of the clay fraction), M (soil moisture),
FCO, (soil CO, emission), GMD (geometric mean diameter), TPV (total pore volume), OM (soil organic matter), P,, (available
phosphorus), V % (base saturation), pH (hydrogenic potential). Mean: statistic of the Tukey test significant at 5 % (p <0.05).
Means followed by the same letter do not differ from each other by Tukey test. CV: coefficient of variation. MS;g*; MS*: 20

randomly sampled points per segment, N = 20.

R. Bras. Ci. Solo, 36:1073-1082
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Table 2. Eigenvalues and percentage of variation explained by the first four principal components and
correlation coefficients between the original properties and the principal components. Ranking of the
original parameters in the discrimination of landscape segments

Main Component PC1 PC2 PC3 PC4
Eigenvalues* 4.27 3.08 1.88 1.24
Percentage explained (%) 30.50 22.06 13.44 8.90
Cumulative eigenvalues* 4.27 7.35 9.24 10.48
Percentage explained A (%) 30.50 52.56 66.00 74.91
Property Correlation Ranking Correlation Ranking Correlation Ranking Correlation Ranking
TS 0.575 5 -0.294 10 0.514 3 0.436 2
Clay -0.928 2 -0.212 12 -0.182 11 0.002 14
Silt 0.704 4 0.493 5 -0.177 12 -0.345 4
MS ppre 0.884 3 0.307 9 -0.217 10 0.127 10
MS.¢ -0.122 13 0.668 3 -0.371 7 0.063 11
SM 0.949 1 -0.052 14 -0.110 13 0.021 13
M -0.333 9 0.258 11 -0.572 2 -0.279 6
FCO, 0.380 7 -0.310 8 0.386 6 -0.435 3
GMD 0.570 6 0.496 4 -0.282 8 0.292 5
TVP 0.360 8 -0.171 13 -0.105 14 -0.669 1
oM -0.195 12 0.481 7 -0.214 9 0279 7
Pav -0.061 14 0.492 6 0.577 1 -0.053 12
V% -0.257 11 0815 1 0.428 5 -0.132 9
pH -0.259 10 0.772 2 0.477 4 -0.135 8

N = 60. PC1: principal component 1; PC2: principal component 2; PC3: principal component 3; PC4: principal component 4. *:
Eigenvalues greater than the unit established by Kaiser (1958), A°: Cumulative. Correlation values in bold used to characterize

the components.

graph and at the bottom of the graph, while some of
its points are superimposed on characteristic samples
of the MS group, which is also on the left but in the
upper part of the biplot graph, whereas the LS group
is located to the right of the graph (Figure 2). Factor
1 separates the US from the LS soils by lower values
of the variables MS¢|, MSpre and silt and the higher
clay content. Factor 2 separated the MS from US soils,
by higher V and pH values. One possible cause of the
similarity between certain points of the US and of the
MS may be attributed to the fact that both landscape
segments are located in a transition region, with
regard to the terrain curvature, from concave to linear.
The concave curvature, characterized by convergent
water flow, can potentially facilitate a greater water
flow in this area in the vertical direction, making this
curvature more susceptible to depositional processes
(McKenzie & Gallant, 2007).

In summary, the magnetic susceptibility of the
ADFE and of the clay fraction (characterized by Factor
1) allowed the separation of the soils of the LS from
the MS and US soils. These last two elements of the
landscape were separated based on their chemical

R. Bras. Ci. Solo, 36:1073-1082

properties (Factor 2) rather than on their magnetic
susceptibility.

Todate, no studies have been published addressing
the soil magnetic susceptibility, combined with
chemical and physical properties of different landscape
segments, using principal component analysis. Our
results suggest that magnetic susceptibility of ADFE,
which is simple to obtain, was sufficient to separate
the soils of the lower slope from the other landscape
segments.

The dendrogram obtained by cluster analysis
(Figure 3) shows the formation of two groups: Gl
grouped samples of the LS, and Gl1 contained samples
from the US and MS. The Hotelling’s test for the
centroid of means (for the variables MSprg, MS+s,
MSc., Clay, V% and pH) was significant at 5 %,
confirming the discrimination between groups Gl and
Gl observed in the cluster analysis. The result of the
cluster analysis shows that 100% of the points
originally belonging to the LS are grouped within Gl.
The samples which originated from the US and MS,
were represented in their totality (100 %) within GlI.
The cluster analysis (Figure 3) was applied successfully
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Figure 2. Biplot dispersion graph of the scores of the
principal components PC1 and PC2: TS (total
sand), Cl (clay content), Silt (silt content),
MS A pee (Magnetic susceptibility of the air-dried
fine earth), MS;5 (magnetic susceptibility of the
total sand fraction), MS; (magnetic
susceptibility of the clay fraction), M (soil
moisture), FCO, (soil CO, emission), GMD
(geometric mean diameter), TPV (total pore
volume), OM (soil organic matter), P, (available
phosphorus), V% (base saturation), pH
(hydrogenic potential). Landscape segments:
Upper Slope (US), Middle Slope (MS) and Lower
Slope (LS), N=60.
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to verify and separate landscape segments. Studies
conducted in a topographic sequence in Pereira
Barreto, SP confirmed the interdependence between
the different diagnostic horizons, as the cluster
analysis grouped accessions from different geomorphic
surfaces (Campos et al., 2007).

Figure 4 shows the formation of three groups,
considering the set of three magnetic susceptibility
components (MSapge, MSts, MS¢)). Group one (Gl) is
the group formed by samples from the LS segment
(in their totality 100 %), Gl from the MS segment (in
their totality 100 %) and the Gl11 from the US segment
(in their totality 100 %). The use of the MS enables
the formation of three groups, which coincides with
the division into landscape segments. The centroid of
the means test (based on the variables MSpprg, MSts,
MSc_, Clay, V% and pH) of Hoteling was significant
at 5 %, confirming the discrimination between groups
Gl and Gll observed in the cluster analysis.

The dendrogram (Figure 4) provided highly
important information, by clearly showing the
possibility of identifying landscape segments based on
soil MS, which is an important soil property capable of
mapping more homogeneous areas, in
lithostratigraphic transition areas of sandstone-basalt
in Oxisols. Therefore, the results obtained by descriptive
statistics and multivariate analysis allow the
conclusion that magnetic susceptibility could be applied
at a larger scale in the identification of landscape
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Figure 3. Dendrogram of the interrelationships between the three landscape segments: Upper slope (US),
Middle Slope (MS) and Lower Slope (LS), obtained in the cluster analysis using the Euclidean distance
and Ward algorithm, referring to the properties MS,pee (Magnetic susceptibility of the air-dried fine
earth), MS¢g (magnetic susceptibility of the total sand fraction), MS, (magnetic susceptibility of the
clay fraction), Clay (clay content), V% (base saturation) and pH (hydrogenic potential), N = 60.
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Figure 4. Dendrogram of the interrelationships of the three landscape segments: Upper slope (US), Middle
Slope (MS) and Lower Slope (LS), obtained in the cluster analysis using the Euclidean distance and
Ward algorithm, referring to the properties MS,pe (Mmagnetic susceptibility of the air-dried fine earth),
MS+s (magnetic susceptibility of the total sand fraction), MS¢, (magnetic susceptibility of the clay
fraction), Clay (clay content), V% (base saturation) and pH (hydrogenic potential), N = 60.

segments and to provide knowledge about soils on a
detailed scale, in view of the current discussions about
the establishment of standard mapping criteria.

CONCLUSIONS

1. The magnetic susceptibility of the air-dried fine
earth and of the clay fraction seems to be able to
separate the soil from the lower slope from the soils of
the upper and middle slope in the transition areas of
sandstone-basalt.

2. The multivariate statistics, by principal
component analysis showed that the property magnetic
susceptibility of the clay fraction had the greatest
discriminatory power, with the highest correlation
with magnetic susceptibility of ADFE in the first
principal component. However, in view of the simpler
measurement and also its high correlation with the
first component, the magnetic susceptibility of ADFE
can be considered a tool that facilitates the
identification of landscape segments and enables the
mapping of more homogeneous areas in regions with
soil magnetic susceptibility.
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