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VIS-NIR spectral reflectance for discretization of soils with high
sand content'

Refletancia espectral VIS-NIR para discretizacao de solos com alto
teor de areia

Gustavo Eduardo Pereira®’; Leticia Sequinatto®; Jaime Antonio de Almeida®;
Alexandre ten Caten*; Josie Moraes Mota?

Abstract

The aim of this study is to evaluate the spatial distribution and relationships between the physicochemical
attributes and radiometry of soils with high sand contents. One hundred surface horizon samples were
collected for physicochemical and spectral analyses of the soil. The samples were selected spatially by
the conditioned Latin hypercube method. The physicochemical analyses consisted of granulometry,
organic carbon content, and iron oxides content, extracted using sodium dithionite-citrate-bicarbonate
(DCB). The spectral response of the soils was analyzed in the 400 to 1000 nm range. The spectral
curves were obtained from the samples of the surface horizons, which were categorized according to the
attribute in question. The relationship between the soil physicochemical attributes and soil radiometry
was evaluated through a Pearson’s correlation. There was a tendency for the organic carbon content to
decrease with an increase in soil depth, associated with the presence of soils with higher sand contents.
For soils with iron contents lower than 80 g kg, there was an increase in the reflectance along the
spectrum, whereas for soils with contents between 80 and 160 g kg, the reflectance decreased after
600 nm, with greater variation along the spectrum for soils with iron contents higher than 120 g kg'.
The diffuse reflectance spectroscopy could potentially allow for granulometric distinction between the
soils evaluated.
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Resumo

Este estudo objetivou avaliar a discretizagdo espacial e relagdes entre atributos fisico-quimicos com
a radiometria dos solos com altos teores de areia. Foram coletadas 100 (cem) amostras de horizontes
superficiais para andlises fisico-quimicas e espectrais do solo, selecionadas espacialmente pelo método
do hipercubico latino condicionado. As andlises fisico-quimicas foram a granulometria, teores de
carbono organico e de oxidos de ferro extraido por ditionito-citrato-bicarbonato de sdédio (DCB). A
resposta espectral dos solos foi analisada na faixa de 400 a 1000 nm. As curvas foram elaboradas a partir
da média de reflectancia espectral de cem amostras de horizontes superficiais categorizados de acordo
com o atributo em questdo. A relacdo entre os atributos fisico-quimicos do solo e a radiometria dos solos
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foi avaliada através da correlagdo de Pearson. Houve a tendéncia do decréscimo nos teores de carbono
organico com a diminuicdo da altitude, associada a preseng¢a de solos com maiores teores de areia. Para
os solos com teores de ferro inferiores 80 g kg houve um aumento da refletincia ao longo do espectro,
enquanto que solos com teores entre 80 a 160 g kg™! a refletancia decresceu significativamente apos os
600 nm, com maior variagdo nos solos com teores de ferro superiores a 120 g kg™!. A espectroscopia de
refletancia difusa mostrou-se uma ferramenta com potencial de distingdo granulométrica para os solos

avaliados.

Palavras-chave: Mapeamento digital de solos. Pedometria. Radiometria.

Introduction

In the municipality of Vacaria, located in the
northeast of the state of Rio Grande do Sul (RS),
which belongs to the physiographic region of
Campos de Cima da Serra, the soils predominantly
originate from volcanic rocks (basalt) (BRASIL,
1973). The soils predominant in this important
agricultural region are the Latossolos, with fewer
occurrences of Nitossolos, both of which have very
clayey textures (STRECK et al., 2008; EMBRAPA,
2013). These soils are described and compiled in
soil maps of RS, as well as in soil survey reports
and data sheets (BRASIL, 1973; CPRM, 2010).

However, in the extreme west of Vacaria, RS,
there is an extensive area of superficial soil horizons
with high sand contents (greater than 450 g kg™).
The sandy texture of these soils on a basalt lithology
is unexpected and questions its genesis, such as
the extent of the influence of sand transport and
deposition, or even the contribution of sandstones,
facts not yet reported in the literature regarding
the region (BRASIL, 1973; STRECK et al., 2008;
EMBRAPA, 2013).

The recognition of this area with high sand
content is of great importance to soil science,
especially regarding genesis and classification of the
region’s soils, since they are present and surrounded
by clayey and very clayey soils, and, so far, such
data has not been compiled in soil survey maps.
Furthermore, the physicochemical characterization
of these soils is of equal importance, as this could
provide data for future studies of the local genesis.
It is hypothesized that it is possible to identify and

delimit the areas containing soils with high contents
of sand using spectroradiometry.

Diffuse reflectance spectroscopy can be used
to obtain quantitative and qualitative information
on various soil properties in real-time, and
approximate the composition of the soil and
ecosystem contaminant residues, without the
need for chemical analyzes (DUNN et al., 2002;
MINASNY; MCBRATNEY, 2002; BROWN et al.,
2006; NANNI; DEMATTE, 2006; BEN-DOR et al.,
2009). One of the main limitations of this technique
is the high instrument acquisition costs, although
this can vary according to the operational capacity

and the accessory components.

The spectral reflectance of the soil consists of a
set of values obtained from the ratio of radiance and
irradiance. The visible spectral region (VIS: 400 -
700 nm), near-infrared (NIR: 700 - 1000 nm) and
shortwave infra-red (SWIR: 1000 - 2500) constitute
almost all the information regarding the reflectance
spectroscopy of soils that the sensors can provide
(BEN-DOR, 2011; DEMATTE et al, 2015;
CUDAHY, 2016). This is an inherent property is not
affected by external conditions, such as radiation
intensity and instrumentation (BEN-DOR, 2011).

A study conducted by Ben-Dor and Banin (1995)
evaluated the arid and semi-arid soils of Israel and
demonstrated that certain soil constituents, such
as Si0,, AL,O, and K, O, can be predicted from the
spectral curves, because of their strong correlation
with soil properties. Genu et al. (2010) analyzed
the spectral response of eight soil profiles obtained
in the laboratory and concluded that the texture
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and mineralogical characteristics, such as iron
oxides and 2:1 minerals, significantly influence the
absorption features and intensity of the reflectance
spectra. Dematté et al. (2015) used VIS-NIR-SWIR
spectroscopy to evaluate soils along a toposequence,
where the soils developed from the sandstone of
the Rio Claro Formation presented higher spectral
reflectance when compared to the more clayey
soils developed from siltites and argilites of the
Irati Formation and from shales of the Estrada
Nova Formation, respectively. In this sense, Ben-
Dor (2011) highlighted that sophisticated methods
and relatively high spectral resolution are required
to determine the iron contents of a soil through
the spectral reflectance. The iron content is also
related to the organic matter content, types of iron
oxides, particle size distribution and mineralogy; all
these factors can influence the spectral response of
soils (MADEIRA NETTO, 1991; FORMAGGIO
et al., 1996; BEN-DOR et al., 1999; DEMATTE;
GARCIA, 1999; DALMOLIN, 2002; DEMATTE et
al., 2004, 2015).

With respect to the above, the present research
aims to evaluate the spatial distribution of the soils
with high sand contents, and the relationships
between their physicochemical attributes and

radiometry.

Materials and Methods

The study area covers an area of approximately
540 km? in the northwest region of the municipality
of Vacaria, RS, Brazil (Figure 1). According to
the Geological Map of the State of Rio Grande do
Sul (CPRM, 2008), the soils of the area originate
from basic extrusive magmatic rocks that belong
to the Formation Serra Geral, from the Cretaceous
Period, and are comprised of the Paranapanema and
Esmeralda Facies. The Paranapanema characterized
by the predominance of fine to medium granular,
mesocratic basalts, while the Esmeralda constituted
by melanocratic basalt with a microgranular
aphanitic texture.

Figure 1. Location of the municipality of Vacaria, RS (a, b); Soil map of the study area (c); and location of the study
area marked with the 100 soil horizon sample collection sites (d). In Figure 1¢: LVAdh = Latossolo Vermelho-Amarelo
distrofico humico; LVdh = Latossolo Vermelho distréfico humico; LVdt = Latossolo Vermelho distrofico tipico; LBat
= Latossolo Bruno aluminoférrico tipico; LBdh = Latossolo Bruno distréfico himico; LAdt = Latossolo Amarelo

distréfico tipico.

continue
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The sampled points were representative of the
landscape and located close to roads, facilitating
access and visualization of the soil profile with
depth. One hundred (100) single samples were
collected with the aid of a shovel from the soil surface
horizons (0 to 0.20 m). To select the collection
points, the conditioned Latin hypercube method
(cLHS) was used, which has been used in soil
science and environmental analysis (MINASNY;
MCBRATNEY, 2006). The cLHS is a stratified
random sampling method that provides an efficient
method of sampling variables (derived from a
digital elevation model) from their multivariate
distributions (MINASNY; MCBRATNEY, 2006).

In order to reduce the economic and temporal
costs of sampling due to restricted accessibility to
certain areas because of dense vegetation or lack
of access roads, some operational restrictions were
incorporated; a spatial buffer of 5 m along available
roads and access pathways, in addition to the
insertion of the selected geomorphometric variables
(elevation, slope and aspect) into the cLHS. The
altimetric data was obtained from the SRTM v.4.1

Datem: SIRGAS 2000 UTM Zeas 125
i i

digital elevation model, with a spatial resolution of
30 m. These morphometric attributes was inserted
into the cLHS model in order to represent the
spatial variability of the area and avoid sampling
environments with similar conditions, such as relief,
slope and elevation.

Laboratory tests

For the preliminary characterization of the 100
samples selected by the cLHS method, the soil
samples were air-dried, milled and sieved (2 mm),
and the following soil attributes were evaluated:
granulometry, iron oxide concentration extracted
by sodium dithionite-citrate-bicarbonate (DCB),
organic carbon and the spectral reflectance in the
VIS-NIR (400 - 1000 nm) range.

The granulometric analysis of the soils was
performed by the pipette method (DAY, 1965; GEE;
BAUDER, 1986). The quantification of the iron
oxide content was performed using the DCB method
(MEHRA; JACKSON, 1958; VAN REEUWIIK,
2002). An aliquot of the extraction product was used
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and the reading taken using an A Analyst 200 Atomic
Absorption Spectrophotometer, with two replicates,
using an air/acetylene flame. The Walkley-Black
method used to determine the organic carbon (OC)
content, with three replicates, by wet oxidation, as
described by Tedesco et al. (1995).

The visible spectral region (VIS) corresponds to
the range of wavelengths from 400 to 700 nm, while
the region between 700 and 1000 nm is the near-
infrared (NIR) (BEN-DOR, 2011; DEMATTE et
al., 2015; CUDAHY, 2016). The spectral data of the
surface samples were obtained using a FieldSpec
HandHeld I (ASD) portable type spectroradiometer
that covers the spectral range of 325 - 1075 nm.
This spectroradiometer is installed in a laboratory,
under controlled light conditions. The sensor
configuration, in terms of the target and the radiation
source, followed the configuration standardized by
Jensen (2009), in which the sensor was positioned
at a distance of 27 cm from the target. As a radiation
source, a 50 W halogen lamp with a reflector
and an uncollimated beam was used, which was
connected to a stabilizing source with a regulated
input and output, positioned 61 cm from the target
(DEMATTE; GARCIA, 1999). A white, highly
reflective (100%) Spectralon (barium sulfate) plate
was used as the absolute reference standard. Thus,
the sample reflectance was calculated in relation
to the standard plate, generating the bidirectional
reflectance factor ( BOWKER et al., 1985; MILTON,
1987). Sensor calibration was completed at the start
of the spectral readings and every 20 samples. The
spectral signatures were collected from the soil
samples, with four readings per sample; the mean

spectral curve was used for analysis (DEMATTE;
GARCIA, 1999; DEMATTE et al., 2004).

The
analyzed:

following statistical variables were

mean, variance, extreme values,
frequency histograms and scatter diagrams, using
the Stanford Geostatistical Modeling Software
(SGeMS) version 2.5 beta (REMY et al., 2011)
program, which is freely accessible and has been
widely used for the study of variables with spatial
interdependence (PASTI et al., 2012; SANA et
al., 2014). The spectral data and the attributes of
the soil were grouped in classes of equal intervals,
representative of the variability of each attribute
in the data, and submitted for Pearson correlation
analysis (). For this, the software R version 3.4 was

used (R CORE TEAM, 2015).

Results and Discussion

Table 1 contains the physicochemical attributes
of the one hundred surface horizon samples. The
sand contents varied from 50.1 to 720.9 g kg,
while the clay contents varied less, with values
between 140.4 to 610.9 g kg'. Soils with sand
contents greater than 400 g kg' were classified
as having high sand contents. For iron contents
extracted by DCB, a large proportion of the values
were concentrated near the mean (110.15 gkg™') and
median (110.50 g kg!), evidencing lower variance
of this attribute in the evaluated samples, compared
to other properties. The OC contents presented the
same trend as above, with a preferential distribution
around the mean (20.57 g kg!) and median (20.56
g kg!) values.

Table 1. Descriptive statistics for the 100 surface horizon samples selected by the cLHS methodology.

. . Mean Median Standard deviation Minimum Maximum Variance
Soil attribute
gkg!
Sand 240.91 200.01 148.30 50.14 720.9 2199.81
Clay 420.35 450.55 125.34 140.4 610.9 1568.92
Iron DCB 110.15 110.50 38.01 20.30 210.10 1441.52
Organic Carbon 20.57 20.56 4.48 10.43 30.65 20.07
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Spatial distribution of soil physical and chemical
attributes

The sandy soil taxonomic class of Latossolos
Brunos were easily identified in the field by the
quartz grain deposits in the drainage furrows. These
soils dominate in the topographically lower parts
of the landscape. Latossolos Brunos with high
sand contents are unusual in other parts of Brazil,
but the sandiest Latossolos can be found in other
municipalities of Rio Grande do Sul state over
basalt bedrock. In the Cruz Alta, Passo Fundo and
Palmeira das Missdes municipalities, Latossolos
Vermelhos with a medium clayey texture originate

from sandstones of the Tupaciretd Formation. This
Formation comprise alluvial, interlaced and aeolian
deposits, with a probable Cretaceous or Tertiary age
(MENEGOTTO et al., 1968).

In these locations, the more sandiest Latossolos
Vermelhos are found at the higher altitudes,
corresponding to increased interflow, and this
property was utilized to separate them from the
clayey Latossolos Vermelhos developed from
basalt, that occur at lower altitudes. An inverse
spatial distribution was observed in this work
(Figures 2a and 2b), where the sandiest Latossolos
Brunos occur in the lower parts of the landscape.

Figure 2. Relationship between the spectral reflectance of the soils and the wavelength according to the sand (a); clay
(b); iron oxides extracted by DCB (c¢) and organic carbon (d) contents for the evaluated soils, in Vacaria, RS.
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The greatest iron contents (Figure 2c¢) were
found in clayey and very clayey soils, agreeing with
the values normally found in soils developed from
basalt in southern Brazil (BRASIL, 1973, 1986). In
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the medium-textured soils, the iron oxides contents
differed from the minimum values described in the
literature for the soils of the region (> 80 g kg'),
presenting characteristics similar to soils developed
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from sandstones, such as the ones of Passo Fundo
and Cruz Alta, in RS (BRASIL, 1973). Because
igneous rocks, such as basalt, are rich in iron, soils
develop with a high concentration of this element
(CURI; FRANZMEIER, 1987; FONTES; WEED,
1991; GERGELY, 2000). In contrast, sandstone-
derived soils have lower iron contents due to the
lower contents of this element in the source material
(DALMOLIN, 2002; VENDRAME et al., 2011).

In the higher altitude regions, where soils with
higher clay content occur, the OC values exceeded 30
g kg! (Figure 2d). According to the Survey of Soils
of the State of Rio Grande do Sul (BRASIL, 1973),
in locations where the altitude exceeds 940 m, as in
Bom Jesus (RS), the organic matter decomposition
is slow, resulting in the accumulation of OC in the
superficial horizon. The OC contents tended to
decrease with the decrease in altitude, associated
an increased presence of soils with higher sand
contents. In these areas, the OC values were around
20 g kg!. The highest OC contents (> 20 g kg™)
are similar to those found in the literature for the
region. Soils with a more sand-like granulometry
have a smaller specific surface area, which offers
less physical protection to the OC, resulting in
more rapid decomposition by microbial activity,
decreasing its contents in the soil (MARTIN et al,
1982; SANTOS et al., 2008).

The highest values of OC in the northern region
of the study area may be associated with the clayey
and very clayey soil textures. Santos et al. (2008)
note that the larger the specific surface are and
number of organic radicals on the clay particles
surface influence the interaction with the OC of the
soil. The sand fraction influences the labile organic
matter of the soils, while the clay is associated with
most of the soil organic carbon; clay is subject to
transformation, with an amorphous structure and
without recognizable vegetal material (MARQUES
et al.,, 2015). The clay content of the soil also
influences the decomposition of organic matter,
increasing the absorption of organic compounds
and nutrients; soils with higher clay contents have a

higher capacity to immobilize organic carbon in the
soil (STURMER et al., 2011).

In the Latossolos of clayey texture, the greater
aggregate formation capacity, observed in this
class of soils, the greater the physical protection
of organic matter (OADES et al., 1989). On the
other hand, in soils with higher sand contents in
the superficial horizons, the physical protection
capacity for organic matter is low, as is the chemical
stability due to the lower iron oxide content in the
soil (SANTOS et al., 2008).

The adsorption of the soil’s organic matter by the
mineral components of the clay fraction provides
protection against biological attack, resulting in a
greater accumulation of organic matter in the soil
(BALDOCK; SKJEMSTAD, 2000). A positive
relationship between the organic matter and iron
oxide contents was observed, as can be seen in
Figure 2d. As highlighted by Dalmolin (2002), the
differentiated behavior of the Latossolos suggests
that the organic matter is less protected by the
mineral fraction due to the low clay content.

Relationship between physical-chemical attributes
and radiometry of the soils

The average of the spectral reflectance curves of
the 100 surface horizon samples where categorized
according to the analyzed attribute; the sand, clay
and iron oxides contents, as well as the OC, are
shown in Table 2.

The soils with higher sand contents, which
contained lower contents of carbon (<22 g kg!) and
iron oxides (< 100 g kg') and presented a higher
average spectral reflectance, are located in the flat
regions of the study area, with a maximum slope of
8% and an altitude of 830 to 900 m. The most clay-
rich soils are located to the north of the study area
and have the lowest average spectral reflectance.
They are also associated with higher carbon (> 22
g kg!) and iron oxides contents (>100 g kg'), and
in this case, the relief is variable, but smooth, with
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a maximum slope of 20% and altitudes varying
between 900 and 1040 m. The spectral data of the
soils with higher sand contents differs from the
other soils between 400 and 550 nm; above 900 nm,
this difference has a greater amplitude (Figure 2a).
The sand content has a positive direct correlation
with the reflectance; the maximum correlation
coefficient (r = 0.42 p < 0.01) was obtained in the
range of 1000 nm.

Soils with higher sand contents tend to have
higher reflectance due to the high quantity of silicate
minerals (FORMAGGIO et al., 1996; SOUSA
JUNIOR et al., 2008). The greatest difference
between the curves is observed at intensities greater
than 800 nm, which indicates that the clay fraction
(clay minerals and oxides) are extremely important
characteristics for the prediction of attribute by
diffuse reflectance spectroradiometry (BEN-DOR;
BANIN, 1995; DUNN et al., 2002, VITORELLO;
GALVAO, 2006; MINASNY; MCBRATNEY,
2002). In Figure 2c, it is possible to observe the
intensification of the absorption features near
880 nm, relative to the contents of iron oxides
(VISCARRA ROSSEL et al., 2009; STENBERG et
al., 2010). Soils with higher clay contents presented
high iron oxides contents (> 80 g kg-1), causing an
increase in the absorption features associated with
the iron oxides, hydroxides and oxyhydroxides.

The spectral data for sand and clay were similar
(Figure 2a and 2b), but not identical. In the range
between 600 and 800 nm, the clay content showed
a direct positive correlation (p < 0.05) with the
spectral reflectance. After 800 nm, soils with clay
contents between 200 - 400 g kg tend to present
a higher reflectance when compared to soils with
400 - 600 g kg! clay, but the correlation was not
significant in this spectral region.

In the study area, soils with sand contents of
more than 200 g kg and clay contents of less than
400 g kg' are found. In these soils, the low clay
content made discretization difficult due to the
predominance of quartz in the sand fraction, which

shows high reflectance and an absence of absorption
features in the VIS-NIR range (BAUMGARDNER
etal., 1985; DEMATTE etal., 1998) while soils with
higher clay contents had an increase in absorption
along the entire spectrum, caused by the formation
of more organo-mineral complexes, making the
soils darker as the soil carbon content increases
(BELLINASO et al., 2010; VICENTE; SOUZA
FILHO, 2011). With a reduced clay presence, these
clay mineral features become less evident, making
attribute prediction more difficult (BEN-DOR;
BANIN, 1995; BROWN et al.,, 2006; DOTTO
et al., 2016). Coleman et al. (1991) evaluated the
correlations between spectral properties and clay
contents and chose the region between 520 and
600 nm as the most adequate to predict the clay
content in the visible region. The spectral response
of samples in the study region and the clay contents
presented the highest correlation in the range of
618 nm, in agreement with the results described
in the literature. The maximum correlation in this
range may be associated with the higher iron oxide
content in clayey soils, which express absorption
characteristics in this range (BEN-DOR; BANIN,
1995; BROWN et al., 2006; DOTTO et al., 2016).

The possibility of determining the iron oxides
contents from the spectral reflectance has already
been studied by Ben-Dor et al. (1999). Madeira
Netto (1991) evaluated the spectral behavior of
Latossolos with different iron oxide contents. These
authors highlight the need to consider the interactions
between iron oxides and other soil components. In
soils with DCB-extracted iron contents lower than
80 g kg'!, the reflectance increases along the entire
spectrum. In soils with iron contents between 80
and 160 g kg, the reflectance decreased after 600
nm, with more significant reflectance decreases in
soils with levels higher than 120 g kg'. Vitorello
and Galvao (1996) state that goethite exhibits a
higher reflectance than hematite, since studies have
already shown that the absorption of radiant energy
by hematite is higher in the region between 300
and 800 nm. The maximum correlation (r = -0.48
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p <0.01) between the iron contents and the spectral
response was obtained at the highest wavelength
(1000 nm), with a negative direct correlation. These
results are in agreement with Madeira Netto (1991),
who showed that the reflectance increases across
the entire spectrum in soils with low iron contents,
while the reflectance is lowered in soils with higher
contents (Figure 2d).

In the studied soils, the maximum correlation
of organic carbon with the spectral response was in
the 732 nm range (Figure 2d), represented by the
region highlighted in the curve, with a correlation
coefficient of -0.31 (p < 0.01). The curve is in
agreement with the results of Dematté and Garcia
(1999) who predicted an increase in the spectral
response as the OC contents of the soil decreased.

The low correlation observed for this variable
agrees with several authors who emphasize the
complexity of estimating OC contents through
spectroradiometry, since it influences the spectral
curve along the entire spectrum (DALMOLIN,
2002; DOTTO et al.,, 2016). Considering the
correlation coefficients obtained, the region around
800 nm has the greatest potential for distinguishing
the three groups of organic carbon contents.

Among the physicochemical attributes (sand,
clay, iron oxides and OC) that correlated with
the spectral response, the sand and iron (DCB)
contents had higher correlation values. For both,
the maximum correlation was obtained at the peak
intensity of 1000 nm (Table 2).

Table 2. Classes of soil and morphometric attributes, Pearson correlation and wavelength of maximum correlation.

Pearson correlation

Soil attribute ~ Classes n Altitude (m)  Slope (%)  Aspect (°) (p-valor) A (nm)
<200 48 942.7 45 168.4 -0.24 (n.s.) 682
Sand 200-400 36 915.5 5.0 176.7 0.34 (p <0.05) 997
400-600 15 922.5 5.1 189.7 -0.30 (n.s.) 976
ke 600-800 1 904.2 6.9 73.2 - -
Average 929.5 4.8 173.1 0.42 (p<0.01) 1000
<200 6 917.2 3.8 221.4 -0.88 (p < 0.05) 407
Clay 200-400 29 921.7 5.4 167.3 -0.37 (p < 0.05) 410
400-600 60 933.5 4.6 168.8 0.42 (p <0.01) 669
ke 600-800 5 942.1 5.1 195.5 0.77 (n.s.) 407
Average 929.5 4.8 173.1 0.29 (p <0.01) 618
<60 10 916.6 45 154.9 0.54 (n.s.) 434
Iron 60-80 10 927.4 6.6 198.6 -0.49 (n.s.) 450
oxides 80-100 16 902.4 5.7 178.1 0.62 (p < 0.05) 599
100-120 21 934.6 4.4 182.5 -0.35 (n.s.) 424
(g kg™ > 120 43 940.6 43 163.7 -0.33 (p < 0.05) 427
Average 929.5 4.8 173.1 -0.48 (p < 0.01) 1000
. 14-18 5 915.6 3.3 240.0 -0.72 (n.s.) 706
Organic 18-22 12 926.0 5.0 192.3 -0.56 (n.s.) 986
carbon 22-26 39 925.1 5.1 175.1 -0.14 (n.s.) 756
(eke) >26 44 936.0 4.6 159.4 0.12 (n.s.) 530
Average 929.5 4.8 173.1 -0.31 (p<0.01) 836

n.s. = not significant at the 5% level (p > 0.05).
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The use of a spectroradiometer that operates in
the range of 400 to 1000 nm (VIS-NIR) can help in
the identification of soils with sand and iron contents
extracted by DCB similar to those evaluated in this
study. This could help reduce the operational costs
of soil surveys and routine laboratory work, as well
as contributing to soil mapping, management and
conservation studies, and activities such as precision
agriculture, soil attribute modeling and monitoring
of contaminated soils (SATO, 2015).

Conclusion

Diffuse reflectance spectroscopy is a tool with
the potential to distinguish evaluated soils based on
their grain size distribution. The highest average
spectral reflectance was found in soils with high
sand contents, and low levels of organic carbon
(< 22 g kg') and iron oxides (< 100 g kg'), which
were located in flat relief areas, with slopes around
8% and between 830 and 900 m altitude. On the
other hand, the lowest average spectral reflectance
was found in soils with the highest clay, organic
carbon (> 22 g kg') and iron oxide (> 100 g kg")
contents, situated in locations with variable relief, a
maximum slope of 20% and altitudes between 900
and 1040 m.
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