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Abstract. The spectral reflectance of soils is required for effective use of remote
sensing products. The absence of studies concerned with spectral reflectance of
the soils from the tropical region in the 400 to 2500 nm spectral range is the main
motivation of this research. The objective of this study was to present spectral
reflectance data from different tropical soil types. This spectral characterization
was done through measurements of the bi-directional reflectance factor of 111
selected soil samples, grouped in 14 tropical soil classes, taken from 53 sites (Sdo
Paulo State, Brazil). The measurements were made with a spectroradiometer
operating in the 400 to 2500 nm region of the electromagnetic spectrum. Each soil
sample is associated to a set of physical and chemical analyses data, with part of
these published in descriptive reports of soil surveys.

1. Introduction

The reflectance patterns of the different soil types are of fundamental importance
for many applications respective of remote sensing techniques. Indeed, the spectral
reflectance of vegetated areas is affected by the underlying soil reflectance. This
enforced spectral vegetative indices to be developed taking into account this effect.
The data requirements for the optimal remote sensing applications are improving,
together with the advance of sensor technology. Thus, the reflectance characteriza-
tion of terrestrial objects must be performed through high spectral resolution data in
order to match the requirements of studies concerning both existing and future
$ensors. :
Tropical soils have rarely been studied from the point of view of remote sensing,
and the number of spectral curves including the 400-2500 nm region are negligible
compared to the temperate soils. Such studies about Brazilian soils are limited to a
few authors who worked with broad band visible near-infrared radiometry (e.g.,
Formaggio 1983, Epiphanio et al. 1987, Formaggio and Epiphanio 1988, Stoner et
al. 1991). Taken from Brazilian soils, there are only around ten spectral curves
comprising the 400 to 2500 nm range published in literature (Stoner and Baum-
gardner 1980, Madeira Netto 1991). The spectral reflectance survey, characterization
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and experimentation of the main Brazilian soils therefore, can bring necessary inputs
to present day and future activities in remote sensing.

The objectives of this paper are therefore to present the results of laboratory
measurements of bi-directional reflectance factor of important tropical soil types
from Sao Paulo State in the visible, and near- and middle-infrared spectral regions
of the spectrum (400-2400 nm). The average spectra of the studied soil classes are
presented and classified into groups of curve types. Each curve type is defined
according to four key attributes: albedo; presence and localization of spectral
absorption features; overall curve shape; and curve details in the visible, near-
infrared range.

2. Material and methods
2.1. Soils

The available soil surveys for Sao Paulo, as for Brazil, were made under low and
medium detailing levels, like the Recognition Soil Survey of Sao Paulo State, made
by the Comissao de Solos (1960), under a 1:500 000 scale. At the present moment, as
part of the semi-detailed pedological mapping of Sdo Paulo State programme, there
are some areas which have semi-detailed (1:100000) mapping.

According to such surveys, the main soil classes (taken from the Brazilian
classification system which is summarized in Oliveira et al. 1992) of Sao Paulo State
are: Latossolo Roxo, Latossolo Vermelho-Escuro, Latossolo Vermelho-Amarelo, Latos-
solo Amarelo, Latossolo Variagao Una, Podzélico Vermelho-Amarelo, Podzélico
Vermelho-Escuro, Podzol, Terra Roxa Estruturada, Areias Quartzosas Profundas,
Solos Litélicos, Solos Hidromérficos|/Gleizados, Cambissolos, Brunizém Avermelhado,
Petroplintossolo, Planossolo, Solos Organicos, Solos Aluviais and Solos Indiscrimina-
dos de Mangue. Although we do not have a Brazilian Taxonomy System, the category
of these classes can be said mostly to be bearing the subgroup level and, for some
cases, the family level. Thus, in this study the term class, simply will be employed.

It is reasonable to say that, once these surveys comprise a meaningful fraction of
the State territory, they practically account for all major soil types. Additionally,
these soil classes represent much of the Brazilian soils.

In this study, the following soil classes were used: Latossolo Roxo (LR),
Latossolo Vermelho-Escuro (LE), Latossolo Vermelho-Amarelo (LA), Latossolo Varia-
¢ao Una (LU), Latossolo Humico (LH), Podzolico Vermelho-Amarelo (PV), Podzdlico
Vermelho-Escuro (PE), Terra Roxa Estruturada Podzélica (PR), Podzol (Pz), Terra
Roxa Estruturada (TE), Brunizém Avermelhado (BV), Areia Quartzosa (AQ), Cam-
bissolos (Cb) and Solos Hidromorficos (Hi). These 14 classes were represented by 111
soil samples, taken from different layers of 53 sites, and are of great pedological and
agricultural importance. Figure 1 shows the spatial distribution of the quads where
the soil samples were taken from, for the survey reports (IAC—Agronomy Institute
of Campinas) of Sao Carlos (Oliveira and Prado 1984), Araras (Oliveira et al. 1982),
Piracicaba (Oliveira and Prado 1989), Campinas (Oliveira et al. 1979), Guaira
(Oliveira and Prado 1991) and Ribeirao Preto (Oliveira and Prado 1987). The
samples used here are the same used in those surveys, and therefore physical
chemical and morphological reliable descriptions are available. The selected samples
for the measurements correspond to superficial and sub-superficial layers (A and B
horizons) of each site.

The classification of the samples by the Soil Taxonomy System were available,
for the samples reported in the survey bulletins. Although our records are not
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Figure 1. Spatial distribution of the quads containing the sampled sites.

complete, the following soil type association were found, according to the 1975 Soil
Taxonomy Key, for each collection of Brazilian soil class studied as shown below.
The names inside parentheses are the possible soil classification (at the subgroup
level) of the remaining samples of the class collection, based on the soil analyses and
the information in the surveys:

Class — Subgroup possible association

LR — Typic Haplorthox (Rhodic Haplustox)

LE — Typic Haplorthox (Rhodic Haplustox)

LA — Typic Umbriorthox, Quartzipsammentic Haplorthox,
Typic Haplorthox and Haplic Acrorthox

LU — (several Acrustox subgroups)

LH — Pachic Umbriorthox

PV — Typic Paleudalfs and Abruptic Paleudult

PE — Rhodic Paleudalfs

PR — (Paleudalfs?)

Pz — (Humod?)

TE — (Rhodic Placudult)

Bv  — Typic Arguidoll

AQ — Typic Quartzipsammentic ,

Cb — Fluventic Oxic Dystrochrept and Typic Dystrochept

Hi  — Typic Tropaquept

The samples were studied in air-dried conditions, after sieving to smaller than 2 mm
particles. For general characterization of the whole sample set moisture, ten
representative samples had their moisture determined by gravimetric means. The
samples were oven-dried under 110° C for 48 h, according to Kiehl (1979), for air-
dried soil sample (hygroscopic) moisture.

For the spectral measurements, the soil samples were carefully placed inside
plastic sample holders (12-8 x 12-8 x 1-0 cm) with inside surface painted in black matt



116 M. M. Valeriano et al.

paint in order to avoid undesirable reflection. The sample holders were designed to
allow adequate placement of the field of view of the radiometer (5 x 2cm) safely
inside the sample surface area, for the used configuration (figure 2).

2.2. The acquisition system

A dual field of view Mark IV Infra-Red Intelligent Spectroradiometer (IRIS) was

used in a laboratory configuration to make the reflectance factor measurements.

 This spectroradiometer is a semi-portable microcomputer-controlled compact sys-
tem. It takes simultaneous radiance measurements from two fields of view (one for a
target and the other for a reference), calculating and logging automatically the ratio
between them for further processing. This avoids measurement errors due to
radiation source fluctuation. The nominal spectral resolution ranges from 2nm
(300-1000 nm) to 4nm (1000 3000 nm).

IRIS sensing head was positioned vertically around 61 cm above the sample,
defining a rectangular sampled area of approximately 5x2cm. The illumination
source, a 600 watt halogen tungsten iodine filament lamp, which supplies a non-
collimated beam to the sample/reference viewing plane, was mounted 90 cm above
this plane, and tilted 15° off from vertical (figure 2).

A grey spectralon plate (reflectance around 50 per cent) was used as reference
panel. The spectral absolute reflectance of this panel, determined by the manufac-
turer (Labsphere, s.d.), was used to determine the absolute reflectance factors of the
soil samples.

2.3. Acquisition methods

An intercalibration factor between the two singular systems (i.e., the system
respective to the targets and that respective to the reference) was determined in order
to: (a) uniform possible sensitivity differences between the two systems; and (b)
control environmental effects (the laboratory scenery) that could be causing differ-
ences in the illumination conditions for the target and for the reference.

If the illumination and detection systems work identically for both target and
reference systems, a ratio between measurements taken from the same target should
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Figure 2. Geometrical configuration for the spectral measurements.
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equalize 1 for all the spectrum. Since this perfect similarity between systems is
unusual (though it is ideally so), the intercalibration factor is designed to neutralize
the differences. Usually, it is a multiplying factor consisting of a ratio of the
reference system reading by the target system reading (or a dividing factor for the
inverse fraction), with the two readings taken from the same reference panel.

For reason (b), this intercalibration factor was calculated for every measurement
session (around six soil samples per session), as the objects in the laboratory (as the
operator clothes, for example) could be moved between one session and another.
For reason (a), the intercalibration factor was determined four times and averaged,
since little noise-origined fluctuations can bring considerable false variations after
rationing. The repetitions are also necessary to reduce possible effects of irregulari-
ties on the uniform target used, as the mean will have a much smaller effect. Between
each of the four pairs of readings taken for intercalibration, the reference panel used
(a white spectralon plate, in this case) was rotated 90° to allow sampling in different
places of the panel. Because of the simultaneity of the readings made by the target/
reference systems, the white spectralon plate (reflectance near 100 per cent and size
25-4 x 25-4cm) was used. The reason is that the grey plate (size 12-7 x 12-7cm) was
too little to comprise the two fields of view simultaneously, for the current
configuration.

After the intercalibration readings, each soil sample had its spectrum read four
times. Each one of these readings corresponds to a different sampled surface area, as
the sample holder was also rotated 90° between the readings and the field of view
was not centred in the sample holder. The repetition and averaging procedures
reduce random detector noise, as well as improve the observed area of the samples.

2.4. Data processing
To summarize the following readings were addressed for each session:

(a) Four repetitions were taken, with two fields of view on the white spectralon
panel, in order to obtain the intercalibration factor (ICF) for each soil
sample of the session. o

(b) Four repetitions for the target-reference set were taken over the soil sample
and the grey reference panel in order to obtain a relative reflectance factor
(RRF).

As the relative reflectance factor is referenced to a 50 per cent reflectance panel, an
additional reading (the one made by the manufacturer) should be employed. The
actual reflectance of the panel is the absolute calibration factor (ACF) necessary to
correct the actual RRF ratio to a ratio obtained with a perfect (100 per cent
reflectance) reference. The following equation describes the calculation of the bi-
directional reflectance factor (BDRF) of a soil sample i.

BDRF,=[(mean RRF)/(mean ICF)] x (ACF) (1)

The data processing brought 111 BDRF files which each consisted of 875 reflectance
and wavelength value pairs, corresponding to the radiometer channels.

3. Results and discussion )

The soil classes which had three or more samples per layer had their average and
95 per cent confidence interval curves determined. These classes were: LR, LE, LA,
LU, PE, PV, TE and Cb. The remaining classes (LH, PR, Pz, BV, AQ and Hi) have
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their average reflectance curve shown only when their description cannot be based
on curve types already. From the spectral reflectance point of view, some soil classes
have quite similar behaviour. Therefore, the discussion will be made by groups of
spectrally homogeneous soil classes. The soil class heading each block of comments
is followed, inside parentheses, by the other spectrally similar soil classes. At the last
part of each block, remarkable distinctions between the classes of the group may be
presented.

The key description of the spectral curve groups was made according to four
attributes, which are described through the following systematics:

(a) Albedo, which can be understood as the overall reflectance (height, in the
graphics) of the curve, neglecting minor details, such as absorption features
and the visible range.

(b) Absorption features, which can be understood as the depressions along the
curves; they are characterized by the position and width (narrow, when
having a sharp minimum, or broad, when the bottom is round). These
absorption features can further be strong, when well pronounced, or light,
otherwise.

(¢) Shape, which can be defined by the overall appearance of the curves, as it
would be seen through coarse spectral resolution. This attribute also includes
the main slope of the reflectance curve, regardless of the visible range details
and any absorption feature.

(d) Details of the visible near-infrared region, particularly the shape, slope, and
the presence of inflexion points. The importance of this part of the spectrum
is that it is related to the soil colour. The presence (and intensity) of inflexion
points indicates dominance of certain hue in the composition of the colour,
which is known to bring important information on soil mineralogy. Most of
the previous studies of soil reflectance had dealed with this portion of the
spectrum,

Once these criteria were established, four groups of soil class could be identified.
Table 1 summarises the key differences between these groups, referred to as groups
(a), (b), (c) and (d) in this paper. Further comments in each group are made
separately.

Table 1. Spectral characteristics of the soil groups.
Group a b c d
Albedo low variable medium medium
around 15% between between between
20% and 70% 30% and 45%  30% and 40%
Shape horizontally bow shaped bow shaped flat and
. flat sloped
Absorption broad at 900 broad at 900, broad absent light broad
features and 450 nm 450 and 650 nm at 900 nm.
light narrow strong narrow narrow at light narrow
at 1400, 1900  at 1400, 1900 1400, 1900 at 1400, 1900
and 2200 nm and 2200 nm and 2200 nm and 2200 nm
Visible/ inflexion at no inflexion flat inflexion at
near-infrared 650 nm but sloped 650 nm
red colour yellow colour grey colour red colour
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Figure 3. Latossolo Roxo reflectance spectra average and respective 95 per cent confidence
intervals for superficial and sub-superficial samples.

The groups of spectrally similar soil classes are:

(a) Latossolo Roxo (Terra Roxa Estruturada, Latossolo Una, Terra Roxa Estrutur-
ada Podzélica and Brunizem Avermelhado): The soils of these classes resulted in an
homogeneous set of spectral curves (see figure 3). The constancy in shape and in
magnitude of the reflectance spectra within the soils of this group is remarkable, as
indicated by the narrow confidence interval of this graphic. It was observed that

- slight narrow absorption features, mainly at around 1900 nm, occur in curves with
the higher albedos (20 per cent for this group). This particular behaviour is quite
well represented by the curves in figure 3, which correspond to LR average and 95
per cent confidence interval reflectance spectra for superficial and sub-superficial
samples.

Superficial samples taken from naturally vegetated areas have their spectra even
more flattened through the 450-1100nm wavelength range. Besides, such soil
samples are those of highest albedos and have curve maximum situated somewhere
between 1100 and 1300 nm, while it usually occurs in this group normally at around
750 nm. This indicates the organic matter influence. For these particular cases, the
900 nm broad absorption band does not match an absolute depression, but just a
slight decrease in the slope. It must be remarked that LR and TE showed extremely
similar spectral reflectance curves.

LU curves (figure 4) were also sloped slightly in the infrared range. This class is
distinguished in group (a) by the 600-800 nm region, where the reflectance curve is
straightened, while for the whole group it is curvilinear. Such detail is presumably
the effect of the goethitic iron content of the LU (Sherman and Waite 1985) by
contrast with the hematite influence of the samples of the other classes in this group.
LU is actually regarded to be an essentially goethitic soil class (Oliveira et al. 1992).
Samples taken from areas containing plinthic and petroplinthic minerals had visible
reflectance sloped increasingly from the blue/green region (from around 500 nm),
resulting in a yellowish hue. By contrast (as shown in figure 4), the lower limit curve
of the confidence interval exhibits the flat region until it reaches 550 nm (in the same
way as for Latossolo Roxo), thus resulting in red hue.

All the soil classes of this group, as stated by Oliveira et al. 1992), comprise basic
rock derived soils (LR and TE) or soils with high Fe,0, content (LR, LU and TE).
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Figure 4. Latossolo Una (LU) reflectance spectra average and respective 95 per cent
confidence intervals for superficial and sub-superficial samples.

The soil chemical data (tables 2 and 3) showed the samples of the remaining classes
of this group to have high Fe,O; contents, around 18 per cent (PR) and 22 per cent
(BV). Additionally, the sampled BV soil unity was derived from basic rocks.
Summarizing, it is reasonable to say that the spectral curves similar to those of this
group may correspond to basic rock originated soils (or soils having considerable
contributions of basic rocks) and with a naturally high Fe,O, content. The soil
samples from other group soil classes (occasionally LE, LA and PV which have this
reflectance pattern partially confirm such characteristics.

(b) Podzélico Vermelho-Escuro (Podzolico Vermelho-Amarelo, Latossolo Vermelho-
Escuro, Latossolo Vermelho-Amarelo, and Cambissolo). This group presents the
highest variability of spectra, with remarkable differences between classes and
between layers (see figures 5 to 8). These classes also comprise soil samples with
typical-a spectral reflectance, in addition to the typical-b samples. Large visible near-
infrared reflectance differences between the sub-superficial and the superficial
samples due to higher organic matter content are present (see figure 7). The
absorption features occurring for the sub-superficial samples (at around 900 and
650 nm) are totally or partially absent for the superficial ones.

Recently defined as a class out of PV soils (Oliveira et al. 1992), PE soils form a
unique homogeneous set of curves in this group (figure 5). The variation within PE
curves occurs only for the albedo, remaining the shape constant for any horizon of
the sample sets (which consists in a superficial and a sub-superficial sample from a
site). Therefore, figure 5 is a good representation of the curves obtained for this
class, as a consequence of the physical-chemical uniformity within these soils. The
confidence interval of this class is the smallest in the group.

LE and LA classes are included in this group for the minority of their samples,
which would pertain mostly to group (a). Of the soil classes included in LA class,
Typic Haplorthox and Haplic Acrorthox accounted for the a-type curves. For the
PV class, there was only one sampled site not classified in the typical-b reflectance
pattern, corresponding to an Abruptic Paleudult. There was no exception for PE, for
this is the soil class name heading the b group block.

All samples of the classes of this group, (even the spectrally exceptional), often
showed goethitic spectral feature in reflectance, characterized by the flattening due
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Figure 5. Podzolico Vermelho-Escuro reflectance spectra average and respective 95 per cent
confidence intervals for superficial and sub-superficial samples.

to the broad absorption band on the slope centred at around 650 nm (Sherman and
Waite 1985) and the yellow hue. LE and PE samples present as a rule red colour.

Layer spectral differences could be seen within this group mainly in the visible-
near-infrared curve shape (according to group description block) and in the narrow
band absorption features depths. For the visible-near-infrared range, only the Cb
samples were spectrally similar for both layers, as this class comprises soils with poor
layer differentation (Oliveira et al. 1992). Generally, the spectral absorption features
are better seen in sub-superficial samples for any portion of the spectrum. Superficial
samples also showed bow-shaped curves, sloped until 1800 nm, approximately, while
sub-superficial ones presented a flat-shaped in the 1100-1800nm range. For LA
samples, the layers were generally quite different in albedo, and in shape. Such
samples showed smaller albedo and less variability among superficial samples than
for sub-superficial ones.

For each layer separately, it seems that there is a direct relation between the
depth of the absorption features and the albedo of the soil samples pertaining to LE
and LA classes. This could not be confirmed for PV, PE and Cb soil classes.

Oliveira et al. (1992) describe such classes as having an upper limit for the Fe,O,
content, which excludes obligatorily soils with high iron contents. The maximum
Fe,O; content of the typical-b soil samples were around 10 per cent, starting to
become similar to a typical-a curve to the extent that the iron content was above this
threshold.

Continuing the description, Oliveira et al. (1992) report that the soil classes of
this group occasionally comprise clay soils (LE and LA), but more commonly
comprise soils of sandy to medium texture. Within b group samples, soils derived
from sandstone or from sandy sediments prevail. Taking the LE samples, that
showed the two described reflectance patterns, those derived from (or simply
containing) basic rocks are typically a type. When the LE parent material is a basic
rock, this group can be distinguished from the LR only by laboratory Fe,O,
analysis. Hence, the two classes are separated by a discrete analytical threshold.
Formaggio and Epiphanio (1988), studying reflectance of soils taken from two
different sites, and observing LE samples with spectra similar to LR, (typically a-
curve), in one site and similar to LA ones, in the other. This is evidence of the effect
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Figure 6. Latossolo Vermelho-Escuro reflectance spectra average and respective 95 per cent
confidence intervals for superficial and sub-superficial samples.
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Figure 7. Latossolo Vermelho-Amarelo reflectance spectra average and respective 95 per cent
confidence intervals for superficial and sub-superficial samples.

of the parent material. Figure 6 curves illustrate well the possible reflectance patterns
observed for the LE samples.

As a rule with LA spectra, (see figure 7), the curve appearance on the visible-
near-infrared range indicates the presence of goethite, (as previously described).
Actually, the basic concept of this class limits the colour hue to less red than 1-5YR
(Munsell notation) to yellow. Fernandez and Schulze (1987) state that inferences
about soil iron oxides mineralogy can be better made if the colours are determined
through reflectance measurements. The a-type LA spectra were very similar to the
LU spectra. Oliveira et al. (1992) state that LA soils can be similar to LU, from
which the former are distinguished by their lower Fe,O, content. Indeed, LU
samples were typically yellowish. As a result of the great difference within LA curve
types, the lower limits of the confidence intervals do not represent the low-albedo
curves, which are typically a-type. The Standard Deviations, relatively smaller on
the absorption regions, caused the lower limit curves of the confidence intervals to
be deformed, with artificial peaks. Thus, only the mean and the upper limit curves of
figure 7 illustrate real cases.
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The PV class, like LE and LA, largely comprises varying soils. The PV spectra
express this variability through a great diversity in appearance spectral features, and
in the albedo, despite fitting well predominantly in the b-type. By figure 8, one can
observe that the mean and the confidence interval limits had their shape not affected
by the exceptions, as they all appeared b-type. But, with respect to the albedo, the
exceptional a-type shifted the means and the confidence intervals downwards, since
among b-type curves of this class, the smallest albedos rounded 45 per cent.

(c) Hidromérfico (Podzol and Latossolo Humico): The soil classes pertaining to
this group are agriculturally meaningless, and comprise a small portion of the land
surface. Thus, there were few available samples for such classes, for what they could
not here be characterized as were the a and b groups. However, the reflectance
pattern within the soil samples of this group was unique (figure 9), regardless of the
observed layer.

For classes of this group, the observations were taken from just a few samples.
The unique PZ curve pair showed relatively high albedo (around 45 per cent
compared to the other classes, that showed reflectances always below 35 per cent).
The absorption feature at around 1900 nm was very strong for PZ and relatively
weak for LH. Figure 9 presents the mean spectral reflectances for HI superficial and
sub-superficial samples.

From the classes’ definitions, (Oliveira et al., 1992), the colour weakness can be
regarded as a rule, once they are grey soils usually. Thus, the stated observations
about the visible spectrum can be expected to be matched by any soil sample of the
classes of this group.

(d) Areia Quartzosa: the two sample sets of this class allowed the observation of a
fourth behaviour (figure 10), different from the three previously described patterns.
There were little differences between the horizons in this class (or group, for this
case). Among the two AQ sample sets, a slight difference could be perceived between
the Ap, and the C, layers of one of them, due to the effect of organic matter
(lowering and flattening the reflectance curve in the visible near-infrared range). The
other sample set did not allow such comparison.

The spectral curves shown by these particular samples, regardless of the layer,
were fairly similar to the b-curves exhibiting extremely high albedos (up to 65 per
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Figure 8. Podzélico Vermelho-Amarelo reflectance spectra average and respective 95 per cent
confidence intervals for superficial and sub-superficial samples.
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Figure 9. Hidromérfico reflectance spectra average for superficial and sub-superficial
samples.
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Figure 10. Areia Quartzosa reflectance spectra average for superficial and sub-superficial
samples.

cent). Though AQ samples showed albedo not more than 40 per cent, the b-group
curves with medium albedo (not more than 50 per cent) differed from the d-group
ones in the shape.

Taking the class concept, the curve appearance in the visible range is not
expected to remain fixed, once this class comprises yellow, white, red, or even grey
soils (Oliveira et al. 1992). On the other hand, its sandy nature, plus the absence of
easily weathered primary minerals, will lead the other three attributes, (high albedo,
the shape and absorption features), to be a rule for the class. It should be stated,
however, that the AQ samples herein observed do not comprise AQ from the sea
shore, which are usually brighter in colour. Possible spectral differences between
these and the samples employed here are expected to exist in colour (visible range)
and in albedo.
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4. Concluding remarks

After studying the reflectance spectra pertaining to fourteen soil classes, four
general reflectance patterns could be distinguished. An intense overlapping of the
original classes was observed, therefore the soil types cannot be determined at this
level simply by means of observation of the reflectance spectra. Nevertheless, the
groups of spectrally similar soils were consistent from the point of view of their
physical-chemical characteristics.

The reflectance patterns were closely related to the parent material of the soil
sample, regardless of the soil class. For the classes defined by the parent material, the
reflectance spectra can perfectly exclude an observed soil from this class, if it does
not match the expected pattern.

Organic matter and iron content were the main soil properties affecting the
reflectance spectra, (beside parent material), conditioning spectral features especially
along the visible-near-infrared range. Further studies are necessary to understand
the interactions between these properties as affecting the observed spectra.
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