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Visible – NIR reflectance for evaluation of luvisols and phaeozems
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Abstract. Near infrared spectra of soils with differences in soil colour, organic matter and clay mineral content showed differences in the spectral region from 
700 to 1700 nm. The objective of the present study was to describe the information content of soil vis-NIR spectra of two soil types Luvisols and Phaeozems 
from Romania to assist soil surveys. The samples were collected from each horizon of the soil profiles. The diffuse reflectance spectra of the air-dried and 
sieved soil samples were obtained using both spectrophotometers – USB 4000 (OceanOptics, Inc.) into spectral range 450 – 1100 nm and NIRQuest 
(OceanOptics, Inc.) into spectral range 900 – 1700 nm. The diffuse reflectance, R, was transformed to absorbance using log (1/R). All of these samples have 
location information and a set of soil chemical and physical analytical data. Similarities and differences in absorption maxima of soil spectra from the different 

ndsoil taxonomic classes using 2  derivative of raw spectra are discussed. Principal Component Analysis (PCA) and SIMCA – soft independent modeling of class 
analogy was used for qualitative analysis. The obtained results showed that specific differences in Vs-NIR spectral data of Luvisols and Phaeozems from 
Romania existed. These spectral data could be used to develop models for soil discrimination according to soil taxonomic classes.

Keywords: Soil taxonomic classes, Vis-Near infrared Spectroscopy, PCA, SIMCA
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Introduction The objective of the present study was to describe the 
information content of soil Vis-NIR spectra of two soil types Luvisols 
and Phaeozems from Romania and develop a model for For describing and definining the reference soil groups of the 
classification to assist soil surveys.  World Reference Base for Soil Resources (WRBSR), soil 

characteristics such as colour, texture, soil structure, soil reaction, 
cation exchange capacity, soluble salts content, soil properties such 
as vertic properties and horizons which are combined to define soils Material and methods
and their relationships were used (WRBSR, 1998). Recently, 
several studies have been done using visible and near-infrared (Vis- The selected soil types used in this study include Luvisols and 
NIR) soil spectra to perform soil classification such as soil textural Phaeozems. The soil samples were collected from three soil profiles 
classification (Mouazen et al., 2005; Yang et al., 2011); soil colour from the territory of Romania: Haplic Phaeozems in Curtea de Argeș 
classification (Mouazen et al., 2007) and soil taxonomy (Liu et al., zone, Albic Luvisols-Albota zone and Chromic Luvisols – from 
2008; Todorova et al., 2010; Viscarra Rossel et al., 2011; Vasques et experimental field of the University of Agronomic Sciences and 
al., 2014). For instance, Dematteê et al. (2014) reported that the Veterinary Medicine. The soil samples were taken from each horizon 
simultaneous interpretation of the spectral behavior of all horizons of every profile of the studied soil types. They were air-dried, crushed 
from the same profile as proposed by the Morphological and sieved with particle size less than 2 mm.  The spectral data of 
Interpretation of Reflectance Spectrum (MIRS), presents the soil samples were measured using a reflection fiber-optic probe 
considerable correlation with soil classification. The main reason of and two spectrometers: NIRQuest 512, within the range from 900 to 
the application of NIRS for soil analysis is that this analytical 1700 nm and USB4000 within the range from 400 to 1100 nm 
technique is known for its rapidity, simplicity and cost-effectiveness. (OceanOptics, Inc. Dunedin, Fl., USA). Measurements were 
Successful application of Vis-NIR spectroscopy in the field of soil performed at the Faculty of Agriculture, Trakia University, Bulgaria. 
science has been possible because soil spectra contain information The extraction of useful information contained in optical spectra 
on key soil components – clay minerals, soil organic matter and must be done using chemometrics techniques. Classification 
water. The spectral features of clay minerals are due to overtones methods are fundamental chemometric techniques designed to find 
O–H stretch combinations as lattice water or as part of absorbed mathematical models able to recognize the membership of each 
water (Knadel et al., 2013; Viscarra Rossel et al., 2006). The  most object to its proper class on the basis of a set of measurements. 
important bands for soil organic matter are found around 1700 to Once a classification model has been obtained, the membership of 
1800 nm, 2050 nm, and 2200 to 2400 nm, although bands near 1100 unknown objects to one of the defined classes can be predicted.
to 1200 nm and 1600 nm can also be significant (Stenberg et al., Spectral pretreatment was performed by using smoothing and 
2010). The absorption features in the visible–shortwave NIR second derivative transformation. Principal Component Analysis 
(400–1000 nm) are mostly due to the Fe oxides – in soil mainly (PCA) and SIMCA – soft independent modeling of class analogy 
haematite and goethite, while those in the NIR between 1000 nm were used for qualitative analysis. In order to develop SIMCA 
and 2500 nm can be due to water, clay minerals and organic matter models spectral data were divided into three classes – Chromic 
(Viscarra Rossel and Behrens, 2010). Luvisols, Albic Luvisols and Phaeozems on the basis of prior 
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knowle e o  their ta onomic type.  wo parameters were use  or Results and discussion
estimation o  MCA mo els  class istance CD  an  
iscriminatory power. CD is use  to measure the istance Luvisols are characterize  a te tural contrast between the A 
issimilarity  between two classes  CD 1 in icates that the two an  the B horizon  the Ae horizon has less clay than the Bt horizon. 

classes overlap, 1 CD 3 in icates partial separation o  the classes, he Albic luvisols are characterize  with low soil ertility ue to  the 
an  CD 3 in icates oo  separation o  the classes. hese CD hi h clay content more than 40% in ar ic B horizon, stron ly aci ic 
values represent a use ul metric or characterizin  the overall soil reaction in the upper horizon an   low or anic matter content 
pre iction ability an  success rate o  the MCA mo els or Mihalache et al., 2008  lorea et al., 2012 . Chromic Luvisols are 

iscriminatin  the respective class pairs an  et al., 2011 . pectra re ish colour soils ue to iron o i es content. Phaeozems are ark 
pretreatment an  chemometrics were carrie  out usin  Pirouette 4.5 soils rich in hi h or anic matter content able 1 . 

n ometri . nc, A, A . pectra o  the stu ie  samples with i erences in soil colour, 
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minerals are located between 1300 and 1400 nm.
On the basis of spectral data obtained by USB 4000 and 

NIRQuest 512 spectrometers Principal component analyses were 
performed to investigate sample distribution. The factors separated 
soil samples into several groups, according to their soil type and 
horizon, as well (Figure 2). Chromic Luvisols formed a group close to 
Albic Luvisols and far from Phaeozems. Phaeozems formed three 
sub groups distant from each other – these are samples from the Am, 
Bt and Ck horizon of Phaeozems. Similar results reported Todorova 
et al. (2009) for good separation of the soil samples according to 
their soil types: Luvisols, Vertisols, Chernozems and Fluvisols in the 
PCA space using spectral data within the range from 600 to 1100 nm. 
On the basis of PCA of spectral data of soil samples obtained by USB 
4000 spectrometer SIMCA model was developed for each class with 
regard to soil type. 

SIMCA models completely distinguished soil samples 
according to their soil types. Class distance between Chromic and 
Albic Luvisols and Phaeozems classes is shown on Figure 3. 
Phaeozems occupied an area far from both Luvisols class. 

organic and inorganic content, and clay mineral content showed The class distances were between 2.3 and 6 (Table 2). Distance 
differences in the spectral region from 400 to 1700 nm. For instance, more than 3 is an indicator for good SIMCA class separation and that 
the average second derivative spectra of the studied soil types the models are really different.  The biggest distance was found 
Luvisols and Phaeozems are shown in Figure 1. The most intensive between Chromic Luvisols  and Phaeozems.
peak is observed at 1400 nm. The most significant differences According to the discrimination power plot (Figure 4), the most 
between soil classes were observed in the region from 1241 to 1290 important wavelengths to distinguish classes of the studied soil 
nm, at 1360 around 1400 and 1570 nm. The studied soil taxonomic types are 511, 591, 740, 756, 771 and 942 nm. Absorption features in 
classes, particularly Luvisols are characterized by high contents of 
lattice minerals with high water sorption capacity illite, 
montmorilonite, and vermiculite and less of kaolinite content. 
According to Viscarra Rossel et al. (2006), the absorption near 1400 
nm is attributed to the first overtone O-H stretching vibrations of 
molecular water contained in kaolinite.  Probably, the high intensity 
peak observed in the soil spectra around 1400 nm is due to clay 
minerals like kaolinite, monmorilonite, and illite. Knadel et al. (2013) 
reported also that the major mineral diagnostic regions for clay 

Figure 2. PCA plot of distance among soil samples based 
on spectral data from 400 to 1100 nm

Factor 2 (2.1%)

Factor 3 (0.2%)

Chromic Luvisols

Chromic Luvisols

Phaeozems

Phaeozems

Albic Luvisols

Albic Luvisols

Factor 1 (97.7%)

Figure 3. Multiplot for visualization of distance among soil classes. Each subplot presented 
pairwise combination of classes
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Table 2. Results for the SIMCA models, class distance
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Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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