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Determination of soil organic carbon using near-infrared spectroscopy
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Abstract. The usefulness and limitations of near infrared reflectance spectroscopy (NIRS) for the analysis of soil are still not sufficiently explored. The objective
of this studly is to evaluate the ability of NIRS to determine the organic carbon in several different soil types. Atotal of 138 soil samples of Vertisols, Chernozems,
Fluvisols and Luvisols, were taken from 0-60 cm layer. The organic carbon content was determined by the Tyurin method. Soil spectra were colffected using
InfraAlayzer 450 spectrophotometer within the range of 1445-2348 nm. Calibration equations for determination of soil organic C content were derived by MLR
using two/third of the samples as calibration set and tested with the rest of the samples as independent validation set. In order to compare spectral
characteristics of the samples from different soil units principal component analysis was used. Soil samples were classified in a space of PC according to their
NIR spectra into several groups. The samples of Vertisols and Chernozems formed clearly separated groups. Fluvisols and Luvisols samples were spectrum
similar and formed one group. For the global calibration, containing the samples of all soil units, the standard error of calibration (SEC) and of prediction (SEP)
were 0.32 and 0.37%. The ratio of the standard variation of the reference data to the SEC or SEP (RPD), indicating the performance of calibration, was 2.13
and 1.92, respectively. Dividing the samples into groups according to their spectral similarity can improve the prediction accuracy. For example, fora group of
spectrum similar samples of Fluvisols and Luvisols SEC and SEP was 0.18, RPD for validation was 3.00. This study shows that NIRS can be used as a fastand

routine method for prediction of soil organic C.
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Introduction

Near-infrared spectroscopy (NIRS) is an analytical technique
known for its rapidity, simplicity and cost-effectiveness. NIRS utilizes
electromagnetic spectra in the region 700-2500 nm. Near-infrared
reflectance spectroscopy is based on the absorption of C-H, N-H
and O-H groups found mainly in organic constituents. These
absorptions are the overtones and combination of fundamental
vibration bands in the mid-infrared spectral region. The extraction of
useful information contained in optical spectra must be done by
using chemometric technique such as multiple linear regression,
principal component regression and partial least squares
regression.

This technique has been widely used for several decades for
analysis of different agricultural products such as grains, forages,
milk, food etc. (Williams and Norris, 2001; Gonzalez-Martin et al,
2008). Recently, there is a growing interest in using NIRS for soil
analysis.(Chang C, 2001; Confalonieri M et al, 2001; Bogrekci | and
Lee S, 2004; Siebielec et al, 2004; Yong et al, 2005;Cozzolino and
Moron, 2006; Mouazen et al, 2006; Zornoza et al. 2008; Terhoven-
Urselmansetal, 2008)

The objective of this study was to evaluate the ability of NIRS
for quantitative determination of organic carbon in soil samples from
different soil units.
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Material and Methods

Soil samples

Atotal of 177 samples from the 0-20 and 40-60 cm layer were
collected from different regions in Bulgaria during April - October,
2007. Soil types were Calcic Chernozems and Eutric Chernozems
from North Bulgaria, Calcic Vertisols and Eutric Vertisols, Chromic
Luvisols and Calcic Fluvisols (FAO, 1998) from South Bulgaria,
which are main soil types in Bulgaria. The samples were analysed
for organic carbon content by Tyurin method.

Spectral analysis

NIR spectra of all samples were obtained by InfraAlyzer 450
filter-type spectrophotometer within the range of 1445-2348 nm.
Two or three measurements were carried out for each soil sample
using independent sampler cell fillings and then averaged to give
one spectrum per sample. Six calibration equations were composed
for quantitative determination of organic carbon in different sets of
soil units. Calibration equations were derived by multiple linear
regression. Two-thirds of the samples of every soil setwas used as a
calibration set, and the remaining samples as an independent test
set. The number of soil samples of Chernozems and Vertisols were
relatively small; respectively 40 and 42, and only calibration
equations were obtained.
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Results and discussion

The spectra of soil samples from 0-20 cm and 40-60 cm depth,
respectively of Chernozems, Fluvisols and Vertisols are shown in
Figure 1. All soil spectra have three large absorption peaks in the
near-infrared region around 1450, 1940 and 2200 nm. These
absorption features are typical for soils. The NIR absorption at 1450
nm are connected with absorption of OH first overtone, related to
water, 1940 nm - combination of OH stretch plus OH bending

vibrations, at 2200 nm and 2300 nm are due to the combination
Al-OH bend plus O-H stretch. We can also see a distinct difference
in soil spectra between the soil from different soil units. Vertisols are
showing more intense absorption peak at 1940 nm, than
Chernozems and Fluvisols, due to the high montmorillonite content.
These lattice clay minerals are characterized by varying amounts of
isomorphus substitution in both the tetrahedral and octahedral
sheets; hence the spectra of Vertisols are influenced by water
molecules, which are absorbed between the sheets of the
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Figure 1. Spectra of soil samples from different soil units.
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Figure. 2. Spectra of soil samples with 1,2 % organic carbon content.
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Figure 3.Score plot of the samples on the first two principal components.
Table 1. Range, mean and standard deviation (SD) of organic carbon content, % in examined samples.
Calibration set Test set
Set of Soil units n min max mean SD min  max  mean SD
Chernozems 40 0,52 2,70 1,42 0,53
Vettisols 42 0,42 4.50 1,58 0,90
I\E/F“'SO';’ (L?he,m(l’zems 82 042 4,50 157 0,79 042 450 162 0.71
uvisois, Luvisols
Vertisols. LuvisolsE luvisols 95  0.63 3.07 168 049 063 267 164 g?i
Chernozems 177 0.41 4.52 140 0.68 0.41 4.52 1.43 '

Table 2. Statistical data of the calibration equations and validation statistics for NIRS prediction of organic carbon content,

% in examined samples.

Calibration set Test set

Set of Soail units n SEC R RPD n SEP r RPD
Chernozems 40 0,25 0,88 212

Vertisols 42 0,38 0,86 2,40

Vertisols, Chernozems 54 0,38 0,86 2,08 28 0,42 0,84 1,80
Fluvisols Luvisols 64 018 093 272 31 018 095 300
Vertisols, Luvisols, Fluvisols 91 0.27 0.93 2.67 46 0.35 0.90 2.1
Vertisols, Luvisals, Fluvisals, "8 032 089 213 5 037 086 192

Chernozems
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monmorillonite structure (Viscarra - Rossel etal, 2006).

Spectra of soil samples with equal organic carbon content, but
from different soil types are presented in Figure 2. The obtained soil
spectra depended much more on the mineral composition of the
different soil than on the organic carbon content. The spectral
feature of soil organic carbon was not directly visible in the spectra.
That requires sophisticated statistical techniques for quantitative
spectral analysis of soil to discern the response of soil attributes from
spectral characteristics. Principal component analyses were
performed of all soil spectra to investigate sample distribution.

carbon contentin contrast to Chernozems, Fluvisols and Luvisols. In
all sets of soil units the correlation coefficients between the
measured and predicted values on the basis of their spectral data for
organic carbon content were greater than 0.84 for both calibration
and test sets (Table 2). The standard error of calibration (SEC)
varied from 0.18 to 0.38%, and standard error of prediction (SEP)
varied from 0.18 to 0.42, depending on soil units and the
combination of soil units in sample sets. For the global calibration
containing samples of all soil units, SEC and SEP were 0.32 and
0.37% and RPD was 2.13 and 1.92, respectively. The parameter
RPD is the ratio between SD and SEC or SEP and indicated the
performance of the calibration equations. According to Viscarra -
Rossel (2007) RPD values were classified following levels of
prediction accuracy: RPD between 1.5 and 2.0 indicates poor
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Factors 1 and 2 (Figure 3) explained 99.91% of the total variance in
spectral data and separated soils into several groups, according to
the unit. The Chernozems formed a fairly tight group, distant from the
others. Soil samples from Fluvisols and Luvisols formed two groups
at a short distance. Therefore samples of Fluvisols and Luvisols
could be grouped together in a successful total calibration set for
determine the soil parameter. The Vertisols samples were located in
one group, different from all other soil types.

Descriptive statistics of soil OC content for each set of data are
shown in Table 1. Vertisols exhibit a wide range of soil organic

predictions, RPD between 2.0 and 2.5 indicates good prediction and
RPD>2,5 indicates very good /excellent model/ prediction.
According to those criteria, calibration equations for prediction of
organic carbon showed good or very good prediction ability.

Dividing the samples into groups according to their spectral
similarity improved prediction accuracy. That's why the best
accuracy in determining organic carbon was obtained for the set of
Fluvisols and Luvisols - SEC and SEP was 0.18 %, RPD for
calibration and validation was higher than 2.5 — 2.72 and 3.00,
respectively.

Figures 4 and 5 graphically illustrate the relationship between
determined and NIR spectroscopy predicted values of organic
content determination in two different data set.
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Figure 4. Relation between actual and NIRS predicted values of soil organic content in Fluvi sols and Luvisols.
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Figure 5. Relation between actual and NIRS predicted values of soil organic content in Chernozems, Vertisols,

Fluvisols and Luvisols.

Conclusion

According this investigation results, NIR spectroscopy is a
technique that can be considered with good potential to assess soil
organic carbon in different soil units. Dividing the samples into
groups according to their spectral similarity improved prediction
accuracy of soil organic carbon determination.

Furthermore, the technique is rapid, making it possible to
analyse a large number of samples in a practical and timely manner.
These properties make spectroscopic analyses combined with
chemometric methods very attractive for environmental monitoring,
modelling and precision agriculture.
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