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1. Introduction
Near infrared reflectance spectroscopy (NIRS) is a rapid, non-destructive, and
non-polluting technology. This technique mainly measures overtones and
combination bands of fundamental vibrations of O-H, N-H and C-H bonds
relatives to several functional groups present in the organic compounds [1]. The
use of NIRS for assessment of carbon and nitrogen, as weil as, other soil
properties and for evaluating changes of soil C and N stocks through time due to
adoption of different management practices has been gaining attention in the
scientific community. The aim of this work was to propose the use of NIRS
associated with least square support vector machine (LS-SVM) as a
methodology to quantify total carbon and nitrogen concentrations in soil samples
under unburned sugarcane. Also, a comparative study between LS-SVM and
PLS regression is presented.

2. Experimental
A total of 250 soil samples in 10 cm increments up to 100 cm depth were
collected in an area with a long term history of unburned sugarcane in Brazil, at
the Sâo Martinho mill, in Prad6polis, Sào Paulo State. The soil in the area is
classified as a c1ayey Oxisol. A chronosequence of plots where sugarcane had
been cropped for 2, 4, 6 and 8 years without pre-harvest burning (235 samples)
was studied. An adjacent area of native forest was sampied as a reference (15
samples). Reference analyses were performed by dry combustion on a LECO
CN 2000 elemental analyzer. NIRS spectra were recorded on a NIRS 5000
scanning monochromator (Foss NIRSystems, MD). Samples were scanned in a
spinning micro sampie eup and the spectra were recorded at 2-nm intervals in
the range of 1100 - 2498 nm by using WinlSI 1\ version 1.05 software (Infrasoft
International, Silver Spring, MD) for data acquisition. A ceramic standard was
used for the background spectra and the spectra was collected as log(1/R),
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where R is the reflectance. For NIR calibration, two multivariate regression
methods were used: (i) PLS using the PLS program from PLS-Toolbox version
3.5 with Matlab from Eigenvector Research Inc.[2]; and (ii) LS-SVM using the
LS-SVMlab (Matlab/C Toolbox for Least Squares Support Vector Machines)[3].
3. Results and discussion

Multiplicative scatter correction (MSC) was performed to correct the baseline
drift between the spectra. The three most important principal components PC 1 ,
PC2 and PC3 explained 99.90% of the data variance. Table 1 presents the
results for LS-SVM and PLS models for total-C and total N determination,
respectively. In the range of 0.401-3.101 %, for total-C, and 0.030-0.252 %, for
total-N suitable models were developed using LS-SVM compared with PLS
regression, with low prediction errors, indicated by root mean square errors of
cross-validation (RMSECV) and prediction (RMSEP). Ali two methods can give
satisfactory prediction results both for training and prediction sets, and the most
accurate model was obtained by the LS-SVM approach through the comparison
of performance.
Table 1. Performance results comparison between PLS and LS-SVM for total-C
and total-N quantification.
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4. Conclusions
The diffuse reflectance spectroscopy in the near infrared region with data
treatment by LS-SVM can be used with advantages as an analytical method for
rapid, accu rate, reliable and cost-effective routine analysis of soil total carbon
and nitrogen. The total carbon stocks, after correction for density differences,
were also higher in the areas with eight years of green cane (unburned)
management.
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