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Introduction
Contemporary environmental studies, including soil testing, is becoming
more and more quantitative and thus requires implementation of numerous
expensive and time-consuming tests. Financial and time limitations induce the
development of new methods for indirect determination of various soil
properties. Visible and near infrared (VNIR) diffuse reflectance spectroscopy
(DRS) has proven to be a rapid and effective method of providing reliable data
for soil monitoring, digital soil mapping, environmental modeling, and precision
agriculture. Comprehensive lists of published investigations on DRS of soil
properties have been presented recently. The presented study wase

performed to investigate the possibility of application
measurements in monitoring of arable soils chemistry.
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Table 1. Mean and maximum coefficient of determination between DSR transformation and soil

properties on the total dataset and clusters

DRS

Materials and Methods
During the program “Monitoring of Chemistry of Arable Soils”, in 2005, 212
soil samples from the surface layer (0 - 20 cm) were acquired from throughout
the area of arable lands in Poland, covering approximately 140000 km2. In
these samples the following characistics were determined: textural
composition (8 fractions); contents of organic carbon (Corg) and organic
matter (OM), total nitrogen (N-Kjeldahl), carbonates; plants available forms of
phosphorus (P2O5), potassium (K2O), magnesium (MgO )and sulfur (S-SO4);
polycyclic aromatic hydrocarbons (PAHs); “total” forms of S, P, Na, K, Ca, Mg,
Fe, Al., Mn, Cu, Ni, Cr, Zn, Cd, Co, Pb, Ba, Be, La, Li, Sr. exchangeable forms
of Ca, Mg, K, Na, hydrolytic and exchangeable acidity (Hh, Hw), cation
exchange capacity (CEC), sum of bases (TEB), degree of base saturation
(BS) and C:N, ratio were calculated. Electrical conductivity (EC), soil salinity,
radioactivit and pH (in water and KCL) were also mesured. All analysis were
conducted in laboratories of the Institute of Soil Science and Plant Cultivation
in Puławy.
Reflectance r of soil samples was measured in five replications at the
wavelength range from 350 nm to 2500 nm, at 1-nm intervals, using a
FieldSpec®Pro spectroradiometer (Analytical Spectral Devices, Inc., Boulder,
CO, USA) with the attached Source Probe Mug-Lite®. DSR data were
generalized into 10-nm intervals and transformed into root of r, 1/r,
absorbance, first and second derivative of r, Kubelka Munk units and its
derivative and continuum removal values. Correlation between reflectance and
soil properties were calculated for the total dataset and for the clusters
obtained by unsupervised Ward hierarchical algorithm based on Euclidian
distance (StatistiXL - Nedlands, Australia).

Results
Spectral curvers of 212 soil samples and clusterin results are presented in
figure 1.Coefficient of determination between DSR and soil properties
obtained on total dataset were lower then values for clustered data (Tab. 1).
Only total forms of Ca and Sr can be estimated from spectral data without
clustering. After clustering of entire dataset the strongest relationships were
observed between reflectance data and soil total concentration of Zn, Ni, Cu,
Ba, Be, Li, Co, Cr, Mn, Fe, Al, K, Mg, S, exchangable cations (TEB and CEC),
radioactivity and contents of Corg, N-kjel., CaCO3, clay and sand fraction,
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Soil reflectance data can not be used to predict soil reaction; C:N ratio;
P2O5, K2O and S-SO4, Hh and BS; salinity and EC; “total” forms P, Cd,
Pb, La and Na exchengeble K and PAHs. The most useful mathematical
transformation of spectral data for modeling soil properties were second
derivative of raw data, first derivatives of absorbance and Kubelka-Munk
unit and continuum removal. However, non of these transformation can be
concerned as “universal”. Therefore, the more effective method of soil
properties assessment is clustering of a spectral soil library into groups
according to spectral characteristics [7] and development of regression
models (e.g. partial least squares methods) and various transformations of
spectral data.
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Fig. 1. Spectra of 212 soil samples of arable fileds in Poland (a), mean spectra and its
standard deviation for six clusters obatined by Ward algorithm (b) and the diferences
of mean clusters spectra (c).

Conclusion
The results of analisys confirm the relationship between DSR data and
various soil chemicakl properties, what make possible use thise
techniques for lowerig cost and sawing time in soil monitoring.
The unsupervised clustering of spectral dataset into spectrally similar
subsets has a potential to increase the usfulness of DRS data for the
estimation of soil chemical properties. Besides unsupervised clustering,
for these purposes various mathematical transformation of row data
should be implemented. Beacuse, no one of available transformation is
advantageous and in particular groups of soils (clusters) specific soil
properties should be determined on the basis of different transftormation
of spectral data.

