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Introduction

Temperature-dependent infrared spectroscopy (TIR) is a highly informative technique for complex samples that can shed light on the problem of
detecting differences in soil properties both at the level of soil organic matter composition and changes in the silicate matrix part. In combination with
machine-learning (ML)-based dimensionality reduction methods, it was used to develop a model for cluster analysis of silicate matrix soils in terms
of soil organic matter (SOM), SOM-matrix interactions and biogenic silica, and this approach was compared with classical analysis approachesto

Agricultural land-use chernozems (native, fallow, cropland, and shelterbelt) were subjected to granulometric fractionation to obtain a broad range of
soil particles and microaggregates. Silt (size, <2 um), dust (2-5 um), cutoff (<20 and <50 um), and narrow (20-30, 40-50, 50-100, and 100-200 pm)
fractions were selected as characteristic.

Results: ML-based Approach for Cluster Analysis of Soils

(1) Different thermal behavior of bands assigned to SOM and inorganic matrix was
found. Among them are hydrogen-bond region (4000-3200 cm™),
aromatic/aliphatic fragments (3100-2800 cm™), carboxylic acids, carboxylates, and
other SOM functional groups (1800-1200 cm™'), and bands associated with
phytoliths and quartz (850-150 cm). Analysis of the individual temperature-
dependent spectra is the simplest approach, but it cannot provide accurate cluster
structure estimation.

(2) Heat map TIR analysis provides a more detailed assessment of spectral similarities
than their visual assessment. Changes in band frequencies and integral intensities
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distinguish fine fractions (dust, silt, and <20 um).
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Example: Soil Samples Differentiation Results & Key Spectral Ranges for the Differentiation Basis
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3. Conclusions

Comparison of approaches to cluster analysis of temperature-dependent IR spectral data of soils shown that the analysis of data of reduced
dimensionality is the best from the viewpoint of information conext; it allows more clearly determining the differences in samples associated with
differences in spectra due to both the size and chemical composition.
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