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As an alternative to the costly wet chemical analysis of soil, Machine Learning (ML)
algorithms can be applied for the quantification of soil properties through prediction
models. In this study, we evaluate the performances of the Random Forest (RF) algorithm
and Partial Least Square Regression (PLSR), in the prediction of soil variables, including CEC,
pH, total contents of C and N as wells as other elements (Al, Fe, Ca, Mn, Mg, K, and Na)
based on FTIR-spectra of Relict Charcoal Hearth (RCH) soils and reference forest soils (NonRCH). We investigate the effect of high quantities of charcoal in the soil on the prediction
models. Preliminary results suggest that there is no significant difference in the results of
prediction models for total N, C, and Fe contents, while the accuracy of PLSR in the
prediction of pH, Mg, and Ca, and RF performance in prediction of pH and C decreased for
RCH soils. Both algorithms demonstrate higher accuracies in the prediction of Al within the
RCH soils. Prediction of CEC, Na, K, Mg (RF) within the RCH soils, Al (PLSR) for Non-RCH soils,
and Mn and Ca (RF) for both soil types resulted in lower quality of predictions.
It can be inferred from the results that the performance of FTIR-based prediction models
can be affected by the presence of charcoal in soil due to the nature of spectral features
reflecting the soil composition. The presence of charcoal in soil likely alters the absorption
interference and peak overlaps, which can result in lower accuracy of the prediction
models. In addition to the accuracy of the prediction models, we evaluate the reliability of
the weighted wavenumbers (as important variables) in each prediction, which provides
information about the correlation of spectral features and chemical properties. It can be
studied through the Variable Importance Plot in RF and Variable Importance on Projection
through PLSR (VIPs), which show high potential for studying soil composition and metal
distribution in mineral and organic soil fractions despite the observed weaknesses in
weighing wavenumbers in predictions. Therefore, we assess and compare the quality of
information gained regarding soil chemical properties from the algorithms besides a sole
quantification of soil parameters. Furthermore, we applied the developed prediction
models on a large number (n > 600) of FTIR-spectra of RCH soils to investigate the practical
application of the models and thereby compare spectral derived chemical properties of the
studied Technosols and reference forest soils.
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