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Abstract

Soil water retention characteristics, such as field capacity (FC) and permanent wilting point (PWP), plays a crucial
role in the optimal management of water resources in agriculture. However, direct measurement of these properties at
various locations within a field is not always practical. The objective of this study is to estimate FC and PWP using
the random forest (RF) algoritm through visible-near infrared (Vis-NIR) spectral pedotransfer functions. For this
purpose, 130 soil samples were collected from five provinces of Iran, and their physical and spectral properties were
measured. Six pedotransfer functions were designed in two steps, and the data were divided into training (90 samples)
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and test (40 samples) sets. To enhance model accuracy, no-preprocessing (NP) method and preprocessing methods
such as Multiplicative Scatter Correction (MSC), first and second derivatives with Savitzky-Golay filter (FD-SG, FD-
SG2), and Standard Normal Variate (SNV) were employed. The results showed that, in the training phase, PTF6 (SNV)
for FC and PTF2 (NP) for PWP performed best and significantly reduced the Akaike Information Criterion.
Furthermore, principal component analysis identified key wavelengths of 1414, 1912, and 2150 nm for PWP and 409
nm for FC. This research demonstrated that combining spectral and soil data with the Random Forest algorithm
provides an accurate and cost-effective approach for estimating hydraulic parameters.

Keywords: field capacity, pedotransfer functions, permanent wilting point, random forest, Vis-NIRspectral
reflectance



