.. ngof

mw SOIL
= SCIENCE

E— past achievements
and future challenges

=

2

International Union of Soil Sciences

Centennial Celebration
and Congress of the International

Union of Soil Sciences
Florence - Italy

May 19 - 21, 2024




wmwm SOIL ORAL PRESENTATIONS

past achievements
and future challenges

ID ABS WEB: 137903

6. Soil in the digital era
6.01 125400 - Applications of proximal soil sensing technologies and beyond

A COMPREHENSIVE REVIEW OF PROXIMAL ELECTROMAGNETIC SENSORS' ACCURACY AND COST
CONSIDERATIONS FOR SOIL PROPERTY PREDICTION AND MAPPING
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Proximal soil sensors (PSS) are used to efficiently characterize soil properties from point to farm/field scale
and reduce the need for cost- and labor-intensive soil sampling and laboratory analysis for creating high-
resolution maps. They enable rapid means for soil characterization and monitoring of soil properties,
providing tools to make informed decisions aiming at the improvement of productivity, soil health
conservation, and mitigation of environmental impacts. A framework for selecting the most suitable PSS
method for mapping a specific soil property based on expected accuracy and associated costs is lacking.
Within the ProbeField project, we are reviewing the accuracy of electromagnetic PSS in estimating specific
soil properties and quantifying associated costs. Moreover, we discuss cost and accuracy variation when
using multiple techniques simultaneously. The lack of information on costs in the literature caused us to
perform a market analysis through questionnaires directed to companies, a unique aspect of this study. Our
review hopes to be a guide for professionals, academics, and other end-users in PSS.

We reviewed a total of 209 studies. The normalized root-mean-squared error (NRMSE) was used as a
measure of accuracy in estimating soil properties. Among all, diffuse reflectance spectroscopy (DRS) and X-
ray fluorescence (XRF) techniques exhibit higher accuracy in estimating soil carbon and nutrients, however,
require soil sample contact. Gamma-ray radiometry and electromagnetic induction (EMI) are the most
common on-the-go sensor combinations, especially used to accurately estimate water content and soil
texture. The Cost of mapping services ranges between a few hundred to several thousand euros per working
day depending on the technique and type of sensor used. About 75% of mapping cost is attributed to
fieldwork personnel, and data analysis and reporting, while the other 25% is to movement efforts and
sample analysis. Several companies report extra charges attributed to fieldwork conditions. Results
demonstrate that portable sensors offer accurate and cheaper point estimations, although on-the-go sensors
offer better spatial estimations at the expense of accuracy.
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