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Abstract. Soil water content and matric potential are central hydrological state variables. A large variety of automated probes
and sensor systems for state monitoring exists and is frequently applied. Most studies solely rely on the calibration by the
manufacturers. Until now, there is no commaonly agreed calibration procedure. Moreover, several opinions about the capabilities
and reliabilities of specific sensing methods or sensor systems exist and compete.

5 A consortium of several institutions conducted a comparison study of currently available sensor systems for soil water
content and matric potential under field conditions. All probes have been installed in 0.2 m depth below surface following best
practice procedure. We present the setup and the recorded data of 58 probes of 15 different systems measuring soil moisture
and further 50 probes of 14 different systems for matric potential. The measuring campaign was conducted in the growing
period of 2016. The monitoring data, results from pedophysical analyses of the soil and laboratory reference measurements for

10 calibration are published in Jackisch et al. (2018) https://doi.org/10.1594/PANGAEA.8923109.
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1 Introduction

Soil water content is defined as volumetric proportion of water in the multiphase bulk soil. Since the proposition of soil moisture
determination based on relative electrical permittivity of the bulk soil in the 1970s (presumably starting with Davis et al., 1966;
Geiger and Williams, 1972; Chudobiak et al., 1979) many commercially-available systems have been developed. They can be
roughly grouped into time-domain reflectometry (TDR), frequency-domain reflectometry (FDR) and capacitive sensors which
all rely on the strong contrast of the relative electrical permittivity of water (80) compared to air (1) and minerals (3-5) in the
soil bulk. However, the relative electrical permittivity is also influenced by temperature (Roth et al., 1990; Wraith and Or, 1999;
Owen et al., 2002; Rosenbaum et al., 2011), soil texture (Ponizovsky et al., 1999) and organisation of thin water film layers
(Wang and Schmugge, 1980). In addition, there is a frequency dependency of such measurements emphasising more or less on
effects of solutes, clay surfaces and organic matter on the conductor and dielectric properties (Loewer et al., 2017).

Besides the theoretical aspects, the sensing systems have to solve a series of technical issues associated with the signal
propagation from the sensor into the soil and stability of the measurements themselves to corrosion and shielding. Thus the
theoretically more appropriate TDR technology might not per se deliver more precise readings, when technical issues obscure
the actual measurement. Equally, a large sensing volume is neither guaranteeing more precise readings integrating over soil
heterogeneity nor is the influence of water equally distributed within the sensed volume.

Accompanying soil water content, matric potential is the second central hydrological state variable of soils. It measures the
macroscopic interfacial tension of the pore-scale menisci integration over all air-water-soil interfaces. It was introduced by
Buckingham (1907); Gardner and Widtsoe (1921) as capillary potential and combines the effects of soil water content, pore
space characteristics and the respective configuration of the soil water in the pore space. Tensiometers are employed since over
a century to directly measure the capillary tension (Or, 2001). Because the measurement is limited to the vaporisation point of
water in the tensiometer against an atmospheric pressure at approx. 1000 hPa, polymer-based versions (van der Ploeg et al.,
2010) and alternative sensing techniques measuring matric potential indirectly through water content detection in a porous
ceramic material with known retention properties have been developed.

In order to identify conceptual limits and technological issues of currently available systems for measurement of soil water
content and matric potential we conducted a comparison study under field conditions. For this, a large number of sensors has
been installed in a specifically homogenised and levelled agricultural field with loamy sandy soil. Vegetation effects have been
excluded by glyphosate treatment. The test has been conducted from May to November 2016.
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