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SOIL COMPLEX DIELECTRIC PERMITTIVITY (*)
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RESULTS – selected spectra at temperatures between 0.5 and 40°C at two volumetric water contents  of 9% and 38%
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➢ Generally, the values of ’ and ” of moist soil decreased with the decrease in temperature. However, at high water contents the
opposite behaviour was observed in the high-frequency part of the spectrum.

➢ The increase in ’ with the increase in temperature may be caused by the bound water release, which is especially evident for samples
of low water content and in the low-frequency part of the spectrum for samples of high water content.

➢ Temperature dependence of ” is primarily governed by the temperature dependence of bulk electrical conductivity.
➢ At high frequencies, for samples of high , the increase in both real and imaginary parts of soil dielectric permittivity with the decrease

in temperature is caused by the temperature behaviour of free water dielectric permittivity spectrum.

✓ Soil * consists of real (’) and imaginary (”) parts, both of which
depend on frequency f.

✓ The value of ” is determined by dielectric losses ”d and soil bulk
electrical conductivity dc.

✓ ’ is heavily influenced by volumetric water content , which is
the basis of dielectric soil moisture measurement methods.

✓ ’ depends also on other soil properties, such as texture or
temperature, which may worsen the accuracy of  measurement.

➢ Measurement of * spectra of soil samples in the frequency
range from 20 MHz to 3 GHz at temperatures from 0.5 to 40 °C.

➢ Analysis of the influence of temperature on ’ and ”.

MATERIALS

➢ Soil of sandy loam texture was measured at water content levels
from air-dry to near saturation.

➢ Various  levels were achieved by moistening with distilled water
and three KCl solutions of electrical conductivity of 0.52, 1.02 and
1.5 S m-1, 5 samples per each liquid were prepared.

➢ Six-channel coaxial transmission-line system with one-port
vector-network-analyzer (VNA) and electronic calibration units.

➢ Temperature controlled by a climatic chamber.
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