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Introduction:

Soil moisture measurement is very important for better irrigation system management. One
of the indirect methods for measuring the soil moisture content is to use Theta Probe device.
Although the use of Theta Probe has many advantages over the other methods of measuring
moisture content, but according to research conducted in most regions of the world, it has been
shown that changes in the physical and chemical properties of the soil, and in general, all that
affect the dielectric constant of the soil, cause an error in the accuracy of the measurement of
moisture content with this device. Among the physical and chemical properties of the soil, the
tissue type, the amount of clay contained in the soil, and electrical conductivity (EC) are the three
main factors influencing the calibration of the Theta Probe system (Sarani and Afrasiab, 2012). The
aim of this study was to investigate the effect of soil texture, irrigation water salinity (EC), and
sodium absorption ratio (SAR) on the accuracy of Theta Probe device.

Methodology:

This research was carried out at the Hydrological Laboratory of the Faculty of Water and Soil
of Zabol University. The experiments were carried out in a factorial arrangement with three
treatments and three replications. Three different types of soil texture were selected from the
agricultural lands of Zabul University campus. Water quality treatments including salinity values
were equal to 0.5, 3, 6, and 9 dS / m respectively. SAR values were 2, 8, 14, and 20, respectively,
which formed a total of 16 different quality water for this test. The pots were irrigated by water
of varying quality for saturation. After irrigation of the pots, the moisture measurements were
performed for 36 days using two methods of weighting and using the Theta Probe machine. The
measurements continued until the moisture content reached to the point of permanent wilting.
The moisture content measured by the device was estimated by the calibration function. Table 1
shows the various calibration functions evaluated in this paper. In this research, for the
homogeneity of moisture estimation models by direct measurement method, the root mean square
error, coefficient of explanation, and relative error were used.
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Table 1- the various calibration functions evaluated

References Function
Linear method of device makers (1999) 0=-0.19+0.119 (1.1+4.44V)
Nonlinear method of device makers (1999) 6=-0.19+0.119 (1.07+6.4V-6.4V*+4.7V?)
Topp et al. method (1980) 0=-0.053+0.0292¢-0.00055£*+0.0000043¢*
Roth et al. method (1990) 0=-0.0728+0.0448c+0.00195¢°+0.0000361¢°

Results and Discussion:

For silty loam texture, in all calibration functions, by increasing of the salinity of irrigation
water, the amount of root mean square error and relative error increased in these functions. Soil
salinity disperses the reflected signal in the soil. Therefore, as a result, the wavelength of the
waves is prolonged and increases the amount of dielectric coefficient in the soil. Consequently, it
results in a higher estimate of the moisture content measured with the device. Compared to
different calibration methods in silty loam, Rout et al. method and non-linear special methods
have the least amount of root mean square error respectively, and relative error has the highest
accuracy in estimating moisture content.

In the silty loam texture, increasing salinity of irrigation water in all calibration functions has
increased the reading error of the device. The best function among the proposed calibration
function was special nonlinear method, followed by a special linear method. Linear and nonlinear
methods provided by the device makers have lots of different errors and their selection is not
recommended for this texture. These results are consistent with the results of Cosh et al., (2005)
and Kargas, and Kerkides (2008).

In the sandy loam, two nonlinear special and linear special methods had the least amount of root
mean square, and relative error among the calibration functions. In this texture, the mean square
error in the nonlinear special method, in salinity of 0.5 dS/m and SAR of 2, has significantly
decreased compared to the other two tissues. In other conditions of salinity and sodium and other
calibration functions, the same amount of root mean square error was observed compared to the
other two tissues. This was influenced by tissue lameness and the reduction of clay content in the
sandy loam texture compared to the other two tissues.

Clay soils usually have higher salinity than sandy and loamy soils, and this total salinity is due to
the concentration of ions in the soil solution and the surface of the soil particles. This level of
salinity can change the dielectric coefficient magnitude of soil resulting in an over-estimation of
soil moisture. Therefore, with the soil's heavier texture and increased clay content, the precision
of the device is reduced.

Conclusions:

The results of this study showed that the Theta probe device was more accurate in the lighter
tissues, which had less clay content than the rest, in all of the calibration functions presented in
this study. The most significant deviation from the line of equivalence between the estimated
values by calibration models with observed values was seen in the lumens texture and the least
deviation was observed in the sandy loam texture. On the other hand, in all the textures presented
in this study, increasing irrigation water salinity reduced the readability of the Theta probe device
Increasing the SAR of irrigation water in loamy, sandy-loam textures and in high salinity for silt-
loam texture caused deviations of measured moisture content from observed values.

It is recommended that more experiments need to be carried out with different tissues that have a
different clay content than this study. Also, in the silt-loam tissue, in the salinity range of 6 to 9
dS/m and above, further experiments are repeated.
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