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Abstract. As research on a controlled environment system based on crop growth environment sensing for sustainable
production of horticultural crops and its industrial use has been important, research on how to properly utilize soil
moisture sensors for outdoor cultivation is being actively conducted. This experiment was conducted to suggest the
proper method of utilizing the TEROS 12, an FDR (frequency domain reflectometry) sensor, which is frequently used
in industry and research fields, for each orchard soil in three regions in Korea. We collected soils from each orchard
where fruit trees were grown, investigated the soil characteristics and soil water retention curve, and compared
TEROS 12 sensor calibration equations to correlate the sensor output to the corresponding soil volumetric water
content through linear and cubic regressions for each soil sample. The estimated value from the calibration equation
provided by the manufacturer was also compared. The soil collected from all three orchards showed different soil
characteristics and volumetric water content values by each soil water retention level across the soil samples. In
addition, the cubic calibration equation for TEROS 12 sensor showed the highest coefficient of determination higher
than 0.95, and the lowest RMSE for all soil samples. When estimating volumetric water contents from TEROS 12
sensor output using the calibration equation provided by the manufacturer, their calculated volumetric water contents
were lower than the actual volumetric water contents, with the difference up to 0.09—0.17 m*-m~ depending on the
soil samples, indicating an appropriate calibration for each soil should be preceded before FDR sensor utilization.
Also, there was a difference in the range of soil volumetric water content corresponding to the soil water retention
levels across the soil samples, suggesting that the soil water retention information should be required to properly
interpret the volumetric water content value of the soil. Moreover, soil with a high content of sand had a relatively
narrow range of volumetric water contents for irrigation, thus reducing the accuracy of an FDR sensor measurement.
In conclusion, analyzing soil water retention characteristics of the target soil and the soil-specific calibration would be
necessary to properly quantify the soil water status and determine their adequate irrigation point using an FDR sensor.

Additional key words: automated irrigation system, irrigation, retention curve, soil moisture sensor, soil water,
volumetric water content
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Table 1. Soil type and the volumetric water contents according to the maximum water holding capacity, field capacity and permanent wilting point
of the soil samples from orchards (CB, Chungbuk; CN, Chungnam; GB, Gyeongbuk).

Soil volumetric water content (m’-m™)

Soil sample Soil type Maximum water holding capacity Field capacity Permanent wilting point
(0 kPa) (33 kPa) (1,500 kPa)

CB Sandy loam 0.477 0.332 0.170

CN Sandy clay loam 0.440 0.304 0.221

GB Loamy sand 0.405 0.170 0.087
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Fig. 1. Soil water retention curves of the soil samples from three
orchards in Korea (CB, Chungbuk; CN, Chungnam; GB, Gyeongbuk).
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Fig. 2. Comparison of TEROS 12 sensor calibrations (left) and their estimations (right) of the soil samples from three orchards in Korea (CB,
Chungbuk; CN, Chungnam; GB, Gyeongbuk). The calibration equations were acquired from cubic regression, linear regression, and mineral
soil calibration equation in the manufacturer manual. Short dash line, solid line, dotted represent the ranges of below the permanent wilting
point (—1,500kPa), field capacity (—33kPa), and above the field capacity, respectively.
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Table 2. TEROS 12 calibration coefficients of the soil samples from three orchards in Korea (CB, Chungbuk; CN, Chungnam; GB, Gyeongbuk). In
linear calibration equation, volumetric water content (m*-m™) = f; x Raw + f8,. In cubic calibration equation, volumetric water content (m*-m’)

=p XRaW3+ﬂ2><RaW2+ﬂ3><Raw+ﬂ4,

Linear calibration equation

Cubic calibration equation

Soil sample

B B R i B B R
CB 4500 x 10 —0.7574 0.8914 1.946 x 10° —1.381 x 10* 3.288 x 107  —25.90 0.9535
CN 4570 x 10*  -0.7998 0.9651 1376 x 10° -0.010 x 10* 2308 x 10>  -1821 0.9818
GB 4320 x 10*  -0.7629 0.9638 1731 x 10° -1202 x 10* 2.805 x 10>  -21.74 0.9884

Table 3. TEROS 12 sensor output at dry soil, permanent wilting point (PWP), field capacity (FC), and near saturation, and the sensor output range of
the soil samples from three orchards in Korea (CB, Chungbuk; CN, Chungnam; GB, Gyeongbuk).

Sensor output at a certain water holding status

Sensor output range

o e < —Dl[,?so?)mllcpa) - 1}5)(\))\5P kPa) (- 3§CkPa) Neaiosg?twn ?)e\;);v PWP-FC AE'EW Total
CB 1897 2007 2498 2659 110 491 161 762
CN 1910 2166 2451 2780 256 285 329 870
GB 1900 1964 2090 2710 64 126 620 810
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Fig. 3. Comparison of the data after cubic equation calibration and
manufacturer calibration.
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