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Calibrating Capacitance Sensor for Determining Water Content of
Volcanic-Ash Soils

Kyung Hwan Moon*, Jae Ho Joa, Kyung San Choi, Hyoeng Ho Seo,

Han Cheol Lim, and Hae Nam Hyun'

National Institute of Horticultural & Herbal Science, RDA, Jeju 690-150
lFaculty of Bioscience and Industry, Cheju National University, Jeju 690-150

Capacitance soil moisture sensor is extensively used by soil research and inigation management with its
convenience and accuracy. This experiment was conducted to evaluate the acceptability of capacitance soil
moisture sensor, named EnviroSCAN made by Sentek Ltd., in Jeju Island where volcanic ash soils are widely
distributed, and to calibrate it to various soils with different amount of soil organic matter. For sensor
calibration equation of volcanic ash soils, a logarithm function is better than a typical power function of
non-volcanic ash soils. So there are possibilities of under evaluated in soil water contents in very wet and very
dry conditions by using typical power function with volcanic ash soil areas. We suggested practical
coefficients of typical calibration equation for using capacitance sensor in volcanic ash soils, also suggested
equations for estimation of them with soil organic matter contents. The measurement of soil water content
with a capacitance sensor can be affected by some soil characteristics such as porosity, soil organic matter
content, EC, etc. So those factors should be controlled for improving the accuracy of measurement.
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2 e Al 72 EY AEREE 1, sKEE 28)& Al
A 72 5fo], 4E3Iek} Capacitance sensorE 043
SF ZFS 2435131, o5 vlgto & A$St Calibration?]S
ZES|H a2 o] o]-8-E|+= Multisensor capacitance
probes7} SMIZ|E R HoXe 11 B840 A= A HE
St shdc

Tfelo] EpRusE AHoR 24T 4 Ut GHE M= G
U0l EFS @%Lﬁ}btﬂ de] o8& glch
gy & o] g3lo] EokHBlEES =2 AF u} SA EY A o] 8H B AFE AlFAll 9
o Eomou xqugg Ln, EQRER £ off 71K At S-S5 A ATAE Al ZH Y] f7lEdt ol
[0l o) FFL = Aoz d#A 9t} (Fares and Z¥zt ot A BIEAIE EYF (Dark brown soil, DBS),
Jenkins, 2007; Robinson et al., 1998). T3] 2H2o] & U SIS ESF (Very dark brown soil, VDBS), 544
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Table 1. Physical characteristics of experimented soils.
Soil types Soil texture Perce.ntage Soil organi?] matter
Sand Silt Clay (g kg)
DBS' SiCL 9.9 51.8 383 35
VDBS' SiL 10.9 69.4 19.7 70
BS' SiL 16.7 64.8 18.5 248

"Dark brown soil, j"Very dark brown soil, *Black soil.
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EQFEEMIMO| SFO| &M  EO=EAIAQ] Calibration . ‘ ‘ ‘ ‘ ‘ ‘
215 dotR 7] Qste] A|RAMA] AAGE o] A 8-S} 04 05 06 07 08 09 10
ot EQFEsek WSSl= Scaled frequency (SF)&= scaled Frequency
719 = wiA 5o Faeo] Ape) BEfEat & wiA| Fig. 1. Relationship of scaled frequencies and volumetric
9] Fulg= 7o) uj&2 A oleje} Zro] UERd 4= Qi) soil water contents with three different types of soils.

DBS, VDBS and BS represent dark brown non-volcanic
oF - 5 ash soil, very dark brown volcanic ash soil, and black
F = (Fx — Fo)/(Fa = Fw) @ volcanic ash soil, respectively. BS, black volcanic ash
soil; VDBS, very dark brown volcanic ash soil; DBS,
o714, Fam AAE A3 Q= BEEHE F7] 9] =0} dark brown non-volcanic ash soil.

Table 2. Functional coefficients for each calibration function for experimented soils.

Function Coefficient a Coefficient b

Soil type' Sample no. R?
types’ P P a t-value p b t-value p

_ DBS 58 0.3550 229 0.000  -0.4995 29.20 0.000 0.903

Logarithm VDBS 56 04751 25.4 0000  -09627  -138 0.000 0.923
function

BS 58 0.5667 285 0000  -13859  -I8.1 0.000 0.934

DBS 58 0.1190 319 0.000 0.5207 27.9 0.000 0.936

Power VDBS 56 0.0910 -18.7 0.000 0.5848 17.2 0.000 0.888
function

BS 58 0.0569 218 0.000 0.6841 20.3 0.000 0.903

TDBS, Dark brown soil; VDBS, Very dark brown soil; BS, Black soil.
*Function types are Y=axIn(X)+b for logarithm function, Y=axX" for power function.
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Fig. 2. Different fitted curves and equations for three types of soils - (A) black volcanic ash soil, (B) very dark brown
volcanic ash soil, (C) dark brown non-volcanic ash soil. Dotted lines are for equation of power functions and solid lines
are for equation of logarithmic functions, respectively.
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Table 3. Recommended coefficients of calibration equation for

volcanic ash soils.
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EnviroSCAN capacitance soil moisture sensor for

Soil typesT a’ b c R?

BS 0.1568 0.4939 -0.2599 0.9568

VDBS 0.1703 0.4721 -0.1874 0.9480

DBS 0.1957 0.4040 -0.0686 0.9648

Default 0.1957 0.4040 0.02852 -
1‘BS, black volcanic ash soil; VDBS, very dark brown volcanic ash soil; DBS, dark brown non-volcanic ash soil.
j"a, b, ¢ means coefficients of equation, Y = aX(Xb+c), Y: SF, X: volumetric water content.
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