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Verification of TDR and FDR Sensorsfor Volumetric Soil Water
Content M easurement in Sandy L oam Sail

Seung-Oh Hur,” Sang-K eun Ha, and Jeong-Gyu Kim*

Soil Management Division, National Ingtitute of Agricultural Science & Technology, RDA, Suwon 441-707, Korea
'Division of Environmental Science and Ecological Engineering, Korea University, Seoul 136-701, Korea

This study was to verify and calibrate seven kinds of soil water sensors for volumetric soil water
content(VSWC) measurement under field. Types of sensors were TDR (Time Domain Reflectometry) and
FDR(Frequency Domain Reflectometry). Two kinds of TDR were TRIME(profile type), and Mini-
TRASE(rod type). Five kinds of FDR were EasyAG, EnviroSCAN, PR-1(profile type), and WET-1(rod
type). VSWC by TRIME and Mini-TRASE compared with VSWC by soil core showed the standard error
of about 2.4%, and 1.4% which is the smallest value among all the sensors used in the experiment,
respectively. The errors of EasyAG and EnviroSCAN analyzed with scaled frequency(SF) were about
2.6%, and 2.8% and those by 1 versus 1 correspondence were about 2.6%, and 2.6%, respectively. WET-1
showed about 2.0% of error, which is the smallest value among errors by FDR sensors. PR-1 with the error
of about 4.7% should be hard for application in field. Therefore, users on soil water sensors have to take
into consideration the errors of sensors revealed after the calibration for the correct measurement of
VSWC in field. The rest except for PR-1 among the sensors could be used for VSWC measurement with
1.4~2.6% error.
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Fig. 1. Sensorstested in the experiment (TRIME, EasyAG, EnviroSCAN, PR-1, Mini-TRASE, and WET-1 from thel€ft).
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Table 1. Characteristics of soil in experimental site.
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Bonryang 134 59.4 335 71 Sandy loam
Table2. Standard errorS(SE) of data measured by core sampling.
Type Sensors Minimum SE(%) Maximum SE(%) n
TRIME 0.17 0.96 0
Profile EasyAG 0.10 114 72
EnviroSCAN 0.05 0.95 81
PR-1 0.35 0.87 30
Rod Mini-TRASE 0.02 105 153
WET-1 0.08 1.06 105
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Fig. 3. Relation between volumetric soil water content(VSWC) measured by TRIME and soil core method.

MR ZHE g Foj2 A3 gk Alole] BAE ofge] AFS HAFI Ao (Fig. 4), AAAAZ
Fig. 3¢ &5 93 o] 3a34=E #4381, 111 EARE A AAHLRE o HAh FHse AT
Ao o] ZHAE Felstr] S8l AABAZE A3 S By

o o) 32 33449 AAME AAHAF(RY) 7 0.798

oW EFOAF 0.0243(m’ - m)E Hol FAHw EnviroSCAN

oF 24%°] a7t A HAFIL Jom, 13 AF T3 A ZAAL A EasyAGE T WA AAE
219) #AANME AAAFI 0.76170)W FFQA7}L EnviroSCAN 2239 3 FDR AlAo]™, Im Z°]
0.0255(m’ - m™ &2 Fo] %I oF 26%2 227t MR EHT Uk o] AAM T F3A0] SFe}

S FHFY AAE G FHE YRS
E AVEY, 111 APFARE ZA4Y
Hitgo] #AA M E AAASFIE 08110 HFE
78(m’ - m7)E Fo] Az oF 28%9)
e HoFT 9o, 1:1 A BA M=
083407 ®E9A7F 0026(m’ - m”) =
@I 26%° LA7F AFE HAFI Utk
9 E5F p7} 00012t} #o} 129 {94
B33 9 vh(Fig. 5).

—|_"
N
—
e
Q
X

Z23d & FDR A9 EasyAGE 50cm Z o7}t
Aol BT gk FAo] btk AlA 3 Al
T FHY AATE 93 (power
function) 2] FHIZ mHH AL Zctd AR &4
b # Foj2 ASS 7k Alolo] #AE Fig. 49
S B, 111409 2
AXJAZE EHS o) PR-1

2 od

Xl
AN =2
ox —\l?
N

N
==

(o
2

© o o 8T
3

e

%2,
oo

94e Bes) da A4
FasyAGE #a49] BAAE ARAS7 08440]1] s2el ¥ FDR AIA9l PR-1S AAZRE 1w
EFQa7} 00256(m’ - m D)2 ol AW o 26%  HE 2 Age] P52 xANE fA8Y EY
o 0Ak LS BAFT dor AW BAGNAE  E §%e A4 BA B Figue 6o vehd
AAAGT 0843017 BELATE 00257(m’ - m R FHAFI 2 B S4& A e e
ol Z2ARTH oF 26%° LAV ST RAFTL QL H L olft ZHA FAD JolN Bee 23H
o % N A% BE prb 00018 2ol wwel §  wfE wiutk Sl 22 Vo A9t Bopd 1

0.35
= -
= 0.5434 * (SF) 2% y = 0.0059 + 1.0376 x
0.30 4 r‘z = 0.844"‘( ! o 0.30 1 R?=0.843"** o
= —
WE 0.25 E 025
E £
® 0.20 @ 0.20
S 8
B- 0.15 zn 0.15
o )
= g.10 = o0
¢ 2
0.05 0.05
0.00 T T T 0.00 T
0.5 0.6 07 0.8 09 0.00 005 040 045 020 025 030  0.35
SF by EasyAG VSWC by EasyAG (m® m™)

Fig. 4. Relation between volumetric soil water content measured by EasyAG and soil core method.
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Table2. Statistical characteristics of verification on soil water sensors.

Type Sensors Cdlibration Equation R? Standard Error(%) n
TRIME y=-0.4766+6.0127x-16.8271x+17.7395x’ 0798 243 30

Profile EasyAG y= 0.0059+1.0376x 0843" 257 24
EnviroSCAN y=-0.0171+1.0654x 084" 260 27

PR-1 y=-0,093+1.0145x 0525 47 10

Rod Mini-TRASE y=0.0367+0.8612x 0.939" 143 51
WET-1 y=0.0241+0.913x 0855 " 197 35

X : Soil water content measured by sensor

Table 3. Standard error by comparison of the measured data and the data estimated by application of calibration equation.

Type Sensors Standard Error(%0) n

TRIME 255 30

) AG 246 24

Profile EnSiarWoSCAN 251 27

PR-1 421 10

Rod Mini-TRASE 141 51

WET-1 191 35
S I AT F AdeAY ZA AdE F A . TDREH S AA7 2502 EGTEHFZHE
el AMR FFA] veEhvs el exbek W TRIMEZ @33l Mini-TRASEC|Z oW, 4F&
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