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A liner offset equation of the volumetric water content that capacitance type GS3

soil moisture sensor measured

Shoichi MITSUISHI! and Masaru MIZOGUCHI?

Abstract: The ECH;O GS3 soil moisture sensor (GS3,
Decagon Devices, Inc.,) is suitable for measuring volumet-
ric water content (), temperature, and bulk EC for agricul-
tural materials. Two types of calibration equations are pro-
vided for the GS3 water content measurements: a standard
equation (6st) and an agricultural material equation (6am).
In this study, these two equations were evaluated based on
the dry weight method 0 (8y) for agricultural materials
(Rock wool, Vermiculite, Peat moss, and Strawberry soil)
and soils (Toyoura sand, Andisol and Kanto loam). The
relative error of Ost was 10 % — 14 % for agricultural ma-
terials, 3 % for the sand, and 14 % for the Andisol and
Kanto loam. The Ost prediction was reasonably accurate
for Toyoura sand, but practically not applicable for agri-
cultural materials, Andisol, and Kanto loam. The relative
error of Oan was 8 % — 10 %. The accuracy of O\ was
slightly higher than for 6st regardless of samples. The
Ost was corrected based on the linear regression line for
the Oy and Ogt relationship. The relative error for the cor-
rected Ost became 1 % — 5 % for all samples. Furthermore,
the linear regression line was made according to three sat-
urated, intermediate, and dried samples (3-point method).
The relative error for the Ost corrected with the 3-point
method was 2 % — 6 %, which was much smaller than for
the original Ost. In conclusion, we recommend using the
3-point method to correct Ost for the GS2 measurements
for soils snf agricultural materials.

Key Words : ECH,0 GS3 soil moisture sensor, agricul-
tural material, soil, liner regression equation
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Table 1 {EEE0EI O SR B R & WM. "
ist
Ignition loss and dry bulk density of agricultural materials I‘ i =I|
and soil samples. 5 |’ - 03 Sensor cable
Drv bulk densit Sensor head > 1_81"
Sample Ignition loss (%) U _6311 S |_
(Mgm~) 8
Rock wool 0.7 0.13 5.5 < Sensing rod
Vermiculite 0.6 0.40
Peat moss 38.0 0.13
Strawberry soil 39.0 0.21 | | 1 1
Sand - 1.50 Water su‘pply and drainage hole ~ Unit: cm
Andisol 18.5 0.55 ~0.79
. e PER v
Kanto loam 12.5 0.40 ~ 0.81 Fig. 1 SBREN
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FLii S Tnsg. 1 oFFERIEL, EmS0 A5 HATEN
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Decagon Standard Eq 0 ¢ (m’ m”)
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The relationship between volumetric water content st based on the standard equation and gravimetrically
measured 6y for four type of agricultural materials. The solid line shows 1:1 relationship and the broken
line is a regression line between OsT and Oy;. The two-dot chain line is a regression line for three water
content samples (dried, intermediate, and saturated).
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The relationship between volumetric water content 851 based on the agricultural material equation
and gravimetrically measured 6y for four type of agricultural materials. The solid line shows 1:1
relationship and the broken line is a regression line between Oy and 6.
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MZ0079m’ m3, v¥'— FE2120104m° m3, 4 F
SO 413 0.075 m? m—3 T, BREMEHO Oy (2K 5
B O RFEZEIL 8 ~ 10 % ORI ~ 7. B¥EMHE
Mz 1) 5 GS3 O LKy B HROIEME T, YR
L0 EEHA DN Em o T

4.3 LED 6y & 65T DER

Ost (Zx3 2 3FEEO LD 0y OBME%E Fig. 2, 3 &
[FEEIC Fig. 4 12779, WD Osp 13 Oy £V KED o7,
BARZ LT —LALOBA, 6y <0.10m’ m3 T
X Ot SIFIE—F L7272, Oy BNEL R DO T Osr
KO/NEL R, ZOEITIAN L. XD K LK
TEOKGEEBE NI Lz0lE, BAZ LE2HEL
7= Miyamoto et al. (2003) DOFEH L [H LT, & DJRIA
TR IR R SN KD HFEBEBRPEHHEKEIY

BN ERHIRBEN/NSWI ENRK EE BN T
W% (Miyamoto et al., 2003) . £ Ik 2 EHEXD
RMSE (Table 2) %, #1% 0.033 m® m=3, 2R 7 1
0.143m* m=3, MRz —24+03 0130 m* m™3 72 - 7.
D Oy 1ok HIEEX O REZEY, WIX3 % &/
Irolehy, BRI LR —A 13K 14 % TKE
Mol

Table 2 2D Oy (23T DEHEX & FH#AX, —KkA L 3
MRADIEME (RMSE). Accuracy (RMSE) of volumetric water
content 6y for all samples calculated by the standard, agricultural

material, linear regression, and 3P regression equations.

RMSE (m? m—3)

S Agricultural Linear 3P

tandard . . .
Sample Eq. medium  regression regression

Eq. Eq. Eq.
Rock wool 0.138 0.104 0.031 0.060
Vermiculite 0.105 0.079 0.025 0.037
Peat moss 0.131 0.104 0.034 0.068
Strawberry soil ~ 0.098 0.075 0.021 0.027
Sand 0.033 - 0.012 0.020
Andisol 0.143 - 0.035 0.050
Loam 0.130 - 0.045 0.063
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The relationship between volumetric water content Ot based
on the standard equation and gravimetrically measured Oy
for three type of soils. The solid line shows 1:1 relationship
and the broken line is a regression line between OsT and 6y;.
The two-dot chain line is a regression line for three water
content samples (dried, intermediate, and saturated). The
arrow for Loam and Andisol indicates the infiltration
method for higher water contents and the air dry method

for lower water contents to adjust water contents.
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S ORE L PERR S (R?) % Table 31279, 3 Ao
RMSE (Table?2) %, v v 27 7—/130.06 m®> m3, /S—
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HBARZ +130.05m? m3, Bz —24+03 0.063 m? m~3
Lipolz, O Ik T 5 3 RAOHKEEILI2~6% T
—HAHER L D RRKRE D722, R e~ TRt
MEERELPOSELZ ENTE.
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Table 3 B L THO 3FHEO 1 REVFEHROLRE. (1) 2FEO Osr & 6y, 2) 2FELD Oam &
v, (3) 3 (g, Wi, faf) @ 6st & Oy

Coefficients of three linear regression lines for agricultural materials and soil samples: (1) Ost vs. Oy, (2) Oam
vs. Oy for all samples, and (3) Ost vs. Oy for three water content samples (dried, intermediate, and saturated).

Liner regression (6st) Liner regression (6an) 3 points regression

Sample 0 =ax 6st+b 0 =ax Oap+b 6 =ax 6st+b
a b R? a b R? a b R?
Rock wool 1.099 0.112 0.945 1.178 0.05 0.945 1.115 0.072 0.970
Vermiculite 1.170 0.051 0.973 1.237 0.015 0.963 1.207 0.037 0.981
Peat moss 1.321 0.014 0.972 1.373 0.053 0.983 1.445 0.027 0.996
Strawberry soil 1.254 0.016 0.992 1.324 0.054 0.991 1.342 0.015 0.999
Sand 1.033 0.036 0.985 - - - 1.004 0.038 0.999
Andisol 1.327 0.026 0.971 - - 1.493 0.007 0.996
Loam 1.219 0.031 0.973 - - 1.313 0.035 0.999
14 %, Wix3%, B2AR7 L1, MEo—21314% 7-
o HHROEMER, 2y 7—LEnN—IFa T 5| ATk

M, £ FTOLTIHENP-oT. B— FERAIT Oy <0.20
m® m3 LT TIRE - 7223, AROBENEINT 5 L s
HUFK B A/ N L7, s o R3E7E1% 8 ~ 10
% THY, o EHEIEERICHSTEP -,
BHNT Oy & Ost BET Oy & Oam DEIMRITERED
B, WERED 094 L Lo —kERARE SN, =
OEfFRE —RMAIERE LT Osr ZET D &, xR
T 1~5% £TEKTFLE. &56IT, 657 & Oy DIV
FEBMRICER LT, Afkx B E LCili, Hif, fi
o 3 gk EREF T MER 3 A=) 2R, 3
SROMEFEEILZ 2~ 6% T, 3 ARIC X DHHIE CHEYE
KEVEMELZRELS M ETEZENTER. ZORKBER
1%, GS3 TEEMEMOTEOKSBEENESS, 3 &
OPEMIZ LD Oy O—WHEZEAT 2 721F T, EHMT
F I IEREEE O K B E A ATRE 7R 2 & A R
35. GS3 2EMRTHEE, 3 BT L AMIENEL
s N5,
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ing bulk density during water desorption measurement on soil
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P—DX v )T L— 3 BHEOYERE, 126: 63-70.

Miyamoto T., Annaka T. and Chikushi J. (2003): Soil Aggregate
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