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Soil salinity assessment in a field covered with seawater using the STE sensor

Teruhito MIYAMOTO!, Koji KAMEYAMA!, Yukiyoshi IWATA! and Takahiro SHIONO!

Abstract: It is essential to simultaneously monitor soil
water content (6) and bulk electrical conductivity (ECy)
in field soils for soil salinity assessment. A low-cost ca-
pacitance sensor, STE (Decagon Devices), can be used to
study temporal variations in 6 and EC,. Laboratory and
field experiments were conducted to investigate the appli-
cability of the 5TE sensor to monitor the salinity in the
fields damaged with seawater at the time of the 2011 of
the Pacific coast of Tohoku earthquake. The dependency
of calibration curves on salinity for estimating 6 was eval-
uated. The salinity effects could be neglected when the so-
lution EC (ECy) was lower than 7 dS m~'. The Rhoades
model was found to be reasonably accurate to describe the
EC,—ECy—0 relationships. Moreover, EC,, obtained by
the STE sensor, combined with the Rhoades model, was
positively correlated with ECy.5 (EC of 1 : 5 soil:water ex-
tracts). These results suggested that ECy.5 can be estimated
from the 6 and EC, measurements using the STE sensor.
Field monitoring using the STE sensors revealed that salts
in the root zone were sufficiently removed by rainwater
during the summer after the damage; thus, EC.5 values
at 0.15 and 0.3 m depths became adequately lower by the
end of July. In the following months, EC;.5 values at 0 and
0.3 m depths remained lower than 0.2 dS m~! during the
cultivation period for strawberries from October to April
whereas ECy.5 values at 0.45 m depth fluctuated between
0.4 and 0.8 dS m~!. Simultaneous monitoring of 6 and
EC,, by using the STE sensors, can provide highly detailed
information concerning temporal variations in soil salinity.
Key Words : capacitance sensor, tsunami, salt concentra-
tion, electrical conductivity
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B SN DB TIE, 4% & biEsEIEDE=X
VU T mTWRN D, MRHCHEKEIC L0 o HE 21T
FIZENEETHD.
OAETEHREFOEFREOEOT-OIZ, i1
WX L CHEEK S M2 TREROEKBERE (ECys)
ZREST D 15 KEHENHWOR S, ZoREEZ
LS LTER L TWED, £ OREMTI 5 KigH
EEHOWTEC ZETH5DSKeFNEETH. £
7o, THEREBRFICRGARILL TLE S 2, ERRA
WCH B2, 7, BREOZHREEZHBT L0, &
kA 5 BEC #H% 2 VT3 Ly 18 EC (EC,)
PHIEShTWD. ECy, DIIEIIMS T2 5720, %
OEMTOT—2ESZ s L, BREOZHRELZHE
T5 ECHEHREELEENTWD (EH,2012). L
L, EC, X -HEDEHEE Sy & THK O i 7 O4RENE D K
MeEibd EC THDH. Mz T, EC ixHHAKSEIZH K
ERIF L, BERNEZRSOREKRE R S, ErEigdb
52<TH, ECa A ERTLZ LA LEILIERIS.
B AR LI R E k= (0) & EC, DRIFFHIE
Feffi 23 1990 £ BEANCHIZES N TE T\ 5. Time
domain reflectometry (TDR) 1%, ER&I OaHEHE % F
ALTHEOEERNS 0 %2, £z, BRI OBEERE
15 EC, ZFRHZMIETE 5. TDR TidfF U HHEAR
H 0 & EC, #BHICHIETE 2720, BENLHINCE
T AWEBEREICHOONTE 2 (B2, Noborio,
2001). TDR 2RI AMC BT 2 EERBBHIEICHEHH I
Tl BERE <1X, TDR THIE S5 EC, ZHW A
BIREOHEE ™M T o228, EC, 1% 0 & HHivik EC
(ECy) OMFIEGFT D720, 0 b HRE—FEDSE
iz L CHRIET A B0 % - 7~ (Kachanoski et al., 1992;
Ward et al., 1994; Vanclooster et al., 1995). ¥4+ 6 »
AT D&M FCOBREBBET=F ) L 7 %IT 729,
TDR THl® S5 0 & EC, 5 EC,—EC,,—0 Btz
L T ECy, ZHEET 2 FIEAHET S (Heimovaara et al.,
1995; Mallants et al., 1996; Risler et al., 1996), H|(Z ECy,
DOEEREZHEET D kbRt Shve (De Neve et
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al., 2000; Mufioz-Carpena et al., 2005). Z OFIEIZ LD
AT O LB ROy OB EER AR TE 5 LN
HE X TCW 5 (Bhabani et al.,, 1999 ; &5, 2005 ;
Miyamoto et al., 2015). Zi 5 DOHFFEDH T EC,—ECy,—
0 BRDORERE 5 L (5] 212, Rhoades et al., 1976) R°H
5 /L (Mualem and Friedman, 1991; Hilhorst, 2000) (2
DOWT L AMEORKF 7 &7z (Bhabani et al., 1999;
Mufioz-Carpena et al., 2005; Miyamoto et al., 2015). L
727L, TDRIZ X 2 HIE TIEE Y VSR 7 B R 4 2
T 5B NEHREEHT 2720, bk - BE
BB OB 4 B & 3 2 BFEE 0B & LA o 2 —HF —
WIFEA LIS WEFETH - 72,

T4, TDR & FIEEIZ 0 & BC,, TIZIEEE % [RIFFHIE
TEDLE P —NER L TE TS, Decagon #:0 5TE
U —IZEDO—2>TH Y, TDR & b~ THRIEMENE
729 ZEMA IR MBI TRERNMTAAFNRDBH 5.
72721, Z® 5TE & >4 —IXFINE E %28 70 MHz &
TDR IZEERTRWW =0, 0 ZIET 5 & Ty D2
%5279\ (Scudiero et al., 2012; Kargas et al., 2014) .
ZD7, S5TE £ —THlIE S iz 0 OMEMRIFIED
TEENLETH D, DIETITHBARAKREKKIZ EC,
EREICECcE sy —0—2L LT, STE &YV
P —NBHFHE TR Ebid L Hico7c (TEDS,
2011 ; Mgk S, 2011 ; Bk 6, 2012). LoL, STE&
VY= HWTEHATE=XY 7 %47\, TDR & [F
FkIiZ 6 & EC, Z#[RFFHIE L TEC, #H&E L, T2
FIREEZHET 2RI HRMICATH V. BAL
(2012) REEED (2011) LEEFE RS R O BRI 4 FF
9 %722 STE B —T 0 & EC, Z[FAFRFHIE L,
TNHOHEEME S LT ECy, ZH#EE LTS, Lal,
BB ORGE e RHER KD LA HF TOFTH > 7=
728, ECy OHEEIZ V72 EC,—ECy—0 BItRIZEESF D
LOEHAWTEY, #@HMEICRET 252 mEHIITh
TWeholz, 20k, & - 18l (2014) (2 5TE &~
H—% H T E® O EC,-EC,—0 Bfs%457- 9 2 T,
WMo LKy - WEBEEHONEEITo72. Fiz,
BAEDS (2015) 1L 5TE o9 —CHIE Lz LA ED
8§ 5l 1E¥E & Rhoades et al. (1976) <° Hilhorst (2000)
DET NV E AW ECy, OHEE O A Z FERE L~ L
THEIL TS,

AWEO BRI, EEEEZZ T B MO SHE S
=K )T ~D5TE v —0iAtEORFTH 5.
TDD, BmAL (2012) THEHRFEMTHH--ER=EL
~LTO STE & o —0 0 RIEMEOHE/MEAFE DT,
KGN D EC,—ECy—0 BAfR OIS & & $1Z, ECy 205
ECys ICAMT HERDOTSGE AT, BIZ, Zib
DFEREZHTWEMO THESE=2 ) 72TV,
BEF OB ERIE L ORI L 2EEY A7 MEITH &
Ly, HEESE=%1 7 ~D S5TE &% —FIHD
AR & T LTz

2. AR A

2.1 HRESOME

SRR S L R B AR E BTN O A F TN T 2
T, HAAKELRHITERIC L VK S AR, 1 mfz
FESEAK L2, RIEIZS ~7cm HERE L7-~ N o 2 RE%,
6 HEmic 20 =—L3EY b, BRICELS
FREEABE SN, 6 A TANDIIMHET ST X 6 11
A, BALEEUR O B HL O B E R A A M S T
(1=t% - I, 2011). BRIEAEENKET L, 10 ADDidA
FIAREENFH SN, A FITHEE I AT ZAORITHE
w5 0.3 m OF IO ES T TThive. BE &b
ORI E =— /L= /LT PRI, TAD R IETITHEE L
TR TF 2 =TI X kM TON . RBRESITEAR
5 (2012) LRI—EHTHY, £E (0~03m) NEG
DA, THE 03mlHE PHEEDODBETH-T-. &£
B i, TELIIEER L Th o, MIREEI
FELN 1.24gem™3, FELIF 1.38gem ™3 ThHo 7.
F7, MRFRIERL, TRELEAEN 054 £ 05T
Holz. TOMOERTEOMEMEITEARS (2012) 1T
WEIhTWD.

225TE o9 —DFxv)TL—3a Y

HEBRASGORRE LB X OTRE L ORI 8L 1%
FNFNHRE 10cm, &3 40cm 7 7 VLVHEIICES
30cm £THE®D, 3K7 U4V a—L000A A4 KE
RESECHEPOBE S ERE L. ZD%, 2 mm
THERT 2TV, B S 72 R 2 L .

RS BOMEDTZODF v U 7 L—3 a3 UiTkD
X 2dT-o7. B 6cm, &S 13 cm OHAEAEZIC 11
cm O S £ T, BOWEREEIZ2 5 K o 1C Bk A
YWEICEE DT, 5TE o —%EKES £ THE LT,
0 \IZBT B HMEE N> R~ )L KU —&— (Decagon £t)
TaiA->7-. 5STE P —D % 50 CEZZ &
WL VBER () ITHBELEZ., BT 22RO ER
ZRELTO RO, JWEKTHER, MEFENO L
REAREITH LT, BiA Ao KE2INZ TR THIE AT
VY, —BRE W T R KB ORI EE T L HO]
MEAESRICAN, STE & —oHIMEORE & &
ExAToT. ZOE¥%E2T~SEVIRLTEELET
JB+oFENEND e-0 EMR AT,

06 & EC, 76 ECy ZHET 57D EC,—ECy—0 B
FROBBERIIRD L 9127 -7-. 4 T KCl K
(1, 3, 5, 7dSm™) ZxhentEEREHCMNA T 3R
o0 OTHEH T LEER LTz, STE & ¥ —% RIS
ETHERLT, 0ICETAMIfEE ECy 2/ 2 R~ b
KU =& =it~ 7=. 5STE & ¥ —CIXEE L R
HE LT, 25°C ITIRERIE SNz EC, DIERH &
% (Decagon devices, 2015). Z D7 %, EC, DL
P—HNEZ TN, £, BT A2 ROEEZ R
ELTO ZRD. 2ok, w057 BERE < g o
WRk ZhiH LT EC A —#% — (Twin Cond, HORIBA
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leaching period cultivation period

Fig. 1 B ES~D 5TE & — D% {ERDL.
Schematic of 5TE sensors set-up (a) leaching period (from
July to August, 2011), (b) cultivation period of strawberry
(from October, 2011 to April, 2012).
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Fig. 2 5TE o % —TllEShIZFFER (6) LHEHEE
K (0) OB, () KiEt, (b) ThEt.

Relationship between dielectric permittivity, €, measured
by 5TE sensor and volumetric water content, 8, for topsoil
(a), and subsoil (b). The calibration function derived from
Topp et al. (1980) is also shown for comparison.

#) i2kv ECy, #HIELZ. BS5h/z EC,—EC,—0 4
f%1% Rhoades et al. (1976) ODEFNVT T 4 T 4 7
L7,

EC, = TOEC,, + EC; (1)

ZIT, EWRET X, mMhEORR & EK - KRS
IFCOA T OBEEEZRIIL, T=a0+b, (a, bl
EH) THZ 55 (Rhoades et al., 1976). EC IX[&4H
KE D EC H555ThD. EC,, ECy BLV O OWEH
bl (1) XKOT7 49740 I RFTA—=4 (a, b B
KOVECy) I MR/ ZFIEIZ LV RDTz.

ECy 75 BCs ZH#EET D720, BADL (2012) A
TEFOERE L ECrs Z2HIE L7-%, LEASEN
B BRNEDITAR Y BT AN TEHER LR TR
LTV BERE 2 A7, BRD (2012) (2,
AU Sh o HEFE (04 L Ait:) 12 5TE B —%4
ALTEIEFCTLELAZRY, LR STER S —
DOEEMEE L LEZRET O ICET 2 HE L EC, %
N RV R —H—THRAERY, 74 vT7 47 TH
5 #17= Rhoades . C ECy, #4572, ECy.s ITLLETIZHIE
LR (BARL, 2012) #HW\We-.

23 BEICHITELEKS -ECOE=SZY Y

PRECEREIC T D 1Ky - EC 0E=4% U 7Y,
STEt® 9 —%2%X0.15m & 0.3m, 045 m @D 3 EEIC
WL TfTo7z (Fig. 1 (@). STE 2 ¥ —I7—%n
#— (Em50, Decagon t1:) (Z#zke 341, 1 BN T
ITLD O & EC, MEAWELL. BLEIRIE 2011
ETASHNL8H2HBTHD. Dk, — BB
FE LT

BRIGIEZEMHC T L, HRHIZHA S 03 m OWNL TR S
N, HOSTE B —2HMEHASHEE 0Om & 0.3
m, 0.45m O 3 EEICHFE LT, IR o Lk
"BCDE=4Y 7 %4T-7= (Fig. 1 (b)). Zhithsk
ERETCTRIZBEI LIE s/ LR LT, 4 F A0
BN DZNE I NERTFT 512D THS. T—F2D
BEHEZEREFAETH D, BHMEIE 10 A1 B,

BEA4H30BETTHD.

3. MBREER

BASTE 9 —DF ¥ ) TL— 3>

R L L T LD e-6 BIR4 Fig. 2 lord. HAL
(2012) T EEASEOWEIZ, AEMEED DR
PV O TERE LTI HVWH D Topp A& 4 A
L7228, KRR CTlA A kERCTELLEREL
D -0 BAfRIX Topp & B L CTRILFEEHFRTH 0.05
m® m 3 Ei AWML o7 (Fig. 2 (). £72, F
J& 1 e-0 BAfRIX Topp R & I1FIEF Liz7z > 7= (Fig. 2
b). #ELETELETH A3 K E 2 ROEFHIHRE
Kbz,
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N 1 EC (ECy) & ¥k EC (ECy,) O Bif%.

(a) &L, (b) FEL. FEHIX Rhoades etal. (1976) €7
NERWCTT 4 v T 4 v T HAToIRER.

5TE sensor-measured bulk soil electrical conductivity, ECy,
vs. electrical conductivity of the soil solution, ECy,, measured
using an EC meter for different water contents for topsoil

(a), and subsoil (b). The solid lines are the fitted relation-
ships by using Rhoades et al. (1976) model.

F72, 1 ~7dSm~!' @ KCl i TR 7= e-0 B %
FRIZTmy N5 E, EELETRELEbBIZ, Dl
EHBELZ 03 m m3 F IR EENTZE AL
RN ERDbMS. STERUH—TRIEENS ¢ DI
OYRAEMEE, WYE LTI HERE O BC 28 10dS m™! &
2D EREL D ENFEINTVSD (Scudiero et
al.,, 2012 ; ®pES, 2015 ; &% - {61, 2015). Z 7=
¥, HHEEHEO EC 23 7dS m™! 2B A 2V Thn
IX e-0 BRI/ &L, bz 5TE B
P—DFr V7L —ra VRUTEHTH D LM L7z,

3.2 EC,-EC,-0 B%

FE+ L T+ o EC,—ECy—0 %% Fig. 3 ITRT.
FREND 0 (5T D EC,—ECy, BIRITIE A 72 B
2otz ZOREEIT ECy OfEMA 7dS m! LIFT
e Esk o7 Z ik D, ECy, OFFHANBRE T
WABEA, B b HEM Rhoades TF AN L FHENT
V% (Bhabani et al., 1999; De Neve et al., 2000; Mufioz-
Carpena et al., 2005). AAff5E T ¢ Rhoades &7 /L % i [l
L72& 25, EC-ECy-0 BifRa KL< KRBIT&EHZ &M
e SNz (Fig. 3). Rhoades ET /L D/RT A —HF (3,
FELN a=272, b=0.315, EC;=0.023, FTE LT
IXa=243, b=0.093, EC,=0.004 ThH-7=.

3.3EC,; it

STE 2> H—THoNz 0 L EC, 28 LICHESR
72 ECy, & ECy;5 DR & Flg 412777, ECy & EC, 5
IR E O EBIBIER 37 H 7z, Nadler (1997) % TDR
THIE L 6 & EC, &b LICHEE Sz ECy, & ECyy
ZHH LT, BOBELCIEEWHEBBER G bR Z &
EHE LTS, ZNLHOMERREND, Lo bi
WEETITSTE B —THohiz 0 & EC, &b &
ECy Z##E L, HITEC)s DWEENTRETHDHEEZD
hns.
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Wik EC (ECy) & 1:512HkIck % EC (ECp.5) DBIf%.
Relationship between ECy, based on the 5STE measurements
and EC1:5.
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TS 015 m O EEK O IERBERRIL (Fig. 5 (a) 12
JE U TEBIZ KIS LTS (Fig. 5 (b)), F£7-, B®X
0.15m & 0.3 m O LK EIX 0.45 m IR TED K
Eholt. THIEES 03 m F TIEMELETH =0T
LTS 045 m IIEER LIZHES L, TROHN
Whrn%<, v b, $hEaPbintEThHom®
ThD.
FNENDOWES D ECy X LHKSEB OB A KX <
ZIFTns (Fig. 5 (0). %X 0.15m & 0.3m ® EC, 1%
FERRIC K 2 BHAK NI THML TWS . £z
W& 045 m © EC, b KN ES) & RfELRELE LT
W%, ECy IZECy & 0 O AIKFET HHEMTH S
728, EC, OB AR ZALIZ N s DR IR E DL 20
BT 20 L. Ik LT, Rhoades €7 V% H

Precipitation (mm/hr)

wc, 6 (m® m3)
o
P
o
3

44 0.30 m

A
L-_._—.—-u"”"‘"“"\*-.—

O.15nZ
T T T T T

7M1 7116 7121 7126 7/31

Solution EC, EC,, (dS m™") Buk EC,EC, (dS m™)
c
<
i
[6)]
3

Fig. 5 BREEFECTO (a) BER, (b) BBEEAKE (vwe, 0),
(¢) 7\v7 B8 EC (EC,) B LU (d) 1% EC (ECy)
DR L 201147 A 8 H ~8 H 2 H).

Measured values of (a) precipitation, (b) volumetric water
content (vwc, 0), (c) bulk electrical conductivity, EC,, and
(d) solution electrical conductivity, ECy, at three depth;
—0.15 m, —0.3 m, and —0.45 m during salt leaching period
(8 July 2011 — 2 August 2011).

WTHERE LTz ECy, 1%, TEEKAZEED & 1351 o0 28 Bhi 1h)
Zam L7z (Fig. 5 (d). #E 0.15m TiE ECy 3% < #E
BLTEY, BUABIMGEICIIBECRENAEITL T\
LD, EE03mIETH200621 HETOE L
FoBEMICE > TECy METFLZZ &%, & 045
m Tix7 A FAICHEREN B ER LR, TO%D
BERIC L 0 BRIENHEA TS L7, BEC, TIdiRx b/
WIENREDOE A EZETE=F ) T TEDL L ENDbMND.

OAETIERE O BEfEA ECls TREND D,
ECy &6 &2 ECy5 Z#eE L7z (Fig. 6). [Rl—@EGT
HE01~02m?®ECs & LR (08 - W H,
2011) &tk#Ed 25 &, STE B —DHIEER b & ITHEE
L7 ECy:5 ITEUOEER ZR L TV 5. ECi5 DAL
T AR OE WL, FAEFIEOEWICLDI D EE X
BILD. 2tk - THE (2011) IXESGEEE 3 XEZ5,
ZNENOXED 2 EFHNbH+EL, £ To e %
RELTEHD ECls Z3RD7-. 0=, BHNOER
WoRo o manztEX6N05. LT
ARHFFE T, —HIETO ECp.s ORRIGFZEALZBHLT7- b
DThH-oT-.

ECis DEZHWTHREOHITRR A RS &, BE
0.15m TiZ 02dS m™! AL DETHRE L TH Y, BEIC
A FTEHELE LEBEOBEHETHS 0.3dS m™! (&
WIREFERESRE, 2011) % FlElo> T2 & 3b)
%. ¥EX03m TlX03dS m ! BigoEE R L, B
BRIGIREIZIZBRIE D ECp.s @ BARERT% CTh oo LHEE S
iz, EDHIRAIZEC)s OEXNBA L, 7TH 20 Hrb
21 HOBERNTHES 0.15 m OfEIZEV 0.2 dS m™! Atk
FTERFLAEZERDNS., ZHICKI LT, X 045m
TIEHERB»OOESOBENCE Y, b0 s BCs
OERBIMEIIZH 7225, 7T H 20 A2 6 21 HOR
FCRREE A HEA, Z D% OFEMIC XV 2 BECp.s OfEA

1.00
0.80 0.45m

AFI DG EEE
0.60 (0.3dSm™)

1:5EC,EC, 5 (dS m™)

0.15m {Z#& AT (2011)&kY
0.00 T T T . |
7 7116 7121 7126 7131

Fig. 6 FRHLBFRICHIIT D STE & oY — ORI EMEN» S HEE
Si7z ECp.s OfRRFZE L. 24 - iTH (2011) 12Xk - T
WE SISO 0.1 ~0.2m @ 1:5ZBHIEIC LD 15
EC D= DITR LT, £z, A FIDORE O B
b Le.

Estimated EC;.5 based on the 5STE measurements. EC;.5

data at soil layer between 0.1 and 0.2 m by Nigo and Kawada
(2011) are plotted for comparison. The target EC;.5 value of
leaching for strawberry (0.3 dS m~") is plotted with dotted
line.
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Fig. 7 A FIHIBHMICE T 2 () KEEEKE (vwe, 0),
(b) V7 1HEEC (EC,,) BELU (¢) 1A EC (ECy)
O (2011 10 H 1 H ~2012 44 H 30 H).
Measured values of (a) volumetric water content (vwc, 6),
(b) bulk electrical conductivity, EC,, and (c) solution elec-
trical conductivity, ECy,, at three depths; 0 m, —0.3 m, and
—0.45 m during the cultivation period (1 Octorber 2011 —
30 April 2012).

e 08 0.45 m
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Fig. 8 #5WIFIZI1) % 5TE & vV —DHIEME HHEE
Sz ECp5 ORRRE(L. 4 FITORRED BAEE SR LTz,
Estimated EC;.5 from measured data of STE sensor during
the cultivation period. The target ECy.5 value of leaching

for strawberry (0.3 dS m~!) is plotted with dotted line.

TRoTWolmZ ENbn%. 72770, & 045m D
EC,s5 I, %ﬁ%?ﬁf%ommm4%%ifbwﬁT
LTELT, TROEDHRERED ICEERhoT22 b
ZRLTWVWA.

3.5 FiEHE P D LiEKS - EC SAIKRR

A FIHEEII N AR TITb, LHEERmIZITE
=L L F BRI N, FEARSHZAKR
MEBCTEICHE SN, REUKD FREICHKSLDRT
Holz. W TFMICHEY T2 0m, BFiIZZh L HEN
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