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I EERTTE

1 HBRESZOBME

IR I 4 0 o R B T R M X N
B AT THEFNT A (H 4.5m X #{t 47m ) TH 5 (Fig.1,
Fig.2) . FERMY;Cld, EWIC X D MHKDS 1m FEEERAK
L7720 B & 0 R ORRBENT L L 72720, &
IKAY 5 H MR ERRGE L 720 MAKRDFIW 2RI EA P
HFIBIZ 5-7em HiFE L T\ 7228, 5 HARICiZ sz,
6 H AN 20 = — uasBL) b, B X 3
BRSSPI S 720 6 H T O IXBERE T 2/ 7 X 6 1l
AV, HILEKE O EH o BRIEEITFRAEIER S N
7ot &, 20110 73, HTFRAMIZHER T 3m
BEOESIZH L (HHEE~OHEITDIZL5),

Fig. 1 SBR[ Y v &[4
Location of experimental field for salt removal
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Fig. 2 PRI 2 AT o 72 [
View of experimental field for salt removal

2 HBEBOLTERE

BRI S R IL A R, REREE A T oL T A,
FE (0-30cm) BEEOABTHY, TE (30cm LLR)
PEEDBRETH o7, KELETREDS 100cc > 7
=2, FNENIHF YT IVTOREESE & BRI
ToEEHIC, FErOEALAF DML, HiEOYH
OB 20 TIBEOWIEOREE E (L, REEH
B, TRITEE, HCRREE, fALEAKAREE KON REEK
THEETH B

F70, TEOHEMBEE LRSS0, TH8HLE S
H2H® 2, 6 ERX2 5 H% 0-10cm, 10-20cm,
20-30cm @ 3 ZEFETHRIL L, 1:5 KIEHNEIZ L Y EC(BLF,
[THEEC)) LIEFREZBE L7z BECIEEC XA —¥F —
(Twin Cond, HORIBA ##) |2X V), HEFREFIE A 4~
rya< 275 74 (ICS-1500, Dionex fH#) 12X 0 447
L7,

3 IEKH - -EXEEEOEZZUCY

THEK, BRMAEEBLIOTEREYE=5Y ~
T3 570, HEBEMOFEN EKG T —
(5TE, Decagon fL#) % i & 15cm, 30cm, 45cm O 3
EREICHLRM & AT L2, o —id 7T =41
77— (Em50, Decagon fL#) |Z#EfE s, 1 KEFHEC
S T E oKy, BRMLEEB X OTERE OFH
%17 - 72 (Fig.3, Figd). BUAIHIRIZ7 H8 H -8 /2
HTH 5,

FEA ARG Y —TiE, LHEKGEERIT 2
7201270 MHz OB A% £ 2 —I1ZHL, 2O
BLAAROZAL» L TIEOFEREZHET S, BES
7o TIEOFEERN S FIHKG R 2 HEE T S 121 Topp H
(1980) DHZFE L 7=k & Fva 7z,

0=-53x107+2.92x107¢, -55x107¢,> +4.3x10°¢,> (1)

ZIT, QREREEAE (m'mY), & RTIEOFEET
Hoo (1) X (Topp ) AW EEDOD R VIH L
BORIER L LTELCHVLN T, BRI 365 55

Fig. 3 FFEA LK & o — OB

Installation of dielectric soil moisture sensors

Fig.4 F— % 0¥ —I2 X HE00

Field measurement by using data logger and dielectric soil moisture

sensors

DENTHTH 5720, Topp ROBWHAPTEETH % &
2710
HwziFEX KRGy —Tlk, Kz 2RK00
FIZEML, 2y FHOBILOEE D S TED 21T
D EC (EC,) %HIET S (LEORNMFDEC L%, L=
FOEMED & TERKOM G B M ENS EC TH D)o
ZLC, 1#KkDEC (EC) & 6-EC-EC, DBt % Hi
WHRZEIZENHETE D, TD O-ECEC, BIfRIZO W
TiE, 1 TRER (Rhoades et al., 1976) < B &G
(Mualem and Friedman, 1991; Hilhorst, 2000) 23#2% &
TWho ZORTEFNIST X — ¥ QWS HIENES
TR 3\ Hilhorst D€ 7V & VT > — I 2
75 EC, % ¥EsE L7z (Miyamoto et al, 2010)
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&,EC,

EC, s (2)

CIT, g 3 HIBERKOFER, ¢ EC0 &b L&
DHEOFBEETH Y, v —BETOHEIEHE =6
(Decagon Devices, 2007) % 27z, & 512 ¢, (KA
L HERE (T,) ICXAHIEEITo7,

£, =80.3-037 (T, -20) (3)

F72, EC, 756 1IEAVKTHAIL T2 & E D 13ER
i EC T& A MK EC (EC) % kA2 X Y kd 72,
EC 6

T 1_:01)] (4)
[ pS

ZIT, p HEREE (gem?), p TR THEE (gom®)
THbo

I EUBRIGR

1 HBREZOLEOHIEMN

T YN O FHERRE B % Table 1 1277, £E+HIX
TR TH TSRV Nedgnrotz, b
oL EETHY, ERTOTERREEZITR VD
OAF THREH L7 PIESIIAZ TE 22 LD ER
EEZOND, THTHRE, BEHEELOICEBIITE
LRl e o720 THIIH LT, SHLEKRE
ETEPERICHRTRREHWEE 2o 7208, EHEH
10°ecms' ODF—F—THY, BKEZRIFTH -7,

T BRI % Figs 1R, B LE TR IO
MIBREIE 2 N2 0.54, 0.50 L WETH > 724, FEH
72Kk (100 cmH,0) fFE T, g LI TR Iz~ T,
FREEGKETOIN m m® HL RoTBY, A FTHFEIC
WU RG5O, TEORKEEM S5
THUEDPEEINTELZZEDR) DD 5.

— Iz, BRIEOMRIEOE, Mok (B
W) 2YEEG S, SRR GIRE T T A0 KGR 5
CHGELEZOND, BN TR, BEAKELDD
Twn~ M) v 7 BT vl (REKSES) THREES
NTVBIKGFIZENCL > TERLHPIZTT~BET 572
O, WMAOTHBENIKRECEET 5. 72, BEEK
BHYO<T ) v 7 RF YU VL ETHRESN TV S
KGETH~HE WBEIET, TRENICRR SN, 2%
HTHEDbNDL I ENL V. 100 cmH,0 LLEDO< M) v o
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05 N

& o

£ NN
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Fig. 5 GBRIH Y 0 L 3307K 75 e 1 Hl

Soil water retention curves for experimental field

RTF V¥ ¥ VEEBIC B 5 TSR ITEB L TIITE
FICHATE, SRERESOFE L TR TRICT
SR B\ IS S B KPS IR AR A
LTwa EfER SNz,

2 TEEC LIEFREEDRER

T EC LHEFEREOMRE Fig6 |2 § . 13 EC
LIRFRE IRV IEOHB AR L. T0o, 1
EC 205 R EMIC X DIERREOHEENTREL B 2 5
N7ze &5 N HRERIE

Cl(mg100g™) =128.85 EC, —19.649 (R*=0.98) (5)
Z T, ECs i EC TH D,

300
250+
200+
150
100

50

CI=128.85EC, ,-19.649
R2=0.98

E5RRE, Clmg 100g™

T
0 0.5 1 15 2 25
+1EEC, EC, 4 [dS m™]

SN,

Fig. 6 TIEE EC LiEFRIEEOMR
Linear calibration results for salts concentration vs. soil solution
electrical conductivities

Table 1 ZXER[HL5; D T HEOY M

Soil physical properties for experimental field

YIRES INDY R TR OBE  EIREE fRLEKRE
i VRN i (g/em3) (g/em’) (cm/s)
FE+ (0~30cm)  81% 7% 12%  fbd3E (SL) 2.70 1.24 2.8%10°

TRt (30cm ~) 91 % 2% 7% EEWL (LS) 2.78 1.38 6.9x10~
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AFTIFIEEICHC, ERFORFIERIBEO HEG
40-50 mg 100g ' L EHLNT V5B I & (I BN
Bty —, 2008) %% ZME L, HALRES CIEERIE
12X AYEFRIBEE O HIEME% 30 mg 100g" & LTw5b (R
JLEEE, 2011). 20720, (5)X 2 5BREO HIEHEIE
EC s CHFEEL/2L &038dSm ' BB L EZ HN5,

3 TEKDE - HEKECHE=ZZ)LIHER

BRI M O BRI % Fig7(A) 12”3 7THHT
HIZF L FEo/BERDB D o722 e b . 3R
FBIEVIZERERICKS L THLL > Twh L, &
JEDIT ) DT B AR TR RFFRED N Z L AD D5
(Fig.7(B)) . BUBIMALIET D 6 H 25 HA 5 28 HE TIC
73.0mm ORERADH Y, AU BB AR O TR o
TG L EVIRIICH o7 FDH, TRETIREAIZ
THORG WAL, BHEKEMETEE) LT\,

T KD EC DR AL % Fig7(C) 2R T #E

0_
54 (A)
B ]
E 10_
mW 157
5 20
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— 0.25
E 0.20 .
# 0.15-
S
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¥
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0.00 T T T T T
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‘TE 60_
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X
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H 209

0.0 T T T T T
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AH

Fig.7 Rk (A), LEKSGR (B) B LU LEEKEC (O
DFERAAL (2011/7/8-8/2) ZBHIMEIL HFI9METED L,
MR IR 2R LT\ b

Temporal changes in precipitation (A), volumetric water contents (B),

and pore water EC (C) during the observation period. Vertical bars

indicate standard deviations of the data

#2135 (2012)

15cm @ 3K EC (S EUMI 2 8 U TR & 23 %
ARV 2R L7z BHIBHIGIRE I ZBRIZBRIEASETT L T
W7 2 EMA Z Do 30em, 45em % S O THIKEC X7
H20 072521 HEToT L F5720M (#9 40mm) 12
LoTKTLAEZE b2 A, BREEXEXRTE AT
) I3 K EC DR T3 2dS m!, TE
+TIE33dSm! FTRT L7z, 2oz, REEEY
26 ANS 7 AOMMIZE Y NEFRICHIENH#HA I L E 2
b7z,

4 +IEEC DT

DAY E O YR EPETIALE T 1.5 KB HED R 2
1O BCMEREE 2o T\ D (TIEBEE ST ERE
ZB4,1997) 0 ZD72%, SO BIE % 13 EC |24
BT oA ko 7z, AWFZECld, Rt EC &
HBEAEWEEZ SN THEKEC % b L2 L7,
Fig.8 | fafl 13k EC (v v ¥ —12 &k p¥E5EMH) & 1%
EC (HEM) OBRERT. SNH0MlEME S &1
REFED+IE EC DHEENE KD 72,

0.8

o
(]
1

O

1:5EC,EC,5[dS m™]
o o
Yo%

EC,;=0.1238EC_+0.0832
R2=0.90

T T T T
0.0 1.0 2.0 3.0 4.0 5.0
gaf1+1E/KEC, EC, [dS m™]

Fig. 8 fafll 138k EC & 158 EC O BIfR
Linear calibration results for 1:5 soil solution electrical con-
ductivities vs. saturated soil solution electrical conductivities

+1%EC, EC, , [dS m'"]

T T T T T
7/8 713 7/18 7/23 7/28 8/2
AR

Fig.9 13 EC o224 (2011/7/8-8/2) 4 MBI (% H ¥
fECEDL, HRIFEERELZRL TV

Estimated 1:5 soil solution electrical conductivities using dielectric soil

moisture sensors. Vertical bars indicate standard deviations of the data
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EC,, =0.1238EC, +0.0832  (R*=090) (6)
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Assessing Salt Concentrations in the Root Zone of the Farm Land
Covered with Seawater during the 2011 off the Pacific coast of
Tohoku Earthquake

MIYAMOTO Teruhito, KAMEYAMA Koji, and SHIONO Takahiro

Summary

A huge earthquake hit the north-eastern region of Japan on March 11, 2011. Subsequently, a tsunami caused by
the huge earthquake struck the costal areas causing serious damage to many towns and farm lands. Many farm lands
were covered with seawater, so leaching of excess salts from the root zone was an essential process for restoration of
agriculture in these areas. To assess the salt concentrations in the root zone of farm land covered with seawater, soil
water content, electrical conductivity of bulk soil and soil temperature were monitored in the field with dielectric soil
moisture sensors. Simple calibration methods were used to estimate temporal variations in electrical conductivity of 1:5
soil solutions. The results showed that salts in the root zone were sufficiently removed by rain water during the summer
following the tsunami and the electrical conductivities of 1:5 soil solutions at depths of 0.15 and 0.30 m were reduced
to approximately 0.2 dS m ™' by the end of July. These dielectric sensor techniques provide useful information for salt
control in farm lands.

Keywords : earthquake, tsunami, dielectric soil moister sensor, soil solution, salts concentration, electric conductivity.



