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R 23 4 (2011 4E) 3 A 11 H 14 B 46 4, K=
e 2R L+ 5~ 7 = F 2 — K 9.0 DR AL T K
MWHEE (LT, #EZ SO0 E [HAAKREK] &
T ho) WEE L7z, RHFIZ D72 1) EW IR
M (BEE 7: EWIETE, EEE 6l IR - SR -
PRI - WKL FERE 6 59 AT - BEBIE - R
TH#E AT, 2011), ERZFEEOFAICLY, £
COBRHATH LKL (RMKER, 20114FE3 H
29 HHAE) o

FIREB L OTHERIZBWTOEHARRERICL T
L DBEMHEEZ 72 FIWETIE, BROEHBD
91 % 128725 1040 ha D FZHAHERK L, 2D B 540
ha D E I HKIEIEE IO MIEFT LT 5, KK
ARSI AR & 3 A 72T 2R L OREHIE L TB
D, B X DWETIER C, MRS & 2 WETD R Hhik
TFAHEE 2o Tws (Figl), —7, THEECTEE
WA £ 2 BRI OB ERAEA 663 ha 12%F L, WIRALIZ &
5RO ETREIL 740 ha TH 1), F OB EITHKILIE
NEFT DR} DA R - AR |4 LT %o FIRIE -
THEORARKERNC L 2WEORRIE, WIRIbIZ &
LEEOHEEGHARE CFMRITIHIBIZER L TWAL T L
Ewz b (Fig2).
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Fig. 1 JIRILIC X 2 H5E % 21 72K H
Photos at rice paddy damaged by sand boil

§

pavidiod
Tiheh o heb b

-(.auicd by
sunami

Fig.2 KN - TR OWR L7z 2 (KR
THHE b L IZPERD)

The map of damage agricultural land caused by tsunami or ground

liquefacation
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WCRAGIZ X 2 B0 R0 R I T S8 OB 5 % 52 L 72 F IR
NI O K H HH O B CTHRICHEDOFER T H o 7o KR
R A X CHRAEZ 1T - 720 X TR b
EOHLKHDH HRFH G TAEFEOHEIBICHIGTE
7oK CHIAE 2 25 Th s, W 1B 728
KRR EESHEAL - Z2uii LIZ Uo7z (Figd). fil
NEDY) OEITEGOINED 50D, 11T TH
N7zie ALOKHEIZBWTHABAL - TR S
mahsz,

FZT, At - FEENHRO RN M 5 L &
D2, BB DHUIRIEIC X 2 R AYVE B &) R
T2 DOPEELIEIRT 5 720 EWICHEZ 1T 72,
AT, TRMX CTOREERERET 5. 2B, &
BACH Z 5 BRUTO2008Er0E581L72:1)
KREH, 2) 1EEORZM,

Fig.3 JRFROB®@AL - EEMNHER

Photo at rice leaf was whitening and dying

#2135 (2012)

HEE

VEAHLIX T OFANC & 72 1) R ORARIEIICIC T
TJaiziinizs KERIK, WAMRKIZ CoMitRREO
A7 & FAEIBIIC SRR O FRE 12 TH I 7272
7o RENHEREEMIIERT O ERIEEIR, W (ZF) #
RARICEHABICH -V ERELZCWE W 2W, 4
A N7 4 bOWIZH Y, FPERFTRIBE AR ED
LIS, HHBEI, SEEBEAREA I SR 72
ARV A
ZLOABEETOTHINC L VFAESTEF L L
AL TEHBL T Ed, £/, s BES T2
LT, L2LBREVWHEL LTS & LB, BEEN
O—H LR WEE L ENLET,

I AEhXEE

FEACHL L 2 S Ik O TH ) BI4E 4 H 20 H
BIRICHIEZ SN T WD DS, 2011 SEEEITEK 02
THIFEL V1 r HERO 5 HhaHh» S THIC»ITT
Fig.4 DTl o 72K H THIAEZ 23T 720 2011 4EFE
DY O EIZFICaYe sy, TERF T
T, ZOMINF—2 A4 -, 7HFF3 (FEK) A
—IRTHERE SN0 2011 FEEED D AL, HHEAKE
WDMEIHETRKAKERY TT7 v 7 LK OK T b
N7z WHEIZIZIZPIEEB YO8 A TA»S 9 A RIS
FERS NIz KFROFEEAR AL, KL OBHER 7 B
BT CTH o720

it L7130 9 5, Figd OXE 1-3 Tld, 5 A
25 HICHKEZ 27N, HKkEEOKER TT7 v T L7

Fig. 4 4
X} 1-4 1357 L7203, P 3K DK OFAH . Google Earth (7L — A4 —)b, 2011 4F 3 H 29 Hifi
Study site
Block 1-4 is close investigation rice paddy and point P is close investigation drainage. Google Earth image (gray scale, March 29, 2011)
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Table 1

JRETWRHT « PR 23 48 (2011 48) SLHITRTEMIBER 12 L A ABUIRV IZ B B HRL R RH L § A IEENERIZO L LPE 65

WESHEREY) 35 & O o0 FIEB Lo 0

Difference of physico-chemical property between sand boil deposit and plowed soil

g | EEE | e | EC @4[ nj; /‘;5\% %ﬁjﬁ% CEC | Jaiesofift | Ca SR |Na AORIIE
(B%4&8) | (H,0) |[mS/eml]| cr SO | K,0 Ca0  MgO Na,O |[meq100g] | [%] [%] (%]
HEEL L 6.8 0.09 29 68 10.0 69.7 7.0 25.9 12.1 29.6 20.6 6.9
WA I e SL 7.7 0.15 60 194 23.0 27.5 7.0 106.5 11.0 45.0 8.9 31.3
MRS K e CL 6.5 0.66 1265 315 14.7 77.9 11.1 116.0 12.1 60.9 22.9 30.9
H20 HEZF THAKSE, ZoORIIINEE TRAKRIZLS BUMET) 12X 5&, SHILLH2S 4 H 28 HETOMIC

MADVEIT 72, X9 H 12 BHIZiTh N7z, Figd
DX 4 I EDPTERTH - 7272 2011 FEEITERHT
PATON o T2,

I KAEDHEL - EXMTUIRRORREER

M, TERHX ORI THEE L 2k Ro At - %
TANHRIZ OV THAE 2TV ZOREIZOWTE

217,

1 RAEHE
KEEOHAL - EEMNBLOFNEZ R T 2720,
PEACH X DK LB DML B L OWERDHERE W 0 547 %
1To7z0 LISV > 7, it ™
EDWCRALHEE DK X\ Figd OXH 4 125 WT, R
B EA 2 T2 Wl OFEL (328 0 ~ 10 cm; LT,
WEELET2), EEFEYOFRE (F2FE0 ~ 10 cm;
DUF, Wb e+ 2), WmiEEmorE (B 10 ~
20 ecm; LU, WERDIRE & 3 %) @ 3 % 2011 44 H 28
HIZERIL 720
TEOBLAMEITROH B % 7508 L7z, LIk
P (BEEE) 2EET (7Y %4 1997),
T LML pH (H,0), BRMEEE (LLF, EC),
Wi A 4 v sciizss (LUT, CEC), R &R (K0,
Ca0, MgO, Na,0) &5 #T L7co A4 7ux b7 774
LD CL 80,7 OB A 4 v Ema ot L7z (-
BB OATERERE S, 1997). %8B, pH OGH Tl
Jaz LA 1 2.5 B %, E AL O TR
LA 15 3 R E vz,

2 RERR

WAL EO K E AR B TR L 7@ F L,
NERY T, WD U 0 3 FliH O T A 34T L 72 (Table 1) o
ZORER, WRHEREWICIIERA A, SR AL
v, WA AEEELLD DS HEEN TV,

FIIRFEA A4 EEITEFIELT 29 mgkg, WD L
J& T 60 mg/kg, MERDRIE T 1265 mg/kg T, M EE O
WHRAF VERIZKE LD SRIEA 572 T AT A
OFENET -5 (TR 5K D TV TEEEFNTH O

159 mm DEWAH Y, TIEKRGHIAFET HIEHEA 4
YOBEMFEIC Lo TCTHICBE L2 EZ N5,
WIZF MU T LA Y OREEE, Na,0 OF 2 #EE
+ T 25.9 mg/100g, MEAY I )& T 106.5 mg/100g, M AD K
[T 116.0 mg/100g &, MfbD Ffg & kB Tzl
FLETHoTe 7 NI LAA T P IZKMAO LR T 1275
L, FEAA Y ERBYENZITTIE T IR SN
e, BRI EREOF M) o afF VRES &P o7z
LEZOND, TL TS 4+ v ERE, #FEELT
68 mg/kg, MERP L JE T 194 mg/kg, MERSKIE T 315 mg/kg
&, W RREB L O KE TIER ICE W EE R L7z,

3 E=
WO, TRV AAF Y, TR AAS
v, WEAT CORENENE, FLTHREEA 4 8
WOTH NI ETHY) (EHII, 1998), Table 1 L 174
R X OEWMHEREZIZF N o a4 42, WHERAL
U, AT RS LEENTEBY, pHB LUEC AT
WEELL D L Eh o722 Eh s, EIHER 2 13K
HERDOIEGINEA L7z L SNz, WKk OE S O
RAIC L BHEITIEE, MBmRTE, 7l #oEs
EZZoN (ZUF5, 1983), FNZFhoKiOEICHEN
LREREIRIZOWT, HERFACRIC AL LET 2 &
INIHIE L, BRFEERIE E I OB s A A LI 5
BEURD, TOH ) RICEITEIEROIC R Y, HERR
CREADIER T LRI AETZ 2 L s (BIE
5, 1974), FAEfL-FERANHEROFERIZEE L W2 b,
UboZ bps, @EFRIZLAWED LD - 72T HIX T
FEZ o HEEL, RIS X o THEREROED % & A
PWrEH L2l XbeE2bN5,

NV [ERICLIBEENERICSADRE - KERE -

VT, KREFHOBED SERPIC X A IREDE IS
2B OWTEELT,

1 BHEAHZE
WA IC X AIHEIFRE 5722 LI K AKHAOA HEEE
OEAL IR 720, HEKEOKEKHO LEEO EC
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Table 2

BN L2 e R

#2135 (2012)

LN Wl 3 (OF L EORTE S

Time-series in rice plant height and the number of stems at light salt damage rice paddy and serious salt damage rice paddy

Study site | Measurementitem | 629 78 715 726 82 89 818 827  9/4
. Rice plant height
nglltlt Com] 452 62.0 68.8 79.0 86.4 92.6 93.0 92.8 91.2
sa
damage | The number of stems| 20.8 18.0 200 238 26 262 232 19.6 22.6
Serious | T8 plaf;g‘]"ght 394 528 558 560 594 620 644 684 700
salt
damage | The number of stems| 9.8 10.8 10.0 10.0 12.4 13.6 15.6 11.0 11.0
Rice plaf;ga"ght 5.8 92 130 230 270 306 286 244 212
Difference
The number of stems | 11.0 7.2 10.0 13.8 10.2 12.6 7.6 8.6 11.6
EC and rainfall
5 0
4t 5 £
= z
E 3 110 =
7] i
E £
o 27 115 @
o >
b |
1+ C 120 &
0 : : : s : : 25
0716 07/23 07/30 0806 0813 08/20 08/27 09003 0910 09/17 09/24 10001

hourly rainfall (katori) === EC (drainage channel)

time

EC (rice soil)

Fig.5 EC & IR PR & DB FR

Relation between EC and hourly rainfall

ZEMMIZHEE L7z HEKEEOKD EC IS5 A 25 HH
51 ~2HMBEITHAK - L, TH20H259H
26 HE T 1T L ICHENMIE L7 (Figd 55 P)o JKH
OTEDOECIESH2SH2 53l ~1 7 HBXI2%E
HAMNC 38 2 BRI - 29047 L 72 (Figd4 X 3; JRez 508
D 1: SR o HKEEDK EKH D 13D EC DL H)
7 A AOBMERET—% (HRHIK S5 H ST
TIEERIGTOBUNAT) L TEZ Lz, $72, £F
BWEOEADIKDERICG 2 2 B2 B8 T 5720,
HEXBLOEHoOWE (LT, £FHLEELT2) %6
H29H7259H4HFEFT1~2AMBE I o7, &
BHIAL, M X 2 ESRKEZ VIKE (Figd X 3)
/NS Z2IKH (Figd XE 2) @2 7T, Z£HZhK
LD S #ROBELB L OZERAMEL, FHLEE
Fw 7o

2 HRERR
Fig5 IZHEKBEO KRB L UOKHOLIEDOEC &7 2 7

A DN E T — 7 OkED—
BLUEHROBEER R E R T,

Fig.5 & ) HEKEEDIKD EC 258 £, DA VIZH
SN TWHEKREEDOKIZHIE G E TN TN DL Z &35
Molze BROERIZHKEOKD EC DS TAHH, A
O D 5 \WCIZBER D2 W EKDECH LA L Tz,
Fig.4 O X8 3 Tik 7 A 20 H G T Fig.4 O 57 P £ 2
SR DK E R 7T v TEETW2D, 6 DK
BOKDECIERATT ~8mS/em, 7 HIIHmATE~
SmS/em ThHh Y, MEDHK L % HKD EC Offi % Kl
I ZC\w/z (Table 3), R 77 v 7 L7-HEKEE DK
THK ST TV HIOAFTRHEFE (6 H29 HA2H
7H260H) TlE, MWMBICX2HEORELRAKHE NS

AKHTOELEEZROETIHICHICKELSRY, 78
26 HIZIZHE L DFEDT23.0 cm, EHOEN 138 KL %o
to7ﬂmau%iWﬁiﬁﬁk@A’ié# A3
AT OIS, AR EROGAIZIEERSE T IR
ﬁF%ﬁ%Eéﬂ%thwbﬂfbb(m#(:£>

# %, Table 2 [ZF
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Table3 EC zi8fEL L2E0EHFOHE
The reference of salt damage (index: EC)
ISER HEOfERIED HE
KD EC 1~2 [mS/em] PLE
THED EC 0.3~ 0.6 [mS/cm] DIk
FERMAEANY Ty 7 (THER, PR 24E) F2 b LK

5, 2011), 8 H FAICHERY 25672 R T80 EC
HREL A Lz HERD A5k 7 W o A4 B A 21
@H2H»5 8 H 18 HOM) 1%, Wb L2IEEDOK
& e KH & /NS 2 K OB O 7 HS 2N TR o
30.6 cm & 7 o720 KRNI G ELEIIE > T
LIRRETTEONE R o 7272, EFOHEIMEIT L 72
EEZOND,

B, WELZITTWLEE) 2OHEIZ EC 2 Hn»
B, RETECTIIEES R L7201 EIVETD
% (Table 3), $ie & [LEk3 2 &, MEWEHEO EC 135
HLTICTA 228, EnLAHIK, THEWTILOEC b
KLY b E»o7,

3 ER
PADCKIZIR G ANRA L7256, BEOKEHOH
PR EL D EEZONL, AEERLY, HrEE
ATERTHRADNGT B Z & TAOMEENBE ST
{7, RROES W4 CKE ANTIZFIED
WELLH EIENSHIETT L 2 9o 7z, HE
DHEITZ R HRXCHZOOFIEDEARIZ L H v &9 12
KEHTLLERDHY, TNOLDNT U A gD &,
MADIKDIEITIEE, K7 &R, KHELKIED
BT 28I IUR LEET 2 088D 5o L CHED
B LG, KEROAHIZIERICKRE 22 LE 2
YO

V BWICLIEENERICEZSDEE
- EER D= -

V TlE, TEEDORRMEOBIN 2 SIERY I & 23 EHE
RIZHZ 1B OWTORERFRRZHE L, #EIZL
LYFE LI L CHERC X DHEENE BICS 2 b8y
EELT,

1 HMEAE

MR IC & B 3RE & 2T 7K IRO BRI & 0T 5 72
B, FHBEGTREOWE, KHEFOE TG EOH
To7e A L7ZIIHIIEIC X 2IEED/NS ZKH
(Fig4 DX 2) & K& 7%KkH (Figd OXH3) D2 4
i Cdh b,

OISR R, #E Bt EE (MS-720, FE5L
FEREEL . B )% E0E - 350-1050 nm, P& HFF - 3.3 nm)
THWT2011F6 HIOA2S9IH12HFEFT1 ~2:8
B & ZME L7z, HFRA A O3S RE % 5 [l
B CHIE L, ZORIERICKZEF MO HEHREL 1 [
FTOME L7z EEHFEIZOWTIESHGDT—%
, RZEHFMIOWTIE 2 M5O T —% %, ZTNENF
LA 7z K22 & MR L 18O 53 6
MBEE»HWEET LG %KD, NDVI Z5tH L
72o NDVI (Normalized Difference Vegetation Index; i #i
(LR TRIE) L, MAEOWEEEZ K2 & 3hs
RED—>T, — IR & WIT ERA O K
EVEEINTWD, RAETIE, EEOEHERD )
HF M) AL FVEDAF VAN LRI L o THEN
MiZE L T BB TEREMHERL T 2L 2 A
LT (Fig.6), WEWSIZ X BIEEDORKE ZAKE &S K
HO KRGO AF R OE N % FKT D2 NDVI % Hv 72,
NDVIEHRE (p) LERIE (pn) OREFEDS
NDVI=(p,; - Pred) / (Poiz + Pred) THRDOSHND,

KHOAFEEIZ 2011 FESH26 HH9H4HET
1~ 2B B EIRE L7,

Fig. 6 /KRGO IEDIL KNG H
(left) #FEXZ1F7-3E, (right) HE DO
The macro-photographs of (left) salt damaged rice leaf and (right) no damaged rice leaf



68 FER ToARRJET . 5213 %5 (2012)
Nishishiro, Inashiki city
! rice paddy(2008, Tsukuba)  » ' ' ' '
serious salt damage1(2011, Inashiki) g
08 serious salt damage2(2011, Inashiki) ol vE X |
: light salt damage1(2011, Inashiki) & 8
light salt damage2(2011, Inashiki) w A
— 06} : o ‘ .
> & \s
[
< 04} 7~
: % va \:‘
0.2 raman® Ve WAL . AN\ i
"t
0 I i 1 1 | I 1
50 100 150 200 250 300 350
Day of Year

Fig.7 NDVI DZFHiZAL
Time-series in NDVI at salt damaged rice paddy and no-damaged rice paddy

(a) Light salt damage

un. 1'9_.

Jun, 16

(b) Serious salt damage

o2

Jun. 29

s Aug. 9 Aug. 26

Fig. 8 JEREH
Photographs in each season at (a) light salt damage and (b) serious salt damage

2 RERR

Fig.7 IZMAV 12 X A 4EE % 52 1) 72K H @ NDVI O =5
ZALER R o /NS WEIALIZEE OKIRIER O NDVI O
ZEHIZALTdH % (Motohka et al, 2009) s Day of Year (DOY)
Lix, 1HIH2SOREHZ2E T,

MRS IZ L B E /NS 2R L EE O KA &
IV NDVI OFEHIZALZ /R L7202 L, WEIbZ L 535
EORERAKHTIIERZ: 5 NDVI OFEHZILx R~ L7z,
FHREZ 581 7 BB E 72t (DOY 190tH ;7 A 10 H
), WD IZ X BIEED/NS BRI TR 0.8 T DE N
fExRL, VEIPIC K 2EEDOKRE KM TIZ0.5-06 &
BWETHY, MEOEIRIRKSVIETHo 7, B
(DOY230 tH ; 8 A 1S HEH) 1274 &, W3 D NDVI I
EEHH 08 HIREIZIZF U o7z, MMIZ L BIEE
DN E 7K TUE T O KFRVER & [ DOY214
B (8 H2HME) %#Y¥—2ZIZNDVIMEAIZTHDIHD
7oo WERPIZ X BIEEOK & 2K TIE DOY240 B (8 H
28 HEEH) %Y —2Z7IZTFA) a5, IHERT O DOY247 (9
F 4 H) TIEBEEOKFERHO NDVI OfEE TFA D
5ol

Fig.8 |ZME I X 2IEED/NS kK & K& ZAKEHO
EHBEO—H%2RT, HMZH0 1 7 Ak L 70w
D7TH 15 HOEEZ KT 5 &, EibiZ X 28EED/N
S KNI HRI A 2 2 WIZ ERFRICE b 2S, 1E
WL 2IEEDOKRE KT EEAEH PS5 LR Z
LIREETH o720 WIS AIHOEEL LT 5 &, 1
W2 & BIEEOKE 2K CTIREEFIHES O KFRIE I
IFHIIEL T L £ 5724, BOKRHIZERIC X 2HED/N
SHARHERE L S WHETAEDLNLLITEREL 72,
—J, BB X B IEEO/NE 2K TR 2 2 HREDE
FoTWi, 8 H26 HOBEEZIEK T 2 &, HEibIZ X
BILED/NS K TR L IZS 2R H A L Tz
B, M X 2 IEEOKE e AKH TR L#E L CTw
5 b & INFEREE S5 LIS 3Rk O T F O IKFR A
BAEL TWiz,

—HIGATHEIL TV ARG & BRI L Tu el
IR L T2z, ZOMT2MHET 572001
FADINH AT HELL DT EZE» S FORT 2%
gLz (A b7+ ) PRI 2011 4F 8 [T 26 HIZ,
Figd OXHl 1 ~4 H B %Wz L7ze HA P Tx FO—
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Fig.9 714 F 7+ & (2011 4% 8 JJ 26 H¥#xs#
Kitephoto (Aug. 26, 2011)

8% Fig9 |2/R T, 73, Fig9 & Figd OXhoF5 1%
P& DS LT b,

IS R QR EFT O X R WHEiIZOWTH A b
7 MRS S &, IR E TS 2 5 R )L
Ao Tz, Figd DX 1122V T, KPRk
OFFLLFEL T 205, BERV ORI O X
IR EATR 2 5 Tz, B, BRICL S E, BB
VDR DO ERIEER OB ED O & AT E AT
BICAEADITH LD L TH o7z, HHEEDE
Z o2, BEOMENIALET AN TE Rho Tz
K DR AR T OF R 2 LAY O E —FK L
720 DEDZ L0, SRIZHIAE L 0 EFIRIE X L
VA, IRALIC & B IR ASHE 2 o 7o L SR L R
LA L TW5D I ED0h o 72,

3 E=R

MR IC X B IHEDEIC O W THERIKIC L AIEER ST
ToHul e Il 5 b EIRIC X AEE Y U kIR
B TIEENEGRL RoTWAHDY, EIIZ X AIEER
ZAT 72K IR A L 72 0 & B BB L T B 8645
LML T hwnEgsd ), —FEIHNOEFTRILD
INTG Y EDPRKEDP o7 (Figl0), F 7, HEEEC %
LEENHTENEOSLOTROEDEFETHL I &5 F
LT, NDVI CHFEREEZIZ SNLWHEMEDLNH S 2

Fig. 10 RO, L1EE

(up) HWIZE D (01148 A 5 Hildy, &
WL B (down) IRALIZ X B (2011 4F
8 318 Hiwsz, JMIEARIN)

Photos at salt damage rice paddy (up) caused by
tsunami (Aug. 5, 2011; Ishinomaki city) and (b)
caused by ground liquefacation (Aug. 18, 2011;
Inashiki city)

LDy o T

PHEIZOWCRFICHER ) k17 &, —FI3
NOMEDIINT I FHARE Do 72KHATIE, HEICLDY
i3 L C L& o 72KFRO RIS A D) sABIK NI
B 50 cm ~ 1 m BEDOHEEDFEANN DT E 727280
AYISFIZT ZAALKE R, HEEEEEDFR Z - 7256
GIEETELTAYIY 247 72Xl b & - 72 (Fig.d1),
COLEIITERIHHNTEFTRRICKRE REIIING
S, FRICUECESEIZRE L O Y LY 6P & AR RO BT
HER L S OEERT S 720, (EEORFELEOET A
Bashb,

VI &

[

WP IC X BIREDE RSS2 2 e B LS, M
BH7Z: DTS 2 D b O Tld 7  ESHERE W 2V o Fs
WHESBWHEBEERNEGEINLZETHY, T F0
£ BMEERAELORBIHBE S E2WREEOH 2
TRILIZ X 2P IE S %O AB L T REDPH L. R
V2, PR M X OFFNIERS (252 & T Cn i g,
fEL LD BREGODL DS RIEIIHE I ND 721
T, MEAEEERAT L L TUEENEEZLND,

CINFE TIEA L7REOFRHNL, BRI X 2,
EREOHRKEEDRAEICL D L0 (FFT, 2003; 5
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Fig. 11 DREREE 242 & L 72K &2 5% L CoX ) HUY IR
(2011 4F 10 A 5 H¥fwsg
Photo at harvest without no earing rice (Oct. 5, 2011)

PR AT RESEERYS, 1961), TP uz/EMIc BT b
DONHHH CRH S, 1954; FAO, 1992), {IRAL % #2 K
LT DMEIC L BB EORMIRREIEILOTTH
5o 35 (1975) 1%, Figl2 ® X HICHELHHE L T
L5, [HEHREYIC L 2] oEHB IS RIOHEG %N
HTEWTEDLEEZLNS,

PARHX TIE, SREEITHHARES B L O 77 4
YOMEIHT 5 A B TR AL 2011 4R LD Uk
ENDEEbNLY, EIPIZ L AEESCHBILTHIZ X
LEBONTYXFIILESED EEZONL, DHHE
D RO TP OLIEIERIZIZ LA EB AN T T A,
XTATT LA, B) T ATHEREN, MY T AR~
B% LAPEINTOVRVORETETHDLEVDNLELN
(Z8F5, 1983), PEfCHIX OMERSIC X 2 EEZ 2T 72+
BT M) T AD30% EIFEEWICE LA 2 NT Y ADS
e, LIESKEF NI a4 F 02387267
BEEI ) R TWIRETH DL L2 b, BB, AKE
EHANT TR F R EOEMERAT A E TR L
Tt 20 M) A4 VNS TL %5
(IHP %, 1983),

DHOHEOKHMT LD TKIETH - 2P A%
<, GHOBRICL o THRILIC L 2 8EE 1T 5 1THE
PEDSE ATz, HOIRAIC X 2 TR Mgl T & o E B
OB T 2R EERL, HREE LT BTN
HHEVZ D,

SEHR

D) S (ZF) AT - RS - AL - Bk
FRETATE (2011)  KIBOIREL ZF 0%k, MEB X
URZE, 86 (7), 737-742.

2) TEEBRSEOMTEMREZ RS (1997) @ TEEBREE AL,
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Salt Damage Caused by Ground Liquefaction Along the Tone River
Following the 2011 off the Pacific coast of Tohoku Earthquake

ZUKEMURA Chika, KITAGAWA Iwao, WAKASUGI Kousuke and HARAGUCHI Noburo

Summary

In March 2011, the 2011 off the Pacific coast of Tohoku Earthquake and resulting tsunami caused damage to large areas
of agricultural land. In Ibaraki Prefecture, 1040 ha of agricultural land was affected, 540 ha of which was damaged not by the
tsunami, but by ground liquefaction. Damage due to ground liquefaction in Ibaraki Prefecture was centered at the Nishishiro
district of Inashiki City. In that district, rice was planted in paddy fields that, having sustained ground liquefaction damage, could
be restored to a plantable condition through emergency measures implemented by farmers themselves. However, salt damage
was observed in the paddy rice approximately 1 week after planting. As a result, salt damage in agricultural land where ground
liquefaction occurred was periodically investigated in order to understand how farming activities were being affected.

From soil chemistry analysis, it became clear that the topsoil contained a number of soil components originating from sand
boil deposits. In particular, sand boil deposits contained higher quantities of chloride, sodium, and sulfate than ordinary topsoil,
suggesting that the salt content of the deposits was derived from sea water.

In many areas where sand boils occurred, paddy rice did not produce ears and sterile plants did not ripen. With extreme
differences being found in rice growth between sections of fields where ears of rice emerged and those where they did not—
dependent on the boundary of the area where sand boils occurred—harvesting was not performed in paddies where significant
sterility rates were seen. Concerns were raised that large differences in rice growth within individual fields would lead to decreases
in both operating efficiency and the quality of rice shipments.

This investigation has clearly shown that, unlike salt damage caused by the tsunami, salt damage caused by ground

liquefaction is characterized by large differences in crop growth within individual fields.

Keywords : Sand boil, Salt damage, Ground liquefacation.








