oottt botdgdoogtdood
oo dood

go gooobogoooog
ISSN 09164405
god go,oo
go,oo
ood goooogn
0/0 110 200
goooo p. 33-42
goono 20120 60

00000 00000000000000000000000 eA‘ ;
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ Yt INNnow IGGH"-'
Secretariat



TR BTSSR ) (Bulletin of FFPRI) Vol.11 No.2 (No.423) 33 - 42 June 2012

#® 3¢ (Original article)

RAFKXFFPHEXZELS = ELFBIFICEH TS
AF M EDTEEILICRIF LIZE

INGE-SUNE ST SR

Needle discoloration of Japanese cedar (Cryptomeria japonica) along the
Pacific coastline of Sanriku, Japan, after the Heisei Sanriku Massive Tsunami
with the 2011 off the Pacific coast of Tohoku Earthquake

Kenji ONO"" and Keizo HIRAI

Abstract

The Heisei Sanriku Massive Tsunami caused by the earthquake in 2011 ruined many forests along the Tohoku Pacific
coast. Cedar (Cryptomeria japonica) forests along this remote coastline began to show damage over time, although they
seemed to be healthy and thriving immediately after the tsunami. Specifically, their needles became discolored turning from
green to reddish-brown starting in mid-May 2011, probably being caused by sea salt injury resulting from seawater inundation.
We explored the distribution of the salt injury in cedar forests along the Sanriku coastline and tried to determine the cause of
the damage. The extent of cedar needle discoloration seen in the forests was fundamentally consistent with seawater-inundated
areas. In the seawater-inundated cedar forest at Kamaishi-City, Iwate-Pref., the tsunami wave carried in and deposited sea sand
onto the forest floor and washed away the A, layers and surface soils. Seawater inundation caused incremental changes to the
pH(H,0), EC, and concentration of water-soluble and exchangeable Na” in these forest soils. We assumed the dissolution of
superfluous Na" in soil water and the related changes in soil chemistry caused the sea salt injury seen in planted trees in these
seawater-inundated cedar forests. In general, the causes of salt injury to soil were excessive absorption and accumulation of
Na" in the plant body, competitive inhibition of nutrient uptake by Na’, and a decrease in the suction potential caused by low
osmotic pressure between the soil matrix and plant roots. Consequently, cedar needles in seawater-inundated forests turned
brownish after fresh needle expansion. It is difficult to remove sea salt from these forested lands because most Japanese forests
grow in steeply sloped mountainous areas. However, high levels of precipitation in Japan may remove sea salt from tsunami-
created saline soils. Therefore, reforestation efforts in seawater-inundated forests along the Sanriku coastal areas will require
continued soil chemistry monitoring.

Key words : The Heisei Sanriku Massive Tsunami, saline soil, salt injury, seawater inundation, degree of cation saturation
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WIEERT 5 L EXSNBBRMIEKR LTz, T TREBRFRIEEKEEOZAFEHELHBOERE
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1. B3I

2011 4E 3 H 11 H 14 K 46 531 = BRI A T2 2 2 5
& UTHAE LR HARKR MR T, RIRBRE
PDHALH A DR TR RICER L, REFORKER
FlERT Ui, =PRI E R, S iR ILHR
HIcbiz%, BIEE 600 km ROV 7 ARBRETH %,
HHIC A DT EBNERZMFETH B0, HEORK
W EEE 405m (EFRENHHESLES) I RAKR (2
EEE A RFHEF— L, 2011), KEEOFEA I -
[fifd - B @A & U T ORBEZ FE DR AT ERD T = -
IaRVHEREARZIZUS, THAK R R ORI E
W ERE 725 Uiz, TOHMEBIC X 3RAEHHKD
WEmRE, 2011 48 10 A 17 HELE, 1, 065 ha lcd K
ATE (FREFIT , 2011),

10 m 8D K HE I AV A B I 0 U &8 Fo = RE i i
T, WBEATEIICB T 2 MEREAOE RN ZEEICH
Z. TOBEHINIET 2HMTE. RfRBBICE-T
HEEZ@PLEFMNEN (B, 201D, T&bH,
IR DG ZZ T TIC, BEERD3I~4 ik
WTHA BB EHENTEATRTATY. 7axY (f
HEXHLEWGEE, DbETIVERT) OATIAIC
BOTE, KD SEBHAOBITICHEV, ZO8E
AiRE kT 2HEML RS THEEE N BIAE.
ER IR g = REHT O X FRR GRrJeket , 2011), HARE
ANFEHO Y (Ff, 2011) % E), T DO

7

= kR p = ey

o N
S EET ¢ Q

B 1. AWHFUC IV B AT & URiE AR
Figure 1. Studying sites and dates in the present study.
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EH, WUANDRBEE AN L ZKRT Vv VDK
™ CKH, 1958a, b, c; EMKESEHIRELE , 2011)
ZHlERTTEEINTWVS, DEH, TNDHDERIEHE
BHEMRICBOTHAROERREERR, OCWVTIEH
FEDFEK LR D, 5% EIIC K B EEPSEROIL KD
MR E N5,

ARETIE. SFEREHIKIC B0 2 Bz A U=k 58
ZRET U, BIRIC K > THEEZZ T e L EOBARD
DRERRET D, WEREBKT Z2REFEZT YK
OB EF AR, BREERD DL OFEMGFRENTD
N, BICREThTws BRI, i, 20115 25,
2011 5 KA, 2011), LW ->T, IYMKOBHEHED
WEZCNSDHAEOREBICERB T LE L, KT,
HIRKEZEE RO F MR AETH S AFHICBIT B
FRIBICESZKRD . HINIC X % KRR O HER
NEBEOZOEEICE 25 LEEBICT OV TRE L,
HIEORBE(HR L O ZERTZ L LT,
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& TR~ B
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2. EHiB X Uik

1) BEMES JCEMATEOEE

KBS A FMICE Ul i EREIR, =%
NEEESEYE 45 BRBbVERLE LT, HRHICE
S THIEDRBE(LDOFRZHEZR Lz, AEHRBX
UiHA & Fig. 11CmR Uiz,

2011 4 6 HUREOFERICB VT, H—HmE ET
HEDORBELD RS NS LRI N Eh - 2
Mo WEELZEAMB XU =REITO X FHicBW»
T. 94 o7 b EFEL (Fig. 2). 2mE
I TR OIRE (1M - - TEMEE - HEE -
HERD DA - FWRNEOEM ) ZHE L. AFEHIEL
CORELOMEERE Lz, EHIEHERMICE
WTEELTE (0-10cm) BXUZFD EICHERE L 72
W (D) Z L THB IR O ALZ DTt Uz,

2) TEOLEEEODR

1D pH(H,O0) FHRIEZOF i AR B X UE
JE 8% VT, JEEZRTICEZ T 10 g icx LTk 25 ml
DEBICED KA A KEMZTHEEL, Ho

Lo

-~ 1= 2011448

REfl=E™

HE 1 HEFIC K 2 AFEIEDO/ MG O LB DE T

ZEMEIC X D RE LT,

IKYAPERG A A IR BI U T, $REXE 1% O H i 7 HE
B X UERBEHBICH LT, mEZaicizt 10 g lox
LTK25 ml £75% &5 iA A 2kzmA T—REER
L. T OBEZ W IS L TKMliRzS. 85
NIKMHRICB T 5051 4 VIRER. R FREEI
Ko THlE LTz,

T IE R W O E XL EE (Electrical Conductivity,
DUF. TECY &) &, JAFZEARZ 2 mm Xy a
OMFLEZ AW TER L, 1:5 KRHEEICHE T THlE
Llzo EHIC. I MEREE Y =D L5 (peech
) KB A4 v #izs & (Cation Exchangable
Capacity, 2L'F, TCECJ] &\W95) ZA Y RT7x./—)b
HiE T, REERR A A Y BRFEFRAEEIC K > THH
L7z,

3. iR
1) ZEEoRHAFHRICE T BEERR

SN EIEOBMARAE TR, WECXSLALN
% AFEEEOZLOFEERP &, FEARIC & FE

Photo 1. Japanese cedar (Cryptomeria japonica) forests changed needle color being due to the sea salt injury with the Heisei Sanriku Massive Tsunami.
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BT e —H LT\, 722 L. AFHEOHREBZEILIX
2011 F 4 HIicEBd 5N h -7 (Photo DT &5,
BUEARIRIA D 5 2B AANBAITT % 2011 48 5 A LLFEIC
B LTz EZ DN D, HEMNEBLIEAFIE. 4
FEHENMEL TOERWEAKNREZ DTN,
—IIC T Y EHENMIE L. TN DN REE(L L 2
K& 88 5 N7z (Photo 2),

2) EREBE. BKEBKEZIFEAFHMOMEL ZE
DIRRE

KEBBICH U7 @ ams IR B % #iEiRkE
W Z R TIE, KBEFEOEEFICXZ EHALNDEAF
FT1E D FRABZAL D BEIEAL U Te k) & bk 0 S [ —
mEicHEELE, Z2CT T, 201146 A 23 Hic, #
HHAICTA Y NI bEREL., 2 m B T
Wi E AL, BNEBEORMRIC K 5 AFHIED
FREZLDIRI., MRS LEDOIREEDENZ L L
7z (Table 1), ASGHA D |- B0 1355 1 P48 (A AR Ak 1
Bp) (ET x5, 1976) TH b, ZEEHbE I RS HE
BB L UHERDEAETH >z (RIFEHETHRARH
FR, 1975), AT I I B RN D 3152
DEFIIHIRDIREN S HH TAEBICHM TE /2, W
PN 0D R 11 )52 87 T CUE AR IR O F T RE A > A, J& D 3 ik
FJE T EVIRIC X 2RI DR M., B OHERE, &
B TEADEMIEANZED 5N (Photos 3, 4), &
T B EEE T Tl AFHEOREOEZENED 5N
Too WHE 00 H s R B E T DL AR EEE DL
. R TH -7 (Table 1), HEWNEE, HF/KIZIK

R TEEWRE=FETOAF AN TIHRICENTE, &
i e FE, AFEHIEORBZENLPL TEMES A B
OFEE, L8 T ETERIC X 2 BIAMBORL., WO
R, RETEAOMBIEAGZ L, FARFERDBSRS
nre (KEREMK,

3) HMPBRUKREBLIEDpH (H,0) HXUZNLS5D
KRR DR A 4 >~ RE

2011 £ 6 HICE AT DAF ATHICB W TEIL /=
RIEFZFEERE T H O pH (H,0) &, EE R T ERE
FiT4.7~53 Tholeh., HEHEEL EF TH
WA B SNZWVGEFT T 5.3 ~ 5.7, HEPH B - 723550
TIE6.0~62 (HEWED pH (H,0) 364~ 6.7) I
A U7 (Table 2), F 7@ RELERFTT 4 ~ 9 mg
L' T®H > ek b Na® JEEEE, ik 2 i ¢
& 26 ~56 mg L' (MEPETIE 20 ~39 mg L) &3
ULL<HEINL7 (Table 2), EEEMFICHERI L T 72D
WICBU BRI, kD pH (H,0) BX U Na' 2
JEIEZENFNT9 £ 232 mg L' (Table 2), 8.0 & 1.1
gL (ko —BEME - K - —E, 1970) THD.
WINEEETHEOM KX 0@ < HERE T O -5
W KIRKIC K B KOEEZE Z T TV, —H.
KB T HO Ca™ & Mg™ JBEEIE. HIECRBEE AT Tl
FNEFN40~52L15~18mgL' TH o .
FEBEHRTRETNZEN00~03L03~09mgL"
WCKELWD U (Table 2), KM IBEITENEELEDR
BIChPHD5ET, 47~86mg L' OHIPAICH D, i
IKDHETIFE A ER BN Tz (Table 2),

BH 2. AFHIEDIMEL LD & BRI R L/ EnZet (EFIRESD
Photo 2. Discoloration of young needles in Japanese cedar (Cryptomeria japonica).

HRUIAFOEDTE () FOFHEESHOZCERD ISR U EEE
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% L EFREATAFCBIT B, HHEIC X BHFKIRKOMRRDEE L HIANDRE L 1328 IR

Table 1. The states of forest floor. surface soil, and needle discoloration in the seawater-inundated cedar forest at Kamaishi City, Iwate Prefecture.

FRER B = No. 1 2 3 4 5 6 7 8
RIE 34° 42° 38° 48° 38° 30° 30° 0°
EIREE o &® AR ] A ] " ]
HEOEE fi = 0K EX>3 =53 E53 -
RELTEADEDEA i3 " =] 5| A ] A ]
TEEE A ] i i i i " =
A ] ] ] Fh Fh Fh Fh =
HEKOHEE" >80% >80% 70% 10% 10% 10% 5% ==
HERPE (cm) 0 0 0 0 0 0.5 4
ARE 1% Et Et Bt &t b E+ ®E "
&
HERYE 7.5Y2/1  7.5Y3/2 7.5Y31
AR 7.5YR2/1_7.5YR2/1 7.5YR2/2 7.5YR2/1 10YR1.7/1 ___10YR2/1 _10YR2/1
HEROHEBE" BRICLIMRIBEBSUHBERYEZEOE-HEE
2 2. BEH I B 2 HHREIRD pH(H,0). 5 K U7l DRG A A > 21
Table 2. The values of pH(H,O) and the concentrations of water-soluble cations in the soil suspension of each sampling
point of seawater-inundated cedar forest.
R ER b = No. 1 2 3 4 5 6 7z 8 K>
EIREE i £ AGR A " A A A
pH(H,0) 8
HE B TR 6.37 6.68 7.94
ARE 4.74 5.25 5.28 5.70 5.44 5.95 6.21
Ca (mg L 55 %) o
R R 141 0.2 251
AlE 5.2 4.0 0.3 0.0 0.1 0.1 0.1
Mg (mg L4 H 35 %) 127
MR 17 0.5 16.1
AlE 1.8 1.5 0.9 0.3 0.6 0.6 0.5
Na (mg L™ i3 %) 1058
MR 38.9 19.7 232.3
ARE 4.2 8.8 33.3 26.0 43.4 55.7 31.2
K (mg L' 48 &) 38
HERD 255 7.0 334
ARE 4.7 6.0 6.6 6.7 73 8.6 5.4

—IREEE MHBA - —EHE R A RU—@MBKEE SRKREBE1970LY)

B3 EEMEREL, HKNRIK U Tz A MARROIRN
(EFREAT)

Photo 3. Forest conditions after seawater inundation with
the Heisei Sanriku Massive Tsunami.
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=T}

No.7

& =T

BE 4 SR GEERT (E5D (No3) BLUBHELERRT (No.7) DXRELES KUMKRORT
Photo 4. Conditions of forest floor and soil surface at the sampling points (No. 3 & 7) with seawater inundation.

4) REITZEDEC CECHIURBMER A4 DRE

FEIEO 15 KBHIEI X% LBEEKD BC X,
HIRARFEEFR T 0.14 ~ 0.16 dS m™', FIEAEE L /=
& CHERDIEE L O E AT T 0.10 ~ 0.19, HERPHE b OF
AT C 0.25~0.33 dS m" (HERYJE T3 0.22 ~ 0.93 dS
m') THoic (Table 3), EEEMHICHERE L Tzl
D EC & 0.56 dS m™' T MIKDHER DG LI b,
EZLL@mWEZR LT (Table 3),

peech FEICHE U TR 72 RB LIEO LM Na™ IR E
W&, EEBORBERFT T 0.1 ~ 0.4 cmol, kg ¥+ T
Hoteh, HEWBGERE TR 1.7~ 6.8 cmol, kg #
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+ (B FEOHERIE 1.7 ~3.4 cmol kg 82 +) &
REEFTD 4 ~ 60 fFHEDOKE%fEZ/RLTz (Table
3. —HT. #ELHED CEC, 33#M Ca¥, Mg™ &
SUK BEEZZINTNA44~64, 12 ~9.7. 1.4~
6.5 cmol kg ¥ -TH b, HHAHTEHNRD LN
DO, BEFEOERICLZKEAARZIZDLN
o Te, R, BECRIEENICH T 5 EEARLME
318 ~23% TH b, TD6~THFZZHM Ca® i
KT BEDTH o (Table 3). —J5. HHFER
FT O E LIRS I HERD D b o T2 T T 11 ~ 16% &
EDDEZRLIZDICK L, ®ifi FEOHEND D - Tz
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3. FWEHAIC BT B EC, CEC, MR A4 Vg, Bl URSH R
Table 2. The values of EC, CEC, exchangable cation concentration, and cation saturation percentage in each sampling

point of seawater-inundated cedar forest.

B 4 £ No. 1 2 3 4 5 6 7 8
b i #® AR E=) H H A E
EC (dSm™y*
B 0.22 0.93 0.56
ARE 0.14 0.16 0.15 0.10 0.19 0.33 0.25
EATBREER (cmol kg 1)
M E 23 12 7
0-10cm 52 64 48 45 50 44 55
R Ca? B B (cmol, kg8 )+
HE B 5.1 26 48
0-10 cm 7.2 97 30 12 2.1 16 6.8
RMmMEMP IR E (cmol, kg 8L £ )+
HF B 5.1 25 3.0
0-10 cm 1.9 3.8 1.8 14 2.2 2.2 6.5
ZMMENa R E (omol, kg 'BE £ )
R 17 1.0 34
0-10 cm 0.1 0.4 1.7 1.8 2.8 34 6.8
ZHHEKEE (omol, kg '8 £ )
B 0.67 0.40 0.55
0-10 cm 0.32 0.53 0.46 0.47 0.55 0.59 0.65
B Ca® B (%) (=X #1£ Ca®* ICEC*100)
HEFE 23 22 68
0-10 cm 13.9 15.2 6.3 2.8 43 35 13
A1 Mg® B F B (%) (=35 # 4 Mg /CEC = 100)
HEE 22 21 43
0-10 cm 37 5.9 37 32 45 5.0 12
4 MENa B R0 (%) (=32 #MENa"/CEC*100)
HRE 76 g9 48
0-10 cm 0.2 0.7 37 40 56 7.6 12
R EK B FIRE (%) (=38 EKY/CEC % 100)
R E 3.0 34 7.8
0-10 cm 0.6 0.8 1.0 1.1 1.1 1.3 1.2
15 B E (%) (=3 i Ca®", Mg®, Na*, K*/CEC)
HHE 55 55 167
0-10 cm 18 23 15 11 15 17 38
*1:5KBH %
**peechi%x

BT T 17 ~ 38% (MEWDIE 69 ~ 209%) L&D DMHE
R LT (Table 3) BNBLEREF O LBIC KT 2
BLBORD 1 A Ca® L XM Na" IilER LT D
(EBle 2 ~4FREOHFGR), RELBEOLAMNE
FRIEENEIC K BHKEED Na™ D@z 2/
EMHS MR 0Tz,

1) BRKETHICE S B 2P LBOCEEADER

)7

L EOREWED & S HE—RHZEKORAIC XS
Fid, EEAOEFEZICER T 5 EENTETRE
WKHEICEEDN TS CKH, 1958a), AWZEICH
VJ B ZREn EEGR IR KR O M E T E . &
FHICKB LAENE AT ERBE(CORBRIX, HHK
FEET L O—BHERTE ., MA T, H—FRmIc
BOWTH, AFHEOHRBOADOFAEGHEHEZEL
T T OHERD BN, FBECRBERE AT DL ARDE
BEREBLTELT, SR LEER2TH 5T,

o, BWHEELCETRERTICHT B AFHK

TR A DI 55 11 %2 2, 2012]



Needle discoloration of Japanese cedar (Cryptomeria japonica) along the Pacific coastline of Sanriku, Japan, 41
after the Heisei Sanriku Massive Tsunami with the 2011 off the Pacific coast of Tohoku Earthquake

THE O, HIEEE, KRR OB LR R
bbhhiz, $hxbb HEEEICKD LEO pH (H,0)
R EC, KBEUEBLURHME N BED FFANED S
Nize T LERNIIALE R HEENIC B 2 i@k a8
o OkHE) OFRBELEICHT 5HERS LB —L
T (Mg, 2011, BAOHMK LB TE, sk
HEOSEIZ I Ca¥ > Mg > K" > Na" DJETH
Z0bNTWS (FIE, 1989) A5, dEERE, ik
BKIC X B8 B7E Na™ O Iic & D 205 > AEH
NTW e, KIAME R KOSl Ca™ I HG I
Ko TKRELHWAD LI (Tables 2,3), THiE., BEH
Bl L, dokDHER S SHIPANRK LIz & T
iz RIS E N Na e X b, E8tho Ca”
R, EEEE N, EEAhLEM L SICRRUE
LEXEND, Mg® BEU K B U TAIEE. i
MgV BER, BEIEOHRIC LA ELERED L
Nixhote,

2) EEEAEEHICE AEEORR
LHUEHINO EC B ZOMENEHTHB T L.
Hert DYSTE A 4~ DRI HIT 5 T & (E O
KN T 2B LHIT 5T &, K EH
B g b U TIREAEC D S B IR sk
E<HVWENT VWS CGKH, 1958 a, b, c; BEARIRE
B, 1999 5 BT Y > X — B S EIH - 5
YETUY 2 FF— b - IR (kD) |
2011 ; #1[H, 2011 ; JA £, 2011, T ORERIBEME
&, EHEE O EC T, 0.7 dS m (REA B LB
,1999). 0.6 dS m" (EFEEERIZEY > & — LY
B @RSTE T 0D s b F— L B (i
HHT) L2011 ,0.5dS m™ (FPFHEE, 2011). 0.3~ 0.6
dSm' JAZLE 2011 ¥ T3, AWRICE
FREFREGHOALHTIE. HEEEET O+ 5
D EC BARFIEHFHC A, FRRROHENEEDD,
BATLRER FHOEELHICBLT 03 dS m' T
%D (Table 2), LD TIE. (FMOLES b
BB 75 MER TR Lo BRSO I 0 5 2 4
e, AFEEWBOEMCH LTS T L & h
Twa kR, 1976) T Lmb. fli+hosiET
EIEDWIE L LT IEMO%E S EBEOEN LALT
B, SEOREOERENENE L 2 EH TR EDE
YOS TRENEEL LD EEL BN,
I BT B R MR O RIER BT 1. CEC
AT BIERAEHE. 520V TNENOEEESD
BIFIREIC & - TIERET 3 C L BB, —MciE. 2ol
HEOT TR EEEERTHS Ca¥ & Mg™ %M
WTE DRI TR T A0 % < (T, 1989).
HAROHBKLSEICB T B Ca¥ B E T tr. ~ 60%.
Mg BRI (3 tr. ~ 20% B ETH 5 G - B,
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1976), AWIEOHIEM. EFREATAFHRICET
% Ca’™ & Mg™ BIfng 3 i EEOHEEICEb 53 C
DHIFETH > 7z (Table 3)o —J)7. FMLEEFRTIE—
MRICIRE B TH DRI Nat IR E, s, ik
BAKICHES LA D Na" fFhc & 0 5 ~ 60 fE5sic &
H U7 (Table 3), T OR§HRIE LE/KO MR ICE B
FPNCBEIGR T 2 /KVAME Na" IBEICE BN TR D, HikE|
PRI O KA ME Na™ IR I E i R ENEE AT D 4 ~ 60
fEROEZER L TV,

AR, W EGE, WkRKICEOmE Nk
Na'" B K EBICIAER LTz 7z, BARERAD
WP Y - AR, BRVERIC X 5B RINTHE .
HWYIANORBEERBPICEZKEF VY ¥ VOET
R ERFESIL CKME, 1958a, b, ¢ EBHKEE BRIR
BE, 2011, #BEELTZFCWIKEEFETSEAFOHE
ZHRBZEACE BT nl et 2R U Too KR EE DR
A A O, B, HORREEEOM T, k.
KOO BELICKBEDDOWENR LA E, L0
{L2WNE BB B IR ERIBEEEIT > CLDOTE
SRR RA0, FhozJEaEMTH D, HE
HHICH U THRIBEREZET C EPRETH S, L
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