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Fig. 1-1 Seawater flooded spot in a coastal forest after tsunami (Chiba
Prefecture, Japan)
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NOKETIFESDBEEWEOERME | WEROFSE  (BEpE OIRIRIF O FEZF)
WX DEIENPHER STV 5 (Iwanaga et al. 2009, 2011) 723, /KD X 9 7etK
AND XY AF ORHENEIZ OV TOMFFRIT DI, £ 2 TARIZE T, EE IR
SO Z R DRI L 72 D | MK ~OIKEIC K D47 L R~ DR E LB
ONNCT HEMTEREIT o/, £lo, BEMERETH L 7 n <~V IZbRKEDE
BRaATV, MR L L COMRETNEZ 35720, ZOBOAEF, EFICHOVTHIE
AT o, BIEKTRICIEYBY 2170, R - IERREE LSRR EE, i
B L L CLEATRE CH LIRS A VEHDE~DOEMEZ T ENEHAL 98T L.,
ZID & WS T, BE L,
2.2 H©MHELEFE
221 #¥
X AX LT~y O EEEHKRER W, 201444 A 17 BIH AR (BF) X
D EARZ SRR 100 AT OBAL, FFE4 A 18 HICXvAFX, 4 A 22 HIZZ 1
YV EIENENT T AT v 7Ry b (452.16 cm2x 25 cm) [T X B2 21T - 72 (B
Wt =7 HEE=3:1) M2 % 1 EHEEICHEIE (HYPONeX: HYPONeX JAPAN



CORP.LTD.) # 1000 f5IZARLAR > Ml &S 2 7o, A BRZBIZAS0 0
FWBS T, B - YO TE, +oEKED Z1To TN 1 AHBBESEEOL,
FF5 A 14 BIZARy b EiaE S oo, Ay b s S OBERZEFH L
(BR1T27 n~:86.8+6.6cm (Mean+SE) . X~ A¥%:94.8+6.2cm, R h
FESOERITZ n~>Y111.7+ 1.3 mm, X~ AX:10.7+ 1.6 mm) . [&iHFEE
H 10 WHXIZH TATORENRFELL 2D L O IZHBE L, 71 140 A% FEBRIZHW
77
222 WEBEE

3 URIEKZDI-Z 7 (7850 ecm2x75 cm) I[ZHiARZR v ~Z L TEFED
FTHRRMND L HITKEESE T, AKERHOBREIXTERBEORAARKRER O
WIEH 6) LiBRBIIRMOM TR 11) S5 EE L, 24, 12, 6, 3K & L,
KESETHRNEDE 0 FEFOAKEE LTHBBX & L, k0505 & EHiF%,
KIEKZETED =4 > 7 (11304 cm2x120 cm) (Z/KE S 259 EE% (1[0 5 %)
&Ry b2 BT OITo7m, 27 F (3375 em2 X 20 cm) ARy P T EEAE
A, R CAEK TEA S HHEAR (Flooded) &, fifd LZRWIEREKKX
(Unflooded) (Z771F, Bk L7z, BRIZE=— T ZANTITV, EBRHFH O
N ZANOBRET — 1%, FHIXIR 26.1£0.13 °C (Mean+ SE) | {ZJ¥: 87+ 0.38 %,
KR 24.3 £0.06 CThH o7z, FKRITEEAKEAKEZEKL, FAKEEHER LT,
KR ITER, H O\l K9 (78.5 cm2x5 cm) T D/KiEY 21T 72,
R OIEL LT, HEEXRIEE (LT EC &%) ZHIE Lz, KL
%« 99 SAAER - IRV HD AT R A BRI L. ez g (RY-120HL: 7
VTR T 80°C48 BEMIRLIEL, 1:5 KFHIBEICHE L TEC T Lz (&
2-1) , JKIMLERIE, 201447 A 4 H 9:00~7 H 5 H 9:00(c7 e~ [F4ETHS5
H 9:00~7 A 6 H 9:00 IZ X~ AF|ZIT\V, ZD% 2014410 A 5 H L THERK - 8l
BEiT-o77,
2.2.3 HEAlE

Ry b EMESNOOBBRE LRy b EiE S OBEEIE Y B AN b EHE L,
- EREEEZEN L7, 91 B HIZHE Y B 217\, O 7 )L % 6 B R
% (RY-120HL : 7 /L 7#ktt) €80 “C48 Bifscif L, #fEEAFHEI L7z,
HREERER, EORXX A VO EITo T,
2.2.3.1 RBHEE

KEALPRTL T, 14, 28, 42, 56, 70, 84 HHITRMBIEL LT, /7 r~vYDHE
FiHll, X~2AX0Hfh (BEFER Y 2— K LUV TGRS - T HIREE) &R
SE (B D OBE) OFEE BRICE VR L-, i RS &, &0
X T 7 EEFEMNLEFSE LW AREEOEIEEZEH L, EnElE, WS
FE & Lic, 7o~y OERITEMESIZHIE L. 7T ROYY % 2 Ok R OEROHE
RE L, $/o. MBREOER TR TRE - BEL TV HEEEHIEL TWD HD




EL, YD RFONERX Z & ORFEARBAMERE L CRI Lz, —H TH%E)
LIRS E R N5 AT ORET TEF-1EiE) ELEL, |0 E
DETOMICENGDIRSE HIEFE L T2 EIEL HisE] & LTz,

224 REALVEGH

WARKICEDBEBEA P L A~DIGEL LT, EARY A VHEARZHIE LT,
B LN ST _RTCOY T LTCEHI Lz, X~ AF, 7wy
& HICHREBER DL A o ICEERY | =2 —E& — L (IFM-800:
EREERAST) 2V THERIC Lz, MRIZL7Z3E 66 mg L2 K 1ml %
MZTREEL, Ao Fa_X—FE2HNT 75 CT 20 HREhE Lz, Bl L7
HEFOTOERNCT = F VNV AT MRS S, v ©7 U —ERkEiEE
(CAPI-3300: KFBEFHASI) 12 Tr/ Y o _E A2 (GB) | BT 7= _H
A4Y (B-AB) |, y7Frx¥ 1 (yBB) OFHELZFHL,

2.3 #®R
2.3.1 HEE

£ 22 TN D B R DRER L T, 7 m~ L, KX T
IREEFFENC K DR FER DIETI A BT 24 FEE O KIRLIE TS 14 BT E - 72,
TR KN FETRE K KA R TR RER O RIS b IR ER S Em < 24 R o
KET 100 %72 o7, X~ AFE, KERRHIOHEMM & & 72> THZEERS LA L,
6 KL E DK COMERITIEF KX LV HEKK CTrEonofe, 6 REEOKET
V. FETE KX TIIAESEME R S T2 VIR Do T2 3, KK CTIIAEIER D 29 %7- - 77,
232 VAOTYDERBRELITAXODERIERFESRE

K 2-117 <Y OERMEEOHBZRT, 7o~ Y OERIL, IEEKX T
80 B i E CHEREN A DIV n3, KERERH O R\ VLEEX CiiR &3E) Lz,
FEK X CIIARERERIC 20 O THEENED L, EOKRERFX & IEFE KX OF
CEEE O & DIZH T/ hE o Tz,

X 2-2 IZFABRIZ BT H X~ AX OIS ZEE LN BEE2R~T, XvAXT
IRV 14 B B3N & & bIRSE 0NER I N, JAKX, FERAKX
DS C 6 BEEILLEDKEX T 86 %Ll LDl & %2R Lz, ®AKX T, &%
I 3 BRI DKV CHEAE BN 43 % & 7o o7z DIkt L, FEEKX CTIL 3
IRFfE] DK EALER CILSER U EIRIT A D v o e, IS 1T, 12 RefE DK% X T
bR I N, YD £ TIZ, FERAKXTIE 3 KEELL EOKE X THRS & 23
sl AU, FEIZ 6 IRFfE O/ X CTHA.S Z HIE 723 100 %, 12 Rl KX T 86 % & /&
DroTz, KK TIE O R OKEX THIRSEFIEN 14 %712 o720, FbmWOEl
HERLT 3, 12K OKEXTE 57 %lE £ -7,

233 M®E-IBXHEERE

K 2-3127 vV XY AFOMERERELEREEREELTRT, 70~ Y OME

RN X & AKX TS & 3 REELL T OKE CIERKR DA EIZRKE )



<72 (Mann- Whitney U test, p<0.05) ., JEKAKE TiL 6 FRAKZEX 2R 3
TOKRERFX TIEFAKR DT BEAKX LY HHEEICKE < (Mann-Whitney U
test, p<0.05,, p<0.01) | 6 KFfEIKEXIZIBW TS FEEOHA AN B AT,

X AXOMEHEIL, WTHOKERFMICEN TS, mKX & FERAKXOM T
HERZTRO e~ 7z (Mann-Whitney U test, p < 0.05, p<0.01) , JEX
REEIL, 0 FRREIKEX TILEAKRDIF S BIEFEAKK LY HREIZKE < (Mann-
Whitney U test, p<0.05) . 3 FFffLL_EDKE X TIHEAKX & FERKRICH B2 7%
TR LR oz, L, KERHORWREX TIE, R - [BREEEDOH
DR « FEFKK DM TH BV, BRERICEWTEOMEMN LV EETH
272,

234 EORREE

X 2-4 [Z7 <Y XY AXOEOKBERLRT, /7 u~vYOEOLBESR

%, AKELEROEENC 3000 63, FERAKRDOFHFRFEAKK LY bHEICKE o7
(Mann-Whitney U test, p<0.01) 28, X~ AX TILIFRAKK &KX O M2
IREWI R DR oz, o, WHHTE & B ISR O & b T,
W3 DI B ATz,
235 NEAAUEERE

25127 BV EXTAXD GB & B-AB OFHEEZ /T, AR CIImifE
EHIT, BB (y 7 TFrR_EZ A V) I S oTl, 7wy o6, 12, 24 K
[ DIKEALER & 55K & fL A G DB T2 LR X CIIAEFEIE D % < ST i+ 0 7e ikl &
BRECTE ol 3 RILA T OKEX TIX, GB &8 &35 K X CTHIN 2 fi#Hm)
DI HAL, 0 KEE OKE X TIEIERKIX L 0 @K XK THEIZE W GBIRENFE D L
7z (Steel test, p<0.05) o B-ABIFFHEAKX D 24 HFfE] D KBALELX T 0 HFfH]
DOKEMHX LW HAEICE L 2 o7- (Steel test, p<0.05) , X~ AXTlL, 24 B
A DARE DK « IEREKX T, +o 0BG bR h o7z, FErAKR TREEE
O E 6725 GB - B-AB & EOENEN 237 B L7228, 5wtk XTI
AT B o7,

24 BER
2.4.1 K TOKZIDEFE & FHITEER

WEIZEETT 2T 2 E T B ~ORE S ARE OEIRE A0
DK ESN D, ZBiE, TR U AL T EDBA A ORI L 54
HEAERL, HEABAKOKRT v VO TS D WKRER EZ2OEEZ TR

(Gucci et al. 1997; Chaves et al. 2009) | ZDEEIX A L RABEESA R LR
SHLINTVDLHFEFIZE Y EEZIETHD (Chaves et al. 2009) , AREBRDFER
TiE, HARASOKERERORVLHXIZHBNT, 7Y « X3 AXWHFEDOED
NA T ZABORERSS (K 2-4) | 7 v~ Y O®E - BROMERNRE I HNH]
STz (K 2-1, 2-3) ZEDBROBN, A H LA XD MR OMHIC X



HZENRBENTZ, —H T, Za~YOREERIL, IFEAKRIZENTIX 24 KFH
DOKETH 14%EE-72 (3 22) ., THHDZEnb, 7 a3k ~DK
BCTHES & 0 | R OMBIEA B D b OO, KER O THESARE TIIFEE L
RN EDRIBE ST, X~ AFILEK  FERAKIZ v B, KRR OIS
& B 72 D MFERDOEEM & R RRE O], DAL A~ ADWONHLNTZZ &
5. HAKDOKEBICH T HMMEZX S v~ VIR LR ERTE,
242 BRHEBOEK - FEKLELNEEICRIFTEE

FENEKRT 2 Z LI L BHEAKA N L ADEEIT—RAICED R ORE OfR R
REZRTEDOBETALIC L AAEEWEOLEHE R ENMoN TS (Kozlowski 1997;
Pezeshki and DeLaune 2012) , Z OMRENEILT 2 & AKISTHES 22 WVFETE
BORBARR & Z U RIFESC BB O, BN X 26 HWE OB
B HEOFESBOEMR LV RA RABREENEND (Kozlowski 1997;
Voesenek and Bailey-Serres 2013) , AFEBR TIL, 7 n~Y &L X A X OMHEFET
HAKIZAKE L, JARGEEARIETER L7227, X~vAX LD L7~V IZB0T,
HWARDE OB & B ORAKLER XV BEE 7 REEROHN & B A2 726
L7z (3 22, | 23, 2:4) , —FH., X AXTITEAK LIEFAX T, HERE
BOEONA A AT aw VI EEOBENRAE LN o7, ThuE, mHAKA ML
AN Lo THEE - HEREE DK TN, REOHHINA DN 2T T 5
BEEORFZE L &8 LT (Zulfikar et al. 2002) , L2 L., 7 r~> & [EHEICHE D B
D EEORTFEE TIE, HAKREKDIE ) BIEFEAKR LY bEL ol 2, 7~V T
(XTEEKFER KR CTOMS EIFER0 LR > T2, X~ A F Tlazk e
% 14 BEIZIIASEZIZEAFEORBNA LN, X AXORAKX TIL, 6K
FDOKETHIASEEEN 43% LK<, £, FFEFRIF 29 % & FERAKXITHART
mnolz, FIERIC, 3 FER DK CIFRKX TIXEMNEIED 0 % ThH > =Dkt
LT, HEAKRTIE 43 %& K& Bipoiz, 207w, HAKA N ABMTIIER
AlAE (Zulfikar et al. 2002) 72XV AFIZEBNTH, WA LU ARNEEHICERT
LB, KA PV ABEF  MRICEET D EEZOND, o, XV AFIT
AKX TIHFEAR LY BERREENRKE (Lo TV Z &b, BiEroEREEk
M Z > Tt E 2 51% (Yamamoto 1992) ., &Rk COHIEER L /RE X
N THY (Iwanaga et al. 2009) . RRAEZ G D-HBHEANTOHEIADOZFEFHZHOWVT,
ELRL5MAEHONCT D2 ENEERRA N LRI 2R E 50T
59X TRETHD,

F7o, X AXOIASZIC K H1EEIL Iwanaga © (2011) DERKA~DKEFEER
DFEREAE L, REBRIZ L o TIKETRE L 72K ~OKE T b BRI REE
HIuE, HEX L HEEDOFREN+7ICH D 2 LR Sz, Iwanaga b
(2009) O TIIIKBED b DFFFARITH TR S5 ETED Na A 4> D
BHREBRENSTZ NG, HEPORBEEEBRA LI wRetE 2w LT\ 5,
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AKERTHTTEUHGEOHEECIZZ o~y L X~ AXOMMBHE L 6, A0
FALEEX D 0.1 dS/m A2 I~ TEm < (R 2-1) | 7z, #8 Y BV Afo +50 EC
X, B, FEEARE HIC, TS 0.1 %Y 35 EC0.3dS/m L FTHh -
7o EOT=0, FEAKNECHERK H~OEMIZ Lo T, HEORBEE S RE R R
WKL 2o Tno e b 0D, T T XERIIFEREOEER b LEXOND,

REA VR EOBEAREIIEA ML AL DRBEA b L RACKLT 5720
IZHER ECEMED A LN AMILEY T B DFEIC L < FFE S5 (Guecd
etal. 1997; HHA 5 2013) . ANFEBR TITEENEGA A L IREE 2 RHAIE D 72 O EEHE~
DB OE B L #H R TRV, Za~ L, FEFEAKXD 24 B OKET 0 B
MOAKE LD & B-AB OBMNR A S, HAKE, BLXOEOREE S REEL
TeEEZLND, —FH T, X~ AXTIIELERFE ORI L 50 60 a1 v
HINEER® bNpinotz, 7 a~Y TIXEKKICE T 5 GBREA, 0 R oK%
MHEXTH GB OEMAALNTEY | FHAKA b L AL L - TIRARDEREIR T 23,
i EES O R Z S Lz FTEEME bR ST,

2.5 5

7=V EOICE b TS X ) IcEmESE < Pkt BT o4
BRRGFTHHH, MIBEREICH <  ERITEHEL W Z ERARFRICE N TH RS,
B E—BLTWD, —FH., X AT A b L RAICHEL K ~DKE TILIER
KREHETITRELSTH 12 K, mKEHET Tk 6 FEFRRE CH H Z LRI S
7=o TR SR E L QRS E A~ O 2 R 25803, BlEic X
> CTREIFEKET 2 X9 e L ~OREFITEX 50>, BRRREIKE L5 A TR
MLETHY, aX MNECTHERHD LEZOND, Fo, WEIZTHNZ & b#E
INTWDHT2H U 2000; /NRE - i 2013) . X~V AX 2R SHKE T 5
BAE, Bl EOBOEFRYOZ T IEDRIZHETE 208, B, PREEREIT
HFFCEP, BImICIZZ a~ YKl 2 Lo Bi|d 52 ENRHEE 70D, —F
T, XV AXEIFEHRANEAT D Z LIS L DERRADOEEIZ OV CIIRFFER A
2N, REBRDOET VLol U HILBRIRIZE W T b EA TOF - 2R BERIT MR S
TRV UNRE - 8 2013) . BRICE RRWESE )38 < 72 D AT REME &
BETER, SEBIARTH D X~ A X OWEAR~OFIAZ R 251, /i
PERIC L B JENAERER A~ DR EBLE T 272010 . EEDOEFCHRSE, Btk
EBRBESREIZOVTEHALNZL TV RER D D,

AREBROFERND, 70wV E XA IEEGNMRA ML AZZITEAIC, B
MA N VADBE EIXBRRDINEET D EIRB SN, AT, thomEaTEE.
TS A A~ ADRSHT, SRR ISR T DIRE R EICOWTHRNRD Z & T,
AWFFRDOFEARHEA N LR L NS TEEERIRA N L RIZKT DBRDIGE 2 S B
ALNITEDLEEZOND, o, KEBROX ¥ ZAX T, KELHENGOF|E
5% 14 B £ TIOEBNRZENBEZEICR 22D, EOHIM TOENRS
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BA A OBE ZfET L2 L b EAEA PV ASEORAICEELEZ bND,
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2.6 E%E

R 21 7u<Y LX< RAFITRITHRELER, 5 LEE, B WY KFOEH TR EC
BV AR E TR T,

Table 2-1 Soil EC after submergence, after rinse and before harvest of P thunbergii and 7

distichum.

Values indicate mean = SE (dS/m) .

Submerged

Soil Electrical Conductivity (dS/m)

After

Species Treatment period (h) Submergence After Rinse Before Harvest
P.thumbergii  Unflooded 0 0.09+0.01 0.10+ 0.01
3 1.66+0.14 0.65 +0.09 0.15+0.04
6 2.07+0.13 0.77 £ 0.07 0.21 +0.01
12 2.48 £0.24 0.91 +0.09 0.07 + 0.00
24 2.561+0.16 1.24 £ 0.08 0.11 +£0.01
Flooded 0 0.07 +£0.00 0.20 +0.01
3 1.78 £ 0.25 0.98+0.12 0.25+0.04
6 1.62+0.13 0.72 £0.08 0.09 +0.01
12 1.95+£0.12 0.98 + 0.07 0.24 £0.03
24 2.33+0.20 1.22 £0.05 0.24 + 0.02
T.distichum  Unflooded 0 0.10+0.01 0.09 + 0.01
3 1.69£0.12 1.03+0.09 0.08 £ 0.01
6 2.08+0.18 1.26 +£0.12 0.18 +£0.02
12 2.27+0.09 1.16 £ 0.09 0.09+0.01
24 2.57+0.18 1.36 £ 0.11 0.10+0.01
Flooded 0 0.10 £ 0.01 0.22 +0.03
3 1.89+£0.18 0.98 + 0.06 0.26 + 0.04
6 2.36 +£0.13 1.12 £ 0.07 0.09 + 0.01
12 2.23+0.14 1.29+0.15 0.16 + 0.02
24 2.96 + 0.22 1.49 £ 0.08 0.16 £ 0.01
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# 22 BYBYEDOI =YL X AXDORKER
Table 2-2 Mortality rate of P. thunbergii and T. distichum saplings at the time of

harvest
Mortality rate (%)
P.thunbergii T. distichum
Submerged period (h) Unflooded Flooded Unflooded Flooded
0 0 29 0 0
3 0 57 0 0
6 14 71 0 29
12 0 86 29 57
24 14 100 86 100
40 - --0h —=3h —=-6h -++12h -e-24h
Unflooded Flooded

30

20

10

Leaf length increment (mm)

0 50 1000 50 100
Days after treatments
B 2-1 KBAEZDOIEFEK (£), @K (F) BETODZ v<Y DERMBREOHE

FUEIo> UF: EREAKIK, Fr @Kk K, B3k (hr) 270, 77 7 LoftR MRTER
T

Fig. 2-1 Changes in leaf length increment of P thunbergii saplings of each treatment
In the figure, UF indicates Unflooded and F indicates Flooded. Each number in the

legend indicates hours of submergence, and error bars indicate standard errors.
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—--0h ——3h ——6h ——12h —--24h
Unflooded Flooded

- ot o o—e

1.0

0.8

0.6

0.4

0.2

Dieback rate

0.0
1.0

0.8

0.6

0.4

0.2

Sprouting rate

0.0
0 30 60 90 O 30 60 90

Days after treatments

B 2-2 AKBLBEOHFEK (), BK (B) BETOXRAX0EMIEIS (B) LIRSSHIE
(F) DHB
LB UF: FERbAKK, FrOek X, 3ok isi (hr) 239

Fig. 2-2 Changes in ratio of dieback (upper) and bud sprouting (lower) in T'distichum saplings
grown under unflooded (left: UF) and flooded (right: F) conditions after submergence

treatments
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P.thumbergii T distichum

CREE 20
E—l 4 ¥  OUnflooded ns. 5 ns 0.
. i
g B Flooded 16 .
2 3 12 :
an
E 2 M n.s. 8 |
[ab]
51 { ; 4 |
£ 0 F ' 0 U L ! L !
-1 L
’-é\ 4 - 8 -
g
g 3 Y *k .S. 6
n.
g 2 r 4
56 n.s
g ek
PR 2 S s
Q
g 0 [ 1 1 1 0 : | I{_il{—i_/
[av]
5, 1°% 3 12 24 0 3 6 12 24

Submerged periods (h)

X 2-3 #BYVEVRAIOZu~<Y () LX<AX () OMEREE (L) LIEXREE (T)
777 LORRRIIERERZEEZR L BANIIEEAR EFEKROMICEEER S D Z L &mRT
(Mann-Whitney U test (*p < 0.05, **p < 0.01))

Fig. 2-3 Shoot elongation (upper) and stem diameter increment (lower) in P. thunbergii (left) and
T distichum (right) saplings at the end of experiments.
Error bars indicate standard errors, and asterisks indicate significant difference between

unflooded and flooded conditions for curing. Mann-Whitney U test (*p < 0.05, **p <0.01)



O Unflooded B Flooded
50 10
Pthumbergii

40-+]L o 8 T

s T distichum

C;
2 30 H R wx {— 6 F .S.
feTs]
§5)
= 20 4 r S
>
A
10 2 n.s.
i i n.s.
0 L 1 1 1 e | _-.-_|O L | 1 1 1 ]
0 3 6 12 24 0 3 6 12 24

Submerged periods (h)

24 Ju=y (k) LXvA¥ (F) OEOHBRER
77 7 EORGRITIERERZEEZ R L, EENSEEAKX LHKRKOMICEEER S S Z L E2RT
(Mann-Whitney U test (*p < 0.05, **p < 0.01))

Fig. 2-4 Dry weights of the leaves of P, thunbergii (left) and 7! distichum (ight) saplings in each
treatment.
Error bars indicate standard errors, and asterisks indicate significant differences
between unflooding and flooding conditions for curing (Mann-Whitney U test (*p < 0.05,
*p<0.01)
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Pthumbergii T distichum

9 - _
GB GB
n. s
O Unflooded
B Flooded
1L B n.s.
n.s. n.s.
n.s.
E; * ns. 8 RS
\%‘D | 1 1 &‘ 1 ’-]:_‘ ] 1 1 1 1 ]
E 0
= 6T n.s. | B-AB _n.s. S n.s. B-AB
) —
§ n.s
g 47 ] T
O n.s n.s.
2 r L
0 | 1 1 1 ] L] | | . . |
0] 3 6 12 24 0 3 6 19 24

Submerged periods (h)

X 25 7u<y () LX<ZXF¥ () DEORIA VEESHE
D GBIZZ Y o _REA Lk BABIIN—Z-T T =0 P A v EENENES, 7T
7 L OREIIEEREAR L, BENTHRX (0h: AEkZe L, HEAK) EHEEERH D Z
L &7 (Steel test (*p<0.05, **p<0.01))

Fig. 2-5 Contents of betaines in leaves of P thunbergii (left) and T distichum ight) saplings in
each treatment
GB and B-AB in the figure indicate glycine betaine and B-alanine betaine respectively.
Error bars indicate standard errors, and asterisks indicate significant differences from

values of control (0 h: unsubmerged, unflooded) (Steel test (*p < 0.05, **p < 0.01)) .
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35 MRERANICER SN -~ T e—THE FEIZKBIT 5
BEDREHEMEEEOEEHLE)

3.1 K

WA, INFRAERRORFOZEE A RSREICIEB M £ > T\ % (Spalding et al.
2014) ., o~y rm—7 LR E N S EARDEI L, HHROREHIEOH% % &
DHITBEZ20D, AMSEHRMAEEDOL TH D & &bz, WRBESHERERED
#98 (Nguyen 2014; Spalding et al. 2014) 72 EOMRENME SN WD, Ll
D, IR T O HIFI SO X 5~ v/ a— T REfEORD & Ak
23 LV (Janssen and Padilla 1999; FAO 2007) , =Dz, w7 o—7#
DfRAE - BEZ B E LIZRRATHOIL TV 528 (Chowdhury and Maiti 2014) |
Z DB ITRESR MRS 7 LloR&E < B S5 (Elster 2000; Bashan et
al. 2013) .

~ 7 n =T BT - AR OBIRIEICAEFT T 5720, mOmENE 2 R
(Krauss et al. 2008) , —f%IlZ, A PV R ZRBEA FL A E A A A P LA
ST BHL, BIEIREORSERT vy VO TIZE & 72 5 WK, % I13HEH
kD Nat7p EBNEMIRT CERBEIZRD ZEICEDAFT U NT U AORETH S
(Zhu2001) , v~ 7 —T7BEIZNODA K LRI LT, A 42 ORI
ULCid Rl A A OPEH I L OWERE (11 et al. 1997; Krauss et al. 2008; Zhu et al.
2011; Reef and Lovelock 2015) | #ARE & N S HIlRE S CRER S T8
LA OER (Hibino et al. 2001; Waditee et al. 2002; &7k ©.2013) (2L~ T
L TEY . b OMPEMHRE OGO & FBTRE L, FIFHKOERES
BIfEIC L > TRES B D,

R~ > 7 a— 7 R OMEMEIX, 2N ENORETZ T Tkl £FHOK
B KR HEBIND ZENTREND, UL, BESMN & iHEMERED
FEREMEICBIT 2IFIZZ L, & IT, v v ua—7BEOSmitimc BT 5 A
AIZBWT, BRESMDSHHEMAE T T REEBE L7720,

AR TIE, v/ a—TBEOMEERED 5> b, FHORETEHREEICER L,
Z ORFEMZESCRBESRFOFHO AR EZB MR B EHEICRETEEBICOVWTHL
MZTHZELHHMIC, v 7 u—7 5 BEORGEHEWE L LA 4 4 H,
AR O R, BET Lo — L 4 A R 5 FEH CTHRE LT,

3.2 MHEELAE
3.2.1 FREH

RS B E i ohiBn R (b 26° 20'20.0", B 127° 51'06.9"fF3T) (2

B EINTo~v 7 —T7HEE R E U CHRELZITo 7o, Ak, Tl
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JEDZ & 2 /KGRI E STV D, FAKBBIZIRAR 2 722 < | SMNE & i
LK THLZ LD, WAES R EIIINELEE L TWD LD ERE L, K
R EEST — 2 XRGTEBEE 0% ET —% (FE) 055, hETED
H O %A L7 (http//www.data.jma.go.jp/gmd/kaiyou/db/vessel_obs/data-
report/html/ ship) ., /R T — X ITHEM K L ITWRZRITEIRBRIFTO T — X
(http://www.data.jma.go.jp/obd/stats/ etrn) Z{#FH L7,
322 XRHEE
A ML, 2001 FEE£ TIZ A v v¥ (Kandelia obovata Sheue, H.Y.Liu et
W.H.Yong) . A b /X (Bruguiera gymnorrhiza (L.) Lam.) . Y =¥~ kb/L¥
(Rhizophora stylosa Griff.) . & )V ¥ %~ (Avicennia marina (Forssk.) Vierh)
D 4 FE)S, [ 12 AICe V¥ N% (Lumnitzera racemose Willd.) 723EF S
7= (PRRRIRERBEHE, 2015)  AHIFE T 5 (B2 2k L, 51 25 k2 5A L LT,
BEITZN T, AE/LF:134.8 £ 6.2cm, AE/LF 1776 + 10.5cm, ¥
Y~e/¥: 2214 £ 58 cm, BEAFH~vI: 163.0 = 187 cm, BE/LFER
X :204.0 = 16.3cm 727z,
323 A&
3.2.3.1 B ERER
AUEHEIH £ 201143 A 27T H5 A 17TH, TH15H, 9 9, AF 12 A 17
HO# 2 A T IG5 [EAT -7z, WTFNORRAICE W TS MO E LR 1o
D, EFRTFENC2 D B 2R CHERB 2B L7z, BB ORIUL, AEE TR
2% 5 DO TIEMND 5, 6 FHIZH T2 D FAEZ BEHCT SERIL L, Z&ABKT
EREORRHEZ G, KoakS5EM o7, RILTZEZ ML ATO0.8 glllv
Hio>T 80 %/ —/WTIRE L, F%Y OEREHIHFEIC AN, ZO5 TERERES
HIE LD HEBRE~FEFLIFY | 80 CT 48 WLl L% <& (DKN812, DN810,
Y~ MREFERA S | REEAHE L, BB A A ahm &t R
Bh, =& ) — VIR LT ik & RIstElE - B 7 L 2 — it ek & LTe, 7Zrd6,
EAFE RFD 5~12 A L TIRECERADOEERNE L P L THRIRT &
minolzlzd, BEEIE 3 FHoTH D,
3232 BAFAHH
AR O Nar, Kr, MgZ B LU Caz @ FEZHE L7z, 80°CT 48 KFfAILL L
R SE TR A e L C 250 mg MFE L, 1REE (FEEE : WIESREE © HifE=10 :
4:1) ZMARKIKILZAT > T2 DB | JJRFWOE G (AA-6700, BEELERT)
ERWTHA A aa'OREELITo T,
3.2.3.3 AIBME - BFILI—LS5H
80% T % /) —/VICiR{E L - 33Uk 2 ¥k . 5000 rpm T 10 Syfli Doy BE L b
BHa T 5 LELY 3EETV, itk e L, #itigkh o= 2 —1% 50 Cl
RIE LT TR S 2oL REKT10 mlIZER L7, L4£0.45 pm
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DALT VT 4 NE—=TAHEL, KA T TL5HE (Murata et al. 2012) |
TRIEMERE RS L OWET v a— LV EFGB&BOFHIEIT o 72, it g & Ui rIvatEEx
A=A XNV —=A TIThF=A THS =R =R TNT bR
BT h—A, Fu—RA, Ja—AD9FfE, BT La—I= k=, VL
Eh—= A b=, wr=b—bD4TEE LT,

3.2.4 #REHERMT

REEREYEORTERMZE, BLXOFHLEHLZERT L7120, B AV EF &,
MRS ERE, 7 Vva— L EREOT —Z AW TR 21772 (R
version 3.3.2, /X~ 7 — 1% mltcomp (R Development Core Team 2014) ) ,
HFER . 3 X OBEEA Moo 2 E b TukeyHSD test (2 X - TITV, AEAKUET
p<0.05 & L7,

AIVEMERE, BLXOWET Lo — LV EFRICEET SERICOWT, —(LEEET
v (BLF GLM) ZHWEfIr &2 B8 2 e o iz, ISEEHIIEFIEERES A & & 2FF
Toa—)VERR, ERSMIIT o~aAn, Vo BEICITER Y o B E v
Too KHET =2 D55, ISEEBIMONDOEEN DD EFHEINTNDLLLTD
F— 2 EFHBAL L U C#EH L7 (Nemati et al. 2011; Qiang et al. 2012) , 2]
?Eﬁﬂ%@ﬁi%ﬁ%%iﬁck L7=E7 AV TlE, FHRIE E Nat: Kb, Ca2EH &%

T Vva— Ve hRE, &7V a—VaRBEICEEK L T5ET VT,
%le HEORBKE, FHRIE, Nat: KtbB X OV g s &4 EH L.
REEHZ RS TR TOEROMAEGDOED ) bkt AIC OIERWET LOFAZ
BOMAEDLE, BILOLORBOHEEBEIZOWTHRF Lz, £z, HREOHEEM
WEETHDAREMEIZ OV T, 2D 95% Wald CLICE RN EEN D0 E I nER
U7, SAZSENI T RN CHBER C, AR KR, FRUR., R B E
FEHEBATLI T2, BA A ERE, 2vEHESAE. BLXOEET v a—L
GHEIIFRIRA TEBRES (EAFT RF05~12 A1F3) FoTh 5,

3.3 #EE
3.3.1 REEH

2011 FEOFREHEEORMET — & L FAEMTEOWET —Z 2K 3-1 177,

ek &I, A OREREE R X OSEREHREET 1 B OBEME & bI2 5 ANRHZ 0
ST, PHWRIBB LA EICBWTIE, TAL 9 A TEN- T, SMNEESITHE
HEH 2@ U I A EERRBD bRl
332 BAAVEFE

B = & OKBIA OEFRGA 4 &/ 0OFHEAEH X 3-112R7T,

NatZHEIIA LV F<TY TV v EAF<F E LX< L F LX<k /LFERF
DNEIZ @&V MEAI AR H AL, A BELF LYY~ b LFORLISNCHREHFIIA B4
MO LN KEARIIAELF<Y Y~ EALF, EALXFERF<AEBLF<E
NEXE <2 VOIRICEVMEA BB D HiL, A EALF L AL BIRELFER
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FTEAFOME, Yo v<EAFXL EAXE RFOMUSN CHREZOAEEZENR
oz, Nat: KHHZA EAF<P P~ BT, BEAFH T I<BE/LFE RF<
FEXDNEICEVMEBAZZD S5, ALAX LA LF, EAXE< T BLI0E
IVFE RFOM, AT EMOBHEOH, Y—v~b/l¥Lb/LFE RFDOMH,
ENXH <L ELFE RXOM CHREMFIIAEZDRD b,

Mg#E B EITA LT, AbAF<VFmY~ELF, BEAFE FF<bLFH~
CONEIZEVEADNFRD B, A AF L AFH DM, FeLF vy~
ELF, BAXFH Y, BILOEBNLFXE FXOM TREFHIEEZNRD b,
Ca*EAEIIENF A I<F BT, ALAFX, Yo Y~ E/ILF<BELFERFOD
EIZEVMEF AR D HIL, AB/FX, X, YoYvY~veAFLe XTI E
LT LFE RFZRENOM, EAVFH < L e VX E FXOMICHFFEIER
ENRFEO BTz, Nat: Caztibiie XX~ o kb m<, | 75)031%1@&@%?’6‘%
A BEENRD b,

WA A aaRIL, BEMOEWVIRD bbb o0, BN TOR— 7R EE
TR0 SR -T2,

333 HW-WE7La—ILEHE

BHFEOWE L HET L2 — L OSTRER AR 3-2. B D & ORBRIA O REN
HEAREL 2T Va—VEREXX 32177, EAFE RFTIEIOHEE L
TZAIEMERED 9 T R T S, 0o 4 ETIX TSR ST, BTV
a—LIZONWTCIEAELF LYY AL TEY=b—, YILE = A
Y h—=AD 3TN, AEAF EAFH T EAFERFTIIYLE b=~
Y= b= 2 BB S T,

ARAMEEESAEEBLOET LV a— L ERE& T, 27T LV a— L EHEO—E

ICBW TR ZIAEEENRD SN b OO, BFER TORMEASEVITERD S
Mo T,

RS A EIL, S RFET R TICBW T3 A RbEL, 3 HEOHA LD
MICHEERENRDONT-, Yo Y~EAFXEKR 4T, 12 AN 3 AIZKRNT
%w@ﬁ#mbghkﬁtw%11zﬂkM@ﬁwﬁ ABAFLEAX T
EAXERFTIH12HE 3, 5. 9HLOMICHERRENED LN, R
Y~ B AXERS 4T TIE, 5 H CRAEES ﬁ%ﬂﬁ%ﬁ<ﬁé@ﬁ#w
N, ABALXTIEIS AL 3, 7. 12H LM, el ¥F~ | B/LXE
REXTIE5 AL 3, 12 H L ORMICHEERENRD BT,

EHET VI VERRIL, ABLFIES, 7. 12 AL 5, 9 HOMIZ, AeA¥T
3.5, 7. 12 AL 9HDHEIZ, Y=¥Y~Ee/LXT3HLS5 7. 9 HDOREIZ, B/LF
X< CT3AHESB T, 12 HLDOM, BXLU5 AL 3, 7THEOMIZAEERENR
D HNTN, SIS EEEB NN = NIEBD DN o T, EAFE RFOLkE
T a—VEREORIABICEREREITRO b2 7n, 3 A<12 A<5 A
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<9 H<7 HDJEIZ, W UME D3GR B ATz,
3.3.4 H%ﬁﬁtﬁ?»:—»éﬁ%ﬁﬁ&thﬂMt%wAﬂH:&éﬁ
HFRETIVRR

SO EFIEEEE AR 27TV a— NV EFELZIEEHE Lz GLM Ok
/INAIC ET Vv EZD AIC, FAZEH, BIOREOFREEE 3-31T77,

EFAMHEES AR Z)ICEE L Lz GLM Of/h AIC &5 /L CRIEh - Az
Bix, A VX TEHRIR, Nat: Kb, Cazt, BLOEET Vva—LEF &, 4
EAFTEYRIR, Y=V~ e /X CRYKIR, Nat: Kibb, BT L= —
VERE, EAXF~ T TEPKIE, EAXE RS TNat: KHETHY | BELXE
RLIShD 4 FETHEHTIRPHAZEICE N, ZNODOFAER DI B, At
NXOEFET Va—LERE& AL AXFOFEHRUR, Y=~ /XD Na+t: K,
BLOEET La—LEH &, LLXE <L OFEKIROREHEEMD 95% Wald
ClicizBuangEinieroi,

ERET NV a— VERBEIGEES L Lz GLM Of/h AIC €5 /L Ot AKX
AENAXEF LA TILRIINT, Y=V~ VX TEHKE, b LF 4~ T
KEERAEMHEEAE, E VX E RXTNat: Kh7E o7z, Zib OFBHEHO
I, YE Y~ EAXOEHKIE, VX H~ T OKE L TR EAREORK
HHEEM D 95% Wald CLIZIZEr g £hehroTz,

34 EE
341 RERMYVEEROHEMZ

< U a—7 BHEILE OMMEME#EEIC LD 1) Salt excluders : #i5 D A % /s
b9 2%fE L 2) Salt secretors : HEARD 732 & O/ O PEHIHENE & ?6’)@\ BLWY)
Salt accumulators : #Za 72 & ORI /7 & 7= DA TeFED 3 FEIZ /71T B4, 1) Salt
excluders IZIZA ELXE,. T ALXE,. PP~ E LXEBOENES EN. 2) Salt
secretors (21X, B/LFX X< BOFEN, 3) Salt accumulators (ZiZE/LFE R
JB& DFENE £ 415 (Scholander 1968; )11 H 1997; Krauss et al. 2008; Parida and
Jha 2010) , Na*|THINEN CTEREIZ/R 5 & BERTE MO [HLE R i 1S O i
DERE 7250, KNIMIAEF CHBEICZ> THEETH L7217 Tk <, R
ROWEFRTENE | MRS OMERF 72 EICEE R B 2 K73, £ 72 I T Cazt
(AP BERE OB RIEME, o 7 VB ST Mg2H33ERE e CICRIH ST
D, NaCl A hLVRIZX VT D Z ENMHILTUVWS (Parida and Das 2005;
Parida and Jha 2010; Qiang et al. 2012; Lang et al. 2014; Fan et al. 2017)

AFFETIE NarBHARIIA EALF<Y T ¥V L F<FT L LF<b L FF v <t
FE RFOIAEIZ, Nat: KHIZA e L F<P o P~ B LX< L F X< <k LF
E RE<FTEFONEIZ, Nat: CaztibiIA bl F<v v~ ue/LF<AF ¥t
FE RF<b VXX~ UDIEICEWVERPED Hitlc, A ELFO NatG A& e
Nat: KHEDOK S| A E/LFD Nat: KHEORE S, Yo~ E/LFO NatEH&D
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RS 7 L3 Ul etal. 1997) OWMEITIH I DO THLH L L BIZ, 2 b E/ALFFH
3HED NarE FE&ODV 7 XX, NardD A\EES) O E - Salt excluders OFFE E ©—
BT 5, EAFXFLULEAXE RO NarBHEDFED 22D, Nat & &I
IRBFHEIZFH L T D72 &2 5415 (Chen et al. 2010; Parida and Jha
2010; Naidoo et al. 2011) , 52, BE/AFHX O KMEHENMO 4 FEIZHA~
TwEholzZ &iE, Nat/KoR > 712 K% NatOJEECmBifntE Kt~ 7 v AR —%
—IZ XD KrOHY iAd & EREEFRTE 572729 &5 2 i (Parida and Jha 2010) .
IR & O & FEMRAIZIT © Salt secretors (AL D EE X LD, BEAX
ERFOFEV CaFHEIT, A A ke &2 5 MlEOKREL RO & F
Z HiL (Parida and Das 2005; Parida and Jha 2010) . Salt accumulators O%F
BIZbEET 5,

<~/ ua—7BEOREHEYE & LT, NarC KOz 7Y L a— L s &
THY . Nat: KO RHEN 26 OREREVEGRICKET 5 2 LN T8
S#% (Hibino et al. 2001; Parida et al. 2004; Krauss et al. 2008; Parida and Jha
2010; Sreeshan et al. 2014) , AL TIZ, A rF vz~ rTnbE=1
—VIR, BT AT b v = b=l S UBERICTE O b D L7r o7z (Parida
and Jha 2010) , L22L7223 b, AbAFErvzv~ve/FO=hr—/L FE/L
Flrvrovr~veFo~vr=b—/d, REEEHIC L > TEIRHREN, 27 v
—LVEAREICHD DEIGVIER KN -Te, BT Vv a— L&l E L e Lz GLM
X, BEAXE RXERVZ 4T, Nat: KOS KICE T TR LT, MEi—
EENTVZELAFTE FFIZBWTH, 95 % Wald CLIZIZFEeRnEgEn iy,
HEMBOEBEMEN R SN RroT, TNOO/RRLY | AFHEM TIL, #7712
— VDO ERIC Nat: K ORI NS < TV 3 — VR OREREE OERENT/)N
INEEZ LD,

342 BHEOCERERENIEEROEHZEE

TEENOEA A B R EDS 1L, FIHT KPP OESEELZITH, K
FRAL O O Ay TR 208 U CEEh N e < | AENROEDOHA 4 A&
I35 B S B EEHEEHMNITEALEO NIRRT,

—H T, EEEES AR ST VL EA R FHAHNBEO O, £
RIVEVENE & ﬁi@/’*@vw' NI 5L HIT 5 H<9 H<T A<12 H<3 ADIEIZK
LM TREBLRIE L T e, £72, B EHESAEZICEERE L
GLM T E/LFE FF LR 4 FICBWTR/NAICET VOMBAZE R L L TEYR
BERRIRI I, AT L X H < U TIEEOREHEEMED 95 % Wald CI IZE
EANEENRPST, TAHDIZ DD, XFREHEO WEMEREE RO R AITIX
KIRDFENZZ LD,

— I, WY OAZFEOFESE BOMINIMEMEICL 2 bORLHMEINTED,
B OH AV S OREY) 8 12 CRE CRIEFEELZ=Z T 52 & bmbnTnsd (B
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F 1960) . —FH T, (RIRALHIZ X 2 RENEEOER T I KO ORI L, £
T E D7) TASADGRRLFIEMFEOERPHE SN TE Y (Silva et al.
2009) . AWFZEICHNTS, FHKIBDOE 723 AL 12 AOEFEMEREE A&
D3, AZDPO AR TE NPT, v 7 u—7/BREICBW T, b OFEimo FIEE
IE D DNIEBERADBETH L0, RO RFIEMRE S A BOAFITBIT 5
INHERIRIC L DA T = XL DECPER Th D RN Z X b D,

F7o, MMREEREANO LR 3FEICIBWTIX, 6~8 HAICBHEN/ KR HE R, 12~2
Ak b7 < 72 % (Gwada et al. 2000; Kamruzzaman et al. 2012, 2013a, 2013b;
Sharma et al. 2012; Kamruzzaman 2013) , 2D Z &b, 5 AICA LA AR
BHEREGEAREORMARETIZ, FAESCHRICI DB IEENSHERERIND

(Kozlowski 1992; Richardson et al. 2013) . LA LD Z Enb | EOEFAEMERES
BREROFHENI, BA A EAELREFE LD & RRFF ORI
LDHBRENPBVEBIEEL TS LEZ LD,

BIET VA= VL EFEIZON T, MR, BIOEOFHLE) CaEICIE
T2 AR AR ITEEBD b d o 1o, mEEWICI T, HET V= —VdiRs %%
W L L TCOEENST T R Dlgt-CRTERE D O & D & LT H KRR
THEY ., HEBIEECRH, RERFICL - TEHTH L L b, /E iﬁ*‘@n’fﬂﬁk
WZH BB A% 1T 5 (Lewis and Smith 1967) , AAFZETIX, RFEHESHEELY IS
BEEHE L2 GLM Tid, ABEAF LYY~ ELXOR/N AIC EFT /MZEBNT
EHET VA —VEREN, ST VA VEREEINELESE LT GLM Tlde v
FH DR/ AIC TF /TR WT, EEIEES AR TAER S L TR TN
Izo TLHDORERIT, FET Va3 —)L L AEEREOFRABIMEOREEZIT 5 2
EETBELTNDEEZDILD,
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3.5 E%*

R 31 WEHITEED 2011 ££D A JIKRGSM: & BUBHREET 1 @M O RZ &M
FBNEFHA T 5 D % A OFER K& (Precip.), FHI&IR (Air Temp.) , 7% H $ & (ASD),
B L OwrHE O LM KIEE (Water Temp.) , A0 RE (PSS-78) , AfFkEFE & (DO)
ET, 3A. 5 A, TA., 9 ABLIV 12 A OFEIMNOMEITFEHEEGHET 1 EM ORI IO
VHEE RS, WBET — 5 OKBEFTIENA 7 2 TR,

Table 3-1 Weather and environmental condition around sampling site by month, and for the last

week before sampling

Each abbreviation indicates Precip., integrating precipitation; Air Temp., mean air

temperature; ASD, integrating actual sunshine duration; Water Temp., mean water

temperature; PSS-78, practical salinity scale; DO, dissolved oxygen; respectively. Each

weather conditions for the last week before sampling are put in parentheses. The

hyphen indicates data does not exist.

Precip. Air Temp. ASD Water Temp. PSS-78 DO
[mm] [oC] [hour] [°cl [pmol/kg]

Jan. 85.5 14.3 65.3 21.9 34.725 217.1
Feb. 95.0 17.0 116.5
Mar. 17.0 (4.0) 16.2 (16.5) 90.7 (9.2)
Apr. 71.5 19.5 190.4
May 340.5 (114.5) 22.9 (21.7) 71.7 (0.9)
Jun. 130.0 27.0 221.7
Jul. 28.5 (18.0) 28.0 (27.4) 268.4 (74.4) 28.7 34.695 196.4
Aug. 156.0 27.5 239.8
Sep. 147.0 (94.5) 26.9 (27.4) 215.1 (72.1)
Oct. 291.5 24.4 134.5
Nov. 279.5 23.0 79.8 26.6 34.507 202.2
Dec 89.5 (57.0) 17.9 (17.4) 69.3 (1.1)
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OMar. OMay #Jul. BSep. HDec.

[ Mgt

Content (mol/gDW)
o

Content (mol/gDW)

Species

X 8-1EPHA A EFROZEHES
WA DB FITENEI, Ko: AB/LF¥, Bg: AB/LFX Rs: Y=¥~tE/LF, Am:
EAFH v Lr: b AVFE RFE2RL, UFIIRIRA 2% 7T, MP o7 —— [ IEHER
FEHRT, BIRDRILFETNT 73y MIBREMIZ, NLFT VT 7Ny MIBBREOTRER
ARNCHRHREBZEZNRD b= Z & 2R T (TukeyHSD test, p< 0.05),

Fig. 3-1 Seasonal variation of cation contents in leaves
The abbreviations of the species name indicate Ko, K. obovata; Bg, B. gyvmnorrhiza; Rs,
R. stylosa; Am, A. marina; Lr, L. racemose, respectively. The legend shows the months,
and the error bars in the figure indicate standard errors. The different uppercase
alphabets indicate statistically significant differences between tree species. The different
lowercase alphabets indicate statistically significant difference between months in the

tree species (Tukey HSD test, p < 0.05) .
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OMar. BEMay @&Jul. BSep. B Dec.
1.0 r Total soluble sugar

0.5
=
)
b
E0.0
& 3 1 Total polyol
g A
g ° AB
S 2 [ a 2
h
1 r b
0

Ko Am Lr

Species

K 3-2 EHENBRHEESEFE (LB L7 va— L8688 (TR OFHEE
B OB B IXZTNEI, Ko: ALK, Bg: AE/LF Rs: Y=Y~ /LX, Am:
EAXFwy Lr: EAFE RFEZRL, LOIIEHDA 2R, PO T — S—(TEHE

o~

i

e, BIRDRILFTNT 7y MIBHER T, NLFT AT 7y DRI F THRGEE
A EENBD O Z L 2T (TukeyHSD test, p<0.05),

Fig. 3-2 Seasonal variation of total soluble sugar (upper) and total polyol (lower) contents in
leaves
The abbreviations of the species name indicate Ko, K. obovata; Bg, B. gymnorrhiza; Rs,
R. stylosa; Am, A. marina; Lr, L. racemose, respectively. The legend shows the months
and the error bars in the figure indicate standard errors. The different uppercase
alphabets indicate statistically significant differences between tree species, and the

lowercase alphabets indicate between months (Tukey HSD test, p < 0.05) .
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# 32 FHMEOLABRHEESHEE (LB LAETLa—LEHE (TE) 2EEH%KE Lz GLM 0%/ AIC
T NEZOFAER ORI
L OAMESITENEN, Ko: Ab/LX Bg: Ab/LF, Rs: YT¥~E/LF, Am: B XH~

v, Lr: BEVFE RFERT, GLM AL, F#HEOEFEEHEEERLEET Vv a— LV EAEEThT

NIREZEHK L LTz GLM O/ AIC &7 VOBMEROMA &P ER T, AICIIZHET VO AIC %,

Estimate I3 & FBAE OB OREEM %, Std, Error [(IHEEMEOEHEREZE % 2z value (X Wald E
EtEE, Pre |z IR OHEMO Wald FHEEBICEr’E TN MRLET, HPLHOMIIT

ZFNZFN, Sugar : FAIAMEES A&, Polyol : ¥ 7 Lo — /L& &, Tempavg : HFEWKIE, Precip : £

BeHT 1AM ORBERKE, Na:K: Nat: Kb, Ca: Ca*EFEEZET,

Table 3-2 The estimated coefficient of explanatory variables of GLM having lowest AIC and using the total

soluble sugar content (upper) and the total polyol content (lower) as objective variable.

The abbreviations of the species name indicate Ko, K. obovata; Bg, B. gymnorrhiza; Rs,
R. stylosa; Am, A. marina; Lr, L. racemose, respectively. The GLM column shows the
lowest AIC GLM with total soluble sugar content and total polyol content as response
variables, and the AIC column shows the AIC of each model. The Estimate column
indicates the coefficient of each explanatory variables, the Std. Error column indicates
standard error of the coefficient, the z value indicates Wald statistics, and the Pr(>|z|)
column indicates the probability of including zero in the Wald CI of the coefficient
estimate. Each explanatory variable abbreviation indicates Sugar: total soluble sugar
content, Polyol: total polyol content, Tempavg: average of temperature per a day, Precip:

total precipitation for a week before sampling, Na: K: Na*: K* ratio, Ca: Ca2* content.

Species GLM AIC Estimate Std. Error zvalue Pr(=|z|)
Ko Sugar ~ Tempavg + Na: K + Ca + Polyol 235.1 (]ntercept) -291x 10% 2.67x 10% -1.09 0.201
Tempavg 2.40x 10* 1.43x10* 1.68 0.112
Na: K -1.01x 10% s570x% 10% -1.77 0.095
Ca 1.35x 107 8.66x 10° 1.56  0.138
Polyol 3.92x10% 9.21x107 4.26 <0.001
Polyol ~ 1 106.58 (Intercept) 1.01x 10% 190x 10* 5.33 < 0.001
Bg  Sugar ~ Tempavg 303.42 (Intercept) -850x10% 2.77x10° -3.07 0.005
Tempavg 6.88x 10* 147x 10" 468 <0.001
Polyol ~ 1 178.94 (Intercept) 2924x10° 440x 10% 5.10 < 0.001
Rs Sugar ~ Tempavg + Na: K + Polyol 246.48 (Intercept) 1.20x 102 8.82x 10% 1.36 0.187
Tempavg 3.94x10% 2.82x10% 1.40 0.176
Na: K -1.79x 10° 8.60x 10* -2.08 0.050
Polyol -4.02x 10% 948x 107 -424 <0.001
Polyol ~ Tempavg 266.01 (Intercept) -7.49x%10% 1.56x 10° -4.81 <0.001
Tempavg 4.89x 10* 8.87x10° 551 <0.001
Am Sugar ~ Tempavg 289.81 (Intercept) -1.60x 102 4.66x 10° -3.43 0.002
Tempavg 1.14 x 10° 257x 10% 4.44 =< 0.001
Polyol ~ Precip + Sugar 372.04 (Intercept) 347%x10% 7922x10% 4.803 <0.001
Precip -2.19x 10° 6.90x 10° -3.177  0.004
Sugar -5.41x 10% 1.43x 10% -3.784 0.001
Lr Sugar ~ Na: K 60.64 (Intercept) 871x10% 463x10° 1.882 0.079
Na: K -2.38x 10* 6.13x 10* -0.388  0.703
Polyol ~ Na'K -1.76 (Intercept) 381x10° 1.30x 107 2.94 0.010
Na.K -233x 10% 1.30x10% -1.79  0.094
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H4Em BREERA PN AB L Tu—T 2BOEARKORE L
AR RIT TR

41 Kl

b VX ¥~ (Avicennia marina (Forssk.) Vierh.) <° 2 vt /L% (Kandelia
obovata(S.L.) ) ZIXUH L Lz~ /o —7BREITEEHICAEFT L TR, K
HROERRKIZ L DR OEELZ T D, v~ 7 u—T7EERIE, Ok LA

R ENXERR DR RN LSRN, & D WITEE 7 E O RERE OB R HITFEE T
iﬂ‘i%%ﬁ)mﬁéﬂfwé (Krauss et al. 2008; McIvor et al. 2013) , L2 L,
BIFEC AR KRBT & b 72 O A -CHKRER O N, B2k, &I
DHEGH - N E 72> T D (Spalding et al. 2014; Yﬂ”@%—f‘“i“%ﬁ%{%;ﬁaﬁ
2015) . ZHL D IFHBEAKOTMADNG] E 2 JARE OB KMy DIRME S ER DO—o &
FEALNTVWD

BRRA B VAR, EK P ORRFEOIEBEENZZLR P LD BBV ETREZY R
O RRLET HETORESBOER R L2527 (Kozlowski 1997)
fﬁﬁﬁz‘%ﬁ(%%%k LT, BBRIZE b7 O IR R A [ - fHET 5720, FERIRSCR H
72 EDOBTUCEAD DAL DO FES, BKIFYOEE O EXAHE SN TWD

(Kozlowskl 1997; Pezeshki et al. 1997; Krauss et al. 2008) , F£7-. BERERET

BT TR R PEFE O CIIBR IR IC B D D EERTENME & & I, BE A EN S

n’ﬁ%"éﬂé ZELWEIN TS (Sairam et al. 2008; Ferner et al. 2012) ,
AR VAR, SFOKDOKET 22w VBN T LIS K DWOKBEESS, R Na A 4
YORAN - BER S K DAENRE A - 67, TR I E SR E R
BIEREIE EMEIXN D0 - T L a— VSRS A CEOEFE (Hibino et al.
2001; A7k D 2013) | HEA D OEFIHE S OPEH (Krauss et al. 2008; Reef and
Lovelock 2015) . R ToORM (Krauss et al. 2008; Lang et al. 2014) 72 ER3H 5
nTna,

WERICESL T D~ v 7 e — 7RO - BT ERROEER & A EM S 5
ITEAHINHEEL TV D ARBENE X LN DM, BBR EEOEAEHRA N L AR~
Y= RIETEBIZONWTITHANRT R L TWD, Fio, MHEEEE T
N —RFRTH D E SN TEY (Krauss et al. 2008) | @SR ORI E 22 E (K
ROTHARE I TAZE £ CriAKT DB, BBRREETE D L 5 ITHERF - L L T\ o »
LA B2 TiEZ,

Z ZTAMIETIE, R A b LA A N LA MO G DRI BN L L X X~
yk%twﬁ@if&%%*E@%@%%%&i#@ﬁ%@ﬁbtoﬁﬁf [N
LIRAERIZ L D = L F—TREOZEH | BHENOREE A &I KT TRHE LR
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L7, wEBAAEEES A EX R LT,
42 M EFE
4.2.1 #H
FEBRITIL 3~4 FAD L XX~ o (FEBRBRMHETO A XTI R 16.5+1.0 cm,
R 840.3 fr CEHJHEHERE) ) L A b ¥ (EBRFBRTOEADY A 1%, #
EpR 27.6£1.0 cm, 3E4L 520.3 B (CEXIEHEMERAZE) ) 2 AV,
2016 £ 2 A 28 HMOFEFE 3 H 2 BIZHH#IR S 2 FHIIBHICTEALF X~ %,
Z L CMTTaIC T A E VX OEAREZHI L, BBt o 7 —ICFf
LIF-o TEEBLIOER L, 201643 H 4 A BFEHMES A 21 BE T, BEK
PRI e v X i TR AR 2 BEHE SIS CRIR 20 °C, 8% 40% CEAEL
72, 201645 H 21 B HRIFE 8 A 21 HE Tk WKL L 1/5,000a 7 7 F—
RNy NERWTHERE L, BROKFHEATZEE % — N T AT A TEE LT-
CEAIRIE - 29 °C. R : 65%) . A - Bw I, KEKICENR (The Salt
Industry Center of Japan. NaCl 99 %Ll ) % 0.5 g/100 gAq (%) . Wy A A3
v 7 A (HYPONeX JAPAN CORP.) % 0.05 g/100 gAq (%) TiRA L7iER Tl
TEZEAL, =7 —arFLyh—TER LT, @K TE, BiEY1 X,
ED T EEGFHIOIRMEN I DIV MERE A E (K A8 A CEBRICHEM LT,
42.2 EEREE
2016 48 H 21 H/HRF 9 H 19 H £ To 4 M, BECKFEHIIE o ¥
—NH T ANy A (EEREAR H OFERR  27.5 CL 8 :70.0 %, /Kl :26.4 C)
IZC, BRREA R L AZUTO LI L, v~ 7 a—T DR EEHE~DE
BLBE L,
THEFRH £ T 0.5 g/100 gAq (%) &K (59 85 mmol/dm3 NaCl) TriKd 573
T —ar 7Ly —THERT A (X : Ct) &, BER LRV (R
HX : HP) . F721% 6 g/100 gAq (%) BHEK (¥ 1024 mmol/dm3 NaCl) T3
REE THATINZT —ar 7Ly P —TEKT 208 GEAHEK : SL) L %X
L7 (B/K - HEALERX - H&S) DFt 4 BEEX (n=5, &t 20 A/f#) &7z (X
4-1) , APRIZIIKAE (75x40x75cm3) % 2 DT OHNT, BRIEIZR Y A2V XK
INZHELE LT,
423 BRIEEH
THE EC %7 —4 = 5 —Em50 & +:5/K45& > ¥ —5TE (Decagon Devices, Inc.,
USA) % FWTHEIE L7z, KRR OWEFREERE (DO) & g cEN (ORP) |
pH Z R BRI ZFE L7z, IEFRRIEEIX pH/DO Meter: D-55 & [57k DO &
ik : 9551-100D (HORIBA, Ltd., Japan) T, ORP & pH /£ AS700 pH/mV Meter
(AS ONE Corporation., Japan) (Z ORP &#& (301PT-S. AS ONE Corporation.)
& pH &M (201T-S. AS ONE Corporation.) Zfff L CHIE L7,
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424 H£FE-FEREL-BREE

EERBRGAAT, 1. 3, 5. 7. 10, 14, 21 BL 28 AL DR 9 [EBEE 1T -
T2 TNENOMBXIZENT, (1) EOFELWER, BEBIOHEL (2) &
DBERL LTOER AR L, W DNBE SN BRE ML L, M3 R S
e CEIN L7z,

EERBIAARE, 6, 10, 14, 21 BL V28 HELOEIES L ETE A ek L. EB
MR OER A 1 & LR O R E B L,

FEBETREOT X COMEOIE L, AR L7, BBLZE, &, BiX, £
NN R JIE SIS RFLEREIC T 80°C T 48 MR S /- i 8 4 1 E
L7z, AEELGHREENS, HFEKE (gAg/gFW) ZEH L7,

425 FEBEE

JeA R E 1%, 116400 (LI-COR, Inc., USA.) % H T 9:00~12:00 |ZH#I7E L7z,
AR EFHEE (PPFD) 1%, FEBRBRRTON T 2T ZND 9:00~12:00 D
BT > 7= 600 pmol/m2/s THIE L7z, K X O Lk RIRE I RFET
BIE UTze BIEITSLERX G 3 2 A RGlE I EES IBR L, ThEh
D 2 FFAEE 3 B D FEEIE 2 RIE B ORIEME AR O & LTz, Sei pallE A E 5
FE L7235 83 R CAER XN 7 DB 7z I B 288k U, JIE Zfikfee L 7o, AR E R 3K
215 BMEURATE N 722 > 7235 G VIR IR DA RORE 2 0 & L TR LT,

42.6 TEMEES

AIVAMERER AT I OFE LARDOFEHZL, BREUZIESLNS 80% =% / —/LIZIRTE L
2o T D%, A% (Shake Master ver.1.2 : BMS-12, Bio Medical Science
Inc., Japan) TH#E, = 078E (5,000rpm, 15 °C, 1543) L. LESREFREICS
T 7z, BT 60°C DEEEEM (RY-120HL, ALP Co., Inc., Japan) TiEfE L.
REKCTER L, REZIZ 04 pm DAL T LT 4 A —EFANTHE L
iRk v~ ~ 77 7 ¢+ — (RF-10 AxL, Shimadzu Co, Japan) (ZTCHA ~H 7
LEOESHTIE (Murata et al. 2010) (ZYHEHLL . RIAMERER O ST 21T o 72, HED
AEELGBEENOEML LM EKRELZHNT, =% ) — WRiEsE O R E
BEARH L, AEMEE LT A r—A vV k=R F7 b= J)a—
A, TINT =R HTF7 h—A, Frr—R Th)—RA v —REHGHL
Tzo W SN REMERE O A 2R A EE AR L L TR LT,

4.2.7  REHERMT

FUHEOBE - AB~ORBELEERT L0, MREE, RAREESFEB X

OHEREE DT — & 2 HWCTREHEIT 21T > 72 (=2 B/ %5 2010, SSRI:
Social Survey Research Information Co., Ltd., Japan) ., B&KI KL OE DA A EH
%*ﬁ‘iuﬁ"f‘é 729, HREE CRTIRMEE AR, HERBEEEIZB W T, Levene fi

WK DHESGHMEDRED DL, 2 TRE BT 21T -7, 2 TTRE B HTO
F% HMRE PR S A . LA EGEE ICEE R IO EAERITR D b
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molz, FEBRHIMPOELRENEIGOHER (K 4-3) 1%, EBRBRGRFOELERIS %~
xR & L C Shirley-Williams R €23 272V, AEKEX p<0.05 & L7, FlE
HEE (X 4-2) CHRAAMESERE (X 4-5) . BIOERK THOLAKEE (3
4-3) IFHEXE DL ELLE % Steel-Dwass HE TH Z 72\, AEALEX p < 0.05
L,

4.3 #BR

4.3.1 BREEH

EBIM O+ EC LEKEERO pH, AR ERE (DO) 2% 411277,
EIFIEFRIRE L, M TRE 6 %A HIEM RO FTAEREE 2 @il L T e /o ), &f
FRIX. & i RALER X D R D Hom T,

432 4FE-HRBREER-FRZEL

EAXH v EAEAXOEFERER 42177, BEAFE<Y, ABLX LY
\ZHAVER X & R /R « HEALPRIX CRIBRIX L 0 AR FE DMK - 7203, BRRALER X C gt
BRX L OBEWIRD bR oT-, A EAXOAERIT, AKX LEEK - HFE
KOWFIZENTe XL~ L0 &7,

EAFL v E A VKON OME JIFEEE LK 4-2 1277, WL b
HEIMREEOVTICEWTY, LEXKMICHEEITRD bhiehoiz, BV
XA~V OE, 8, BIOROEEERIL, HABX &R - EARERX TR X
D /NS UVMER D A B LTz (Steel-Dwass test, p> 0.05)

ABNAXORE @ ROWBERE T E LIEMEMITRD bR o7, O
HE T, EOPRX &R « HEAFRX TRV MER A A 5 R 0O FEIR EE 8 TR K AR
X CT/NESVMEA2VERD Bz (Steel-Dwass test, p> 0.05) .

EAXH L A B LFXORERIL, EARXS LUK - B XIZBWTEL
<ﬁ@bt(ﬂ4m LA v OBERE S IO EX TIX 1EB NS, X -
HEALBIX Gt 48 H BZENRD 5= (Shirley-Williams test, p<0.05)

b L X OEHEIE ihﬁmﬁl:f I3EEMND, BRK - HAEX TIX 28 B H Eﬂﬁa
2N Sz (Shirley-Williams test, p < 0.05)
433 HREREE

ELXH <l A e VRO ERBIR T ONERGRE ORMRIZE LA K 4-4 12, F
BRIC THREO A REE OEREEZFE 431077, BEAXE v ALFL (T
JLBRIX & FE /R - SEALBRIX TR A AR E DR T ERIAFE D bz, BEAXH < U
ﬁmﬁifimﬁ&3L (ZIEE T DA 23580 Hivtz, A BELFIE, &K%EE

BWTHABGRE DK FEANEO it (£ 43, K 44) , ELFH~v L
xtw#@iﬁ%TﬁwtémEEi\mﬁzﬁfm#%%ﬁa IXFRD BN D
7= (Steel-Dwass test, p>0.05) ,

4.3.4 TABAMEREE
WAEMREEE A EOM R LK 4-5.107 7, ERE TRROMRB LOEOHES A=
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TRHXEICAEBEEITRO b2 hol, HmE LT, EAFF < OEDORAE

PEFEE S A &I, BRXUEX THBREOH DO LD HR<, BBX - EAFEX TR E )
7= (Steel-Dwass i€, p>0.05) , —F5 T, ROKRATAEERES A =X, HOHE
X & FER - AL IX TxERRIX & R R AR X L 0 AR ME A 23 2 H 372 (Steel-Dwass
test, p>0.05) .

A BV X OIEDMRAIEMEREE S A &I, BRI CxtBRIX K 0 K& VM 23
57z (Steel-Dwass test, p>0.05) . RO AEMEEEES A & HE L REEOMEN
N BV (Steel-Dwass test, p>0.05) |

44 BR
441 4HE-BREE

A R AT 2 RO MR, AR DR RIC X 2 BEHECIR O R R PR % [B158E - 488983
LT lnwrru—72g30% < OBARTHRE SN TWS (Kozlowski 1997; He et
al. 2007) , REBROELXH <~ L A LLXIL, BBRICK D REE L AR~
DIRERFBITRD T IR RYEDE SRS T,

—5 T A PV ATIIFESE L b2, AFEREEBRERIER S 22 2 2GR
bz, ZOZEIE, BEAFH T UZONTITEKD (2014) . A BAFITBWT
(X Ol et al. 1995) DOEMERE TORKREFSLCEROK T O®mE L —E L,

AEILFE, A VAL D EREE LR EDEK T2 L <, NaCl R
(3 200 mmol/dm? (¥) 1.2 %) MAEFRA L Wb THLE2Y (I et al. 1995) |
ARFEBRICEBW T, 6 g/100 gAq (%) (1,024 mmol/dm3) T 4 HE DL TR
i,

442 EREL - AESFEE

A NV AIZ K DB RO EE ORIk 2 el Tl STk Y (Kozlowski
1997) . v 7 u—T7IZBWTHIEA ML RIC KD HERGEE DR T DIEMT, 3
TR & A B RESE DD 72 E DV E ST % (Luzhen et al. 2005; Sudrez
and Medina 2006; Tada et al. 2008; Ru et al. 2009; Wang et al. 2014, 2015) , &
ERRO e H < T LR & ERR - SR IXIZ BV TR & LA R E D
KTFRRBOGNT (K 4-3,44) , EAFX~ T OHAIRX CIIER% 3 # B I
ARGREDEIENRZ LI, BBR - HAUEX TIERD bnenol (K 4-4)
TOZ LI BRALENE VXX O A N L ASDIELOBFRIC B L KT L
el EHmRELTND,

A ELFTIE aﬂﬁzk&k HALPRIX T ORER IS K OVGEA RGRE DK T 2338
Doz (X 4-3,4-4) (2. FRRALERIXOD 4 38 B2 6 A BORE O T 2558
oz, (Pezeshki et al. 1997) 1T, BAREREE TIZRV 7= Rhizophora mangle
& Avicennia germinans |23\ C, %AEEEF*FODfEETk*Eﬁiiﬁ%i%@ff%?ﬁt:
HZEEHRELTRBY, KERDO A B X ONARBEE DK FITEMOEREKIC
RO THERN TH-T- B X HND,
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443 TWEMREESHEE

— s, BEHOBR TICE N~ > 7 u—7 2 G 0mie RIEEOR TiL, K
PRI B D BERTEME & & biC, HEEAENE S MERF S, FEBR R CIIMES
FEMELS 2D L sivd (McKee and Mendelssohn 1987; Sairam et al. 2008;
Ferneret al. 2012) , ¥7-EOHEEHE ZIXEMORRXKERE T ClHERE NGB D
SIS 525, ZAUIMMERE COREREE DO ff L HERIC L 2 L mESN TN D
(Ferner etal. 2012) , ARZEBR T, HAHOFEIIO DD L THRRICEOIMEERE

DEAC O HILARDP ST, FAROEEIC L Db D ERBIND,

Khan & (2016) 1%, EAF XY OEIHEA L AL > THEGHEDIKT &
TV REAL L OBMBEIERIEND EHRELTND, REROENLF X~
DBV TITIEAB X TOBERBERIIRBO b e oz, —H A BT OE

T, HAHEX CRANVAEEES A &N R WVEAR AL, A L RICRT 5
ZEMEWE & U RIS A B2 EICERT 5 L O & —E L7z (Zhuet al.
2011) .

4.5 FEER

REBROENF L~ & A VXTI, AFEREEHREL TR A L ADRE
FAHNT, HA N AOEEREE TH -7, KAKREEICB O THREC, &
BfEE HICHEA NV AOEENREE Ch-oTo, 2O &5 4 BB OBEKIZKT S
HAEDEWIIEN R SNTZ—F T, AETIERD272H DD, A VX TIEEERIC
KOEENETHAONTZ LD XD REOBRRIZKTT 2 OS2 g3 2 ME)
H5D,

REBRIZEBNT, MMEEORL D e VXX ~v T & AL X T, BRERE T OREN
HOBENIEEE TII 2o 723 A R L ATIZEBW TR ER 2 ZE RO T,
WEEA & & PERE, B OB OBRMEZA LGNNI T H 2L T, v 7 r—7)

BT OEEMRA NV ABRBE~OMEICHEE L AT 52 L1225 EEXL
ha,
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4.6

E%

Control
(Ct: Aerated, 0.5 % saline)

-2
K. obovata

\ I
A. marina
|1

I

B3}

Saline
(SL: Aerated, 6 % saline)

[
K. obovata

\ 0 07, \ M
| 00 A.marina
] |

[ ]

,’ f

((\
[ )J)

Hypoxia
(HP: not-Aerated, 0.5 % saline)

Mot |

..

Hypoxia & Saline
(H&S: not-Aerated, 6 % saline)

T

11

J

: \ |
A. marina
-

41 ERT VA KK

4 EOFIEABELX (Control : XHHAX, Hypoxia : B8R ALEEX | Saline : #ALEX | Hypoxia
& Saline : &R - HMHEX) 2 L, fHFINIIELEOIKEES (Ct, HP, SL, H&S) & JLBf
WA (Aerated F721% not-Aerated, 5LV 0.5 F721E 6 % saline) Z RT,

Fig. 4-1 Diagram of experimental design

The four boxes represent each treatment: Control, Hypoxic, Saline and Hypoxic and

Saline, and the parentheses indicate the abbreviation and the detail of each treatment.

# 41 ERHMPOILEEREEE (BC) LEAKBKOBEFBRREE (DO). pH
Table 4-1 Soil electrical conductivity (EC) , dissolved oxygen concentration (DO) and pH in

flooding water during the experiment

Treatment EC (mS/m) pH DO (mg/dem?)
CT 231.7 £ 2.3 5.9 £ 0.2 6.6 £ 0.3
HP 253.1 £ 14.3 59 £ 0.2 3.3 £0.2
SL 1322.9 + 101.8 6.2 £0.1 n. d.
H&S 1201.9 + 73.6 6.0 £ 0.1 n. d.

1) BB o O A fE AR ERRGE. n. dITRIERRR O E WTREHEDH 2 8E L, WEREETH

HT EERET,

Mean values are presented + SE. “n. d.” indicates values were not determined.
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# 42 ERRTIROL VX T~ (A marina) & A V¥ (K obovata) DXAREE
Table 4-2 Photosynthetic rate of A. marina and K. obovata at the end of experiment

Treatment A. marina K. obovata

CT 6.26 £ 0.16 4.77 £ 0.62

HP 6.44 = (0.33 2.48 £1.01
n.s. n.s.

SL 2.70 £ 1.49 *0.07 £ 0.07

H&S 0.31 £0.31 *0.19 £ 0.19

) n.s. 1T Steel-Dwass BREIZ L » THFHFINAEBEENRBO LN -T-Z L 27T (p>
0.05) . *AAFERD 3 ERARIG O 7= OAFEME A DA 0 & L THM,

Mean values of three seedlings for observation are presented +SE. Multiple comparisons
between treatments were conducted by Steel-Dwass test, and the significance level was set at
p<0.05. *Mean values were calculated include the photosynthetic rate of the dead individual

as 0 since the number of surviving seedlings is less than 3.

acT OHP B SL BI&S
2 6 -
A. marina K. obovata
n. s
— n. s
X n.s
a n. s
2T 3T
13 n. s.
=
= n. s
A
0 0
Leaves  Stems Roots Leaves Stems Roots

K 4-2 e AX¥H <Y (A marina) & ALV X (K obovata) DEBEE
M oT T — S — | JHEAEEE L FT, KFOn. s, 1 IMEEEENRRD SN2 L
%7~9 (Steel-Dwass test, p> 0.05),

Fig. 4-2 Dry weight of A. marina and K. obovata
Error bars indicate standard error. “n. s.” indicates no significant difference by Steel-

Dwass test (p>0.05) .

38



Relative number of leaves

—O—CT _._HP ..O..SL .....H&S
1.5 r r
A. marina * K. obovata
*
w0 YL
E o‘
'-d O"-.O_‘._ .
8 - ..te:' ....... ... * .‘_"
w05 | LAY e f
=~ * 4
@ *
j= Oererees O ?-_'. *
% * O etz Onenll,,
* S e
0‘0 1 1 J 1 I. * . ]
0 10 20 30 0 10 20 30
Days

X 4-3 EBRFETOe L FF < (A maring) & A )X (K obovata) DEBE(LEIEOHD
DT ALY AT ITERBIGEEOME OMICHEFMNEEENRBO LN & &R

(Shirley-Williams test, p < 0.05),

Fig. 4-3 Relative leaf number per seedling to the start of the experiment

Relative photosynthetic rate

Asterisks indicate significant difference with the value of the start of the experiment by

Shirley-Williams test (p < 0.05) .

~ ——CT —e-HP ~o-SL -e-H&S
A. marjn{es Q K. obovata

1.0 O
05 % e

S Ne

- '.‘ Q' ‘e .

‘E:.o:_.- . . Lo

5 e e,
O'O 1 I. . J
0 10 20 300 10 20 30
Days

K 4-4 ZBREIMFT O VXX~ (A marina) & A VX (K obovata) DItARIEE DR REXIZ

92 ALER X O FE eHE

Fig. 4-4 Relative value of photosynthetic rate to the control during experiment of A. marina and

K. obovata
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OCT OHP gSL mH&S

E 80 r A. marina 10 T n. s. K. obovata
Lo
oo n. s.
&
B 40 + 80 I
Q
g I
§ | n.s
- n. s
T . s.
; . ; fan |
Leaf Root Leaf Root

45 EAXF <Y (A maring) BEXOAELX (K obovata) DIELIBOBFIRMEEEAE
T T N[ IEEREERT, MFO n. s, IHFHENEBRERRBO b hoTo 2 L &R
T (Steel-Dwass test, p> 0.05),

Fig. 4-5 Sugar contents in leaves and roots of A. marina and K. obovata
Error bars indicate standard error. “n. s.” indicates no significant difference by Steel-

Dwass test (p > 0.05) .
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FHHE A M UVABREKIZE b2 ) HRRFFPRAHEYERIC
BRETEE

5.1 Frifi

FDA~ b TIHRHBEOBERIZ L > T, v 7 u— 7N & OFFRAR e & Ot
TEHVRFE DN OBEREEN B W2 LR SNl L x X onTic, v v s u—7
MROAREFHIRERETZ 1T Tl <RI SRE L COEE.ENE L TETND, 20
e, v ru—7kogRELME, BRETHMERINTEY, #HREFT
BAELEENED LN TWNAEN, v 7/ n—7HoiEkis L OWRICH T 5 EE L
TR, W OFRiM e Eom ERREO—DS L STV D,

</ u—7 BRI EICAET T 5720, BECEHWICE 2 EAKKEICE
HEIND, v/ u—THEEOREKICEIT HES EAEFEOM EIZIE, b O
KEKBEIZKT DEHARDICELIET 22 & L ZNOICEDW G & Y —
=T BB TH D, IO DEARIL, EEDRO KNS bHEETY A X
DINEWEDR—RHITH D, DX D 7REAR T, EAKMHERRES I FEL
TRV, FIEL TV THRBEMEW 2O KET 5, BERADZE I, ik
Mg 1 D& L TEIMEEEMFENI2MRICEATLHBENSEET D
(Kozlowski 1997; Kozlowski and Pallardy 2002; Dangremond et al. 2015;
Copini et al. 2016; Loreti et al. 2016) . = OFERRITBHANIOELFEC _Fe(l IR FE
72 E DI AT AARET D721 T < BHENTO T AB#B OEE HH-> T\ D
(Kozlowski 1997; Pezeshki 2001) ., L2>L., TEIEFE TKET S L 5 RBREE TIL,
KR & DOBFAERWI 7241 D 7o OIT BRI K D T A BRI AR T, ko=
FNF—MFEDIT & A CITHKMRIEET 2 b0 & PRI D, Tl OB
(X, BRI RN TN 50, HBOME ~DOERIES pH MET
THZ LKV RECT NV a— ARV EDL, T3 —/VFREEL, RO
BEED THHENE VBN T E N T AT E RERTTZY ) —L~EB LTINS
TR CHEHERIZM B NADY &2 AT 2, 7 /0 A — /L 38R T & OB BE 0D 3
INEEERIFO TRV —REZFEMT D0, 72— 15 1%7-0 D ATP 45
BIIHRER D 18 73D 1 FRETH D (Lee et al. 20145 Kordyum et al. 2017) .

W& D, HAKRRAKEITIEARLCVEKICE DD TH DD, v~ 7 a—7
HLIEA MLV ADEBELZIT D, — KIS WA ML RAIHELAROBOKRT oy
IVABOMHERZ X DWW AKAESS, HEKD Na < Cl 1 4> OBFEIHEAIL L DEEE
EMEEEZFI SR T, v 7 a—T7REO X 5 2RifErE & R o <k, aliEtk
BEXE 7R & DR BREDE OEMRIC L DK T v v v VAR OHERFC, RO 72
ExRAWTEEOHEY - BREE7e & OmEE#E? 235 (Parida and Das 2005;
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Flowers and Colmer 2008, 2015; Liang et al. 2008; Parida and Jha 2010; Nemati
et al. 2011; Wang et al. 2011; Maimaiti et al. 2014; Sreeshan et al. 2014; Flowers
et al. 2015; Reef and Lovelock 2015) , ZiLH OMfEMHHEEDOIZ & A ST, =xL
X—{kfr & SN TWAHZ &5 (Shabala et al. 2014; Flowers et al. 2015; Kotula
et al. 2015) . ME/KIZ & DK TITHEAKIZ K 2 KEBIZH AT 0L 2 —FE AN
THZEMNTREIND,

AR A~DKEE T, BRAMEDONREI E 9 = /L F —ffG DBEIFR A~ DIRAF &
FRFIC, A P VAL 2=V F—FTHEOBMMAEZ 5 & THEND, EHED
R AR LETOROFRMEICBW L, 2O L) R OB SR A N LA

Xt o~ e — T BREOISEICET 2 MANLETH D,

Z T TCARFERTIT, MK EEARNENENAKE LTZE EOEEBROBEA ML
AR, v 70— T BRROBRIFRIC RIETRBICOWTHLNI T2 Z L2 Al

L7,
52 MEEARE
52.1 ##

BT~ 7 e —T7 2f (A AF LA X) OEKREFER L, BRI
TR S 2 F R OME KRS (AbiE 26°20'24.5" B 127°51'12.7") (2R 13 4
F TIHERL S 7z (Spalding et al. 2014; B IRBREEE B AAPRER 2015a) v 7
o — 7B RN R L R R A B L, A L2, 2017 4 3 HICHBIR S 2%
THYNIRRZ CTERE L 7= U i & B EUCR PR I 98 o 2 — IR BIR 0 | W R T
Ziil- LieZ v 7 NICRAE L, EBREISEN O KRBT T AT 2 TKEKTERL
72o 2017 4 5 HIZ, 1/5000a U 7' —R v MIWERALZ H W T B2 21T
W RIRIEEE (N: P K= 60 100 5, #RIENA KLY 7 A NARRy 7 AT xR0

(BR) ) % 1000 fFIZAR L C 1 EIRH 7=V 200ml § Al L7, R AER O fit iR
XRIBRICEIC— R3S 220, 4 @Rk L7c, X0 5 kIS, bk

(777 K /Mki, N:P: K Mg=6:40: 6: 15 A RK 7 AT ¥ ] (BF) )
Z 1{EEH -0 bg it L., EBRE THER L.

2017 4 10 A 3 HIRER COAMFEET X TIZBW T, BifE 2 L SE 41T &g
B B, EHOFEZ B o7, AFEEERIZ. A BT 88 ik R
£:19.1 £ 0.4cm, FHHIEEE: 9.1 £ 0.2 mm, FEHIREHEE: 3.8 £ 0.1 mm, F
HBER: T £ 0.2) . AELXT80 KR (EMERE: 25.2 £ 3.3 cm, FHJHIER
££:14.0 £ 0.2 mm, FHREIEE: 4.7 £ 0.1 mm, FHEK 10 + 0.3) RSN
INHOHFNLAREREE CGENFEA, B L TnD) ZEVRE, &ifE
TIUELZ (7 BVDT & AB@”&&%@E% LB ST EWEZITEY) 45
EEAEEE L, 5 @ ET D9 DO V—TF12401F7, 10 A 4 BIZERTOY 7
ARSI D 5 BT ORI L, %Y 40 ERE FEBRICER Lo, ABRTOY
T Ao~ N7 77 o I, B, &, REEERRL, 72 AV OARS
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VAT (W
522 Hik
EBRIE 2017 45 10 A 5 H~10 A 16 BICRBURFHIEMIIE & o & —EBRE
WORBIA T ZRIZTR I 2o e, AERATY > 7V &R TZ 40 iK% 3 %K
EOKIEKZZ N T LTe 2 o 7 ITIREE 2 L T LR 1, 3,6, 12 ATRIZ 5 f@
BPFOBRIL, BELZE, @, BRABCEENLI=Z ) —LETE T ATE R
DEFRERENAIu~ NI T 7412 X>THIE LT,
5.2.3 RIEEH
KAV Z ZAENORIR SR, 1 X OWREORIEIC I, FE - S50 - IBE - 12
7 —%nJ—: TR-74Ui & BB UV & 9 —:ISA-3151, IRIBE & >+ —: THA-
3001 (W94 b T&D Corporation., Japan) ZfEH L7z, AR H ORKEIZE Y
TZHALTh 2 BEN YD LS RIZEER T 5 OB THh % PPFD Ct&ROLE
FHEE) (AT 5729, https'//www.hoshi-lab.info/env/light-j.htm] PN D&
V7 NEER LT, WAFEES B pH/DO Meter: D-55 & [7k DO i : 9551-100D
(Wb HORIBA, Litd., Japan) THlIE L, B2{tiEc&EN (LA, ORP) & pH
DOWPE X AS700 pH/mV Meter (AS ONE Corporation., Japan) (Z ORP E &
(301PT-S. AS ONE Corporation.) & pH &#& (201T-S, AS ONE Corporation.)
2R LT,
524 TFHEFPILTEF, T2/ —La3H
IKPEALER S KPR B L2 s LI TR B AL 720, MBF o7 F 7 AT
NExZ )=V TA I~ NI 77 42T T2 Tc, WA a~ N7 T 7 4
(21X GC-17A (BERUERT) 2 v, BHERIE FID #46/M L, % 7 A1 Pora PLOT
U (Agilent Technologies; 10 m X 0.53 mm capillary column with 20 u m film)
AL, XX VT HRANEINI T LE AL T T v T HRAITEREEH L.
MEIXF 1 4ml/min, 80ml/min & L7=, JEAO, B X U\Tﬁu”:'uﬁﬁ@YmE I 200°C
EL, T AREIX160CE LT,
5.2.5  #EEHERT
WRHEM THLTENT VT e Nex2Z ) —LVEFEICEET HERLH
ET D20, BRALOT® T AT Rz /) —LEF8E, BLUORET —4%
HAWTHEMET 2B 272 ->7- (R version 3.3.2, ff /X v 77— 1% base &
multcomp, psycho, mycor, scales (R Development Core Team 2014) ) ., f##T
%, ALERE L OB B O A G bR TOLELKRE, 72 M7 ALT e REB X
V¥ ) —LVERE HER L L-— b es v 2 Wi, ZELRIZ
TukeyHSD test #17\), AEKUHEX p<0.05 & Lz,
AENFLEFEALFOTE T ATE FEARBBLIOTY ) —LVEREICHE
THERIZHOWTELETLHZ L2 HME LT, — e v (LK GLM) %
Witz Zrol-, e, BIOMRICEENDLGTE N7 ATE RBLOx
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2 ) —NVEICET AT X2 ERIL L0, L BIOROT® N7 LT
ERERREBIOY ) — LV ERF &% BIEHE Lz GLM 1Bk L7z, {ER L7
mmu’m%mNaEwm%ﬁw'%%ﬂkﬁ%#gﬁﬁ&ﬁ%%ﬁ@ﬁ&Abﬁ
&2 DIRBOHEEMIZ OV THRET L7z, GLM % W 7= @i, At WL
ﬁﬁ%%m_%béglmﬁm%k_ﬁoto%&%\kioﬁ®7ﬁb7w7t
RBIOxZ ) —LEFED 6 >% BV L Ui, dlIZ 5L, £ B 2k,
QUBR ST, LB OV FREE &, ALK D ORP, 7kif, PPFD. &EBAL0 B IR
TﬁEVTtFTW?EPﬁﬁ%ﬂiﬁ/—wﬁﬁimgﬁ%ﬂkbtomﬁ@?
Wi, KIS L DR 0, HKICE DA 1 & L7e & I —EHE A,
DMOT —Z 1T T X THER & L7z, IEAMLIZEB T D5 NA R—="TFG A —=FDa Lk 2
IX. 10 IR ZEMRFREIC LV IRE LT,

5.3 HER
53.1 SREBHIFEHORE

EBWIR P OV RIRIT, R ELEY A:23.4 C, ALH%E 1 A:22.6C, 3 A:
24.6°C. 6 H:27.3°C, 12 H:18.5°C7Z~ 7z, [RIERIZ PPFD [%, T CHALEE H:316.7
pmol/m?/s, ALEEf% 1 H:241.9 umol/m?/s, 3 H: 211.5 umol/m?%/s, 6 H: 284.3
pmol/m2/s, 12 H: 50.5 umol/m?2/s 72~ 7=, ALERR & ALFE% OLBK DEREE 33 5-
1157,

KR O EREEEED PPFD, e FE, B{LiETENM, BXOVKEITBkTn
FFT DM A RL. 6 HEXRb®EL<. 12 H B & b2 o 7o, BB LiE T ENIL
3HER®EbEN T, BH/KUIEOEFIASR EITAERKLIEOBEFHRFZARELD b
Kooz,

532 TFTEIPLTEFEIUIS/ —ILEFEOBRREL

AENFLFENFOELE, BIORICEENDLTE T VT FRBEUOTH
)= VEREORFEEZR 51 17T, AEAXFLA L LFTOFAEIZBIT S,
B ROTERNT AT E RBLO=Y ) — L EFEOENHLE 23K 5-2 |TR

R

AEAFIZBWT, TR M7 e FEARIE, B, & RE DICAERTOEE
OB IR, EORE, LBIZBWTHENMNZ L DOEFEIGEVIFED L
T, BEE X CREHFIA B EITFRO bitZe o7z (Tukey HSD test, p
>0.05) , O X/ —/L ik, AKEKUBE T3 HEIC, BREKOAUET3 L6 HAEIC
EHEENEWVEERIGED I, 1T LA EOEENDITMRE ST, FEHENE
BENRO N2> T2 (Tukey HSD test, p> 0.05) . §pD T X J — )L ZULEER]
ORGSR SAv, AERLE & KA S H12 12 HE ’%b\fﬁﬁ%ﬁ;
RVMEM 23380 BV AS, T XTO R &ALBXE CREHFZRIA B ZITRD b
- 72 (Tukey HSD test, p>0.05) , fRO=¥ / — L EHELE & FJ*% Z12HHET
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DIVMEMDERD B AV BEEHFRIE B Z2ITR O b2 h o 72 (Tukey HSD test,
p>0.05) ,

FEAXOEOTE N7 LT REA&EIL, A% 6 HAEZAICE—27 2l x|
12 A BIZIHE T T 22O b, BREKLHEXTII12AE L, 1 HERBEIWY
6 H B OMICHEFIAEEZDR D bt/ (Tukey HSD test, p < 0.05) , #D7
TR T AT REAEIT, BUIEE AL MLBRX O WT I b REHFIA EEDN
B 5T (Tukey HSD test, p> 0.05) | BRI LIBD L2172, RO
T hTT e REGRIT, KEKLED 6 HE & 1 A B OBICHEZOEEZEDN
BOLNTZH DD (Tukey HSD test, p<0.05) . BRI %18 L T OB EH]H

ROLNRPoT, FEALXOEDOT Y 7 — )V EFRIL, FEBRIIM 48 L TR
fa?ﬂiﬁl"ﬁl BOOLNT, MEFFRAEEEZLRD L) -7 (Tukey HSD test, p >
0.05) , BEOTH ) —/LVEFREIZONTS, EERWIR T £ 8 L TORRRMER I
DHNT, MEFFIAEEEZLRD L) -7z (Tukey HSD test, p> 0.05) . 1‘
DxTE ) —/VEFREIT 12 B B O/KEKLE & SO ORIZHEE FA B 2N
BOLNZHLOD (Tukey HSD test, p < 0.05) | EBRHAR 238 L C ORAR 2 {H]A)
ITRD NIRRT,

533 TFTEFPLTEFBEIUVIEZ/ —ILEFEOEMLE & BEUMLEE

AENANFEFEAXOEEHZVOTE N TATE FRBIOZY ) —LVEF&E
R 52, BENMOFHEELR 5-3ITRT,

WAEX E B2 TS0 ORT 2 N7 AT e REFEIX, AEAX LY LA
ELX TEVMEM TR Hiv, MEERTE . KEAKLHEO 3 HHE 6 HE, BLO&
WAL 3 B B CHREFMAEENPBED O, —HTZ¥ / —LEFREICB

TIE, MR CEWITRO HivZenoiz,

AENAFIE, BOTE M AT REREDEH LIROZNITHATERWMER 233
Tz, Fio, ABRRTE KEKLEEO 1 B, BEKOAHEO 3 HE T, EUR
BOIEICT ' T AT e REFENE L, &6 0 bELHOMICHEFEIAEZER

BOOBNT, ABAXOTH ) —/VERREITITE A EHNFTEVDRRD L h
ST, KEAKLEED 1 B TOH, EBIOH LY LR TEFEDE L, Mt
A BZENPRD b,

FTEAXOTE FTATE REARIT 12 BEZBRWT, EOGHEENHRLEBO
HOXE bE <, KEKLED 1, 6 Ath, BEAKLIEO 1, 3, 6 HL CHEHFH
BEEPRD LN, KEKLED 12 BEIZB W TR, BB IOEH LY R TO

ERENEL . MiFFHAEENRO LN, TeEAXOTY ) —LEFEIT, A
B LR L EERIE & A ETNLE TEWVDRTRD b o o3, BIEAKOAEO 1 % T
DHBOEGEHENE LTI bE., MEFFHEEENB O b,
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5.3.4 GLM ¢& Elastic Net IERIMEIC & B &4

ERUb U727 — % 2 H L7z GLM OFBAEEOREOME@E . BHEZEEIC
it DB AL ORBRMEORE S 2R - FtT 5 2 L2 BRI E LTI 217>
7o BT VIERIT Elastic Net EAHEIZ L VATV, 0.5<a<1.0 DL XD L O
BRI 2 AR EMRAEEIC L V1T 72, GLM B X O Elastic Net IEAILDFER A2 5-4 12
ZNCa

GLM & Elastic Net 1ERIbZ W2 M#HT Cix, miifEds L O I I@ O fiE[H)
IR N o7, AENAXFTHEH, BOT MV TE RBIXOR ¥ ) —VER
B ROTE N AT FERELY BRVEHLE L2 350 GLM Tt ZEE0 &
HORH T, REEHTAHIE IO OEREICHET HERIIRIN o7, BOT
¥ 7T REAREE BZEHE L GLM OBHAZEKIIEFIREZR T, o7
B RT AT REREIITUEAKFOBFHRIZAZBNPAOEELZRIFLTNDH I &
WRENT, BOTY ) —VERREX BEE Lz GLM OFZHL, FEA
B, e FRFE EI JOVPPFD T, IBFER R & > it H 3> PPFD OIRICARE DO HEE
EOMEENRKRENoTz, 2O EMnb, BOZF ) —/LEFRICIE, il A
B, WIFEFEE S PPFD NIEORELZ KT L TNDH 2 L AVR S, MXBICIEF
MBEBOFENRELREN ENREN, ROTE® T AT REFEE BIOE
¥ Lz GLM O#HAZLRIT PPFD OA T, OT7 ¥ M7 LT FEAREIZIT
PPFD NIEDEELZ KIFL TWD Z EARENT,

FEAXTIIEOTY ) —VEFRE, #OT7® N VT E NEEE, BO=%
—VEREAZBIER S Lz GLM Tld, SAZEEEHEE T, 2 b0 HIERK
B ABERITRINhoT-, EOT® N T AT FEABREZBMEKL L=
GLM T PPFD 23t ALE R Ch 7= Z &6, EOT® P T AT b FEFEEICIT
PPFD NIEDOEEE KIFL TWD Z E2VRENT, O X ) — VEREE B
L L7 GLM TIZAKIENHHAZH Tho1-2 b, BT X ) — L EA &I
KIBNEDOFEEEKIEFLTNDZ ERRENT, ROTE N LT e FEFEZHE
R s L7 GLM Clafm B, WFEmEE, =%/ — L ER &AL T,
B OHEEM OAEXHMEIL, #il B > VEFIREE > =% ) — L EREOIEIZ K E )
ol TOZENL, BOTE RN AT E REAREICIT, B8R BGFREE,
BIOWROTY ) —VEFENEDEEZRITLTWDZ LIRENTZ,

54 BE
541 BEFHELT7EFZILTERBLUVIS/—ILEFEOER

BRI 133 S ICHEEREE L 7L o — LREER B ) | WD WY 72 TR EE
WZHDGEIFBHICT NV a— A RENMTOND, 72— VRERIIFRNE R D B E
MTHLIENVEVERETE RT LT RANEBIL L, TV — BKRERN SO
WZBILT HZ & TREEMD X ) — NV EHd, 07D, mAKMEIZ L 5x=4
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—IVERBEOHENSCT Va3 — VKRR OTEMHE 23 #E 4T D (Kennedy et
al. 1992; Kreuzwieser and Papadopoulou 2004; Yamanoshita et al. 2005; Kang
et al. 2009; Ferner et al. 2012; Kordyum et al. 2017) ., AHFFETIL, T/ 2—/b
RN TT NV a— L RKRREERPEEL LT LT T AT Rex g )
—VEREZIE L7, KEKEBEKOMLIRIZIWN T, BT & A% 0T
TR TATE RBIOZZ ) —VERRICERITFEO b2 oT-, ik, 0
%6 HEF CIHEFREENE RIS CWEZ ERERO—D2EEZLND, —
I, KIEPHESIRED LA IBEFREELZIRT I E 5, ARV TR, &f
AR DI AEWE R BT AEKLER LD K-> 7o b DO, KR & EfFRE SR &I FH
TOMMEZRLTRY, A% 12 B B OBEFBRFERIZKES O PPFD & &6
ETLTWD, 2D DEFBEOLEEITIT, HERBEEL TWD I EMRHRES
b, v r7a—71ReEORA - BEAEY O FITIE, EAKRETE RN
ZIENEREB Z ) BRAHE SN TS (Voesenek et al. 2006; Colmer and
Flowers 2008; Parolin 2009; Colmer et al. 2013; Mangora et al. 2014) , F7-.

AENFEAFENRONEKOROEIERE X 30°CHET (S 2003) | AER
DEFRFZENEVHOKEE b—ET 2, 26D Lnb, KEDEFIZED
729 B RIEEDOHEINT XV | S WIS FIER EDHER SRR, ARIFPBROE B 23
RS L% =% ) —VEREREDL RN bD EHEIND, LvL,
AAFFE TR E OB FR R ORES, B OBENRELZREL THE 5T, GLM &
AW ICB N TS, SIERICE F TV R FEEE & PPFD, Kii7e &0
BREOWEEOTFENERIRIEE o1-, 2072, v 7 a—T7#ENKP THrHE
FRZAT > TV D ATREMEIZ DWW TIE, AR bBREZ ERDOLENH DL LB BND,

542 TEFFZLTEFBIUIE/ —ILOES BRI

T T AT RIZERWEEE SO, T a— UREETIET S EBEEOK
W F ) —UETTSND, —F T AR TIEMmBIE S b, =4 ) —/LiZs
TEWERREOTE N7 AT RSN, 7& b7 AT v REFEEOHEMIL,
ARVEMEICEE A SR 23720, 2 b OFEMEEHEOTEE L i /Kt EREE
D1 2EINTWV5S (McKee and Mendelssohn 1987; Perata and Alpi 1991;
Kreuzwieser and Papadopoulou 2004; Maricle et al. 2014) , AKEEBRCTIL, —% /
—D 10 fEL DT F T AT e AR S TERY . WO T 2 7T e
N DO S BN R STz, £, 7 M7 AT e RER&EIT, 2L
B0 AR TIIEHOR T, 4 VX TIEE RO LR CTERENEN
Sl Z &G, BHEMIZT TR <EMBICBWTOIFRRICERNH DL Z L PR E
Nic, WERTOMENLTE R TATE RBLXOZZ /) — AR SNz &b,
FEAOMMIEIC LY BEEANCT NV a— L RBEEZITH) ZENTX D20 EHESH
%, —MREYIZ, v —TBEOAF T HEIME O+ T, EHR KO
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W IKAZIZ K » TR R & L B LETEM MRV, 2O X 9 REREIZBWT,
BESER 2 TEHANICIT 9 2 L IC R 2 =X —REOREFIL, 18R 5 2=
WR WSl B K OEIROEEICBWTIIAERATH D LB HLD,

— 5T, BEAEBIRO—E TIL HEEEKRHCARE TAR SN e ¥ ) — L 2 i 5KER
RICHLEBICER L, L LB/ = VBRI CEE S LTHAAT 2 L
R, LA U ARHIIAET HIEERRFEIC X HEEEBRLEISR ETTE R TV
TE RBEMREINDZ EbHEIN TS (Kreuzwieser et al. 1999; Kreuzwieser
and Papadopoulou 2004; Jardine et al. 2009; Kreuzwieser and Rennenberg
2014) . AEBRIZBWTH GLM Z AW f#r Tld, e Vv FOED T FT VT
bt REAEIC PPFD NEOEELZKIFL TS Z LRI, BRRO#HE & R

DHREMEDEZDND, TNHED I Linb, DT T AT E RRZF ) —LD
BREIE, BT LT a— LR E 720 bOTIERLS, BEA ML AIZLDIE
PERR SRR D A B L IR IR BRSOV E AU K D MBIRE D LR 2 ENEEL T
WD ATREMEDN B D,

543 MHEAMLRAOREELEYVTD—THEOMHBRE

AREBRTIL, ZKEKRDEBIEANCED ST, KBLIBIZL5T7E M7 LT RE
LT ) —VEFE~OEBIIRO Lo To, £, GLM % HW - fiftricis
WTh, MEEFENFHIAZHICE ENT, A N ABLOEEG A ML ADOFET
WOOINIRMoT, —H T, KEBRBNERICL > TiaFRFEeLm <22
LR TR RTATE RS ) — Ve @REICERB T LR ER, v T n—
TEREOEVEERMMED 1 > Th 2 TR R 47z, 240D OBE R X
FrlZ, A XD/ Wil - Bl OREEPEET 5 ThHA 5, KETHR L O
PEDSB 72 RPN T, HEICRD EEZ B D,
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556 BEx
F 5-1 ALHERT & A OLEKDIRET — ¥
KPP OMEELIT Salt Conc |THREZ, DO (Z¥EfFEAFH 4. ORP [FM{LETEM %,
Temperature [T/KIRZF T,
Table 5-1 Environmental data of treatment water during the experiment
Abbreviations in the table indicate Salt Conc., salt concentration; DO, dissolved

oxygen; ORP, oxidation-reduction potential; Temperature, water temperature,

respectively.
Past days Salt Conc. DO pH ORP Temperature

Treatment (days) (%) (mg/L) (mV) (O
Control 0 (Before) 0.1 4.66 6.4 94 23.5
1 0.1 3.68 6.6 83 24.5

3 0.1 5.56 6.9 103 24.7

6 0.1 5.62 6.5 96 29.6

12 0.1 3.27 5.8 99 22.1

Saline 0 (Before) 3.1 3.64 5.9 63 23.3
1 2.9 2.70 6.2 81 24.6

3 2.9 3.14 6.3 120 24.5

6 3.0 4.18 6.2 63 29.5

12 2.8 1.29 5.0 16 20.7
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Fig. 5-1 Change of Acetaldehyde and ethanol content in leaves (left) , stems (center) , and roots
(right) of K. obovata (upper) and B. gymnorrhiza (lower) before and after treatment
The first vertical line (left) indicates ethanol contents, and the second vertical line
indicates acetaldehyde content. The horizontal line shows past days after treatment: O
indicates before treatment. Each legend indicates solid line, ethanol content; dotted line,
acetaldehyde content; blank, control; filled, saline treatment, respectively, and error bars

indicate standard error.
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#£ 54 FWAEOTE MTATE RO ) —VEFEREZ BNERL Lz GLM OABRHAEHK
DERDOHEEE
TIAEEDOIEEIL TN T, Acetaldehyde, 7 b7 /L5 b & A &; Ethanol, =% / —/L
&4 &; Pastdays, #48 H%; DO, 5EMR#E &, PPFD, JtAROLEFHEE; Wlemp., /KR
T,
Table 5-4 The estimate coefficient of explanatory variables of GLM using the total acetaldehyde
and ethanol content as objective variable.
Each estimate variables indicates Acetaldehyde, Acetaldehyde content; Ethanol,
Ethanol content; Pastdays, Past days after treatment; DO, Dissolved oxygen; PPFD,

Photosynthetic photon flux density; WTemp., Water temperature.

Species Part — Model - alpha lambda Estimate
Objective Explanatory variables
K. obovata Leaf Acetaldehyde ~ 1 0.50 0.54 (Intercept) 0.015
Ethanol ~1 0.50 0.02 (Intercept) 0.047
Stem Acetaldehyde ~ Pastdays + DO + PPFD 0.50 0.51 (Intercept) 0.013
Pastdays -0.098
DO 0.163
PPFD 0.086
Ethanol ~ DO 0.50 0.01 (Intercept) 0.080
DO -0.082
Root Acetaldehyde ~ PPFD 1.00 0.53 (Intercept) 0.115
PPFD 0.502
Ethanol ~1 0.50 0.14 (Intercept) 0.043
B. gymnorrhiza Leaf Acetaldehyde ~1 0.50 0.46 (Intercept) 0.008
Ethanol ~ PPFD 0.73 0.62 (Intercept) 0.093
PPFD 0.295
Stem Acetaldehyde ~ Wtemp. 1.00 0.59 (Intercept) -0.062
WTemp. 0.097
Ethanol ~1 0.50 0.96 (Intercept) 0.001
Root Acetaldehyde ~ 1 0.50 0.18 (Intercept) 0.038
Ethanol ~ Pastdays + DO + Ethanol  0.96 0.80 (Intercept) -0.105
Pastdays 0.475
DO 0.365
Ethanol 0.185
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FHOE B AXFHXVONRRBRYIRNRELROTE N T AT E
NExZ ) —NVEFEIIRITTHE

6.1 K

~ 7 n—7BEOETT HEIEAIL &V TR I K DRI K Dk
RANVAPR 70— BEOEFICHEZ KEL TnD, —&kIZ, Y OEEK
PR (1T, PFIRAR Il ARk D F8 =, NER O, BRI O ke &5
5N TCWW5 (Crawford and Baines 1977; Toma et al. 1991; Kozlowski 1997;
Vartapetian and Jackson 1997; Kitaya et al. 2002; Kozlowski and Pallardy 2002;
Colmer and Flowers 2008) . #1 T, MR DOFE T~ v 7 v — 7 BfEICIR < 7
D HNLFFEAREE T, REOTAZHOEE ZH-TndH s Tnd

(Kitaya et al. 2002; Purnobasuki and Suzuki 2005) , FFRAROFEREIIFEIZ L -
TEERTH DD, WO—HRBPTHNCEET 5 2 LIC ko TH EICHRE T 5 Sk
B L TCFEY (Saifullah and Elahi 1992; Kitaya et al. 2002; Krauss et al. 2003) .
2O XD RIREAVRHEIT. BERICRT DRI EmW I EAME SN TV D,

ENAFRL U I a— T BEOR T H MRS TR O KEOTENE Z
HETHMLTEY , BBRIEN GG EEZ DTS (Naidoo et al. 1997, 1998;
MHED 2017 . £72. eAFI VIR ICE OMBRIRZHREISEL 2L T
HMONTEY, MRROFRZENPBRIMHEO R SIZEG L TWA Z ERTHERINS,
ZDID, MRIROMAECIEAN, v~ 7 n—TBEOEF & ARICREL RITT
ETFREEND, FFIT, BEAF X2 U OMRIRIL, WIS Th H720H, BHIC
HET2EE2OND, LoL, MIROBECIEIN, v~ 7 a—7 B4R
AP E O R L B LT T ONCET 2 AL R0,

Z ZCARE T, BBRIHMEHRE & STV D BLE X < 2 OMIAR O YRR A
FICBXIETHEL RRUIRICE2ELROT®E N T AT FBL U Z /) —
NERBESDEEND, RO RHC BT 2 ZHEBLE LT,

6.2 HHEHMETE
6.2.1 AT

A, LB, BLOYW U VEEUL 2016 4E 9 H 27 H~2017 41 H 23 HIZ,
BRI O 2 EHIEICH L FRO B2~ UREAEMTITo 72 (dbf# 26°20'31.3
" MR 127°51'55.7") o

6.2.2 IREFEH. B XAE

BRECH OKGR, FEAKE, AREMIZ, RETT7T —2_X—2 LRI KR bt
KRBT EWBRFTOT —% (http://www.data.jma.go.jp/obd/stats/ etrn) Z{#HH L
7o FHRIRIZERINA AT 7 B OBEIEY 4| FBokE & B REERHITERIA AT 7 A [
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DEFHMEE ZNZIUEN L7z, 2016 489 A 27 H & 28 HIZfEKRL & F 51117,
GPS 1, fhe, B, #EdA X, BLOBEMNREEOREL T RT LT E R
B ¥ ) — Vot HOMERRTY > 7 VORI AT 72, FREIZ, 9 H 28 BIZ
BARRAT T O H3ERR(LETTENM (ORP) ORIEE, 29 HIZEE MR 118 pH,
TESRE ZRE U, BRI, BESIAREEDSMER SINL LTV D § D & FiiE
(2 14 fEREE L, L2 SIEICE ST 23 272 o 7=, ORP & pH O#lIEIE AS700
pH/mV Meter (AS ONE Corporation., Japan) {Z ORP & (301PT-S. AS ONE
Corporation.) & pH &M (201T-S, AS ONE Corporation.) ZffH L. &@E{ED
% T 2 DFT LA B ORIEME O FEAE A fRAT I L7z, BEIKRD GPS EEAEDORIE
WZIZA~— 174> 77 U” Geographica” (keiziweb 20154 7 H 13 HY U —
A) . EEA L, BEMREEE, 50em X 50 cm ® 2 KT — M &fEH L CHlE
T e CcRB L EHRAERIL 4 TR b X O EELARE L, BEFET Y 7 &
“DENBENI Atze— ve2.71”  (GTSOFT,http, //www.geocities.jp/gen_0715)
ZfER L CESAR O A FHII L 7=,
6.2.3 NER
LPRXIL, ENARZUIERT 2 “GIBRKX” & “SHHRX” o 2 EX TR0 IR LIT#
NENTEEST S L Lic, 2R ZH OEEOALERIRIZN 6-1 12737, BIFRX Ti,
K HRE R DB SIAR 2 HUBR > DB ESR, 35 OV Y $ffTEI 0 Bt>7-, 2016 4 9 H
28 AOFHOMICE2EEOLEZ S Z -7,
624 TFEFPILTEF, T2/ —La3H
TERTATE FBEOZZ ) —AGHDOdOY T 2B EEDE, IO
MGERIUL 72, BREUH IR 28 42 9 A 28 (JuEdl) | 29 B (& 1 H) |
1I0A1@BH) . 4@6H) . 7H (9H) 11 A1H B3H) . F294 1A
23 H (97 H) O 7EIT, HREEEHIT 9 Bi~12 FEO TR L L7z, BEOH 7L
IXE PR AL D AEE 28— A CEER 1 enD R BT X F TR L2, RO 7
TAETE - BB~ OB RV 72 OB 2 T2 BE S T TV E Z L, KiE
AKCUE TR A S EMY Y 2R E ST o 7ofiR & PR 2 S5 i L 7=, 1R
DY TR ORI & TR ICEREO R Lz, B, BIUIRY 7
X 10ml BHEDE NS T AHOTE M (Fik, 7 v~ b7 7 7H) 5mliIZiRES
HCTRBIRD . BEREEH (Ultra Sonic Cleaner AS38A, AS ONE Corp.) #f#
ML T3 nMloEERiH LI Z o7, BEEMEE, FLA 0.45 md 7 4 L H
— (Millex-LH 0.45pm SLLHH13NL, Merck KGaA) % F V> CThl g 2 L 7=,
B BIORIZEENDTE T AT E FRBEOZ Y ) —VOGHIET A n~
NTZ 74XV ToTe, WAV~ NI 7 40120%, HAsa~ 777 (GC-
17A, BERER) 2. MEEIEFID ZfEH L. 77 A1 PoraPLOT U (Agilent
Technologies; 10 m * 0.53 mm capillary column with 20 u m film) ZfE/H L 7=,
XX UTHAZNIANY T L% AT T v T HANTEREHERN L, METENE
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AU 4ml/min, 80ml/min & L7z, AL, B X OBHEOREIL200CE L, 77 A
BT 160°C L L7,
6.2.5  HEEHARMT

LT ofetiEtriciz 7V —> 7 Fd R (R Development Core Team 2014) % f#
A L. glmnet, psych, tidyverse, useful, doParallel /X 77— 2 L 7=,
FERBBICEIT D, WERE TOELROTE T AT E RBLOZ X /) — L&
AEZHET 572012, ttest 21TV, AEKAEL p<0.05 & LT,
HELRIZEEND T T AT E FBEOT Y ) — LV EICEET HERIZOW
TERT DO, KT —FEERUELLIZOLELIROT® N7 AT RERER
=% ) —VEFEZHIZEHE L7z GLM |2 ElasticNet IERHIEZITV, Z1
ENORGE L IIAZEOMAE Y & ORBOBEBIC OV THRE LZ, GLM
AW, (D) R A ARAEBRREOWMN2BEVWA T T LT E N
iUI&/FWaﬁﬁuﬁiT L (2) WEIZ XD RBORFFIZEGIZE D
LEROHEEZL Z /o7, (1) TIE ELROZNENOLHERTOT ¥ N7 VT
E RBLO=¥ ) —VEFEOR 4 2% BROEHE Uiz, SAZEEEMICIL, OB
Tk, BHE T OFFRARE L B OFIRARE B, ffm, HIBRER, BdmmiE, %
T, BERRMEECEM, 18 pH, BEERE, ABFOELROTE T ALTE
RBLO=% ) —LEFED I LEMNERTEIRWLOEER L, (2) Tk, %
CIROTE NTATE RBELOTX ) —LEREDG 4 5% BRIEHE Uiz, @i
BRI, B A, BVPEEKIR. BREKE. HIRER, BHE T OMURARE B
BhEmE, WHEGE, EEROT Y T ALTE RBLIO ¥ ) —LEFED S HAE
BEHTIE VWb &L, (1) . (2) &bl WEGEOT —212iE, X%
0. UIBRIXZ 1 & L7e¥ I =AW, ZOMOT — 2 13T X THER TH 5,
HEERIRIZ. AT 7 HRE O B IEARIBEOBENTE 2R L, HEKER JOH K
XAl 7 B O 2 Lz, ERMBIZEB T 2N N—= T A—=F D a & LI
ARZERRAHEIC LV IRE LTz,

6.3 #B
6.3.1 MIRBYIRLEBICEIELEROTFEIZPILTEFRFEELUIAR/ —ILE
FE~NOEE

BUFROIELIROTE T VT e RBELRZX /) —VEFEDELEK 6-3 |2
FMBEOELIROT® N T AT E FRBLOZY ) —LEHAEEZE 6-3 177,

KX L YRR OEICBWNC, T T AVT e REFREE Y/ —LVEF&EILH
AL, RPRXCIZAEEE 1 B CEvMERA D, BIBRK IR 2 b 7 W MER\ 2
RO LT, RIZEBNTL, UIBRKOT® M7 AT FEARETDY ) —LVERE
IR BT RFERT AR S ivle, UBRLEREZ OXRIX T, o7& FT7v
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TERBLO=Y ) —LEFELEROTY ) — VEFEDUER 1 HCHEML, 4
B% 3 BICIHME T 2Em»ARD b, UBRAEK TIX, o= /) —LVERF &
ITRPHRIX & RIRRICALERSS 1 BICHIIN U728, ALBRfE 3 A CIE & HICmL TR Y,
PR% 6 A IR T3 2 A F O b v/, A% 6 BN S2EmIEEo 7 & k
TATE RIZHRD b, URLERXOEDO T T AT E R ) —v
A BITNER% b AR TR b o T,

LERRTIC I W CTYIBRK DIE 9 BXBX LD &< p=0.05 THEENRAEDD
Mz, % 1 B Ol RHRXOIE ) NEIBRK XV & @ VEA D H i, p=0.06
Thole, EOxTZ ) —/VERRIT, W% 9 HH TUIRKOIZ I BABX LY
E<, p=0.04 THREFFEHEEENRD LN, BROTE FT AT RBEXO=X

J—VERABIFEOERBRBIZEBWTHABXE CHRENBO ONLT, WHIZ LD
AR 72 BT D DR D o T2,

6.3.2 GLM ¢& Elastic Net IEBI{E 2B U=
6.3.2.1 HSEEEMNTFEITZILATEFRBLUIS/ —LESHEIZRIETEE

ERRENTE T ATE RBLO X ) — L EFE&ICKITTHEIZOWVWT, &
HEIOELBROTE N7 VT R4 /*—/Vaﬁg%ﬁﬁﬁ’z%}ﬁk L7= GLM
& Elastic Net IEHb A AW - i#HTiE T 42 3% 6-4 (21”7,

WERTOEDT & N7 VT v REREZ BMESE Li2ET AV Tk, BE TR
IR &M, HUBRERE, TR biRocENr, T pH, HRIEE, LEFTORED
T )= VERE, MEFIOROT® T AT e REAERPHHALKICE T,
ﬁﬁ®%iﬁi%ﬁﬁ@%@i&/~w€ﬁ%ﬂ%%ﬁﬁﬁ®@%ﬁﬁﬁﬁﬂ%

TEONEICKEL | MEFTORD T ¥ b7 AT b REAERIIH LT, AMEFTOZED
TH ) —VEREEBEIXED, BE T OMERAREE & HIERERITA ORE L RIE
LTCWDZENRSINT, BEOZY ) —VERELZHOWERE LIZET LTI, @
SN EREDO DT T NP & Sz, BOBTE N T AT e REFELH
S E LT VT, RO ) —VERENHAEERE L TRIRSNT,
Boxr ) —VEFELXBIHERLE LIZET /A TlE, BE T OMFRREE, B
., HERRETTENMN, EORTE T LT e FEEE, ROKRTE N7 AT E R
TATE REAENPHALHEE L CTRIRENT, ZhboZ e, BOTE M
NTE RERELEZZ ) —NLVEREBIIBEWVWIRY T 4 TREEZZTNDHZ L
WO H 7 —)VER BIIBITE T OFFRARE ECRE RS, EORTE 7 ALTE R
EHEOHEIMZE > TR L, TEBBGRITCENICIIR T ¢ 77 B2 % T
HEEZ BT,

6.322 ZFEFrFZILTEERBEUIL/ —IILEHEOERELICRIFIEE

WEIZE D72 T AT RBLOT ¥ ) —LEREICKITTEEICONT,
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EROTEINTATE FBLOZ Y ) —LVEFEEXZTNENEE N E Lz GLM
L Elastic Net IERIMb & FI W2 fEATHRE B 2 £ 6-5 [T~ T,

EOTE N ATE RERFEZBWERE LIZET VTR, O ) —LVER
BN, EOLY ) IVEREZHNERE LIZET VTR, EOT N AT ER
BHENENENHALEICE ENT, 26D b, EOTE NI AT E R
EHREETY ) NLVEARIFIETNENIEOEELZZITTND I LRSIz, RO
T FTATE NEEREEZBIEKRL LT ATEBOTE ) —LVEHFEN, R
DTH )= VEREEZBWERE LETTATEBROT® FT7 LT e REEENR
ﬁ%%ﬁuzimto:@*kﬂ% WOTE N VTR NEEEEZY ) —VE
FEOLBAEWIIEOEEZZITTWD Z ENREINT, ROTZZ 7 — V& HIEE
& L7 GLM TiE., BRI S HAEKICE Eh Cniznd, Mﬁ@%mﬁ@#%u
INEoT2Z &S, BIRERBROTZ ) — L EABICKIET BT IS
WZ EDRENTE,

6.4 EE
6.4.1 FEIR AR D %2 B & BRI

v =BT VXX OESRICRIR I ND L O ITHIR, CFFR, A
B, AR E LI oM EEICZRHE LR (BUF, & THRIRET2) 2
B FERAR 238 L 72 T AWM S D 2 LI L 0 IR OB AR 5 &
SN TW% (Toma et al. 1991; Saifullah and Elahi 1992; Skelton and Allaway
1996; Pereira et al. 2000; Allaway et al. 2001; Kitaya et al. 2002; Krauss et al.
2003; Purnobasuki and Suzuki 2005; Dahdouh-Guebas et al. 2007) , AFHAE T
[ZRPIRAR 2 HIBR CHIBR L7z 2 &2 X 0 s KRFOARE & KRR OERE D W7 au, B
WMEMTHLTE NTATE FBEO= X ) — LV EREMEMNT L2 LN TRES
iz, FEBRIT, ﬁ@??b?w?tFki&/~»§ﬁ%i%@%35§ﬁ@%m
HXTHXED b &< ROMEMAFEO HAv, FERROUIFRIZ X 2 22 R I
7o RLEEFZ 1 BIZBWT, ﬁﬁgl:k@]ﬁ?&&fil:@ﬁﬁ“C“*E@i& J—IVER BHAL
BRATL VU #IN3 2@m 08080 i, BTIIRHBEXTOALT® R T LT e RBEXL =T
2 ) —VERENMEMT HEMARO bilc, ZTHDZ b, A% 3 HEIC
ROLNIAROT ¥ T NAT e FBLOTZ /) — L EREOEIMERIL, FERARD
UIRNE~OTE T VT B R & ) — VORI & E OBFFAMAICEEL RIFL
TR IND, THEREKZNE L FRAEBARICISWT, RTERINZZF /) —L
DIF & A EDRERIR CEICHRE S du, FFIE G TR b S 72D b 7 = U BEEIFR IS
BAHzND E0HENH H (Kreuzwieser et al. 1999; Kreuzwieser and
Rennenberg 2014) , AFHEOLE% 1 H HICHBXOETROONET&® N7V
TERBLOZY ) —LVEFEOHMMIZOL S i s BARAICL 2D L5
oY A
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EBRENRTE N AT E FBLO=¥ ) — L EFRICKIETEEICONTO
GLM & Elastic Net [ERbZ W OFER, FEOTE 7 LT v REREIT
EOTY ) —NVERERBIBRICHD Z RSNz, £72. TR LT E RE
L= F ) — L EFEDORFE~IZET % GLM & Elastic Net EAI{LA A7z
FENT CIIELROEZNZNIZBNC, TE NT AT RERRLTY ) — LV ERRE
DO HHMNER TIIRWIRSAERICE I, T a— LV RBEORETH LT
T RTAT e ROBETICK DS ) —VOAERIT, 73— Ui kERESRICL > T
it SN A FHEHEORIETHDHZ LD, BROL SR T7E® N7 AT e RERRELE
T ) —/VEREORFC., GLM ([Z81F 5 B &SR OBRFRIRD b
rEEZLND,

R ARIC X D ARBE DR AR BE DFEFEERED S STV % (Toma et al. 19915
Saifullah and Elahi 1992; Skelton and Allaway 1996; Pereira et al. 2000;
Allaway et al. 2001; Kitaya et al. 2002; Purnobasuki and Suzuki 2005; Dahdouh-
Guebas et al. 2007) —F T, FERARGIFR CIIMIEL 2N &R0, T ARFH LT
HEET S Z G SN TS (Saenger 2002) ZKEEJE“C“ . BIBRIX & e FRIX
DEDO—FTTE M T AT FEaRELTY ) —LERARIEVDPRD O
DO, WIFTOFEDOEHRIZHHEENPRD SN Z &, GLM (TR TR
DEENFHAEBIZE ENRD T2 LD FEAREIFRLERIZ K 2 #e R ~D

LI/NEL ATFIRBEREE LW EEB 2 DN, 2B, Knﬂﬁ@@]ﬁ*ﬁ&fi
1To72 9 H FAREACRENEEME T LT 2 mlREMESC, FEAR O BT 23 H L
TWeZ LI L DRE DO AZHA~DEELEZ bND 20, EHEFOMNGH
DNEFE IR RN 35 1T 2 FERAR DIBRSC, RRRAR G DO & Bl 78 & DB A EES 2 W
ERbbHEEZDLND,
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Fig. 6-1 Treated tree location map
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6-2 FALE X DALHE K DA

Fig. 6-2 Picture of flooded condition of each treatment after treatment

X 6-3 xtREXDEFEDOKRT (W% 33 A B)
Fig. 6-3 Picture of control treatment (33 days after treatment)
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6-4 BREROEEOKT (WL 33 HE)
Fig. 6-4 Picture of removal treatment (33 days after treatment)
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#£ 6-1 REA ORBEMH
Pastdays 3. H#% ORGE H 3% ~d, Temperature |% H EHRIE TR HET 7 HRE0OB
#H4)% | Precipitation (% H /K&, ASD I HREFRC, BB 7 HEO&HELZZN
FIRT,
Table 6-1 Weather condition during the experiment
Pastdays shows the past days after the treatment. Temperature shows that moving
average of the 7 days before the day of sampling, and Precipitation and ASD shows

that total value of the 7 days.

Date Pastdays Tempature Precipitation ASD
(days) (°C) (mm) (hour)
2016/9/28 Before 27.5 6.9 5.6
2016/9/29 1 27.7 6.9 6.3
2016/10/1 3 28.2 4.8 7.8
2016/10/4 6 28.1 4.6 6.3
2016/10/7 9 28.0 2.0 5.9
2016/11/1 33 26.2 0.0 7.2
2017/1/23 97 16.2 5.9 2.6
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«20::+ Acetaldehyde Control

=@+ Acetaldehyde Removal ==O=— Ethanol Control =—@=— Ethanol Removal

Content (umol/gFW)

Pastdaysafter treatment

65 FABEXICKIT2E (k) LR (F) OT7 R MTATE FRIVGZZ ) —LEHFRE(L
i 0 B HIFAEA 2R T, P oaiiEst X, BRI, ffixr e s 77t
R, FERIT=F ) — L ERT,
Fig. 6-5 Change of acetaldehyde and ethanol content in leaves (upper) and root (lower) with each
treatment
Zero on horizontal line indicates before treatment. In the figure, the legend shows

opened simbols, control; closed simbols, removal; dotted line, acetaldehyde content;

solid line, ethanol content, respectively.
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£ 656 BERMADELBOTE T ATE FBEAO=Y ) —LVEFEEZZENETNENERLE L

GLM DAL B DR DH#EEE

A OIEEEIX, LEtha, FRIREICB T 2EDOTF ) — /548 LAcet, FERIREICH
FAHEDOTE FT AT REARE; REtha, &R BICB T A2ROT ¥ ) — LV EH&;
DASD, HMEFRE; RAcet, HHBBEICBITAROT ¥ 7T REFEEZ/RT, HREFRM

PRI AT 7 RO &R 2 M LT,

Table 6-5 The estimate coefficient of explanatory variables of GLM using the acetaldehyde and

ethanol content in each sampling day as objective variable.

Each estimate variables indicates LEtha,

ethanol content in leaves; LAcet,

acetaldehyde content in leaves; REtha, ethanol content in roots; DASD, actual

sunshine duration; RAcet, acetaldehyde content in roots. The data of TR using GLM

analysis is dummy variable in which the control group is O and the pneumatophore

removal treatment is 1. The data of ASD used the analysis is total value of the 7 days

before sampling day.

Variables
Part Objective Explanatory alpha lambda Estimate
Leaf Acetaldehyde ~ LEtha 0.97 0.0238 (Intercept) 1.84x 10
LEtha 3.38x 10"
Ethanol ~ LAcet 0.98 0.5579 (Intercept) -5.34x 107
LAcet 4.13x 10"
Root  Acetaldehyde ~ REtha 0.8 0.4180 (Intercept) -1.20x 10®
REtha 4.06 x 10"
Ethanol ~ DASD + RAcet 0.94 0.1403 (Intercept) 1.12x 10™'°
DASD 3.94 x 107
RAcet 6.28 x 10"

68



FIE REEBLR

IEDOKEEEN LT E b O KEOREUL, BERHE & 21U L BRI
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TOrZ <Y DEFHE FAEORRE TOX Y AXOEFEDHER SN, 7 o~ L,
KB CIXEOHESCHRDOIERVBHES N TV LD, EERTOAEFN
AIRECH D BMETH 2EERN L D B2 OO, BEOBESDRITEL ., &
DOFSEOERENE VKRS E 72D Z E RTINS, X AX T, HEGEKICE
LEDIERDPFEO NI L0, MAKRETHMREZEI MTT LN TNDHZ &
CINE 20005 /NRE, fEE 2013)7e En | HEMER MO HEERKEREEIC VT HE
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ORI X DRI L TEWIEDRERSO b vz, WRHICAET T 5~ 7
b — 7 BT, WIS E b ) HEEREKICAFERIICIRS D 2 LD BRI
MENEEZBND, TEFAKIZE b7 9 BERITH L TIPEDE N2 7o X~ A X0
ABF, EAXRT T UL BRAARORERIR & R S D 2 & TIRE O & E
fLTW5d L& & T a(Kitaya et al. 2002; Purnobasuki and Suzuki 2005), —
FHT EABLFE6EDOLAFF v TlE, BRMRORREREFTAT —VTO
B OER RIS FEAR O BIERAMER D AAF & IR I R IE TR BN RER CTh
HIZENTRENT, TNHDT END, MRIBROFEZEITLT L bERXMHED S 12
VRS O TIXRWAREED R S, RERIC, FERIR 24T L CIiR AT D EER &
KRB EDO TS DTN TN L HEINTEY (Allaway et al.
2001) | MRIEARBIAROERMHED S S 13, AT TR S ITZHERPER O Rt &
HEEZ2oND, £, MRIROFEIZ, BEOREDENGWVWE SN TED
(Mazda et al. 1997, 2006; Danielsen et al. 2005; Kathiresan and Rjendram 2005;
Hashim and Shahruzzaman 2016), FEREAECIRARTED D 72 WEPEIR MO K 5 72
BREEIZH VTR, MEIRAR 2 38 i S 5 BHE O AN BE RAERE DI B2 S22 03 % &3
2 HiD, 5§ 6 FEIZEW T, FERIRDOUIERD SR KIE T 2D D CIRER
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. RO EE ORI ZFERIBICE > TH O 2 &0, BIEIZ X DERIBOBE N E L
WEBRIZBWTHEEOEFT HHEREREBN I LNBEZOND, LD &
O, HEMRTHIZ 31T 2 B Y T, AR S & FERAR DR AL FEED 1D
ETHI LT, IARBEDRSOUGEL T TEOBRDS S 245 Z L ATEEIC Y |
BT DB RBEREDN LV B b EEBZ 6D,

WMERH TR, RRERO BEEREKITIZ T, WKOFUKIZE LM, 38 LUK
RVKASDKER EDA NV RAERGE 2 Hivd, BIRICKT 285K O Rt
SRUTHBW T, B EZOEIR 2 A M KOME AR O/ & S & EE e R F il £ 1E
Th Y RSO KE LD H BT D OEOFAS, #E5% O DOIEK 72 8,
PRE DRINZ DT> TEIARDAEFTICHRAN R EZE L SR 23, £D7D | fHHE#H
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¥, AEAFICBNT, DI F 7 TEPFEL TWDH I ERRILEENMEWZ &
WENHIV TV D (Naskar and Palit 2015), 3D 7 F 7 7 J@ DIz OFENY) 72
ElCb BB, EBNDDKGOEFE LR EEI 2R L THY (Parida and Jha
2010) . L6 DFERBAIFFEDEEN S DK L EOFRAZ B &2 iz Uiz L
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%97 Summary

Recent global climate changes and rising sea levels have shown an urgent need
to conserve and restore ecosystem services, especially coastal vegetation with
disaster mitigation and prevention capabilities. The accumulation of knowledge
on stress physiology of trees is also important from the viewpoint of planting
suitable trees at right spot to benefit from ecosystem services as much as possible.

The purpose of these studies is to clarify effects of combined stresses of soil
oxygen deficiency and saline on growth and physiology of coastal tree species,
and to clarify mechanisms of stress tolerance against combined stresses in
mangrove species. I conducted experiments and investigations to provide
physiological knowledge and contribute to the conservation and regeneration of
coastal vegetation.

In Chapter 2, in order to clarify the effects of combined stresses of high salt
concentration and oxygen deficiency in the soil that occur when coastal tree
species planted in swamps are flooded by tsunami or storm surge, I conducted
experiments on effects of total submergence in artificial saline water and soil
flooding after the submergence on the survival, growth and physiology of
Taxodium distichum and Pinus thunbergii saplings. As a result, the survival
rate of P. thunbergii was not affected by submergence in saline water, but high
mortality rate was observed by soil flooded condition regardless of the
submergence periods. These results were similar to the previous reports. All
individuals survived even if 7. distichum saplings were submerged in saline
water for 6 hours or less. However, in the experiment combining total
submersion and soil flooding, dead saplings were observed. These results suggest
that planting 7. distichum species in coastal swamp region may enhance the
disaster prevention function more than P thunbergii species. However, because
T distichum species have a problem in salt tolerance, it seems to be better to
plant them alternately in combination with salt-tolerant tree species such as P
thunbergii. Furthermore, the combined stresses of total submersion in saline
water for 6 hours or more and soil flooding had a considerable effect on the
content of betaines in the leaves of P. thunbergii saplings and the diameter
growth of 7! distichum saplings.

Since the oxygen deficiency stress caused by the flooding reduces the diffusion
rate of oxygen, the plant body is deficient in metabolism. In addition, most of the
known salt tolerance mechanisms, including the accumulation of leaf betaines

in P. thunbergii, are considered to be energy dependent. For this reason, it was
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expected that the combined stress of oxygen deficiency and salt would also
appear in metabolism. Therefore, effects of combined stresses on the metabolism
of mangrove tree species were examined in Chapter 3 and subsequent chapters.

First, in Chapter 3, I investigated the seasonal variation on the accumulation
of osmolytes such as cations, soluble sugars and sugar alcohol, which is one of
the salt tolerance mechanisms of mangrove species, and the influence on the
metabolic change associated with it. The cation content was different among the
five mangrove species, but no seasonal variation was observed. On the other
hand, total soluble sugar and total sugar alcohol contents showed seasonal
fluctuation. From these facts, it was thought that, although the accumulation of
cations was not susceptible to metabolism, that of soluble sugars and sugar
alcohols was affected by the reduction of metabolic activity in winter and
phenology.

In Chapter 4, effects of combined stresses of hypoxia and salt on the survival
and physiology of two mangrove tree species, Kandelia obovata and Avicennia
marina, were examined by experiments. In both tree species, it was confirmed
that salt treatment reduces the rate of photosynthesis as previously reported.
However, the effect of the hypoxia treatment was limited. This result indicates
that both tree species have high hypoxia tolerance. The effect of the salt
treatment observed was similar to those of the combined stress treatment,
however, the recovery tendency of the photosynthetic rate of A. marina under
the combined stress treatment was affected differently from the salt treatment.
In both tree species, the effects of combined stress were observed in the soluble
sugar content of the leaves and roots, suggesting that metabolic pathways and
activities may be changed due to anoxic stress.

Aerenchyma tissue in respiratory roots such as pneumatophore play
important roles in the mechanism of tolerance against stresses caused by
rhizospheric oxygen deficiency in mangrove species. In Chapters 5 and 6, several
experiments were conducted to clarify the effects of aerenchyma tissue of
pneumatophore on metabolism, especially anaerobic respiration.

In Chapter 5, experiments were performed to verify whether the energy deficit
was resolved or alleviated by increasing anaerobic respiration in an oxygen-
deficient environment caused by complete submersion of mangrove tree
seedlings whose aerenchyma structure is underdeveloped. Further experiments
were conducted to determine the effect of complete submersion in artificial
seawater on changes in acetaldehyde and ethanol content in leaves, stems and

roots of K. obovata and A. marina seedlings. In the both tree species, there were
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no significant effects of saline water treatment on acetaldehyde or ethanol
content in leaves, stems and roots, and no significant difference for each part of
organs. In the GLM analysis, however, PPFD, water temperature, dissolved
oxygen amount, etc. are adopted as explanatory variables in the model that uses
acetaldehyde and ethanol contents of leaves, stems and roots as objective
variables respectively, and acetaldehyde and ethanol contents in tissues are
adopted. It has been shown that it is affected by rising water temperature and
PPFD during the daytime. Up to 6 days after treatment, the amount of dissolved
oxygen in the daytime was maintained, and in addition to the development of
aerenchyma tissue of mangrove tree species, maintaining the oxygen
concentration in plant body and water by photosynthesis in water, suggesting
one of the tolerance mechanisms under oxygen deficiency.

In Chapter 6, an experiment was conducted on the effect of the removal of
pneumatophores, which are responsible for the mechanism of resistance to
hypoxia in A. marina, on the acetaldehyde and ethanol contents of leaves and
roots. There was no difference in acetaldehyde or ethanol content in leaves and
roots before and after excision of respiratory roots. Also, acetaldehyde and
ethanol content did not differ between the excised and non-resected control
groups. Treatment did not remain as an explanatory variable even in GLM
analysis with the acetaldehyde and ethanol contents of leaves and roots as the
objective variable. From this, it is thought that although pneumatophores are
considered to be responsible for gas exchange inside and outside the roots of
Avicennia species, the influence of the removal of them on anaerobic respiration
is extremely limited. The salinity tolerance mechanism of mangrove species has
been found to be less susceptible to metabolism, and to have high anoxic
tolerance that is not dependent solely on aerenchyma tissue. The tolerance of
mangrove tree species to cytotoxic compounds such as acetaldehyde and ethanol
and photosynthesis in water were also considered to be one of the mechanisms
of tolerance to oxygen deficiency.

Future research will need to pursue further details on photosynthesis in water
and variations in the mechanism of salt tolerance in an oxygen deficient soil

environment.
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