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RETITRA VU, NUTSFva, BT 7Y AO—HOMKTIE, WEITFIIN
BEL, ZORBNLEREI>ERRIZOI: - TRKT S, ZhoDHIRTIE, KED
L5m~4.0mBEIZHET DT, LBOAM AL HFET LI ENTER. JD7®,
BKTTRECHMETEZAFARPEEINTVS. COMERENIE L L THRBO @
REEANTHY, JOHRR WEYHRO—BEZKELIZED, BKTTOEFEZTREIILT
t\3 (Vergama et al. 1976) .

ZIT, ETEAROHHBEOHEH®IIONTALE, ROZEMHI SNTNS. —
2, BRTHEINTSEHHOA xa HOHMIT, £EAEORKEEHICHEL A
B3 (BI 1975) DIHL, B4 ROTRE, KB DD % HR BB
3ETHDH. 2F 0, HEOBRABHENENC E0VEA ROEEIREDO—DTH 3.
BE, B RORNIBET ZHETH L BEREHHE (LED QGEICETONED
KELIHETHS I & (Inouye and Hagiwara 1981) , Z LT, Z OLEIDAIEMEL 3
Eﬁ&ﬁK%ﬁT?@@Eﬁﬁ%hﬁﬁ?@é:&(mwwmmM%mnwm,mww
1983) TH 5.

COEKTICB T 2 HMOMEEEIZIE, BYRLVEL THEIFL v EIRLVY Y
PEELTOBEIEDN, ZLOMAFITLDHE XN T3 (Metraux and Kende 1983,
Raskin and Kende 1984 2, b, Suge 1985, Azuma et al. 1990) . /KT CO& B H# £
2HE0TIFLUEIRVY VOERIZONT, Kendes 3RO & S R %2EL T
W5, BKTTREAREBRNOBRESENMET TS, £ LT, BRAEDETICL -
TIF VUV EEBMEES N, BRNOZFLV VRENEMTS. Z0IF L UARE
INVY VITHT 2 B0 RZHEIEAKIE 5 (Metraux and Kende 1983, Raskin and
Kende 1984 a, b, Cohenand Kende 1987) . ZD IRV Y U HFHT ZMREEIGIZ, #HHE
DEMARIZH 1T DR EEOHEM & FHo TR h 7 MiED R OEMIZXS b
DT#5 (Bleecker et al. 1986, Raskin and Kende 1984b) . F7z, UL Y v IdEL S
DOHfEEED W % AIZB5 LT3 (Kutchera and Kende 1988) . X 52, TF LU EYUR
VY VRSMTS, T7oOVED, KT TOSGRBRICEASL TS ZEbHEXN

T3 (Hoffmann-Benning and Kende 1992, Azumaet al. 1995) | =TF L & IRV iz
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Lo THHIN S HHAMRIRBOKSERIHEELZY, TF L AAEICK S EHR 4
RIZIE, PRNVY VERRDREBERENLBTHE2IEEHSNMIENT S

(Azumacet al. 1991, 1995) . DIED X HIT, BKTICBIF2FA FOHMIBEEFHA T
32ET, YFRIVECOBEIIONTIEEL DHENH 3.

ZOL)BERMBEORES JUBEICE - T, B/ R IIHEMEO—EBEZ/KELIZH
HT&3. Z0OI&E, B ROEKT THREREELZ KA LICESE L, HERET,
ERICHBINCARENERRTELIEEBRTS. 20T, AvEREVEEEDOE
o, BOKISRHTHEFEA ROBICHEREH SNTTEEAS DDA oNS. IO &
fEHE (1963) I3, EFARERLBTDEIA REBKTIZBNTS, BWEEELETIT—
CTRUA RNV —EERER O EVEBLEREBEENH S EREL TS, £,
FA XKML EFABICE D EBRET L D bEAS D ETEESENRAEN, 3
FA R TIKAL EFAET TRAES 2D BaBEBEE L CET L (b0 1973a) .

BKTFICHIT S HA 2 OEE EEEAROBFRICBALTRUTOLIBEENHS. kK
PICHBEZARDOEL, TOXHOIHEZE UTH AR #AYTZ 5 (Raskin and Kende
1983) . LA L, KELIIR2ICHE UL/EZESLEZ(FOBRIEIEEEITHMETES Z
& (Inouye 1983) , &7z, HHAERREIEABLOMDOE RS LI VEMERREFIHE
EROBMOMR L, KELORABRDOAEXFE LIBEOHFNEETHHE (NH
5 1989a) , —RICH RIIBBART TRIAMAPDO—4D—TH 5 Z & (Osbome 1984)
BENS, BA RAOERI, KELICHE L-EOEH (V-XPAX), ZOXEK
BN B LUNE BENMDEGREESN (V—REE) , TLTY VIBOREICZLZNEKE
POHEEADRAICKESXEEINE EER 5.

V=20 A XIZEL TR, BKTTOE LW ElBEICEK > THEY A& LEEKE L
RO ZEUMNICDH, B R RBEROEROETT, D2F D EOEREFEXKTIIBWLTIE
HXEDZIERFSHTEINTNS (WA 1973a) . ZDI &id, KELITENEE
REAZCBAIBZIEEE®RL TS, LML, I oDFHNS 2FM RERGH
Z, BKGHETTIIAKBELICHE T 2EOEBEIELIRI TS (WEHS1989 3, b) .
£oT, BIKT TEARDEREZHRFT S 12HITE, LAEOY —2EB( RO E
BLUKESBEYDHBNIFENEETH S LEBDNS. V—XOEAITELTH,

Yamaguchi et al. (1989) INEKTFICH IF5FA RDHE KENDEALITONTHEL T



WA Zhitd 5&, FRICAWEM R 6 BRI a@OREVEFAET, BAER
MY D OCORMLAEEIEEM L, FRY/ YOCORLEE L ZD 5 RETHEMNTS
Ebr- Tz,

YUUREOEHICEL T, KT TEE LciEA Rid EIEO—R S DPE AL
DZRANT OO FEI AT X 1, #iZ, ERPTUHO—RFMNT>ORYERERIS
meaIlErEN/ (HES 1989b) . FaA i3, BEOERIERELIIZ, V—
ZADOREZIDEAICHEDET, YV DPLEBRBUBANLEBITESES LHoRERD
T3, RIZ, BEGEREEZTTIERICBVLTERED VYV 7RBRICRIZTRKOER
ERET B, EKTICHIT LG KREYD 3BT BT 5 5k H'Raskin and Kende
(1984 ¢) 1T& » TFbh Tz, "CTINL LIchBREY DXL S E HELBOR M
HEA D& &, 3 BMEKLE L7F s xEZYRATRITEMLZ. 20T, Z0
AEREYOEEOHMY, B EHMOBRILBETLXIVF—PEE, BEWHEOD
HREMICTERO—DOTH S LHE SR II TS,

UEDEHIT, BkEVCHIBREESREEEZNVERTE UCAHHOEF UMEENY
7E)—RDINT U ADEALE DT I L, FRZDEKT TOEE 2 #FT S0
IHBERIHEREYOER ESEED ) MBETOBIGYEE SNITENDDHBED, Ih
SOEN S OW FIZHRUEE S RILVE L OBEICET AMEICHETEEDLL,
WEBHIN TORNELZ. FIRKEMITUTO=Z20EE D, FAXDR
KITHTEBICHEHNS ETEREEZ SN B.

BN, VX THAREKBLITHIFT 27:00F 41 ROBIEDO—DTHBHKT
KB AEDERIREICL 5 EMOET LLERENOHFITIR ED L 5 UREND 5
DPENSETHS. EOXREGKENBZOEZERFELEELTHEFENS D (von
Caemmerer and Farquhar 1981, Evans 1983, Evans and Terashima 1988) , 1 %ZEZHTd,
AR, REEBTTORESRERRD, REZFRSTELHBOEOHBERTIENHS
T % (Makinoet al. 1988) . D 9, KERETOEFLIUREDODEFICZERD
HRVULELEIND. COZFRBEICBEALT, £EHOA 2EHIIBIF5L2ERDIS63%
PEAEN CHAMMINTERTHS I ENHEINT S (MaeandOhira 1981) . k-
TARITBNT, BOSBNINBZERE LT, BEIOBARINIZREIER
RERFEL > TS, UEDIENS, BATIIBIIEZFA R EMNROSELLERR



1 E A BREES O#FFICHEREFRMGICE L TE, B SBIREN S BRI LVEAL
EDSOBAREBEZEO_DOWUEDI SRETHLBENH 5.

“FHHIE, AEAREWD) A THE LN, SV VI BENDEREIDETH 3.
LU BENDRERED DO AROFEL, V—2ETD Xy 02 HEEHEE
BEHO—>TdH3 (Stitt et al. 1984, Huberet al. 1985) . £Z T, V—ATHEED—I
e Lich, FhERTEIEINL-T Y VI IITE V- AOREZET IR &
&, RVD0—-ZBREZOEREEIHMT S I EPMESIN TS (Thome and Koller
1974, Swanson et al. 1976, Geiger 1976, Borchers-Zampini et al. 1980) . /KT T&uH T
B EFCENERLTOAEANRTE, ENO Y UVIICB A HEREYDOEKRE D
BRIZED ) —ZFILB T S EREYDEREEIEM LT3 EBbh3. Lal,
INSDEEDNOFA XDFFHEEBE LICREIT 0.

B%3, VU INDONEREYDSERICET 2 E T EIEDRaskin and Kende (1984¢)
DREDHT, ZYRLUADZTRITHON TRV ETH S. FKTTOREKREND
SEORRFHIEACPCEEZERMOLE/ Y — »OFEALIZE U TEIARBRZ S 0. iz,
VAN Y Y IANDHEREYOEREED, ThOOMITEET SR/ 0—XRE
HEOBEIC > TilEd S (Walker and Thomey 1977, Ho and Baker 1982, Wyse and
Saftner 1982) . £ T, YV IADR /7 0—RADFENEHETIERD—DIZL v/ T
DRI O—RMRDEETHEEEL LN TS (Ho1988) . ZIT, BKTIIHBIFS
HESHHTOR 7 0-22BICBE LT 2BREROE DN, LEREWDIEE B
CTZD2E R EEENH S I ENTFHINS.

UEDEHIZ, BKTFTTEETEEZEA RITENT, BKEVSBET THAKREDIC
B30 0E)—ZADNS VAOEALIZHED, RFEICEELTOIRMADREL &
UBROHERNZHENKD 54, £, THITL DERICHELNE REHO 4L
METEHEBDNS. LT, INSDEELSTKIIKHT Z1F1 X DBICERE T
AIERBEETHS. BB, FHRXEIE>OEISHKINT S, E—FETIE, EK
TTOEAXDEBELRFHT T B, FEFAREOERITER L. i, KT
B EEDREN DEALENEBREN EENRASEREZAE TS IETHOMITL, A
FOFHEZREREINTOL IO EMETISITRET L. ETETE, BKTILH
F5EARDORELEREOERIEE ELEKENOMFFITLBERLRERFEE LT, Hhok

4.



NENTBREEMELSBHEINERORYZFMTH7DICKBEET -T2 &
N, KT TOEA ROEFIIHTAHROMOBRRENS EROBERZFEL, HL
T, KELULLTHAEOEBICRIZTEKOXELZRE L. BE=ZETE, HEREYNOD
EREE RS 0 —AEREE ICH U TEKPEEZRIZTOEIMEH SMNCL, vV —
RITH T BERANDOHSEMET LIz, BHETE, CEREVOSE N5 — 2 DOBKT
B AEAEHSMIL, REBREYODRNERAL NS LI LTEELL.
ToIT, R/ 0 —-REEREHOREZHAEL, AEREYDOSE L OBERE L% 1
ROBBREIFHTH L EHEADER EDOBREHR L.
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BKTIKBIIEEREIUAGHRENDOHEE

A RIFEIKIT A U TR BRI & > THIST 3 BENEE LTI 5 (Verganel
A 1976) . F1c, BATFCEE LA RZTROERIHE, +5bLEQEEDR
I3 (O 1973) . O UREICK-T, FA X SHEYEO—EAKE LIZH
BTE, ZOME U L TRERER S JENTEBDTHSS . FHIT, T4
3T, BELEC6RBT5 BEICHNT, TEORE AR EED B EEH Y
CORULREN BT THINT 3 = EAH SH TS (Yamaguchi et al. 1989) . & 51T
COBMIESIUEEEL D b L ABRIEEE S BEAERICS - 1

EOHAREEN 3 T OERLBE FHILMFE % D (von Caemmerer and Farquhar 1981,
Evans 1983, Evans and Terashima 1988) , -« XZETHNTH, A, KRR/EETTOX
AR, BAEFTBLBCEOHBERTI EXM 50T S (Makino e al
1988) . E7c, A RBIEBNT, REROBYAEDS ) TO—ALS-EXHZT 21 b
HIVKE S —€IA% 5 F—+¥ (Rubisco) (Makino et al. 1984a) (3, COEEAHE -
TUBMETHD, HAIF, ORE 2 $OAACOLMET DA KA &0 MICEE S
BifA54 % (Makinoet al. 1984b) . UL, #4RICDWT, BIABOD & S 1obA kA
DEMBESSNTOEY, CHSENRSIBORKT KB 2EHEHRE Licls
ETNRY

RETE, FKTICBI 2 ERORHOKABAESORIE V- 7B DR LEED
BAVFA RITHENT DO THE0%, FFAREHETEI LTI >THSHMTL
e XK, HARBEEENRSE LTTERS L2, 7 007 4 )bk kU Rubisco
SRAWE L, AR EOBFEERSMNITE I EEBNE LI



M &k

¥4 RanfE TP HHabiganj Aman I (HA) & IEE A Rauf&E T &H 5 Taichung Native 1
(TN) 2R L7 X, BREEOISA Y FRRETH 5. BT ] BREERE F
bU Y LBRTIOSREMEEL, ek EEKPTI0CTI8ER, Bk - #FZE.
RFULIETE 1L TSXF v o Ry M SHTOEE, LML BHELT, K
MEEtERy bY7cON, P, KBRZNEN058TDITLBLHITEZ 7. H4.5FHIC 2
HICHT & 2T, 9.6ME TEATETF I k.

2. BKMEES L TY v

S.6RLIDEMADE T ENFTLITKIE TS LT, —FDKRALITED, BATHEKL
BA{T-tc. % OKAIZHATIOm, TNT40emé L7z, £/, HBRELT, 20
EREWT TRE LCEDEZA G, RE%O0, 4, 8HEBIC, FHREHTRIER
DHREBLVEMEOREYL, REMHS —HOBI LLHTHEROMEEIT-72. ZLT,
ZTNENESEDES (8L, UBEEMNOKMFLLICKI LUEEY LV TY V7L,
A RRRES DRIEIHER L.

3. HtEREENDHE

KA KEEN (ETAIBERER (Hansatech, CB1D.LS2.LD-1) Tk Db LTXCOLIFIT T
OEFRHEEEZRETZ I ETEH LK. BBIZ@Y T U Lt EBOHRELY
Sem%ERA L7, BEREMICIOSEIBHL, F¥ " —Z2EHAT5ILTHEEH
EL7z. BIESME, 5 %CO, 20%0, HMSHEREL00%, Y& 72 EF2200 1 mol photon -
m?.s’, FECE L. MERTH FIENRSEERICREERTHRESE, 30
CTHRELL.

4. A[EHS N0 EE oY VO - BER

BERFELES 5mM DIT, 0.1lmM EDTA, 12.5% 7 1) £ o — )L, 50mM
K-Phosphate (pH 7.5) Z G BE#M AmIT, KB U SASEIETER L. it
BBE 4mlp I mlZ5H L, 100% 7+ b 4mlEMZ T, 5,000xg (<4°C) TI04H M



BLO%, TOLEEZ/7 0074 VOEEICHER L. RO O EHAREHR 3 ml(330,000X g
(<4°C) TI0MEL LTz, £D LiEZEBHS /37 8 ERubiscoDEEIZFER L.
7 oo7 4 )VidAmongk (1949) [Tk D EELT:. WBaHs N ERBIEBFMETIVT
Iy (BSA) %#E# L | TBradford (1976) OFiEick R L.

5. RubiscodEE

Rubiscoq & (3 % ZefL &kt (Single Radial Inmunodiffusion; SRID) |2t H E& L7, 0.9
9%NaCl £ 0.19% NaN,%43:1.2% 7 A — 7 /L 12mIA 78 L, 50~55°CiZ{fiE L7z, Makino
etal. (1983) OFEEITL - THSIL 724 ZRubiscoiZ %33 &7 H F HMiE60 11 (0.5% )
ZTIVBICIA, KSHEBELKL ZLT, Ho0UHSOCIRELTH WA S Xk L
IV (B 1mm) 2L FIUMKICEZR 3mmDR%EHIF, £JICHbEBS LU
B L U THSL A RRubisco (0.4~ 2 pug) D4 plZ7 754 Uiz, #V%25CT 3 HR,
BEZFETTHREL, Z0#%, 0.9%NaCligk+ T2 S » /7%, 0.05%CBB
R2S0ZEULHBFTRE L. X 51T, 5 BEMARTTREL %, £ Ukitkio
ERZRIE L.

=R

£ 1 FHAB SUTNOE#HD ETICRIFTHRKOEEZ R L2 ODTH 5. HAIZH W
T, RB4HEOBMXEAORKICHEELZ U o700, AE 8 BHEICIFHKREL 2
YR OEROHIHEX L D brEmL 7. —fTNo:m\fc;t, RELRHELU8H
BEBIT, AXMOERICHELZR YD -7

Table 1 Effect of submergence on progress of leaf age of HA and TN.

Days after treatment

Variety  Treatment

0 4 8
HA Control 9.6 103 11.0
Submergence 10.5 11.5%
N Control 9.6 10.0 10.6
Submergence 10.0 10.7

* . significant at 1% level
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BKUICHAOEY, BEMAS —HORIFLIUBRRFUERIBEETITEL(HE
mu, |EMAS—EKkELIHE L (K1) . BXOHAOEY, &EMAS —
HELORROHME I8 HEMTZHEZNHII0MT, FKRD20N530%TH 7. IE
B4 X THBINOELIZ, FUKAESHH THBRE S L Tharic#mlr. £,
RENAS—HETORILEBELDE, THOLLRINVTLEFAEOEHORIN
iz

2 JHAOBRE BT 2 TN ThOHMOEIEZR LI bDTHS. GF/KNAE 40 H
IZBWT, BREMUHRTH 2 FI0HMGAIBRLOHEL MMELTW . £, £0
TROEIHEAESEKTTHRIIEN»72. BKRES BATIER, X5 I EEZDEL
BRI MBEE LT o, EKRAEBLAZTNICEN TS, AE 8 HRICEIEMAORE

B2em) T VBRER4emEM L7z (F—F@3TET) .

B2, HATND 8 LU LDOFEEDBMFEEMEICL 5 B FER Y DLEEREEN
DEALETRT. AE 4 BEICHNT, HABXUING 9 L Y LD ERKREEN ZEER T
ENLON, BHOHERFDIKE LT 8 LOKAREAZHER L O HEIED -
fo. MAE 8 B BIZHWT, BUKAEL/cHADE EiI5E2REAETH B11L OXEKEET
FHBRELEBLTEHL, £, HEFOIZL $2084mol O, - m? - 'O HAREES %
FLTW UL, BREOIL EI0L OXESHRAENIEXBTEN Th-7. W&
BO8 LHLUINDLU L OHABIEN GH/KLBIZ L O MBX & D bED - 72

34k, HALTINOS LU ED/ oo 7 4 VEBOEMRETRT. SKAEB4AEICE
T, HAQIOLB XU LD7 oo 74 )V EBIEHBER LD S BFEREITE, HADS L
EILBEIUINOILEWL D7 oo 7 4 VEEINZEKMBOEEN I - 2. TNO
L7 oo7 4 VEEBREKTFTHBE LD SET L. AEBSHHIZIZ, HADS L
MOULBITIND 9 LWSIIL FTO 7 007 4 )VEBICERSZXEZEIZSN - 728,
TNO 8 LOSERZE/KALE T THEX LD &N - 7.

HAIZBAL T, #EKAE4HBDOOL XUV LOTERS L/ GEENBR LD
FRILRL, 8LBIUVI LoGREARMTEN M- (K4) . ME 8 HBITE,

SLNSIILE TORBEWY v/ ERICEKABOER I, FIoEKREB LM
MK TIE, 12L24.77g - m° OFEHER S 37 GREF LT TN LTI, #k
WL HED8 LAWY N EEPHBR I D $EL 7D, 9L BLTI0LR

9.
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0 4 8
Days after treatment

Fig 1 Effect of submergence on culm length ( | ). collar length
(] + W )andplantlength ( [] + + )
Submerged treatment (S) was carried out in the depth of water
to half of the 8th leaf blade. Control plants (C) were grown
under ordinary conditions. Dotted lines express the water level.

Data are expressed as the means of six replicates.

Table 2 Effect of submergence on each internodal length of HA.

Days after treatment

Internodal position Treatment

0 4 8
cm
7th Control 56 57 57
Submergence 55 54
8th Control 7.8 8.0 7.7
Submergence 7.8 7.8
Sth Control 6.6 9.9 9.6
Submergence 14.3* 13.9*
10th Control - 1.8 5.1
Submergence 21.8% 22.9*
11th Control - - --
Submergence -- 8.7

* ; significant at 1% level

-10-
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Rate of O, evolution ( g mol -
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30

10

10

start . start
1 i e
T
- T
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1 ]
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8L 9L 10L 11L 12L 8L 9L 10L 11L

Fig 2 Effect of submergence on rate of O2 evolution of each leaf blade in HA and TN.

Submerged treatment ( JJJ) was carried out in the depth of water to half of the 8th
leaf blade. Control plants ( []) were grown under ordinary conditions. Rate of O 2
evolution was measured with gas-phase oxygen electrode (20% O 2, 5% COz2,

2200 2 mol photon m-2 s°1, 25°C, saturated water vapor ) at 0, 4 and 8days after

treatment. Vertical bars express + standard errors (o = 3).
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Chlorophyl content (mg - m-2)
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Habiganj Aman II B Taichung Native 1
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i
L 1 1
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|
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Fig 3 Effect of submergence on chlorophyl content of each leaf blade in HA and TN.
Submerged treatment ( ll ) was carried out in the depth of water to half of the
8th leaf blade. Control plants ( []) were grown under ordinary conditions.
Chlorophyl content was determined by method of Arnon (1949) at 0, 4 and 8
days after treatment. Vertical bars express + standard errors (n = 3).

-12-




Soluble protein content (g + m?)

Habiganj Aman I Taichung Native 1

Start Start

=[] m

] ]

4days 4days

r 8days 8days

8L 9L 10L 11L 12L 8L 9L 10L 11L

Fig4 Effect of submergence on soluble protein content of each leaf blade in HA and
TN. Submerged treatment ( Jl]) was carried out in the depth of water to half of
the 8th leaf blade. Control plants ( []) were grown under ordinary conditions. Soluble
protein content was determined by method of Bradford (1976) using BSA as
standard at 0, 4 and 8 days after treatment. Vertical bars express + standard

errors (n=23).
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WEOHERFZ I Eh-7c. FKRESHEBICE, 9LOuEHsy /) gRIEINEBR
EHLBEICE -7, 8 LENLOFEREIHRBER LD HIKL, VL OFEIINEOD
EREZ T,

FKAEE 4 B BOHAIZHNT, 8 L ORubiscoF B IINER L 0 &L, —H10L &
SUNLOEERIIHBR LD bEI -7 (B5) . I LDOEEIBMXMTENIM 7.
FUKALEE 8 HEDHATIZ, 9 L5111 % TORubiscog B IIMIBR #0372, 8L
DRubiscoZ BIIMBR L D HEN 7. TNIZBALT, BAMBE4EE8HBEGIZS
L ORubiscoZ EIIXMBX L D KL, —h, 9L B XTI0L DRubiscog EIIMKXE T
Mg -7z, W8 HE Tid, F/KAE L HEYIED 11L ORubiscoF B IEBR LD &
1B - 7e.

K67 007 1)b, S[EHRS /97 LURwiscod & &4 HEES & OBIRE R
T TRTOERKS EHE BKREEST & DRICIZ0.1%KETHBNH - 7o T, KA K
RENAR]EHE S /Y HE S URubiscoG & & DMHEBNREN - e T, BEAKS L L
EREES DR & iR s LK BRI E BT U7cR, 1 %KETEBEEREE R
ot (F—FIdmREd) .
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. m-Z)

Rubisca content (g

HA
| start | start
- —
T T
1 1 1
N 4days | 4days
—— 1 1
4F 8days 8days
8L 9L 10L 11L 12L 8L 9L 10L 11L

Fig 5 Effect of submergence on Rubisco content of each leaf blade in HA and TN.

Submerged treatment ( ll) was carried out in the depth of water to half of the

8th leaf blade. Control plants ( []) were grown under ordinary conditions. Rubisco

content was determined by single radial immunodiffution method using rabbit

antiserum against purified rice Rubisco at 0, 4 and 8 days after treatment.

Vertical bars express + standard errors (n = 3).
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Rate of O2 evolution ( £ mol « m-?
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Fig 6 Relationships between rate of O2 evolution and contents of Rubisco, soluble protein and

chlorophy! of each leaf blade in HA ( 4, A )and TN ( 0, @ ). Submerged treatment
( A, @ ) was carried out in the depth of water to half of the 8th leaf blade. Control plants

( 4,0 ) were grown under ordinary conditions. The each correlation coefficient is

significant at 0.1 % level.
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ER

BKTTEE LCHAORRIIZFEIIHEML, Uik > TR EMA T —HiIdKELIC
L7 (B1) . ZHhidBZEDIEREAEIRENEROE LIWVMBRICEZ2HDTH- 1c
(%2) . ¥EA RO TNEEOTHHHOMERRD SHicd, FhRIBLAHHOE
10D AT, BAREURBZEDTIDHERTH 7. £z, BKTTEBELIE
A X OER IR OBYMEE L LTS8 HETOSETLA (K1) . —F, TNIZEL
TREROETIIAONTE o7, TORR, FRLES8HBIZHNT, HATIZIL L
EAVKEEIZE2ICHIE LDzt L, INTIE 9 LoFadovkig L. 2oL,
BKTICBIT 3 B LA HEO 2B R HRIC K > TR LM A 5 —8AVKE LIT#ERFIN S
Z&, FERORMETIC &> TEMOEMT 2 2 L3ZFS RIRENTHETH S
I EMNRENT

Yamaguchi et al. (1989) (3, KRICAWE A 26 REF L RET, TROELMNE
FEICH) 2 EAEEEY D OCORMLEENGKT THEMT 2 2 &57 Lic. &K
BRTHWIHAR, CORMLEENEKTTHMUIGEAS XaED—D>THY, 0N
RAACHEEL DG UAERNCHEFLEELBERICH -2 £IT, £KRTE, K
ADEEFF|ATE 5, 1tE JUCOMMUT TORANLE BRAENIC RIFTTEKOHE %
BOMNIT 570, SMAEBERBREICLD AERERELZME L. A% SHEBIZ,
HATE, FRLBEINBYEROREVERETHZ11L OAGRENIHRBE LD b
Bml7coicxl, INTE, #ICk EMEREDLLL O EEREEIZEKX DA R
XLD dfEN-72 (B2) . F/, BRAEB T TERIETUICHATIRIZLHEEL,
20.8umol +m? « 57 &S B HOISELBBIEE (11L) ORIES% DREREENZH LT 7.
DL, BKRTICBWTHAD LUZD EEREENEMT 2 Did, —DI3EHKRD &
T, 9ROLEDEENFEKTTREINIHRETHAD. TIT, HERENDOEH
ZHTCoTEREZRITSICE, BOERIHEI LERBEOENES EEOEH* A
ETELEDNHAS.
EONERENIZOEFRTELFHEIIBFENH S (von Caemmerer and Farquhar 1981,
Evans 1983, Evans and Terashima 1988) . 4512, tAKBERISHZIZH L TCOEEXH -
T 58K THHRubiscoid, 1 REBETLERD8%, RFEBEHS /37 D5%% 4
& (Makino et al. 1984a) , JtAEFIIH LOKRKFH T O CORMLEE L DRITIZEOIED
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DS 2 Z ENFREIN TS (Makino et al. 1984b) . EFIZEIz BT, MRELE I,
JefaFn, COMFITDIAEKEES LRubiscoF B OMICIIEVEQHBNH Y (K6) ,
—DOEBRTET I ENTER. T, MERIEROENEETIHETHZ%/ D
07 1 VEE LSRN EDHBRMELTLEL Bh -7 (B6) . Lih-T,
B4R, EFEAXEEDT, BKTFONEKEESIDELIZRubIsCOFBDOEMNERITE
HO—>THAH. LU, FEKLE4 HEDHAIZKINT, 10L 5 KTF11L DRubisco
SREIMNBR LD LENT 50, TN 5OMERKENINBROMEEIZEA EENLN -
7z (K2, 5). F7z, BKAE 8 HEHODHATIZ, 11L DXREKEANTBR LD b1
g %745, ZODORubiscoF&IIHBRDMEEIFEAEEN N7 (2, 5) . DFED,
BOKT T OHAD N A BEES D% Rubiscog ED 720 TIIHE TE LWL H H
5.

AFFTIT» 1o & D15 ehafn, COMMTONAEREREZ, ) VHEBLEDIDOD
A7 0— ZESWREETZ L > THEEINTNS ZENEEXIN TS (Sharkey 1985,
Stitt 1986, Sharkey et al. 1986) . F7:, ZEFEFEIHEMTSIC >0 T, stfaf, HCO, T
TOA R EDNER— REKRBROFERICL > TREXNSZ L HIT733 (Makinoet al.
1994) . 2% 9, EHOTL ERER ORHIE T4 ZF0EE L, tfgfn, CoM|i
T DA EEE ZRubiscollSND BRTH LY VEBEDIDD X7 u—AEEKEE
&> TREINSTREHDH B, #> T, RHHFEICH T, RubiscoF &N+ H
A5 LA BREZE DONRERKEEN RBX & KT THENT 5@&1, 2y o—RERK%
DOEZREHOBEMIZEIS BDTH S0 LNIN.

HADHI0Hi B3 B/KAE A HHTIFEALOMESRRL, FKAE8 BRIZENT
i, BUEHMPB8. Tom E LT (R2) . ZLTIDEE, HADIIL XA K
FEAENBR LY SERICRVVEEZ R L (B2) . ZOIL EENSGHIZEENITY —
2EV VI OBEFRITH S (HP 1958, Tanaka1961) . D F 0, FEKABHIZHE L7
HOBE LM RICH U TLHEINREGREDOBRE DD, AU CEFEKAERITHE U
FED ) — ZEEIRARENOHEIMC L > THIEL T B I ENEZ LN B,

BUk4 BE &V BOEIC, 21 & LA 2 EORubiscoF BAMBR LD bE L -
fel &, FBUK8 BRI, BEAXOEEUTLREEDR COMTORANLE K
AN U7 CERHERA XA TRBDSNT, BAXIFEORETH 7. Th &
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IAHADHEEARTIE, BRAESHEORENEREICBT, REKENBLIT
RubisoZ i3 BR LD AT L7z, I DOEBREESOHMIZLF L $ Rubisco [TK F
L7cbDTIRAEL. UL, PRCEBFEARTTEBLTOEES RF, TROFTEHN
BN 5Zsx2EHT, BELTEDEFEZITY, TOEDERENE B HFTS I
LRPASNTH S INSORRY, FA RDEHEMZTIILCHETIHEKT TORENL A
BEHFTAIERO—DTHAD.
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HE

AEOHMEZ, BKTIIBITZFA REFFANROEEDEN ENEGREENDEIL %
BEL, TOREKENOEAEZ B OTERITOOVTERNRSGOEN oHFTTHI L
TH3. |

#99. 63 DiF A R miE T & SHabiganj Aman I (HA) &IEF A R anf& T35 5 Taichung
Native1 (TN) %, ZOEBETEOEENTRITKET AL HITHEKAE L. Z2LTH
BAEIC, ok, COLIMEHT TOBREMHER L SMHBEEBEICIVMET S L
TRANSEGRENFEH L, ENRSELTI 00T 4)VETJEBHEES 2737, Rubiscod
EEXERLL. BKRELZZA REINBRID SEROERNET L. £, BK
IR 4 HHIZ, FAROLA2EEDRubisco SRIIMBER IO &ML, F/KNESHE
I, B ROBRELNTEERAEOASKENNNEBX L Db@I-72. Jh5DE4L
BIEFA RGO ONE N 7. ULDERNS, BA REIFFA R ERIED, BK
TTHRELKE LO EMEOEFET, TOEDAKRENEHBFTELIILENHS
IMNTIE 572,

J&, COLFIEMHT TDOHERKEES ERubisco ZBOMICIIEVIEDHBERH D, #Fk
TFIZHBIFBIEA ZDNABRAES DB IZRubisoZ BB MNEELERD—>TH %
ZEMBONZIE 7. LI L, TNTNDOEKT TOEEH XY — 6, BKFTOD
HA RIS DHEBRETT DIEIN % Rubisco B EDIM 3 TRVEPFATE A -7, K
TTEBL T BFA ROR EUTLERAEICE T, A REEIIE BIE T OMHEY
LD SEMTL2ERICEH L TR SITHENLETHS.



L -~
MR I S A RBEN DEAL L BRI

EMEOLER, HICEDOEE LEKEET OMFICREROUERIRIRTHS. &
—BEORRED S, FARBFEFARERTD, BEROETNEKTTREZINSIEN
oMo fe. &, BAKTTEFULALEA RO LAER, EBEH T TEE UICH
WAk LR U ENU EORubisco FEAEF LTz, 2F D, TAKTIZEOTEAS RITIE
FAREDBFOLNEOE EMEEZINBDT, 5IKHDERN T D LA
KEINABLENHAHD. KM ERAE U FARBEREY D LBEXRBLU Y /Y7
BERFEVPHBRIDHETTEN, BEYCODOZENSOTRIEZEITHEMTEI &
bIREIN TS (b0 1973b) . ZOFHRERIFIIO>VLTER, £ERPOM X EHOL
BRDHHAS-B3RIZNABREL OB A/EINICERTHS ZESHEXINTI S (Mae
and Ohira 1981) DT, ZE{LBFENSOBSEERRBREELEREO—D2TH 5.

FETE BEFRRENFEKTICBIIZFAROEBTLLULEARENICEAIEE
ZREL, BKTTOESAN R LNEOEFTIRICOBRMERICENLIHEEL TS
eI U, £72, BKT TOEBEARDEENTHNEL SOBSRERIKELTL
B35, B4 XATHEOZALIEKIZE - TREXNS EBbNE. TIT, FKT
TOLENEOEFNVRLLEFEAREIFFA RIIBOT, KEITLBEDENAIILITSE E
REPoMIl, TOERZIHMEDOFKIINTEIRDOEHDENILBZHDTHE D
n ENELY VI THBH ENEOEREEIHMETRLEINSTHLDON KT L.
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F—f RERLETTORSMNXROEREAGRENDOEAL

FETIE, BKTTEETLEA ROEREFEE LRI SRR EINEEROERE %
THBY 570, FEA rEBEEREX ERERX LV HERTEBORI S _SOKBKT,
ZTNENHEKT LEBRET THRE L, EYWELLSRESN, ERBOLEXETEZAE
L7c. ZD&ERDS, BKT TEELICEA RIHNT, RERLEIC X > TEMED
ER, FIIESOEEMeEINENE S EKET LI

HEEFE

1. HtEmE

¥4 *ufET&H % Habiganj Aman UA{FH L 7c. BFREEEE—HERKICTH #
FAEr RFLIBTFEKRKOLIIEMRICTSAF v /78Oy bEICEE, HEIE
WHETHE THEE IS, FOYMEYIR%EMae and Ohira (1981) Dkt (NH,NO,; 1
mM) ZHNT, 40¢ DT FEICE DD REBRF o—-MRICZAKR Y VTEE L
T, 02T TEATEFX /.

2. BFEBIUVBKAE

L1028 THEE L 7ok £ KHBEDO A-7c1 L DTS XF v 7 BORITBL,

AR UTHEHEL, Thilk) EKRET TORFROILEKEH . ERLE G
1.0mM NH,NO, (B2 HRX) &£1.5SmMNHNO;, (FZEHZRKX) OZBETfT-72. €L T,

TN EThOZEFLEXOEM KT, FESEHVTRITKETA L HICEKLE L. X
BXELT, TBEHTTHEMELEEL /.. LERERBIUCAEZ48HLES8HE
IS, TRTOABX TED¥GOMMEDNKE L5 8%S (8 L) LHEI0ES (10L)
DEDEGFREES Y L, BMEBREICLSEGKENDORIEICER LK.

BOOmMkE, R, FROXR (EWLIY) . FOHMUUTORFD, BT HILL
Lmﬁﬁo,%7¥§QT®§%(7L),%8¥%(8L).%9§%(9L>,%
1055 (10L) , H1ZESH (11L) , H12EH (12L) iiauTHr 7)Y 7L, <
IZ105°C T3040/, Killingf A %470, 70°CTSHMERI B, TOREMELREL

EXHILERSTEOERICHERA L. 4k, KKIZNERIBEICRIBEL .
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3. tEERENDRE
FE—BERROFETRE L.

4. 2EFBEDESR

LEREERIYNG N -H o=V TRERILE D ERERESE%R, 1 T2/ —
WViEIZ& » THEER L (BREEIS 1977) . HBREDT, 5% (wv) 4 FIEK
P EURMREY 2 mUTEIEERE 1 B2 Lic. MBSRINT, £ I~BERROF F B
F MU T LEHSOMgMA . VT — A REET, SREFOANAEEZLELS X
Th# L, ®H%, SFREDID, 30%BMAKFKENOSHINZ . X512, 48
BOABERIZES ETMERL, BRITE- T2 5 bBBIUKRERLIISBIE LD,
¥ 1EFRMB LS 7. SRR T %, TORER/RA AL, ZIKTOMIZEF L. E
BUIAHMEBRDS S, S0uleA v R 2/ —)UkICLBHLBERICEA L.

#R

FEIREROETIIRIITEKREEFLBOLES TS, NEBHIEFOERITI02T
Hoto. NEA HHOBKLE UM ICHNT, B OETICHT 2E2REIEEIC
LAHERIND 7. Fr, HBROEMEFITE N TH, BEEEEXEGERXTER
REREN -7, REE8HE TR, HBEBLIUVFKRE HICEROETICRELEE
REOHRZIE -7, FKEOZOOMEYEIHBX OREZEX OMMELD b
BRICERIET LI

Table 3 Effects of submergence and N treatment on leaf age.

Days after treatment

Treatment
0 4 8
Control N-1.0 10.2 10.8a 11.4b
Control N-1.5 10.9a 11.6ab
Submergence N-1.0 11.2a 11.8a
Submergence N-1.5 11.2a 11.9a

Data are expressed as the means of six replicates.
In each data within different days, means followed by a common letter are not
significantly different at 1% level by Duncan's multiple range test.
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KB U1 iR D RO E SRR PIZ LA ERMN U -1 (R4) . 5B
6 B T OMF DR EICE L T, A4 A BT 4 RBXETEHERRLEZRZLOD,
N8 HBEICE W TRNBX OFEHRMBIE XN/IEYEIZIMEDO SRBRE D HEE
THE L. 8 TSR ED M DIT N TOMER QMG TAE 8 B Bicid Rk L
THED, KRB - BEZRXOEYER O ZTOEMEILINERIE N 7. AE 4
AHOEXHMOLMEIZ4 DONERX TIZE AEENTVN, NESHE TR, HEBXO
BEZFR L URERXOMWE LB LT, BKAE LI-BEZERXOEMGD X
BOEMEIERIEN 7. LI L, B/KAER LU /CHEMEICETIMERLEXE T
EMOEMED E DT -7, KT TEF LHEVEDO 2EZORYEIX, HERL
BX & HITMERIEENSIZEAE—ETH -7, HRBRXOBEZERXOEWEIZE
UAESEMEZLESH R IAERERELVENL, SBXORERXOEMEIZL
WAEMEBEGAESHBICZ U EICEM L., UEDAEHTHAEMERLEOEN E
ICBLT, LESAHETR, HBEXOSEZXOHEME, RITHEXOFEEZERXDHE
Wik, = U THKLE L7-mEREX OMYEDIEIZE - 7.

BOKMBIZK->TKE LT LBLU 8 L 0EMER, EXBIERBICEDLST, R
XOEMEL D HSEITET L (RS5) . HRRICBT A8 LOEMEIELT, £
REFRXOWMYEIERBIM FICHR 2 ITET Licdt, RERXOEYEKIIERIMS I
EAERAL LT 7. MEBAHBTIE, I9L0EHERZ 4 DOUBERXMTIIEAEE
NIty RESHATIER, MBRXOSERLEIN MYED 9 L ORHENE
KA U7l E RLBEXROEMEL D EEICE M- 7. QHARG, LAEXICEIERS
{, WLOEMBEIRELEN -7, ILOEYMED FIAEREEL D HML
%, MEABHBLIUSHBEIIENT, LEBERMICEFEE CEERER -7 LE
8HEBIXHNT, HBROBEZEXDOHMWMKIZH T 512 L DEME I MEOLE X
LD BEI T

B 7i3%% & UCOLEM T TOMBERBITK A HARENDEAERT. HEEXOHE
WiED 8 L Dt GREENICE LT, BEZERXOWEYME TIIERPE T ICH~IBD L
e, RERXOEMGTRINEFBE N S4BEOMICBY L, 4HE»S8H
BOMITBUEM L2, BkINIEmED 8 L OXARIEN L, ERLEXICED S
¥, HEXOWMERLEXOEMGL D bEET L. HBXOEMEDIOL E111
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Table 4 Effect of submergence and N treatment on dry weight of each organ.

Organs

Days Treatment
Root L.tuller H.tller Stem Leaf blade Total

g plant’
0 0.582d 2.154d - 0549d 0.530c 3.816¢
4 Control N-1.0 0.897bc 3.017bc  -- 0.795¢ 0.544c 5.252c
Control N-1.5 0.771c  3.038bc -- 0.814bc 0.600bc 5.223c
Submergence N-1.0 0.587d 2.791c -~ 0.746c 0.523c 4.647cd
Submergence N-1.5 0.526d 2.636¢ - 0721c 0527c 4410d

8 Control N-1.0 1.054ab 3.788b 0.110a 1.182a 0.638b 6.771b
Control N-1.5 1.156a 4474a 0.115a 10682 0.714a 7.528a
Submergence N-1.0 0493d 3.238b 0.045b 0.907b 0.531bc 5.214c¢
Submergence N-1.5 0499d 3.377b 0.120a 0.965ab 0.589bc 5.551c

L.tiller; tillers lower than the 7th nodal position. H.tiller; tillers of the 7th and the
8th nodal positions. Data are expressed as the means of four replicates.

In each data within different organs, means followed by a common letter are

not significantly different at 1% level by Duncan's multiple range test.

Table 5 Effects of submergence and N treatment on dry weight of each leaf blade.

Leaf position
Days  Treatment

7L 8L 9L 10L 11L 12L

g plant’
0 0.137a 0.097a 0.120b 0.122a 0.054¢

4 Control N-1.0 0.085bc 0.093ab 0.113b 0.137a 0.113ab

Control N-1.5 0.103ab 0.102a 0.128ab 0.146a 0.121ab
Submergence N-1.0  0.050d 0.069¢ 0.108bc 0.1382 0.119ab 0.039¢
Submergence N-1.5 0.054d 0.078c 0.108bc 0.141a 0.105b 0.041c

8 Control N-1.0 0.069cd 0.085bc 0.123ab 0.134a 0.125a 0.102b
Control N-1.5 0.065d 0.10la 0.14la 0.150a 0.136a 0.121a
Submergence N-1.0  0.019¢ 0.024d 0.094c 0.140a 0.139a 0.115a
Submergence N-1.5 0.020e 0.040d 0.121b 0.149a 0.139a 0.120a

Data are expressed as the means of four replicates.
In each data within different organs, means followed by a common letter are

not significantly different at 1% level by Duncan's multiple range test.
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Fig 7 Effect of submergence on rate of O2 evolution of each leaf blade
in plants supplied 1.0 mM NH4NOs ( [ | B ) and 1.5 mM NH4NO3
( . ). Submerged treatment ( @ . ) was carried out in the
depth of water to the top of the 8th leaf blade. As control ( I:I ), plants
grown under ordinary conditions were used. Before the treatment, all the
plants were grown with water culture solution ( 1.0 mM NH 4NO3) describrd
by Mae and Ohira (1981). Rate of O2 evolution was measured with gas-phase
oxygen electrode (20% O2, 5% COz2, 2200 £z mol photon m-2 s-1, 25°C,
saturated water vapor). Vertical bars express + standard errors (n = 3).
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DHERENC BT, LE 4 HEHTERZRLVERTEN SN -7, REEHHTE
REZFXOHEYEOAMMELEZRR LD S EFEIIEN -7, 2515, RLEBS8HHIIHL
TREFLBINICHBRO12L ORAKENIBEZRRIDEI 7. —Fh, &
IKALER U7 ARDI0L 0 5 12 DS ERREH S KRR, EFNBOBREICLS ZE
BAoNEh-te. UL, BKAEEE 8 BHEICHITA12L OXREEKRESIZ, EFEIE
Bl THEROBELEERR LD bAERITEN - /2.

K8 IEHDLERTBOEETT. MEROEMZKICEHL T, A4 ABTA,
BE LI TOEMOES LB TERBIREICLIFRCERTEDOER UM 7
2, MESHHETR, REFLEINICHEYEDOSL, 0LBLTIL OERTENE
REFRRL Db Eh -7, LESHEONBRXOEWKICKIZNZLOERZTEIL, E
FUHOREICLAERT -7, GKAB UYL T, AWM 4BHES8HH
EBIT, AEL LT XTOEDE W TERNEOREICL 2EZREROER TN »TC.
F7o, GUKAE SN ENE DS LOERETEIL, WERLEBEX EHITHBROEZN £
DHELCET L. A8 BATIR, EFRMBIERICED 57, FKAE L7EPkIC
BAI0L 2L OZEHREBEINBROEBEEZZRR OMEME LD bEM - 7.

KORBEHOZERETEL N, COMMMTORERENDOARETRT. WKTHIUE
BRENEMDT, BEHOERGERLAGHENORICBEOEDOHMENH - /-
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N content (g -+ m-2)
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Effect of submergence on N content of each leaf blade in plants supplied
1.0mM NH4NO3 ( [[] [B)and 1.5mMNHaNOs( ] I} )-
Submerged treatment ( @ . ) was carried out in the depth of water to the
top of the 8th leaf blade. As control ( I:l ), plants grown under ordinary
conditions were used. Before the treatment, all the plants were grown with
water culture solution ( 1.0 mM NH4NO3) describrd by Mae and Ohira (1981).
N content was determined according to the method of Kjeldahl-Gunning and

indophenol reaction. Vertical bars express + standard errors (n = 3).
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Fig 9 Relationship between rate of O2 evolution and
N content of each leaf blade.
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The correlation coefficient is significant at 0.1% level.
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EE

MES HEIZHNT, BKRERR, FABRERRX, #REERRZ L THBE%E
ZZXDIRICEMIEAT I (F3) . LL, BKMELIZ2OOZERAERXME T
BEBITIZEA EENEL, BKTTES LIEVMEROEBROETICEERBIEEIZE
BERIFIVOIENHEBL7.. OLBLUCNLOEMEZILEI4BEESHBEDIC
4 OONBERTEN -1, LEEHHOLRLOEMEIZE T, MBROE%EE
KRB XN/ PRSI D 3 DDA X DEMEL D biEh-7z (£5) . LED
e, TAFETOMPERIZOEZOAEFTNLIOMOGERBALIT L > TIRE X
nBD, BT TREINT-EYEILSMMOBSERICL 2G04 T RENT &
ETET 5.

RXOZZRESEOEIMIME- T, HMIRMHBORACO4ET TOCOMMbEEITTH LS
ZEDEISNTEHY (von Caemmerer and Farquhar 1981, Evans 1983, Evans and Terashima
1988) , SLABREE NOMEFICEROMRIEIARARTH 5. EERICB U TH, EHOE
FEE LN, COLI TOMARENIFTOEDCHENLS -7 (B9) . LT, TK
TFTTRAEIEETETEIEAXTHNT, EHOHEMEAERIES OHRED 72DD HAIFEA
DEFHRRBIIATRTH 5.

ZIT, BAXEEBEETERRKTTRERLE LI EESDORERENBIUVESR
EZRTRICEH L THARTS L, LUTO 22080 oniliE-7 (M7, 8). —Di3,
HBXD8 L DMEKRENL LUCLERTEBOEMIHEY ETHIBERICLVIRIZH
B, BOKME UIcHYME TR, EFNEOREICEBFELE C B LOXAKRENBLU 2
ZRESRANERID bES BT TAIETHS. H—2iF, AE S HEOHERX D
BYEICBNT, BEPONZI0OLHIS12L OXAKESN E10L E11L OBRGENE
EFLHIIELD FE5D, AE 8 HEOERKLE LcEYMEIZHENTIE, 102512
LETONRERENBLVERSRICEEFUBIZIZEENRNTNIETHS. L
TORERN S, TREETOEMEKEIIHEIIC, KT TEELT SEYMKRICER
ZEZLBATHREULTREORESGHEENOETERNZ I ENTET, Fro bR
DRAREEN VM T 5 Z EHIBNT Db ok,

LinL, S/KLEL7- BEZERXOEYEOR HITERECE R, HBRROBEE
FXOFENERAEL D OB OAESKENZF L, SBXOSERLE SN/ HlPKk &
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BEAERIEDNARENS KUEREELA LTIV - T, EBBIE T oMK
EHB LT, BAKTTEBLUEA RTRKEEOERST ENDEIE TTEH, K
EDOENBEFSOEREEELROUNVTHETIEINH 5 ENRS NI -7
DI ENL, BKFTEBELTLAEA RIKA LD LM EOERITHBEIZEROMLR
WKBLT, ROBEATHEL THWAIENEZONS. —Dld, BKTF TRIENSDE
FRRESEMLTNEIE, 22, BOroBRLICEREEREL TS LAEA
BERICHRRT A&, BEE BroRRLCERICBKEET, ZARDSDER
FEEPO EUEANSEICHSETASIETHA.

A XRDBOEEL LTSRN T, OEY R ICEEOUBENLETHS (John
et al. 1974, BIN1975) . Ff, A RXEBELTOAEEERPH S WIIKHEF O K
ALREZEZEDOHMBBOREREICLOBRIPSOBRRIR AETIES (K 1954) .
EZAW, BARBEEFL TS L) IS TIIEKEHICK D EZEAS R BRZEREANICE
WTREOHESEDBR THICZBALKESED LFANEL S (Setteret al. 1987) .
LT, EBHERHTTEE LA EHE LT, BKTTEAS R BBROEEN
H3ND (E4) . UEDI E0d, TKTTEA XD SORRRREIHM L T
WA EREZIZW. X 5T, Uchidaetal. (1990) (3, K FTEBFLTOBEA R
B 552 . NOBILEME T T 50 EEEIC, FRESPIIGEN S NESHEX &
DHETFFTEIEEFLTNS. 2FD, KT TEEICEEL TS LRZECLER
ZEZ, BOroBRINIBRUNDOBRICZDOEEKEFETEILEEDNSE. £-T,
GBORME L7 A R EBED SRR L cEREEENICERZIISB LTS ELTS,
EBBEEHT EHBELT, DU ELZMAENSOBLEZRIIZOEBEKEFT S
HEZHEMU TR I ENTEEINE. ZDOZER, KELEZTHEOEZSEN, =
FHRERICEOLSTEHIET LTS IS bFFINS (K8) .
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F_Hi THEOCENLIIRIITRKOER

E—HOBRD 5, B4 % LHBE~OER LI THED SOBH RERHEE T
55 EHRE AN, BT TORA % LUBEOEEN FHEN S0 BHREFRIC K
FLTOBHSIE, B A TRTEEOEMAIBKICE » TRESNS EBLNS. K
BT, BUKT 105195 LA B0 A B AR BIRA & EFEA R BT, MWk
EEOKET 5 - &1T & > Trkik Lis FREOZALICE L THRAREEN 2 MET 3 2 &
IKE->THEL, FHZDEAIHES S VX EESOEALB LTS VXV EAEEY
RRE L7 & 510, BAELYMECENGANET S D &ICLD, 91 R LTS
2Ok L FRBEOZLEEOZE, B HEOKEIINT3EORGHOETSHS D
» BBNRYY S THS LIEANOEREATMEEDETH S DRI L.

HEEHk

1. BtEre

# A X T &H S Habiganj Aman I (HA) &3E#F A X Gu#E T35 Taichung Native1 (TN)
EEAL. F—ELAKRDO FETHREL HITHISER I TEFI®K. Gk, Y
BOITNXTOFTFOERDERE, FROAE L.

2. oKL

¥OSEMEF CTER L L BRBOENGKE, BTEENRLITKETELHICEATE
KB L7z, MEBXELT, HBEUHT TETIEEMEER . £, BYE»
SUIBR L7 TEREARLITKE I B THENMAEE{T - 7o, MBS NEE 2, 4,
6, 8, 0BAIT, ETEFOPFREEZY LT 7L, BEEREICL Z% CO.M
T OXEREHDOBEITHER L.

3. EBREENDEIE

F-BELARICBRERHEREZRAEL, LERENEEH L. MEROERIHE
BRTHHE®R, 30°CTREL..
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4. NBEELIURBESY N/ 8, Rubiscor /7 oo7 4 LOHH - €&

HBEERF L-ES, 5mM DIT, 0.1 mM EDTA, 12.5% Y £o—/)l, 50 mM
K-Phosphate (pH7.5) ZELBEK 4mlT, K LIENS, HASEIBETER L. #
HEHE 4mlF 1 mIESEL, 100%7 & b 4mlE N2 T, 5000xg (<4°C) T104
MEO% ZOLEE27 o074 )VOERICEM Uk, BD o E &K 3mli$30,000
Xg (<4°C) TIOfEL Uic. €D LGRS /X EEHEL, TDF N
GEPXIURubisoF EDOERICFEAL . BREZMBIERL - BHKE T L,
30,000xXg (<4°C) TIORMELE, TOWUBREN%T 2 TeiHL T, 30,000 g
(<4°C) TIOAREE L Lic. FODEBIC 2% (v/v) SDS, 300 mM 2-A )V A7 b ¥
/ —J)b, 50 mM K-Phosphate (pH7.5) ZELEER 2mIzMA T, BH L. TOEE
BE3AHEERLT, REH S /¥ 2B L7 30,000 XgT2043/:E 0%, €D L
BEABYS ) EDOERIZER L.

R E LIUCRBHS ) EERIIBSATERL LT, TH £ Bradford (1976) @
Fik&Lowry (1951) DAEICEDEE L. 7007 4V &&IZAmongk (1949) T &
DEE LT, Rubiscof BIIH—F &L RRICRBELHEICIDER L.

5. ¥ BN ERERIEEDRIE

5 /%) M5 RRE FiETE(IMae and Ohira (1984) OFERICHEIVOTRIEL 7. HHE &
LTi31% (wv) NEZ ok (Sigma, from bovine) M U, RISICE>TEUKT
I MEE, oAV R ERELTZVERY URIBICED HBEE LT

~F

SERIBRYT, MRBRONBROEMEIZE T 51 L TFCOLFI T DG BRAEFT ISR~
[IET L, AE108 H THAETINTZNEH16.6L16.1umol - m? - s'TH -7z (K10) .
HAIZEWT, BKREICK D K& LIcBEEL JUUIMBEOASRIENI ESITHEKX
EDBEHITIERT LD, TOBRTEEIBZEEZDOANEL, TATHALAHEE6EHEL
B0 BitEoilii-7c. TNIZKWT, A 2 5 B TIRE KA U 7D &Rk BE
FIDHEDPEEE LD HEDI - 72D, ZTORBELEZEOHFIUMELD S EI-7. L
U, HAL@ZRG D, B0 B THEERZLUMEL I EoIT@U ST 72,
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Fig 10 Changes in rate of Oz evolution of the attached ( @ )

and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.

Rate of Oz evolution was measured with gas-phase
oxygen electrode (20 % Oz, 5 % COz, 2200 ¢ mol photon
m-2s1, 25 °C, saturated water vapor). Vertical bars

express * standard errors (n = 3).
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HAIZEOWT, GOKAE L7 YIMEORE]RS VB ERIEIMBR LD SECET L
7oy, ALEE10H B THABRBEOHS0% DEENH -7 (H11) . —F, G/KAEIT
L DKELIEEREOTUBHS NV EBEIAESHEITE oIl . FKAE L
INIZEWT, KELIUMNE CELEZEOTEHRS NV EEEBR3NEL4BRETHENR
EZRABS1, 2D, BEFOANVIMELD GECETF L. LHL, LEIOH
BETHHEKLB LI 2 O0ETHBHS LX) S8NFELT.

GOKIE L 7cHADYIE LB EZICB B RBH]S /37 FEREHITHBR LD b
EETTEY, ZFEEOH LB S HHICEEMAUTE OICL 72D ITHL, YME
TIIAEIOR HOR S TAERIERDOH 340 1 DEENH 7 (H12) . TNORE H
TN EEIIBNT, BKLEL7-BEFEINEL4HE LR, UMEILE6RB L
BTHBX &) BIECZ -7z, UL, BKLAE L/-BEOCEREIIAEIOHHETHE D
AP CANZYAO ALY

H3EMEED 7 007 4 VEEOEKTFIIBITEEAETT. HAITBWT, FAEE
BIVMREDO /oo 7 4 VEBLHICHBR LD $ECET L. AB2HETRY)
WEREEAEZEORMTEILD, 4 HHLUKR FLEEOAMIMELO GE KT L.
TNIZHBWT, AE 2 B B TIIHBRELCEKAE L /YL BEEEOMIC/ oo T 1
NEBEDHEBLZERZVN, 4 BBLUBEKLE L -BEISTRE L) bEEENME
Fl7. &7, ABPRD, KT TOmMEOETRIZER I -7

143y FEODRubiscoF & OFI/K FITHBIF 5% Z5RT. HAIZE T, EK0AE L
TR DORubiscoF B3 RX & 0 E KT L7, LEI0H B THAEBRIKRIEFDOH
RDEENH -7z, —F, FRBEIZE YK LI FEEFRDORubiscoZ &I3AE 6 H B
ICEDICE 57 TNIZHWT, BKABTCOYIMBELEAROSEINE4HBZ T
BELREREN 7. Z0%E, BKTTEEROAMIMELD HE KT S,
108 H T & EKAHE U7z 2 DD 3E TRubiscoN T LE L7z,

K153 Rubiscof & &5k, COMFI T DXABREEN EOBFEZRT. BMREELIC
Rubisco g & E LA RREEA DIC 3/ VBN H -7z, i, ThSOBRERELICZD
webE, 1 %KETHEEZEZIUN T/ (F—FR@FRET) .

HAIZHWT, MBXOWEYEDS X7 B EEEEHERAE 6 BB X TIEEAL—
ETHD, TO®HELITHEMLUI (E16) . —F, EKAE U YINEDERITNE 6
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Changes in soluble protein content of the attached ( @ )
and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.

Soluble protein content was determined by the method

of Bradford (1976) using BSA as standard. Vertical bars

express T standard errors (n = 3).
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Fig 12 Changes in insoluble protein content of the attached ( @ )

and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.
Insoluble protein content was determined by the method
of Lowry (1951) using BSA as standard. Vertical bars

express = standard errors (n = 3).
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Fig 13 Changes in chlorophyl content of the attached ( @ )
and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.
Chlorophyl content was determined by the method
of Arnon (1949). Vertical bars express =+ standard errors

(n=3).
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Fig 14 Changes in Rubisco content of the attached ( @ )
and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.
Rubisco content was determined by single radial
immunodiffution method using rabbit antiserum against
purified nce Rubisco. Vertical bars express + standard

errors (n = 3).
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Fig 15 Relationship between rate of O2 evolution
and Rubisco content of the 7th leaf blades
inHA( O and TN( @ ).

The correlation coefficient is significant at
0.1% level.
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Fig 16
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Changes in proteinase activity of the attached ( @ )

and the detached ( A ) 7th leaf blade under submergence
in HA and TN. As control ( O ), the attached 7th leaf
blade grown under ordinary conditions was used.
Proteinase was assayed by the method of Mae and Ohira
(1984) using hemoglobin from bovine as substrate.

Vertical bars express =+ standard errors (n = 3).
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BEHIOMITHA ML, RUCKELUZEEZOFEHIILEBE2AETELLHEML,
ZOBBEIET L7c. INIKB T, GUKRRBLICYMED ¥ /3 o RBEEERD
HAD Zh EREDOE & 2R L7Icdy, RBHBRS, SBXE LU0 2 DOFKAEEDH T
RELEDTM- T2

ER

BIKIZE > TRRITKE LICTHEDORES BREENDEALEEFEA REFFARTHEL
RER MR EBICTHEDONEKEES FEKITLZKETET L (B10) . 72
Db, EOBLRIFKTTREZINBZZEERLTNS. HOBPRIIENT, 20D
WREDZORBE#WE LT3 (Kawase 1974, Drew and Sisworo 1977, Jackson 1979,
Trought and Drew 1980, Wenkert et al. 1981, Humg and Kao 1993) . X 5|7, KERO&Z
RENSBALNTIE - 1 BK T ICB I Sl BEADHERKENOEALDENIRD 2R T
Hot.

—2id, FKBEIT K DK LICEERDHGKEES X HALTINTHE S 5 &, HAT
FAE 6 B BICE Ol 7o DTk L, TNTIRAEIR B it THREKEAVE O
KRS D -1 IETHE. INORBRENOEMBENRFITROE/AE —HL
(K11-14) , §FiCRubiscog EDZALE IFEOEDHBENH - 72 (K1S) . LT, HK
FICHOTHADEERDENS /37, #HiZRubiscoD 3 BIITNE ) b afIT(RHE &
N, TORR, HEKENDET, DX DBANEELSZ I ENWSNIE STk

DO, BUKAE LIHATE, BAZEORSRENDOFIIMELY bFE LK
TUL7DIZH L, GKREL ZINTIE, EEZELYMEORICZD L H LHEFLENL
{, ZORRIMEICBOTIIAARENDETEEIGBEEI I, -7l ETH S,
Lo T, HAZTNOKE LIcEERIIB VT EZOBIEEENRILZ DL, KBEIIHT S
BORIGHIB GBETRLSZ DO TR ENPHONI 7. FEELYMEOR
BHRERY V7 ELTOERBENFETEINEINTHS. £, BKTFTEAS X
BEEA R ERLDKEALOF RO ERMeEZNS (B—F) . 2%h, HAD
K& LIcTRZEDEALNTING D bieEZINZ0D1E, GUKT TOREL LIEDERITH
LT, THNEOCZERDOHBEZNITES BAMIEMULIERTHEEELONS.

BOKMEE U1 A RDIKE LIFERICE 0T, & VN ES BBEREED OB 2
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AEIZZL <ML (K16) . 4% (Dalling et al. 1976, Nair et al. 1978, Wittenbach
1979) , +YE o3y (Felleretal 1977) , # AF (Friedich and Huffaker 1980) , %
4 X (Wittenbach et al. 1980) &\ -7 H OB T, DS /37 B REREE &
ZROHEEKOBITRVIEOHBENH L I EXNRINTNS. LOL—FT, F12EE L
WTRIDOLIBHEALPASNL NI EHHRESN TS (Maeand Ohira 1984, Mae et
al 1985) . FRERITEH T, FAROFEKERDELWS 7 HARBERE D
13Z DHORubisoFBOBE LY EBENH S EBb, LBOLBHETOA R E
DEACITE I B ERBRUIFEBREL o/, BKTTORAXEOBALITIE, BEDA
FEOEMMEREITVRER S VN IHEDRENME->TNBDT, ¥/ V3 HEER
OESNTEINSD, JORICHLTREISIERETAILENHAD.

BKTIZBNT, FEAMNRTRETUBHER/ S VN IBEROHAGHNE L CHEMT 3
DIZH L, FARTRIFEAERANIIN T EOBEXINTHS (LA 1973b) . 4@
DHREHETHRITTEE, BKTTKELILEDSY N IEOHEI O LUEADE
SE, IOILEDEMETOD S V3 EOERE N > —EDBENF 1 R TIIMERF S
NZDITH L, FEFEARTIIKEEDY V/3) DABROADETTEIENEZ 5N B,
£oT, BAXDPEKTTEETSE, KEUKLTHNED S /) Eo BEESRIEED 1
mu, ZRHCBLSERZERREE L TOENDEEE S /37 E, HiZRubiscoD 3 A
REIXN, THUEOEBMCEEIRL LS. ZOMAIEKTTCOEROENS LUZE D
EDONAKREES ORFFICHE EINIERD, /Kik UIcEBLED SEEEADKRIAN S
ERETEICLTOEERD—DTHAD.
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RE

HEREYOREHR TSI, FTEDEFLZDHEKENDHRFILET H
5. BKTTEBRLTOREA RBEOE EDREIZL > TEREEIHML, REK
ENbEB B AN, FEORNE, BEOEERHET 3l LENERMBICE
WTHEKTTEREA RADRFIEEEETNITHT 2BICERRTLIIETH 5.

B—HTE, B REEEZERX (1.0 mM NEINO,) EFZERKX (1.5 mM NHNO;)
D2EBRETERLEL, ThThEKTEEBRETTERTIY, EDOEKENSL &
VZEREEFAEL. HBREXOEIMKIZHE TR, SERLABITL) LUEDHE K
ENBLVEGOLERSEMIM L. LML, BKLBL/IEMEIZENTE, 2
FHREEICEREL, HUBEOASREN S IVEEOLERTERI—ETH-72. X
HIT, BEERETHEKAE UEED LA¥E S, SERBIEETERBLZGTTER
U7cHEMRER LNVOEWEEZREEEZAL TV, Jhoo#RE, BKTTR
BMESEDERT E_BIURFESED ERICIVIROEE S BEROPNNMETTEE8 D
NBEZENS, BKTTEE LB RBRISBIR L BRUNDERITE D L3
DHABREN EEREMHERFL TWBIEEEZI OGN KT, BKTIIBIISES R
DERILITHEINSOEFBLSENERTH S I EHFREEINS.

BKTTOEARXDERDTHNENS DB SMERIZEFELT WAL LI, AR T
BTRRDZMAPEFKICE> Teah s LEBbNS. £ ITEIMHTI, HKick-
THKRE LI TUROBLERET 578, FA Rak¥E T % Habiganj Aman Il (HA) &3IE
HA X T H 3 Taichung Native 1 (TN) ZHKAEL, € OHEKENL LTS /Y
JHEBERDEALE S X ERBEREEREZHE L. ZOER, HAOBKITX OKE
LIcBAZERTINO 2N L D b HEREESNDIERT & - 2. FEKEESI DZEALiZRubisco
BEOEALEBOEDCHENH YD, K&k LIcHAD T AIZE TiZRubiscod ZE I HRIT L -
TEAMEEIND Z EDBP SN o7, X 51T, KIZITKBZHAETND THED E
\LEEDEZ, WREOKEIIHTIEDRICHEDENTHED), EOLEOEER
BEEOEDOEULLZSE R EFRBALICLLDD0E ) MERITE 720, UIHEL
EEEAFAFROFHTTHEKAE LT, LEOHHIKEL TRELL. TOEER, Bk
I L 7-HADQ UM ER ZOFEREL D S GRENDET I =H, Z2LT, UM
IZBNTREKITE BIEARENDETIC mBERAEEE) - 7. BAE LYMEOR &
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MRER, YVIELTOERBEVFETINEINTHS. £-T, JhoDER
o, KELI:TREDSEBRFOEAND ZROBLHED MY, FA ROKELIT
MEOENAFFEANRELD RETAIELFERTH S I &ETHT 5. BKAELIHA
DEEFEICBNT, ¥ ENREREUIAE 2 BZICELIEMN L. JOFEH#
BEMZHADKIRE R OTBEHS /37, HFiZRubiscoZ D B SE T LEENH S &
2Z2oh3. UEOERENS, K TOHAIZENT, k% L7z FHLED Rubisco%id U
HEFTEYNITER, BFHOEMUILY N ERBERICEI > THBEIN, Fo L
PMEOERREICL ZEHOWINITHET 7. DDERIEBRELL > THEEEDN
3.
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BE
v —REILBT BREREY DEREN DL

B—EBETEN LI, BKTTENRXOGBIIBHEICTHET S, £/, BARIIE
FAFRERT Y EFROEOEENESLS. IhoDERBEIZK DHEKEDDEK
ENENT 3 E0FRIN, BT TOKELICESE XN EEHORML (AES
19893, b) LHbET, BAREEKTTIVI7EV—RDNNS UV IADEATSEERD
n5.

BTN KRB RI o —RELTEMSERHEIN, 770 & LTERKICE
#Md3 &£o-T, V-RETOXI 0—XDHRIHEKRENOERZ HEAT SRR O
—DTH% (Geigeret al. 1979) . HXEREMITNTE 7 &V —AD/NF5 V ZADRAL
i3, REBRICE > THEINILREDTF VTV ERI OD— ZANOEAZEAIBEZ &
PEISNT 3 (Herold1980) . F/z, V—XTHAIEO—MEYPRL/IcH, F/EX
FTRIERLEST, Y7 EV—ADUEBEL VINED RECTLB L HITEAZES
&, BINBIIE OTCORMLERII—ETH B, R/ 0—XFEREZ DERERE
DHEMT 5 I ERHLE XN TS (Thome and Koller 1974, Swanson et al. 1976, Geiger
1976, Borchers-Zampini et al. 1980, Rufty and Huber 1983) . —%, v v/ BEARET S
IERERNEDV R O —ADBKEEZRBIEE S L, V —AFEITH N TCO,FMLEE D
BFEFY TV DERHEL 2 (Ciha and Brun 1978, Hall and Milthorpe 1978, Rufty and
Huber 1983) .

XETE, FTHEKTCTEF LB ROEEILT B HEREYD ¥ v 7 ~OEH
BENOEERIT B0, RAREYOEREEE b L—H—& LT COEAVTH
Bl Fe, ZhoBlBUIRI/0—REFUVTUVDOERERE L. 351, &
KFILEIFE ) —AREDEREELLIVR /) 0—REF VTV ERBOEAESTCOTE
REKRFTH7cD, R/ 0—-ZEGRRDOBRTHEIRI O—RAKAT 24 by —
¥ (SPS) LMIRE 7V b—RXERXKR X7 74—+ (Cytosolic FBPase) DiEH 4 &

L.
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WHEHE®

1. gtEAH

%A FanfE8 T % Habiganj Aman UAFA U 7. B—E LMD HFETREFEZ FIE, #
FIE RFULBTREES-HERARIKBRICL D, EOSEREITRITHE
B UE, AEPIRRELICHT OB ZOTICH OB S, FROAOHEME &
L7z,

2. EKNE

BOSEOMA S XEKBFBDOA-KL L DTS5 AF v JBOWMIZBL, RRVUT
BEL, FoZNITEL » THEKAB T COKMBROILEEH7Z. £ T, 5103515
WKHEBETLETS5HE, £7ZOEHOHEFIIKET 5K TEA THRKLE L.

MEX &L T, EBEHT TEIOERE TAR I B/ EERA L. oS T

R Ok & bR EAERIZE O BN TH-7c. BAERXOEMED S bRz CIc
&3 bPL—H—KRIFERAL, B OMHREIBRREHEOUEL T T B8LUR 70—
2EEBEDERD I, ETE (TL) ULOERPREEFHIMIY Y I L,

TG ERTHRIE®R, 30CTREL.

3. "Cofits Lo

YA KB L7:y v BRI DT 7 YLF v o_3—% Bl SBXO
EMEEKRER LTRSS VIHICE S, RUKED LT 7 ULF v %%
Wi, Fr N —HNOEKEREHEBEIGBET ZEITL-T, TOKBEISCUTICHA L
o, PCEMETBENC, Fv o N—AOEREY—F 51 LEANLYY VF—ITBL
T, F+ N —HNDOCO,DH50% % WM H T F v o /N—ADCO, BRI FRIRCO, 4>
#75+ (Shimazu ; URA-107) |2 kD E= & — L7z, 10gDBa CO% A 117:200ml DA S5 X
T75RATRYRFY v 7 RO FTO% (vv) U VEEERTTE I ET COZEREXE
7o, LROEBT, FRISHMNSIME TO 2, MAKIICCOXME L. #EH
DF + N~ PR DCO,MEEIF430+20ppm, ZD S B COUTHO% TH - 1o, BLERT B
BLUMtS% 6, 2IFMBICHMGEES > 7Y oLk, £UT, ETEBUTOES
(7TL), $B8%F5H (8L) . £9EH (9L), FL0FESH (10L) , ZOMODIALIC
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AIT, 9 <IT105°C T304/, KillingZfTly, D30T, 70°CTS HE, 2okt ®
g, £0%, AROEMEEMEL .

12 L B REDR ORI 9 BRIKIC L, 20 CEEEHFIR PCOMT
(B4t ; EX1308) 12k > THIEL:. 2HMO COMEHMb ICEEI N RE
DEERFRICEDHZEE (RSA) &, UTIIRTRICL->TEH L.

Stk C atom % excess
RSA = x 100
HEE L 7- 22K D C atom % excess

HEHOCCOME P PIEE SNLRFEDOER (A) 3, ABP0LRETEIEY

BEDSUBTHAERELT, UTORIcL DB L7 (Tatsumi et al. 1992) .
A =RSA/100 X IKEDEME x 0.45

4. REGHREOHEM

AEBRETHIEDSNVREGRE, TOEL-THESNLREENS, 0D
BENERINREESLCFRC L > T BEINRERBE VOV H0TH S
(Geiger and Shieh 1988) . AERTIE, S~ LEHRME 6 %S L U21BEZEOEY
HREICEETECERD S, UTORITED, WIRICE - THEMELED, SH%k LI
“Colt® (Rmte) 2EH L7z

PCHELRTHDIS 6, 21BM%E TICHEMERSELN 5L LIS NIVREER
R rate = X 100
PCH SR THICEMERSEKICEET 3 SNIUVRER

BIEE NS CPCHE 6 15 L U2IBIHE TIERIC K » THL LI SALVEER (B) 3,
UFORFIck > TER L.
E="CHt5 6 BRI Z 72 (321 CIREBED O Mk LI SALREE X (1 —R rate/100)

5. BFEEHOAE
BEEIRIE X B T HU 725k 2 50mM Mops-NaOH (pH 7.5) , 5mM MgClL,, 1mM

EDTA, 2.5mM DTT, 0.5mg/ml BSA, 0.19% Triton X-100%-& & & 1 mlT, kL7



PoOFSKEABTER L. £ LT, ME#EEI2000xgTI0ORRE (<4°C) #l L7,
Z@ L%, S0mM Mops-NaOH (pH7.5) , 5mM MgCl,, 2.5mM DTT, 0.5mg/ml BSA
ST BEK T/ X ¥ T\ 7z Sephadex G-25 (Pharmacia) # 5 L T&id 5 2 &1
L W BitE 72 (Hermerhorst and Stokes 1980) .

SPSOE #EidHuber et al. (1989) @ FKICESHTHIEE N7 EHEEFORKE
(Vmax) |3, Bt L7-HH@& D50 1% 10mM 7 )L b — R-6-) VB (F6P) , 40mM 2
JLa— 2-6-Y) B (G6P) , 10mM UDP-#')La—2 (UDPG), 5mM MgCl, 50mM
Mops-NaOH (pH7.5) L& dil, £2FBI0p1F TS CTS HRRIEEE 52 & THIE
Lz, BEERE CTEHEERN THAER ) VB (Pi) 25T %M T ToDin vivo i
(Vlimiting) 13, Beg L7k OS50 1% 3 mM F6P, 12 mM G6P, 10 mM UDPG, 10
mM Pi, 5mM MgCl,, 50mM Mops-NaOH (pH 7.5) & & 12, 288100 41 T25°CT
ARG E2 2 ETHE L. RIGIE30%KOHBHKA100 1 N2 TE L L. 735
VI ELTRIERIERORIGEER V.. RIGE IR E Bk Pic103Me 2 &1
o TRIGE IR - /cFOPERIE L7z, A%, 13.8MOREIRE IR L 7:0.14% 7 ~
20 1ImlENZ T, 40°CT0RMRIE, REIE. HH%, 620nmDELEERE L
7<.

Cytosolic FBPaseD & #(3Stitt et al. (1982) DHEIIESHTRIE L. BEL /L
W0 L1250 M T h—~Z-16-EXAKZT =4 b (FBP) , 5SmM MgCl,, 0.2mM
NADP, S0mM HEPES-NaOH (pH7.0) , 2Uml XA Z/LaA VA S5—+, 2Uml
GPFE P oy r—EEEbi, 2FE 1mF T2 CTRIGEE, 340nmDIK A% &
Brice_y—L1x.

6. A/ o0—RBLUVFUTUERBDEER

BEARE L 7c B2 5mID80% L & ) — /U THSK EFUBIC K DER: L7, 20T
#3,000xgTISAHREL L, £0 LiEZHNOHBREICR L. T OHBREREIC80%T ¥
J—=)bE5mIfIZ, 80°CTNAHMKEL, TORZEHBELL. ToHBHEBY
3,000<gTISS3ffs&is L, EDOLBERMOMEBDO LEFELEDLYE, X/ 0 —-ADEE
KAV, BBEEEST V7 UVOERICEBV. ZoMEEERBHEEEL, S0 mM

HEPES-KOH (pH 7.5) #&KI0mIIEB L. R 0—X ENF Y — 2D G Ei3Ken et

-49-



al. (1985) IC&LBHHEILL->TEEL.

=E

KAV U 7ok 7 Lici3, PCHtEMIMt It BRI N RE FHBER
) BIELAEFEEUEh-7 (B17) . "CHERTHROMBR OBMED 7 Lick)
HEHEE KFII8.Smg T, 6 KrfikidS.omg, 21K %(33.5mgTH 7. 8 LiTH i}
ZHHRBEEREOEBIT, MRETIEEASEN DN -7, "CHEEKRTHDOI LTk T
LHBEEKER, FTUKAE LYK TIS. Tmg, HEBXOWYMETI2ZOMETH D,
TNTEKAIE U7oEED A& -7, UL, 20 6 BER# & 21 BRI X
HOFREETRESRICER L hotc. "CHERTEICHO T, HEAAE LEWMED
LItk 2HBREEXRES &L, HBXOEMGELD LBERIZEN - 2. £0D 6EM
BOFHEERFIEICBITAARMOEILIFZEAENL, £oT, BKUBTTEE
LIcHEMED AN ERBDE TR ED - 7.

B 170 R%E b &2, PCHEMMTIIH S cAEINZREOEES D SBOBE
NDERITE » THER LIS NVIRERREEFEL U7 (£6) . BKQAE LcEM&K
DTLDFNVREHRBERZHBE LD S ERIBI -7, 8LITHI AMEEICEAL
T3, 0—6h TREKRDHEVHBEL DS 5 BKETHRIIE,»7cH, 0—-21h
TRAXETHEELRENFELIh 7. BRAE L2 9 LH S D5 N)VRFERH &R,
0—6hiZHBWTHBEELD 5 %KETHRIIRS, £/20-21hIHTIHEEX
DHILHET, 1 BKETEEIZED 7. BRENEFEDIOLTIE, 0—6hILTf0—
2lh & diT, BKREB UKD S NIVIRFREBOS IRHBR LD bARES, 1%
IKETHEEEND - 72

£E6DRERENS, PCHER 6 BRICESD SHOBENER L EREL DDA
JIRFEOTRHEEEZEH Uz, TLICKIT 5 EEEEK T TERIE, 72 (RT7) .
BOKMEB L 7-HEMED 9L E10L OHEEE R ZENTNSE % & 1 BKETHRBX LD &
FRIZEM -7, 8 LOBHEAERAXBTEI I -7z

KRB LT LIZBET Vv v BLUVRI 0 2EGEBRIMNBR LD $FEL (&)
72 (%R8). 8LULDF VU EBRMKMTENM D 7. 8LDAI/D—REE
BEXETENIOD, FKRE L/EYMEIZEIT5 9L E1I0LDORI o—XE&EIIN
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Fig 17 Changes in content of carbon assimilated during 13C feeding in each
leaf blade. Submerged treatment ( @ ) was carried out in the depth
of water to half of the 7th leaf blade for 5 days. As control ( O ),
plants grown under ordinary conditions until the same leaf age as the
submerged plants were used. 13CO2 was fed to the both plants from
8 a.m to 10 a.m (from -2 to 0). The both plants were harvested at 0, 6
and 21 hours after 13C feeding.

Vertical bars express =+ standard errors (n = 5).
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Table 6 Effect of submergence on amount of export of carbon assimilated

during °C feeding period from each leaf blade.

Leaf posiﬁon
Period  Treatment
7L 8L 9L 10L
, mg C

0- 6h Control 2.23 2.38 5.46 6.62
Submergence 0.57* 4.27* 7.65* 10.68**

0-21h  Control 325 4.90 6.39 6.89
Submergence 1.19** 591 9.72%*  12.63**

Data are expressed as the means of five replicates.
* , ** ; significant at 5% and 1% level.

Table 7 Effect of submergence on export rate of each leaf blade

from 0 to 6h after °C feeding .

Leaf position
Treatment
7L 8L SL 10L
mg C h' g FW?
Control 1.30 1.32 2.32 2.84
Submergence 0.48** 1.75 2.86* 4.06**

Data are expressed as the means of five replicates.
*, ** . significant at 5% and 1% level.
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Table 8 Effects of submergence on sucrose and starch contents and sucrose/starch
ratio of each leaf blade.

Leaf position
Treatment

7L 8L 9L 10L

Sucrose (mg g FW")  Control 286 380 421 439
Submergence 53*% 378 54.4% 54.0%*

Starch (mg g FW™) Control 3.48 3.14 2.87 275
Submergence 0.65** 327 2.94 2.55

Sucrose/starch Control 82 12.1 14.6 16.0
Submergence 82 11.6 18.5% 21.2%*

Data are expressed as the means of five replicates.
* | #* - sionificant at 5% and 1% level.

BRIhEEMNol. A7 0—2REFUTUVOFERICE LT, TLESLODZNITIE
KIZKBHEEZIF I -7, 9L E10 L TIIEKAE U7clMERD HosBX L 9
bRMEETR LT

K 183 &L BIDSPS{EME (Vmax & Viimiting) 2R L2 D THB. FEKOLE L7l
WKICHIF S 7 L O Vmax & Viimiting iE# I BRX LD EN 72, 8 L O Vmax &
Viimiting/FHZHEXBTIZ LA EEN IO -7, ILEWOL O Vmax FEH S HXEATEE
RERED o7, LU, GUKLELEYEITE TS 9 L E10L OViimitingFH#I3 ¢
BXLHHAFIIEEER L.

K185 RN, HSPSOEHALH (Viimiting/Vmax) 2B H L7z, 7 L DSPSiEHALHE T
BKTTHER IO DARIEN -7 (£9) . 8 LOFBEMARIMEXBTENL -
fo. Livl, 9L EI0L OiFEHALEER, EKTOEMED FHMBR L Y &L, £h
ZN5%E 1R TREENH -/

GUKAEE U7k 1Z351F 5 7 L DCytosolic FBPasefF i3 BX L ) HET L7c (K
19) . —F, EABELEDEICHITS 9L E10L OFEHITHBR L ) HEZITHEM
L7z. 8 L MCytosolic FBPase/E#: (3 X B TEMNE D - 7.

SPSlimitingiE ¥l T NIVRROFE L EE & BOIEDHEIASH ), Cytosolic FBPaseiF
S FFISROCEQHBE NS -7z (K20) . SPSlimiting/F#: & Cytosolic FBPasei& # {3
ZNTNAI D —ABEBLUVRI0—REF VT VOEEBLESHEDHEBEND - 72

(H21, 22) .
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Fig 18 Effect of submergence on SPS (Vmax) and SPS (Vlimiting) activities

of each leaf blade. Submerged treatment ( [JJ] ) was carried out in

the depth of water to half of the 7th leaf blade for 5 days. As control

( D ), plants grown under ordinary conditions until the same leaf age
as the submerged plants were used. SPS was assayed under two different
reaction mixtures, saturating substrate (V max) and limiting substrate
plus inhibitor (Pi) (Vlimiting) by the method of Huber et al. (1989).

Vertical bars express + standard errors (n = 3).

Table 9 Effect of submergence on SPS activation state of each leaf blade.

Leaf position
Treatment
7L 8L 9L 10L
%
Control 55.1 53.0 57.8 54.6

Submergence 40.9%* 510 65.9* 69.4%*

Data are expressed as the means of three replicates.
¥, ¥*; significant at 5% and 1% level.
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Fig 19 Effect of submergence on Cytosolic FBPase activity of each leaf blade.

W

Submerged treatment ( - ) was carried out in the depth of water to

half of the 7th leaf blade for 5 days. As control ( D ), plants grown

under ordinary conditions until the same leaf age as the submerged
plantswere used. Cytosolic FBPase was assayed by the method of Stitt et al.
(1982). Vertical bars express + standard errors (n = 3).

B " | -
i i
- r = 0.905
| i L | I 1
0 10 20 30 40 0 10 20 30 40 50 60
SPS(Vlimiting) activity Cytosolic FBPase activity
(¢ mol - h! - g FW-1) (#mol « h! . g FW1)

Fig 20 Relationship between export rate and SPS (Vlimiting), and Cytosolic
FBPase activities of each leaf blade. Submerged treatment ( W )
was carried out in the depth of water to half of the 7th leaf blade
for 5 days. As control ( O ), plants grown under ordinary conditions

until the same leaf age as the submerged plants were used.

The each correlation coefficient is significant at 0.1% level.
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Fig 21 Relationship between sucrose content and SPS (V limiting), and

Cytosolic FBPase activities of each leaf blade. Submerged treatment

60

( W ) was carried out in the depth of water to half of the 7th leaf blade

for 5 days. As control ( OJ ), plants grown under ordinary conditions
until the same leaf age as the submerged plants were used.

The each correlation coefficient is significant at 0.1% level.
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Fig 22 Relationship between sucrose/starch and SPS (V limiting), and
Cytosolic FBPase activities of each leaf blade. Submerged treatment

( W ) was carried out in the depth of water to half of the 7th leaf blade

for 5 days. As control ( [0 ), plants grown under ordinary conditions

until the same leaf age as the submerged plants were used.

The each correlation coefficient is significant at 0.1% level.
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AERIZENT, B2BRUCEN2ETHZ 9 LB L IOL OS5 NIVREROFE, #
B, 9RO EREYOEREEIZ, MBXLD SFEKXOAPEEICHEM L7 (K
17, %6, 7) . ETRALENIHARENEI A7 o—X L LTEN o EREN, 72
ZO—8RT T EUTERKIZERTADT, Geiger (1979) (3, V—XEDI 5D
EREYHOERZFHTIERO—DRR 70— EF Y T UHONE KREHNOHE
THHEIEEFRELTNS. &oT, BEROTF VTV ERIo0—2EE8ERABELUIEE,
ILBIVIWOL DF VT UERIIOVTIIABICLZEENZEAEE D 72, X7
O—ZAEBEEKXOFPHBE LD ML, X7 o0—-REF T OERIIZIEK
ROANEBICEHNIEDRH ST -7 (R8) . £oT, BKTTEFLTNSE
A4 XD EMFEICBOTHEREYOEREENRBX L) bEVDI, ETHESOK
RFEELDZEL R O—ZANESGBT B EILEL->TEL B EBZ 5N S.
RERTER U9 SEROMY AL 5 HEDEKLEIZK > THI03EHICETE
Bl EREHASL 0, SEXOEY G LHI03FHOEY HERNC. O S
T3, WXOEMEEHICE MV R MR TH D, FI0HMIIE KeELHERE L
TNt 41ROV —Z-V U I7BAIR, HE3REEZOEH, TOENTTUS
WEAT S THER, ZOHROTHE) SHTHWAIRESTOTH), THITZDE
SR ENORLEAETH AL &F, ERTORMEELE/ZORDI VI/BRET
»2 (A$ w%,nmmwﬂ).oiD:Q%%,%QﬁﬁK%T%V—XﬁdgL
THY, BOHANELZHE LTOROI OFATIE, HEFOEIENOLIIWNT S
ROLREQBVUITHB. BKTT, BAROKEMEBHIEFIMEL (Verganaet al.
1976) , R OEHNEM, THLLHALTEOERMEEZNS (WO 19732) . Z
NoDRBEE—FBIIBOTHEEINI. KERICEV TR, KT TEELICHEY
WIIE ML LCBENEDEENMEEZ N, TOERICLELLESKREYDEKREN
BMLTH3EBZIONDE. V—ATHAEDO—EHAYR L), FlEXRTHILIC
£oT, Y7 EV—RDHBEL VINIDRELEE LHIENEXEEE, KX h
7HIZB O TCO,RML EFEII—ETH SV, A7 0—AGELEZOEREZ NS 3
ZENBEXINTL S (Thome and Koller 1974, Swanson et al. 1976, Geiger 1976,

Borchers-Zampini et al. 1980) . £ - T, 9L BLVIO0LICHIFAEREFELEZX /7 0~ X
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SEVFEKAE XN ENETEMTZ0E, ThEhO Y VI REORBELERIZL
SNHEREYOEKRKEOHIMIIHIE LI bDTHEEEL ONB.

ERPOY V) BENEREININEAREYOREIX I/ 0—-RATH DT, EIlH
F3 20 0— ZABBREENY v ~OHE BREYOEREEXHET 2 BERO—DTH
2 (Stitt et al. 1984, Huber et al. 1985) . £/, 27 o0—XDEEKEEIISPS &
Cytosolic FBPase|Z & > THA I N T B I 2B ODFEENHEL T3 (Huber
1981, Stitt et al. 1982, Huber etal. 1983, Huber 1983, Herzog etal. 1984, Stitt et al. 1987,
Stitt 1988) . £ZT, BKTFTTEE LTWEEA X EUEIHWLT, SHEREYOE K
BOHEMEDLCSTRAI 0 —XBRBEMOBERICOVTHAET 370, SPSE
Cytosolic FBPaseDiFEHDEALICEB L. TORE, FKTTHEREYDEFREE &
27 0= ZDFERENEM LT3 9 L E10L T T, Cytosolic FBPaseiE#: 1318 X
LD bFEh-7c (K19) 2% SPS (Vmax) EHISHBX LIFEAEENEN- 7 (K18) .

SPSDiE#EIT “fine control” & “coarse control” |2k - THEEI N TLBZ EDHISH
T3, “finecontrol” {370 X7 Y v 7 IXEWALFITH 2G6PLMBFI THAPIICL B
HETHD, “coarsecontrol” [IBEKSY /N7 HDY UBMLICK ZHETH S (Huber and
Huber 1992) . ZDSPSD Y VEALIZMBEERIRITE -» TEL, HBEITI - TSPSI3KRY
VEL XN, EHELEMT 3 (Huberand Huber 1992) . = DY Bk, By UB#bIC &
BSPSEHDEALE, LDinvivoiGEWEERET, LM GPIOFETIEHT TERESE
BIE LI ESITHIET AT ENTES (Stitt etal. 1988) . Ko TEHRICHENT b,
Viimiting & (N ) in VivolE CEERE TEBMGIH TS 288 ) L BESURICEET
TSPSOFEHEREL/. ZORHR, BT TEREEOEMNA SNz 9 L BLTU10
LiZHWT, SPS (Vlimiting) {EHEINBXR LD bFEICRVVEEZRL (K18) , SPSD
EHAENHBR LD SEBEIEMPE SN -7 (£9) . L L, TOBKT
TO LM FITH1F BSPS (Vlimiting ) EHED BT AEHAL L IIHWBEAFKRTH Y, HOE
RicL2bDTHE EEX ;n/s. L, RCO,RETTAEE LICHEAMII2IHEDE
WA REHEBEPOESOMEREIEML, T -> TREMTELERMEDSPS

(Vlimiting) 7E¥E DM T 5 Z E0ME S L7 (Soneweera et al. 1995) . Kk 5T, &k
TTEEL T BEF A REMFEDSPS (Viimiting) EHDOHMIZ, £OFTKTZL
V& EOBKNEIZ L 2 ERRE EBELBFRICH D I ENREINS.
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SPS (Vlimiting) 35 & U'Cytosolic FBPase{Etk & & REMDOERERE, £/cX/70—
AEBPRI0-—R/T U7 VHOBICIEROIECHENH -7 (K20, 21, 22) . T O
LR L7cFA RO M 2EIIHI S EBEEE E R 70— RERER O,
in vivojTiE WG TRIE 2N 7cSPS (Viimiting ) EHEOHEINIC X 2SPSEHALROKM &
& UfCytosolic FBPasefEHE DG I LB HELBRICH 5 Z L2 TET 5. ULOHERD S,
BATICBOTREITERLTWA Y VI BEICHIET SV —XETR, IhoBERE
HOEMTX 5 27 0— 2R KEBOBEM & £ TS e REY QRS ERE ORI £
CTWBIEDHSNMIE STz
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WE

FRTCREREREZTT VUV IBBIIN LT, V—ATH5 LNEDOHKEKEY D
BHAREIOEAL ZBH SMTT B7csd, RETRETEKT TOEICHIT 2 HEKEN D
EREFEOEABLVZORAE b5 TERERETS I LEBHNE L. FKTT
EFLTOBEA R ENED SOXEREYOEREEEZRETScH, M—F—&
LTPCERVTERZEIT-7. #EMBELT, 5 BREKT TEBESE103EH D
k&, A& L TEBREEET CI03EME TEF I B/cEEEHA L /.

KR L 7oHEMED 9L S10LICH1) 3 AERENDOEREEIZHRRDOZNS &
DbEDI-T. THOHDEIHBNTIE, R/ 0—RDFEBIVRI0—REFVT Y
OEREPHEML T . 51T, R/ 0—A0OEERICEEL THh2BR THSBSPS
&Cytosolic FBPaseD [EW 2/ AE L 7R, &£ D in vivoiliEO G4 THIE L 7-SPSiEH

(Vlimiting) 3 & U'Cytosolic FBPasei& ¥, F/KTTEE LTS 9L L10L THRKX

LD b@hotc. Fio, THoMBEREE CEREELLUCR/0—XEREDEIICE
BOEQCHENH 7. 9L LWL 2EREL U7, TR ENERTS
ZHEIEMELFEFOEIETHY, INSEEKTTEREIEERIMEEINT S %
ETHS. ULDIENS, BKTICHT 2 9L E10L D& BREY D EHRERE DX I
RINSY V) DEBRRECHE LD THEEBDNE. Fi, £ OEREFLDH
MiZSPSDEHEALER (Viimiting/Vmax) DIE3 & INCytosolic FBPaseifh DN & FiHk 7%
BfRiTH s I ENTREEI NI
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FHE
VY7 BEOEREREREN DS B

A ROBAOFHRIFAT LB I 28E RHHOME THS. ZORELHEEIE
HEBREDDHEIEN AT R TH S EBHNB. Raskin and Kende (1984¢) (3, 3 ARIEK
IEB U Foi%A RZYRICE N T, "CTIRNV UL REYDOED SHELR 20 %
MBI OFENEMT S Z &R L. LML, BA RXCBOTHRERENDFE
R TR BMBICIEL, ZYRUADR TRITOOATHAEN. &/, HFICEKLEE
BOEHIAS NNITEILENHS. BELL, KT TOEAS rHROMEIL, &K
B 3 K200 OF B A R THIET 2 Z ENTREIN TS (Rose-John and Kende
1985) NS TH5.

AREBNTIE, REREWEIRI O—AORBETY — AoV VI ANEREREIN S
(Fukumorita and Chino 1982) . ZDEFHEEIZ V- REV V7V OBIIEETH R0 —
ZBE AR DEEIT L > TIRFEX NS (Walker and Thomey 1977, Ho and Baker 1982,
Wyse and Saftner 1982) . kT, 307 BENDRJ 0—XDFENEHEHTIER
D—23, EITORIo0—ZRBOEE THAEZEZoNT5 (Ho1988) . &k
DERERT 0 - XABEBERDOERL LU AEREYDOSROBFRII I UUERS L
TH9, OHEEAIEHIN TS (Mormis and Arthur 1985b, Sunget al. 1994) . &A1
RICBNT D, HEZRBLHETEL I BEOREKENDSAELE X 7 0— AR HE
FOBUEZHONNITEIET, BIKFTOREREYD FEOEH & I NOBEED
RS, X 5iZ(ZRaskin and Kende (1984c) pSliNT R EABEBEIIIELR TR )LF—
PHREEE, REVMEOUBREELEHTIRONOMDE EEDNS.

FETIE, PL—P—il”CERAOTHAREYOSEICHET SEBET 7. F1t,
Ry O—ANBRERTHIBHEA RNV —EERIO—R D UV y—EDFHEHAEL,
HEREYDORERE ¥ v 7 BEOEE EORFRIZ DN TR~



i RELUNHHOEREAGREYOSE

ARDY—R-V 7 BfE, HEIEHELETOEH, ZTOENTTVLAHICERTS T
%ﬁ@,%@ﬁ%@?%ﬁﬁé&fhémtﬁﬁﬁfib,ééu%mﬁéﬁﬁiﬁw
TEERRAETH I LER, TOEIHTWIHERUHI SBELTV S RMBEED F
EDEDY L 7HRETHS (HP 1958, Tanaka 1961) . £ THEHETIE, V—RT
HAIEER N OBEMBO LAE SREL T EESFITREL/EMEERNT,
ZOBWKIC CEME L, BRUEBIZES LAREDDOSEDOELEHE L.
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1. 4ehs

1 *onfET& % Habiganj Aman IZ{FH L 7. BFRE—ELRFICTFHEL, HFX
¥z, BFULALBFZ 1TSS RF vy Ry MTIZET O, 3L, mmEIzi
FBEELRRICERESEZ, #928MFTENTEEIE . ib, SIF>3RET S
TNTHE R ST DB . PCERBET AR, E8EHER(INTORAELE %
AL S D B, ZOBET, ERICHACICHENEICEIES B VT HRANEE
L, TSIESHRBAMBEPTH Tz,
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YR ERICEBRICE S, PCOZFRIED S SERMtE L. HEHROKHR,
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(LEBNDBEII2ZICTH 1. PCOIEELRRBEICRAE X/

3. BAKMBEYFLTY L

Pk, 58 EHOENE TOKE THNEERN TEMLUE L. HBRELT,
LBEHT CEES BIEMAEEAL. Ry 4720 6 EEOEBO K- 7 HME D
Ho b EA LEREE pal S B R U B L UTEETY VT Y VoL, BRELESHNE
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Fig. 23 Changes in the dry weight in each component of shoot.
The plants were treated as described in materials and

methods. Harvested plants were separated into LIn (E8),
LLs (),8In (E),8Ls (&), 8Lb () and NEP (&),
and then were dried at 70°C for five days after killing at

105°C for 30 minutes. Data are expressed as the mean of

six replications.

Table 10 Effect of submergence on dry matter partitioning ratio in
each organ during the experimental period.

Organ
Treatment
Lln LLs 8In 8Ls 8Lb NEP
%
Control 16.8 268 42 11.7 93 313

Submergence 13.2*¥  14.3%* 13.5%* 114 11.7 36.1

Data are expressed as the means of four replications.
* *% - significant at 5% and 1% level.
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Fig. 24 Changes in the length of the 8th internode and culm (RN+[17).
; length of 8th internode, [1; total length of the 6th and
7th internodes and non-elongated stem.

Data are expressed as the mean of six replications.
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Fig. 25 Effects of submergence on RSA values in each component
of shoot. A ; onset, B ;24h after the treatment, C ; 72h after
the treatment.  [J; control plants, [l; submerged plants.
RSA was calculated as described in materials and methods.

Data are expressed as the mean of three replications.
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OREMFETENTNIB8% L10.7%ITHM L, T ORLERKBEOBEL D KT LE. &
TKALEE U 7o R DBInDRS AT AR 2405 1% ITHIB X O 2 5D fE% R L, ME728
BICBOTHRBR L O Eh -7z MEAEREOSLsORSAZHBX L b ZKX DR A8
Birote. LinELLsE o7 FEHEEORSARTRMCES L, $/- ERUATOE
BblFEA LN T

SATRBRRAEE, WA LD S NIVRFED S H40.3%8LbICfFE L T (K26) , WD
AT B 5, ZHIBA % E TIKERITET L. HBRICENT, Shp 5L
REARREERIETIZE A EE UZOY, BKT TO8MD S~ )VRES TR 1
MUSE, RETEE®ITIEHBR OIS -7, —F, HBROLnELLs:Hb
W1 FEHSEO MR ERGIR PR LEE T 505, HKLE L IOEMED € hidnE
240 ST ORICEA L7z, S8LsD I NIV FRAEBICE L T, AEURFREEZIZENT
FEK RO H DX & D b B > 7o, MBI T TIX I TE A - 7z
NEPOAMEERICE LT, AAE24ER1% TIRNHER O A NGKLE L itk L ) bEd -
7ohS, BT CIRERMICIE & A SRR - 1.
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Fig. 26 Changes in the percentage distribution of labelled carbon in each
component of shoot. The plants were treated as described in materials
and methods. Harvested plants were separated into LIn ( B ), LLs (Kl),
8In (£ ), 8Ls (i), 8Lb (M) and NEP (), and were dried.

The percentage distribution of labelled carbon was expressed as
the ratio of the 13C amount in each organ to that in the whole shoot.

Data are expressed as the mean of three replications.
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ER

SAFE24RERRICH T, BUKAE U7 iEYMAD R LA Eif T H 58D 5 ~XJVRED b
EH (RSA) BLUZD4EMEE, &b ITHRBXD 2 0@ERL 2 (K25 26) .
Raskin and Kende (1984c) (3, 3 HMG/KT CTAEIBAEA RZNREZAVT, ¥
DOHEBREND BEHRENOERIPELSHEMTEIEERLTHS. LML, 4EIO
HRNG, BKEFMEN S BOBHIC R L OBEEHFADOLEKEDND SR B
Me2IEMNESNTIE-T2. BKTTOEA XEMOMRIZ, BK% 3 BE205D FH
B ZRTHIET 2 Z EAVRENTHY (Rose-John and Kende 1985) , 4EIDERIL,
KT TOHRMOSREIME EFITLT, HEKEYOSEOEMT S I EE8RLTH
5. hES, HMOEME FEKAE4BFREORITIEEAEE M L T 7
(K23) . oF b, G/AKAE L/-EYEO BREMTIE, AEINHEFE LIRENEK
PIBIZ L D BFEITHBIN TS EER%T 5.

EERICAVIHEYEICENT, EOXRMBES THANEPHIRS REL IV IRE
THotc. &l GIKAEARSRE T, NEPORSAGIHMERL D bEd - 7t (K25)
SRVRZEDEBENDAEELXR B E, NEPADAEIBFEAX I D SHBEDO AN K
&Mootz ([26) . HE/NY —VEVWIEDNOSBETEE, JORRIE, FEAKMEEHIC
BE N/ xFESVERE FRMNEBEORMEBIBSNDOS WL THEPOHR~E
IR INDE Z EEREL TS,

XRX DY & TIE, LLs& Ling HbhE7/: THRE D EMHFEEN43.6%TH- /<
D, BOKX OMPEII2TS5%TH »7c (R10) , 51T, FEKAELEWEDOIN S
THEBTOEM EINE 24D ST2FMOMITED U (K23) . UED ZENS, EA
FBEKTTHEREYNDOS B Y — 2 THOBENS LUDOBE~ETH=H, KL
E EEDO XM O RESERISHIET 55D EEZ 5N 5.
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B VU/BREBLBILIREGREDOGELER7 0 —XGK
BREEORENEMAL ITZh 5 DMK

E—HTE, HEHEANDOLSRENDS BT, F/KNLEE24EFR L PS8 I8
FHRIENRE NI LHL, BIEOERID, %ﬂw&ﬂéﬁﬁ ICBIE XN A REMD &
KBS BB ZRAELI.SDTHEDT, ¥ /I DREREND FEICKITTHE
IKOHBEH S MITHICIE, IoIKEKABERTICEEINIHAE REVOLXE %
RAETILENHS. £ITHRHETE, ERLTOEMGEEHNT, FEUHHEZ D
TEEIR R LU ROKRMEIL A DA KRENDSEICRITTEKRDOELEZERERITHE
EL, 2B/~ OEBPHENEIHT/EL. TSI, THhoDREEIHIFSZ X
70— Z2GBIBE LT ABEATH 2L )Ly —F (Al) EXT7D—X 08—
£ (SS) BEHEWEL, HEREVMDFAE DEALEDEF, XSIKTHoBEEHOE
PUEROERICS 1S TEAIC OV TER L.

HHES®E

1. #56

¥4 X5 T3 % Habiganj Aman D2 FH L /. BFOFHBL MEFRIE—ELRAE
KAT- 7. RFUICET%, % "ELFHITMae and Ohira (1981) Dk¥# =T,
BATISEYNEF CTAEFI /. JORSTHEYMEOR FIERIZE S EHEATH - 7-.

2. FkinsE

¥I9.SEMDOHEMBEZ KB DAL L DTS5 ZAF v 7 BOBICBL, AR VTH
FL, FZhIL > TERLE T TOKSFBOMLEEN 7. LT, E8EHOK
HE TOFES THRMHEFEKAE L, ZOKIIERIM S, —F#FLr HBR
ELT, TBEMHTTEES SlEMGEE . Zhs OBWED S bEaERicd
~NBPCERN ML~ —FERICEA L. BY OEWGKOR S THSEIH M
&% 8 Hiffld & EL0EY F DIED K S NERL S NER ], 3BLU5 B
BOFRIIY 7Y 7L, 20—HEREFROHELLUNF Y —REX T O—
ZDERDI, BEEHETHESE, 30CTRELL B0 I305°CT305Mkilling#s,
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T0°CTSHMEZE XY, TOEMEZRAE L.

3. PCofts &4

FZELIFAEOFET, MEREIWOEMEE, BKAELCEYEICIIAER],
SHLU5 BEIC, HBXOBYEKICIZS BHIC, X TFH 8B, S 2850, PCO%
5 L1, HEOZHEEZZELARTH >7c. HEKRTHEB LT OEFHHICHEY &K
EHTFYTL, TRIEENOEREMEMTH 55 9 Hifl &£ 55 8 i, F103EL L
DEDOKRMBED B L MEDETMT 37z, Fh 55 8HT105°C Tkillingf, 70°CT5H
MEBRa . PCORMTR, BEZBERBIT, SAHORSALPCREZEH L. 1
B, FNNVRFEOSEREZLUTOXTEH L.

POt 5% 6 RIS BT B B REDS VKRR

SEE = % 100
PClt 54 THOEMGLEKICELET 3 SNIVRER

4. BEEHOAE

B£R D it} |3Hubbard et al. (1989) @ HEICHESTIT- 1. BEERE LB %5
mM MgCl,, 1mM EDTA, 2.5mM DIT, 0.05% (v/v) Triton X-100% 4350 512 &
D50 mM Mops-NaOH (pH 7.5) EEK T, K& LS SHASEABRTER L. MiE
%12,000xg (< 4°C) TI04R], &l L7 $<I1ICZ0 Lg%, 5mM MgCl, 2.5mM
DTT#&%;50 mM Mops-NaOH (pH 7.5) B T FH#{k L 7zSephadex G-25 (Pharmacia)
15 LTEINI K - THE L7z (Hermerhorst and Stokes 1980) .

JBats U 7= 5P o0 SSFEHED I 72 (3 Hubbard et al. (1989) DA IZHE - TIT -7z, AlJE
HOBIEZ, B L7-5850 214100 mM X7 o — 2 & 5 mM MgCL % 43100 mM
Sodium-acetate (pH 5.0) BEEHH D250 11& & HI37°CTAHZBMRIGXES Z &ETir- 1z,
REiESomogyidD FE{3E (1952) % 1mlfn2 T, #ElkxE/. T7507&0 T, Kic%E
SEBOHOEFEH Lic. RISICL » THER L/ EuiEE 8% Somogyi-Nelsonik (1952)
ICE->TRIELT, AUEHEEW Lic. w5Hs /Y7 §8IIBSA% R & | TBradford
(1976) OFHETHIE L.
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5. R/ O—RENFYV-RERDEE
BREERELCEEZEomIO80% ¥ /) — )V THS EHABICLDER L. ZOMEHK
%3,000x g TISAAE L LU, €0 LFEZHOHREICE Lz, £ OBREE IC80% L 4
/=)l 5mlNZ, 80°CTHHKEL, TORTNEFEH L. TOMEEEHRT
3,000xgTIS A EL L, £DLFERFAIOMEBDO EEELEDE, WBEHBRTH 5
27 0—2ENFY —2ERBAOEKE L. ZoMEKREZRHEZEL, 50 mM
HEPES-KOH (pH 7.5) Z &R DI0mIIHERE L. A7 0 —RAEANF Y — 2D GEIIKer

etal. (1985) ITXBHETERL.

HE

%Sﬁﬁmﬁédﬁﬁﬁ,@KE&BKE&AE%&LH#ot(@W).%Qﬁﬁ
BEKTFTREIHBEL, ZORERAE 1BEH,»53H BOMMSRb KEh -7k X
BXOEYMEDE 9 S & ISERIEET LT ITHEmML .

HEXOWMYMKIZIH T 55 8 Bi DR E ZERMBTHTHITHEMT 505, KA
BUEMETIRR2IET U (K28) . AB%1BE TR, WXMO%EIHMEOE
MEICEDIED -7 UL, ZOBBKRTOTHRHEX I badicgmL/z. %
OXRMEBHF>OENEIZ, ABPMEZE L TEKLE L2 EEROFIHBX LD b K
Eh ok

FIF CHE 6 BEBIH I3 EBEDOLRFIC LY A CltSM+FIcBEan -
KEDLHD S HE (RSA) ZRL7HDTHA. HHBMORSAINEHBKIIRD®
{, 5 HEOMNBXOMYMKITHE N NTAERERIOVETITET L. SEkRAE 1R H
BT 5% 8 BiMDRSAZAE IR L ) b 2BITET L7, £0%, B/KQAES5HH
KHBXOSHBEDZENER CEEOMICE TH MU, ABBEIEEIC, FIHBD
RSAZESHM LD bEI - 7. MBXD 5 9 HRDORSAZAE 5 H B ITAEBAER &
DHET LR —F NEREREHEL T, FKAEL/HEMEOZNIAE 1B H
ICEEICHEML, RE3HEEFTEOER &I »7-. GUKMAES HHD S 9 HiDRSA
ESHEDOHBXRDZNZL~NS &, BKEXDRSADHFNREREICEI - /2. EDEKM M
o ORSAICBL T, AEFIBRKEL D SEKLE 1 BB LT3 HEDA KT 527,
FAKMESHETZDEER UERICE T2,
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Fig 27 Changes in length of the 8th internode (8In) and
the 9th internode (9In) in submerged ( ® ) and

contro]l ( O ) plants. Vertical bars express

standard errors (n = 6).
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Fig 28 Changes in dry weight of the 8th internode (8In), the Sth internode (9In) and the non-emerged part

in submerged ( @ ) and control ( ©) plants. Vertical bars express =+ standard errors (n = 6).
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Table 11 Effect of submergence on RSA values of the 8th internode, the 9th internode

and the non-emerged part.

Organs
Treatment Days after treatment

8th internode  9th internode  Non-emerged part

%
Control 0 6.9a 10.7b 27.8a
5 4.4b 6.4c 26.5ab
Submergence 1 3.5¢ 17.6a 26.9ab
3 3.1c 15.6a 25.7b
5 4.6b 10.9b 28.9a

Data are expressed as the means of five replicates.
In each data within different organs, means followed by a common letter are not
significantly different at 1% level by Duncan's multiple range test.

F12FCHE 6 BEHICHIT A EBEOSNIVREOAERET L bOTHS.
BERIRFICE T, EOKRMHBTOFRBEIDOFEOTTROAREL, RIVES
HETH-7. 5HEOHBEOMEMEKIZ BT, EDORMEIIDFEIINIER I
Bk 0L, —7% H8HWEOIWMBIET LA FKLEIHRKFCT, %9 H
BNDO S RIIRBSECRIIEF L CHEML, FSHA~NOFWED 250 LO@EER L.
BOKMEES B B D% 9 B~ DB RXDSRED 3 ELULETH - 2. BKTT,
ZOXRBEBANOHEEBHRZIHEML, SBHINIHBRLY) $FECEI - -

Table 12 Effect of submergence on percentage distribution of labelled carbon to
the 8th internode, the Sth internode and the non-emerged part.

Organs

Treatment Days after treatment
8th internode ~ 9th internode  Non-emerged part

%
Control 0 7.0a 3.6b 17.9d
5 5.2b 33c 20.7¢
Submergence 1 4.1c 8.5b 22.2¢
3 33d 10.9a 24.7b
5 44c 10.7b 26.9a

Data are expressed as the means of five replicates.
In each data within different organs, means followed by a common letter are not

significantly different at 1% level by Duncan's multiple range test.

74-



FEORMBILAICH I 2EPE L) DAEHR ITHX B TERE TEN2L, LRI
FOEMABRE (I -7 (K29) . 59 BHMOEME L 7o H AUEHIIEK 1 BHICE
L<mL, Z£D%i2]1 HE DEQHFESITET L. HEBXDOE I HEICHIT SAIE
HIIERHET IZEA R LT 7. ESHBMOATEHIZEK T THRAIIETL,
MBS ARICIIMBX LD bIERNMEETR L. B8 HifMH LUEDOKM LA OWE
Ry DAUEHIIHRX B THEERZIIEL, TOMELIEFIET—ETH-71c (E13) .
FEIBROWBEERS /37 Y AFRIIEKAE 1 B BicadicHmL, 38RICE
ZDEDHHESITIETF L.

BRI A8 U T, EOXRMEESOBEYME Y- DSSEREMBX LD EEIC
B, HES HRDOZNRINBX LD b &I -7z (K30) . HFAKME LWk 5
9 HIRICH M L7 DSSIERR, A1 BB TEINBR EENTND, TO®NT
BXLOdBFITHMN Uz, E8EHRDTBHY /3 M- SSEHIIE/KLAE1HE
ICHBRED S RECET L7 (Rl . —F, HBRXOZNEBRAIETL, A5
BEICREKX EIZZRE MBI > 7. EORMEISOTBH 5 /30 M DSSIEH
HRXEE SICABRERTENT 52, ERKXOMPMED FHHRBX L 0 HIGIERE 2
K& otz BKRE LB BHEOREHRS /30 Bl SSig#i3, WEB3BEZE T
SHHEX EZEDENADS, AES B HICENBR IO bFEEICHEML 2.

ESHLLIUEIHMLE DO/ 0 —RAEEEG/KAR 1 AR ICaFE ML, 58
BE THREX L O EERR Ui (K31 . BKTTEE LIcllPEIC 51 5 DR
HESDZ 7 0 —XE8IE, AE ] BB EENGTOD, A3 H BLUBRMEBX &
Db@bh-7:. FESHHOEKRELHY A /0—IAFERERTMFHBX L) bEH -

(£15) . EOXRMEMI> OEKRELC D X7 0—-XFBIGEAKNE 3HBLIE, 5
OHIRIIGKAES BRICHBXR LD dRVMEZR L.

EOHMNI-OANFY —ZXGERGKAE 1BRICELIENL, Z0BBRLICED
L7z (K32) . —%, HBXOZNEFS B BETIZEAERIL LS - 7o, B/KAE L
TREMARIC B 256 8 il D S RITAE 1 B HITIIHEX 0871004, 3 8 BEE
BXX)b¥Mm L. EORMERSOEDELIHOANF V- XBFERGKLE 1R A
TISHBX LD bRV, 5 BRICIIMERX EDEREI o7, RIEKELH D
NFY—ABROELETRT. GUKAEL /- HEMERDE 9 BIICHIT 5 EEFEL - AN
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Fig 29 'Changes in Al activities per the 8th internode, the Sth internode and the non-emerged part

in submerged ( @ ) and control ( ©) plants. Al was assayed by the method described in

materials and methods. Vertical bars express = standard errors (n = 3).

Table 13 Effect of submergence on Al activity per soluble protein of the 8th internode,
the Sth internode and the non-emerged part.

Days after treatment

Organs Treatment
0 1 3 5
) pzmol - h-l. mg protein -1
8th internode Control 285081 327x144 295+1.07 3.42x0.20
Submergence 3.68+1.28 2.67+0.52 2.73+0.65
Sth internode Control 332+0.57 1.87+0.16 2771047 284x020
Submergence 851265 45408 507+188
Non-emerged part  Control 3.00£042 284024 3331034 324+021
Submergence 3322032 403x£0530 363+054

Data are expressed as the means of three replicates + SE.
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Fig 30 Changes in SS activities per the 8th internode, the Sth internode and the non-emerged part
in submerged ( ® ) and control ( 0 ) plants. SS was assayed by the method of Hubbard et al. (1989).

Vertical bars express =+ standard errors (n = 3).

Table 14 Effect of submergence on SS activity per soluble protein of the 8th internode,
the Sth internode and the non-emerged part.

Days after treatment

Organs Treatment
0 1 3 5
gmol - hl . mgprotein -1
8th internode Control 31.1+28 29.4+22 17.7+1.8 162+27
Submergence 168+03 155+0.7 182447
Sth internode Control 157+09 17.5+3.0 20.7£0.6 231+1.2
Submergence 20.2+28 252+33 33.6 0.7
Non-emerged part Control 141+1.6 141%+1.6 158+1.1 19.7+0.9
Submergence 203+22 20.2+05 27.1+23

Data are expressed as the means of three replicates = SE
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Fig 31 Changes in sucrose contents per the 8th internode, the Sth internode and the non-emerged

part in submerged ( @ ) and control ( O ) plants. Sucrose content was determined by the

method of Kerr et al. (1985). Vertical bars express = standard errors (n = 3).

Table 15 Effect of submergence on sucrose contents per fresh weight of
the 8th internode, the Sth intemode and the non-emerged part.

Days after treatment

Organs Treatment
0 1 3 5
mg g Fw-1

8th internode Control 145+02 13.0x08 79+05 121 %11
Submergence 225+13 17122 224+23

Sth internode Control 17005 153*x18 135x18 12208
Submergence 131 £07 120=11 18006

Non-emerged part  Control 62 =01 76=x01 6.7+0.6 72%01
Submergence 6314 9.0x0.1 109£0.8

Data are expressed as the means of three replicates = SE.
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Fig 32 Changes in hexose contents per the 8th internode, the Sth internode and the non-emerged

part in submerged ( @ ) and control ( 0 ) plants. Hexose content was determined by the

method of Kerr et al. (1985). Vertical bars express * standard errors (n = 3).

Table 16 Effect of submergence on hexose contents per fresh weight of
the 8th internode, the Sth internode and the non-emerged part.

Days after treatment

Organs Treatment
0 1 3 5
mg g FW-!

8th internode Control 1.7 %05 23+05 13101 1.1+03
Submergence 2.1+03 42108 26+05

Sth internode Control 42 +01 35+08 33+03 1.8+0.2
Submergence 149+16 11.1+22 58+17

Non-emerged part Control 53 £07 40+03 6.3 +0.1 73+03
Submergence 92 %05 7.5+08 6.4+01

Data are expressed as the means of three replicates + SE.
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FY-ZGBIAE 1 BRREHIIHENL, TOBRBLITET LD, —F, #HBRO
ZHhIIKBIIRPIZEA LD -T. ESHEOEKREL I DAFV—-IEER
B 1 BEICRAXBTEN LD -7, 3BEHUR EKRKROFIGEXLDBEL
%R Ule. BKAE LG OEOR MBS TR, FERAEL B BicHlER L)
bE <, 3SBHLURBREIHXMTENL 1.

ESHMDRI 00— éAF V- AOEELIFEKAE 1 HRICHEZICHENT SR, £
DHIFWMXMTER S -7 (F1D) . GKAE L7CEMAEROSE 9 BiO R 7 0 — R/~
FU—ZRLEFAEIBENS SHEETHRRELD & -7z, FUKAEIRBICH L
T, BEORMEMAPOFELIIGBEX LD ED, RESHEKIIHRBRLDEERE
KA MERTR L.

Table 17 Effect of submergence on sucrose/hexose ratio of the 8th internode,
the 9th internode and the non-emerged part.

Days after treatment

Organ Treatment
0 1 3 5

8th internode Control 8.9 5.6 6.0 11.1

Submergence 10.6* 40 8.5

Sth internode Control 4.1 44 4.1 6.8
Submergence 0.9* 1.1* 2.1%*

Non-emerged part ~ Control 12 1.9 1.0 1.0
Submergence 0.8* 1.2 1.7%

Data are expressed as the means of three replicates.
* ; significant at 1% level.

£t 4

A RO D RE LI BIKT ISR 2 2E L HRERE TH S (Vergara et al. 1976) .
SEOMEITE T H, BREMUEAMTHS FIHHORES ZEKTTRAHITEML, £
OM3EKE 1BE»S 3 BEOHIR bRE» -7 (K27 . 2D FE IHBE~D
ERENOAEIIEIKME]L HEICE L EML, ZORED L NLVEHERF L (E12) .
CORRBF-BHOFBRE-FLL. —F, BXALLICESHROMEIFLLTH
7z (K27) &Y, XARENOHEICBALTREL >RIGZRLU. D), E8HM



NOAEIIGIKANE L7 A TIRE IS LD bENMEER LD, HBX oMY K
TREIHBMIL D OEVEZ L (F12) . ZhoDERDS, BKTTEELLE
A4 RIRERENO B/ NS — & THEED> S ENHEANEEMZIEZ I ENFHD -
7z

PL—H—FEBROERELSHETZE, 320V VIBEOHF TEORMBTEIER b
REQR I TH-7 (F12) . L L, BEORMBEEI DS NIV FEDHEITERK
TTHEMLY, Z20lERE (RSA) EHIKMBLOABZAMTERLEZRIZEAL
Whhote (F1) . B—EORERNS, WKTTEBLLBARIEEBRETTERL
DL D EROEMAEM TSI EER LTS, ULEDIENS, FKTICHITS
EORBMEI S ~OAEREYDOREDENT, TOEEMEEZINI-HERIZLSHD
PREVERTHZERDNS. —AHT, FIHAND S NIVRFEOS BRITHEKNE 1
BECHML, 3SR THEEOEMmEM#-> T (F11, 12) . X-T, #KTF
KHOT, BEVEHRANOREGRENDZEOHEMIIZ D HMEIMBEE NIHERIET T
BTN ERB ST o e

EENIEEOBRICE, TOMEMAROEZEVEOREN+HMFRIN TV
NUE7z 5754 (Cosgrove 1986) . Kutchera and Kende (1988) (%, BHR/KME L 7cFEA R D
BEHNOLHME TREEFBH N BN THE EERISI TS, KRR HT, BERFOD
RV EROMEYE Y- DB LUEBEHS /37 Y- D OATEHIIEOKAE 1 B RICE
L<mL7: (K29, #13) . AlRBICHELTOAEBITEOTRA 7 o— XD &
EHELTOA I EMEXNTV S (ap Rees 1974, Sungetal. 1988) OT, ZOME
HEICB SALFEH OB HRNERE W TE/C X 0 —ROMKS BEREL T
2ERbNS. EBE BIHROANFY — RAFREFIEKAE ] B HICEHEIHEML, X
JO—RENFY—ADEELBET L (K32, £16, £E17) . FEHkIC, SFIHE
LTOAHEETIS, AEHOBIMENF Y —XOEBIEELBRICH 5 I E0VTREN
Tu % (Morris and Arthur 1984, 1985a, Lambrechts and Kolloffel 1993) . Raskin and Kende
(1984c) i3, EDPoRFEIMELTOLHM~EREYWOERVEMTSIET, £
DEHBDBRICAEZEIR)VF—PHYE, BREWELERREOHMIIHEL TS &
BT S. &7, Kutchera (1991) (3, HRIZHOT, Al@NFY —ROREZHE T
5I&ICkD, BMEMBORBEEEZMFT A EEFREL THA. UEDIEDS, &
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KRR L7 OB EU B RIC K I AAIEHROEINC L - T, EhSERINTEL
27 0—ZAOMAKDEMEE SN, ZAPBHIHELTHIHBOREEOHEFICE
BEUREHERILTWEEEZONS. G/KAE I BEICET 2 ZOHRE, 2FLH
MEEE XX P2ERLERDOD—D2THAY.

59 B OEYMA Y 7D OSSIERBHUKAE 3HEBIC, RMULKEHS /37 %70
SSEHITFEKNES H BITHBR L B RITEI -7 (K30, %£14) . SSi3Mkad &£
PELTOAHBIVTG LA/ 0P F U AR T 2HBICE VTR0~ X
OABERBAL TN B I ENRESNTEHY (Sung etal 1988) , HiDL 55 EH
BICBOTEEIEMT 2 &0 HMERZIZEAEL . UL, BUKAE 3 A BRI,
EIHMOMERNIIDETLTEY (K27) , ZOSSEROEMEI~NF Y —XDER
SO RTLUARMEOHEM (K28) LEENH L EBbhb. F 7, SSEMWEIHIEE D
SREMBLRH S ZEDMEZINTS (Chourey 1991) . K - T, HUKALE L7cREY
FOR LMHHIZE N T, SBEEHEIBRMINIHOSSHERD EMNIHROEND E
ORI D AR & B S B T REM NS 3.

% 9 HRNDOXERENOARIIF/KAE PIF B THRE L0 b E< (F12)
EIHETIE, FRKLEFRRAFREOEMONAE U, BKLEE PIISSERDOIEMAN £
CTc (K29, 30, %13, 14) . &7z, FICHEIHMICH 25 NIVIREDOLLER &
WS Ny Bc) QAE R ERETEFICH -7 (F11, RI13) . X517, HE8H
Btk T, GFKAE1HET, AEREYOSES L 5 NIVRE DHERDOR D
EREPEE I DB IORBHSY X7 MBI D DSSTEH-OBANE LTz (Fll, 12,
(30, %14) . Moris and Arthur (1985b) %, o V4" v OEFOHMIZE T, “CT
SN LTk EE OAE LB ORI B S o3y B o) QATEH DAL L HE
HBHIEEREL TS, i, A V5V OREOEFHRET, HOMEIZAEHE LB
HEH Y, BFORYMERIISSTERLBEENH S ZEEHEL TS (Sungetal 1994) |
V=ZADo Y INOAEREVOEREZERZZNSOBICFET SR /7 0—XiRESH
BROREITKIFE LTS LR EN T 5 (Walker and Thomley 1977, Ho and Baker
1982, Wyseand Saftner 1982) . £-7T, &7 BETD X I 0— X FEDEEILE K
EYOERERLHBET 2BHD 1 >THASH (Ho1983) . SODHFFET, F/KAE L
THEMMEDE 9 BilICE T, ERENICDAF Y- EEOHM (F16) iITLh RV
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D—RENFY —XOFEWIMETL (17, ZhidV —XELE HRHOMDR 7
o—AREAROEINETT EBbNhE. #IZ, THHEMTHI2ESEHATIE, EKE
Bl Xy o~ XFENGKTTRECHE ML, BALAE 1 BEDORS o—INF) —
ZHEHBR L D SFBICH MU, U EORERE, BKTTEELEARGBICE
35R70—XDARITHE LT SBEEFRORARE, HEADOR7 o—XBIUAN
FV/-AOTRERMTS Z LICLD, KEREVOIR W5 — » ORAL LEHEIE K
RHBEIEETETLHHDTHS.
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BETHICHNT, BKTICE 55 EAER DA RE WO SHE DM ICALL LU
SSHBEE L T A e AIN/ . F 7z, WBEHS /N7 470D DAGER DS I
Gk 1 HBIC, [ UK SSEROHMITEKLE S 5 BICED o1, HFO2E #
BIZHLT, ZRTNNRLIZREEEL THEbDEEX 6N/, KETIE>, KT
TOHBOMEELEYDEREZZFNICHEL, TOERBETOAILXUSSEHRDEE)
EIOICEHEMICHONIT A JET, TN OoBRVHHOARICEOT EOL ) &
ZH - THB00ERET LT

HHERE

1. st

#1 2mMETH S Habiganj Aman & o, FE—E LRI, BYEEHTSEHRE T
IHICEIDBATERIE L/

2. HALE

WA E ETROES AT TORITEATRALE L. fBXELT, &
BEETTHRE UIclEks Ao/, F9ENIEERBD /LB 3 B BiZ, /KL%
BEDEEHIMFTITH L. FKLE Lot oss 9IS 9 ENHERE B
H (E#R9.4) IlHExtasd, MBRXOZNIZEHE (FE#IS) hropELXED. BX
Ok E SIT, BEIENHEER08BF TIHEXICE IHMAEY L TY v LIk
EXEPIER V7Y 07 UHIROF$3105°C T304 Mkilling#%, 70°C TSHM$E
Bt TUTENBERREL, FUoT UV ERID—Z, AFV—REGEDERICH
W B BBERBHOMEDIY, BERERTHEER, 30°CTRE Lk

3. AlB LUSSEMHOPIE
EUEE _HERBRICRESIT - 7.



4., FUoTENFY—R, A7 0—2AEEBOERE

EoBEBSIUENEE _HERRICEEET 7.

=R

H33ICE O EMOES LEMBOEALZTRT. FKLE LcHEMERICBITSEIEM
Eid, HMMHEEEOICEIEHERE6 BN S8 HEICMIITHISmEML /. £
D%, SHEMS10HBiciFT2.2cm, 108 BEA 5128 BIThIFTO.TemME L, 1FiF
BEIFLELL. —F, HBXOEIHHEZETHEI L BLIHEL, ROUEE
L7cD»108 B 5128 BN TD2.9emTH - 7o HREIEE 9 HRERIIEKX &t
BXZNEN232mE9.55em TH - 7. FKAE LIEYEICHIT 38 9 HROENE
(36 B HD 5108 Bich it TESHIC6SmgiEM L, 108 E 5 5120 B THMEMET
L7c%, BU12B B0 5168 HE TEFRIC6AmgEML 7. MBXOHROEYIZ 8 B
B 5168 BE THRAICHENMEBEFHENCER T LD, HEWHHOKST, FKkKX
DENEL D bIEH -7z

B3435% 9 B DAERITH D TOHMY 7 VDAL LUSSERERLILDTHS.
FOENFERG BHEN S8 B BICHOWT, HKRKOAIFERIEFL (ML . £01%12
BEETICZOBEHEEEITIKT L, 148 B S16BBITNITHUEM L. HEX
DAEHIZ8 B B 5208 B FTHA ICHMNT 50, ERPHTEE L TEKROEH
;D§ﬁ#ot.%Kﬂﬁbtﬁ%ﬁ@ﬁﬁﬁmﬁ%mwﬁﬁ%ﬁbt%9%&%&6
BEH» »SEWMEZR L. 10BHIZ—EZ OFE®IZETS 50, 128 BicgU#EmL,
SHBELAU ERRUMFORAMBEIEL. ZTLT, TOBRBEIIZOEHIZET L
fo. NBXOEMEIC BT, HEOHEIHEE L8 BEOSSERIEAXD 6 H B
DiELVIEL, 8HEMSIOEBICMNITZOFE /RIS EH, £DO%I4EBEETIE
F—ETH-7c. 4BEHD SI6BEBFTZ OBEHIEIRE BN 2D, ZOHREFHITIK
TLi.

435356 9 B DERICHE D TS /3 Bc D DAIB L USSEHRERLHDT
H5. HEOMENMIBLEIZHRE R 6HELS8H BIIIIT, HFKAE LI HE
MEOTEHSY LNy B D ATEHITEL ML, ERBEFORKREIELK. £
D% 8HE»SI0H BE TEDFEHIIEZHITET IS4, 128 HUBBUZDEEITHE
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Fig 33 Changes in dry weight and length of the 9th internode
in submerged ( @ ) and control ( O ) plants. The 9th
internode of the submerged plants began to elongate
six days after emergence of the 9th leaf.

Vertical bars express = standard errors (n = 5).
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Fig 34 Changes in Al and SS activities per plant of
the 9th internode in submerged ( @ ) and
control ( O ) plants. Vertical bars express

+ standard errors (n = 5).
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Fig 35 Changes in Al and SS activities per soluble
protein of the 9th internode in submerged
( ® ) and control ( O ) plants. Vertical bars

express * standard errors (n =5).
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mL, 208 B & TED LNV TERRB#ERF SN, HBRX OEMEICE T, EBEO M
ENBIL-8 HEAGIOB B CTHIBH ¥ /30 Ko ) AUEHIIHEM T 20, TDH%
MIFKXOEMEDL S B EHL SO TIRUEDI -T2, Z 0%, 14HE»SI6H By
WTZOFBE®EEML, 20 B TEFOLNLVTHERBHEIN . FEALE L/EY
BT, 6BE» S8 BRI TOUBMHSY /37 B/ b SSIEWEERRIARS T
BbE, ZO®IABIOITZOBERREFIVET L. 0HEL» SI4EEETH
UZOFEREEMT 54, 14EE,S16H BICHUERIZET L, 208 BETZOLA
NTERR#ERFEIN . SRXOBYWERO TBEHS /37 %70 SSEH b B HE %
FHitL7:8 BES10H B THML, KRIAMTORKXMEISEL /. £OFEHI
WOHE» S LZHBIZNITEEITET L, 12BE2S16HBETHUEM L 2.

TR U 7o ic B A HiRY 7.0 F Uo7 U EBE OKRMF OHMEZ7.79mg
TH-1z (K36) . —F, FEXOEYEOHEYCD T 7 EEITRRFINISEIC
Bml, % 9TEHER20A B ICREKXOBEYERDOH6ETH - . HEOMENHIE
L7c6 BEH?2 S 8 HRICOIT T, BUKKOMEMEDEME 7o) ~NF /) — RAEIITRICHE
iz, LAHL, Z0ERIZ SHEXHEEICLTI4HEE TIKBEITET L. HEKX
DOEMYICONF Y —XEERFERPRAPREUEHILT L, £/, 8HEN,S12BH
FCTHFEALE L 1RO ELD SR DN, HROMENSFHE L6 BEH
58 BRI T, B/KMEXOHEN/c VW X/ -G EIIEML, ERPETOR
NEITEL/, Z0O% ZOFERVHBETHRAISERDTEH, BU16H BizwEmL,
SHICIBHHICIET L7, HBXOHBYL -V A/ 0—X G838 BB SI4HEE T
IZREITEM L. Z0%, TOERIERI6ABITET 5., BURBEETHEMLL.

BKTTHEE LY AROE IGRICK T 2EMEL /DT v 7 U GRIIKERIIRE +
HT—ET, HBREXID HEOLIUIH -7z (K37) . HBROEHEL/I DT T
VEBIERDIMTRLICHEML, FOERFER08RITEEKRROHSETH 1.
BRI L - RO ES - OAFY —XEERHHOMEIHIE L6 BHEN S
BUVMEERL, SHEIKELIZHEML. UL, TORZTOSERZHITET L.
FAIC, HEXOEZYEY/ INFYV - R EELHMOMENHIEL/- 8HEM»S10H
B I THEML, ZOBERITED Lic. BOKALE Lt oEmEY /D R/ o—
2EBRBEOERIION TR ICED L. —#, #BXOE&IFISHEHENSI12HE
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Fig 36 Changes in starch, hexose and sucrose contents
per plant of the Sth internode in submerged
( @ ) and control ( O ) plants. Vertical bars

express T standard errors (n = 5).
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Fig 37 Changes in starch, hexose and sucrose contents

per dry weight of the 9th internode in submerged
( @ ) and control ( O ) plants. Vertical bars

express * standard errors (n = 5).
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FT20mgE NI BNV NRIVT—ETH-cD, TOBREBHET U T/, ERY
MFEEUT, HEXOFEOHFIFEKRLD b -7
R3BIIEIHMBADER IS R/ O0—XEAF Y —RDEEHEZTY. EKAEL 72
YD Z 7 a—Z/NF) —ZHF12B B L TR —EDEN LNV TH-7c. 12HH
Lz oti3sgml, 168 BHICERPRTOBRRMEIGEL 2. ZULT, 18BHBIKEBUY
ZOHFET L7z, HBRO X7 a—\FY—XGE L0514 BT T
EL(HEIML, 20®%I6HBICRKREEY Lic. 18R HICRBUZOEREHLEHEM L
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Fig 38 Changes in sucrose/hexose ratio of the Sthinternode
in submerged ( @ ) and control ( O ) plants.

Vertical bars express & Standard errors (n = 5).
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BKTTHEE L7-EYEDOE S B3 5E 9 EHE% 6 A B Th S EMRIIOEFHN S 8
BEHKBL, SRXOEMEDE I HMIEEIEHER S HEH THSERISORHN S
BRzbiGEL7c (K33) . 97%4bDb, BKTFTTEE LICHEYEOHMO HFINEX X D
bOTHICRORRICHEERHE L.

MEXDE S EMIEL, ERON-> TEMEL-DAF YV —IABLIVR/0—IEGEN
EFL, BiIZF o7 Uog80mliz (K37) . Ll, BKTTEELICEYETE,
EMBELI0T T UERRIERPMFIZIZ-ET, BRI D OO0 DEI-T FE
KKREITH 1A R ZOEHPHRICT P 2FEAEER LS (O &ER%E
1963) . HFKE LU7oFA XxZYR BT, HROFWHSOT V7 v EENEEIT
BT L, REHMOFH/IIHMELAESICST T UPERLTNIEMREZATH
% (Raskin and Kende 1984c) . F7z, Smithetal. (1987) (3, FE/KNE L 7/2iFA X DMHE
HETE, a-7I5—CYOBRHIENT I LERELTWAE Zo@nLica-TI5—
CEHICL D, HROHRICLEZRKMEYOBRVITONT S LE SRBHERTI T
W5 o T, SRIOHEREIINSORE E—HL, BKAERITEEZ6HRA L /cHRE
IKBWTT VT VOERPE L0 DE, EBEEFEHET CEFLE A REMEHE
LT, @®KTTOHMBRICEHBECSRLEDTLI B DRKIEMELEELET S
LEEFRTHEDTHS. —HT, RBOT/RLA-LDIC, F9ENERI2H BLE, &K
IR U7 OFRIYS ) T U BL R D -2 ERBIEBHBRO ZNS LI DERE
RN B 57, ZOEMERIHBR L@ -7 (K33) . £-T, BKFT
EF LR OERICBENT, TOEMENIZH BURICHENM LD 2, BHROHE
BITE USRS ROEMIZE 2D TH DS JENHEINS.

BKTTOERORERMEIZ6HHLS 8ABIAL (K33) . 2LT, Zof#
BI-TEMEDHEML/ (K33) . J0EMEOHMBICIIHRY - 0~F/—X
BIUR7o—XEEIMEM L (K36) , TORBRBENEE_HOFRE—HKL.
EERNEHEDOHEICZ, £OMEMRBORENEDORE VT4 EINTIITHN
(725730~ (Cosgrove 1986) . ZDF LML IcAF Y —XFERZEKTTOREN
HEMEICHELREWEE LTEALT LS EEDNS. 361X, ZOFKTTEE
LIcHYHAD B E I RS SRS T, Bl sy /X7 Y D DAEHNE
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L<mL7e (K35) . D& R2FTHEMINBROMYEICIIR ST, HFKT
THENZRAR TH-7c. FNUBEE _FHT b~/ L T, AlZRECHELTHSM
BITBOTR 70— ZADBEEHBEIL T35 EXMEZINTIS (ap Rees 1974, Sung
etal. 1988) . F7c, REITHRL T2 TE, AEHOEMENF ) —XDEHEN
FHILBRICH B 2 ENREINTHY (Monis and Arthur 1984, 1985a, Lambrechts and
Kolloffel 1993) , Kutchera (1991) (&, AlHIRIZ BN TAF Y —ROBREXHALH TS
EIZED, BEHRBOBREEZ#HBFTAIZLEZRELTS. £-T, BKTFTEEL
TOBEA XD HBICEHIT 2 AFHOEL WM, TOMRERRT H1DICLET
HHEEMBOBREERHEELC T, F/KT COHMER CEESHRIHEZLEEZL S
-

WSS X7 M) DSSIE, BREBICTEDOEHROE - NS o7 FKLE L
THEYMEIZBHE L 4BETH Y, MBXOEMEIZI08 BE16B HTH- 7. SSITH
WEBEIE UL THAHBL OB LAZR I 0 —2RF Vv U ZERTHHBICE TR Y
D—XOAEEFBEL T B I ERREINT S (Sunget al. 1988) . K7z, SSEH
3IEED &8 (Chourey 1991) ® 5 2 7L MDA (Chourey and Nelson 1976) & &l 48
B2RH5Z ENREZINT 5. HBEXOEYMKICHNTIEE, 08BN S12HH L14H
B2 o168 BIC/NIT, EMERLHORERT VT UEFEME LTS (K37) . &
TRALER U 7cHEIRIC B0 Tid, 6B BAr5100 B 128 BANS5168 i I TRYDOEH
PEC, $IC, 128 BUBRO EZMEDOHMIE, §idD L 5 ICHRESR N EMLI-Z &
LB EBDNS (K33) . ULEDIED S, BAREGMICENT, ZHoSSERDHE
MEF o7 OMBEDOERR EEENH S Z ENMEIN S, FHCEKAE L - &
DEHBMTRTFT VT OEENMTZEAEEL THRRNI ENS, SSIIBFETHBREZDH I
BOARICHTAEEOHBICERZURAEHE LT EEEZI 0N 5.

EEHOHERENS, 27 0—RAOHRICEE LTV 2BETHDHAILSSIE, MEPOH
MENI—DDHEEILENT, TNENERULTIBRMTZDOARISF U TRLZREZH
CTha I ENmREINI. S, AIFHOFELOEMEEKLEEN 2B ROK L
NEHRICRRNICASNIRETHD, ZORFERMERICECTERIBELRILT
WhEEZOSNS.
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FEDEMIIZ, BKTFICBIIEY V7B ENOHREREYDS RORFFRIIEL,
ICBKEEZ IS EOEAPEL T E D, Fhy I BEOHMTHE/ Y — DK
PELTOBDERSMCTE I ETH S, E7c, RY 0—AMBBROBEROEAL
ICEB LT, ASRENOSBREDOBFEEKRIL, TNOoBENMEKRTIIBISEY v
J&E, HBEFOREMNEMOERIZH L T o ERITDOOTERE L.

E—ETIR, BREMHBREENICY V-V —2OBRRICH IR EMGENMSRELTL
BELZICY — ZFRE U EMAERCT, ERAERINICEMEIN/IKRROEZREN
DREEHRET S5 ET, EPLUASKENDFEDOEALPE LT B3R L.
B EMERICE T2 I NNVKBROHEREG, FREEMEO BN E U TOEOGEKAE
IRHOBSTELIHEML . £/, HRXOEHERRIREAEHRE D RORHM H
HANEENICHEREYESEL, —F, BKEOEYERIEZEORMEBL Y SR E
WEEANELMICARENESET S I LRI N,

EIETR, IRLGOMWRERCT, KLEL, 3, 5HBIICCEHEL, &
Y BRENDHEKREND FEOEHHNEAL IR o—XDHSBRICEEL T 3
BREHOEA LOBFREREL.. FRKAEU/EYWEICENT, R EMNEBHTH S
BEIHRAANDESREYOS BITHRBRX L ML, #1158 B~ DHRIZET L
7o DED, BUKT TEE UIEA ROLEREYDSE/ NS — VOEALDE LTINS,
BEIMELTWAEIHRAOTEBENRSY /37 St DAIERE, FKAERIBET
ELCENLE. Zhoo®Bmd ~FY —ROEB/E—HL TV 5T, EKL
BIN/HEYEROE 9 BiRIC B ZAEHE DM X7 0 —XDIkS BEREL, {8
BHROBEEZHFL T 2350 EBbNS. BEIGMICHIIAHERY /N7
DSSIEVEIIB/KAE S A BICHBR IO ML, /2 0D%E 8 B DSSEITHKL
El1ABICHBRIDBRFEIEKT L. IhS5OBEFEHORILEREN DS E
NG —DEALE—H LT &-T, BKTIIEIBR X7 o0—XFBIBAELTL
SBRFEHOZRREHUPHRICL > THENTHY, Y7 &V —AHDORI o —
AREAREEALZIVEIEICLY, VI BEDHEREVOSERICBIT AR &
BEBFENHE I LERETS.

EZHTE, BKTICBYSREMEMOEREE R 0— 23 BEEEHOBFGE X
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SICHEMICH O MICT 57, BREMICO > TZho & RHMICEE L. BKTIC
BT, BREUHMZMEIFEET A ERABICEEITMEL, 2IF2 AT anfdE U
7. TOEELMERHEX SIZZORDOMEIZFTEIL LRI, ZYPOERI L
Ulc. BJBHES /30 B 0 AEW ZER OS2 MERIICOAEM U, WElsy »
R EI D SSERBEMOERME T2 EORHICHML 72. BKTTREIC [
BELUTOLAHMICENT, ThoR) o— ASBEREEOEHIZZH FNEL 511 E
ZFHRUTWAR EEZ o, I, AGHOFELWHEIMEERKT TEEIBELTN3
BEAHRICHERNICEONARRT, TOMELOBEERITIEINTC.
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AWFFE TRV IFEA X st TH % Habiganj Aman 3/ N2 757 Y 2 EROmETH Y,
ZOHEMBIT BT EWEO KGRI 3NS5 6 48, & 5121 AM7 DIk LR #
BiIBNEZXTOmL, EITi25Z E35H 5 (Vergaraet al. 1976) . &4 RII/KE LITTE
LICHME L -EEEZ BB OBEREIEEFICHETE A I L0 HE N T 3 (Inouye
1983) . UL, IOLIUNBREITHEKEET TR, KO LICHFSH ZEOEKEIIK
ECRAPTEHEEPNS. W Habigaj Aman 1% 1 0 %7- ) 8 ecmDrkfr LE T Cikts
T3E, LERETOEYE e L UKALCHELTWREOEREIELIED L
7z (MBS 1989%) . ZDIERREREFTAD V- AEMET T 5 I E2E%RT 5.
—~HT, BKFTEELTO 3% RORAKOHFHIEE THEFETH S (Vergara et
al. 1976) . F7z, BKTTEA RIRMHEOEESRES Y, TROEHIHMI ¥
% (A 19732) . LEDI &S, FARIEKT THRERENOHB ENIETY —
ZERZEOEHDETENIZA M REZRTZ LM DST, Tl EEOIFETE
RETREICLTVS. EHA ORI, BKT TRBLUEETEIT DD ICLRILE K
EYOUERE LT ODFEMLLEICELT, B RPERPORIZHEREZNITHT S
WIEEBASMNITEIETHS.

EFTRUHIT, TAKITHTZFA R ERFA ROBIEE TDEE ELEKEENDOE
SHEELL. JOERTIE, BKXM AOBEXBRETRHZ 570, TRLHEY
KOETENTLITIKET S XIIT—ED KM THEAKLE L. TORER, B RITH
BERIERIGIIRD 45THB. 1203, AESHBEIIBIIA2TROERDREE (1),
2o%i3, 2ELHBHEICLZR MDY S —HMOKAL~OHRF (1), 35%HiF
W 8 HHOR LT 2BAREICEHIT 558, COLLMT TOXRARENDEEM (F2) ,
B®IS, WEBE4 BBEWHY RVRETO LM 2EOEENRGOEM (B3, 4, 5)
TH-Tc.

REOZFREBDOEMICH > T, Kx SCORE TTOREREEIHMT 3 L
#£X T3 (von Caemmerer and Farquhar 1981, Evans 1983, Evans and Terashima 1988) .
Fl, RERBERIGHRIZE WTCOAEEE > THAEERTH SRubiscoid, 1 R E
TREHRD28%, 2uHEHS /37 D55%% 55> (Makino et al. 1984a) , KIFFA TIT,
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it COMBHT TDIERRAES &L Rubiscog & & DB I/ VOIEDHENS -7 (K6) .
LT, BB EROETE LESREESDHEM, ERRG OEMEN 5 12FA RIZD A
BOoNBEKT TOHBITIZTNT, Fh o EMEAOEREROBMICL-TEL S
BN 5.

ZIT, BAKTTEBLTVWAEARDEFRMRIFELL T, BOoRINEINER L
KE LT RREICFET I ERORAICE LT ZEOEER IR T I DEREIT- 72,
BKTICB O TERRELOMMOKHRTEFT L BA 2 LUEOER SRR, HBRK
BT CEREELSOIMOKHR TEB LA R EABE TH-72 (K8) . DFD,
SOOI EIFEARRBELIEAS RDEBRIETLODILCERBEETHECESERS
BEMBTERILERT. TIT, ZOENIMEEL T IO 2RI L. &
IKEHEEND BEESE, S _BLIRFSET (Setteret al. 1987) Tid, HOEEHL &
VZRRNEMET T2 I E0MEINT S (FE 1954, Johnet al. 1974, 2)1]1975) .
Flo, KT TEARBBOEFENREFEZNS (F4) . X651, Uchida etal. (1990)
i3, FL—H—E LT NEBRDISEXT, B RICHITZENSOERRINE SIS R
FTHEKOBEEFHE L. TORR EBEEEAGTEHRLT, BKTTEELT
W3 IFA RIS DEFERNEIMEL, TROEFICHWINI"NOKLE HED -
fo. UEDIENS, BKTILE T 5FA R EMNECEE ITIIENAED) SOBLEER
P DDEESTHEE LTINS I EWREBEINT.

BKTTOEA R EMEOEENTHE) SOBL/MERIEKELTVWELEOE, #
AR TR THEOBNFEKICE - TREZINZEBEONS. BKTICHIFS LMED
EEEENRILZFAREFBEARIIBNT, EPEREFRKTEZIEICE>TKEL
THEDENE, HABRENZIMETSI LI THEB L, FhzoBlIES S &~
NOBHESOEALB LTS VX ESRERENE L. TORE, FA RIFEEAS X
EHARTKE LI EDHE REENDETHEL (K10) , ZidRubiscoF BDETIT &
5bDTHAHI & (K14, 15) , FAxEEZYMEL L THEKLETS &, FEFELL
THKRE U7 L& XD BRREAREEDRK TG EH, YIEITH O TITBIERE I
SRERZENITN 2 E (H10) PRSI - 7o, I oITFA R EERELFKART S &
RubiscoZ BODET &P TS /37 BoBREREENEM Uc (K16) . LEDI ED
o, BKTFTTEELTWAEEFARDERIINTEY—XTHEKE LI THEES VY
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THHEEPO EMNEOBRIIUTOBED THASH. £9, BEKRKITLDKELUICTRE
DEAVREZNS. ZOBRRE, 2LOEMIIHNTHEZNTI S (Kawase 1974,
Drew and Sisworo 1977, Jackson 1979, Trought and Drew 1980, Wenkert et al. 1981, Humg
andKao 1993) . [FHEHI, BEDL HITBUKTF TIEEWKRMEORDOERMEEZ NS DY,
WS DEFRDHIRIIEKT THIRINS. THhoDRER, KEEOZERY NV E
DHBENEL, ZTES vV BESERFEREOMNVEEL TS, £LT, I0
ZHEDCOBAEERVKENIIREIIEREINS. Tho—ZOERIZLD, &K
TTOEAXDEENEREINS LBHDNS.

FHFEICHBNT, FEKAESHEBIC, B RDOREMTLEMAED, COLHT T
DEANAEKENIMBR L D& EEZT L (H2) . LHL, IONEREND
BiNE b7 5T ERDO—2IZRubisoNFENLRIVTEET ZZETHED, ThIETT
BHETEY, MMOBEROHEENEZ olc. 14 REIIHB VT, Hfaf, REE¥T T
DNEBEE SRubiscoFEE DEFEE RS &, RubiscogEDHEMICONTHARERE L
fEFIS SMERAR L, ¥ 7cRubiscomin vivoT DIFEHRE I OFIF L EL, EALE
TREY, 2F D EFCHHOFEIFHAZIN TV RubiscoN B FEL TS I EN
AENT (FOE  1988) . X 5iT, Fukayama etal. (inpress) {3, A RFEITHIFS 5,
COAIF T D A Bk BE & Rubisco & & 35 & U Rubisco adtivaseF BIC DWW THEAL,
Rubisco\ BFICFHET 2 EHD T2 EHEZ OFVERIZI, ot COMMTDNRE K
HEIIRubisco activaseF & EHRICEMRL TR EXBR L. &-T, BKTFTHE
BLTWBEA RITBNT, Rubiscod+HFHET SR EMTLERAEDR, COMH
TTORERENVHBELD $HMT 5 DI(3, Rubiscod iE L E I & U'Rubisco
activase FBDEAL L BRI H B EEZ 5N 5.

I5IT, ot COMMTONEREEZ, EEY) BBLEDILHODORX /o0 —XELK
BENIC L > TREZXN TS I ENHEXN TS (Sharkey 1985, Stitt 1986, Sharkey
etal. 1986) . T/, BEFESTENEMTZIIONT, KiaHl, SCO,FTOXREREE T
A7 O—ZAGREEOEWRICE > TREZI NS X HI1T735 T &%, Makino et al. (1994)
B RBEIBNTHE L., —F, bYE0a2VOSPSEEEFAHEALTE OiFEHA 13
mEEi b < FOREEREYET, BEED b < MEY A S HE LT, tiF, CO,
SR T TORSLE RN WIS B (Galtier et al. 1993) . ABFFEITH T, Bk 5
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B EODREA & B EREIT 5 T, SPS & Cytosolic FBPaseDiE HASHEEX & h &3 L 72
(B18, 19) . k- T, BA XEZFKTTAE TS &, BEUEBRAEDN, COMEMT
OHEREFENHRE LD bEMTE013, hoRJo—24AARICESL TN B
FEHEDOHMITE S DN LA

BKTTEREL TS, 2 Z, HREUHGEIr2EIHEL (R2) , FRITHLIT S
FMHEOERREICLDEEIEMTS (X1) . —FHT, KELICHEFINIED
HEIEBHEETLHEBRLTRECETTS (HHS 198%,b) . £K-T, BARITE
WT, RAREWICETEY V7 E/—ZADNT RFEBEIETEREKTTREE
5. THREMIOENI LT, BKECIRBENEA RIS OTRELLED
—D2TH5%B. JhiIHl, BARBYV—ZXEV V7 OAETHIGEL TIN5,
YVoRTBWTE, KT TEBLAEAS 2ORLBHED S L LM 2 ET, SPSO
{EVEAL RO & Cytosolic FBPasefFHEDIEIM L 7= (K18, 19, £9) . DI &idHké
BEMOEREE DM EFHELBFRNS -2 (K17, £6, 7). 1 RXRDY—ZX-¥
7B, HEEELZOEH TOENTTCLHKEST S THEM, OHRO
THEANSHTOBREMNTOTHY, FHZOEEIR MUERETHSEZITIEIH
EHEPOES 7 E72% (BP 1958, Tanaka 1961) . LT, DL 2EIZ
hehEPOR LUERME LSHEPOEL L L/ —V —XDBRIZHS. THDB,
BKTTREGBEENELAZREITHLT, ZhiTHIET %Y — RO SRENDEHK
REIDEM S 5 2 EDB ST - 7.
SPSIEMALROMIT, FHAREAFIRL, SHIUHATHLER) VB (P %0
Z1BRIEFE T THIE U/ ViimitingFEHIZ BIF 58I DAELU . SPSIZRIZLD E
BINDIEPHONTE D, TNRERS LV N7HD Y VBALICE > TEL, st
LAY B IIEROEEM E b7z 59 (Huberand Huber 1992) . T Y v B{bX i
SPSIZFEITH S 2 BFIHE S MGIH TH 5 T U BRISHT 2BEUIR/T S (Stitt et
al. 1988) 0T, LiBDOVimitingfHilHFNTERRFRE L /2L SITDHY VB, Y
VBALIT K BSPSTEHDEAPKR I TES. LAL, FHARICHUIIFEKT TO LA ZE
MSPS (Vlimiting ) {FHED BMIILFHALE IWBEFKETHD, WOBERICLZ bDTH
2EEZoND. HMREOERY VBETB DALY /) — ABRPICEYREZENIT
W45 E, Z£DSPS (Viimiting) {EWEIEMT 5 I L0 8E IN T 5 (Stitt et al.
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1988, Huberetal 1989) . X7 o— XARKD B2 THEEE L /oMM VBT, ERGEE
KHHY VBN VA — 9 —IlL > TR/ 0-XEROEETHE A —-RY »
BEZHBTHUEREKNIIRY, BRAENS (FluggeandHeldt 1991) . 2% h, ET
BRENTZRI D— ROV Y JHBRENDEGIEMT S &, EREICHIRE~NORE
THAHMVA—RY VEBEOEENEES. £LT, FICHREL SEZENOEEY)
BOERE L BMT AR MRECSOTERY VEIBRICERET, SPSEHLS
CHERFZIND Z EXMEINS. T1bE, ZOIELS SEKTTERLTOSEA
F EA7ZEDSPS (Viimiting) jEHOHEINZ, £ OEITHT 5207 BHE~NDEKEY
DETTOEM EFEREZBRICH D I ENREINS.

VUIIBOTIE, BEPFOR EAERAN OXAREY OAENGKMEL HE & W
SBECEHICE LCHme 5 & (K25, 26, %11, 12) , EORBHIBAIDOLE b
BKTTOEFIIONTHL IIHEMT 5 & (F12) , #iZ, BEMEIEL TS T
FEA~NOAERITEEEE T IO LET TS & (R12) RPN -T2, BKTTHE
EVRELIBEOREREYOLEIEML, —HT, £EVMEIEL THERE~ND
SEITET L, REBEYDOAE/ XY — 2 OEALNEKT TEL TS Z EAREX NI

BBDE HIZ, 41 RFIEOEDOHITV R EV VI LTORENKILL TINS.
DFY, HBV—RERBHL Vo /RBEEEECBRIIS D, FIHEROMENEL B
EENDHAFEIC /LA (HP 1958, Tmaka1961) . # DBEAEE LT, EKFTOEA
RIIBFEY—REVVIOBFRERIT 5L, BRENREBAZELHEFOEDOKRM
HERs, 2L T LS 2EHOREERAE LHETOR EMNBANZN ZHY —X& ¥
VIOBMRIZH B, LT, KT TRID2OOERE BIT, V-l TidkS
BEY DEFREES OBMMNEL, ¥V 7ITBCTREEREYOSEENEML T3,
2FD, IS SHIIBEKT TERL TV VI ~DOREREND S EOHMIZ, Z
NS UIcy — 2B TONRES REYOEREEOHMTHHATES. L, HELE
DF S THIZH 2 HEZILFEANDHEKEYDSEIE, FKSBRICBENTETLT
W5 (X12) OIZ, 20V — ZEFIIB I3 HEREVOEFREZET L TR EDA
o, HITNMTHRBR LD HEML TS (R6, 7). I0IEE, WEREEHBITH
T3V —ZAED SOREKREWL, TOLMOBEKTTEL(HBELTOLAEHMS LS
BEORMETANESEEINTOSREEETT HOTH 5. KEERIITIIHA K
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ENOEHROTHELCERBEEELTVWABEDY V JRICL-THREINEGER
KXNTIL B (Watson 1971, Wearing 1972, Wilson 1972) . ©F b, EAKFTTOHMK &
BOXRMET Y ORELER IIEARENOEKRKEDOEL WIgMELZL6L, £-T,
ZOTHLIZH 2T S HHEREPVOUBE EZTH5DTR LD, IO WJREEZEAS
2351, SEECSNVRZERE LT, TOSEZFHMICEETILENSS.

FRRICHBI B ERONT, FKLELcEYEROR LA HEICH T 5 AGEHOBE
RELEFIIRNCLOO—2THS (K29, 34, 35, £13) . JOHEMIKHMOZE
AR E—HTEIE, AIMEPOMB TR/ o— ROARICEELTHAI &
(ap Rees 1974, Sung etal. 1988) , HKAIZHENTAIEINF V- ADREAFAHT IS &
THEMIRDORERE Z##FF35 I & (Kutchera 1991) RFEINT WS, K-T, &K
TiCH 2 G ORE I ME LATFHORMAFHESERIZHY, TOERIBEKTT
EBLTOWAEA XOBEMKR TORERE (Kutchera and Kende 1988) 1ZBHE LT3
EENBERTHS I EOFEIN. —F, SSEITF VT PR 7 0—2%EMT 5%
PRELSOCTIOBEHELROIEVREINT LS (Sunget al. 1988) . KEE, SSOD
EHEBREOERIT, EEPBTL LV ->HBARICEOTEZ(HEZINTLS (Sung
etal. 1989, Xu et al. 1989, Ross and Davis 1992, Sun et al. 1992, Wang et al. 1993) . &
IAHDEHETIR, BAKTTEFL TS ENEOHEEMICH WTSSE®EIEML,
EHOER B LU AREYDOAE L OBENRE IN/: (BUEE"L) . T748bb,
BEHBEN) —DDHEEICHOTAIESS FFKLAEBIZ L) FHLIEML, ThZhA
RoEEHRG L LOEMER GFITHREDER) LW BULMEERF-THEI &
PHRIN.. ZOLII—DDOHMEBE I TAIBIUSSO Bt EicB LTHRETL
BRERIZLAENRL, SREMOMBEIIK UTRCTRIEEDHHEIT D0 TEKITHE
LTI RETH A Y.

PEDESICEA RBEKRTICBNT, ZOERICLERERBLITREOHLR E W
IRTRELZAPVAERIT S Tt L, BA XOKRELICTHEDSY V) E,
FFIZRubiscoD 3 EIMEE X H, JKE LICH S EMEDOER EREKEE DERFITHE
ERNERRLENLS. ZOFRAEIFFA A mBIZEZD o NTOEFEA R DEETHHT
$H5. ZLT, BAREIHEREYEDRNICERTMICAHR LT, EAICEGLTH
5. ZhiTid, V—2ETIISPSOIFEHE/LE L Cytosolic FBPase;F DAY, fhEHR
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TiZ, ZOMEOBICEAL BERIICIISSEROHMIERLRAZHE LTSI &
DIRBEN (K39 . ZH o—EOMEISHEENTKE D SBRELER T TOFEARD
EELEBTEZARICILTNEEEZISNS.
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Non-emerged growing leaves
promotion of growth

¥

I
increased demand of
nitrogen required for
growth

Upper leaf blade

enhancement of sucrose biosynthesis

promotion of translocation of
photoassimilates to growing leaves
and uppermost internode

- -

—
-~

Senescent leaf blade
promoted degradation
of protein

Nitrogen-remobilizatipn
to upper growing leavas

Uppermost internode
rapid“c]ongation

maintenance of osmotic pressure
increased demand of energy and
substrate required for growth.

increased demand of
photoassimilates

Lower internode
decreased distribution of

photoassimilates

/4

Root
decline of N absorptio

Fig 39 Illustration for adaptation of

4

floatiog rice to submergence

on supply of nitrogen (left side) and carbohydrate (right side)

requied for rapid growth under the condition.
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WE

BKTIZENT, B RIEHECHROMEE N HIEELEEETI—HFAT, RAMLT
EREERNMETTS. £2T, BAARNARENORLEEDS Z EHIURE R
EYOSREDENIT) I EILL->TEKITHEL TS EBDNS. REREHD
BRICBAL TR, FROEHETIEKT TREXN, vV —XEULE EUELHERT S
l&, FROR MUBRAEOERENNT AL IEPVHSNTNEL, EDLIH I
BME 753 BEHNOERPEDRELTAEBTERZ AEROHBRITERPFLENS .
72, NEREYODENLZAEENI SREBEAEREINTHEN. £IZT, £&H
XOB®IR, FARIIBITIENERENICETE ) —XB LIV VI ORNIIRITTE
IKOEBEZOBIEEBRT HIETHA. ERMBEL TR, NV SFVLERD
¥4 R @ T S Habiganj Aman [IZFEMA L7z, 5H, EF—BELIUCEEE_HTII,
IEFE A R m¥& T &H 5 Taichung Native 1 H LHED 7cHITHFERA L. B OSNICHBEDOKREIIU
TOBHTHA.

F—FE FKTREFIZERBIVLEGRENDHER

AEOBME, BKTICBITAEAS REFFARDODEFDOEN ELEREETDEALIC
DNTEASNMIL, ZORERENDEAZE BSTERITONTENRFDEN S
HTBEIETHAB.

#99. 631 DIF A X qufE TP % Habiganj Aman I (HA) & 3EiF 1 Ran#& T % Taichung
Nativel (TN) %, Z DETEOEGNTLITKETH L HICBKAB L. Z2LTH
BEIZ, Ot COLMEHT TOMBEMRLERE 2SR FEBREICLIDAET S &
TRALERENZEL L, BAKAEL T/ 00T N ETBEHS /787, Rubiscod
BEEEL. FARFEKAESAETHRR LD BEBROEBNEIT LI, i,
EKIE 4 B BIZ, 342D LA 28 DRubisco SEIIHBRX L b8ML, EK0LE 8
HBICIR, FAf 20K EUZLEREORSBRENIHEBE LD bEI -2, Zho D
RALFFFEFA RICBRDoN D -7, L EDERNS, FARIFEFEARERLD,
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KT THRELEOEEETY, ENEORGRENZE CHFTES2 JE0H oI
AQEY At

Jt, COfEF%E T TOHAEKRES LRubisco FEDMIZEENIEQRERH D, FEK
FIcHF 31 DA REFDOHEMIZ ZRubiscoZ BDWMINEBELERO—DTH 3
ZEDBHOoNMI st L L, ENENOFKTTOEE Y -5, BKTFTD
BA KRBT BIEEEAEES] DB % RubiscoZ ED M TRIFHBATE G- 7. TK
Tféﬁbfhéﬁ%*%hﬁ%ﬁ&ﬁ%kﬁhf,%éﬁﬁﬁﬁ%ﬁﬁ%T@ﬁ%ﬁ
LD HHEMTI2ERICEL TR I SICHENLETH .

BE_E MBS RERENOE(ALERE

HEREYOUEEMFFTHICE, FTROEFLZOREGKRETOERILETH
D, ZRUCRZEROHRPATRTHS. FITEA A TR, BKTTEOERDRLEIC
Lo TEREMIMML, AEKENLRCHRFEINIDOT, ZOKELOLMEAND
ZROUEDREZINILEDHS. FEOEMIIZ, EOEREZMERT Z7-DICLENR
BZERUERIIBOTES AVFE KNSRI ZHRET NN TIBICEBPTLLETSH
3.

F—l RERLETTORAXOERLAAGKENDOEAS

KETIE, FA R EEERX (1.0 mM NHNO;) E/ZEFRKX (1.5 mM NHNO;) O
CRETEFRLEL, THTNRKTLEBRETTETSE, ZEOXREGHENBL T
EEREERFUEL .

SHEXOEPEKICE TR, BERLEIC L) ENEORSRENBIVEEDLE
FEENEM L. LU, SUKAELCHEYERIIEONTIE, ZREBERICEFRTC,
HUBEORERENBIVERDOLZRERII—ETH- 7. oI, EEZERETH
TKALER U740 LA, SERBEETEBERGT TEB LICEMELR LIV
ORVEEZZFSEZRAL TV IhoORRE, BKTTREESEDKT &
{LRFSEDERICEDBOEBTEZROBRIIMET TS ERLNEI &b, BKTF
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THEH LA RRBEO SRR U ZBRUANDERICE D EUFEORE RN AR E
HELTOWEEEI o &-T, BKTIRBISEA ROERITI THEISDE
FHAROIERTH S ENFEINS.

B THREOEAIRITEKOEH

BT TOEA RDEENTUENSDBAREZERIEFEL TS SE, BIRT
B TMEOBMNFEKICE > TREZXNS EBDNE. £ ITE_EHTI, FEKAREIC
Lo TKBELUICTHNEDERERET 5708, iF1 RaulE T %Habiganj Aman I (HA)
EIEFA R ERiET & S Taichung Native 1 (TN) ZE/KAEBL, TORERENBLL S
YN VBEESDEALE Y N A ERERERERE L.

EAICE DKE LIcHAD BAZERIINO T & D SHEKEENDETN#EN -7, K
B HkEESID ZEALIZRubisco B BDEALE GO IEDHEBENRH D, K& UICHADTAETIE
RubiscoD BEIHRICE » TEMAMREZI NS ZENPHO NI 2. THIT, KR
LAHHALTIND THEDEAEEDER, MEEOKEIINTIEORICHEDENT H
200, BOLMEROEED BN GEL 32 ENERBAMICLEHDONE I NEK
He 5w, UMREFEZLZRBFOFH T THEALAEL T, LEDCHBICELTHE
L7z, ZORR, BEKLEL/-HADYIME 2 T OFEE LD HILABREEH OIET 240 &
Th, ZLT, YMZEICEO TREKLEICL 2 RERENOETICRBERZRLTL -
7o, BEELUIWEROREBNZERD, U7 ELTOEERFEIEET ENEINTH
5. £oT, ThoDBEBREKELLTHNEISG Y VI BENDEZRDOERN EML T
WBIEITED, KEICED THEOBANISIREINTNE I EERETE. F
IKILE UI:HADEEZEIZ BT, ¥ /37 A RBEREEILE 2 HRICELCHE L
fo. O EHHEMNIHAOKEETDREHRS /37, $FilRubiscog BDIET & HEHS
BiEIrH5EZEZoN5. LIEDERDIS, KT OHAIZHBOT, KELILTHED
Rubiscoz- (3 UsHET B 5 /37 ik, BHOBIMUIcy VXV ESBERICE - TH R
Sh, BREICEELTVS Y VI DOEREKRBOBNICNIGCT 527 HDERIEFRR &
WoT5b EBDNS.
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B=H V-RABECBIIACREYOERRENDEAL

KT CREBCERETTERLALNTO Y VI EV—RADINS U ADEALIZHES %
NENOEADEAZHSHICT 5700, FBETEETEATTOY —2BICHBIF 3%
BREYDOERES OZALL LU ZDEALES ST ERZRHTSL I EXHNE L.
KT TEE LT BEEA X LD S OEREDDOEREELHET 5729, F—
Y=L LT CEROTERET- . HEMKE LT, 5 HEEKT TEFI €103
EHomH kL, B ELUTEBREENG T CI03RMME TAE I /EMEEER L
7<.

BRI U 7D 9 L E10L K1) 5 HEREYDOEHEEIHBXDOZNS £
DA IHoDFEIBNTE, R/ 0-ADEEBLIIRIn—REFUT U
DEEHSEM LT 9LEWOLICHTEIERLL 73, Thfng LR T
HHEIHMEBEFOENETHY, INSEBFEKTTRRIEEIMEEZINTNS
BETHS. ULDIENS, BKTICBIFZ9 L L10L OINEGEREY OERERED B
MELVR7 0 —RGROEMIINS Y VI DERREICHIGLICLDTH B EBD
N3. Eoil, R 0—XOEERITESE LT 2BE TH 5 SPS & Cytosolic FBPase D
EHEEHE UR, in vivoDSPS fEH# 36 & U Cytosolic FBPase/E 4%, K T TEE L
TWAILEWNLTHEREL D bEDI -7, T, o BBERETHEEREELL Y
27 0—2EELOBICEBOEOHBEN H -7, o, TORMEEDEIMIISPSD
TEVEAL RO HEIN 35 L D' Cytosolic FBPasefE ¥ DM E FH 7S BHRICH 5 Z LR N 7C.

ENE JVVIBBOEREIASKEYOHEEEH

XEOHMIZ, BKTIZBIFZY I BEDRESREDD S EEOZREENEIZE/L%E
SMIL, FITEKAEER ICHROBALTNELTNBED, T BREOBTHE
NG = DEALPE L TNBEDEHSNIT BRI ETHS. Fi2, A7 0—2AHHEE

DEBRDEAICEB LT, LEREVDOSELOBEFERFTL, T oBRIGEKTIC
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BIAEY VI HBE, BIHEFOREMHEMOERIIH LTH S5 FERITNTR
L.

B BRLUGROEREIAGREVOIRE

FEHTR, JKEMBRELNCY Y 7-Y—2DBRICHIBREMENOREL T3S
B - R FRE LG ERCT, BKAETICRMEEINICREOZEEEND
SETHET S I LT, EPPINEGREDDRFEDEANEL T B 08E L.

BEMERICEIT 5 5 NOVREDIEWIR, FREMEOHEMIE U TOIEWEKL
BIHBORHETEL HM L. £, WRBRXOMEWEF IR LMK LD bEOKRM
HEANEENISLEREY 2L, —F, BKRKOMMKIEDORMEMLD &
R BRI S REY E LT B I LAV R I

B VUI/BEBELBIIRAGKEYOSRER 0—-XS4BRBERER
OERHZEL

AETR, FRLETOEPEERNT, FKAEL, 3, 5HBIICEHEL, &
VI EBENDIESREY DS HMOERNEAZHE L. £/, ZOHEERID—X
OHBRICEAE LT ABERER & OBRICER L.

BOKIER U 7cHRIC 50T, B EMER TH A% 9 SO A KEN D BT L
BIBB»o5 HEE THBELO ML, SHIESHR~OARIIET L. OF
D, BKTTEEUEA RDEEBREY DAE/ XY — 0 OEAVPEL TS, 2EIZ
WELTH2E IHEOB Y /NI St DB NV —EEHIE, Bkl
BETELCEMUZ. JhSoEMZ, ~F/—X0EMME—HLTOR £-T,
BOKMIE U7 HEMEDE 9 i MOAFHD Nid, X7 o —XDHMUKZ BERLEL,
EHROBREEX#HF L T 36D EBDNE. F/KAE L/-EMEOE IHRICE I
AUty LNy Bic DSSEWRR, BOKAESHRICHBX LD ML, /208
8 EIMDSSEWIZHKAE 1 B BICHBR LD bRFEITIET L. hoDBREHRD
EALIDLEREYDODE/ XY — L DEILE—H LT 5T, X7 o—2XBEICH
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BLUTHWABEFRHEOENARZ, v rEY —AHORI 0 —BELORAEALZEE
EickD, YU IBENOHEGREDNDOABEICH I ZEA EBELBFENHSZ I LXK
%33,

=8 HHOARIHSI X/ u—-Z240RBREROER

FEHTIE, BKTIIB I3 REMNGHOERER ) - XABBREROBFELEX S
ICEMICB ST B 708, BHIMICHI > TEN S A BRFIMCEE L.

BKTIENT, BREUBBIIBEIHET 5 ERBICREICHEL, 2F2BMT
Isemf$f Lic. €OR2EIBRFAEISICZOHDBENZITELE L B, &9
DER/NEL. FIBHS V7 e D ATFEREHROSEShERRICOAEML,
WS LNy M) SSERRBEMOERPE L TOAEOB ML, BKTF
TREIMEL THAHRIZHENT, ThoR7o— XA BEEEHOEBRZTHTH
REBEHAZHELTOBEEZ 5N BIT, ABHOFE LOBINZHEKT TREITH
BLTOARENVERICRENICRONZERT, TOMEEDEERN Y XN .
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Supply and partitioning of photoassimilates in adaptation
to submergence in floating rice.

Floating rice plants respond to submergence by rapid internodal elongation.
On the other hand, the area of photosynthesizing leaves above the water surface
decreases remarkably under submergence. As a result, potential for supply of
photoassimilates in the source leaves and efficient partitioning of the photo-
assimilates to sink organs are probably important factors for the adaptations of
floating rice plants to submergence.

The aim of this study is to examine the system of adaptation to submergence
for source and sink of photoassimilates in floating rice plants. Habiganj Aman II
(HA), a floating rice variety from Bangladesh was used in this study. In chapters 1
and 2, Taichung Native 1 (TN), a non-floating rice variety, was also used as a
comparison. The summary obtained in this paper was as follows:

Chapter 1 Growth and photosynthetic activity under submergence.

In this chapter, the differences in their growth and changes in photosynthetic
activity under submergence between HA and TN were compared. Furthermore,
factors involved in the changes of photosynthesis in terms of leaf components were
investigated.

The plants of both varieties (9.6 leaf stage) were submerged up to the top of
the 7th leaf blade. At 0, 4 and 8days after submergence, the rate of oxygen
evolution (OER) was measured with a gas-phase oxygen electrode (20% O,, 5%
CQO,, 2200 1z mol photon m? s”, 25°C, saturated water vapor), and the amounts of
chlorophyl, soluble protein and Rubisco were determined in each leaf blade.

In HA, the leaf stage of the submerged plant progressed as compared with the
control. In the submerged HA, Rubisco contents of the upper two leaves were
higher than the control at 4 days, and the OER of the uppermost leaf was higher
than the control at 8 days. In TN, however, these phenomena were not detected.
Therefore, the active growth of the upper leaves and higher maintenance of the
photosynthetic activity under submergence are the characteristics of floating rice
plants, differing from non-floating rice plants.

The OER was correlated positively with the Rubisco content (r = 0.877). This
indicates that the enhanced Rubisco content appears to be one of important factors
that cause the increase of the photosynthetic activity in the submerged HA.
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However, considering the changes in the OER and the Rubisco content in each leaf
blade, the increase of Rubisco content was not all consistent with the increase of the
OER. These results indicate the possibility that the factors other than the Rubisco
content were involved in the increase of the photosynthetic activity of the upper

leaves in the submerged floating rice.

Chapter 2 Changes in photosynthetic activity of senescing leaves,
and nitrogen sources

Maintenance of leaf growth and photosynthetic activity are essential for the
supply of photoassimilates. The aim of this chapter is to investigate the effects of
submergence on supply of nitrogen required for the leaf growth of floating rice.

1. Growth and photosynthetic activity under high nitrogen nutrition.

HA was grown hydroponically under submergence and ordinary condition
(control). Ammonium nitrate concentrations in the hydroponic solution were 1.0
(standard-N) and 1.5 mM (high-N). The submerged treatment was carried out in
the depth to water of the top of the 8th leaf blade. OER and nitrogen content of the
each leaf blade were measured.

The dry weight of root declined remarkably under submergence. In the
control, the upper leaf blades of high-N plants had higher OERs and nitrogen
contents than those of the standard-N plants. On the other hand, in the submerged
plants, no difference in the OERs and nitrogen contents was detected between high
and standard-N plants. In addition, the upper leaf blades of the submerged
standard-N plants had the N contents as high as the control high-N plants. It has
been observed that submergence induced reduction of O, partial pressure and
increase of CO, partial pressure in the floating rice. Thus, submergence probably
suppresses the root growth and its absorption of nitrogen. These results indicate
that not the nitrogen absorbed in the root but the remobilized-nitrogen originated
from the lower leaves is important for maintenance of the growths and
photosynthetic activities of the upper leaves in the submerged floating rice.

2. Effects of submergence on senescence of lower leaves.

If the nitrogen required for growth of floating rice under submergence depends
on the remobilized-nitrogen originated from the lower leaves, it is likely that
senescence of the lower leaves is promoted under submergence. To investigate the
senescence of the submerged lower leaves, HA and TN (9.6 leaf stage) were
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submerged up to the top of the 7th leaf blade. In the 7th leaf blade, OER and
various leaf comstituents contents were measured. Furthermore, proteinase activity
was assayed.

The OER of the submerged 7th leaf blade in HA decreased more rapidly than
that in TN. The OERs were correlated closely with the Rubisco contents. This
result indicates that the rapid degradation of Rubisco causes the reduction of the
photosynthetic activity in the submerged leaves. The detached 7th leaf blade was
submerged under the same condition as the attached 7th leaf blade in order to
examine whether the difference in the rate of senescence between both varieties is
either due to difference in sensitivity to submergence, or due to difference in the
growth rate of the younger leaves. In the submerged HA, the decrease of OER of
attached 7th leaf blade in HA was accelerated as compared with that of the detached
leaf blade. In addition, no difference in the reduction of OER between both varieties
was detected in the detached 7th leaf blade. Export of nitrogen to other growing
sink organs occurs in the attached senescing leaves, while not in the detached
leaves. Therefore, these results suggest that the promotion of nitrogen export to the
growing sink organs causes the acceleration of senescence of the submerged lower
leaves in the floating rice. Proteinase activity of the attached leaf blade in the
submerged HA increased remarkably at 2 days after the treatment, and may be
related to the subsequent degradation of the proteins. Therefore, the proteins in the
submerged leaf blade were degraded by the proteinase of which activity increased
under submergence and were most important nitrogen source for the rapid growth

of the younger leaves.

Chapter 3 Changes in potential of photoassimilates export of
source leaves.

The aim of this chapter is to investigate whether the source leaves of the
floating rice alter the potential for supply of photoassimilates under submergence.
The export rate of photoassimilates from each leaf blade was examined by tracer
experiment of 13COZ. The plants were submerged up to the half of the 7th leaf
blade for five days, until 10.3 leaf stage.

The export rates of photoassimilates of the 9th (9L) and the 10th leaf blades
(10L) in the submerged plants was higher than those in the control plants. Those
leaf blades in the submerged plants had more sucrose contents and sucrose/starch
ratio than the control. The main sink organs of the 9L and 10L are the uppermost
Oth internode and the growing 11th leaf, respectively, of which the growths are

-113-



stimulated under submergence. This suggests that the increased export rates of
photoassimilates and sucrose contents are related closely to the promoted growths
of each sink organ. Furthermore, activities of sucrose biosynthesis enzymes,
sucrose-phosphate synthase (SPS) and cytosolic fructose-1,6-bisphosphatase
(Cytosolic FBPase) were examined in each leaf blade. The SPS activity under
limiting substrate and cytosolic FBPase activity of the 9L and 10L in the submerged
plants were higher than those in the control. These enzymes activities were
correlated positively with the export rates of photoassimilates and the sucrose
contents. Therefore, the increased SPS activation state and cytosolic FBPase
activity may play important roles in the promotion of photoassimilates export of the
upper leaves in the submerged floating rice.

Chapter 4 Growth of sink organs and Characteristics of
photoassimilates partitioning.

In this chapter, effects of submergence on the distribution patterns of
photoassimilates were investigated in the submerged floating rice, using “*C-
labelled carbon. In addition, activities of sucrose metabolizing enzymes, acid
invertase (AI) and sucrose synthase (SS), were analyzed in the sink organs, and the
functions on the rapid internodal elongation under submergence were discussed.

1. Growth of uppermost internode and distribution of
photoassimilates.

Source leaves of the plants used in this experiment were restricted to the full
expanded leaf (the 8th leaf blade) attached on the uppermost internode (the 8th
internode). *CO, was fed to the plants, and then the plants were submerged up to
the the basis of the 8th leaf blade.

The relative specific activity of labelled carbon of the uppermost internode
increased remarkably at one day after submergence. The dry weight increased little
at this time. In the control plants, the labelled carbon was partitioned predominantly
to the non-emerged part of leaves, while in the submerged plants, to the uppermost
internode rather than the non-emerged part.

2. Changes in distribution of photoassimilates and activities of
sucrose metabolizing enzymes in sink organs.
In this experiment, the floating rice plants of the 10.3 leaf stage were
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submerged up to the half of the 7th leaf blade. At 1, 3 and S days after
submergence, 13CO2 was fed to the plants, and the distribution of the labelled
carbon to the 8th and 9th internode and the non-emerged part of leaves was
examined. Comparing each value in the submerged plants with the control, the
distribution of photoassimilates to the uppermost 9th internode increased
considerably, while there was a decline in the 8th internode. Therefore, the floating
rice plants under submergence alter the partitioning pattern of photoassimilates.
Total (per plant) and specific (per soluble protein) activities of acid invertase
(AD) of the rapidly elongating 9th internode increased remarkably one day after
submergence. These increases corresponded to accumulation of hexose. It is likely
that the increased Al activities of the 9th internode in the submerged plant promoted
the hydrolysis of sucrose and maintained the osmotic pressure in the elongating
cells. Total sucrose synthase (SS) activity of the 9th intemnode in the submerged
plant increased markedly after three days and corresponded to accumulation of dry
matter. These changes were in agreement with the changes in the distribution
patterns of photoassimilates. These results suggest that the changes in the activities
of the enzymes involved in sucrose metabolism may be related to the changes in the
distribution of photoassimilates to the sink organs of submerged floating rice plants
via the increase of the magnitude of the sucrose concentration gradients which exist

between source and sink.

3. Growth of internode and changes in activities of sucrose
metabolizing enzymes.

Uppermost internode in the submerged plants elongated rapidly for initial two
days after it appeared. At this time, the Al activity per soluble protein increased
remarkably. And then the activity declined rapidly. High SS activities per soluble
protein were detected at the period of accumulation of dry matter, regardless of the
treatment. In the internodes of the submerged plants, SS might be related to the cell
wall synthesis, since the internodes had much less starch accumulation than the
control. These results support that the specific sucrose metabolizing enzymes are
associated with the specific processes that occur in the rapidly growing internodes
under submergence; Al is associated with the internodal elongation and SS with the
internodal cell wall synthesis.

The results obtained in this paper were summarized in Fig. 39 (pp104)
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