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HMREEES S EAREERELF Y
IMEHEDRMNMNTORER, KRS L U
IEORIZKITET O, BEDF

HPAET - EEE - IRHER

FRERFRZFH
(T 271 HAFHIRAF 648)
(1990 £ 12 A 14 H3AT)
(1991 41 F§ 21 H325%)

C. it % 7 (Chrysanthemum morifoliwm cv. Tenju) /NEDIE % s = FEBE 3% & 0% T, 30 H
M, 5 10,15,21% O, FTZRZ NI LTz, AMEVED Rb 0 OREREE R, &0, REE <, HHly
2 BEBIE 0% T 3% X DEDh o708, NIFREE B & UBIEIGERE S, 5y 2 RE 3% B »THE <,
SRR X 21% O, R TR b Er oz, £F XY aBRE 0% 0 10% 0. KicBW IR o7z, 700
74NVEE, V7E—R 1, 5-ZV BV RF TS —¥ (AT, RuBPCase) ik JUE, AEHY ¥
SNOBEIL, By aEEE 0B IU3% T, O BENETIZE bR > THEINL . RuBPCase &6 &
VI, B o BEE 0% 01F 5 TERECE L, RrUoXaREEoEmeFAUCER 2R L. L
L0, By s EEETRASEEETIE, KRS & UREERS R0 OXEREEDETICASE <R
Br52TEY, €57, O, BEDETIC L 2/ MEMEONFROME X, BEARELRLY, v allt
Iz 22 DB EREOIZ S THRMEES I LEbIR S,

1. & =

WIS ECB LT, HERHENO/MEMEIILE
BREEN 222wy, HEVLIHEVWEEZ SNTE,
BREDOWZET, HE/IMEMEOEVLEREN X, BE
EBAND CO, WEMKBHE T, KZH 0 CO #ED 30
~0% LW I EPSELL I EPHLLKR S
7 DI, HEEEFBNOCO BESHEETON
BEEREDL I LICLY, IMEVIEOXER EEESE
ZIENTREL o TE YV, g/, BTy a %
MEZBRNTERLIZS Y, HEREEVILWXEES
IEBNMEINTVEY, I35, BERBADO,
WEX, RKLIFZEL 21% cientsb, CiEY
DR BV TIERIERIC & 5 XA REEDE T O RE
MLERTE R, EBETEEY O & Ro D)
ERICRIET O, BEOBEZ>LWITRSDEIAIFE
AEBESR TR, T 28T, ¥ 27/MEWE
26 HM, 1, 10, 21% O, T TH#E L IR /IMEWIE

DR L ORI OREREE CRIZT O, BED
BB OWTHAN:, ZORBR, EE/IMEVEIZUFR
EETBZ LR LN, By a FRBE L 5% O/
WEET3% DD LD, KO, BELCSWTRNIOD
HEREESE kole Z LaSRBE SN, Z22TC, &
WEecit, ¥7 (KH) Z2RWT, 5EHAR% 30 HiE
LETER L D HE < LR /INEIE ORI DN T,
B oXEEGRE, BREE, £F, JunZ 4
&8, RuBPCase iG55 L U8, # L CTHIEMS » /¥
VBBV TS O BEOBEIIONT, By
SEEE T RWERISE, ThbbHIIREERL,
v afEE 3% GUREERBEERIDVTEZNETNLE
Wat U7z, BIE<TE, OB, 1, 10, 21% 2w T
PRIz, 30 HEOEE TR 1% O, i3/MEV R ICIEE
BEhlesdreaEzonl e, SEIZ, 0. BER
5, 10, 15, 21% o 4 BREEIC U THRE 21T o 72,
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2. MHEB LUHE

(1) g, B L UEERE

WR/VE K & LT+ 2 (Chrysanthemum  mor-
ifolium cv. Tenju) OEEE/IMEMIEO R LIES 4 BEE
WHHREZE L 7- b D 2RV, IMEVERIE, 1EBD
O E B F90~110 mg, AZEA~5H, EEHIS5
~20 mm OFEFEFOIMERT, FIZRICEKED D
D & REFA R L 72,

FEhh 3 ETERS M & LT 3% (w/v) ¥ a B, 0.8% (w/
V) OEXE &t 1/2 MS 5 EBRERELESICH
#R L 72 Murashige-Skoog fZ#i®) %7z, #5io pH
5. T WWHE L, BMAEREE 10ml OBt LT T
2B ESRERE (AR5 mmXE S 120mm) & 75
RSy 7 Fyy TEAGTIT SR o, ERCAWIE
W, BEHs o BEIEE 0% B X U 3% (W/v) D2 R &K
- LIshE, seRERE s F U Th o 7o, EERBIRRE, Fb
EE 1 DDOERKIC 6483 D, 125ml iz &
TRy 7 ERICBHELBES I, WEME 1600 ml
OFEEA 7 Ay v — (WEEEE R 8) wBL,
FNEEBICH L7z, SERXEREERL L UERA &
LIZRDEBY TH D, BEWHEHIC BT 5 EEHEZN
EFHZEIX 60 gmol m2s™t x L, HEHA 14 BFfE, B&HA
10 BRI & L7z, &7z, SBEBEZENOEE R 25°C,
FEHAK 200C TH o 7z,

(2) EBREOEE

LEEDORR -7 0, 1BE, 5%, 10%, 15% 8 LU
21% (CO, EIX T ~T0.04% £ —FWCL, HED &
N,) RBFBRPIOKREREELREST 2-0DE
BREZNEFNEBEENICERE L. &FBXD 0, 8
Bk, 2R, N BEIUCO, D3EDHT AR L DIE
A AR (GM-3A () /INE8ER) 2HWTZHh
ZPN3EONAREBEAEL, FAELL, Vv —RHNITA?S
H2AFT TS A >ARBCCREICL, X7 7Y
T4ny— (A 127 ZAGS0.22 ym: (BR) HAI YR
IR 2ELTCRELL. PADORERA 7O A
— 7 —THEEL, FnFN2mls! Tholz, B, B
BIZIZR O, KT N TEEDERETRL 72,

(3) BRATOXRER XFRE L UEIER
DAE

CO, DHIZE FBIMRBAEEICHE L TITR o727, BF
BROYVy—DADOEHOD CO. BEXZEEL, £0
CO, BEZLTADHED S NERBELEL L /2,
Yy —DAOB L UOHOD CO, # A DR, 4 A
ANy vy (FEREEFRASHEMS-GAN
50) Tk o7z, CO, BEDQHIEICEIFAza~< b

57 (263-50 & : (Bk) HYBUERTEY) wruvhi—
SR (D-2500 81 : (FR) HIZHEERTE) kiR
LT otz, NHPREREX 1% O, BEICB 1T 264
BEE (01) &, 5%, 10%, 15% 6 & Uf21% O, R &
BT BEENFNORD T ONEREE (ps), (D),
(P1s) BEU (par) EDEE, & O BEIWCBIT 5 0E0FK
HE (01-Ds), (P1=P1o), (P1=Ps)y, (P1-Pa) &L TXE
nEhRDI, 7, BEPROBESBRETEIEY v
—%, ThEho O, BE TR 2HHEEE, ¥ELLZ
LREPDTHEITRoTz,

(4) £EE0HAE

30 HRSREE L/ MEMEO # LEOFEE R WE L,
1AL DEETRR LT,

(5) 2sono74)LEE, RuBPCase &4, RuBP-
Case &8 L UR[FIES >/ BRDAE

KRR T, & O, RO/IMEWEOZELR (#7 0. 4~0.6
g EENEFROWECHL, 7ua7 1 VEER
Arnon'® @k, RuBPCase i &M #HIFE 13 Racker'
DHFECEC T o, BERERER, 7an7 411
mg, BEAIEERG (hr) Y- b icEE S h % CO, O pmol
TE L. %7, RuBPCase BOEE L, EHEEHIE
U7-HEREK I DWW T, Makino'® & 0 FEICH# LT T
SDS RY 727U N7 3 FERUKE TRV, 2°¥—
UV Ty b T —R-250 1T & BNV FOBOKE
EFUV I R—F— (Fry rh<wAY—r 3y 7-H:
%) 7y I8 CTHELR, B 7 EELTE,
FME7NT S RV, WEES 7 BEORE
1%, ¥EEESER & CBBBRORIGHKOTXEZHET 5
W E{TRod.

3. #® =R

RrHh s o BEMEEE 0% B £ 3% T30 B, 5, 10,
15, 219% O, T T L I/IMEMED ZNENO R T
DREBRER, By a FHBE 0% BW»T, 5%0,
TE L, 21% 0, TE» 5728, By 2 FIRE 3% T
X, O BEWKLIZFEERERAOAR DT, 2,
By o BB 0% TR LIIEOIMN3% ObD XY,
20, KTEL, Bz, 5% 0, RBWTENKE L
7o (Fig. 1), JEREE B & UYEEREIC N3 2 6RO
&3, Y 2 BEEOEMO/MEDRIZBVT, kb
1221% 0, X TB b A& <, 15%, 10%, 5% 0. DIE
wANE R, 5% 0, K iz 21% 0, KD #1/3, 10%
0, X% 21% O, KO# 1/2 TH - 7= (Table 1), BFFEER
HE (R4 FATETR) &, By aEREOEL 6K
BHLTH O BECLIREREIASNE 512D,
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Table 1. Photorespiration rate of Chrysanthemum plantlet in vitro on medium with O and 3% sucrose at
5, 10, 15 and 219 O, concentrations for 30 days.
Sucrose P;*Ps Ppr PﬁPls PrPu (PFPs)/Pl (Per)/Pl (Pl‘Pls)/Px (PI_PZI)/PI
% umolCO,/mgChl./hr %
0 1.37  2.07 2.57 4.47 11.18 18. 02 21. 45 33. 46
3 1.39 2.38 3.18 500 13.68 21.72 27. 41 38. 46

P,-Ps, P,-Pyo, P,-Pi5, P,-P,; : photorespiration rate at 5, 10, 15 and 219 O, concentrations, respectively.
(P,-Ps) /Py, (P,-P10) /Py, (P1-P15) /Py, (P1-P,;) /P, : photorespiration/photosynthesis ratio at 5, 10,15 and

21% 0O, concentrations, respectively.
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Fig. 1 Net photosynthetic rate of Chrysanthe-
mum plantlet in vitro on medium with
09 and 3% sucrose at 5, 10, 15 and 21%
O, concentrations for 30 days.
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Fig. 2 Dark respiration rate of Chrysanthemum

plantlet iz vitro on medium with 09§ and
3% sucrose at 5, 10,15 and 21% O, con-
centrations for 30 days.

By a FRRE 3% D/IMEYHEDIZ > 28 0% O b D &
DY KREL, 0, RTEHLTHL6~2.2fFK
Eipotz (Fig. 2), 22T, WEIICB T 2% 5 % 7
», ZREND O, BET THEE L o /IMEVMED SEFER
HE LR REL R L IE, R OElEE (¢4
FRATET) % Fig 31wm Lz, BHHEPTRbAT
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Fig. 3 Net respiration rate (photorespiration+
dark respiration) of Chrysanthemum
plantlet #n vitro on medium with 094 and
39% sucrose at 5, 10, 15 and 2195 O, con-
centrations for 30 days.

“5A14°°
=]
551200

S .
g_a_nooo
t
-~ 8 800

gn.
,‘:2600
T . 400
23
2.:200
i
£

5% 02

10% 02 15% 02 21% 02

Fig. 4 Increased fresh weight of shoot of Chry-
santhemum plantlet in vitro on medium
with 096 and 3% sucrose at 5, 10, 15 and
21% O, concentrations for 30 days.
Means of 6 plantlets.
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INEEDO 1AL D OWE % Fig. 4 @R Uz, 5
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Fig. 5 Chlorophyll content of Chrysanthemum
plantlet i vitro on medium with 0% and
39 sucrose at 5, 10, 15 and 21% O, con-
centrations for 30 days.

TH W% 0, XRTHELE L, 15%, 21%, 5% 0. KD
NE B R 2 EMERL, Big, By 2 BRE 0%
TEFDERZBEECH -T2, F7, By a ERE 0%
EHEWT3% &Y, wiFhd 0, KI8T HEENK
X<, valBE% D 10% 0, KTk, 3% 016
EIE ey .

run7 4 VEER, EHy a FHEE 0% 8L U3%
DVBFRIBWTH, O BEDOETZHL, %3
EraE T LY, 5% 0. RIZBWTHEEF R > /.
%72, BEHbhy o FEIEFE 3% THEE L S /NMEWHDIZ S
BB DOLDEY, 7ua 7 4 VEENTARTD O, K
TEL, s a BERE 0% O/MEMERIZI LT, 5%
O, KTi3l. 442 10% 0, X Tix1.37 %, 15% O,
KTk 13145 21% 0, KTzl 11ff:, ZoHEIX
KO, iz EEREL 2 EmERLT: (Fig.5), 7
a7 4 NablTid5% 0, KizsnwT, iy a kg
R 0% T2.51, 3% T2.20 L ¥ a FEBE 0% THE»
Stehs, D 0, KTI32.30~2.40 TIE LA XEIXA
s olz,

/ANEY R D RuBPCase 151X, By 2 BHEE 0%,
3% DLTRIEBWTDH, O, BEMET I 21T L7H

WEL D, E7, BHy a BIBE 0% TREEL /N
WEIHEDIZS>033% Db D LY 2L FHo -7z (Fig
6). RuBPCase i3, & Ak, WY a BEED
e, 0, BEDETIZONE % 3 HANA SN,
XeT, By aEBEEIRDIESTI% LV, 5%
0, RLHD O, KTH 2 fEA % » o7z (Fig. 7). A&
My oSN BEIR, By aBEEI% BLU3% D
wFRIZBHTY, O, BEOBETH-TE X 5HE
MmETRLR, ¥7, My o BEE 3% O/INMEYIE T,
0% £ h%RkD, ZOZEF5%, 10% 0, XTKE S
5y, 15%, 21% O, K TRIZEAEELLRP T
(Fig. 8).

4. £ =

B i O BGEEE, BN IR 2 n» T
SERER I S I/MEVIR T, WENZBEERESLED
INEBIE L D, 5, 10, 15, 21% O, BETOWTHOD
RIZBWTHEL, 51T, O BESEL 251FER
Iz oz, BEH/IMEMED B2 ONERHEE &gy
a PR DBGIZDWTIE, Evers 5%, 79 2% 3
DEEBIZB T, ArTOXEGHEE L 2 BEREN
BWIEEE» ol %, ELEESRY Y T4 EVR
B S DB wic s —3—v 2 V¥ OEEZB Y
T, YalEE2% LD 0% TEroITzZEEZN
FRIELTWS, AETH, Ihde—BRLUIER
BESNIz. UL, %, TobhTo 2858, &
1221% 0, BET TEONIBRTHY, KERDF 7
BEE/NEDE I BT, BER21% 0, K T 30
~0%EL BofeZ b 2EZ DL, EBO T hiF, &
512, RDPUDOREREENEZS I LEHSLTHS.
¥ 7z, LY o BEIEEE 0% O/MEVMEL D b 3% DI
5T, WIRERSEL koleZ &I, BERERLEEHS 2 B
BEIY TI% LVEL ko722 L tRICER2RL
Jo. BT, BBEIICB T % B OREREHRE (R
BELERGREOM) &, ¥ afEEI%ICBLTE
BIZEL ol RPTONGHERE N T 2 R1T0
IMERIREOEIA S, By 3 BB 3% O 21% O, KiC
BWLTHLIME, 5% 0. XTHO0.8F, Fi, HHy
I PEEE 0% D21% 0, KizB W THO.86%, 5% 0,
R, WO.4ETh2,. DFh, By a¥53% D
IMEBE T, B2 OXERTRE NI CO, DEE
YIEIEFELTC w0 CO, 2HEEELTHEY, 21% 0, K
TREFNLUETH B, BrUDONEREE & HHO Ry
FOMBEEOR, DV EOKEREE L 5%
~21% 0. R D 3% v a $EMRE DB O /MEHEIC B>
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Fig. 6 RuBPCase activity of Chrysanthemum
plantlet iz vitro on medium with 094 and
3% sucrose at 5, 10, 15 and 219 O, con-
centratins for 30 days.
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Fig. 7 RuBPCase content of Chrysanthemum
plantlet i# vitro on medium with 094 and
3% sucrose at 5, 10, 15 and 219 O, con-
centrations for 30 days.
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Soluble protein content of Chrysanthe-
muwm plantlet in vitro on medium with
09 and 3% sucrose at 5, 10, 15 and 21%
0O, concentrations for 30 days.
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T, #916~18 umolCO,/mgChl./hr, 0% > = PEEE D
D b O TH#I 15~16 gmolCO,/mgChl/hr &, 3% v
2 FEEE ORHITRE L I/ MEMIRICB W TEL, ED
HERW T 2R DOEER (% : B 1T OMETHEE/
HONESWHEE) 2452 L, 5 10, 15, 21%0, Kiz
BWT, HBHiy a BEE 0% Tix, EiZ, 27, 34,
40, 46%, % 7z, 39 T 1% 44, 48, 53, 56% & 3% T
REL, 2% XKTREL, KO, TEL X
ZUEEER LU, DD, EHPIcES A Tna &,
HRER, B & CHEAOMER (BEET TOMER) OIS
s, BEELZ CO, O¥nE 2HELLTLE
WV, BT ONEREED 3% T0% L D{ES2>T
LEDbDEHEREIND,

Fi, MNEVMEOEETIZ, wIFTho 0, RizBWnwTy,
By a BERBE 0% T3% &0, #-o T, Zhig,
E»OXEREEN 0% T3% LVEL ol L
LRUERERLE. UL, MEMEOETCHT 2
O BEOEECEL T, Bty aEMBEEIB LU
3% DT NOBEESH, 10%, 15%, 21% 0, K251
TRPIONEREE LR CEHEEZRLIZICO DS
T, 5% 0 RTEENE > Tnwiz, 5% 0, X THIERK
PHIFIE N TV 2 ENCEFTEDEMM Ebhro7 2 &
&, EERE R, ERE2 0, BENETOETI
HEEL6LTVwRIENEZL SN, EYEELDHE
Fran, SLTBNAETSEEBbhs,

soa’ 4 VERBICOWTIE, BT CBWT, BE
6 HHO/AMEYHEOREH s = FEBE 3% & 1.5% 28w
T, L% T3% LV v EL, £ 0, BEORE LD
WT—EDMERINA SN -T2 EBRE LT, A
FTIE, By a BB 3% DI 230% k0D b3~
TDORIZBVTEL, &6, KO k2 EFEE
{Aeodz, BT OXEREEIMED > 7o 55y = JER
B3% Trun7 4 VERPEL kol I Lid, Bl
Y PR 1~4% THEE L 7285 O/MEBMEIZ B LT,
HEREEZ LY TRV EL -8, 70u 7 4 Ve
BlX2% TEr oI HEY LA, BReaido
HEEEE L 7ou 7 4 VERB LUKy 2 FERE «
OERIZBWTIE, HorBERZASNELoT, L
»L, O BEOEEIIBVT, EO, X313
07 4 VEBWBEL Kol 2 L, HEROIIGIEE
SNTE O, TRLTDONEHEENE kol Lk
—H L7z, KERMEOEA v HET, BED O, B
B2 3~5% WETT 5L, HHEENsF VL7007
ANVDERPEIZO End ZeBHESATnS
B, REEMEYHATOLRICEASTENTE Y, HERE
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WZEThH3,

wiz, O BEW & 2R OHH & RuBPCase ¥ >
NRIBEB L UTEES V8 BEOBRIZ DL TRET
BT o7z, BREHEYOA R RNEO R ET, A
P OREHEE L RuBPCase I\EMB L V2D ED
Iz EDMERERERH 2 LHES LTS, KFRD
RuBPCase {8 & R, Bty aBEEOB IO
3% DA BWT, O BEDCETIEVEIRY,
%7, BEHLIC Y s BERMA R W TEEL /IVEYETE
%otz Ik, ELITOXEEEED, HEHy apE
0% DIFS>TEO KRB IFEFL koleERE—HKL
Jo. HIERD T, R afEBEL5% T3% LD, &5
W2, EO KBWTEENE P>z L 2HEL. £
7z, 30 BREIBRK L AT 4 7 4 7 LABE/IMEYIET,
By a BERBE IR ICBWVT3I% IV HEEBLUE
BEPOIEVIBEDRH L2, ThoOFBREHE
CThote, 8T, FFFLZBWT, {€O, T RuBP-
Case {EEB L UEBMBEL B o228, ThiE, 1 2TH
TR A R L Rk, EBEAKT, RuBPCase
BIZIOFHEND I EWRBEINTHRE I EnD,
SERER O HI%C & ©, RuBPCase @ REEEFEEE S A58
0L, #0#E, RuBPCase DEAEEENNEE -2
ZeBEZoND, WEHS 7 BRIX, RuBPCase
BEOBMRIZBWT, s o BB 3% DiF 5 T 0%
IV EL%Y, RuBPCase ZE L CEIA %2 RE B o
7o, B DA 2T, RuBPCase B HIEMES > /8
IEBOHENMEL 2D B LWHEV SR TWE, &
RICBWT, 5 2 BB E 0% O/MEWE T,
5%~21% O, [l ¢ RuBPCase BI30[&ES v/ 7 EE
D#I50~65% % 5708, & a FEEE 3% Tl D
&<, #930~40% ThH o7z, BEMIY = ¥53% O/MEY
HTIE, XFERBEL, RrUOXEREENEL,
RuBPCase FEEB L UB OB L, ZOBRIEBWT
F—EDMEAS A SN DL, Wi, AEEs 7 BER
DEM o 72Ez, RuBPCase B8ET €2 2 &1k, fil
BERE LTERALTWEDH, Wb 3EARRETT
BRI N T 2HEY L EEEYOBNCLE DD RO,
BHEZCL2b 00D, HB0IE, HHlFcEEnT
WEHRYaBIZES5bDROPIFHESHTIEE Y, LaL,
RuBPCase AN DAIEMESY 37 B2 VFEEL
TWBZEeNEZON, 70u’ 4 VEaRWEY afE

BE 3% OIEDETEP 12 Z L 2E L&Y S &,
zau 7 4y Ny EOBEDOTREEDH D, S5
Rt 2ET2THS 3.

PEE D, EfERMERECBLT, BERERE
LD, HNCY aBERIIZ B EREE, TRbbYEH
IRBEEDIE SN, 0 BEWC X 2RO £ &
B, &5 ICHEFRESDZEFROETE2EESESLD
DEEZLND,
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Summary

Effect of O, Concentrations on Photorespiration in Chrysanthemum morifolium
Plantlets in vitro Cultured Photoautotrophically and Photomixotrophically

Fusako TANAKA, Yukio WATANABE and Noritsugu SHIMADA
Faculty of Horticulture, Chiba University, Matsudo, Chiba, 271 Japan

Chrysanthemum wmorifolium plantlets (C;) were cultured on 1/2 MS with 3% sucrose and without sucrose in
vessels under moistened gas with 0. 04% CO, and either 5, 10, 15 or 21% O, (the rest being N,) for 30 days. The
net photosynthetic rate (NPR) increased and the photorespiration rate decreased with the decrease of O,
concentrations, especially, on the medium without sucrose. Ribulose-1, 5-bisphosphate carboxylase (RuBPCase)
activity and content, chlorophyll content and soluble protein content of the plantlets increased in response to the
enhancement of NPR in low O, concentrations. RuBPCase activity and content and NPR were significantly
higher in plantlets grown on the medium without sucrose than on the 3% medium, but chlorophyll and soluble
protein content were not higher. Photorespiration and dark respiration increaed in plantlets on the medium with
3% sucrose. The results indicate that the repression of photorespiration at low O, concentrations would promote

photosynthesis in C, plantlets in vitro cultured photoautotrophically.



