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R BEERCE TR Hh—R— a3 VINEVMEDLETS,
oA 7 488, U7A—X-1,5-=U VEEHILKR
FOS—EEEEFICEMMIOEERKICDNT

BB —ED - ERFELE - IRHELT

TRERFEEFE
(271 MFTRF 648)

(1988 4% 11 F 15 HEAf)
(19894 2 H 14 H3ZH)

MRS B 20 — 2 — ¥ 2 VINEMHRDES, ) T o—2-16-2.Y VEBAVRF V5 —E (U
T, RuBPCase) BB ITENTORERICOVWTHRE L. TrIkdvFdy v 7RHOEBEORE
%% 900 lux THEFE U7Zo/MEYIAIS RuBPCase FEM2HE LTS, RODORERIA LN -7
—F, FT3RFwvrF ey 7R BOERMEOREZK 3,000lux THELU/MIMKOEE Y o EREE
3% 43 1.6% REDE->TWichs, RuBPCase FEMEIR 1.5% RT3 % REDBE»~7. RPITORARK
HEICRY s BEBICXBERLONIEh -7, Iz, 3,0001ux, ¥z BEEE 3% THEELI/NEYERD
HEBIL, 900 lux TR U2 /MNEMIER L D 8-> Tie. —7%, 3,000 lux TESE U IMEYHED BERSE
FHER 00 lux THRE UMM L SUREREDE LD ENC EhE, KARETOEZENTREERS
DTERT L84, EHERORF HREICRLOTREVAEBDbNT.

1. # El

JLAE, MUREEBRIEYORERE, HREOBRK,
B, BRYWHEOAESIIESFBAESNTNEY 23, ki
THREEEO—FEE LTCOFAEEE RS XS
ot TOXIBHEARETIE, BEREDO/NEVAD
HEEOFELZREESHECLREE LIBEERCLTH
0, ZOFEO—>E UTMEGEROIAREEZED
LLENEZLLNTNS.

Mg TR, /MEBRBRERE LTERZERNL
TeREHT, EREENERE FBOTHEEIRL TV
B, TOXDIS/NEGESRAREEOBET T3S
ODRBBENEL, BEEZEDTEETICLICLD
KBRETSONHE S PR ERRDNTEFAHRIINT
WENWEHTH5B.

—7F, AR RIZTWNTRRTEZHM L, Ca il
YOV ARMERED D, 1 FITBNT, RuBPCase
EABRBEEDBERIC DV T EMIC BRI ShTd
b, ZOWR, MEAREELED L L2ELLEA,
RuBP DAV EF YL —v g VEENRED S C EHEE
IKIEAD E0HLNTNBEY., L icd-7, Mgt

BB Cs EMCBN TS RuBPCase Z1ELTEC
ik, HAREETKETHNTERTFERONIET
CEMNTEAOTREBVNEEDNS.

T/, MRKEEEIC BT D /MNEREDEABRIIRICD
WTH, Cs Ci BLU CAM WEMTENH DTN
RATH 5 55, RuBPCase 215 ETEEA1T, =B
HE#HELTIE C P E RO ENETLNERD
na.

PDILOBRES»S, CG B THIEII—F—Vs
Ve UL, MRS B B NESERD AR
T RIS X ERTF 20 5T B 720 O BRI
ZRBLCEEBNELT, NEMROEE, 7unT 4
V&R, RuBPCase EMBIURL T O XRAREDH
"o, TNETNBRE L.

2. MHEBIUFER

(1) HEEVMESIR, REHiEs kot

FEBL T IRAvF o TR O ICER ER
2:F5RF v I Fy v TRRAVICERECEY S HEEN
Nk, BEHERE X CEBREFREIDTOLBD TH-
fo.
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BBENEMER TH B H—*—Y a v (Dianthus car-
yophyllus L. cv. Red Angel) 13, EE1, 2 -Ldbig,
BLFIRXOKIAE L ICHREEL, ERICKER
AEAELL T THELUTHO .

Bebld, FEER 1, 2 & $iC, Murashige-Skoog #z4h1®
iT, a-naphthylacetic acid Xt} Kinetin 2% %
1 0.2mg/l FmLic. RFRELTEY aBEA,
EER1TIE3% (W/V) &EUlJ. —F, EBliksd5
/INESMAD 30 O RAEEINE 24 2. Tmg TH D,
REFCTHB Y 2 BEOBEE 3 %05 LEB ITTFHFTD
BORRRALNTHHEET L EBbM/coT, ER
2Ty 2 ERE L% Rb&R7e. o8BS, Ko
BHEEOENMC L ZEBOEELRL o0, BEHORSE
EZEy zBEE 3% OBMORBEE EFE LIREXD
ic, van’t Hoff oicifly, =v=r—nwZ2HOTH
Bl

7, E#o pH 3 5.7 iIcfE L, ¥XIiZ Difco
Bacto Agar ZRU, 0.8% (W/V) & U7, I,
Ao ABSEERBE (ER1 :25x100mm, EE2 :25
X120 mm) i<, ZEE 1 TEH 7ml, £ 2 TiEH 9ml
ErhTharE L.

R, BEZRE 25°C, ®HE UL THEBIDETEH
W, 16 BRI TiTo . BER, EBlicknTT
WIKRANVF v v TERAVES, BET OUTF, &
WX TREHCETD SO IR D BB hE O MEER
4) # 900lux (B TFH : 4 9 gmol/m2s) TH »
oo —F, ER2ZKBOVTRELZED DO ER
BRTVIFANVF vy TEOEONTSSZAF v 7 F v v
FWERNCEE, BERRD 3,000ux GEETFHE:
32 pmol/m?s) TH-7. —F, EBRlicBF 37w
IRANVF p v FEAVIERABROBKERIZ 1 B
K 0.2[ETHADICHL, EBR2IKBTET5RF v
7% 5w 7 OEAFEERR O BIOEIZ 1 BIICK
1L5[HE, BEENELLE? T EBHEINTHA.
FLT, EBR2TR, 52 F v Fv v 7 LEETL
IRANF Py PTHED, BEEZERLEFLU LK
ZHigE UTRd .

(2) HHHE

EFR, MNEBGRO, BERZECH EEICHEET
AT DNT, BEXBLUHBERRE L.

(8) smuvsngRE B/uu74, JuBT
4V a, b) BLU RuBPCase EHEDHIE L

s uan7 4 S8, RuBPCase EH:OHIEICIT, B
BLOWTRICHES T 2 4MER 2R E U/ MEYE 4
HERO.

sou7 s VEEBOHAIER, Arnon SOFEPICHE
UTir-1e.

RuBPCase 7EMDHIFEIZ, Racker O HHEWIIHELT
fT-tc. MR, 7an7 v 1mg - BT (hr) %
DicEEINS CO: DELTHE L.

(4) RO oXERONERE

Ry otanid, Rk nEs®icEsn
THE L. T70bb, HBENI CO. BERA (8
500 ppm) DELKEFTSANTE, ZETLRTERL
EbHICRBRENOSEEZHRIL, CO: REEZFRA/ 0
2 75 7 TRIE LR (@) BBREIR, EBl1BLU2
OREESAHT B b, —CHNg ZBRENO
SUEREREL, CO: BEA FHR7a<w bt/ 57 THE
L7z (Q). Qi—Q: TEONT: CO: BEEZEDS, /NEH
EORDPTDORERICIDAELIED LR L.

B, HRr7o<wb 57 (GC-TA: (%) BEE
) icid, EEMEREE (C-R3A: (B BES/ER
B) B X UOHXBIUANEEE (RAF-1A: (BB
BEERE) 2L TRV, $hk, Ax7o< s
57085 LREERS Yy 7Q (# v ¥ a :80/100)
ERBLERF v LRELS 5 4 (AE: 83mm, £X:
2m) %, ¥y UTHRBERS X (Fif: 50 ml/min)
%, BHZBIKRLES 4 EBRBESHEEZNENH V.
715 LEE 50°C, MHBEEEL 110°C & L.

(5) /NMEMMAD BB S EEEORE

KB, 2THHEUI/NMEMEIR, FHEIK XD
L, 8RB Irvg—w - =y B0+ 3
7 nZERET, A RLE &) vt rEe)
TFEUBEIC X B HBET, AU v LAREREET,
HNVYL, IRV ARETFESTETCHEL
fCIG).

3. & g

(1) 3Bl :T7AIkcfvFe oy PRRANTEREL
FNEBEROEDS, 7 nno 7 4 vEE, RuBPCase iEi:
BLURPTDOIEK

FTNIFANF v v PEROTH 00 1lux THEELX
INESAO LB % Fig. 1 icRx Ui, S0EREEEE Ui/
MR, B TH 38mm, FHEEE TH 28mg BN
L, WFhd 20HMS 30 HicEsEiMLE. LHL,
20 B S 30 BeEXSESME LD, Tvikdg
WF ey FEREAVCEICKDRBE LESEICIED,
BESERELOES, #RLLBDEEZILNS.

wic, 7anz 4 vagE% Fig. 2 KRL. o0
7 4 VERE, BEEREET, BEIELIAZOSNLED
S7chs, 20 HRCERAE:, 10 BXU30EHBLOED»
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Growth of plantlet during culture at
900 lux using alminum foil cap. Vertical
bars were standard deviation of 15 rep-
lication.
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Fig. 3.
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Chlorophyll content in plantlet during
culture at 900 lux using alminum foil
cap. Total chlorophyll ((7), chlorophyll
a (M), chlorophyll b (E).
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Ribulose-1, 5-bisphosphate carboxylase
activity in plantlet during culture at
900 lux using alminum foil cap. Verti-
cal bars were standard errors of the
means.

75

fo. 7uw7 4w a/b Hid 1.61~1.67 TH -7z

RuBPCase 7E5#:% Fig. 3 {c;RUL7-. RuBPCase /&
ML, 10 HRIEGELRD, Bk, 20B8KU30H
BTRIBLAESEMNMR S L0710 HETER
BESEP -7}, FLWENERLTHEGRNWI &
KEBOTRIRODEEL SN, I OICEHMSKRE
T B.

—7, /NMEtk D 7 aw 7 4 v &8, RuBPCase {5
M2, BEATHREINCREEOI—Fx—Yay (U
T, #HIEEMIA) O oa7 4 vAE, RuBPCase iEH:
= LROFHETRE LR E LB U, Mgk o 7
o7 o VERR, BEESEKDONE0% ThHo7. T
fo, BIEEMKO 7 aa 7 s v a/b HiT 2.59 T, /h
MHERD 7 aa7 40 a/b HZRIEEDEE D EOE
Th-T.

F /-, B 10 Hi20O /NMERER O RuBPCase 7E#:13,
FEHEYR ERERETH > fchs, Bk, 20 XU 30
HBO/NMEDME O 75 13, HRIEEAERDOK60% TH -
7.
UEXD, 7wk Aavd e v 7EROTERELN
A S AR EIT S 71D DRNEF LTV B T EHSR
BINIDT, TO/MNEVHEBRRETFICBOTRAR
ZITH T EMTEDZ TP EWHRE L.

BhoYE5kiZ, RuBPCase fEH:EOBEKRE RO
72 iedic, #E 10 BXU 20 HEO/NMEMHKIC DWW T
HisE Ure.

R oXAROBE BT ZREBER CO: BED
ZibE, RhTONARMES KD IR % Table 1
WoR L.

O—Q: EPEOECEHE, HBREN CO: BEMLE
BLIcC EERLTWA. Zhid, KARic k3 CO: @
ROAHED SFRDFBE > T ckedEBbh .
ZDFER, BE 10 BXU 20 HEO/MEIBHKIZOTNR S
R ORERERI - 2.

(2) EBR2: 7’3 RF v/ F v 9 7RAVTEEL

Table 1. Apparent photosynthesis of plantlet

in Exp. 1.

Days after COz conc. in Apparent
the start test tube (ppm) @1— Q2 photosynthetic

of rate

A . (ppm) (¢mol COs/mg
culture (o}t Q2 chl.+hr)
10 523.4 570.5 —47.1 —4.2
20 5569.3 558.1 1.2 0.1

Q1: COz cone. immediately after sealing.
Q2: CO2 conc. after 1hr.
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Fo/NERAD AR, 7 o7 4 vEE, RuBPCase JE#:
BRUORPTOHREK

FIRF v F vy TEHOTHEE 3,0001lux T 20
BREE U /NEME O 1AL D OB EHHEL
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Fig. 4. Effect of sucrose concentration on growth
of plantlet at 900 and 3,000 lux after 20
days. Vertical bars were standard de-

viation of 15 replication.

Fig. 4 i< 77 Uz, /NEBEROEEIZ, ¥ = BWEEICH
PhLITERERTHS 3,000lux T 900lux LDE
D, YaBEEEOBN 3% RTLEYRLDE->TY
e

iz, vmaz7 g E%E Fig. 5 wRLi.. valE
B 1.5% KT 3,000lux {3 900lux XD bThiH
Mofeds, 3UXRTRBEEICLIZRZAONEDL T
sana7 4 alb kiE, 1.5% XiZ 900, 3,000lux &
BR2.5TH-7cDict L, 3% KT 900lux TH
2.1, 3,000lux T#) 2.6 Th-7z.

¥ 7z, RuBPCase /E¥:% Fig. 6 ic/xn L7z, EER,
VaBBE L% KT 3% RLDH3FEEL, Wwih
% 3,000 lux T 900 lux kD EH» -7z

—%F, NEYE D 7 na 74 v GBI, VaBERE
1.5 BLU 3 %RD 900, 3,000lux & b ic, HEAEY
RO# 65% T, soo7 4 a/b i 3,000lux T
FREBEOETH > /2, INEXHEAD RuBPCase &
i, v o BB 1.5% X0 3,000 lux THRIEEHIRD
LT RETH-72h, 3%RD 3,000 1lux TidH 55%
THoTe.

Ric, ThoO/NEGENRT DEETICBNTREM»T
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Fig. 5. Chlorophyll content in plantlet at 900 and Fig. 6. Ribulose-1, 5-bisphosphate carbox-

3, 000 lux after 20 days. Total chlorophyll ([),

chlorophyll @ (@), chlorophyll & (F3).

Table 2.

ylase activity in plantlet at 900 and
3,000 lux after 20 days.

Effects of sucrose concentration and illuminance in culture

on apparent photosynthesis of plantlet after 20 days.

. . CO:z conc. in test tube Apparent
11 pparent |

Sucros% I aﬁanglta?s:aégrg;ﬂ;ie (ppm) Q1—Q:2 photosynthetic

cone. (%) (lux) o Q: (ppm) rate
(umol COz/mg chl.+hr)

L5 3000 485. 9 84.8 401.1 22.2
' 900 497. 8 275. 7 222.1 7.3
3 3000 487.3 73.7 413.6 21.2
900 494.5 324.7 169. 8 4.1

@Qi1: COz conc. immediately after sealing

Q:2: CO2 conc. after 30 min. at 3,000 lux or 60 min. at 900 lux



Table 3. Inorganic contents in plantlet after
30 days at 900 lux using alminum foil
cap and 3,000 lux using plastic cap.

(% dry weight)
Illuminance
in culture N P K Ca Mg
(lux)

900 5. 09 0. 63 2.84 0. 50 0.15
3,000 3.95 0.45 1.51 0.55 0.12

Table 4. Inorganic contents in cultured
carnation.
(% dry weight)
N P K Ca Mg
4.30 0. 54 3.12 0.72 0.31

DOHARETTD C EBTEZLTELERE L. Bl
DOIEROUEIC BT 2 RBHERN CO: BEOE(L,
B0 ONEEGEE 2K » 1 #532 % Table 2 [T/RL
fo. B ORAREREIT, ¥ aHEECLEZERLD
NEhp otz T, VaBEFLFBLU3I%YRicEL
T, RO ONAFEEIZ 3,0001ux T 9001lux XV
Pofe. Thid, BIEROEED 3,000 lux T 900 lux
BV itk b EbIS.

(8) TwiddnFr v, 75RF v %2 o7
% HOTER UloMigRO BBk &7 R
TWIRANFr v 7ERHNT 9001ux, /375
2F w7 F e v FEANT 3,000 lux ¢ 30 HEgEEL
ToNER D BB AH R D STER 2 Table 3 i
MUl F53RF v 7% % v TERBOTEEL/NMEY
BROEHR, VY, hUvs, 2SRV LEHERE, T
WIRANFE v PERROTER UIMNMEBERE D &
Mot

—7, MHIIRBEREOBRIEHEIED FBERS SER
HWE (Table 4) CHELAECH, THIFSVFy
v TBIOTSRAF v 7 %% v FTEFOTEEL/NE
MkD Y v, B )DL, ANVI L =T RVOLEH
O HUE - 72

3. % z=

FARERIC B 5 /MEMEADIEERIC KIZ T ANIE
BERFEZROIZTOOREBHER 2B EE2ENE
LT, TVIKRANF 0T, PPF3RF v IF 5T %
ZNENFVREBLEL TERE UIoNEYEROES, 7
un 74 vEE, RuBPCase BB L URLITONAR
HEEICDONTHRE L.

M T B B/ MEYIED RuBPCase B4 2
WERRBI MM 7e88, FEIRTHE A FicBn
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T, RuBPCase J&H: & FEARHE ORICEDMEBIEFRDS
BB LEBREINTOEDT, ERARICBNTHZ
DEIREABRNLOENEBE D pEkE L.

900 lux TH:E U7c/MEWIAIL, RuBPCase JEM:%E%E
LTies (Fig. 3, 6), BATEVSTBEOORL
BONEREZEAETICEMTERNEEL SN
(Table 1, 2).

—%, MEREWN 4,800lux, S AFv2Fs v
ZROT/MNEVRZEELTO3ERREAND CO: EE
DREFHIEILDBIED 5, /NEVEBRLT DNERE
T2 T3P EBHEINTVS. £CT, B2
BT, WEZE 9001lux 25 X S5ICEL THIT, /NMEY
EORDPIOREEZTOIDOTRRE M EEZ, 20
B 2fT-7c& T b, RE 3,000 lux THEELRA
HEYHRIL Y a BERE 1.6 BXU 3 BRTRPTFOIARK
ZRL, RPUONEREEIBER CHEE ThH-%
(Table2). UL# L, RuBPCase &E#:i3 1.5% KT 3%
R&b#3&5Em»r -7 (Fig. 6).

PEXY, KFECBOT/MESIAD RuBPCase &
W& R oReREEOMIKE, —E0BRIIALN
BN &b,

RIC, HEHD Y 2 ERE S /NEMED 7 v w7 4 vE
B, RHABROBRICOVT, Langford 5%, /<30
ERICBOWT, 70074 vERBR Y BBEE2%T
1, 4% &0 E<, CO: OWMYARII 1% T2, A% L0 E
Wotel &%, F1 Evers™®i3, £7°32E I0ERIC
BT, VaHEE 15 3, 45% DA, NOREE
Y 2 BEEERENEEEP st EENETNES L
Ta. Ff, EHEDPORSKES/MEYIKD 7 0o 7 4
NVER, HAROBERICONT, Lee 5203, =3 Yo
7IDERICBNT, 7007 4 vEEIINRE 50 4E/
m?ss T 155 BX 315 uE/m2s L DEL, HABE
EiX 165 yE/m?s T 50 BXU 315 yuE/m?s L1 E
o7zl &%, Donnelly 5243, F4 57T OEICE
WT, 7w a7 vEBIIREE 2,000, 3,000 L0
4,0001lux T 5,000 BXY 6,000lux X Eho7zC
EEZTNENHELTS. UL, ARECEBNTY
oDa7 s VERDOY a BEEBEESIUREICLEE R
DONEBPAEED Y s BREICLZZRNTADIZEA
EHHNY (Fig., 5, Table 2), ZhbD#sksid—
BLE»-7.

T, B v o BEEBE & /NMEYAD RuBPCase ¥
HICBT 2 MERRH O - 708, Ko & 2 S
BRI ENEPR DI A B D35 11920 ¢ L
BEINTVS. AMEIC BT, BEd T ORABE
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BEOYaBEECXIIZEREBLEAEALNIS DTS
(Table 2), & = R 1. 5% KT 3 %X XY RuBPCase
EHESE» - 70T (Fig. 6), RuBPCase i3 Cs ¥
DA CO: BEED key enzyme THEZDT, EHE
bV A BEEBEOHBELRIO0TEENILEELD
nie.

—7, BEIDNLTOIEGCENT, HREXNELE
BicpEy RuBPCase JEMESE A &, FHIDEA
#i7 RuBPCase FEHENE { 155 C L2 31
T3, A BT, 3,000lux T 9001lux kb
RuBPCase jEMEDSE D » 72D 13 (Fig. 6), JEED 3,000
lux © 900lux k0E»-cCEiTtLBbDEEDN
5.
F7o, ERI1IKBOTERUOMEVRE, RHPD00O
KARERI BTz &b (Table 1), ZoER
BHEXEEECEI b0 EBEbNS. —F, FER2iC
BOTERU/MEMIKIZ, ¥ aBEBE 1.5, 3% KX&
HERED BRI ONARER Licds (Table 2), Zd
EERS%YRTL5% REDE->Tc (Fig, 3). C
nit, 3% KT LE%RED ¥ a FEDBENRDREED
K& /MEBEIC Y s ARV AE NPT 7D TR
e Bbh s,

*lr, BR2KBUBTTAF v/ d v M EHEER
BoBWIEHEIT I BRI LERIE HFEP I N TV B
P, THREBREBNEEEED CO: T LI
KEdhD CO:» MEEEEPHICET 5 TORE» LHE
INbOTHY, EREBRNOKARDTNTH 1R
I LEAEIANED S C &ETRIEN. Leds-T, Ek2
@ 3,000 lux ICBOT, HEBEABEAD CO: BEMNKE
LARNVTHD, MEBERE NG ONERET O N %
BLTOBEA RIEEFBEOBRECAICLYD, ¥
BEBNO CO: BENHICERERSZNAD CO: BEL
ELLMBIEE CO: PHHAIN TN S LB ZH
3,000 lux CEeEE U7/ NESHE O LB, 900 lux TH
BUINEBERXDE->TWeDR (Fig. 1, 4), & &
EEABOBSECIOHEBREINL CO: NEEEZSD
fel LK DRFIN/C ERTREDEDOTRIEL, 5
HD Y 2 BEOWDAHDREDP>IDTRIBODNEEZ
o5,

—F, T5RF v ¥y v FE2BNT 3, 000Iux TH
ZUI/NESERO BB BEENRT VIS A v v v
FERNT 900 lux TEEE U 7o/NEMIER X D E» - 72D
12 (Table 38), ~—2x& T 3 WYREMEEBESR Uiz
OEBDLND. T, BMIRBEROREEDGKID
VY, AYTA, ANVYIL TR YYAESERIME

Wz s (Table 3, 4), XARZETHESHNTHR
BEEDTEET 56, /MEYEO BRI SFEIC
20T, EHEROEI OB OMETH S EEDN
3.
F7e, SEOERTREBETOEBRERNO CO: B
BEOBBERLMCT R ERTEEL -1, 4
ZOHIDPVTHREITE2HDTH 3.

AMRZT D ICH D, FERERZFEMOLBER
B s ORI BRI ORI 5 Tic £ <
OBMBEERHEEE L. CCiRBRHEKLET.
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Summary

Growth, Chlorophyll Content, Ribulose-1, 5-bisphosphate Carboxylase Activity
and Apparent Photosynthesis of Carnation Plantlet in Plant Tissue Culture

Koichiro WATANABE, Yukio WATANABE and Noritsugu SHIMADA

L ]
Faculty of Horticulture, Chiba University, Matsudo, Chiba, 271

Experiments were carried out to investigate growth, ribulose-1,5-bisphosphate carboxylase
(RuBPCase) activity and apparent photosynthesis of carnation plantlets in plant tissue culture.
Carnation plantlets cultured at 900 lux on the surface of medium in vessels with alminum foil cap had
RuBPCase activity, but apparent photosynthesis was not found.

On the other hand, growth of plantlet cultured at 3,000lux on the surface of medium with
plastic cap was better in 3% sucrose concentration in the medium than in 1.5%, but RuBPCase
activity was higher in 1.5% than in 3%. Sucrose concentration in the medium did not affect the
apparent photosynthetic ratio. Growth of plantlet cultured in 3% sucrose concentration in the
medium at 3,000 lux was better than at 900lux. Since inorganic contents in plantlet cultured at
3,000 lux was lower than those cultured at 900 lux or cultured plant, the medium composition must
be investigated in culture increased illuminance for photosynthesis.



