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in vitro B R FIF Lz a— U OKRBEMEIL, 7
5 ¥ A DMorel (1960) D 3 v ¥ Iy 2 OZETHEEFE H
RHELTUR, BEEYWZ I LT 5REEYZ f .0
WCEREEAR, BETIEIY/ 70 7any —vark
ML CHEBAEEICBWCLERTRAFM L 2> T,
HHE DR Z1EW O TS 2 B ORI OFWIEY
. A FTERIFITT EAEDIEFAFETHY , B TH 5
V(Ml%)\ﬁ NZ7 (919%) ZEXid, FOHO

RFEA CHBERERTE CELP bR TWAITL, bH
ETYNEEIRKDL LV, H—F—Ta v (70.5%) .
F7 (454%) T MR O FI " (FENA
EEREEICED 286, 19924E#ET) o fEko, S L
RRSNT LV o IR e R L LB LGS
DA raTsany—a yofEe LTk, (1) ¥
RKpFELIEY, Q) [BEEMIEGESNT, RELT
EETEA, ) HEER YA NVRILEIN TV
ELWERKBTES, 2ENHIT oI, FREOEA 2
HEOEFEAD;ELEGHT, ABEENOTERT T
FFWRL TV ENFTFHEENS,

BEE T, 1000FELL Lok~ A 70 7oy —
TavIZL DT bR TWAD, ERALLENT
WHEDIFZIDEPDT L —HIZT kv, ThidEE L
T, B 2BHID Q3 X MY ARBEBHIZK 5, ¥4 7
O7any = a Y OEEED B, MR RO
HOEE LTI T, FHULERAFBETEDOENT
W5 (Chu, 1993) o ¥Af 7O 7u/)y—3 3 VIdEH,
FEHEOEWF T AR T S A F v 7 WO BN D FE
KEHIZ, DMEL2T DY 2 — N -3/ A %
2T, HAREOKESIZEE L LA THDK %
BEPOIDH L, TEICBMET A, L) FEE LD,
ZLTINLDOBER, IZEAEAFIZL > TIThR T
Wh, B L LD LT M OBE SR 2o, F 2
HOLEE 22BN EHEICL ) RohTw b/, T
BOBMLIZIZEAERER TR, LEd-T, *
A ra7anr—2a VIZEASNBAFIOIREAL R
HEAC L NELRE DR 2 M LIZHER LT b,

DL, HERLUEOLESHLEEZLNDLD
X, BElc B2 —HoOMBETH 5, EARHIZIZ, (1)
FEZH LIRME (5320 0MmY) L, EXOWE) |
(2) WX ML BZONELRIZR, D2DOTH 5, HHAHL#
ECid, BEERTRe LChoEmismy) L, £X
BREDEMERWEE LT, BE a7 IcELEH
WTHER B DT, AR BIIZREIAR (ARG 22 3R & 20
bo MA T, BEEBHNOWHEI B L OLFRBIHT, K%
HEBHT 2HDFN LIIKRELER TV BB,
BERW O % 8 VK THERFT 2 2 L 25— AkICH
WrbnbkroTwns,

EEW OIS B 1232 ) o FmELrH 5, —
DI, X HLIZE D %) WA LT R/NRIZHZ 5 T

KET I L THDH, MAHLIZED R IBEL(LY &
AR Z BEA e LT, bR, BEE. %74

EERvAruaryEa =28 T A LEE (F
S, 1987) BT ONB, b —oDFEMEIL.
BRI 0§ B & BE R W o 5T 5
ZEThD o BIREIIHT Bt 1% 553800 oo 3%
ST 228k, X2 EDALETEETHS 7F
TR, EERD ) bOKE D% 5D 5 NMEE %
WTHEPLOEETHD, 2855, MHEOHRVE T
b, AELICE b —EDOEEIZBVWT, $40
FMEEE b o THRW 2O Z & WMEICR ), 207
Oz L DI 2 2 BHAHH SN 5056 TH
Bo Floe NMFBEZHIETA720DI120)—2FEER T &
X, BREHOUE2H LT A2 L THbH, BEHRWHK
DYRB L UHEZ L OBIZIE, EBLHEF)ThW
. 723 HOKE S HNIENT 2LELSDH ), FD%
NbERTHE, /-, BEFBHN TOHOLEFIIH—%
TS 720 bR R P O KRS O W EHTR <
RdHLN B,

FEPIAERE FE R DA R N OBRBIT sk, EERIRIE A #E
W, ERFEWEE Vo2, BHEBICET 2EESE
HBNCHET SN T & 7205, 19804EA L LI, BEa8hE Y
HEEOR BEFNOY BABEE, ISR B &
BTFOFENEFLLRRoTWSE 2L, BXUZEANE
HHANOERRPIILICRKECHELTYWEZ LS »
EhoTE T, BERHFIZABUEN BN ZOIZ, BHEN
DERAL R TR L, BARICIZRE AR O F A S B
WL o CTTBLRFEMMEE T T TERTT 2 (20,
1978 ; Fournioux - Bessis. 1985 ; Fujiwara®., 1987 ;
THB, 1989) o« TDoD, BEEBAOTEDEROEF T,
HEBBDOHIRIZL o TERESNTVEEZEZSATW
Bo —F, REERYEIZ. BHOEEL KRR & L2RR
EREEREZLTBN , A LB FBEREA
DFATHA L= RNAT bR enw EAS, NEEREZET &
HTWHEWVDNTW A, T/, BEREBNTITANEE

Ll BROBEAS LW L R EDPS, B &
DEDRE T v 7 AD TR TILBAREREN AR5 & &
D, HFIZAKA ML 2T A ESETLTW 3
(Grout + Aston, 1977) Z &EDMEALIR 2T &4 5 5
HDO—2 EZHNTW5D,

29 L7z BERREYAR O B R M L AR 2 ET 5

(2, BRSO MEIRA R . BRI O TERML K
FREEZBOLI LI Lo T, BEEEWED EE 2R

SHBLFEPREFTEINTWD, & 510, Koz 2
F. BT CEMUR BRI 21T o THMAR R AR S
AWM EERIZL A s Tany - a vy R
FALERERENTW A (Fujiwara 5, 1988 ; Kozai .
1991) o L2l BEERNO_BILKFRELEDZD .,
FREE D720 T 572D IR MR E L ED R
HAXhstZ el b,

—77. R EEOBR &M, HEMAEDORNERSHE 2



HUEZO BRI AT THEIC 20 TIE L CHRG
NTVDH, BEEP DRI ERET ST TOE M
Wb TEDHEY ANIHWE LB -0 v, K%
SN DER DMERIAE A HEFNELASE T L CriRz: 16
DBEEINIZELTL, ZRIHEWAEFED 1O 3

LTERM TRV, v/ r7a7anxy—2 30y
T LA DORFALERRET T ABRIIE, BEEE AR AR 7
H5ITOHMEED THRFEEZITINETHA I,

FRFFETIX, ~FM 7 a7any — 3 U H o= &
ErHE L, BELTHRIATRD SN SIELICHEL 72
HELIIEDLHI BRI O»EHL ML LT, BiEs
MET2:-00WHEMEREE, HFICRBEIEEL, 20
HELBEL CHEMERL2EHOILIEFEFLELY LT
H5bDTH b, WIFRICH7-->Tid, BHEWEKICESLF T
DR RErSOBRF 51256 F 2, WSS
). BEFED R CHES \ZEBRE R BRI RE O %
BE L7,

FBIETIE T, BERERNWEIRE & R BN AR
HEREDHBRE, TR T— 5 B X OBHOH RIZES »
TovIal—2asilLoTEELE, 20T, EL
RO EIESE S T, BRI ICBT 2 BB L Ml
A LEOEREDMGRE, ARENE X U BT »
LG LTz, F2ETIE, FIETHLMILA, B
BRSO RY ST 2, BIOMBREOWE %
WBUHEDM EEER L, $38ETIE, $2ETHS
ML RREOREICL EDVn-, v/ 7 aTaxsy
= a VI AT ARMT LT,

B, BB LS, 1000 L EotEss~ 4 2
O7anNy =23 A2 X DEETEEE Wbl TWw B DS,
AP CTHRA LMY 2. Wl HavkhaE ., BENE
RERICHBRI e I 2 TR § & R 72O % 9% A Ot
Ayt Thd, A9V AERFL=ETTC
H Y| HIE BRI % 5 EREE T IR DR o T L |
XA 7uTunNy =2 a Uk o THEEE fThR T
WHBERY TH S, HEIT, BT IEIE TR 4
EDONAFT7 709 —FHRICL 5 ELR PEAIIT
bITW B EAREFT, BHEFNREOMEICLA2HE
DEEFFL KD SN TV BHWD1IDOTH 5,

B1E
invitro EEIZL D 70— HEEED
HERAETIERA

F1ET invitro BEICLZ 70— HEEEOBRE
invitro B EICX B 70— U OKREREE (w470
TaANRNTF—=vary) OFIHICDW T, Murashige
(1974) EPTD3DDEREIZDIT T3 (Fig. 1-1) »
Thbb,

SBIRRS | MBI ROME. (Establishment of the

aseptic culture)

Stage |1

Stage HI

Fig. 1-1. Procedure of micropropagation (Murashige, 1974).
Stage 1 : Establishment of the aseptic culture.
Stage II: Multiplication of propagula.
Stage I11: Preparation for reestablishment of plants in soil.

B | SIEROREIE (Multiplication of
propagula)
HINERS | HP T TEAEE S8 5 -0 O #Ef
(Preparation for reestablishment of plants
in soil)
Tohbdo, FIRETIE, RIZEREELERTLZ L2 H
MET 2. TOMBE, HEEKL, BADZVIZRBL 72
Ya— M, ANV A EBADOBBICENT 5, £
BT, R EEL S€52EDTES 3
EXHER L 2RI BEELZ L2 ENETE, 2 h
5DMWERCHEERICIIRERSCHEF, e 2— b,
ANVAENS 2L DDBHT oD, BB, S
R CHEOE S R 7oK % . TEABET 272 0% B
BT, Y2 - FPLDRM, KR LA E
EADIEPUEDN G-, WIEOK BERDOE GXEEE
POMIKREBERANOER, 2ENEEINE, ZL T,
B R R R, BIRREBIERROB CiXizLA L
il L TWB DS, BUHERMIE, BIO200BBO L D%
ABTERHRVwELTWwD,
Debergh - Maene (1981) Z& 512w A 707 a4y —
v a v OFREUTOSODERBICMS LT b,
SEOBRE | IEH 2 5 T CRAEY % He b
IR | MR ER O
IR | TREBDOFE, F0HE, BLUZOD
S 7 B
FlaBR . F0o s a— bAOHREEEY %Y a2 —
h & #ERY 5
SEIIDER | B RaMC BT 2 8RB L UIIER
Murashige & Debergh - Maene DI, 11, 1D KB R %
NENHFIL LT 555, Murashige OFNETIX, FiR F
T2 BERSEM T TIT 9 DIZH L. Debergh - Maene 3,
in vitro |28 W TIIHEREN 22 A DI ZFIZHEE T, M 2



HUBZT X =D E0H 5 L OBEBT, BEBNTO
FRERBL, FNE2EUbERICMEDIT TS, LA

L., BEWHOFEBE in vitro TITHOH., T & bHiz
WL ) I OEEICL - TRAEZ ZE0E 2
bIb, T/, va— MEMEHNE T AENERMICE
WTh, ERELLR W, FAD T2 —- POHELFS
THEHELEZONAL I EN S, HIHERZ2012MI5 L
BWHED, w40 7uny -y a viafE T 5
IZTHHAENIVEZEZ LN, £ TRBHIHTIE
v A ra7uny = a yOEE%E Murashige DX5 12
LS TR T 5 &9 5, DTICEERRBEOREEMR
L RS DI DO W THIHIZ IR R B,

BIRRECIX, BICERE Zv ERTAZ L HME L
Twh, A e LTix, %8, ¥R, SR,
BTN B, IMERDHI3, REF 2 & &5 HiE,
EHEIESHDFE, VoltARMESE THINVA %
FEIEDHE REDVH D, BEHIITHEK L ERO W
FThbHIEbh 225, HHicHE RmNL T, WE%##
BTSN EST TEEITON S, HIEROBREIC
FE LT, FMERDOIRREE | Bl ﬁMénéﬁ%%t
ERASHEDOLIFKE L Wb S,

SBIERRTIE, RAEIIHEMEEEL SELZEDT
EAHFERHERLTRIZMESELI L HWET 5
P, FOBRBERHERIIL o TRHERRIKECERZ-
TL B, KEMLR DL LTIL,
VLEBROMBAET L 2RI12 47V A S k2 HEa1t
BB, (2) HEREERLTO N - ARERKESR EOMKE
RHTE S, LEROBMEANET LRICE NS DM
POREMEEFESED, (3) NEFLMDERL THE
S, LEBOAEF LB LBIIENERESE D,
(4) EFERVELTRESE, LVEEDOEF/LH
IZENZ2EESHEDL, BREDHENHD, $-2hb6D
FiEefAEbEs I L\, WTFh LK HIZEL L
THA M A= VL EOEEREMELRMTH I &
ML, AR, BRSBTS Hv b8,
B AAE RN A o WUARESH O F5 A5, FE K DRI
AHER LI Thi, BIEFEE R L D B, 27
—VENZIE, NE BT FAaAMS REGEEMEITH
wé%Aﬁééox#—wwkéwﬁ%ﬁf He b A
DEFFHEFE ., pH. %ﬂ&ﬁ&&mﬁ%%%%@ﬁﬁ IS
LTHREITERbDL HB, BHEEIINVATHIYE
VT, soag 74 vELoTEY, RREFEELER
ELTWBEEZOLNE, Thbb, ZOEREIEH#
OHEBEEIZREKFE LTV A D OO, BEFEILIZHE O
BL¥ 5, 72721, MONEHRBEIZLETRW, LAL,
FHEBIC & 2 REBEEIREBAOERIIFS THEE613
RO EPERBERDI—VIC Lo TRR-TL A L
Erohd, —MkIC, HEEAZHFEMICHE LERL
IE6 COMIE, BEORINE KAIITVWEREAD 7 OT 7
AVEEDET T 5. = OYIMIE R RO IHEE A 1
M5 E L HIZEEKRDEYHBBIHEMT 5, LiEH <

(1) VA ZEHE S,

iRl

L CHEDMEDH HREEHEBE SN 5 &, R EEIE T
L., BEEAROGEYMEEIERL P2 bH, 2o 7
fIVERIIBML, BEBRICL 5 RERESEMNT 5,
29 L7 HiDMED TS B L SRk o, g, &
fb& OBIR I, I AR O B2 MM oW TREM
WAL TV A,

EIRRET i, $HUBER T LR BB &R, 5
e LA AS A VIEY 2 — P E1OTOSBE LT, +
BICEE SER1DOEFEIT) o v a— M hODFIR,
KA b LA ANOES FHRAEND IEIEDO 5, KT
ROREREBERED O MU KELE EAOEHR, 270G
Thb, BEEZ, 200710200, BEHET-
TWVWAY, ZOEEIZ IR~ EDORNE LEL LT
BH, KEEFEBEE®fTTo TV 5, BEHIZIZ, DB D
BN A& BRR EOBERERSL, vy s -Vl %
TRRE LKA Vv 5, 200 ~1000 ml @ B 25
BOREWVEFERFIZ, 10~500 Y 2. — b F 7213488 1k
BT B 2 EAE Vv BB ITEE RS Yl 2
ERTMERLRWVH, ZOBIZIIHEMEE O T2 5
YRR CIRE O B M e B b SR ERBBEEICE
BT A, & 512, fEZ M LIRED BROREW A O 7
EHEOHIL, HEEROETE2L 2632 L %0, L
7ohSo T, BBINERRETId, BICKE BEYHRO £ RE 1T
TiEH <, APLVANDREE WV o LREEE OREIZT
SREE LT %%#% RELZL TRES R,

DEDESIz, =4 27a7ansy—a Y OBEEIZ
%mh%@%ﬁ%##?%k%<%@?éo¢$Tu\
RERWOE %, BURRICBIT 3 EEHMT0ERE &
MW LBEOEROWE L SMET 5%, T THE2Hi T,
in vitro (2B T AEEEMEWAERDORZED FTLIZD W THRE
T 5, EI3HTIIERMM R OEEICE b A ER 2 YA
DRFIA L OBIRI ORI T 2, HAETIE, MEL
HoERY | BRI P OREEE R & OBk S RET T
o HBSEHITIE, BEMMP IS W REOH A L
BoOFNE RMNAEEZA VS ETHLMIIL ., B3t
FOBRBEMEOHRIERIZ OV THRETT 5,

FHET EEHENMEOEMEEICS TIXEROFS

BIFTO< 4 7070 /8 =2 3 YI2BWT I, S
RORRIZBWTOHERML AT A%, 2L T,
BEEAEAR OGS BRI, BEREBOEHEOE & 1T
BEET S ZEILRFEREOHIRIC L), K BRI h
BIENSEW (ELES, 1987) o ZDL ) REHT T
i, B RFEFIZ D o1 SEEHOBE ITKE L .
FeB BT B ASEE AR R OB A BEICH ST A H &1
HTHERVEEZOSNT &7, —F ., BEEEYAEOKE B
AR & I 22 WS T DIA BTG BV AE BEICF ST
BHEAIE, Fujiwarab (1995) MEHliz 7o THBYH, K
WO L) LHEREBHIFFST 2EAIBH NI L EH
HELTWA, L L, WTFhoBE&, Kt OREY



EICPIR S Nzt 2 D F FH RO 5 & LT
bhBZDD, ZRELIFRIZE > Thoto A ZE LR %
& LTI SNARICHERIC L » TREMLE WTHERL
GELTHELNZOPIRHTH 5,

MBS LUHE

NF 2. =7 Petunia ‘Haming Scarlet Star’ DFEF % 4
WHREF S, HFRICL VMY 2 — bR %2
~3WEDUF T DI D AMER & L7z SMERO E e E
1323 mg THo7z,

B i MSEE # (Murashige © Skoog, 1962) 2R
08%. Y aME 0, 1. FAUL 2% %ML, pHES8IZFH
BLZDOR200mIT VLYY 4 ¥ —T7F5AT2 50 m
FTOMEL e A= b7 L— 7 E %, YR % B2k 8e
HIZSEET ORI 72 AT, BB E2AR
DHEME DY) IV THLE, —HOELLHAR (=
BRALIKFE 350 ppm : 350 ppmlX) | F 72 i3HbE % AKEE1L
T b)Y AOKEWICE L C bR FEE 2ppm BITFIZL
Z2b® (0ppm K) xS L7z (51hY) o Wy, i
EWRNICERT AR10 28 % BEAPISEL TNTY &
7, BEFENEE 2 Ro 2, BEBGHEIZ Bt edE
T L, BEEMEICB 2R ENLET REE (L
T. PPFD) 7% 342 umolm?s! &7%5 X ICHEL L,
BRENRE2ST ., EHERET 20 HHERE#E L%, 5
EREWROR NG & | BHoOEEEENE L7,

WS BOMEIZLUTOL I 1L TiTo 720 B4
# 100 ml DR EZMZTHSKTT D ORL 72, K3 A
WBIZE DR A SR L2z, S ORRERIERE YR L
TAMBEEHLET 500 ml IZEEH. | mlENA 7L
AT ED . BIERRE L 7, W R Foxo L
TIYOE)TY VW (30 mg ml™') #0.5 ml M0z .
70CT60MMEL LTAF P afbl 725, ¥ ) IV ALH
(pyridine: trimethylchlorosilane: hexamethyldisilazane =
10: 1: 2) ERUG&EE, ¥A27a<w 757 (FID, # 7
£,80/100-mesh Chromosorb W) 12X V) 5E&= L7z, BEHbIC
WhL7zy afiix, & — b7 L— 7 ko 1 »
NVY —BFEHICE D) =7V a -2 7L 7 F—2IC
DHINTVHEDT, BHOWERII2ZELD I VI — R
FRFTNI F—ARIELDY afie LCIREL7,

HEARD So e e & BERIE %, W bR S
rYOEE LTUTORXTIHEL 72, b, HRIEIZ
WEINE L ORBO o0 — 2 ZME L TELT,
SCYIEINE | ADW (mg) = B TR O E — 44l

DR E
PERIE | SA (mg) = (REEBIMGH OB Al &8 — 13
HTHEEDOREHMEE &) X 0.947
BRHLUER

20 H OB BMIC BT 2 B 3Ai ko siiding i3
TERACRFREO LB EKE (L7 (Table 1-1) 5 W
THOWREDKMIZE WV TH, 0 ppm XKOFEWHEHN &
1X 350 ppmEDENDTHDILLTF CTH o720 —TF7, B
HEREE b RN IS 2 5 2 2%, FOHEIE 8

Table 1-1. Dry weight increase per vessel (ADW), sugar absorption
per vessel (SA) and ratio of dry weight increase to sugar
absorption (ADW/SA) of Pernia cuttings during 20 days

culture.
Sucrose CO, Dry weight Sugar ADW/SA
(%) concentration increase absorption
(ppm)  (mgvessel) (mg vessel™)

0 0 10 0 -

0 350 418 0 -

1 0 24 62 0.4

1 350 626 215 2.9

2 0 76 130 0.6

2 350 587 305 1.9
Analysis of variance P> F
Sucrose 0.0372 0.0593
CO, 0.0001 0.0003
Sucrose x CO, 0.1088 0.0223

ERFREIZTERE {1d% <, 350 ppm X TIZEEHEN
HORORKEDP 727 a1 %X OWME IIHMEORED
INED DT a ORI DEFNDISEICT X h o,

PERACE (3, T ERALRFEIRIE X & b 5 i A i
WRXTKE (o7, T, ZELRFREOBVWX T
KE&dhol,

PERIE I 28 BEMEOL (ADW/SA) X, —
ALK FREDOTLE % K& ZF 720 350 ppm KTl
Vakl %X, 2%X L1 EElo7oAS, I hidEE
POOHEDAMIZ, BRSO HIEEN L ZBILEE D
EYBMIIFES LT/l 2R LTWE, $72, A
DW/SAIZ, ¥ ai2%X L) b1%RDFBRKEL otz
CHEY a I BREDOFH, 2% X & 1) b RSO %
EREVPREN 72T LR LT WAHD, BEEEWED
FACEBOE L, RHERENE 2 BIZE K& 2
CENHSN TS (Langford - Wainwright, 1987 ;
Capellades® . 1991 ; Hidder - Desjardins, 1994) ., T
123t Ly 0 ppm XTlx, ADW/SAIZY a#E1 %X, 2%[X
EBIZIZTEY . W b s SR IR O R
DTHo7ze SO LTI E N 72 HEDH 45HSHEM) 4K
RS & U CRIE & U9 12 %58 U ORI ARs I T
HENTLFEFST E%RLTWAS, Borkowska - Kubik
(1990) (. "C-sucroseZ i\, AREERDK P45 DK ik
BEAEROHELDEVIKMBEETAY by oRr sk
AT o 7GR, WIS N0 D ) H#55 D1 LAHIE O
WA & L TR ER S g, KRB 30 1o
Lo THE RO sz Z L 2RIBL TWwh, F
7z, De Riek & (1991) &, WNEh /DS L, £ E
DN DEDIE32% LT T, RO IEFFRICE - THEE &
NBEZLERLTWVS, INOLDOEWMEIL, BEREEMHR,
HHMBIZ Lo THEIEVYH 5500, RINE N 7-
M DKE I EBAEY RO Sl AR TR BT L
MRS Ko TR biRFRE L TS A B TAE
BOWRE—BHLTWVE,

FtE B DL L DYIR BE IS X A EEIRBE T L, ke e
IR & SRR E TR BB L T VIR LR ED



Table 1-2. Estimated values of parameters of the Fujiwara's CO, concentration-net photosynthesis model (1987) and dark respiration rate (R) of
the Caladium plantlets. Pns is the saturated net photosynthetic rate for CO, concentration, G is the gradient of CO,-net photosynthesis
curve at CO, compensation concentration, and C is the CO, compensation concentration.

Pns G (& R
[em’CO;mgDW ™ h'] [em’COmgDW " h " ppm™] [ppm] [pem’CO,rmgDW *h™']
3880 9.9 78.0 1300

BTHULBE, BREFNBLRERETZ SRR
DENLYN L (IHS, 1989) o oo, WK%
U CHEM RO S 7 ZER bR IE T Cloea
W&o TIRILEND DT, ADW/SAIZA R < &b 1L E
DEEZMBIZTTHD, RERD, “BLRE 0ppm X
TiE, MPRICE > CEELAZZBRLREZED D bEILE @
U THIPAERAIMIBIE S B RIS ABIC L - TRIEE 1
ZEELHMVETFEEINDG, ThoDZEd s, KiRE
KEREICBVWT, WIS NHED D) 720D T FHEMY K
DS & LTRSS AEE 3ESUT LiEEs
b0 TLTHRINENHED D) b5 L EIdIPR %28 C
Vo 72 AREIIRSI AN S oL AR X o THIK
IRENTHWAROER S E LTHHENRS LD EE 2
bMd, |ETHIE, Kih o o BOME & ko =
BALIRFE D RINDTIL I & - Tid U THY tho sy 14
TASER SN Z &% b,

I IEEEMEOGYERE & RETH

B DRI G, A 707 a8y - 3 v OB
BIIARERERETH), O L) REBETTIE, B
Ho A & DR DUERE & B BAEW RO ZBEAL R FE ORI i
A K o THO THEW RO E I IADER & B 2 & 2S
IRENTz, Z 2 THEIFTITFENERM I 31T 5 ik
DERZHIRT 2 ER %, Fbh ooMoftite. Y
EROZBALKFRIND2 HASIBBT 5 2 L 12T 5,

B1IE IEEENEO _BERFHR
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Fig. 1-2. CO, concentration-net photosynthesis model (Fujiwara et al.,

1987) used for simulating CO, concentration in culture
vessel containing Caladium plantlets. Pn is the net
photosynthetic rate [pem’CO,'mgDW™"h™"], Pns is the
saturated net photosynthetic rate for CO, concentration
[pem’CO,'mgDW ™ h"], G is the gradient of the CO,
concentration-net photosynthesis curve at CO, compensation
concentration [pcm‘COz~ngW'l~h'l -ppm], Kc is the CO,
concentration in the vessel [ppm], and C is the CO,
compensation concentration [ppm]. Values of each
parameters of the Caladium plantlets are shown in the figure.
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FWIEE [ 1 cm’CO,]
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Fig. 1-3. Number of air exchanges (E) of culture vessels used for
micropropagation. V is the air volume inside the vessel.
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Fig. 1-4. Simulated diurnal changes in CO, concentration in culture
vessels containing Caladium plantlets under various
ventilation conditions. The ventilation conditions are
expressed by the number of air exchanges, £ (Kozai et al.,
1986). Open and closed bars indicate light and dark periods,
respectively. Conditions of culture: air volume of the vessel
=210 ml, biomass in the vessel = 100 mgDW, PPFD = 34.2
pmol m? s, photoperiod = 16 h-day™, CO, concentration
outside the vessel = 350 ppm.
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Fig. 1-5. Simulated daily CO, uptake of Caladium plantlets as affected

by number of air exchanges of the culture vessels (£). The
daily CO, uptake was estimated from the simulated CO,
curve as shown in Fig. 1-4. Conditions of culture: air volume
of the vessel = 210 ml, biomass in the vessel = 100 mgDW,
PPFD = 34.2 pmol m™ s™', photoperiod = 16 h day™, CO,
concentration outside the vessel = 350 ppm.
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Fig. 1-6. Simulated diurnal changes in CO, concentration in culture MENH e d & B BALRBBIER 2RSS 26
vessels containing Caladium plantlets under various daylengths. ERICRLZIPMET CHEEL - EEEYHROERE %
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Fig. 1-8. Simulated daily CO, uptake of Caladium plantlets as
affected by daylehgth. The daily CO, uptake was
estimated from the simulated CO, curve as shown in Fig.
1-6. Conditions of culture: air volume of the vessel = 210
ml, number of air exchanges of the vessel = 0.185 h™',
biomass in the vessel = 100 mgDW, PPFD = 34.2 pmol m™

s™', CO, concentration outside the vessel = 350 ppm.

Table 1-3. Biomass of plants cultured under different photoperiods in
airtight and ventilated vessels. Numbers of air changes of
ventilated and airtight vessels were 0.185 h™' and 0.001 h™',
respectively. Nine plants were planted on 50 ml medium with
0.8% agar and 2% sucrose in a 200 ml erlenmeyer flask.
Caladium plants were cultured for 20 (airtight) or 60 days
(ventilated). Sugarcane plants were cultured for 30 days.

Ventilation ~ Photoperiod Fresh weight
condition (h) (g vessel™)
of vessel Caladium Sugarcane
Ventilated 24 4.8 I.1
16 3.8 1.0
8 2.4 0.5
Airtight 24 1.1 1.2
16 1.0 1.3
8 1.0 1.3
3. AR
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(Singh - Lal, 1935 ; Brun - Cooper, 1967 ; Akita® .
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(Egle - Schenk, 1953 ; Whiteman - Koller, 1967) . A&
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Vid, ThoomEEL D L12, HETHEEHD 17 1 mol
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Fig. 1-9. CO, concentration-net photosynthesis curve used for
simulating CO, concentration in culture vessels under
various photosynthetic photon flux density (PPFD). At 17
pmol m™ s PPFD, the saturated net photosynthetic rates for
CO, concentration is 2000 pcm’CO,' mgDW™"h"' and the
CO, compensation concentration is 100 ppm. At9 pmol m™
s PPFD, the saturated net photosynthetic rates for CO,
concentration is 700 pcm’CO,'mgDW™"-h"' and the CO,
compensation concentration is 200 ppm.
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Fig. 1-10. Simulated diurnal changes in CO, concentration in culture
vessels containing Caladium plantlets under various
photosynthetic photon flux density (PPFD). Open and closed
bars indicate light and dark periods, respectively. Conditions
of culture: air volume of the vessel = 210 ml, number of air
exchanges of the vessel = 0.185 h™', biomass in the vessel =
100 mgDW, photoperiod = 16 h-day”’, CO, concentration
outside the vessel = 350 ppm.
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Fig. 1-11. Simulated daily CO, uptake of Caladium plantlets as
affected by PPFD. The daily CO, uptake was estimated from
the simulated CO, curve shown in Fig. 1-10. Conditions of
culture: air volume of the vessel = 210 ml, number of air
exchanges of the vessel = 0.185 h™', biomass in the vessel =
100 mgDW, photoperiod = 16 h-day”', CO, concentration
outside the vessel = 350 ppm.

HETFHRERE &R IARO B ZFRILRE RINE & D

BitR% Fig. 1-11 IR T, BAMIONETFRE B2 AR
ED 342 umolm? s 2545 DID 9 ppmol m? s 12
WA ST R R0 B B ALRFERIEDE N 13
INE L, TSN TR B ZERL R 3R RIGE AR
DITBI N D, PO ETFREE L ERREDS
GDIO 9pumolm? st |2 L7z & & H ZE LR FERINE
(Fig. 1-11) &, RBETFRBEELZOI T L L, HHPE
RERBEDIFTOIDG B E Lzt & OH ZBRILRE
WULE (Fig. 1-8) L& HET DL, BEDHAIED I
REWZ EDbPb, SO LS, BEBERNNIF T
AR LTHE, IR EME T AL . BiIR %
EZTIREZGED /DS, 1HH DI T LKE
FEIEFL (TH, H ZBIURFRINED S TlE 4
F-HEIBNZ &IIh B (Fig. 1-11) o

< -1
2000 y= v TS = §
000+ DW=50mg vessel g “ F DW=200my vessel!!
e /\ Wg a0m !
& |
z 2 =i . g 309 ‘\
£ 0 4 ® g -
E e thy ' g 09 \\
: — T - |
5 acee | DW=100 me vessel o5 \
g o S .
2" 200 \ i
b o \‘ [) 1 ® 12 16 2
. . ' Tin
5 . o F DW=300mg vesseli{
0 A — /!
~ BRI 7000 |

0 1 5 12 16 F 21

T 6000 i |

i DW=150mg vessel! 5000 g |

1000

an in vessd! (pym)

3000

2000 |

e ] |

€O, soaceatrstion in vessl (ppm)

=
€O, sancentrai

Fig. 1-12. Simulated diurnal changes in CO, concentration in culture
vessels containing various biomass of Caladium plantlets.
Open and closed bars indicate light and dark periods,
respectively. Conditions of culture: air volume of the vessel
=210 ml, number of air exchanges of the vessel = 0.185 ht,
photoperiod = 16 h-day”, PPFD = 34.2 pmol m™ 5™, CO,
concentration outside the vessel = 350 ppm.
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Fig. 1-13. Simulated daily CO, uptake of Caladium plantlets as
affected by biomass of Caladium plantlets in the vessel.
The daily CO, uptake was estimated from the simulated
CO, curve as shown in Fig. 1-12. Conditions of culture: air
volume of the vessel = 210 ml, number of air exchanges of
the vessel = 0.185 h™', photoperiod = 16 h-day™, PPFD =
34.2 pmol m™ s, CO, concentration outside the vessel =
350 ppm.
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Fig. 1-14. Simulated daily CO, uptake of Caladium plantlets per
mgDW and per vessel as affected by biomass of Caladium
plantlets in the large vessel. Conditions of culture: air
volume of the vessel = 330 ml, number of air exchanges of
the vessel = 0.117 h™', photoperiod = 16 h-day™, PPFD =
34.2 pmol m? s™', CO, concentration outside the vessel =
350 ppm.
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Fig. 1-15. Simulated daily CO, uptake of Caladium plantlets in the
large vessel as affected by number of air exchanges of the
culture vessels (£). Conditions of culture: air volume of the
vessel = 330 ml, photoperiod = 16 h-day™, biomass in the
vessel = 200 mgDW, PPFD = 34.2 pumol m? s", CO,
concentration outside the vessel = 350 ppm.
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Fig. 1-16. Time courses of dry weight in Cymbidium protocorm-like
bodies (PLB) cultured on the medium containing 2%
sucrose and 0.6, 0.8 or 1.0% agar. Photosynthetic photon
flux density: 22 pmol m>s™". Air temperature: 25 °C.
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Fig. 1-17. Sugar concentration in different parts of the medium on
which Cymbidium PLB were cultured. PLB were cultured
under continuous light at 22 pumol m™ s™ PPFD and at 25 °C.
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Fig. 1-18. Time courses of the percentage of dry matter in Cymbidium
protocorm-like bodies (PLB) cultured on the medium
containing 2% sucrose and 0.6, 0.8 or 1.0% agar.
Photosynthetic photon flux density: 22 pmol m? s™'. Air
temperature: 25 °C.
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Fig. 1-19. Time courses of the CO, concentration inside the vessel
containing Cymbidium protocorm-like bodies (PLB). PLB
were cultured on the medium containing 2% sucrose and
0.6, 0.8 or 1.0% agar. Photosynthetic photon flux density:
22 pmol m* 5", Air temperature: 25 °C.
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Fig. 1-20. Time courses of the dark respiration rate in Cymbidium

protocorm-like bodies (PLB) cultured on the medium
containing 2% sucrose and 0.6, 0.8 or 1.0% agar.
Photosynthetic photon flux density: 22 umol m™ s™. Air
temperature: 25 °C.
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Fig. 1-21. Time courses of the net photosynthetic rate in Cymbidium
protocorm-like bodies (PLB) cultured on the medium
containing 2% sucrose and 0.6, 0.8 or 1.0% agar.
Photosynthetic photon flux density: 22 pmol m™ s™. Air
temperature: 25 °C.

REO LA ICEL L) BEHRERTF VY VOKTIZ &
BLDEEZLND, FBEHICHI &N 3 BT 8
WPLDA VRV F—BIZL DT Va—RE Ty b —
ZNZIARSG S, LIELIE, ¥R T IVIEE I3
HEFEREOZNL) BB 2EPHD (KFH .
1988) , Pospisilova (1988) I, ¥ Y aMEBEF LB
D5 EEEMPEOKETF > v VIETFTT 2% 3
HLTWwA,

BRI ERN BRILREREINE LIV IE W
EERL 7255, ZTHUZPLBIZ R T B bR o ot
LTWwabZ bRl TWwad, Thid, BEMHEEELE T
REIPIGRE AT L MGE Bk B3B8 2 T 72 & v
o AR (Fig. 1-20, 21) LHEHEBILRL TV 5, PLBIZIRIX
SNTHES IR 2 LIRS B ER ORI B S
BHOT, BEMREE O KT OOWEEEICLE L D
bDLEZ OGND, BEEEISHEWETHIEEICBNT
b AR SN S O B ER RE S 1IC
AT EPHESNTVE (ELHE S, 1992) o —H.
QLER R TR ORER IR 1 HEW DS D o 72 b O OBFIFIY 53
BEDENIITI EAE R o720 DT I, BRENRIL X
N7z, BIFRED ML ) b oinicfE s v
HIEERMELT VS, HEfl - KH (1989) IZEiEE D
VaTHERELZPIBRLNVEL DF Y TR ERT 5
ZEEBEL TV,

D EDMERNPS, B Hh o0 OWRIUL, ERER I
K& KAF L, Bidth s )V AN O BEIL BASER I OHE %3 K
ko TWAZ EIRENT,

2. IRE & DER

WA BNT, RIZBNEBFE THY ., ZOEHIEK
DOWINE X RELSELT 5, ¥ OB IR R D
BEERKRFZFTHHH, ZOWNITTE L L CHHIZBE fik
LTWwalBHE»STbN2bDEEZ LN 5, BE#EE
PHEMRD 61, £ OREE, B o EIZEE Y
BRI HDT, BORPIZKESEET LI EFTFHER
bo TITIIERINGE L RE L DBBREHS»IZT A7



Pelunia

Net photosynthetic rate

70
{ Sucrose - Sucrose +
260} =3
g = u
g ;; 3.0
e
g ¢ 40
g‘ 7
U

E ’:,, 30
a O 50
sl e i
z &

10 F

3% 200% 37% 5% 20% 37%

O, concentration

20 Cymbidium
Sucrose - Sucrose +

= 16}
|5
= 12}
4
=
o, 08
o
o
o0

0.0 Ll Ll H

10% 20°% 30% 10%

O_ concentration

20% 30%

Fig. 1-22. Net photosynthetic rate of Petunia (left) and Cymbidium (right) plantlets cultured at different O, concentrations with or without sucrose.
Petunia and Cymbidium plantlets were cultured under continuous light at 23 pmmol m™” 5" PPFD for 22 and 100 days, respectively.
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Fig. 1-23. Dry weight increase and sugar absorption of Pemunia
plantlets cultured at different O, concentrations with or
without sucrose during 22 days of culture. Dry weight
increase is the difference between the dry weight of
explants at the beginning of the culture and the dry weight
of cultured plantlets at the end of the culture. Sugar
absorption is estimated from the difference in sugar
content in the medium between the beginning and the end
of culture, and is expressed as C4H,4Os. Open and closed
bars indicate dry weight increase and sugar absorption,
respectively.
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Fig. 1-24. Dry weight increase and sugar absorption of Cymbidium
plantlets cultured at different O, concentrations with or
without sucrose during 100 days of culture. Dry weight
increase is the difference between the dry weight of
explants at the beginning of the culture and the dry weight
of cultured plantlets at the end of the culture. Sugar
absorption is estimated from the difference in sugar
content in the medium between the beginning and the end
of culture, and is expressed as CsHoOs. Open and closed
bars indicate dry weight increase and sugar absorption,
respectively.



100 0.20
= Sucrosc - Sucrose +

% gol ] Root dry weight | |

o B Rool/shool ratio 015
=11 =t
E oo} E
- 2
E) 1010 2
R \g
g {005 &
2 20 F

O

4

5% 21% 37% 5%  21% 37%

O_ concentration

O concentration

Fig. 1-25. Root dry weight and root/shoot ratio of Pefunia plantlets
cultured at different O, concentrations with or without
sucrose. Petunia plantlets were cultured for 22 days.

FREICBWTH, MICERGEE L a Rty b

RIS O HT IR E Do 72,

BRINE I, XRF2 7 CTEBIRREENFSVWKIZEK
EPolDIZRL, YU VT ATIRBEBRE21%D X
THRODKEL, 10% DX TR b/NEHh o7 (Fig. 1-23,
24) o
YR O RINE L, ¥ 3 BEERINE Tk, XF 2
ST eV AL DBERESEVIKIEZ K&, -
O, ¥ a A TIE . BRI A5 bR v
KON EIMRRE2I DX ERBEIEFNL YA E
»o 7z (Fig 1-23,24) o

BOEMEIZ, RF 27 TRBEEEINBSVXITZE
K&Do7z (Fig. 1-25) o ¥ Y ET T ATIRHIC, BE
IRESH WK EREMEIV NS (o7 (Fig. 1-26)
T2, YUYETVTATRBREENEK 2% &, BAE
RS T, [P ICHBELL (Fig. 127) o XF
AT T VEVOLA LS Y a RIS LIS Y 3
PGB H D AABEMEIKE Do 72,

ER

HED FEFEIZ BV T, BEFNOZER L RFIRE %
EHBZLIZEoT, RPUTOREREEXS T 5
(Shimada®. 1988 ; HH 5, 1990) o REETIZZ )
LEBRBEELED S 2 LI 5 B0 aR #E T EY
BOREOHZ L Tz, HF S (1991) b F 7/l
WP EBECEELL A, J0HOEEZTH, R
PTOREREEE ) 70 —A1,5-2) Y EEA IV EF ¥
F—EEENE Do T ERE LTWD, ¥ a R
MEEHTIL, FEERERELSKE Ao 72XIF Lz m
BEORE L, MO EEIERAERZICKBT AL 0
EEZONT, —7, T adERME TR, MEERHE
BEPEREP ST TUTLOEWENRE L ER 5T,
FIEA BLE BE DR/ FZIHEIMN D K/ L T e
DTze THITA RIS X B ERL REFEWIND 25 3
LW INCES L T, HRIE LB RRED %
BEZTDEEZ OGNS, ¥ aRINE T, &
Yodgime & B pER I E OZE OB B O A/ BRI,
FHEEEDOK/NERE LTz, b L, BRI

e

800

Sucrose -
[C] Root dry weight
| B Root/shoot ratio

Sucrosc +

600

o)
w
1743
2 o
e 4 =
E “E
- 3
@400- %
o =
= 13
£ 200} ~
]
]
~

10% 21% 30%
O concentration

10% 21% 30%
O, concentration

Fig. 1-26. Root dry weight and root/shoot ratio of Cymbidium plantlets
cultured at different O, concentrations with or without
sucrose. Cymbidium plantlets were cultured for 100 days.
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Fig. 1-27. Cymbidium plantlets cultured on sugar-free medium at 10%
(left), 21% (center), and 30% (right) O, concentrations for
100 days. Extension of roots into the aerial phase at low O,
concentration is common to sugar-free and sugar-containing
medium.
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Fig. 1-28. Dry weights of Caladium plantlets after transfer to ex vitro
environment. Plantlets were cultured on 2% sucrose medium in
low-ventilated (number of air changes = 0.117 h™, LV),
medium-ventilated (number of air changes = 0.273 h™', MV)
or high-ventilated (number of air changes = 0.395 h™', HV)
vessels under high PPFD (40 umol m™ s') for 60 days and
then transferred to greenhouse where maximum PPFD and air

temperature were 170 umol m™ s™' and 38 °C, respectively.

Vertical bars represent £S.E (n = 10). For final date, values
with the same letter are not significantly different at » = 0.05
according to REGWQ's multiple range test.

RUZZED R o 72A%, 63H HIZIX, HEEEFOREEFOM
SEEAKE o/ KIZEEWEIRE (2o 72 (Fig.
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Fig. 1-29. Root/shoot ratio of Caladium plantlets after transfer to ex
vitro environment. Plantlets were cultured on 2% sucrose

medium in low-ventilated (number of air changes = 0.117 h'],

LV), medium-ventilated (number of air changes = 0.273 h',
MV) or high-ventilated (number of air changes = 0.395 h™',
HV) vessels under high PPFD (40 pmol m™ s™') for 60 days
and then transferred to greenhouse. Vertical bars represent
+S.E (n= 10). For final date, values with the same letter are
not significantly different at 7 = 0.05 according to REGWQ's
multiple range test.
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Fig. 1-30. Caladium plants 63 days after transfer to ex vitro
environment. The plants were cultured in low-ventilated
(A) and high-ventilated (B) vessels under high PPFD (40
pmol m’ s") for 60 days and then transferred to
greenhouse.
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Fig. 1-31. Dry weights of Caladium plantlets after transfer to ex vitro
environment. Plantlets were cultured on 2% sucrose medium
in high-ventilated vessels (number of air changes = 0.395 h™")
under high (40 pmol m? 5", HL), medium (20 pumol m? 5™,
ML) and low (10 pmol m™ s™*, LL) PPFD for 60 days and then
transferred to greenhouse where maximum PPFD and air
temperature were 170 pmol m” s™" and 38 °C, respectively.
Vertical bars represent £S.E (n = 10). For final date, values
with the same letter are not significantly different at P = 0.05
according to REGWQ's multiple range test.
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1991) o ¥/, ZEALRFEMIGOHIR S5 54T Tld.
HERDHHELZAEL LT, KEREED THERYE R
ETHIIHoT, HHMEEZFHD 5 LIIEEILT) L
EhdHH (Dubé - Vidaver, 1992) . FEIHIFEIHTEE

-18-

024 } —o—HL
—&— ML
——LL
2022
E P
s da
£ 02 a
g
a
08

!

016

20 30 40 50 60
Days after transplanting

0 10 70

Fig. 1-32. Root/shoot ratio of Caladium plantlets after transfer to ex
vitro environment. Plantlets were cultured on 2% sucrose
medium in high-ventilated vessels (number of air changes =
0.395 h™') under high (40 pmol m” s™', HL), medium (20
pumol m” 5™, ML) and low (10 pumol m™?s™, LL) PPFD for
60 days and then transferred to greenhouse. Vertical bars
represent+S.E (n= 10). For final date, values with the same
letter are not significantly different at P = 0.05 according to
REGWQ's multiple range test.
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Fig. 1-33. Diagram showing a Caladium plant. The final expanded
leaf at the end of culture is numbered zero and leaves
emerged after transfer to ex vifro are numbered +1, +2, etc.
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Fig. 1-34. Changes in dry weight and amount of "3C in parts of Caladium plants after transfer to ex vitro. The plants were cultured for 83 days and
fed '*CO, for the last 18 days of culture. Vertical bars indicate SE (n=15).
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Fig. 1-35. Partitioning of dry matter and "*C distribution in Caladium
plants cultured under low ventilation (Low vent.) or low
PPFD conditions at the end of culture. Numbers of air
exchanges of vessel in control and low ventilation were
0.154 h™" and 0.115 h', respectively. PPFD in control and

low PPFD were 55 pmol m” s and 15 pumol m? s,

respectively. The plants fed '*CO, for the last 18 days of
culture. Vertical bars indicate SE (n=5).

K05%. ¥ a2 % %M L. pHE 58IZF% L /-MSH#:
WEREEEDHZD 50 ml TOHELL, A—b2L—7
B R R 72 0 /AR % SN 2 AT 72, BEES
fre LT, MABRAEHEONEX (RGBT

0.154 h™', PPFD: 55 mol m? s™') | SWEMAEHD
BIRRIX (REFEIRAMEL C 0.115 h', PPFD: 55 1 mol
m?s?) | GEEBRREMOIEHEK (BAEE 01540,
PPFD . 15 umolm?s™) MD3D%F%T 72, 7 BIRBIL R
HEEA & L 7275, KM o0 8BS OS54 1349390 1 5% JiE
E L7z, BAERMG6SH H2 6 ¥3E83% BC 98 atom %Ll
EDCOMERE 2000~ 5000 ppm ZFAFI L2 F ¥ >N — A
IZISHM BV TBCERU D AT &7z, PCUHE %, K%
LR BEPLOM DL, S—=F4 b N=3%2
FAM=1 10L& HANT50ktE )V b L AR
7o HEXAFIT R, MW E . BiR30 CHRIE2S TICFRE L
TZERED NLREZNTHEHSE L 2, BEETER L.

BRI LTH H28H 53 HiklD, Hiik%: &
ALY T TH > 7)) L7, KM RMhICER
L7238, R EMUELXOL L CUT -1, —2, &L, ##
AHLBICBELAZEITALS EALIZ LA T+,

+2, & L7z (Fig. 1-33) o i, $FICHE M L#AS3HH

=20 -

100

100

Leaves [J Dry matter

b 13,
2 # c
S sr LU
£ X
E 60 {60 B
g 2
=4 £
c
. | z
£ 40 40 3
= 9]
v o
S w0t 20

n 0

25 40
E\fa 20 -
g 1 30 g
£ <
£ 5} 5
g 20 2
= 5
2 10} 2
= z
£ (]
£ s =

0 0

16 16
¢ 2 g
. F
£ Z
2 8 18 =
5 £l
£ 3
E 9]
o 4 =

I
0 L

[¢]

Conl Lowvenl.  Low PPFD

Fig. 1-36. Partitioning of dry matter and "*C distribution in Caladium
plants cultured under low ventilation (Low vent) or low
PPFD conditions on the 28th day after transfer to ex vitro.
Numbers of air exchanges of vessel in control and low
ventilation were 0.154 h™" and 0.115 T respectively. PPFD
in control and low PPFD were 55 pmolm™ s and 15 pmol
m? s, respectively. The plants fed '*CO, for the last 18
days of culture. Vertical bars indicate SE (n=5).
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Fig. 1-37. Partitioning of dry matter and '’C distribution in Caladium
plants cultured under low ventilation (Low vent.) or low
PPFD conditions on the 53rd day after transfer to ex vitro.
Numbers of air exchanges of vessel in control and low
ventilation were 0.154 h™" and 0.115 h™", respectively. PPFD
in control and low PPFD were 55 pmol m™ s and 15 pmol
m”? s, respectively. The plants fed ’CO, for the last 18
days of culture. Vertical bars indicate SE (n=5).
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Fig. 1-38. ’C atom % excess in parts of Caladium plants cultured
under low ventilation (Low vent.) or low PPFD conditions
at transplant and on the 28th and 53rd days after transfer to
ex vitro. Numbers of air exchanges of vessel in control and
low ventilation were 0.154 h™" and 0.115 h™', respectively.
PPFD in control and low PPFD were 55 pmol m™ s and 15
pmol m™ s™', respectively. The plants fed '*CO, for the last
18 days of culture.
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Table 2-1. Dry weight of Caladium plantlets cultured under the 24-
hour lighting cycle (16 h light/8 h dark) and the 3-hour
lighting cycle (2 h light/I h dark) for 60 days. Five plantlets
were inoculated in each vessel.

Closure of vessel Light/Dark Dry weight (mg-plantlet™)

Airtight 16 h/8h 23.8
2h/1h 24.2

t-test ns
Ventilated 16 h/8h 26.3
2h/1h 49.1

t-test *

ns, non significant; * significant at 0.05 % level.
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Fig. 2-1. Caladium plantlets cultured in ventilated vessels under the
24-hour lighting cycle (16 h light/8 h dark, 16L/8D) and the
3-hour lighting cycle (2 h light/1 h dark, 2L/1D) for 60

days. Each culture vessel contains 5 plantlets.
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Fig. 2-2. Fluctuations in CO, concentration in the airtight vessel and
the ventilated vessel containing Caladium plantlets under the
24-hour lighting (16 h light/8 h dark, left) and the 3hour
lighting cycles (2 h light/1 h dark, right) after 60 days culture.
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Table 2-2. Estimated values of parameters of the Fujiwara's CO,-net photosynthesis model (1987) and dark respiration rate (R) of the Caladium
plantlets. Pns = saturated net photosynthetic rate for CO, concentration, G = gradient of CO,-net photosynthesis curve at CO,
compensation concentration, C = CO, compensation concentration.
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Fig. 2-3. Simulated diurnal changes in CO, concentration in an airtight
vessel (left) and a ventilated vessel (right). L and S,
respectively, represent the 24-hour (16 h light/8 h dark) and
3-hour lighting cycle (2 h light!1 h dark). Each vessel
contains  100-mgDW-Caladium  plantlets that have
photosynthetic and respiratory characteristics shown in
Table 2-2.
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Table 2-3. Simulated CO, exchanges of 100 mg-dry-weight Caladium plantlets in the airtight vessel (E = 0 h™') and the ventilated vessel (E = 0.185
h'"). The values were calculated from the simulated time courses of CO, concentration in the vessel shown in Fig. 2-2.

Closure of Light/Dark CO; released during dark period ~ CO; fixed during light period Net CO, uptake
vessel [10° pem?] [10° pem’] [10° pem®day™']
Airtight 16 h/8 h 10.42/8h 10.42/16h 0
(E=0h™) 2h/1h 1.30/1h (10.42/8h) 1.30/2h (10.42/16h) 0
Ventilated 16 h/8 h 10.42/8h 6.73/16h -3.69
(E=0.185 h™") 2h/1h 1.30/1h (10.42/8h) 1.41/2h (11.28/8h) 0.89
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Fig. 2-4. Dry weight increase (ADW) of Petunia plantlets in force-
ventilated vessel (FV) and three naturally ventilated vessels
(high-ventilated, HV; low-ventilated, LV; and non-ventilated,
NV) during 50 days of culture under the 24-hour lighting
cycle (16L/8D) and the 3-hour lighting cycle (2L/1D). The
numbers of gas changes (E) of the HV, LV, and NV are
0.22,0.12 and 0.01 h™", respectively. Vertical bars represent
+S.E (n = 3).
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Fig. 2-5. Time courses of CO, concentration in high-ventilated (HV), low-ventilated (LV), and non-ventilated (NV) vessels containing Petunia
plantlets under the 24-hour lighting cycle (A) and the 3-hour lighting cycle (B, C, D) after 50 days of culture.
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Fig. 2-6. Daily CO, uptake of Petunia plantlets in high-ventilated
(HV), low-ventilated (LV), and non-ventilated (NV) vessels
under the 24-hour lighting cycle (16L/8D) and the 3-hour
lighting cycle (2L/1D) after 50 days of culture. The CO,
uptakes are estimated from the time courses of CO,
concentration shown in Figure 2-5.
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URHEMX OFh% EH S aho7/z L, BAREE
DEMEN BRI OERYRET IR ZH->T W
BWIEERLTWA,

KGR MR, BHEX O REEFN - BILRE R
EDRRAEILE Fig. 2-5 IR T, 24BHEMIX Tix, B
HOEEGEN_FBILK RIRED L ARIIHMOKBE &
BB L., 20RLEEIZBRKRHEOKE WiEEE 3
ERES o7, TOZ LI, BREBOK EVEEE S
I EREHIE SRR A T 5 SR LIRE ORI &
WIZEERRL TV 5, 3FMBEMIX Tk, BOREREEN
TRIGKFREO LR IEDT N TH o7, 2B, 3
HXIZBW T, BREIHOKE WEEEHI E R 0K %
HAZBILIRFEOERAIKE Do 2D, BEEBANOHE
MEPKEP o720 EZLND,

RBREFN B LRFIBREOENE (Fig. 2-5) »5H%E
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Fig. 2-7. Sugar absorption (SA) from the medium of Petunia plantlets
on 2% sucrose medium in force-ventilated vessel (FV) and
three naturally ventilated vessels (high-ventilated, HV; low-
ventilated, LV; and non-ventilated, NV) under the 24-hour
lighting cycle (16L/8D) and the 3-hour lighting cycle
(2L/1D) during 50 days of culture. Numbers above the bars
are the ratio of dry weight increase to sugar absorption
(ADW/SA). Vertical bars represent £S.E (n = 3).
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Fig. 2-8. Relationship between root dry weight and sugar absorption in
Petunia plantlets. Plantlets were cultured on 2% sucrose
medium in force-ventilated vessel (FV) and three naturally
ventilated vessels (high-ventilated, HV; low-ventilated, LV;
and non-ventilated, NV) under the 24-hour lighting cycle
(16L/8D) and the 3-hour lighting cycle (2L/1D) for 50 days.

L7- B KIX OB ZEWARD B B bR E RINE I,
24BHEAMXIZB WTidwIhd 0 LT THo7 (Fig.
2-6) o 24EFHIEIKIC BV TR, BREEATK X ViEgE
I BLRFERIE /N E ot BERERL~
DZBALRZDOTRHED /NS oz b EZ SN A3ERE
MIX-Cld, iR ol B RERINE X, Wi

b 0 LET, MRMEDEVIZLIBEIZNE Lo, L
7235 T, WREEA K & WEEE 3713 RS B0z »
LA HZBLREBRNEDOEN KE L, 2 hid&
BORKEVWEERIIEHBEAHO BN L 2 EREDE
PREL LD EVH) R (Fig. 2-4) L —FT 5,

B ROBERINE L, MREGOHE 2 KRELZ
I, BEEESRENEERIIEERNEIRE R -
7z (Fig.2-7) o PHEEEM] O AR IGE 2 8% KU L7295,
TORBIWREMHFII L TRE o7, bbb, Kt
S E/MRRIX T, 3 EX O H AR IE 1Tk &
MolzDIZxF L, SEHHBRAX & BEHX TIE3EREHX
HERINEAABH B X O Z % EE S = & i3 h o7z,
KBRIK, /MERX, BHEX TR, $XTORERXTHE
R IR 3 A inEnl (ADW/SA) 251 LT T
BHoleht, THITEAM O RKEEFMLATHIRR S Twiz/z o
Thb, RIAX ., MEREX, BHEX DO ADW/SAIK. 24
R I BV TR BRI EBSS K E WERERFIZ LN S
(e o 7255, 3WEH M X D A DW/SAIZE VW RERE FEH
ZNED D 2EIIRE (, BRBBDENZ L EEL D
ThTHolo TNHDADWSADRE Fid, 248 F B
DOET T, BEFOMR[MBIRE L HITER#E
WA T A REOEITKEL B0t L, BHEERE
W& mMET 5 LR OWRBEAKE T HRESRH
N T A RKEOEII LTI R DI EER LTS,
ADW/SADK/NEFE (Fig. 2-7) 13 H B bRFWRIED
KB (Fig. 2-6) &—HT 5%, &b, WHBEKXD A
DW/SAIZ VTN OBREEIIC BT 1 % koo 7228,
M THRSER SN TB ) TR bR FEMRGEEC



Table 2-4. Ethylene concentration in high-ventilated (HV), low-
ventilated (LV), and non-ventilated (NV) vessels
containing Petunia plantlets after 50 days of culture
under the 24-hour lighting cycle (161./8D) and the 3-hour
lighting cycle (2L/1D).

Vessel Number of Ethylene concentration [ppm]
air exchanges [h'] 16L/8D 2L/1D
HV 0.22 0.38 0.33
LV 0.12 0.40 0.60
NV 0.01 7.36 8.23

LB WERDHIRINE hrolztzd b EZ NS,
ETONEX % F & O TR E & BERILE & OB %
ERTADE, WEOEICAELHENASN 7 (Fig.
2-8) o TDOZLIF, INEELZLBIZL DS DML R
WL7zZ &, Bwvlid, I OBRZRIN L2 &4
LM DOERIMEABRELI D FZEL-Z LERLT
W5, EHlIRAER & B HX CIRBEEROE ML T
WRINE ML 220722 £ 5, KRR K L /NS
X285 BRI O EHE1C & 2 BRINE o B, H
TRALRFERINEIE ML R AE U TR B
ZRoNb, FIFETER LA LD, B 5 OBEIRIL
i, B ICHEET A MBOBICKELIKET A0,
WOFEE L FERINOIE L, [ AT U ChnEEmIC
TTHLDEHESN D, BEOMIZBNTIZ, B4
FEBLUHROBRINE OHBEEYM 0EVIC L 2EZ5b§
PTHo72DN, BEHFIRRTHIONTEDEN
K& holzbDEEZLND,
BRBIEIIEOTINU K E BB L2A5, Thids2E
TEELLLH I, BEFOPIERLLZFL IR E
DEFEUWMEDORELE E2 N5, KEBRICBVWTH
SUEEOER BRI EREBRNICEBOL F L A
HEN7: (Table2-4) . BERFANICER L FL VI3,
ROHER (Coleman® ., 1980 ; Prez-Bermudez® . 1985 ;
Chin. 1990 ; Grossmannb, 1990) %LU &, &F &
IRV EBEREEKIIE X5, SNOIFL Y DOREBIZ X
BHEMARD TEREDZEAL HHE DRI 55288 | 72 WTREMEAS %
FACY (W

FAE EERKER & OBk
FBIE~EIHOERER 26, HEMWAOEE X
WA EHET AT EICL > TIRET A Z L ATHRET H
5T, ZLTEORRIL, BEEBNZMELRERE D
RN IEDLSL Z EPFERTRILZ ESHLH &
B2,
EZATHIETER L L) ICHERN _BIbr =g
B, REESGGOMICEET AMPOME., HIta
BRUCL o TRECE LD, LIzAo T, HEEHO B
FREP N BT TR . BN O AR DE W 12
LoTRLES>TL AT ENTFHENSE, TN T TEE SR
[Toleh I VI LERF2=TIEWTRIGENER %
ITHORWTH D, h B 0®E ), 2 HCch
EREAT ) WY & CAMEDG A % 1T ) Y D284 E 12

BT HARS B DO HE I DWW A TH 2 , KAERT
. CHEMIZH P 7 X ¥, CAMAEIC 7Y FubPwa b
TV /T AHEA L. RERERO RS R K
TR EM ORI R LS I L,

1. CHEMDEEBAET LRI THRARENSE
ME S SUHE

H + o F Y Saccharum officinarum L. ‘NCO 310° D4
~STERRE L2, BEild4~5 cmDHEWAE R L7, HY
81X, Chen® (1988) DHBEIZFEV, BWEFHKD #
WAL DESMEERD I EIZ Lo TEB, BHIZEIIE].
DEBREFUEDDEH, 200ml DIVL Y3/ ¥ —7
Z A3 (WO 25 mm) 12 50 ml 5L 72, BE%RD
720 STEDREMAR LR 2 A1 720 HRIZERE 5 mm DK
ZHRITZ I 100 mg D% FEOL TARTREERY #
Ulzo B EBOWRKMEIL 0.185 h! Thoto, Hz it
VIR, REEEdr 24 R OB BEER (161 B/ 8 R e
B 24 MIRIIX)  F 2233 BERI OB WERE AT (2RSRTEE
MR  3REEAMIX) Tl TEELTo7, B
R & L CRIGEE T2 Fv ., EEWE ICB05 %
EREMNNEFREEHA342 pmol m?s127%5 L5125
Bl BEZOREIHAMEH 2@ T25£1TE L
7o AOH DX Efk. FESFNO Wbk Kk DY K
M7 38 U T ORERFEAL & BEERI LR I 2 2
L7z T72. Sh o TEAbRE IBEME 2 VOl &
D HZEALRFERINE S EE L7z,
BREBLUER

CHEIDH F 7 X GO I SV A RRF 2=
T EE B, 24 REHEIEBIX X D b3 ERE R 0 B0
EHKE o7z (Table 2-5) o

FEAE1%40 H H ORI B LR R E RSl %
Fig. 2-9 IR L 720 RGN ZRRAb R R0 A (35280 1
¥ 380 ppm T—EICHER L7z, BEBN_BILRE
IRBEDRERE 220X, B "B b RFRE DD TE »
BEFCRTLAZE Z2RITIE,. GHEYOZF R ERED
ING =R L7z 24 BIX Cid, BEEEfsN M1t
IRFIREEREIC LR 27285, 20 LR R i3k
WZEALK FRENR L BB IZo0NBA L. ZBbEE
DEERBFNANTH LTV B Z e S N, BT
RF DRI N ALK FRIREIX 1192 ppm ThH o7, B
B3 vz ERTERN ZBbRFIEEIIEHMIETL.
W B tRe e R 2 12 R LI SR IR AR T RBIC 72 o 72,
IFEH EIX Tid, BEHI#E T 8L RFR I 471
ppm TH ), R L DBEEITNE {, BEEBNA~DZ

Table 2-5. Daily net CO, uptake and dry weight of sugarcane plants
cultured under the 24-hour lighting cycle (16 h light/8 h
dark) and the 3-hour lighting cycle (2 h light/1 h dark) for
40 days. Five plantlets were inoculated in each vessel.

Light/Dark  Daily net CO, uptake Dry weight
[10° pem®vessel '] [mg-vessel ]
16 h/8 h 71 51.9
2h/1h 238 65.8
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Fig. 2-9. Time courses of CO, concentration in culture vessel
containing sugarcane plants under the 24-hour lighting
cycle (A) and the 3-hour lighting cycle (B) after 40 days
of culture. Broken lines indicate the average CO,
concentration outside the vessels.

ALK FZIRHED DTN TH B LHEGE SN 5, 3R EL
XCix, FAMIBIAA R 741 13 B B8NS T I b
ErRE S NG ho iz, MY FEDORE KO B
RERE ST 10 ppm LT TH Y (Moss., 1962) . K
ERNCBVTH ZORERFEIBRNS = & DR S
N7z D CABYINC D W TITHEFE SN —BL K FE iR %
ARG T RD 75 VA, ColMIEEE o 1L
REMEEA 0 ~ 10ppm L EDDTHERNW T & #4FH L
LTHEDH (Black, 1973) . MOCHEWL H > FE &
FIRRICHE R BFNZBLRFE D22 VBV LR LVETRT
THHDEEZ LN B, Fig. 2-9 IR L7z 8R4 D
ALK R B LD SR 72 bk BN
HOH ZEALRFER INE L 4B A X L) H3mER
BBIXDOFDRKE { %&o72 (Table 2-5) o B, 7
FEOHELREWRIEIX, FIEHDOH T ARE3
HONRF2=2TDFN LN BKRELREE R > TWBED,
C AR OB IR B LR F IRESCHRE O Eh S
HARTEL &L 22 720, BHIICBIT 25 #EBR~D
“HILRERAERNKREL, o edEEZ N5,
DEDORERDS, CHEWMTHD W by FEEERANO
BAH — RSl O — bR RIBEOE Ny — vk, L
REMEE IR & 2BRTIECGHB O Fh LR /S
y—VERTIoo, ARAMZECT I LICL o TH
HZHHFOAEREZ LV REST HAIENFTERTHE &
ERENT,

2. CAMBEHDIZERARNEE ICRIT T A BAME DR
3
HH B LUFE
T7 V) TV ART Y FO¥ YA Dendrobium Asahi
‘Red Queen’ DETHAN LI L 2R B L U771 /
7' A Phalaenopsis Joseph Hampton X Phalaenopsis
Winter Dawn® BIEEAIZ X 2 HEMHEE L 72, wWih

b BEBAEE O FREZOEAR L EA TERICH W,

Table 2-6. Dry weight of Dendrobium and Phalaenopsis plants
cultured under the 24-hour lighting cycle (16 h light/8 h
dark) and the 3-hour lighting cycle (2 h light/1 h dark) for

60 days.
Light/Dark Dry weight [mg-plant™]
Dendrobium Phalaenopsis
16 h/8 h 14.8 16.2
2h/1 h 1.2:9 13.3
t-test NS *

NS, nonsignificant; *, significant at P = 0.05.

K5 HbiXThomale GD (Thomale. 1954) % FE3EF L+ | ¢
Fe-EDTA. Ringe - Nitsch (1968) D#&EEZ, Nitsch -
Nitsch (1965) OFEWEW., 2% D aHE, 08%DEKX %
Mz, pHES6IZFRAE LD DEH W, BEER LIRS
1HOEE RO LD HW, RS- 7T Fup
T ARSEEE . 77 L T Y RFME R AT,
WERX B L RS IR0 by FEOEERRICE /2,
60 H ORE#R% | BEEBRN ML TRIRE OB L B
EYWEOERRE T WE L 72,

BESSLUEE

CAMEHITH BT Fab st 77 L/ 7Y AT,
CHEPICCAHEMI TH S Nz X 5 2 BARSEH 0 5412 & 3
ERREHRIEALGNT, BT 7L/ 7T A TII3ERH
AR D F A 24 B EAIX £ ) EHEI/NE L o 72
(Table 2-6)

24FF IS X Tid, BEFATERILK RIRE X, B
DORtEE E DICEAZRBLAA, T FOEYATIE
REIR ARSI R LUBE, 77 L 7 7Y AT IIREHIBALG1 I
B ~SEERfZIC T €. TR EREZEDBE LAROET
THLRFZBEORKT A SN, WA IC X AR
DZEALRFERINDBIEZ S 7z (Fig.2-10, 11) . HARAEE
TEIEE R £ Tl BRBN B LREBREIHD L7255,
ZOWEREIMIE U, BAHIRAS M LI EH R L7z,
29 L7cws oo B ORI e B gF o —
AR W XD ., BRI B 5 “ERILREO B
W, PLRncEes S - b REFIREE LSy — ~
(£FH5, 1989) LFHEHETHos LAL, BBORG
T CHEI DFE A BNz & D) k& e " biRE

CO | concentration in vessel [ppm]

Time [h]

Fig. 2-10. Time courses of CO, concentration in culture vessels
containing Dendrobium plantlets under the 24-hour lighting
cycle (A) and the 3-hour lighting cycle (B) after 60 days
of culture.
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Fig. 2-11. Time courses of CO, concentration in culture vessels
containing Phalaenopsis plantlets under the 24-hour
lighting cycle (A) and the 3-hour lighting cycle (B) after
60 days of culture.
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BROZBALRFZRINOFITIEA SNk o 2o VTR
bEEEN ZBILRR BRI, REDOLUAHERZF N
UTFTDOLXVTHR L,

BIE~EIHETEE L2 L)1, HEEMOERHEIC X
BHEEFNEY) O£ RIRERIRIT. BICBIT A BEBNO
“EBALRFE OBREFE BT Z L TEERANDO TR
ICREZEOHHEEZRO T LI oTHNLEELON S,
L72ho T, AERD L) ICEEHFNZBILKREED
EEIVNE L, AITRE VAV FRUTO LV TH
By HG6I1ciE, ARERIREL L OEERN~OZE
CRFZEOFHEAV/NE N 72D, GHEIRCHED TA L h
o) AREMOERIC L 55 BREDRE LA SN L
MolbnkEILNS,

Y

FOE NBMURBEREBEZMGSLIUXRESREEESR
HTICH T ZRERBEAOEHROTR

BIHDOEEGERIL, HOBREMIC L 2538 o4
FARHERI R 13, B WD B B LR FR ILE DR
EV) —RIBEHRE | FOREE AT DB INE DL )
EVI) TR RIZL > TRELHENLZ EER LT,
L7280 T, ML RERFE (Kozai, 1991) 2BV T
IEEEHCHE I LA W s, BAREREIHAOEMEIC X B &
RARER R TR IHE 2 /N7 2 RERBEEDOR &
EREL T BLEEZLND, RERTIZ, HERI
TBLRFZABOLEET T, BHICELNAGE &
IR % \VIHE DHEBEMREORRE % ik L 72,
MEb LOHFE

7177 A ‘Edith Made’ OREMEEB R L 72, W
RIZZNETOEREFBEIC LTEONAZLDOTEI~4
BUBBA LA 3 ecm Db DE AW, BEHIZE1IHE
ERRD S DR VDS, REBEE L THEHI2%DY 3
ERRINT AR E, By a2 mmes. f£bhhic
BEERHO-D1.06%~ Y= b=V ETRMTARE %%

Table 2-7. Dry weight of Caladium plantlets cultured under photo-
mixotrophic (2% sucrose medium) and photoautotrophic
(0% sucrose medium) conditions for 80 days. CO,
concentration outside the vessels was 2000 ppm. -

Medium Light/Dark Dry weight (mg-vessel™)
Sucrose 2% 16 h/8 h 205.4
2h/1h 476.8
Sucrose 0% 16 h/8 h 82.3
2h/1h 107.5
Analysis of variance
Lighting *
* %

Sucrose x Lighting

*, **, significant at P = 0.05 and 0.01, respectively.

7o BESG 20 TITRIIBIBEBOHARBSAR EFLE L
7o (B&E% 018507 ) o

HER ATV 2, BEE 8% L KRR 240 2000 ppm
IRELLT v N—NICBE, SOHBIEEL:, B
PR, 2488 (1605 RIEH HA/8 Br i BEHA © 24 R B A
X) F7:030eR (2 FFREIHARA/ 1 BERIREE  BERIABIX)
&L, BIGRIZBEAEEIETE A, EEWEICH T
HHERENNEFREED342 pmol m? s L7225 X
HCHE LA, BEZORE IHMEH 2E UT25+
10 & L725
BERBIUER
VammX, Y aBERNXE b, 4B EHK X
D OIRFHAMXOFIENEIFIREL Botzds, ¥ akk
WX TR, BB EROEY EZREVCHARRERO £
ND23ETH o720 L, ¥ a BERMK T3/
T&Ho7z (Table 2-7) o HOIX, /NL 1 T 3 B 1K
2oV, JRE KRERESRE RS, 1993) BLUK
M7 KR RLEM T (HayashiS., 1995) T, HIREE #
DEFMOR R EZRRTVEH, B EBOWSK M2 HS
HHLOD, MEXET 2 L HERAGFEERESLMET O
FAs. BARE BIHAOSEME 2 L A E 0= I kX
BT A LFEBOERNERLTVS,
EEBRNOZBILRRREIZ, WThOBEBELE b
INFCTOEREFRBD/ISY — 2 2R L2, BEICE
TJ5ZHALRKFRED LAERED, ¥ aBEERMRO S
WS otz TOLAERER D &R DEDOE Y
EH72 ) OBIFEEE 2Rz 2AH, ¥ BERNEK
DHDBY aBRMX LY b/h&E o7 (Table 2-8) o
Va R T, HERINE ORI & v ) TR 2
MR . BB RFRRE OB & v S —KkE 7%
BROBDEND 720 FLBARE IR 0 4 BRI =25,
YatEAmE L) /NS CHN b DEEZ NS, &

Table 2-8. Dark respiration rate of the Caladium plantlets cultured
under photomixotrophic (2% sucrose medium) and
photoautotrophic (0% sucrose medium) conditions for 80
days.

Medium Dark respiration rate

[10° pem*CO,'mgDWh7']

0.69
0.36

Sucrose 2%
Sucrose 0%
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Table 2-9. Root/shoot ratio of plants cultured under the 24-hour lighting cycle (16 h light/8 h dark) and the 3-hour
lighting cycle (2 h light/1 h dark). Caladium, Dendrobium and Phalaenopsis were cultured for 60 days.
Petunia and Saccharum were cultured for 50 and 40 days, respectively.

Light/Dark Root/shoot ratio
Caladium Petunia Saccharum Dendrobium Phalaenopsis
16 h/8 h 0.37 £0.03* 0.045 £0.004  0.18 +0.03 0.82 +0.06 1.6540.12
2h/1h 0.46 +0.03 0.060 £0.006  0.30 +0.04 0.99 +£0.10 1.84 £0.16

“Means =S.E. (n = 15)

I, EMESD ) B IFREEH /NS < BEHICBIT 2
REGNZBILREONAA YA D72 ) OLERHEDIY 3
BRI TR S Wiz H SRR RIE O 1
MeE) =R LR ONEP 72 DEEZENRB,
Ll By a2 0N 2 IRAREER TR,
TR & “BMURERAZ BT 22 L1tk o T,
BEEMEOERE & 51 GET & 2 THEMASR S/,

2 FARERE AN EEYE QTR S SN
HMICRIITEE

EIHITIX, SR P oMY E O E X, BREE S
PEMETA LI L o THMEE 2 ENTHTHS =
EEHILMIZ LTz, LU, 72k BRI KoY B
DEEMAK Ehorzb LTH, M AH LB BEEE{ I
AT BT, H25VIHEZ M U OEREE DS, WE D
ARG C R LR IC R Th o T 22 H1E
BEEAEY R ORI O 720 O RS RE I M i~ 4 2
70Ny —2a O YAFAIBWTIEERWBTIE 2
Vo AEITIE, MAE LEOREZ(IIWS AME B
boHIHER . AR E . BvURENcREEI N
TR L | B H O24F5 R E B O BN E ] TR S s il
WkO M Tl L7,

E1IE  TREAYEM

HE 2 U RO BREEE ISR 2 Tk iC B b 2 TERER 45
MELT, W/va— MR, EORBEHEBDS L OWE
(2 TaVAN

oty ) =
SRS

1 HEMEOKRESER/ V21— XK
ME S LUHE

SB1ETIC B\ CHARE B O 48HE 12 X 2 BARER) R ASE
ObNLATFTTY by NRF2oT, FPIEXETWT,
24 HFH OBARE B CREE L 2o M 1K & 3 IR o0 PSR
TRELZEYEREOMTY 2 — NEWEICHT 21
MEOLRL I L,
BRbLUER

NFGTTh, RFa=T7, by FCIEVTRE24 8
] D BHRE JE 1 CTHEZE L 7RI AR & 0 3 3EER O BRE R ©
B LHEWERO TN Y 2 — NEWEICH 2EY E
DIFEDF o 72 (Table 2-9) o B FHWIT—HELZ .
EEICE S BV G EI A ABEW EOE4 A
RE&L 2T B UL, W REKROEBEHFE U 1H
HHETHBT 5 &, 24FH QBB E X b b3 RO B
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BRI CRE 2 L 728k O B IR MEO R 5B 2o 72
(F=F0E) o TOZ ki, PREHOEHICE bR D
BV a— M OB, BEREOEVIZLELOND
Lz, BARE FEEAOSHEN) KN O E ) S ECIC B % BT 72
ZERRIBLTW5, BEEYAEORADS EIREHEME
WERDOEKIZKELSEDD Z 25 (Grout - Aston .
1977) . BARSREIRA O 504612 X 2RO EMEE I, A H
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Fig. 2-12. Scanning electron micrographs of leaf surface of Caladium
plants grown in greenhouse. A. Adaxial surface. B.
Abaxial surface. St, stoma; Gu, guard cell; Su, subsidiary
cell. The stomata are closed and the guard cells are
embedded in the subsidiary cells. Other epidermal cells are
well raised and have structured wax on their surface.

Fig. 2-13. Scanning electron micrographs of leaf surface of Caladium
plants cultured in vitro in Stage 2. A. Adaxial surface. B.

Abaxial surface. St, stoma; Gu, guard cell; Su, subsidiary cell.

The stomata remains open and the guard cells raised higher
than the subsidiary cells. Epidermal cells are poorly raised
and have no structured wax on their surface.
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Fig. 2-14. Scanning electron micrographs of leaf surface of Caladium
plants cultured in vitro in Stage 3. A. Adaxial surface. B.
Abaxial surface. St, stoma; Gu, guard cell; Su, subsidiary cell.
The stomata on the adaxial suface close and the guard cells
are lower than the subsidiary cells. Epidermal cells on the
adaxial suface are raised and have structured wax on their
surface. Congealed waters are scattered near the stoma.
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Table 2-10. Stomatal characteristics of Caladium plantlets cultured under the 24-hour lighting cycle (16 h light/8 h dark)

and the 3-hour lighting cycle (2 h light/1 h dark).

Light/Dark  Developmental stage® Stomatal density (no. mm™) Length of stoma (pm)
Adaxial Abaxial Adaxial Abaxial
16 h/8 h 2 8 75 22.5 21.6
3 3 79 21.7 24.4
2h/1h 2 5 111 22.2 23.7
3 3 81 24.5 26.2
Analysis of variance
Lighting NS§* A NS LA
Stage * 3k * NS * %k ¥
Lighting x Stage NS X *® NS
Greenhouse grown 10 201 24.6 27.7

* Caladium plantlets initially expanded yellowish thin leaves (Stage 1), then glossy dark-green leaves (Stage 2) and finally

glauceous leaves (Stage 3) as cultures were aged.

YNS, *, ** ***: Nonsignificant, significant at P = 0.05, 0.01, and 0.001, respectively.

Fig. 2-15. Photomicrographs of transverse sections of Caladium
leaves. A. Plant grown in greenhouse. B. Plantlet cultured
in vitro under the 24-hour lighting cycle. C. Plantlet
cultured in vitro under the 3-hour lighting cycle. ep,
epidermis; pa, palisade parenchyma; sp, spongy
parenchyma. Bars indicate 100 pm.
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Table 2-11. Net photosynthetic rates and chlorophyll contents of leaves of Caladium plantlets after
60 days culture under the 24-hour lighting cycle (16 h light/8 h dark) and the 3-hour

lighting cycle (2 h light/1 h dark)

Light/Dark Net photosynthetic rate Chlorophyll content
[mgCOydm™h™'] [mg-gFW™!]

16 h/8 h Young leaves” 6.8 2.4
Aged leaves’ 5.7 1.9
t-test ¥ ¥
2h/1h Young leaves 6.6 3.0
Aged leaves 6.1 29
t-test NS NS

“The youngest leaf among fully expanded leaves in the plant.

¥ Leaves one-node-lower than the young leaves.

NS, *, **: Nonsignificant, significant at P = 0.05, and 0.01, respectively.
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Fig. 2-16. Water loss from leaf blades of Caladium cultured under the
24-hour lighting cycle (16 h light/8 h dark, 16L./8D) and the
3-hour lighting cycle (2 h lightl1 h dark, 2L/1D) after
excision from culture vessels. Relative water content (%) =
(weight after holding - dry weight) x 100 / (weight at
excision - dry weight). Vertical bars represent S. E. (n=10).
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Fig. 3-1. Daily CO, uptake of Caladium plantlets under the 3-hour
lighting cycle (2 h light/ 1h dark, 2L/1D) and the 24-hour
lighting cycle (16 h light/8 h dark, 16L/8D) as affected by
number of air exchanges of the culture vessels (E).
Conditions of culture: air volume inside the vessel = 330 ml,
blomass in the vessel = 200 mgDW, PPFD = 34.2 pmol m™
s™', CO, concentration outside the vessel = 350 ppm.
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Fig. 3-2. Daily CO, uptake of Caladium plantlets under the 3-hour
lighting cycle (2 h light/ 1h dark) per mgDW and per vessel
as affected by biomass of Caladium plantlets in the vessel.
Conditions of culture: air volume of the vessel = 330 mil,
number of air exchanges of the vessel = 0.395 h™', PPFD =
34.2 pmol m? s", CO; concentration outside the vessel =
350 ppm.
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Fig. 3-3. Daily CO, uptake of Caladium plantlets as affected by the
length of lighting cycle. Conditions of culture: air volume of
the vessel = 330 ml, number of air exchanges of the vessel =
0.395 h™', biomass in the vessel = 200 mgDW, PPFD = 342
pmol m” s, CO, concentration outside the vessel = 350
ppm, ratio of photoperiod to dark period =2 : 1.
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Fig. 3-4. Daily CO, uptake of Caladium plantlets per mgDW under
the 3-hour lighting cycle (2 h light/ 1h dark, 2L/1D) and the
24-hour lighting cycle (16 h light/8 h dark, 16L/8D) as
affected by number of air exchanges of the culture vessels
(E) and biomass of plantlets in the vessel. Conditions of
culture: air volume inside the vessel= 330 mi, PPFD = 34.2
pmol m? 5!, CO, concentration outside the vessel = 350
ppm.
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Fig. 3-5. Daily CO, uptake of Caladium plantlets per vessel under the
3-hour lighting cycle (2 h light/ 1h dark, 2L/1D) and the 24-
hour lighting cycle (16 h light/8 h dark, 16L/8D) as affected
by number of air exchanges of the culture vessels (£) and
biomass of plantlets in the vessel. Conditions of culture: air
volume inside the vessel = 330 ml, PPFD = 34.2 umol m? s'l,
CO, concentration outside the vessel = 350 ppm.
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Fig. 3-6. Caladium plantlets cultured in high-ventilated vessels
(number of air changes = 0.395 h™') under the 24-hour
lighting cycle (16 h light/8 h dark, 16L/8D) and the 3-hour
lighting cycle (2 hlight/1 h dark, 2L/1D) for 60 days. Air
volume of the vessels are 330 ml. Each vessel contains 20
plantlets. The lower figure shows root growth for each
vessel.

13, 24FFRH X T 498 mg., 3RFHEIEM X T, 660 mg
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Fig. 3-7. Dry weights of Caladium plantlets cultured under the 24-
hour lighting cycle (16L/8D) and the 3-hour lighting cycle
(2L/1D) after transfer to ex vitro environment. Plantlets
were cultured on 2% sucrose medium in high-ventilated
vessel (number of air exchanges = 0.395 h™') under PPFD at
40 pmol m™> s for 60 days and then transferred to
greenhouse where maximum PPFD and air temperature
were 170 pmol m™ s and 38 °C, respectively. Vertical bars
represent £S.E (n = 15).
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Fig. 3-8. Plant height of Caladium plantlets cultured under the 24-hour
lighting cycle (16L/8D) and the 3-hour lighting cycle
(2L/1ID) after transfer to ex vitro environment. Plantlets
were cultured on 2% sucrose medium in high-ventilated
vessel (number of air exchanges = 0.395 h™') under PPFD at
40 pmol m? s for 60 days and then transferred to
greenhouse where maximum PPFD and air temperature
were 170 pmol m™ s™" and 38 °C, respectively. Vertical bars
represent £S.E (n = 15).

DREHMOERE M5B EERBELONE, —F, &K
EBRTIE, RICEEFORRIG S E2ESIHBIED
EEREFL oo LIE L THERKTED B o5 2
B0 %REE REEL b N5, EBICIE, 815 &
UHIETYIab— LAk, BERANIF TR
BEPREVIIERBERORRENZHINEL 2 HDT,
BOEHOEBREDZEITOS U LELEEZ NS, KEE
DEEFHI NI ER W IRD EF ASEE 0% (12fE s n
HEERLNIZDT, EHERELCTH, BboMERE
CHWMEE DL o TEBIZAEBENED B ENT

EHrbDLEZLNS,

HERH LROEFEFIL, 3EMEAMKX TIZ100%TH -
72DITRE L. 248 BRI TIl396% Th o 7=, 24K5[H &
X THEFERIME,L-> 2FERE LT, Bbicx L
DHEWEDORKESIIESDEDKR E L, WL 2hDE K
DELEREEIIHABLTOKREZIZEL TV EL

100

—0o— 16L/8D
—4&— 211D

Y (= 0
b=y < =
T

Leaf length (mm)

=)
k=]
T

0 10 20 30 40 S50 60
Days after transplanting

Fig. 3-9. Leaf length of Caladium plantlets cultured under the 24-hour
lighting cycle (16L/8D) and the 3-hour lighting cycle
(2L/1D) after transfer to ex vifro environment. Plantlets
were cultured on 2% sucrose medium in high-ventilated
vessel (number of air exchanges = 0.395 h']) under PPFD at
40 pumol m? s for 60 days and then transferred to
greenhouse where maximum PPFD and air temperature
were 170 pmol m™s™" and 38 °C, respectively. Vertical bars
represent £S.E (n = 15).
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Fig. 3-10. Caladium plantlets cultured in the gas permeable vessels
(‘Culture Pack’, Tanaka et al., 1988) under the 24-hour
lighting cycle (16 h light/8 h dark, 16L/8D) and the 3-hour
lighting cycle (2 h light/l h dark, 2L/1D). The plantlets
were cultured for 60 days and then transferred into plug
trays in the greenhouse. A. In vessels at the end of culture.

B. 0 days after transfer into the plug tray. C. 60 days after
the transfer.
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Table 3-1. Plant height of Caladium plantlets cultured in the gas
permeable vessel, 'Culture Pack' (Tanaka et al., 1988)
under the 24-hour lighting cycle (16L/8D) and the 3-hour
lighting cycle (2L/ID) after transfer to ex vitro
environment. The number of air exchanges of the 'Culture
Pack'was 0.24 h™'. Plantlets were cultured on 2% sucrose
medium under PPFD at32.4 pmol m? s for 60 days and
then transferred to greenhouse.

Plant height (mm)
Light/Dark Days after transplanting
0 20 40 60
16 h/8 h 45.0 52.4 59.0 93.8
2h/1h 59.3 74.3 80.0 130.1
t-test * *Z * % * ¥ * %

-42.-

“  Significant at 0.01 % level.
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Fig. 3-11. Diagram showing Caladium plant production as influenced by culture conditions in
stage I11. The amount of photon put into the culture is the same in all the conditions.
The culture in high ventilated vessel with high PPFD under short lighting cycle

provides largest plants.
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Stage I1
Multiplication of shoot primordia
and
Shoot induction

Continuous lighting
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Fig. 3-12. Schematic diagram of mass-propagation of Caladium plants.

Objects within the squares are optimal conditions in each
stage. Values beside the arrows indicates plant size (dry
weight per plant) at transition to next steps.
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