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Abstract.

Growth of Campanula punctata ‘Rubriflora’ plantlets, as affected by three levels of photosyn-

thetic photon flux (PPF), 70, 150, and 220 umol-m?2-s, two levels of CO, concentration, 500 and 1,500
pmol - mol”, and two levels of number of air exchanges per hour (NAEH), 0.1 and 2.8 h”!, was studied.
Explants were obtained from photomixotrophically-micropropagated plantlets. Four explants were planted in
each 3.7x10* m® polycarbonate box containing MS basal medium and no added sucrose. Explants were cul-
tured under cool-white fluorescent lamps for 16 h-d"!, at 25+1°C temperature, and 70~80% relative humid-
ity. In treatments of 2.8 h"' NAEH, a 10 mm round hole made on the vessel cap was sealed with a
microporous filter. For higher CO, concentrations in the culture room, CO; gas was provided from a tank of
liquefied CO,. Fresh and dry weights, length of the longest root, and number of leaves significantly
increased with increasing PPF and especially CO, concentration. Length of the longest root, number of
leaves, fresh and dry weights, and chlorophyll concentration were enhanced with increased NAEH. How-
ever, leal area was the smallest in the 220 umol-m™2-s’ PPF, 2.8 h’ NAEH and especially, 1,500
pmol -mol” CO, concentration treatment. Treatment effect became more produced with time. Overall, treat-
ment with 220 umol-m?+s™ PPF and 1,500 umol-mol” CO, gave the most vigorous growth.
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AFZERE FAADH FHxsh skl
7B 8 R A Bolth AFEFRE BT U
Fole thal 2o 2A Ugho] HlnH 7 Hol
M Ae A5 29 6-890) 9w sErile]
2}, EPHgE it dioj) 24 X2 5 9
£ 8 Hsdo] Zaim, ouNe LhEE Wa sy
A BelE A, B, BT, B, B, ARG,
AF4 Sof ARGOZ AMBT UTHKim, 1996).

AF2EET YEET v E 22wl
T roE Qlah AZA|e] §2] 88k hyperhydric
transformation), LFEQ] O Z QI3 =& QWE,
T A, B EEle AE 5o B2 Al
& 7HXAL THJeong 5, 1995). ZIHiolA viokE 2]
A= A &80) w2 7YY (heterotroph)©]
Ar} F5H4 %A (mixotroph)o|th, B3] ¥ A% o] uj
FAlE= E39 U (mixotrophic) S Ve e 24
QoA 55 Y% (autotrophic)2.F ¢] Hgkr|o]t}. o]
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BIAL 281 (Kozai F, 1989; Nakayama &,
1991), 7k=agto] 7Fs3t vhE o] 83l FUIEES
A8 Asial o Alzxe] Ae] Frleld e 71E
o] EHFYRT HETT BATEEC] 8~108 F7h
}3thKozai 5, 1990).

2 dFoME 7wl feldsle) e i e &
olm, I oA ¥ AYEES Fola AFS A
© AFEEIEAAT AFgEe] 7 gl )
Ae A IARILAL 7GR 35, i) &
7135 9 CO, F57F AAEAS FIU ABSel x|
= gL AT

ERRT

ABANEE TEAEAL S AFEEE (Campanula
punctata ‘Rubriflora’) F2EHE AHE-3FATE MS
(Murashige®} Skoog, 1962) ¥l|A|o) A E g oFull %
AR ZHAR FAEANA 2~3012) JL 7R =
7] AHAE AFs1 v &7 AR Xt
o B FE71EE 3.7x107 m’?] GA7 Magenata box
(Sigma Chemical Co., USAYE AHR319T} Hjokr]e]
3718E 0.1 h'ollX 2.8 h'E SHFA)F]7] Adtked ul
F8719] 570l 274 10mme] 7HE& £l $7139
microporous filter(373 0.5 um, 273 18 mm, Millipore
Co., Japanys F3I4t). #7139<= Fujiwara 5
(1987)2] el ofa) A=sisict. WA= MS 71
A& o831 2™ sucrose?} HIENIE HIFSIA] 933k
o). viR= pHE NSVET Ao 58002 7‘%:;16}
04 v 871 S0 mLAS #F3iT. FHAe

25+1°C, A= 70~80%%1 HiFAA B2

h-d‘9Jr 7] 8h-d'e] = ShollA] wig= At Hﬂ%k
Ao B0 2= cool-white B Y FL 40EX-
W, Gt adhE o83ty 70, 150, 220 pmol-
mol?-s'9} F& FF3HTHTable 1). BjFH el
CO, 715 3537 Hsi =7 COo, 7=
TFTE AR WA Co, TRAE W) Bt
500 pmol -mol™ F= 1,500 umol-mol'2 FF3 F
ActJeong T, 1995). AFF= oo AU
X3t :

AT 4598 DAEAE uiP1Z27E 7] *M

"t o=

Table 1. Levels of CO,, NAEH and PPF used in the experi-
ment.

CO, NAEH* PPFy
(umol-mol™) ) (umol-m?-s™
70
0.1 150
220
500
70
2.8 150
220
70
0.1 150
220
1,500 —
70
2.8 150
220
“NAEH: Number of air exchanges per hour.
YPPF: Photosynthetic photon flux.
3T BESS BAFTE 58T F9l) 60°C 2127
(Model FO-450M, Jeio Technology Co., Ltd.)oljA]

TR RS el ST FHELE s5e 4
Aol A2 & AFEI] 80%(viv) OFAIEES.
2 F2&33 S A|(Uvikon 922, Kotron Instru-
ments, Ttaly)S o]-83}] ZA8ct

2% Ay= SAS(Statistical Analysis System, v.
6.12, Cary, NC, USA)ZE 1348 o|83j] ZA| 34
st :

21 % 0%

1. XPPidetuliekA] CO,, &Vl 4 PPF =&
ol Xz, &2jZol ¥ g0l olxl= P&

237 F4= CO, F5E7} 500 pmol-mol'Q HE.
o} 1,500 pmol-moi’d o} A4 JA FrlstArt
(Table 2). 3] CO, 1,500 pmol-mol?!, F7)&4=
2.8 1!, PPF 220 umol-m?-s' XgjeliA 7 7
Wol F7 ettt CO%t PPFE] A&2h8-2 Z7dollA
= frejido] A=V FEAA A it

Jeong(2000) 2EFE]2 <@ AEBE-0] z)7)odokiljek

M 2% CO, FES PPFI A9 JTFS 1A
ot $7)3laee) Folel o3 P Frleltial
Btk 2331 Kimd Jeong(2001)8) BatolA Spathi-
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Table 2. Effect of CO,, NAEH and PPF on the shoot length, root length and number of leaves of Campanula punctata ‘Rub-

riflora’ plantlets cultured in vitro for 45 days.

CO, NAEH PPF Shoot length Root length No. of
(umol-mol™) () (umol -m2-s7 (cm) (cm) leaves
70 2.44 2.52 4.1
0.1 150 2.24 2.68 3.7
220 1.82 2.64 42
500
70 2.52 2.60 42
2.8 150 2.72 2.58 4.7
220 2.30 2.44 4.9
70 422 2.94 5.6
0.1 150 322 3.16 5.7
220 5.44 2.68 5.9
1,500
70 2.52 2.10 53
2.8 150 3.52 2.74 53
220 4.28 3.88 6.2
Significance
CO,(A) *okk ns ok
NAEH (B) ns ns ns
PPF (C) * ns *
AxB o ns *
BxC ns ns ns
AxC o ns ns
AxBxC ns ns ns
"NAEH: Number of air exchanges per hour.
YPPF: Photosynthetic photon flux.
nS% % k%% Nonsignificant, and significant at 5%, 1% and 0.1% levels, respectively.
phyllum®] Z1Wejkeld €O, FEE 1,000 umol- >
mol' &2 %28}1 PPFE 70 pmol-m?2-s'9| A4 150 L
wmol w512 F7MIZEE W GHE SoldA ek S g

A5 TRES 37H 2102 Hel, Co, ¥%, 713
o 2 PPFY] fdhe 30| uet doldt Zloz A
Ztgict,

23 CO, 1,500 pmol-mol”, 7134 28n",
PPF 220 pmol-m?-s? oA 713 ZtH(Table
2). CO, Mels=itll ZArlgl ztole ot feldo]
NG=A] BT

2. CO, sE, #8718+ ¥ PPF &0 mE 7|
L 2AlEXo| S &2

71l aXER ] GELFES NEE o E PPF
7F 70 umol-m?2-s'2 & o] F7IEATKFig 1).
COsZ 500 umol-mol’ FEE FF3 7% 7134

—

}__‘
l»__,
}-—*
b

Chlorophyll (ug'mg*fw)
N

-
N

0 r r T T T T T T T T T r
PP 70 150 220 70 150 20 70 150 20 70 150 20
'ggf” X 28 X 28

500 1500

Fig. 1. Effects of CO; (umol-mol™"), NAEH (h'') and PPF
(umol-m?-s") on the chlorophyll concentration of Cam-

panula punctata ‘Rubriflora’ plantlets cultured in vitro for
45 days.
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2.8hY, PPF 70 umol-m?-s'Yd o} HohsherS- Hoich
Kim(1999)2 Hosta, Spathiphyllum % Syngonium
o] 7| Rulidell N F=EA FEE PPEZ}F 70 pmol - m2-
s'2 gg w85 #1341 2807 BS
F7HYA 312 ™ Spathiphyllum®] P24 s
271319} PPFe] P3RS whx] devin sl
Choi S(1998)] <319 BSZ, 171}, WA 1
L, ainlleo} Fof AFAEM= PPEZL S w)
HEA ghafo] Syt B A3 A AlEgige]
A= S PPROA EEA ol ZoiEE Ao

el

3. CO, sk, 7|3+ % PPF &0 s
MY Ha}

72 gl 9HAEL CO, 500 pmol-mol'Q)
735 #7135} prrol| Wt @sted )8l
2.8 k!, PPF 70 umol-m?-s' oA HdPa
opdollrd= 871314 0.1 h'S} BlSE S BEY
Fig. 2). 283 COZE 1,500 umol-m?2-s'8 Z7}A|
21 7gell= 871314 2.8k, PPF 150 pmol-m2-s"
ox gHHe] zA Flsldon, &3S 28,
PPF 220 umol-m?-s'ollA 714 A vheldel.

Kim?} Jeong(2001)2 Spathiphyllum& & 3450
A 27181571 28 W2 =0l o) FHiFo] -4 2l

0 150 220 ’70 50 20 70 1‘&)

20
= 28 0.1 28
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Fig. 2. Effects of CO, (umol-mol™), NAEH (h) and PPF
(umol-m?+s") on the leaf area of Campamia punctata
‘Rubriflora’ plantlets cultured in vitro for 45 days.
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PPF 70 150
NAEH

o, 01

o

3] - AT

A Zion, BAETE 713571 0.1 h'oA] 2.8 1!
2 oS vl TVIee A Byon) f94L 9l
A=A AT 3190t Jeong(2000yS AEFE]~ @9
7 Aptgedidelr gude PPRr) SV
CO, =7} FoEFE Frightar sk, 1y -
AEe] 7T 9494 3718 €O, B E PPFERS ¢
B3} ARbEeRZE AA ¥hon, o= Choi
(1998)2] SA-gellxje} o] APAE FolM= COot Y
o] AJ7loll ¥hg3he AZrt Aolsithz 3t fAlSich

»

off i I

4. 7|HEHA] CO, &5, V|3l X PPF &
ol o2 YHE ¥ HES el

AL CO, T "t & Aolg RYEs)
CO, F% 500 pmol-m2-sQ1 A% E7)3l4 Z}2}
PPF 7= AAF 57l 318 93 xR £
o}t Co, F=7F 1,500 pmol-m?-s'E S7teE A
= 3V)3149] 9} ppre] ko] o] #tkFig
3). 53] CO, % 1,500 pmol-m2-s'¢l A PPF
220 pmol-m?2-s'ollA] AA|Z0] 71 ZA| Zrlst4nt.

Kim(1999)2 Syngonium®| 7| uliofelx] dxjze
PPE7} 2713l wha} tha AR T 371358 34
me} TR 819 em v 37| Sigol= PP

& AAlF F7F ok st 1ey prEY] &

71k 739 ST TS T Izt
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Fig. 3. Effects of CO, (umol-mol™), NAEH (h") and PPF
(umolm?+s") on the fresh weight of Campanula punc-
tata ‘Rubriflora’ plantlets cultured in vitro for 45 days.
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AF25R) 7 AZNGBNGA CO; FE, B35 2 BET) Aol HAE G

e B A7 Aol fAKS FFolirt. Jeong
2000y ZElE): <@ AE20) wjdollN CO, THFHF
I PPF/} S7FESE AAEo] ko, 3713 F
7t o} AT 7t EA dlveE Hs 2 A
AT} FARIAT 37135E 58S e A4S
A g3 afirE B (Kozaid}t Sekimoto, 1988),
F}ohdlo)d (Kozaidt Iwanani, 1988), AW|ElJeong &,
1996Y5 M= Hug v} i},

ABZL WATH FARE FEeE €O, Tk, &
71314 2 PPE/} SVFERE Sk Aot
(Fig. 4). 53] CO, 1,500 pmol-mol", $71314= 2.8h,
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Fig. 4. Effects of CO, (umol-mol "), NAEH (h') and PPF
(umol *m?-s") on the dry weight of Campanula punctata
‘Rubriflora’ plantlets cultured in vitro for 45 days.

Photo. 1. Campanula punctata ‘Rubriflora’ plantlets after
45 days of in vitro culture under environment of various
€O, (umol-mol"), NAEH (h'} and PPF (pmol-m?+s™)
combinations.

PPF 220 pmol-m™-s'ell A . 7k AA Frketdnt.
Jeong(2000)2 ZEFE]S < QMAEF o] TN HjYA]
HNEFE I1FE9 CO, TFA SV S 2
olu] PPFS} CO, 289 &= TS Flairial 3}
Fed ol £ A¥EH AR AR Kim
(1999y2 &8=3te] 71 vl BEEe PPEVL
71 W) 71 oW, pPPRoY wet AEE & A
olg Koz, o] ZHE B85S FofFol
CO, 335 UE3] sh= Ao] EFAY Yol &
AEA AFET | o3t AEE] FUHE Belval
31} Kozai®t Iwanami(1988), ~12]1 Lee} Jeong
(1999)= FAKSH Aag Hargk v} gl

o] Ans FdelH 27, A5, HEATH, o
B, AAF 22]a HEFE CO, F=7F 500 pmol
-mol-1¥ W=} 1,500 pmol-mol'Y W] F-214 A
ZURIeH, AsadtEy 9HAS A9slar PPF
70 umol-m?-s? BT}F PPF 220 pmol-m™?:s'ollx 7]
U G282 SAEAY A7leddulde] Aol %
A=At

q e

RFZZ2E (Campanula punctata “Rubriflora’)e] =z}
7Vl Co, T, 38 9 Aot 2AE
Ao Al vlxle FEkS 2480 1,500 umol -
mol'¢] IFE COLME BEE w955 24, ¢
7} S7HEA oM, A frolAdo] JIAEA] &
ot} HGEAY TS For) B nHtheE e 7
221 70 pmol-m?-s'olx] 71¢ Bol F7I=HACE. |
WAL Frrt 5505 AoAle A Yo,
CO, 1,500 umol-mol”’, 71314 28k!', PPF 220
umol-m?-sofl A 71 & Ael2 ZA Yelsith A
NFI AEFL O, 5, B7|35, PPFL B85
2 Z7MEeh £3] €O, 1,500 pumol-mol, 3713
4 2.8h", PPF 220 pmol-m?-s'olx 714 =A &
P}, $194e] ake Ao R MY B3
Zog AFHFE AAEA W Artded ol
FHALS 2siM= CO, 1,500 umol-mol™!, PPF 220
umol -m2. s8] 20| HsHTt.
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