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Transplants by Applying Bioreactor System
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SUMMARY

This study was carried out to establish bioreactor culture system for large scale
production of chrysanthemum transplants. To do this, we have determined optimal
environments during bioreactor and microponic (micropropagation+hydroponics)
cultures. Then the transplants were finally transferred to hydrponic culture system
to determine growth and flower quality compared with those of conventionally

produced chrysanthemum plants. The results are as follows:

1. Determination of optimal environmental conditions for shoot proliferation

Liquid culture enhanced plantlet growth. Fresh and dry weight, plant height,
number of leaves and chlorophyll contents increased almost double those in solid
culture, indicating that liquid culture was more effective for rapid propagation of
chrysanthemum shoots. In the experiment on nitrogen source in the medium, shoot
fresh and dry weight were greatest at a NH, :NO; ratio of 1:2, while plantlet
growth was completely inhibited in 100% NH;-N.. Plant height, number of
leaves, chlorophyll content were also significantly greater in NH; :NO; ratio of
1:2 than those in other NH, :NO; ratios.

The plantlets grown under the air temperature of 25T showed much better
results in fresh weight, plant height, leaf area, number of leaves and chlorophyll
contents. The plantlets were also grown under different light qualities and the
results showed that plantlet growth was enhanced by bluetred mixture light or
fluorescent light. Net photosynthetic rate also increased by bluetred light and
fluorescent. Red or red+far red light was effective for shoot elongation. On the
other hand, blue and bluetfar red light inhibited plantlet growth and

1

photosynthesis. A PPF of 100umol - m”-s' and 0.lvvm of air volume

significantly increased fresh and dry weight, plant height, and leaf area.



2. Establishment of bioreactor culture

Nodal cuttings of chrysanthemum were grown by three different culture
methods in bioreactors: Ebb and Flood culture, liquid culture, and raft culture.
Plantlet growth was greatest in raft culture, showing highest shoot fresh weight,
plant height, leaf area, and stem diameter. No difference in plantlet growth was
observed between Ebb and Flood culture and liquid culture. Node inoculation
density also affected plantlet growth. In a 10-liter bioreactor, plantlet growth was
highest when 60 nodes were inoculated, while 80-node inoculation resulted in
highest shoot length but the shoots were fragile.

During bioreactor culture, medium supplement after 6 weeks of culture was
highly effective for shoot elongation. In addition, supplement of sugar-free medium
induced higher plantlet growth as compared to supplement of sugar-containing

medium.

3. Growth and acclimatization of chrysanthemum plantlets in the microponic
system

Chrysanthemum shoots produced in bioreactors were cut by single node
cuttings, which were divided into three nodal parts: upper (1st-6th node), middle
(7th-12th node) and lower parts (below 12th node). Growth difference was little
between upper and middle parts of node, while the growth of lower part of nodes
was rather lower. Acclimatization rate (plantlet survival) reached 100% when the
plantlets were grown from upper and middle parts of node. However, lower part
of nodes resulted in around 70% of plant survival.

Experiments were carried to investigated the effect of sand, peatmoss, peatmoss
mixed perlite, peatmoss mixed vermiculite, and DFT system on root formation and
plant growth after transplantation. Little difference in root formation and plant
growth was observed among growth media except sand. On the other hand, plant

growth was affected by growing system. Shoot length, leaf area, shoot and root



fresh weight, and number of leaves was remarkably increased in DFT system due
to higher rate of nutrient absorption compared to substrate culture.

During transplant production, PPF, CO, concentration and EC level were varied
to investigate growth responses of the plants. Results indicated that high PPF level
(100-150 pmol - m™ - s™") was the most important factor for the production of
high quality transplants. Unlike other horticultural plants propagated by nodal
cuttings, chrysanthemum nodal cuttings successfully grew to complete plants under

high EC levels (1.5-2.5 dSm™).

4. Hydroponic cultures wusing chrysanthemum transplants produced in
bioreactors

Chrysanthemum transplants were grown hydroponically with growth regulator
treatments to increase growth and cut flower quality. Plant height and length of
flower stalk increased more when the transplants were produced in bioreactors and
microponic culture system. GAj; treatment significantly incresed fresh and dry
weight, number of leaves and internode length, while ethephon treatment reduced
internode length. Spike length was shortend by ethephon treatment, while spike
dimeter and flower diameter increased by GAs. Ethephon treatment delayed days
to flowering and GAj; shortened days to flowering but no difference was observed
between transplant origins. Higher rate of physiological disorders occurred in the
plants grown from conventional rooted cuttings and treated with ethephon.
Transplants produced in bioreactors induced high quality cut flowers with GAj;
treatment, which increased marketable yield.

In the experiment on secondary flowering in hydroponic culture, GAs treatment
was the key factor in quality improvement. GA; treatment increased plant height,
flower stalk length and stem diameter. In addition, days to flowering were shorted
and occurrence of physiological injury significantly decreased by GAj; treatment.

Amount of cut flowers and marketable yield also increased by GAj; treatment.
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SN At AEAls deo £y gxFo] dasAY, e dHet JH e ol
5 235l th(Blanke®t Belcher, 1989; Donnelly %, 1987; Han %5, 1992; Shim %,
2001b; Short &, 1987). 124 Kozai (1990)+= HiA o €A (HeHS H7bshA] &a

Freh 3] SleE FolAl HH 71Ee] g el vlE Il AEAe] A 9 3
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, 1997). Laforge 5(1991)2 @7]9} ofxule}”
Aol mAE Gl e APA =2 PPF

ol = HHE vlgo] BHEHACHW § 9

Lﬁ

stlvh EE 719 &3 AEEe] A FFela =3 VIte of 25 @53 5
AtkaL skt

71 e B el g AFe 19959 o] F Fuel Ak thgstAl o] Foi A
= Jeong 5(1995) W FE W CO. A&, wWiA W 2o A7, F=(PPF) 3 ¢
el @713l S7kE Sl ZIv g A=Al A R 3

=
A, W HEA ] Bad YA AT ¢ dva Had o
J T =
.

W ouigsA e AMAE Sal AEA A FRE & gL 2
g warh w7], A, Zd, ZEEAls o ddFREs e w olFolxn
(Chang, 2001; Eun, 1998; Park et al, 2000). 13y 5A &S oz 7U34
Al g dukel]l AR AF o] o] Foj A A ot Hmd wid HA xxio] gHE o

UolE RS CIE kol 22 gl god 32 49 A
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3 Fe Ao 3
WA 2gle] J%E BAE FHE F ek g Asg ﬂa%}a CEEIEE)
Ao ool WirHoln Tel@Ae AT ABHE o HABA AYH a2

dto] RBAHIE A4t 5 olvh EmI 4 A wE A dPxAs FFAZ
T ol aEFS wWFA Aol Fbesttk A Ao A, AEwEIE ol &
AT Aol did A2 ATE F3] Biomass®] S7keF ol A} tiAEES] A

Zbo] 7he Al # A th(Pack s, 2001). 22yt ob A 7R A e g a7 T
A= Z7IGAN A tiat R A EA wgel o] AAAd Ao o= Ao gle A
Aolrt. o= 71E9 FAH sAS Sk A7 desta 58] sigd A9 FUHL
A7 wou AEu et 7] FAIZE Bl wiEel Aew AZbEv(Pack 5,
2001).

2o AENES V]S A8 o= 1981 Wy ole] ek FAoA A o=
B uE Qo (Takayama &, 1981) ©o]%& AEWS7|e] HE o&EF EHW, AEAMNE
(Aitken-Christie 5 1995), | A 2Z¥l(Gupta 5, 1993; Preil¢} Beck, 1991; Stuart 5, 1987)
9 Al 2 (Akita®} Ohta, 1998), ] 7 (Akita®} Takayama, 1988), A-*(Takahashi ‘5, 1992)
s AEAS M AT AbEE A, digfREkstel el gS dibeiel = A=
= g Bag v dtk(Son &, 1999; Vasil, 1991). BEWE7E o] & A A Euj <]
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FH MS (Murashige and Skoog, 1962) LA ®jx|o] 557t wjdksle] Al
g FESATh ol& MS 7] wiAoA Bl @ wir S fFEe & 1-1.5cme
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9 oo g Austel 457 1A0R AWNE el FHAY FATAT MIAEE

7b A 3HbE Ao olduist FAIEAS SAS(SAS Institute, Cary,
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AgARe @ de e BAN wAniE gD E7] &40 900mIl
Azt el fel Wy 27 2

Murashige and Skoog (1962) 7] & HjX]Z& A}-&3

Gt} A 8f %ol += Gelrite (Duchefa Biochemie BV)ES 24 g/L A7}, H A u) ek

A& 01 vwme F7E FYeH o™ 200ml 9ol AAHEA Fehry we A

Atk My & 10vtHE JEFsk o At F 3wkEY HAFPTE FAT
=
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FxAe &% 25T, ¥%=(PPF) 50umol - m* - s, FF7E 16A17+S B2 3§19 5
Fb wdatdon wd 2AEAT AGRe AstRe AT, AEF 2 24, 9
952 g dud, 44 2 SR 2ddS 4500 Wy e 3 s
S 7] Y] RYS wYEER Flo] 1287(27x27x4cm) AAEE] z+ AP
g ek wo] ols b ddwitE 30vtdA S 4FF0] AEES FAMSAT
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FREE 3] A" sWAY] dolA FAHSAY. duEd FAHS Ze duA &
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AEARE ok FYsH Mg AAAEY fE¥e ol &ste] 01lvvme ¥
712 Z959 2] A 00ml <ol AAlskdtt. wij#]=

o 2
2 3%7F 7k MS 718 o ARgete] Aan|&o] wWE Hste] ASS I
2 MS 71EujA e F44 = 60mMol 738kl NH,:NO; H&S 0:60, 10:50,
20:40, 30:30, 40:20, 50:10, 60:0mM FFo & Helsodrh NH, o A Fdoze
NHCIS AH&dlom NOs ¢ 24 F9ozE KNOsE AMEstdth w7 9 10vt

U gEstel AT g 3wBe JFow Sah MIFEAL old AW FU
A

0,
2

B2 v 27)9F wF F7]o wiAE 27 samplingdte] 4 & ol F5HES
AAE R o NHy %ol E4& HPLC (Waters 600s controller, waters 626 pump,
waters Co., Milford, USA)el IC-Pak Cation M/D column(3.9x150mm, Waters Co.,
USA)S A#Fste] 0.1mM EDTA (free-acid)E o] 54 o2 ImL - min ¢ F&o=
gZ3to] HEFSATE NO3 9 Fol& #42 IC-Pak HR column (4.6x75mm,
Waters Co., USA)S A28l 1.6mM NaHCOy/1.2mM Na,COsZ 1mL - min ‘2 £%
st A&t pHE 8l 55 o wjx S Sampling 3t pH meter (Triode™™,

Orion, Co.)®= 25+1TC =0l FAsAt A 42 AF2A § Ao vjed

2 A2AEAY dS AFHs 0T Dry ovenolA] 48417 AFx & wjA A= &
Aot BAAEE YA AEA U A dAE AR 1go HSO42 10ml¥ 9
3 B EAA (CuSOsKeSO=1:9)E e v 270TolA 2417 F<F B3 & 2

24333 =A(AA 6701, Shimadzu, Japan)& ©]83}o] #2433
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2D oSS Ag 129 FdEA AAsA e 3 AFo] HHI V)
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A 4. =7 39 A A= I9F

st Qg mAE BEo] 9GS 4] 98 PPFE 50, 100, 200, 300umol - m

csEFEoR ARt MERAL ojHe AN FAdsA FAPL WY 55
T AR AT 2 AEF, 2, 44, U4, 499 A=A TS 2AEA
Frd mE FRAE FEE &7 fete] wigrIE ZId CO, vEE WY 15, 37,

il
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ofo
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55 Ao Gas Chromatography

Ad 5. FHdol I3 FHFAP wA= IF

MAE B 3%E Hhd MS /1% mA WA (Agar 0.8%)F ©ation 500ml
2 g7l WA 70mle EFeklal iR 4viyd HFeke] 3utERow k3l
Uk vl F8-71¢] Plastic 574l 274 lemé +%2 270 $3 Membrane filters %
dto] &7]847F 28h o] HEE gtk wjge 2% 25+2T, W7 1641, s
T 60+10%% 229 AEAGA(Dasol, sH)oAl 557F wjFetga w5k

od

TE  50+5umol cm Y- s'® fAEET. AdTE #Ae zold uwhe
Red(660nm), Blue(450nm)2} Far red(730nm) 3% w3t}o] 2 =(Light-Emitting
Diodes, Good Feelings Ltd., Korea)E 7|2 2% &<, Red(R), Blue(B)] w13 =
Red+Blue(RB, 0.7:1), Red+Far red(RFr, 1:1.1) 2 Blue+Far-red(BFr, 1:1.6)%] &3%%
AYE A dEzTEA FFSFLS FHdo= 3= 6719 AFdTE A3 A
2 Aol o]&® LED @933, LEDItY &3 % I35 34 #x= Fig 1%
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100
—— FL (Fluorescent lamp)

—_
S | ———-R(Red)
S I A N B (Blue)
dé — - —- - RB (Red+Blue)
a 60 — - - — - RFr (Red+Far-red)
8 BFr (Blue+Far-red)
s 40}
2
N
[
S 20
&~

0 p—__ A A

300 500 700 900 1100

Wavelength (nm)

Fig. 1. Spectral distributions of relative energy of the LEDs and fluorescent

lamps used as light sources.

HieF 57 & =3t MR EAY dEF, 2%, d-e], 954 A
£ g 7ledRe AV]E AT wld SR wEIv - 9le] CO, FEE
Z43%tal Fujiwara ©(1987)9] Wil wet A2AEA 9 & FFIEENet
Photosynthetic Rate: NPR)Z &3]

P.=E + V(Cin-Co)Ke/n

Pn : 3344 % (umol CO, plantlet ' h'!)

E: 37]315
Vg &4
Cin, Cou: HHO 7] LH 9’]'4 COZ o—'—

K. Conversion factor
n: WFEE A EA i
CO; &%+ gas chromatography (HP 6890 series, Hewlette Packard Co.,
Wilmington, USA)9l Poraplot Q capillary column(25mx0.53mm, Hewlette Packard
Co., Wilmington, USA)S ##3}o] oven 2% 90T, injector @ TCD detector®] 2
TE 200C% ahal, uF 7h~2 Hed 13ml/mine 52 £EA174 AE3hAt
71Ee wEeH7] Slete] AdREAE ¢ds] HlE SHAle 92 3 mmx3 mm
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9] A7|Z A3t $of Formalin-acetic acid-alcohol &<l 244]7F 3o 1A
o] Et o HHAS FFFE 33 oA AHI t2 0.01% Acridine orange® 1537+
dAastAch FAg ol AL 0.01% Rodamino® thA] 1583F FAe & FHF=E

63] ol A&t} Vv HEE % Z7|E Krypton—argon mixed gas laser(Bio-rad
Microscience Ltd., Hemel Hempstead, Herts, UK)7} %&2t%¥ Confocal microscophic

system(Bio-Rad MRC 1024ES, UK)<S o] &3t ##3

Y. 235 9 3@

A 1. A FHE AA ) gol] @& =3} shootd] AR

&1}

A Ao A% wad Ade ¥ 1, 20 2o A4 4AF 9
o oAulge] AR} 2409 F :
3 Fhstach 239 GUAE oA

Yy
i
ofN

of o] miAAEEe] &= A l’ﬂ]“ﬂokoﬂ upe} kol 7t glom o Aul kol
FE R HEIEEY F5E FIANA A= A T JFE F] WiEew
AZtE v (Takayama &, 1994). Avila 5(1998)% #AF A &A1 2] wAa]Fa o )<
L Ao A wsto Aol Aol FAgE HauEs e, A Sl =33}

AwFel mAMGe 2AL FrE FoIAE gglot AR Aol Lol

ru{n
lo
o
ol
oty
ol
ox
o
L
L
o
9
r

SAPN
EAHoz AH o %}(E]r Paekﬂ} Han(1989)> FHstel o2 g <o nlaf 4
4 FheFo] Yol R XRIAS mol AeA s Aol wra stlon & A
Poll = A g Blaste] AAufgel e lo FREMME] 03]y o wsku
Fos d4% YelUA 3kth(Table 2). o= vl £7] Ul 87] 3l4E 4452
2 AR el &7 W AdEErE tha srobxl oA

(Hahn3} Paek, 2000). & 23 °] Aol H]Fo] =3} Bo| o FA
A wfekel mls) O EHAAS & F AATH
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Table 1. Fresh and dry weight of chrysanthemum

culture as influenced by solid and liquid cultures.

plantlets after 5 weeks of

(mg/plantlet)

Solid culture

Liquid culture

Fresh weight Shoot 843.6 + 21.0°
Root 85.6 + 14.1

Dry weight Shoot 65.8 + 4.1
Root 6.1 £ 0.7

1985.7 £ 225.6
306.2 £ 35.9
1599 + 14.4
255 £ 1.9

Mean + Standatd error.

Table 2. Effect of solid and liquid culture on growth of chrysanthemum

platnlets after 5 weeks of culture.

Solid culture

Liquid culture

Plant height(cm) 48 + 0.1

No. of leaves

112 £ 0.2
(per plantlet)
Chlorophyll content” 40.1 £ 1.4
Leaf arca
204 + 1.
(cmz/plantlet) 0 >
Stem diameter(cm) 0.21 £ 0.002
Water potential(Mpa) -240 £ 0.5
Plantlet survival(%) 100

83 £ 04

134 £ 0.5

499 +£ 1.3

423 £ 4.5

0.25 £ 0.002

-2.84 £ 0.7

100

Mean + Standatd error.

YSPAD value of leaves.
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Solid Liquid Solid Liquid

Fig. 3. Plantlet growth in solid and liquid culture in 6 weeks.

A¥ 2. NHs :NO;s H]&o] Z39 AJo) v(Ee 9F

Aa vEo] mE 3o AAF 2 AETS AR A%s ¥ 3% 2
NHy NO;  Hl&©] 20:4020 Az FelA A5 AAF 2 A&

100% NHy -N A 2ol A= Afo] ¢+x3] ofAl= At NOs H
Ho] Aol Tt om, NHy vl &o] Z7hgel wel A8 gL oA = A h(Fig. 5).
o]= NH,:NO3 H]&o] W& % A 9 Aio] o] go] Friuo] Aol HIHI
d Aoz AzZtEth(Hidder 5 1994; Avila 5, 1998; Hahn %, 2000). ti&#& A&
S GFRAGT el Axol gESH A& F4E  dE AaYHE Ay Aa
(NOs )¢t gduwe ZaNH)Z A& T3 ddaid we F5 5 & el
= A9 2o (Williams, 1995). 181tk NHy -N¢| H] o] *

o
o
Hi
o
¥
J
N,

i
Ry
X
gy R
rlo
oM.
o
=z

AU the ol F4E Walste] AurAel ABA AFS AGE Ao &
94 olth NH/NOy Hl&ol m2 24, 44 2 954 ¢32 wus 29, 1 )
&o] 1050, 20:4091 ATAM 2F3 457k FABOM Ar FHS 0:60%

50:10, 2]l 60:05 A1 yw A Aejgtel= fFo Akt YAl Sk tH(Table 4.)
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Table 3. Effects of NH, :NO; ratio in the medium on fresh and dry weight

of chrysanthemum platnlets after 5 weeks of culture.

(mg/plantlet)

NH, :NO; Fresh weight Dry weight
ratio(mM) Shoot Root Shoot Root

0:60 10275 d 189.9 b 89.2 be 145 ab

10:50 1938.2 b 1452 b 1549 b 114 b

20:40" 2822.8 a 2529 ab 201.1 a 185 ab
30:30 1564.2 bed 159.6 b 1129 ¢ 116 b

40:20 1652.5 be 223.2 ab 119.5 be 15.7 ab
50:10 1117.8 cd 3045 a 905 ¢ 20.1 a

60:0 1171 e 0.0c 112 d 0.0 ¢

"Mean separation within columns by Duncan’ s multiple range test, p=<0.05.
YCont. MS basal medium.

Table 4. Effects of NH, :NO; ratio on plant height, number of leaves and

chlorophyll content of chrysanthemum plantlets after 5 weeks of culture.

NH,":NO3 plant height No. leaves Chlorophyll
ratio(mM) (cm) (per platntlet) content”
0:60 6.7 ¢ 122 ¢ 294 b
10:50 9.6 a 170 a 43.1 a
20:40% 10.1 a 176 a 43.1 a
30;30 81b 140 b 410 a
40:20 54 d 124 ¢ 40.7 a
50510 2.8 e 8.0 d 29.6 b

60:0 0f 0e 0c

“SPAD value of leaves.
"Mean separation within columns by Duncan’ s multiple range test, p<0.05.
*Cont. MS basal medium.
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S R A (Fonseka 5, 1997; Park &, 1998). Hl % —? 1= A
Aol A o] F71&E TS 2AG 23} NOz vl & %S v ¢ W K, Ca, M
ko] Hla A wol HAAbE AAvh A& A U #el olfdues AS &
UANTHTable 5). v F 5 vix o] pHE A A= 3F 5ok 2=, w7zt
&kl pHOl Wshi= NOs ¢ NHy o 3% F5%<] Wslel ojof mhE ywA] o]

EF4 Eid w&< Ao ®uE JrHEymar 5, 2000; Williams 5, 1990).

40
a NH,*
35 mNO ;-

30
25
20
15 b ¢

10

Nitrogen content (meq/L)

0:60 10:50 20:40 30:30 40:20 50:10 60:0
Treatment

Fig. 4. Consumption of NH," and NO; after 7 weeks of culture.
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Table 5. Mineral contents in leaves of chrysanthemum plantlets as affected by
NH,;":NO; ratio in the medium.

NH,:NO;y Mineral content(%)

ratio(mM) PH N K Ca Mg
0:60 7.44 1.63 ¢’ 9.85 a 1.27 ¢ 0.23 a
10:50 4.68 149 d 8.11 b 027 f 021 ¢
20:40" 3.68 141 d 791 ¢ 3.00 a 022 b
30;30 3.63 259 b 7.64 d 0.67 e 021 d
40:20 3.51 2.69 b 491 ¢ 287 b 0.18 f
50;10 3.56 2.96 a 3.10 f 097 d 0.20 e
60:0 4.33 0e 0g 0g 0g

“Mean separation within columns by Duncan’ s multiple range test, p<0.05.
YCont. MS basal medium.
*culture period: 7weeks.

) O E o o e

Fig. 5. Growth of Chrysanthemum plantlets as influenced by
NH,":NO;" ratio.
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HEAY A4R AAF, 2Y, 999, 45, 952 I 2F B5CAN Y =
A vehga 58 2ge 43 15T e 4l ke E71408S RYrHTable
6). s AeH AmA 20T 4%

Aeolut AFTAY oL vhe] Az w

(Schwarz, 1995). ¥Htd oz 7|u wgA &
& aelste]l 256TCZ FAst ler Hahn 5(1998)%= ol <
£ B3t Jacobson §(1998) &%=7F =gkl F7] B Az o]

Ae adFe sty 53] Fopk 2xo x| o A& Aol ate]E Hastl

th =3, Nguyen 5(1998)% &% 2d7 284S o2 43 2o $¥RE A

A g 2e] Fag Zlwo]l H F vk sdvh weA F7]20%e] wE

KN

L W ofygt Foptt 2=xHDIF)el ek A

=

Table 6. Effects of air temperature on growth of Chrysanthemum plantlets.

Air Fresh Plant
) ) Leaf area  No. of leaves Chlorophyll

temperature weight height 5 .

. (cm’/plantet)  (per plantlet) content

(C) (g/plantlet)  (cm)

15 1.0 b’ 2.7 ¢ 148 d 12.0 ¢ 348 b

20 1.5 a 6.1 b 3550 133 b 353 b

25 2.0 a 9.5 a 42.7 a 153 a 442 a

30 13D 590 214 ¢ 13.7 b 39.0 b

“SPAD value of leaves.
YMean separation within columns by Duncan’ s multiple range test, p<0.05.
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Fig. 6. Growth of chrysanthemum plantlets as influenced by air temperatures.

i,
i)
=~
ot
b

7 ko) Akl nAE FF

B 27AL 50, 100, 200, 300umol - m - s 'FEoR AedS @ 100umol -
m?es oA AR AAF DL ABFe] M =YTHFig. 7). 2% 2 4

100umol - m % - s 'l A M =A Yehga 53 24 PPF 200umol - m - s ‘7
PPF 300umol - m >« s 'ell "8l 2u] o|4 =LA F7FslAth(Table 7). @5l ¢
B oA fel A7k gligler A4 2 @s4s FEe 300umol-m s 'FE

=1
P Edey 2L FobAwA AR FEjel AEA AE BAvH(Fig. 9).
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Fig. 7. Effects of PPF on fresh and dry weight of chrysanthemum

plantlets after Sweeks of culture. Vertical bars represent mean + SE.

Table 7. Effect of PPF on growth of chrysanthemum plantlets after Sweeks of

culture.
(unf:ole. . lil;agl;;[t dii;i:tler ];re:; No. leaves Chlorophzyll
2. s'l) (cm) (sz) (per plantlet) content
50 8.4 b 0.17 d 212 ¢ 13.0 a 395 ¢
100 11.0 a 0.25 ¢ 395 a 14.0 a 38.6 ¢
200 50 ¢ 029 b 278 b 13.8 a 433 b
300 3.7d 032 a 25.7 be 142 a 53.0 a

“SPAD value of leaves.
"Mean separation within columns by Duncan’ s multiple range test, p<0.05.
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Fig. 8. Changes in CO; concentration in the culture vessel during

the culture period.
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FPF: ool =g

Fig. 9. Growth of Chrysanthemum plantlets as influenced by PPF levels.

A3 5 FHEol I3 FHFA A= IF

AYNA 3B5LA 3 vl RAEA Y A FBe L AAF YNBSS B9
A RBFol A 7Hd S7hstda A3 A4S &3 AR BErroll Al A A
=, AET, 9 9 fdE5L FFel /M Gdth(Table 8). ¥35 3 RBoA A4 =

< e ddyel mal 2o o) Skt Bl A7l RS B
9 H gy Aol E A REritels folA7F ¢l9lth. Tanaka %5
(1998)%= Cymbidium 7| wjFAl A Aolr} FAle] GaddS ZAGRS o B 24

o
B AL T AR Aol AEA] AT 2 AETo TG dEe
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PR T T AQT Al FAAAE AAHA Fehal st & A9 A
ob dAEgh A5 A FFE BEr7E AT e A TelA of we el
T Holx @tk A5A FEel A= dde] avE Hw AARE 3049
alel QA g Edds A dAEa g A A Egstd £3
He d4e #2338 5 Ut McMahon 3 Kelly (1999)= 24 REARAIZ7] 5L
A& Fshs CuSOs BH stoll A A& =73ke] 454 Aol o &R 24
o) mle] G52 FFo] wria Buspglont ¥ dddAs o Ao g
B ARl oA gl AR yEEth AEAl Al = 3 9%
& HEAY F5, #4230 Sl w22 9] FelM g2 vehg 3

2 A77t BaAEo oF & Ao

Table 8. Effects of light quality on growth of chrysanthemum plantlets.

) ) Fresh weight  Dry weight Leaf area Chlorophyll

Light quality = 2 Z
(mg - plantlet™) (cm”/plantlet) content

FL 713.0 a’ 579 a 13.1 a 37.4 ab

(Fluorescent lamp)

R (Red) 446.2 be 39.7 b 94 b 347 b

B (Blue) 361.1 ¢ 28.4 cd 8.0 Db 38.1 ab

RB (Red+Blue) 750.3 a 61.2 a 20.1 a 399 a

RFr (Red+Far red) 498.7 b 35.8 be 10.1 b 36.1 b

BFr (Bluet+Far red) 2547 d 227 d 4.0 ¢ 312 ¢

“SPAD value of leaves.

YMean separation within columns by Duncan’ s multiple range test, p<0.05.
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o3} SR EA Y 3845 = (Net Photosynthetic rate, NPR)+= 2 A 343} %
AFE = A RBTolA A E veblilew BFroll Hs] 137 715 vk
(Fig 10). =3, R7 ¢ RFr, B¢ BFr3toll A= A4 frolz7h Q4= A
U Ao AE 9o FFFE AN FAo AN =2 Aom delA
A=, o] el FE 24 AP RBolA AEAe] A aaz
= HAA =3 AEF, QWA B2 SRFAEEET AASA S A
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TH(Taiz ¢ Zeiger, 1991). Goins 5(1997)2 A Ao A4S H3s Dan) 2
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WMl o g A £33 AdE T AetsttE B3 (Tennessen 5,
1994) ¢b= whojs = Aadah 22y AAge] adbs ol we debd 5 3l

&, Tennessen %5(1994)2 Z (Kudzu) 41 Eol #%=7} 175umol - m -+ s ' ¢ 24
AR A3, Ggsol A ARk ARG Fedel SUFd A Balsgith e

E 175mmol - m 7 - s oo R w9 AL o8d AR stelA FiH
7b obdttar ekl webs F=el wel NPRell A= A 51 A0 3
7 @Ebive As & g e wiku A W Feo] Hob il wel & e
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Fig. 10. Effect of light quality on net photosynthetic rate of chrysanthemum

plantlets after 35 days in culture. Vertical bars represent mean + SE.

Al 233 Ao |(AEA 7IFERE A RA, 7 AAet ARA vy de])
= R ¢ RFr7-ollA ZojAl= A3dS vetdltk(Fig. 11). A =419 242 BFr-olA
7V #domw I tggoz 27 FL79 RB7lA &9k, R79 RFrolAl #
A= AgolAdth Te, RTPS RFr+9 %742 BFrtol ula] <F 3u) o] F7ist 4
2 Kol 7] A iyt dAg AS & 5 vk AN gdF A A4
WAl 23 A o AEAY F7|Ae] FXEE AoR Hop HA

A5l AR gl 4dg &3t 2AHEF Loy 3 s =7 7l wgE Y
el 5 Akl ddolA AEAS =7144S AAANTIAY S ¢ e T
o= olgd $ gttu AZAHATG(John &, 1993). A, AA MGy A Mg Hl &
(FR'R)& =#3lo] 3% (Decoteau &, 1990) o]tk %ﬁr(Oyaert , 1999) v Fa =
Ao 284S 24T F A=, FRRYI &0 ws wui &S w7t 50%0]d =%

o] Zol7} ZUkstvtar skt Kasperbauer 9F Hunt(1992)% #3331 2 M 3g-o] HJ
o g 53l AEA e d$S ZANGE Z¥ FRRYU| & =5 w 7171 2
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BoFA weEs xR wgol mobAx el wde] Aswtin wusy
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Fig. 12. Leaf stomata of chrysanthemum plantlets cultured under
different light qualities for 35 days. Laser scanning confocal imaging
system was used for observation of stomata (FL: Fluorescent light,
RB: Red and Blue LED, R: Red LED, B: Blue LED).
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Table 9. Effect of light quality on number and size of leaf stomata in

chrysanthemum plantlets.

Light No. stomata Size(um)

quality per mm’ Diameter” Length
FL
(Fluorescent lamp) 76.9 d” 30.1 b 38.4 bc
R (Red) 873 b 297 b 374 ¢
B (Blue) 81.9 ¢ 30.1 b 39.9 b
RB (Red+Blue) 56.4 ¢ 329 a 447 a
RFr (Red+Far red) 80.6 cd 28.8 ¢ 37.1 ¢
BFr (Bluet+Far red) 98.7 a 243 d 31.7 d

“Including guard cell.
"Mean separation within columns by Duncan’ s multiple range test, p<0.05.
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Fig. 13. Growth of chrysanthemum plantlets under different light qualities.

47



P A
g Ass 7l &4 ddoMet Al Abgskala wiA =
712 AAAE ARSI HlGERNS 2% 25T, FX 100pmol -
= ot 4 AF2 3nkE Asiden oo

N

ld

g 3%E Ate

O

2 A
m°-s ©

stlom FFrE 16A17HS
AEA S SAS(SAS Institute, Cary, NC) program

o os AelsAY BEEE
QA ALg e e

€3lo] Duncan® tEAA

o
o

OHHHUZ

AQ
ot o
=
rlr
&)
@
—_
~
fo
N
ui

Modified cone type

Balloon type Column type

Fig. 14. Different types of bioreactor used in the experiment.
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3l TJr 0.1vvmoll Al A3 A

o
T A
= 9 G574 =9g9o ) 0.05vvmP 0.3vvmT FoAE gtk =4S 0.1vvmeol
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A M =okoew 05vvmolAE ASo] AAF] AU THTable 11). 37 F 2o
BETE Y & aAFE H3]

Table 10. Effects of air volume on growth of chrysanthemum plantlets

after 7weeks of culture.

Alr Fresh weight Plant height No. leaves  Leaf area  Chlorophyll
volume ) M
(vvm) (mg/plantlet) (cm) (per plantlet) (cm”) content

0 661.0 + 83.8° 7.3 £ 03 134 £ 02 149 £ 0.8 279 + 0.6
0.05 1180.6 = 80.1 8.8 + 0.3 132 £ 02 313 +£06 429 £ 0.5
0.1 13083 = 79.7 104 £ 0.2 13.6 £ 0.2 259 £ 09 387 £ 0.7
0.3 852.3 + 69.1 84 + 04 11.8 £ 04 209 £ 0.7 41.7 £ 0.6
0.5 218.1 £ 379 39 + 04 7.8 £ 04 = -

“SPAD value of leaves.
YMean + standard error.
*Not determined.
*Working volume: 900ml
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Table 11. Effects of air volume on growth of chrysanthemum plantlets
in the bioreactor.

Air volume Fresh weight Plant height No. leaves
(vvm) (g/plantlet) (cm) (per plantlet)
0.05 2.23 a’ 10.19 be 15.86 ab
0.1 2.54 a 13.83 a 16.29 a
0.3 235 a 11.26 b 15.28 ab
0.5 1.69 b 9.70 ¢ 1443 b

“Mean separation within columns by Duncan’ s multiple range test, p<0.05.

Fig. 15. Growth of chrysanthemum plantlets as influenced by
the amount of air volume.
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e
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Ao E o 7P =kem 2L 80vtd HE Al 7 AdtH(Table 12). 5, =

&

=
1 wE 94t 490v we AnA wgse] 4B F/17 su A3k

Xo]'o] \LEERER S
e & T AU

125 WfF7IZbste] A B2 200y HEA 7P gt AeA e w3
of W7l wTol ZA7F wAE gEo] =okd Aor AAHJHY EAE XS

]
& 9w v HE A P Bdou S8 dA7IzE el ZluelA dA4=
vt 2 yepg 7] el (Pierik 5, 1988) AEREE7] @ /b ©@e widE 3R
F ARE 60vtt] A FrE b &9A HE dxER A EATHFig. 16). Kozai
(1989) &= 7=t 71111 WAl vk e AEA dxe we Ao AA JFS
e sdon AE Wwrh S e FU1E vE, COp v E, SFFEEE
= fAadrha 6‘}924. F3, #7359 PPF o] 2 oA Zd Ak A

7V FrtEg o g A #AagtE BRiE 9oj(Niu %, 1997)

PN

ojt
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Table 12. Effects of inoculation density on growth of Chrysanthemum

plantlets in a bioreactor after 12weeks of culture.

No.
Inoculation Fresh Plant height Stem . No. leaves
.z . ) branching
density weight (g) (cm) diameter(cm)
(per plantlet)

20 7.84+1.17  23.442.3 0.25+0.05 8.33+1.5 59.2+6.8
40 9.67+1.7 26.7+1.5 0.24+0.11 6.61+0.8 63.8+5.2
60 9.54+2.1 26.9+2.4 0.22+0.09 6.58+1.0 62.7+6.4
80 8.44+0.9 28.3+2.0 0.22+0.07 4.52+0.9 54.1+4.1

“Number of inoculation nodes per bioreactor.
YMean =+ standard error.

Fig. 16. Growth of chrysanthemum plantlets in bioreactors as

influenced by inoculation density.
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AY 3. wFLYol wE I3 B5

AT 24 Raft wigd2eA 7HE =%om 5= Ebb & Flood Wi
oA 7Hd Bkort Raft vl FgA 3o Fojxk= I tH(Table 13). 474 9 <
Raft w2 7Hd 2om 54 s S48 29, 2E A1t
7F Wb ek kT vk Alel wet A=A 7F wi Ao HAHE AE7F 27
of FEXdlEs FAsIA = Raft WjFd2olA 71 wokd 3o R Hol
BE7E 7MY FERSS AAE 7 AATHTable 14). Mg 7170d AE0-87
FEE =A% A, Raft Wik Walo] 1 v=7F /M wta L1qu1d ulj ok Hl2]

2 v Fo] Raft vl oz e AEAe F3A

28k 4= 9l AtH(Fig. 17). Ebb & flood ® 92l ol A= vl =
wet wjgrl W CO: =7t @sked A7 FaEe Atgels 1 sk
] [ ’\]ﬁ‘iﬁoﬂ% 1500ppm ©| Ao & =7 eyttt

o2
%

i)
o B
o

ME 2L rlo 1

Ko,
o N =2
o

5
&

_]>~
=2,
2

ol I

H

2
o
=
i

%2l A el immersion (liquid) ¥l 2ol A Aol 7H4
FATE AEAD AA AR Asky] wie] 224 frefskel Aha e
Ao gl Woljzl Aow AZhErt Ebb & Flood Wi 2]
Aol mate] 1 Aol wkgki=dl o] Ebb & Flood HlHha]o] wlokr]7t
7b FHEE 7130 raft miFAlel wiste] gr] wjEel i FF7F A
AZhEth Akita 5(1998)2 2t AENEE 7] wigel A Ebb &
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Table 13. Effects of culture method on fresh weight, plant height, and
number of leaves of chrysanthemum plantlets grown in a bioreactor for
10 weeks.

Culture fresh weight Plant height No. leaves

method (g/plantlet) (cm) (per plantlet)
Ebb & flood 1.73 v 12.8 b 17.5 a
Liquid 1.54 b 119 b 150 b
Raft 2.63 a 158 a 17.0 a

*Mean separation within columns by Duncan’ s multiple range test, p<0.05.

Table 14. Effects of culture method on stem diameter, leaf area, chlorophyll
content and water potential of chrysanthemum plantlets grown in a bioreactor

for 10 weeks.

Culture Stem diameter Leaf area Chlorophyll ~ Water potential
method (cm) (cmz/plantlet) content” (Mpa)
Ebb & flood 0.19 b’ 369 b 439 a -3.76 b
Liquid 0.19 b 355D 415 a -3.29 ab
Raft 0.22 a 453 a 422 a 291 a

“SPAD value of leaves.
"Mean separation within columns by Duncan’ s multiple range test, p<0.05.
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1600 ==O=="Ebb and flood culture
g 1400 T —O— Liquid culture
E 1200 T == Raft culture
£ g 1000 |
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© 200 [
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Weeks after culture

Fig. 17. Changes in CO; concentration in a bioreactor during culture

period as affected by culture method.

Fig. 18. Chrysanthemum plantlets grown with different culture methods.
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I0L Column el A=wt-&7lolAM wis & A3, 657F A AeholA
FEYLl S AAG ol vEd o ol Aol AEE shA Y. oA

[}
e R RH9 A0 gzsel WY /¢ F WAE FISHAEY o I

e e B3 @ 5 AthFig 19). Fel H7bE wASh BrEA e wAE 6
%ﬂﬂﬂl 27t FEHAEL W FY A AATAA AAF zx& 2 Gt wE 27}
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AEA7E 71 el A X}a Wl o3 x9S wixe] E£3tE Sucroseo] &E35}H7]
Hizoll 719 =3hA] AES o] vropxittar stk whebA wjAl o G wjErRl e
Rl COp A8 B BEE =9 Aol =3t AEA Aol Fohthal B sttt
L Zlol= wiAl Wl B ¥ol A AN 5 W F7l 2
= S FEFoEM 79 &3] AEA AES

Table 15. Effects of medium supplement on fresh weight, plant height and

number of leaves of chrysanthemum plantlets after 12weeks of culture.

Fresh weight Plant height No. leaves

Treatment
(g/plantlet) (cm) (per plantlet)
No supplement 1.98 + 0.13" 12.24 + 041 14.8 + 0.37
Medium supplement ) 3, 56 2120 £ 059 214 = 0.68

(Sugar-containing)

Medium supplement

3.08 £ 0.27 21.23 + 0.74 22.5 + 0.55
(Sugar-free)

Mean + standard error.
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Fig. 19. Growth of chrysanthemum plantlets in bioreactors as affected by
medium supplement method during culture period.

A: Cont. (No supplement)-8 weeks of culture.

B: Medium supplement (Sugar containing)-8 weeks of culture.

C: Medium supplement (Sugar free)-8 weeks of culture.

B-1, C-1: After 12 weeks culture.
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Hj k7] 7ke] e A W G E WIS B sucrose FEE WY 7|0 F24 73]
Faste] Y 20¢ Folle s AREo ZAYEAY FFIAAE FIHES 2
AR ofel wat viF 409 A A E H7Eel FA=H sucrose F7Fel A= A
10¥ %9 sucrose =7} 543 748 tHFig. 20).

jus)

3 Medium supplement —<O— Sucrose
2.5 (Sugar containing) —B— Fractose
2

—&— Glucose

Medium supplement
(Sugar free)

Sugar content (%)
(]
<

L 1 L L A

0 e —s
0 10 20 30 40 50 o60 70 80 90

Culture period

Fig. 20. Changes in sugar contents during the culture period.

(—: Supplement of the medium)

Ea
T?}(Fig. 21, 22). *%iﬂ AGA NHy 9F NOy o F&2 A& wheh =2k 71
A g e ol dFS v Rt Williams &, 1995). 71 wi%ke] A, A& Fa
2 o A v Frled 24eA Aok Al et g2y Tl ef g
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Fig. 21. Changes in anion contents during the culture period.

(—: Supplement of the medium)
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Medium supplement —0— Na* —8—NH*

25 | (Sugar containing) A K* % Mg;+
20 1

~
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-2 25 (Sugar free)

~
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©
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Culture period

Fig. 22. Changes in cation contents during the culture period.

(—: Supplement of the medium)

Lo

T3 uAE HAres w AEA] FFATE 9 sFEete AT wstE 9]
9t AENEE7] W CO; &9 W = 5 =
700-800ppm °olom SQH7|E wmpH WA HAs 1 FE7F SUMEE 4 & AdH
(Fig. 23). 3 wiAE #H7tdES of A=A F3Fdsd 4 8t5%

E 27] 93t AENST] W CO, x99 W3 AxE 43}
%7 700-800ppm ©]low 7= npHA WA S48 1 FEv}
ATHFig. 23).
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Fig. 23. Diurnal changes in CO; concentration in a bioreactor.

(Supplement of sugar free medium)

3. B3] At B 7o % A%

il

AETE7le A FYdE =3k single node cutting  o]&3fe] IFAe
transplant® J4tet7] A= w8t AL ddstste] watel] A= AR B4

A710E dEsks Aol Foluyg Fasit ol fdl & ATl Al Al

[ela |
HE gkl w3tet B AFE A6 ABAT = AR B A Ty e st
o3 ek WAe] wWE B ALS wwetgal o]F widd A e AFS Wty
.
7h A gu

A 1. 719 A4EA] nodal positione] W& =3 B AF

AERkg 7oA e =3k 2718 dvle] d& 7 Sdvigz ddste] 79

Atk AbERelel whE =3ke] 7)o ASAEE LA AGEFAHA)EFEH 63

62



A PAAE FrE Aosgon, AR 60 A TR, SRR

6HA wiH7ZHAE sh-2 grEetel AP F 100mHH A 1285(2.7%2.7x4cm)  Plug

trayel AESAT MFFERE RS AEFAOM AR 1FRE o] FA B
oA S 409 F AGRsh Ao AT % ARFES 2N 23, 4
F, ool W AES & AT

42 AR L 2tEAe % BUs HBEER Hds MERS 9§, WER
29} Helo]E Q] 50:50 &8, YER e Hu|EglolE9 50:50 83t AT 50
A AFESHATh AFE 409 F ARY, A AAF, 23 % 45 RdLlE

zAbah g,

49 3. 25 FAo] FHEY AP HAE T
ARSIl A W wahe] AERE 100904 B, JER - B, HERA
o Hetol= £§, JER s HuBGolE Eguld 4% F Rl T B

il vz 1y wix A= 35k wdas S 1FRE o

t}. DFT(Deep Flow Technique) Bl %ol AXEZ AEAES AFEEAI wF 7]
T BVE FEstnh vlddle] 2L AR oo|XEH AP HpAoz 3
Adomn ECe pHE ZH7F 20, 6022 243}

A% 2 ABFE 2ARoN 239Uy 2

AY 4. wWjFAe) ECY F=(PPF)7F B AAd v X= 93

e 3o B Aol 7} E4d DFT A ~ES o]83l] microponic culture
system & H3IAHFig. & YA el EC PPF7F B9 AA o v A= J3gS 7935}
7] 918l PPFS 50, 100, 250 pmol - m * - s '& @e|sta ztzhe] PPF levelol A wj <k
el ECE 08, 1.6, 30 dS-m 'Z thA] whre] A9 Ak Mg 55 F He

A& 4
A1 AEA FF parameter® 73

AAw, AEF, 2%, 2, BIAAS SH3A 4
o AEAY FAEL L2 FUE 94 F3=AH7] PAM chlorophyll fluorometer

(PAM-2000, Heinz Walz GmbH, Effeltrich, Germany)®l Leaf-Clip Holder (2030-B,

63



Walz)¢} o8 F=HZ 213 DA-2000 (Walz)S A Zste] =5} sidy, A

T 1570 2083 o HSAI
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SRS
(minimal fluorescence, Fo)& & 372 % (250umol -m - s ) FA3FE ZASIY
o, o]o] PSTUHH-SAIE 7 @3 Aele 33 (maximal fluorescence, Fm)< &
Aeoll A 3psecE et 2400umol - m % - s 'e] whit# o2 X338 (saturated pulse)E
Fol 43U PSOwESAES Ho $A8E Fv/Fm  (maximal PSIT
photochemical efficiency) Fv=Fm-Fo¢ <oz =33 +=d, Van Kooten¥}

Snel(1990)9] ol wet 33 3e

Ad3¥ 5. PPF&} CO; A7t =3u e AR wA= 9%

1 PPFe} CO20 A& &elste]
E S THeta 7 o8]l 7He] AHAAE FAFsHaL
S AT gHE A A 3 AAHE olde] AFAA TP B A
FRH FEow FA&Y. HYFEE PPFE 50 pmol - m ° - s '3 150 1
mol-m?’-s'2 @8 ¥ F CO, ¥EE 350 mmol (contro)® 1000 mmol '=
7t7F 27 HEste] 577 Wi T B AT, AEF, 23, 24, 45, 454

7}
g, 434, chlorophyll fluorescence 55 FAMeFth.

Ay 6. AeA T I Z3}EY rosettedt WA

ZIWell A Aake BE vt2 dstAjulel] ol &ste= A5, AH(E, 7)), FE (AL
Hd)el e rosette TS WAET] A FHH slx FFS R AL A
WHEIW R 7193 ﬂﬂlﬂﬂ% Zhz} gelste] AdS AAlEATh

5C2 MR 4097 AT Axe wHoezE 7|yuledkre] F 2] (Control),
ZINES] AeAE (g R AA), AEA] A2H e, A (shoot) o] A&
AW WgE o3t RS SHAA 19 A & A5 AHAS A A AF) o
2 o] 65x24x25cm flower boxoll ZF 200574 A2 3 F Ad7|7F Fob vk
ANe 1Y 58A 43 FFstATh A2 42293 6/174 ]
A dAS AAde] EFo] JAF A Ml § 30, 60d Foll A& AL

g A,

2
By
o
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o
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A¥ 7. A E v+87)9 Microponic culture system& o] &3 Aid B9 7|&
TP g HH e v

2y g ul ¥ A ERES 7]

Hj) A MS Solid medium MS liquid medium
(Sucrose 3%) (Sucrose 3%)

vl <F 7] 500ml 4+7; Zei~= 5L Ballon type bioreactor

qEF 107}t 1007}t

= % AuH(F)

713t 60

& 3} Microponic system(Z&to]E EC1.58] <)

. A4

Ag 1. 719 A=A nodal position®] W& =3 B AF

-z
e

of AT, A=Te Aol HEuA @sken 23 A ARk FHA

R =9ktH(Table 16) (Fig. 24) (Fig.25). ¢4, ¥e]dol g 543 Axe aFeA
b Ao AR, S, sHEeke] Aol uAl gtk sk R des A 9 A
&0 #Facte AFS Blow FHo AEES 100%<1H whske] shi= 5095t
of H|A ekskth 71l A = olv] HE3 g siddddol ol Lol o]
Ao 2 Az FAo] =Y AoR AZEHIHH(Tomas, 1998). AHE Alddl= 949
A AT AAT, s TR vde A addEe] 719 wtel d%s F
o, &9 AEAl 27)dE AR B £V =goy AR 7Y Fele Ee
Fo] 7P =% 7 Fo HEES AxPrkE Bavh dvk(Tomas, 2000). 7L 9ol =
Aol fdulAo] Ao A or Ax AL wau O e ofst & d&
7E A e Aol wEL Az WAL AAEHY g AGS gvha sk

oo =3k dA 71 S AENET] WA Aol AGS st wiiel 719 AEAl
S} o] Abspoll utet 7]ofoA o] A

7] Aol Aele MR BEehel
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Table 16. Effects of part of nodal cuttings on growth of Chrysanthemum
plantlets.

Part of nodal Plant height No. of leaves Root length  Survival rate

cuttings” (cm) (per plantlet) (cm) (%)
Upper 7.4 a 11.0 ab 4.1 a 100
Middle 7.1 a 114 a 4.6 a 86.7
Lower 55D 9.6 b 51 a 50

“Upper: 6 nodes from the shoot tip.

Middle: 6 nodes from the upper part.

Lower: 6 nodes from the middle part.

YMean separation within columns by Duncan’ s multiple range test, p<0.05.

900 7 90
a a DShOOt
~~
hd 800 ] q E Root 80 o
%’ 700 — 70 %
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g 500 b 50 %‘J
- ~—
fbj) 400 40 :ban
£ 300 0 3
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2 200 20 2
= a a a
= 100 % % b 0 =
: : 0

Upper Middle Lower Upper Middle Lower
Treatment

Fig. 24. Fresh and dry weight of chrysanthemum transplants as influenced by

part of nodal cuttings.
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Fig. 25. Growth of Chrysanthemum transplants as influenced by nodal position.
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1=} E'_

S WweEna g HefolE) I ER A HulEgtolE R e %ﬁ’ﬂ;gi o]
¥ 8E« 44 284, 3d4 EAS /MR B3] wiA 9 FV], FEE
2 oufR] 7gES AEA] A4 284S ZASIE T8¢ Aot (Lemaire, 1995:

Hartmann &, 1997). & 5(1998) <t

of Mty Ao m A= Gl dete] Al AR e HepolE 9 Heg

oJESt MER X FEujAoA whte] Ftou wmEgio]lE MERA Aol E9L

HulggtolE Eguj Ao e et 784S AAstdnta sirh. 2 A3 oA

JERZS FejolE 8A g 7F o] Fok=d

7170l =i A 71N RO Abao] Fike] o =

(2000) WG E+HetolEot WG E+FEH] TFFENA =3t S B WLEHET}
A 2

A wgn mad, wedd L REs YU Avho|ErmFE R

e
N

Fradvin Stk Tet NGE FR @2 A% B AR Aol WFES
e, S84 S0 hE ¥ FF Wl w2 93 0] MEe] WA
44 ¥ BT P g0l WA aFErk

Table 17. Effect of growing medium on growth of chrysanthemum transplants.

Fresh weight

Growing Plant height No. leaves Root length
. (mg/plantlet) anl

medium Shoot Root (cm) (per plantlet) (cm)
Sand 855.5 b* 90.7 a 74 b 11.0 a 40 b
Peatmoss 1147.8 a 1052 a 6.8 ¢ 11.8 a 73 a
Peatmoss 11948 a 1054 a 8.7 a 11.6 a 5.6 ab
+Perlite
P
Camoss 4199 b 1098 a 6.4 ¢ 9.8 b 7.6 a
+Vermiculite

“Mean separation within columns by Duncan‘s multiple range test, p<0.05.
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Feratmass-Vermiculhe

Fig. 26. Growth of chrysanthemum transplants as

influenced by growing medium.

qEA A
253 ERT. 2] AZE PP, PV AT
F7he 58 wAel we) 26 olabelgla 7]

Toll A% Eokth DFTOlA 9] ¢
AAF

Fo =3 WA v ds o 38 oo FUFE E S tHTable 18). |75
D AEZFTS DFT %o A] o2& ATt vl < 3u) o] e A 75 BAo
o X AAE @ AESE =3 108 o4y =S Btk (Fig. 27).
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Table 18. Effect of culture methods on growth of chrysanthemum transplants.

Shoot  Leaf No. Fresh weight Dry weight
Culture
method length  area leaves (mg/plantlet) (mg/plantlet)
ctho (cm) (sz) (per plantlet)  Shoot Root Shoot  Root
Sand (Cont) 5.0 ¢ 19.2 ¢ 96 b 4577 ¢ 410b 348b 36bDb
DFT 92 a 689 a 134 a 2800.3 a 357.1 a 255.0 a 3105 a
Peatmoss 72b 3250 96 b 8773 b 339b 585b 250D
Peatmoss 88 a 329 b 104 b 8933 b 397b 552b 25b
+Perlite
Peatmoss ¢ ¢ 0 320b 104 b 8997 b 329b 527b 26b
+Vermiculite

“Mean separation within columns by Duncan’ s multiple range test, p=<0.05.

Azde Ao Asel gk et FhAuE RS AT ANIUE A5
o @Rzl olstths oA WAL T gom FeA Yo U by
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i B aEkdnh £(1999)2 NFT sjdibale] ko Bl d
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Fig. 26. Difference in growth and acclimatization of

chrysanthemum transplants after 5 weeks of culture.

23 4. ESY ECS F=(PPF)7l B AR v 4F

2AEA o e Fxe EC7F ES4E g4 F71stel PPF 250 pmol m® s'3t
EC 30 dSm' & ] AAF, AEF, 24, <4 €L 95 EF /M8 52 S/HAE B
A tHTable 19, Table 20). CO; &F&% A F&=9 EC7t S7Hgel wel F7138ka
=49 53] PPF 250 pmol m* s, EC 3.0 dSm 'olA &AsA ZF7Fatdch(Fig. 27).
NEAEEe} F2bE 9A 2 AFES BHAdo (Fig. 28, Fig. 29). 1214 PPFe} EC
5 77 vus] B¥, EC ks PPE7E A EA A o F83 ado= #4835t
= As ¢ F UdA AEAY AT AdEF BT EC7F solk PPE7F EolAH
Z7kate]l PPE 250 umol m ” s ‘el A& EC7F 0.8 dSm '® 7H4 wbS wl%= PPF7}

pmol m? s el A EC7F 3.0 dSm'& 7bg =& A$eol nlaste AAFLS 254,
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AZzo ou) o4 =gkt} (Table 19). #dA e ZH$o % PPF 503 100 pmol m >
stel A= EC leveldl @2 CO, 589 o|7b =x ¥%out PPEZF 250 pmol

m”s'®2 7P =9S W ECUF F71E4E COp T5E% A FUhsgn 539,

Bk o7t Anpste] wet BIHE A Zhetd (Fig. 27).
o) ]

dndon FEs 4% 4ge v Aoz ded Aok S, /) g
A%, FES 100-150mmol m* s A AL AS, wMFA) AFEEE T1E
3

e B % (50-70 pmol m? s HolAl e A EA el Bl 28] o] F7}3

St Aol A Z}F)f =S A7 3o =FA7IA =W F stressell 9@ 2

o] JAHAY uALeE A $-7F BoH(Shim, 2002). 2 A g oA =3} N%iM s

o] FLrt wolAFE FU/PYE AL AEHNS7] wiSHAHoA FEE 100 umol
1

s oo FAEAY] wiLel 7]9] o4 Felk FEI Tl mE BFe T

] 4
AR ol mep gepA 7] Wi 2% Fx §% T AR E Y] HdG 2do] o] F
oA 15 dSm 'Y E §AA7]E Aeo] UuAo|th(Holder and Christensen,
1988; Schwarz, 1995). =3t A x7|o= vy vrA #st= Aol FeElskA T
Fole] pH, EC#e7F & Aoz Z o]FoxivgH ECE wdo=A AA7|ts &

2 o
oA F4S A =d F ds Ae® Bt
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Table 19. Effect of PPF and EC levels on fresh and dry weight of

chrysanthemum transplants after 30 days of microponic culture.

Treatment Fresh weight (g) Dry weight (g)
PPF
(umol Fe Top Root Total Top Root Total
(dSm™)
21
m’s)

0.8 4.1+0.11  0.740.02  4.8+0.12 0.27+0.01 0.06+0.004 0.33+0.009
50 1.6 5.2+0.08  0.5+0.04 5.7+£0.03 0.36+0.00 0.06+0.009 0.42+0.004

3.0 44+0.26 0.9+0.08 5.3+0.33 0.34+0.02 0.08+0.003 0.43+0.018

0.8 8.0+£0.63  2.0+£0.41 10.0+1.05 0.60+0.07 0.13+0.021 0.72+0.089
100 1.6 9.7+£0.77  1.840.26 11.5+1.02 0.74+0.07 0.11£0.003 0.85+0.068

3.0 8.6+£0.60 1.6+0.12 10.2+0.72 0.67+0.05 0.13+0.007 0.80+0.054

0.8 10.5£0.95 2.6+0.28 13.1£1.09 0.78+0.07 0.15+0.008 0.94+0.082
250 1.6 11.9+0.68 2.6+0.35 14.5+1.03 0.93+0.06 0.16+0.013 1.08+0.069

3.0 21.1£2.91 5.03£1.14 26.1+4.05 1.79+0.23 0.27+0.050 2.06+0.284

“Average of five samples + standard error of the mean.
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Table 20. Effect of PPF and EC levels on shoot length, root length and
number of new leaves of chrysanthemum transplants after 30 days of
microponic culture.

Treatment Root length
PPF EC Shoot length (cm) No. new leaves
(umol - m”s - ') (mS - cm™) (cm)

0.8 12.6+0.59" 17.3£1.12 7.3+0.23

50 1.6 13.5+0.32 10.5+0.32 7.5+0.32
3.0 12.3+£0.68 17.5+1.14 7.5+0.26
0.8 16.0+£0.32 25.5+£2.89 10.5+0.96

100 1.6 17.1£0.56 25.6+0.93 10.8+0.23
3.0 15.9+0.50 22.5+0.58 11.8+0.23
0.8 18.3+£0.68 26.0£0.91 12.3+0.23

250 1.6 20.5+0.23 26.0+0.79 13.7+0.69
3.0 24.1+0.59 26.1+0.98 16.3+0.44

“Average of five samples + standard error of the mean.
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Fig 27. Change in CO;-uptake of the plantlet during 30days of microponic
culture as influenced by PPF and EC levels.
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Fig 28. Change in stomatal conductance of chrysanthemum transplants during

30days of microponic culture as influenced by PPF and EC levels.

76



Transpiration (molH,0'm2 - 1)

0 1 1 1 1

0 3 6 9 12 15 18 21 24 27 30

Days

Fig 29. Change in transpiration of chrysanthemum transplants during 30days

of microponic culture as influenced by PPF and EC levels.
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olN
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tlo
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Sors wle CO2 Fxo g AEAS AF & AolE HIYTh F, CO2 s=7}

100 mol mol '¢1 A7} 350 mol mol ‘o] wel H&] AAF AEE %

N2 e g4 25 34 =93t} (Table 21 ) (Fig. 30). o]t g8 22 AE=
=t ]

zpol 7} A A A &k} (Table 22).

Table 21. Effect of PPF and CO; levels on fresh and dry weight of

Chrysanthemum after 30 days of microponic culture.

Treatment Fresh weight (g) Dry weight (g)
PPF CO,
Top Root Total Top Root Total

(umolm‘zs'l) (molmol™)

150 350 103 a° 53 a 156 a 092a 043a 135a

150 1000 103a 50a 153 a 083 a 04l a 124a

50 350 23 b 200 43D 016 b 016 c 032D

50 1000 45b 240D 69 b 032b 025b 057D

*Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 22. Effect of PPF and CO2 levels on Shoot length, Root length and

number of new leaves of chrysanthemum after 30 days of microponic culture.

Treatment

Shoot length Root length No. new
PPE o, (cm) (cm) leaves
(umolm'zs‘l) (molmol™)
150 350 18.0 a’ 31.8 a 13.7 b
150 1000 14.1 b 310 a 163 a
50 350 6.8 ¢ 183 ¢ 9.0 d
50 1000 94 ¢ 243 b 11.0 ¢

“Mean separation within columns by Duncan's multiple range test at 5% level.

Table 23. Effect of PPF and CO2 levels on chlorophyll content of

chrysanthemum after 30 days of microponic culture.

e
Treatment Chlorophyll content (mg + g FW) Chlorophyll
PPF CO

21 ? r a b atb alb
(umolm™s™)  (molmol )
150 350 3.09 a° 1.89 a 498 a 1.63 b
150 1000 2.33 ab 1.69 ab 4.02 ab 137 ¢
50 350 3.11 a 1.81 ab 492 a 1.72 a
50 1000 212 b 1.36 b 348 b 1.56 b

"Mean separation within columns by Duncan's multiple range test at 5% level.
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PPF 150 PPF 150 PPF 50 PPF 50
CO; 350 CO; 1000 CO, 350 CO; 1000

Fig 30. Effects of C0,(350, 1000 mol mol"') and PPF(50, 150pmolm™s™) on

growth of chrysanthemum after 30 days of microponic culture.

o] Z& A= dAY AAPoAS o] wFr Ade Fo FiFol
Ave AS dAgT dibrom Jfo A ute U A= Aol FRE AA
3] sojof b B Ao ALgHE =3} cuttingS AEWS 7] AF-E 1233(100 pmol
m? s D3t Al At wite] 7o E w2 FE StelA iy 4R A
o] B& =XHAY Aoz AZAHEY (Hahn et al, 1999). o] 2 A& 234, 7]
THAEE, SAES FAHAAME YEW =Y #eTt =& A9l CO2 R #A
glo] A, 7eAEE, SAEC] BF EdAR =7 e A fde CO2 s&7t
=S we] FFA, NTAEE, FAEC CO2 FvS oA &Us W Hs) X
= el (Fig. 31). ool Hl&l Fv/Fm 21t Ag ¥2 F83 43S ey
A gk, ol A 719 oA F d AR 8o WU ToE Al F
B3] o] Fo]x A k& AH oA chlorophyll fluorescence =7 o] o] Fo]xl7] w&FEo &
AZE AT webA A2 o] A7 /S| ol Folxl F FAgTA Aol wE
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Fig. 31. Change in CO;-uptake, stomatal conductance and transpiration of the

plantlet during 30days of microponic culture at different PPF and CO, levels.
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Fig. 32. Change in maximum photochemical efficiency of PSII (Fv/Fm) of
the plantlet during 30days of microponic culture at different PPF and CO;

levels.
HEH o7 AF7NA HIAANE EQE AEuS7dA = Aird =3 A
S AW B2 3l 2 FAEA AFAZL e AEE transplant A 4HA]

gl (microponic culture system)< & #H3Att (Fig. 33).
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Hydroponic Culture System for Transplant
production

Metal halide and high-pressure sodium lamps
L1 L1 L1
@ o, O O T
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25T Air temp. PPF 150 pmol-m-2-s'
70~75% RH
1000mg-L-1CO, concentration
Control
system
| ©o0 D
EC 1.5 mS:cm™! %
pH 5.5~6.0
Solution temp. 25°i£\:>\ S
= al |]

Fig. 33. Establishment of microponic culture system for the production of

chrysanthemum transplants.

A3 6. Ao o3 Z3H 9 rosettedt WA

=
o
0,
o
w
=
D
S
e
ol
tn
o,
o3
tlo
R
KR
ol
ol
3@
o
2
rfo
2
AC
ok
ko
o
ox
o
)
2
rfo
AC)
Wl
ol
ol

2 etk o 2e A% AW wFol % w, Wy o ATAE AeAe s
Aol Aslm e AEA FHz AL Ashs Pl wal ALss ast,
AeAel AL ATAge]l dRe @ W) Wre A4 FRA PHew 47

= At

83



gokaL, A

(Table 24).

B2 o] Aol AHF Hel mla] ofzb wioky

A e 2 ek

Table 24. Effect of low temperature treatment time on growth of

chrysanthemum transplants 'Shinma' after 40 days (Transplanted in
April).
Treatment Shoot Root
ime Date No. leaves length Weight Length Weight
(cm) ) (cm) )
Control 0 15.00b” 5.83b 1.46b 7.23ab 0.50b
30 46.00b 25.63¢ 31.63b 29.38a 6.08¢
60 141.75a 61.23¢ 95.90a 31.25a 28.54a
In vitro 0 12.50¢ 5.55b 1.38b 5.2b 0.43b
30 74.00a 43.25b 44.05a 30.28a 14.58b
60 199.5a 71.2b 105.40a  29.63a 17.90a
Ex vitro 0 19.25a 13.03a 6.02a 7.56a 2.13a
30 78.75a 51.00a 48.92a 30.38a 29.81a
60 181.00a 85.88a  110.10a  28.75a 37.10a

*Mean separation within columns by Duncan‘s multiple range test, P< 0.05.
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Fig. 34. Effect of low temperature treatment time on growth of
chrysanthemum transplants 'Shinma' after 40 days (A: 0 day after
treatment, B: 30 days after treatment, C: 60 days after treatment).
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Hol7t =gt} (Table 25), (Fig 35). L2t} WAo]
EZolo] 2FE AT 7] Y AXAME AAF]oF sl o
= Aujste] 2ol 4

2] 54| (plantlet) & #-23] 2]
Fol Z#gtol wet 7Iu A=A 2 F-(in

Table 25. Effect of low temperature treatment time on growth
chrysanthemum transplants 'Baeksun' after 40 days (Transplanted in April).
Shoot Root
Treatment  Date of
) No. leaves length Weight Length  Weight
time measurement
(cm) (2 (cm) (2
Control 0 12.252° 5.35b 1.08b  7.63a 0.23b
30 35.00a 28.75a 2435a 30.5a 10.48a
60 38.75a 38.6a 42.63a 35.48a 31.43a
In vitro 0 9.5b 6.55b 0.97b  5.25b 0.25b
30 43.00a 30.38a 20.78ab 27.33a 7.66a
60 41.25a 37.63a 45.83a 31.63a 6.08b
Plantlets 0 16.25a 8.93a 2.33a  9.20a 0.55a
30 36.50a 25.5b 15.98b 30.38a 6.08a
60 47.75a 38.25a 48.15a 34.63a 8.71b

“Mean separation within columns by Duncan‘s multiple range test, P< 0.05.
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Fig. 35. Effect of low temperature treatment time on growth of
chrysanthemum transplants 'Baeksun’ after 40 days(A: 0 day after treatment,
B: 30 days after treatment, C: 60 days after treatment).
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Table 26. Effect of low temperature treatment time on growth of

chrysanthemum transplants 'Baeksun’' after 40 days (Transplanted in June).

Treatment Date of No. Shoot Root
) length Weight Length Weight
time measurement  leaves
(cm) @ (cm) @
Control 0 15.8b° 9.44ab 2.07b 5.0b 0.39b
30 39.75b 35.58¢ 35.76a 34.3a 15.03a
90 72.5a 116.63a 107.27ab 30.68a 28.16a
In vitro 0 18.6a 8.60b 1.89b 4.3b 0.23b
30 50.75a 44.10c 46.02a 25.65b 7.12a
90 65.75a 111.88a 88.85b 26.08a 12.02b
Plantlets 0 14.4b 5.74c 3.72a 7.54a 1.09a
30 53.75a 54.33a 44.92a 24.95b 7.16a
90 69.25a 111.53a 117.63a 26.40a 15.20ab
Shoot 0 11.2¢ 10.6a 1.89b 3.58b 0.35b
30 55.50a 51.18a 45.63a 30.08a 5.66a
90 67.00a 115.50a 109.02ab 29.03a 17.38a

“Mean separation within columns by Duncan‘s multiple range test, P< 0.05.
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Fig. 36. Effect of low temperature treatment time on growth of
chrysanthemum transplants 'Baeksun’' after 40 days(A: 0 day after treatment,

B: 30 days after treatment, C: 60 days after treatment).
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A¥ 7. A E v+87)9 Microponic culture system& o] &3 Aid B9 7|&
TP g HH e v

A E19-8-7] 9} microponic systemS ©] &39S W =3} transplant BFS 7E
How 54, &3ty w8ue v =24, A5, AT, B4 BT 15w o9
= 7HE R At (Table 27), (Table 28), (Fig. 38), (Fig. 39). &3], 39 2132 24|
ol F7tstAth o] Z& A Aol AEREE I wigsA A ste} A
o] lom oo thajr = *A e A AFolA FE] AEHA
culture systemoll A= wjFod S o] &t AFF Asti 74 xR S W A
A7) wiel 1 oo] 5o AGE A Hx7b 7] £3F Aadlol Ao Hol BlE &
A3 FUstR Y Ao g AZEQITE (Hahn et al., 2000).
o)A AT A o] 3} transplante] AAbo] ABEEFS-7]9}  microponic

systems A&t AW BE Fo A4FE IS F AS B oY VYes)

o

. T3 microponic

= transplant YA7bA o] AF7IEE @S A7l aEE e BHE dE 7 o AR
I mEFEe] Aol A Vlod ¢ e Aow AdHAY 53] Ao 22 44
HE gAML 5 9l 7]efel M) vkl At A whE At mFHe

grl 2oold mE B Ade] AstE: UE 5 e ZEAY Aagoew AH

Table 27. Growth of chrysanthemum plantlets as affected by culture methods.

Culture Shoot length  Shoot weight Stem diameter
No. leaves
method (cm) (g) (cm)
Conventional )\ 40 547 7.6120.40 1.130.10 0.17£0.01
culture
Bioreactor 17.940.54 15.11+0.63 2.49+022 0.24+0.01
culture

"Meanztstandard error.
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Table 28. Ex vitro growth of chrysanthemum transplants as affected by

acclimation methods.

Culture No. 1 Shoot Roo
thod 0. leaves length(cm)  weight(g) length(cm)  weight(g)
Conventional 15.440 51 10284033  2.46+0.22 8.50+0.69  0.55+0.07
method
Microponic 191037 1538£032  2.94+0.18 8.04+0.65  0.52+0.05
culture

"Meanztstandard error.

Fig. 38. Growth of chrysanthemum plantlets as affected by culture methods

(Left: Conventional culture, Right: Bioreactor culture).
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Fig. 39. Growth of chrysanthemum transplants as affected by acclimation

methods (Left: Conventional method, Right: Microponic culture).
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microponic systemell A AAtE =3} transplantsE ©]-&3lo] 1 H3t & A A3t A
WIS fal AG=dA A s ot FAAeR A dIy 3utE oz AF

 FAAUG IALRE JEYAUL G8 Ao} ] RAATE 74 59
GAs Al F=Eol DAl 64 269, o Ul E A 79 260 AR Fke
sl

Azt Auj= 12 78 & AsHE BEFolA S 27EA] S Algo]l Ad s
IE =2 23 84 o= o 3o ZIA= BT AASATE AEst Al
Al AFzAAAE A 12 AE Wt w7 R GAs 100, 200 2 400mg - L3}
o ¥]E 50, 100 % 150mg - L' A3l 3 15 229 23] ¢, Ao FiF BErE By
352k,

O

=

. A4

A 1. FYAA BFZAA Ao @& 3} transplantsd] AF L A3}E
Ao "R I

A&7 9 microponic systemol] ¢]sto] AAbE Beof Al HEEE AR
A SstAE W AFEEA Aert 2ol mAE FFS Fig. 4034 2k A4
AR Hla] AEvhgTldA AitE Bol 2ol o Aa A A A
ol B A #Agle]l FA el vl GAs A Al 2] Aol AA T
53] GAs 100mg - L' Aglols o] 7b4 27 yewth AEuksrlolA At
A Bo 2ol ZAAd A A AHER v AE77re] A7) Wi Aew
Btk =she wtolg e Al wpelel s Figel uwhep xge] dA T
T Aot et (Jeong 5, 2002), & AFo A= violef 2 Fhel e =
do] AR AT wEh, AR GAse =71AES FXAIZTAL(De
Hertogh®} Blakely, 1972; MacMillan, 1980)3F3+=d], ¥ A= HAHANH
FAGLe] FAE ] vlE] GAs Al 2] AR = AFoloA B2 A
B A 9 AGZEA At Sl vAE dFS AR A Table 29
B AR SlojAs & AolE HolA Fovt AGzHA W
© ddE AgTolA 7 =A vEwen, ofs A QoA
o)Atk 77 % AzrdolE GA; 100mg - L A FolA ta F
73

F AddE A FAA oA = HEgFe)t. AE 4 HFS Microponic culture
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systemell o]sto] AAbE Bl H]s] A AEHA Friete AIFoldon, A
Z2AA A= 2 AolE HolX| skt

B A 2 A% | Aejel W& 3o dolk Ao A el ntrA 2 A
ERl S-S A7 7159 A o &l vla) AR AA A
oF FAGel Ao, GAs A7t FH el vl&] s4FS 7M7Y EA o
o} GAs 100mg - L Hg ol 74 28 Ax=2 1Y (Fig. 41).
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Growth regulators(mgL™)

Fig. 40. Effect of growth regulators on plant height in hydroponic culture

of chrysanthemum ‘Shinma’.
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Fig. 41. Effect of growth regulators on flower stalk length in hydroponic ulture of

chrysanthemum °‘Shinma’.

Table 29. Effect of growth regulators on growth of chrysanthemum ‘Shinma'
in hydroponic culture.
Plant]
ant e'ts Growth No. leaves 'Stem No. Internode
production  regulators Ibranch diameter internode  leneth Spad
method(A) (mg - L) (mm) £
Control 329 ¢ 42 a 9.0 be 1.7 a 48.0 b
Microponic GA; 50 35.1 de 42 a 8.0 bc 19 a 51.7 ab
culture GA; 100 38.1 cde 4.7 a 73 ¢ 2.0 a 51.8 ab
system Eth. 50 47.5 ab 43 a 183 a 0.8 a 53.4 ab
Eth.100 50.0 a 42 a 203 a 0.7 a 53.6 ab
Control 313 e 43 a 120 b 13 a 559 a
GA;3; 50 38.2 cde 43 a 10.0 bc 1.5 a 573 a
Rooted
ttin GA; 100 392 bcde 4.6 a 9.3 be 1.6 a 594 a
WS Eth. 50 456 abc 46a 220a 07a 564 a
Eth.100 443 abcd 4.6 a 223 a 0.7 a 58.7 a
LSD .05 (A) ns ns ns * *
(B) *ok *ok sk *k ns
(A)x(B) ns * ns ns ns
‘DMRT 0.05
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B A 2 AEEA Aot o, =71, Be 2 2 Al HAE 9%
ZAbe A= Table 303 2oh #Fubg] JAWHAA AFxEA0 NAA 0.1mg - L

FolA AAFol T7HEta(Chung 5, 1981) dtledl, £ Ao e AAF
< =715 A9 9, e 9 oA FA el ws AFHA AgelM Frhet=
S BAx, AFEEA 2= GAs AP v duE Ao gAHeR &
olA = Ao, B A R E & xpo]lE Holx okt AAzHEA A
A AT Tk FAE vl 2%, st 54 SR et AAlTE G
Howm F7F 3k Zlo] opdrt Ay AT

Table 30. Effect of growth regulators on fresh weight of hydroponically grown

chrysanthemum plants bioreactor system and conventional system.

Fresh weight

Plantlets Growth
production regulators(B) (g/plant)
method(A) (mg - L™ Leaf Shoot Root Flower
Control 325 ab® 73 a 24.4 ab 103 ¢
Microponic GA; 50 332 a 8.2 a 25.6 ab 11.5 be
culture GA; 100 382 a 9.5 a 293 a 13.8 abc
system Eth. 50 355 a 84 a 27.0 ab 12.6 be
Eth. 100 36.8 a 9.0 a 28.7 a 12.9 abc
Control 29.7 b 82 a 151 Db 12.5 be
. GAs 50 36.6 ab 9.1 a 20.0 ab 14.0 abc
Conventional
GA; 100 299 b 84 a 17.7 ab 16.3 ab
rooted
. Eth. 50 40.2 ab 10.1 a 24.7 ab 15.6 ab
cutting
Eth. 100 42.0 a 10.1 a 26.2 ab 17.7 a
LSD 05 (A) ns ns ns ns
(B) * ns ns ox
(A)x(B) * ns ns ns
‘DMRT 0.05
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2o 2 AREAA Aerr <, &7, e B 2o desol A= 9F
& AR A3, FAYTNNE =ik A Azsol AA AEnel v
A

Are
T oEgey GAy A= 2 Aol7t fl3lth(Table 31).

Table 31. Effect of growth regulators on dry weight of hydroponically grown

chrysanthemum plants produced by bioreactor system and conventional

system.
ight
Plantlet Growth Dry/ vlvelgh
t
production  regulators(B) (g/plant)
method(A) (mg - L™ Leaf Shoot Root Flower
Control 11.1 bc” 6.0 d 13.0 bed 3.6 ¢
Microponic GA; 50 9.8 ¢ 6.9 bed 11.4 cde 4.0 be
culture GA; 100 104 ¢ 75 bed 124 cd 42 be
system Eth. 50 12.2 abc 6.3 cd 13.2 bed 37 ¢
Eth. 100 11.8 abc 7.3 bed 20.1 a 3.9 be
Control 51d 6.3 cd 10.6 de 4.1 be
Conventional  GAsz 50 11.4 be 8.1 be 75 e 4.1 be
rooted GA; 100 13.0 abe 105 a 15.8 abc 4.9 ab
cutting Eth. 50 14.1 ab 8.8 ab 17.4 ab 6.0 a
Eth. 100 15.1 a 8.8 ab 17.3 ab 4.7 be
LSD .05 (A) ns *k ns *
(A)x(B) ok * EES sk
‘DMRT 0.05
oA g A=A Art dakmd 2 JRElel viAls dEFE 2ARR
A¥= Table 329 2k Ast F&He 5% $F ethephon AA = EH AFdS
AAANA FofA= s WAL UJvkaL A =w(Suhst Lee, 1997), & Aol

I
32

AE BA Y

]
o 25 #7719 A9 bioreactor AA4AtE 7 A

g
=2
e
X
51
o,
=2
=
r

Gl Aot ol% pe A%E
A

4 apmn s ta FhsEon,

98



2 2 AR el AAIglel FA el nla) A=A ALl Slehe

o

lo

5 AAF 8 R = Microponic culture systemol]
st AAHE HolA  olx= Aol AHEEAEEE GAs AEY A¢
Microponic systemol] 9]&te] AALE HoA walxEs o, o uE AgAE
AR BAglel FAglel vl 14~16Y A
MNetxzds 9l F2 AREsHL e FHoRE 25 dF9d AGxd=
93 A=tl(lee, 1991), AREAAL GA, F3he] Asf7I7e FHAATL 59
I(Kim %5, 2000), ol 6]ZE2 W= MEE 2 A 71X vHLee9} Roh, 1985), =3}
M= & AP #Zol JHEE AAANTL stof(Sachs, 1972) 2ol whe} 2H8-7)
o] thzA vehbe Aew BuEt

Table 32. Effect of growth regulators on growth of hydroponically grown

chrysanthemum produced by bioreactor system and conventional system.

Plantlets Growth Length of  Dimeter of  Flower Days to
production regulators(B) spike spike width )
1 flowering
method(A) (mg - L") (cm) (mm) (cm)
Control 52 a° 2.4 a 12.0 a 109
Microponic GA; 50 59 a 2.7 a 12.3 a 103
culture GA; 100 59 a 29 a 124 a 102
system Eth. 50 35D 29 a 12.5 a 117
Eth. 100 35D 2.6 a 124 a 119
Control 57 a 2.6 a 12.1 a 103
Conventional GA3 50 56 a 30 a 12.6 a 103
rooted GA;s 100 6.0 a 3.1 a 124 a 101
cutting Eth. 50 37b 3.1 a 12.8 a 119
Eth. 100 34 b 3.1 a 13.1 a 118
LSD .05 (A) ns ns ns
(B) ok ns k%
(A)x(B) ns ns *
‘DMRT 0.05
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2ok B AREEA Az Aesiel vAls dFE A

Table 333 2t} AgAsls Q@2 A& B B3] bioreactor AAFH Ho
|

o

>
olN —H 2o

32

o

&
rr

W, Az Aes PR wa) GAs AeTolA HAom, dHE Ael el
= Z7hste A golith AMHoE FaelA BAHE whole s WAL REZ o)
w, 7oslo] 9%, 9 A5Y FH2Y Fol vy Agw, we FFHel dofA
CVB el elalmt WAe dehlA $Ethn shalitl(eong 5, 2002), £ 29
oA Sl AFT T4 B A #BARA grort AU AR vhole
Y olno] e AT ol Foldor @ Ao BuHth

Table 33. Effect of growth regulators on occurrence of physiological disorders
in hydroponically grown chrysanthemum produced by bioreactor system and

conventional system.

Plantlets Growth Open Crown Malformed

i Atrophy Others  Total

production  regulators  center . bud flower . .
method  (mg-L") (%) %) (%) (%) OB
Control 4.0 0.0 2.5 1.0 1.0 8.8
Microponic GA; 50 3.2 0.0 1.0 0.3 0.5 5.0
culture GA; 100 4.0 0.0 2.0 0.5 0.5 7.3
system Eth. 50 7.5 0.0 6.0 2.1 1.7 17.3
Eth. 100 8.0 0.3 8.4 1.3 2.1 20.1
' Control 53 0.0 3.0 1.7 1.5 11.5
Conventiona 4, 50 4.5 0.0 1.5 1.0 1.0 8.0
1 GA; 100 4.0 0.3 3.5 0.5 1.0 9.3
rooted Eth. 50 8.5 0.5 7.5 3.0 21 216
cutting — geh, 100 11.0 1.0 7.0 3.5 21 246

3
o AETFES AFEREA A #ARlel AHA ArEHel] Hls|  Microponic
culture systemo] 2]&te] A HE HolA Frtetdon, 53] AFZAAQA GA; AP
TFol A 7+ =4 YEF TR Microponic culture systemol] ©]8to] ABALE BoA AE
FFo]l S7heE A AT Ao ek 2 9 st FUket T T Al
T

of o5k detED Fo| Fabel o Anz BAHYch wpebA e
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U 2 59 Fd& daxc dsEds A7 AMAES =d4 e
Microponic culture systemo] 2|3t FHF9] © FFo] oy ojof & HAow oty

At

OMic. culture system
[l Con. rooted cutting
2,500
2,000
1,500

1,000

Marketable yield
(bundles/10a)

500

Control GA3 50 GA3z 100 Eth. 50 Eth. 100

Growth regulators(mg.L™")

Fig. 42. Effect of growth regulators on marketable yield in hydroponically grown

Chrysanthemum ‘Shinma’ produced microponic culture system.

g 2. 85T FA AujA BFEEA At AEs} FEAA WA= ¥

As A A AgEAA Aelt ARl VAL dBe ww g FAe He) 4
J2AA Aol AR Bo RHHYoM 53 AuE Aelo) M Ed AR ¥

= $i%lth (Table 34). ﬂﬁﬂ«] 395 GAs APl Fx]8]xt} 133~193cm 2ot
FEZH frolahs giglon], oluE AuAlel: FEst Foldss LAl sl Foln
o A7 oA sAge] Ao} visg AFOR GAy AeolA FEEh LS wA
of Wls) AEE HelAl A vk} Fato] glolA Ethrel Azlol o8 o] Zolyris
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Sachs(1972)¢] ¥.a1L Zgolgha WehiaL oltl&e] F&r) szobztel Wt vhar AopAl= 4
oot FAEY GAsAlZ| itk AA UEbHTh GAs A elrl= FAgel vla] duE A
°o]7b flglom 53] 400mg - L 'AHze] Aol FAdl wls) Aopxe AvE 14
FE7] Boshan E3F st W3k dats ofulE Aol wan, E=A YERE oY GAs
Aerls Azxzstlth st adse] 49 FA val GAs Ag Al 10~129 A= &=
wof st Ads}t Al GAs AAI@elA AHE7E dE v A 5 (200009 ®ale}
dAeFRen ovlE HPAl= 156~209 A= Ao =3kl glejA Ethrel o] 7i3tE A
A= Sachs(1972)4 Hael dxste] gzl Aol o7k A5k Al7]e] 2dR o

A7) A s B S ATk

Table 34. Effect of growth regulators on growth of hydroponically grown

Dendranthema grandiflorum ‘Shinma’ in secondary flowering culture.

Diameter

D
Growth No. Length of  Stem  Flower of Spike s
regulator  leaves flower stalk diameter diameter flower length .
floweri
(mg - L'l) /branch (cm) (mm) (cm) neck (cm) n
(mm) :

Control 275 d° 594 b 5.1 ¢ 134 cd 39 ¢ 3.8 abc 78

GA; 100 289 cd 727 a 60ab 133 cd 33d 3.6 bc 68
GA3 200 305cd 753 a 59 ab 135 33 d 35 ¢ 66
GA; 400 31.1 c 78.7 a 6.1 a 12.7 30d 35¢c 66

Eth. 100 44.1 a 52.4 be 51 ¢ 14.3 45 a 4.0 a 98

c
d

Eth. 50 40.1 b 56 b 53 bc 156 a 4.0 c 4.1 a 93
b

Eth. 150 45.5 a 482 ¢ 4.7 c 14.6 b 43 b 39 ab 107

*Mean separation within columns by Duncan's multiple range test at 5% level.

FoyAAs AulA AFEAA A7t 2ol WAL JFE Fig. 43, 4do] ek
o Al el GAA A 2gel AXE AnRE B 5 9ol GAHY A B73F
9 24l Atk 4 5 0009 mash Aoy R folAE glgle
CIE I ESE S RES 057} wolzhol Wk A%o]l AxaAAE AR B F Qo] =
ol glojd AFEAA Pu AEE 1 FR WE AYFES A7), AAAF 5
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o

Aes) 79 Bask Yo AgzdAd @ Fsel AFNee BAZA
g Qo] debmz Auge ALEZ =4¥ Besk ArkCathey, 1964
McDaniel#} Fuhr, 19793 @ A3} o] oldE Az A wwel ge 23 it
AUlE AT FA AM W e o AFAA Etl NAF Ao AR

mm

Control GA3100 GAz200 GA3z400 Eth.50 Eth.100 Eth.150

k)

Piant hight (c
oo 3888383383388

Fig. 43. Effect of growth regulators on plant height of hydroponically grown

Dendranthema grandiflorum ‘Shinma’ in secondary flowering culture.
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Fig. 44. Effect of growth regulators on growth and flowering of

Dendranthema grandiflorum ‘Shinma’ in secondary flowering culture.

=3} Fo Adst A Al BFREA AEb sl vA= dEFs i KA
ol vldl GAsx Al ZA JEyt o (Fig 45), o9k 2 a4 Hx7F Eolzto
uhel oS Alske] a5 o AAst AwiAl GAsAE ] A= s 9E5S 9
gk el mae] glojop & Ho& gE Q) odE HdAE 14~18cme| W
A2 G5 a9t glo], Suh9t Leedl F& 7 2 golAM ethephonH & Al 37 o] o
HATHE Baeh AP o Frgte] mE Aol B 4 Ik
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Q

Spike length (cm)
QO =~ N W M O OO N O ©

Control GA3100 GA3200 GAz400 Eth50 Eth.100 Eth150

Fig. 45. Effect of growth regulators on spike length of hydroponically grown

Dendranthema grandiflorum ‘Shinma’ in secondary flowering culture.

Fig. 46. Occurrence of long flower neck as affected by high temperature and
high light of Dendranthema grandiflorum ‘Shinma' in hydroponic culture.
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of Wetditt. &2 Al vls) AFz=dA fﬂﬂbﬂ A ta EFojEs AEFelN
i AFRAA Tl GAsEY olHE AN fHades = 7 dtlen 5
o] ATERTE Ao A5 Aol Advh aAbE I Wd Ador A%

A Al M SA dEar 53] o dHE Aol gass Ae = 7 A

o At APl Hls GAs A Al 106~143%, ol t]E A g
2 g Ao GAs AEAdl= F&27F Eobztel wel S7kE, o4

Aol = s m7E ol whel SrbE = A de 7 Sl

Table 35. Effect of growth regulators on cut flowering yield of hydroponically

grown Dendranthema grandiflorum ‘Jeongun’ in secondary flowering culture.

Growth ; ) Cut flowering
Non harvest Mortality Harvest )
regulator yield
1 (o) (%) (%)

(mg - L) (Bundle’/10a)
Control 3.9 1.7 94.4 2,236
GA; 100 3.9 1.5 94.6 2,342
GAs 200 3.0 1.1 95.9 2,374
GAs 400 32 1.1 96.1 2,379
Ethephon 50 2.9 0.2 96.9 2,398
Ethephon 100 3.2 0.2 96.4 2,391
Ethephon 150 34 0.4 96.2 2,381

“Including plant death
YOne bundle contains 20 clusters.

rlo

Fo AAS A AFEAA ALt YA L FEGE V= 9
Table 363} @tk wAlo] WAL TR el GAs A A BTl AU of
E AL B BAEYoE R ol ueh wAwe] Zoj=i A3}
e A% waRe W oz FALNAE Bol ¥4 e
GAs Aol AL thael WS B & Qo oluE Aejelrs wao] 54
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d =40 Aldelsa T
o] AtHDio. 5. 1989; Richards. 1985)
3 gk wpef o] RAE Aol Frb= olHlE A Al A o] a2 9 gl <3
AEAe] WA wste 719l g Ao® AZE AT

AAA oz = o FA vl GAsxgldM = Al 2ol Aoy =5
Tof we Aole A flom odE HYAE 257~354%° HAR FEIF =
ol wel 125 ~ 222% A= =A deston AEsts w3k v dFom GAs
Agrlol= F7HE, otlE Agrde FAE YErdo] 5= & Afdst AjufA
AGZRZA Agrlol= oulERt= GA; 4327 Fad Aoz ddEdoen o
E Ardde A, 53 2AES A AAE fgk tfHo] FgEojof & A
ow AZtE .

7} mobl wet FEsE A
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e Azol A% AN S APD B
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N
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1
il
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Table 36. Occurrence of physiological disorder as affected by growth

regulators in hydroponic culture of Dendranthema grandiflorum ‘Shinma’.

Growth Physiological disorder (%)
Marketability

regulator Open .

(mg - L'l) center Atrophy Rosette Total (%)
Control 7.9 0.0 53 13.2 86.8
GA; 100 2.3 0.0 0.0 23 97.7
GA; 200 4.9 1.0 0.0 5.9 94.1
GA; 400 3.0 1.5 0.0 4.5 95.5
Eth. 50 17.0 0.0 8.7 25.7 74.3
Eth. 100 12.0 0.0 19.7 31.7 68.3
Eth. 150 4.5 0.0 30.9 354 64.6

Fol Adst A Al AFEEA Aot FFEFE A 4T wE FAY
Hlal GAs A2l Al 266~31942 F71E 2 4= 99
A ot B £3E 2e F AN olHl

]
o] Axate] 186~430%9 HAE B F Ao odHEe] wx7t —?:?0}%101] w}ﬂ} kL
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2o A2 g5 A th(Fig. 47). o]yt dAE 12 8 uel= g JddE A
o Al me 2 5 AAWe Aol HEe] kel Reo JFgS vH AES
Fol g Aoz AdHoew mF Fd m27]|9 ofdE A A A s A,
53] ZAE A 259 Fro] AlF3g o AZbE AT
2500 2987 2234 o

) 1968

o |-

2 2000 1782

3 1633 1538

@ 1500 |

ie]

Q@

>

o 1000 F

O

]

2

= 500 f

=

0
Control  GA3100  GA3200 GA3400 Eth.50 Eth.100 Eth.150

Fig. 47. Effect of growth regulators on marketability yield of hydroponically

grown Dendranthema grandiflorum

‘Jeongun’ in secondary flowering culture.
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AeE71E ol 83 =38t shoote] WFSA Al=we =3k @ ok mel <A
A TFS Far s T8 ddde] IAR A fEsA AL & A
53] A=, FHEAs, A, e, AR, 2 o] oAz Ay, el
R oeEgAsel 2o st W] #dd 2de BE A Al eFE F
glol B Agte] Abshrt vhed Ao vlddn

w3 AEwer] vk Ads wEhet o] shoot T4= FE H NS S

Aol A= A shoot S24e AERESZIE A&, 20 liter B=¥H8-7]el A 5000
T oo AE dvd ekt AERST] s A o] w3t A
o frAbste] = stol A SHE ujk Alxglo] Ao m HEH dojth o] HA H
A 7S] 719 A Wr¥ely microtuberol]l o ¥ A ZEAF AL Aol wms) Al ZF}
o] AA ArEo] dAld AzEA LS 9 $FRY Y dwol 7teE

S Aoz 7|gEn Ay B AF9 A= single shoot 4 ¥ olyE} multiple

shootZ T2& A7l Awgl, 28 AL 5 83, d5Fe O Al JFdo=

483 5 otk AzZEth ABEgy] Ul net® A WA FF AT Fe 44
A 2A9TE 27l shooth FANA A HAEHOE 2o sde] BE A
4 5 e Aol

Tl EAlA ASA WY A$, protocorm % ¥  protocorm® £,
adventitious shoot®] %, adventitious shootZH-EH 2 A EA 71X F=dA T W
Aol 7H v Ee sl o styth 538 Al kel olgk protocorm?®] 2ol
2o AjZto] ZAe 3l o] F adventitious shootE FX=3817]7F ol & ¥ ofuel T2
2 EARS 7HA A o AEg
7] MY ol EAAS AT 7 U= FFe diete] # F Aok HAMAE
o] &3atal w3l wjkol A A& raft WiFHAS =Yste] wiAE ebb & flow W
2] (temporary immersion) 22 ¥ F 3T protocorm? Sl AW AIZFS ZA
G5 ¢ e Aoz Azben o ¥ ol AEWSIE o8t A, WS
SAmE WA 7 b 7] wjiEel] wiFET]E vpol Alm S sfokstes HARR
= | 2

S F Ao =, AEHRS7]oA  protocorme £33 T 7]E HIR =

(¢}

rr

_V‘_I‘
o
of
o
-,
g
Lot

?1_',
i
ol
Lo
o
e
fu
o|\
1>
ml
o
o
P
i
rr

113



‘m,OIOLO
~ o
i7Aq£o@imﬂ
o ofp T < w_#.o 5 o %
aﬁ%%ﬂge%ovﬂnimﬁx T
o ~ F T 5 o= T T T MR
]Aﬂon L~ %0
iATO?ﬂHMQﬂEiO)AG s ,OA,DI_/‘ZlfW‘LIE.EPLdII
L P oE Mzﬁmo& ﬂ%Aﬁ%znﬁéﬁrqx@ T
ﬁrﬁ%aﬂﬂfﬂ%m%% o ﬁﬁzﬁ%% M_%@ﬂﬂ
I~ MO,UFUYNE_H%UEH#HTHHO Eﬂ]ﬁﬂlﬁe imz_x&v - oo
]‘_m_. ]&oﬂa]lllﬂ ﬂulau7oﬂ| ,Mﬂﬂ AVdﬂ L
< T KO \74_5 = il ﬂz:.ﬁooajl% JMﬂaﬁmo
ﬁ%%ﬂ%@@i?x%mﬂ Wﬂ%ﬂﬂﬁdr.ﬂhﬂowﬂu @ﬂu%%é
- — ) —_— — A
drﬁi@rEmm%&moﬁwTé %.mWOAmMHTﬂs&M a«@%%%
%MW&% o o B mrMma«dnE}uozmo Sw - B
ﬂlEﬁ,JlgE%mtn W% wwxmxflﬂ71 = %ﬂ_oﬁox
Ll,av mr;“ﬂ mﬂlo#o_u ﬁt.& o»oLoLXZIE] ; ﬂ_rmﬂﬁ,
%zﬂo%%%w@w%ﬂmgaﬂﬂ moknayﬂﬂémaz%moq w o aow
w_ﬂz%n, ) o B o 2T ¥X _Qﬂﬂnfﬁ %ﬂbfmm_
iﬂﬁﬁeimm@mﬁ%&%wﬂmﬂﬂ u%m.%ﬂ@mﬂ@%iﬂ% %Mwlmuﬂnmw
ﬂﬁwﬁ_ﬂm@x@gwﬂ_d Mtwﬂ_f%é %%F aﬂweoﬂoﬂ%
z y}rmqump% u@m%@%%%gwg ET
LﬁnA_]srL.m ﬂ%iexﬂ; %zémw&m_mooé% z7%¢M
_Eqﬂﬂ%_?ﬂﬂ‘ﬂﬂu.mﬁo] ﬂ%m]?éﬁﬂ;émaﬂ mﬂm,_moﬂﬂ
mﬂxﬁ%ﬂﬂﬂPaEmﬂmﬁ I uwﬁﬂﬂm Q%J%u
~ % < P o = b %@(mogwezcﬂ ° %ﬂﬁ%@
W%%%EHME%m% Qﬂm%%%m%wiu nomApLoL
= o X E qr g = N = - O 5
qum%%%@@ﬂ%% urﬂtqyu16.am%1ﬁw %@ﬂ_c%%
£ oY 5w ) T ox Afasﬂ1%.mwm -
%@?mﬁ@.%%?ojﬂ M_u%c%ﬂ1muoo%ﬂq HE_Lm%%
m%ﬁmeM wﬂ%%% .m@a%g;wﬂ%4 TG EF
o 3 ., < < — o9 KT -
homﬂ%pwavatﬂ o) © g Wurwﬂ%ﬂgj_/é.% %l%_xlaowr
%) o ! 1* 5 5 o =0 0 = o A — w4 ~o K . b T A N —
w0 1lom,% e ]%.ma_/IA JGES %1_ = 0
“O#ﬂ_DIAM.AEHArmHD ﬂw_ugo _/‘I_.m,lﬂ,lﬂvhl‘umo‘mﬂ_o aﬂo\‘AIMﬂ o
B T E 4 X I do = o 2 zq%i w W T
= o 2 ~ o - v sy 0 4 = —_ zm B o ™
.Uﬂlﬂfn_tuog_wﬂwﬁzoﬁodruhq*%wuﬂ&%E o»ﬂﬁ NrLaoHoﬁLEL
m@lﬂlﬁﬁﬁ}ﬂzrdrl%ﬂomu% ﬂr%mﬂﬁ.av o o o ®@
S © ﬂE S = = AL ;Ir” 1% o =0 =o El_ o) NI B 3 o) NI El L.ﬁ °
m%ﬂ.wdﬂmﬁiwm%@,x wﬂ%%@o@%% @omazao@
_— = —_ o
EmoﬂamwawLHt,dﬂﬁ.umuxwfwwiuuufogﬂoqm_uuﬂmﬂxmraa
=~ 8 o = o relCal s J o o o = UM L e
g o o s < ﬂun\g1_.7oM O S
oo Lo < .o <3 Mo RN R N B!
%ﬁﬂ&@yﬂ%@ﬂﬂ%};@@o
Aqﬂfﬂdnyﬂﬂﬂﬁ@dnkxﬂﬁ
R _m_ﬂﬂ;drw
T o w T

114



A6 & ATFNEHAZAA FHE Y FHsr)=
zgy_

L 7Iuwmgarde 54 2 =4

o
A, AgeA wo] HAES UEFi B wE FAEY ¢35 dAdA HE A
S HEt Cournac 5(1992)2 33 % (photosynthetic photon flux: PPF)7} 2 &4 &

d, Az 4% A o B WAL Fad 2AF tda shon Axel @
o]

SHAFNE Al CO7t AR = 7oA 9 =2 PPFE A EA9 A% 2 334
58S 2XA0YA 3tk Kozai 5(1997)8 &%=7F 74Ake] Z719F 2o nA=

%=
Gl deto] Ao, 2= £HLS AEAe 23S AAss 8% 8ol

Hi
rlo
N
)
lo
N

12 A=k 7197, A, wiek
) sol A Aikel £A7F H Al A th(Kozai, 1989). ZIWelA A=Al of &S24
= fTxat7] A AR dAE HUbetA Hed, 7hE debd o AbgEE A%
A2+ cytokinin?} auxino|™ HiF AHA| o] IS o5 F ZAA 9 v &
A, 28y ols F 2AA Y g LS FYstE AT, =

4 WA iAW BA H7beE FEE BlES SRV @A wREE
11 BA S57F Halso] FH3t&o] A5 3 (Von Arnold9} Eriksson, 1984),
75 cytokinin> FHIE =3I cytokinin FEE THARAF RN FYPSIE
A THLeshem et al., 1988). Cytokinin®] F ol ulg} Fr3} Ao W x]=

olgtd] <, ZHdlol A, M x SollAE kinetinE T BAA 2l A F 3t
¥ O 1 (Dencso, 1987), 5 A7HEH| 9} AL A= BA7E v =2 H7bEH F
o] A E tH(Bormman?} Vogelmann, 1984). 3+, Gaspar(1987) 52 auxin©]

BN
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oddl A Ayt FHIIEE AL B skl

(

ol¢} o] UukAl ZAWFE e CO, FE

"
rlo
o

o
ox
Jo
fo
o
oS
D)

ES

| =~ 9 H -
(photosynthetic photon flux, PPF), ¥ s, wiA o] =& D3, & 279
5 soll ot AEAVE AAAA FAHES FAGH] o dE 0] ww

f

of 7]¢]=3}& 0] Srh(Riek, 1995; Murali®}t Duncan, 1995; Van Huylenbroeck 5, 2000).
olgfgt Eulgh 37 oA A S A=A d& B AS o FAY
Qi JE4 abe] HlEo] vrom fg o

49

B9 54 dehiEd, ot Mgl Bek e R R Ao gzd
ol
2L
=

s

[e3

(Chaves, 1994; Riek, 1995). %] A AJ=3k
Aol A AR ARt o] wEel v FA <
webA AR w2 FE A olE SAA AR d2 FrEHE Wi
o 3 A 2}-&(photoinhibition)= ¥r=tH(Van Huylenbroeck, 1994; Van Huylenbroeck %,
2000). B3k 7] <k A=A Aol ofgk v Wl CO, v% Ay W& PPF
oF 87 BFom Qe FEHGd vl kel os ALtE A EAol v AFE] o
v Fsl dio] tgEsts AR delA Jth(Kozai S, 1990b; Kozai®t Sekimoto,
1988; Shim &, 2001a). Yut& o2 317
A=As de #y¥ gaFo]l FAasA, Yo dHe JhE 7lse] EFsit
(Blanke®} Belcher, 1989; Donnelly 5, 1987; Han 5, 1992; Shim 5, 2001b; Short &,
1987). 28} Kozai (1997) 52 wiX|o] ©AYS H7skA] e F5HIY v
Hell oa) 71 A=AE AN B, wiAel FS HUtske FEdd

al 71 AeEAle] A B Aol SXHH VW AEAe AelE, dE A
Frstdde] FaHa Addor Aol ddd AdRE AL £ vl Harst

st <=

=
At ole e FEHAF W YHor T A S FX st
A

<
)
itna
oft
ok

FEFIS E =3 st A At

H]
5, 1987), 7hlo] A (Kozai®} Iwanami, 1988), 7+ AH(Kozai &, 1988) 5= °]&3slo =2

PPE SHol A CO,E A&k WA ol 28 ArkehAd o wgstae W FE A7
SE EFIYAR 2e Y QAT o] ZYIY WP A5AE BuHA, B7]

kel
H [e} . =
1505 2olFAe o /1350 e Aeun FEPdPud L FEFI S
o
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5t A oA =& PPFO} ZLEE9 COA & AAS Hgow A
9] 9] FZ1} epicuticular waxe] S F7HAIZA

Il
o] T3A =&l TFe AL, wE 1%t

2009 2¢¥ 289 HE AE Auidio|A E™ ‘Transplant production in the 21st
century’ AXEAFANAM = B AdFAE0] Hﬂ%k%ﬂg] gFstet 7y BFE

W71 E ol 8 wpo

< A= |
Erm 9ok ABNSTE mARS o83 wEekd F o]guo] gtom, A
R 2

5, 2001). AT olH7kA] A MAHoR AEujdE AYEWST A
1A 7] wEel EAF AS g A7 2astn 53] dE Ay FUHL
A7 Fou Agpdel et 7] AR woe de 7R
2001).

A=A BETE7IE A8 o= 1981d #laly ol o &
B uE o (Takayama %5, 1981) ©] 7]|&< A%, <F, 47

B AEo] A&Ho ghth(Preil 5, 1991; Akita &, 1994). AEWE7E ©f

sﬁ o
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21 5 A 3 (Aitken-Christie 5 1995), A A X9(Gupta 5, 1993; Preil®} Beck, 1991; Stuart
5, 1987) 2 A% (Akita®} Ohta, 1998), ] 74 (Akita®} Takayama, 1988), A}7-(Takahashi
5, 1992) 5 AEXAS & AT A dan, tiarRskste] ALke| 8-S A ztst
H= A7 BaE bl thSon 5, 1999; Leather 5, 1995; Vasil, 1994; Preil, 1991).
kel BEREETIE ol &3 A9 o E BH, &3y, AR, 9, A1y
U, agta 5ol A AAE wjoFo] A %EQal(Leather 5, 1995) 7] #ujeke 7hzt
(Akita®} Takayama, 1993), Stevia rebaudiana(Akita 5, 1994) 2 ‘F(Park 5 2000) 5=
ez skt

AEe] AE, A B 7|l dke] oA BERESVIE o] &3k Ml Ak
WA S ARERITE Aol A 72 AWM} Aol S Holw ZThid s dY
g deasde 7l 848 vdstA WsA g 5 o= A T
Rowjeko] Zhsattke Aotk AEREST|=

7} 1)

8
2& 7 4% ntE ) #79 A5tz AN wedel b 1ED AL 2L A
Aul A Fel BHE AL S vk ARWSIE MATS B daTep] Fm
o) gHo] stou} H Bol el AT Y, We] PHET A FA AR
5o AgRopolA ol vAALEol} FYERE ALY BHoR g8 9
HSon &, 1999). E&, MLV BHEATNL FAEEES el7] 8] clxve
2, Avler, grzol B A A F4e AgHn ot ohge fgHe 4y

A3 wro] HauHa th(Liang 5, 1997).
2002 =2 ololl A VI Az thFdAE A% AAE Alw ol e AHH
A 18] A AxAES AVIR Lt AENET|E A=) ALt A

&otv= A7 sk o] AXEA Rl = Dr. Ziv(e]Z=etdd), W7 wg (k)
Dr. Sorvari(A =), Dr. Arnold(Z=€ldl) ol HAmjA|Ae] shoot &2 AA <}
embryo % 2 W] ot vl A ] FAE HEIFAL dA AE

$7] A"l 7bE o] HEE 1 9dE temporary immersion system (Ebb &
Flow)e] 543 Ao #a Eoatdnt. &3t AEvhg7] wiek Al ="le] 25 3}o|
ek =olk Sl o5 BT AAle AE Au g o3 AAAE 548
2 AQAIAIE o] &t AEWrEr] Aladlew dgkuolop sha g AL
(Mass propagation)< 913+ AEWE7]9 scale up? As3se Bag AFEof2 A

%39l
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