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Chrysanthemum Transplants by Applying
High-Quility Seedings
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SUMMARY

(P& QFE)

The main objective of this study was to establish an efficient production system
for pathogen—free stocks of chrysanthemum. This was achieved by establishing
shoot tip culture for virus elimination and multiplication of propagules, improvement
of the different culture conditions in vitro, and the use of an automatic culture
chamber for mass propagation of materials. Then, the transplants were finally
transferred to field to determine growth and flower quality compared with those of

conventionally produced chrysanthemum plants. The results are as follows;

1. Establishment of shoot tip culture and chemotherapy for virus elimination, and
multiplication of propagules

Virus elimination through tissue culture techniques has been successful in many
plant species. ELISA test showed that 1009 of the cultured chrysanthemums were
freed from CVB after shoot tip culture and chemotherapy. The results indicate that
shoot tip culture alone is effective in eliminating CVB. But the result would not
give clear conclusion if the addition of antiviral chemicals was also effective in
virus elimination, since the shoot tip culture technique alone already obtained 100%
virus elimination. The presence of plant growth regulators (PGRs) in the culture
medium greatly enhanced the growth of the shoots. MS medium supplemented with
002 mg/L NAA and 10 mg/L Kinetin had the greatest number of roots.
Treatments with either BA or TDZ totally suppressed rooting. Rooting was only
achieved after transferring the plantlets to PGR-free medium or with low to
moderate level of NAA.

Shoots that developed from the subcultured multiple shoot clumps were observed
to originate from axillary and/or adventitious buds. MS medium supplemented with
2.0 mg/L Kinetin and 0.02 mg/L NAA formed loosely arranged multiple shoots and

obtained the highest shoot number.



2. Improvement of Culture Conditions In vitro

Shoot and single node explants of Chrysanthemum cv. Viking inoculated in MS
medium supplemented with 4.0 mg/L GAs obtained the longest shoot and internode
length. The experiment showed that supplementation of low level kinetin in the
culture medium promoted the growth of shoots and axillary buds. It was observed
that as culture density increased the values of the different growth parameters
decreased. It was also observed in the experiment that the position of the node on
the plant exhibited different growth responses of shoots from the axillary buds in
vitro. Growth was highest in nodes at the upper portion of the plant. In general,
photoautotrophic culture enriched or non-enriched with CO, drastically improved the
growth of chrysanthemum when compared to heterotrophic culture. Significant
difference was observed between different culture methods with regards to stomatal
characteristics. Shoot length, leaf area and internode length were markedly improved

in photoautotrophically cultured plantlets under CO; enrichment.

3. Mass Propagation of Pathogen-free Stocks in Automatic Culture Chamber

The plantlet stage for transfer in an automatic culture system was observed to
be an important factor. Plantlets transferred 30 and 45 days after in vitro culture
for both Chrysanthemum cvs. Viking and UFO showed better results in different
growth parameters than plantlets from 0 days. Shoot elongation and node formation
was favored in 45 day old plantlets in peatmoss:vermiculite medium and
peatmoss:perlite medium for both Chrysanthemum cvs. Viking and UFO cultivars.
In Chrysanthemum cv. Viking, leaf area was highest in peatmoss:vermiculite at 30
and 45 day old plantlets. While in Chrysanthemum cv. UFO, leaf area was largest
in peatmoss;vermiculite in 45 day old plantlets. For Chrysanthemum cvs. Viking
and UFO, stem diameter exhibited better growth in peatmoss:vermiculite
combination. The greatest number of roots formed were observed in
peatmoss:perlite at 45 days for both Chrysanthemum cvs. Viking and UFO. While

peatmoss:vermiculite combination at 45 days obtained the longest root. Root
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diameter on the other hand, was favored in peatmoss:pertlite combination for Viking
and vermiculite:perlite for UFO. Chlorophyll formation in Chrysanthemum cvs.
Viking and UFO cultivars was greatest in peatmoss:perlite combination at 45 days
and 30 days, respectively. Survival rate was highest in peatmoss:perlite combination

for all plant stages while it is lowest in vermiculite:perlite combination at 0 day.

4. Improved production system of pathogen-free stocks of chrysanthemum

Based on the results of the experiments, an efficient and improved production
system for virus elimination in chrysanthemum could be achieved by the use of
shoot tip culture. Further multiplication of the virus—-free materials is possible
through multiple shoot proliferation in MS medium with Kinetin and NAA
combination. Survival and quality of the planting materials could be improved with
the use of photoautotrophic culture. Lastly, subsequent culture of plant materials in
an automatic culture chamber would reduce cost and also improve the efficiency of

production.

4. Field test of pathogen-free stocks of chrysanthemum produced by automatic

culture system

Culture media of TKS2:PL =6:4 , TKS2:PL=6:4 of 70ml/tray/4hr, TKS2:PL=6:4
and TKS2:PL=7:3 of 23/20C and TKS2:PL=7:3 of 1,500lux were favorable in root
formation, increasing the length and dry weight of roots. Grwoth and survival of
the plantlets were observed 20days after cutting. To investigation the quantity of
treetment IBA on cuttings and culture media of TKS2:PL=7:39} TKS2:PL=6:4 in
128tray were favorable in root formation, increasing the length of stem, number of
root and fresh weight. The number of 10times on cuttings Chrysanthemum
(Chrysanthemum morifolium), 'Baeksun’ were 15% faster growth than one time. To
investigate the effects of Paclobutrazol composition on rooting and growth of

cuttings in Chrysanthemum (Chrysanthemum morifolium) dry weight were increased
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5.5%, 8.2%6 more than control.

Comparative analysis cost of cuttings and plug, The results in this study indicate
that may increase 32.2won of cost 67won plugs than 34.8won in cutting. An actual
proof of culture plug was producted 50,000plants/10a and 8970won/10a. Acording to
cell, density, period in 'Baekwha’ were difference in
Rate of survial, no.of leaves, stem length, stem width and SPAD within 30days. but
after 60, 100days were no difference stem length, stem width.

These results indicated that chrysanthemum plantlets in the microponic system

could glow better with shorter period than those in the micropropagation system.
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1. Ag £ ¥

7t =8 7|u FHF AAAAGSH

1) wtole 2=AAE 913 B8 gt 53t=2d A

vlol# o] A ¥ =3} Becksonwere BF9 AEHE AEAZE ALY

(g 1). RE¥E¥ AE+E Chrysanthemum B carlavirus (CVB), Tomato aspermy
cucumovirus (TAV), Tomato spotted wilt tospovirus (TSWYV), Impatiens necrotic
spot tospovirus (INSV), Cucumber Mosaic virus (CMV) & 57FX 2] ujo]gl o] tof
st ELISA #8W o= A3t

Fig. 1. A. Chrysanthemum B carlavirus (CVB) infected mother plants and B.
CVB-infected shoot and node cuttings in plug tray showing poor growth.
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A WgE 91ste] CVBel s EF2HE o] 3R =79 A4+E AF
3l Tween 20 % 7Fgk 0.5% sodium hypochlorite (NaOCDelA 5% &<t Atslal
iz 49 P 5 o ddg AAo] viEA FE HEY Hrd Fia 5
Batoll A BAHol =EE A dE vWER AAsR AR AVle d9vE +F
3] 02-04 mme] A7) 2 AHsIT vlolg A~ 7dE AEAZ HE AAH 74
= 7] flete] Wy e HolH = AS usksto] AREEAT

AR u kol A3 7] EulX]E= Murashige and Skoog (MS) & 3} 3, kinetin 0.2
mgL ' 7 NAA 0.02 mgL’, sucrose 3%E #7l3ste] 0.2% phytagel2 13 A Zt} pH
© 58% A% Fo uetdtetar Iy Aatgt Futely 2AlE wiAI7F 60T A=
2195 wo Hr7isttt. dulol el 24+ Ribavirin ¥ AmantadineS AF&3}e] 25, 35,
50 mgl ! TEE Eg&Aah 2 Ae F 15wE oz sto] wjFEd> 10 mol m”
s' 9 FEolA 547 FATIE FE 50 mol m¥ s &% 24+1T9 Fdo] 1647
A7 stell A vttt vl 309 Fol shoot A1G# AEES ZASIA L v SFHE 9

Q24g AHgste] ELIZA 4402 CVB #9oln8 2454

2) %3 wlolgl s ARAAE Y

s} wpolel s AwAAE Gyetma @A) Fuhel BE 5717 F2 =3b virus(
CVB, Chrysanthemum virus B; TAYV, Tomato aspermy virus; TSWYV, Tomato
spotted wilt virus; INSV, Impatiens necrotic spot virus, CMV, Cucumber mosaic
virus)oll tigle] ELISA kit(agdia)E &3 79 F5FE g A IdE 7 Eo &

A ol IBAA g ol A 2zt 237)F 4 Aukato] testol] o] &8F%lTh,

o ELISA protocol2 thS-3} 7t}
A. Well Coating
a) =7 900ul + 10X Coating buffer 1000 + Virus antibody(1:200A]) 5u
b) welloll 10002 ==
5

c) oA 273A13E



b) Extract buffers 5 %:buffer(1:10)9] vH]E&= ¥ 5.

c) 4ColA B,

C. Washing & A& 47]

a) Coating % coating bufferS ¥ 2] 12 Washing buffer= 3¥H &+t

b) 27zt FHES 2SS Ao FHL Yl positive, negativeE: Y-S, 18] uwpx 9t
blankoll &= extraction buffer® -&-ch(Z2F 100u® 2<)

c) #241% 8 at 4C x overnight.

D. Conjugate

a) overnight$t well ¢t W858 =5 Wil washing buffer® 53] o] washing.
b) 5X conjugate buffer 200 + &7 800t + Alk Phos Enzyme Conjugate-A 5l
+ Alk Phos Enzyme Conjugate-B 5ul

c) welloll 10004 H==

d) Aol A 2412 F21A 8.

e) Conjugate buffer &S Bt}

f) washing x 33]

E. &4

a) 5 4ml + PNP buffer 1ml + PNP Tablet 171
b) wellell 10002 5.

o) e 294 ¥ FAA Y o] By

d) EA o] BRI reader’| = % 2l

e) 3M NaOH 50u¢® wow dalo

2

EERS R R e B2 =

3) el o

=

wE o g3

[o
!

=3 Ajuma FF& MER o] <lo] 2~3WiAE AV]o] At E AF 8kl Tween

202 A7} 05% sodium hypochlorite (NaOClhol|A 58 F<F sl Hit2 4H

i

Bt 5 o] ddd FAHo] wi2x] FEE HED YAl Fi sfFdAn et A AA
o] mFd w7hA & HWER AAsAL A A= dUIE FHEe] Immel
A712 Azt wix flel xdstdeh. MS 71 Eujx]o] 3.0%2] sucroseE 3 7bshal
NAA (0.02, 020 mgL™"), Kinetin (0.2, 1.0, 20 mgL ™), BA (05, 1.0, 2.0 mgL ™), 1%

_24_



i TDZ (0.01, 05, 1.0 mgL HE ztzt =g estgeh. MAE 0.7%9) agars d7}st
o] LPANZAL pHE 582 =AY 24 2 129202 Heste] 10 mol m? s
Fro A 597 FATE FE 50 mol m”C s &% 2421TC 9] FLAe 1643 4
stel A wfj Fat Aot vieF 45 Fol BEE, shoot 7, Hol, 5o AT

GA3 7} 71 ¥ 5.9 shoot Al Ao v X QaFsS FA}sl7] =3 Viking S
wjFA E 2 sle] o] 3u] B&AE oF lem 27|19 shootet viT]xH S AR d4iTh A
FrAd=dE FA7bekA ¥ MSHIAIE dx=72 ot GAsE 27t 05, 1.0, 2.0, 40
mgl el FEE wgagth. GAyE ntE @ F filterdte] WX 60C AR HUS
o, wjlo d7}akgltt. Shooteh witlE Zh A @ 128HE o & dte] #E 50 mol m
st ex 2421C 9 T 1647 94 stoll A wikaldeh. weF 459 ¥ shoot 2o,
it Zo], vt 4= AAFS FAFSI T Shoot Aol 21olA Kinetin®] H7l&3=
eotr 7] 9t w3 Viking #FES MEAEE ko] ¢lo] 3uf F2E °F lem A7)
o] shoot®} Wt x2& ARE sttt BAEH =4S H7bekA &2 MSHIA S tix+
2 3lo] GAsE 7F7F 0.05, 0.1, 0.2, 05 mglL !9 = %¢ kinetin 05 mgl 'S 7}l
wjstdch Zb mgE7lol 6709 shootet wiTlE X Adske] 12ukE o A stk #
%= 50 mol m” st 2% 24£1TC9 FeAel 16413 9 el A wigstgdch. AE] @
15850 2 &to] wjeF 459 ¥ shoot Zol, vt Ao], mirj, a4 BAFTES At

AEAme =3 Viking 52 ol 1v] 723 vidE Agete] Adxd=4dS
A7VekA] ¢k MSHIA Ol sucrose: 0% (FA7F wiFd®), 15, 3.0% (&9 %3 g7t
FEMELR) T VA wEBRor Asidvt. A FI BrE Gl ol ARE

Hj2k8-7]+= Magenta GA-7 (370 ml air volume)ol A7 10 mm¢ 4ol 7}2m 3o

Els
%= pore size 7} 0.2mmol¢l FE](Milliseal, Millipore, Tokyo, Japan)& -2 sle] Al-&
otk s wlk e 4709 shootE A At F% 100 mol m> s o2 W AEY
T CO; ¥EZ 1500 mol - mol ' 7F F = COx #n WelA wjatglnt (29 2).

F 309 F shoot Ze], vits, dwd, virjde], 44, Fedo], Fe, AT,



Fig. 2. Parts of a CO2 chamber A. main chamber with retractable windows, B.
interior of chamber with CO2 feeder(arrow) C. CO2 sensor, D. blower, and E.

thermometer; F. CO2 tank and G. CO2 and light control box.

U A5 E oL I3 71 FHF dF ALt

D Asshul 71 =3k AR QS 99 71 MigRr Aol A7l 1

AEAE= =3t Viking % UFO #F& AR&ste] 0, 30, 46943F wjgsh dAE=
shoot®} nodeZE w43 th. Shoo ¢ tip2 ¥ 2] 4] Rootone F& £2|3
& Edfolo] AEstda wWdES JERS HejolE Hu|EgolES 47 1]
ghato] Attt Wi 309 Foll shoot Ze], Wit WA (tipo =78 3WA <),
LT WG E Y

B>
o
o
Sy
o
N
_,>:
5
iuf

A, ezl Rl AATF, AT, 4%



fd

22 dHH SA4S 2AEH7] 9fste] 37bx] W or wjkd wikre] Ve dH =
& 1] 7 (S4100, Hitachi Scanning Electronic Microscope, Japan)<
AR&-3Fo] 30001 €k 1,00081 8] wij& = Blastglon ol & 37bA 9] widH = FE Aol
3043t SEI AdE Ao e @ et dnskdth. AlmEA= 10x10mme] =27]e] ¢
43S (0.IM phosphate buffer?} 4% osmiun €8 ImLol A A|A 90 ¢t 11
Atk 2 ¥ 0.1M phosphate bufferol] 15~20% +A o2 2~33] FA3tx 30, 50,

of

(1
M
5°)
o
N
>
2
Dy
(o

X

70, 80, 90, 95% o ¥E& = 77} GFA|7l oy T o eRE R 54 2~33] €A 7] aL
isoamylacetateo] 10%4% 33] XgA)17]1 & CO, critical dryer® 7AZsle] Wig o=z =
BRI A=

2) AEsta g7 =38k A Al nodal positionol] W& =35t Bo] AR

A= shaf k7)) =3} AME A] nodal positiono] WE 3} Ho] AL XA ¢
sto 71 wl¥E =3} Lineker %9 shootE AR&3FAth wlgwie] o] F-91E 37HA
2 Efste] A= ekt (shoot tipoll Al 3, 4M A wt]) ZF7H§-wkt] (shoot tip
oA 6, THA wie]), sHFEtH (7] FF91 0] wit)E Zzh o]l AElskgith wi gk
2L FE 50 mol m” s, & 24+1T, 1643 dFzAoz st A 2
HEEG= 168 sko] Wik 459 F shoot Aol wirlg, A4, ¥rEdol, ¥Eg AAF
I} AEF S 2AEYT MSEE SERA HololE wuEeoEE ZH7 [ E
E@ato] AbEskiTh AMREE SH E
= 70%= 7] Agskt

v}

ol 128% Ede], ¥ 70ml/bhr, 5 5%

3) AF s FEASLEPPFD)E 73 we] Aol vAE 9

=3} Lineker %% A¥rltlE o] &3te] AEAER ol &3ttt AF a7
FFAEUEE 50, 100, 283 200 mol m® s PPFD 2 ZAa91, &% 24417,

16A12F dgstell A v ekatsich. A eld whEa= 162 sfef <k 4598 ¥ shoot Aol
nh e, A7, e, Hele, AAT, deed 454
JERZ HejolE, WuEgte|ES 47t Ll E3ste] ARESITh AREE SR

Efol& 128% Ed# o], #+ T0ml/bhr, 55T 70%= 7|2 A2t

o

& AU WYEE
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4) FESHF R ForEAt FETFY FE o7 ARte] AR K] mA=

E

%

O

AdAQggE 20043 =3ls7tollA REEORZ AFESF= ‘Ajuma’, ‘Baeksun' FE£&
Abgste] A W = 3 A5E AFEStFen Age oF 3~4dmA 7] AT E

AbE3F o) ‘Sulak’ ‘Baekhwa'= 2005 6¥€ 79 9 oA o)A FAI3H

o

*

TF e T AU A AFTA FFOE AL A&
2 2bs st F Il A 2AMGFEE FAKEE % AHYE dEE 24 uE =
e AHR7] 5t TKS2(3lolE JERX~) & -

olE(HH), MERAE Eotate] IulA e A wE E3E AvE d3ds %1
W ol xAgste]l APtk AU R FE SRS 70ml/trayd B
SHHA 4, 6, AP R xAete] Hate] APttt Fop2mate] e AHNES
av)9ate] 2mE 25CoA 20T7HA S Fope®ExE 25T/20C

5Cx4, FEE 4w @350 21,000lux, 1,500lux, 2,000luxz Fdgdorn SHAFE
w2 Sste] AHuEs 4 FE5E 1, 1020309 A% §
St Fr el A 7] B g o2 #EE 20 mol m s PPFD,

o

e}
)
o,
I
=
ke
okl
“
kD

\)
w
e
~
)
S
I3
OT
3
&

oZ
Ho
ol
k1
i
BN
>
_0|L

2
i)
r (o]
AB
SN
riot
1>
2

Egol= 128% Ed o], ¥+ 70ml/6bhr, &5

Table 1. Growing substrates for automatic culture.

Substrates Ratio (%, V/V)

TKS2 ‘White peatmoss 100
TKS2:PL=5:5 White peatmoss 50+Perite 50
TKS2:PL=6:4 White peatmoss 60+Perite 40
TKS2:PL=7:3 White peatmoss 70+Perite 30
TKS2:VM=5:5 White peatmoss 50+Vermiculrite 50
TKS2:VM=6:4 White peatmoss 60+Vermiculrite 40
TKS2:VM=7:3 White peatmoss 70+Vermiculrite 30
TKS2:PT=5:5 White peatmoss 50+Peatmoss 50
TKS2:PT=6:4 White peatmoss 60+Peatmoss40
TKS2:PT=7:3 White peatmoss 70+Peatmoss 30
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Fig 3. Parts of an Automatic Culture Chamber A. main chamber, B. digital control
panel, C. retractable window, D. conveyor with plug trays and E. misting

system for water and nutrient solution application.

5 AFzEAA 2 Fela AAV|yr AEE A5 A= 9
TAANE 3= 20009 6978 Y AN HHoN A SA EF T ‘Baekhwa 9}
71&E A¥ZFold EE‘Ajuma’, ‘Baeksun’ Puma’'s< AF3u| 7| W(2d )4 AF

(
ow ARESY. A A E M GTI(AdSeSA AEAE wFAISEHHe] 7]

ofl
>
o]
o\

3
gz Ae dEE TKS2PL=6:14 #%+=1500lux, H16A7H/ 48417, S H Edol=
1283 Edo], #4%= 70ml/Tray/bhr, T H 2T 70%2 7|2 A2 S §A390. ) A
FxAA Agates 2Abetr] 98t st g B 7HA A EAdAE A
Aokl digk 22 Rootoned oA g|skal IBA, NAAE A5 AH&3Fdtt.
e ZEl A Ao W st ASVES AREY] flEiA ZlEu 2xd A A7)

= 72, 100, 1287 =3} A4S A5 At} Paclobutrazold glel w& =3} A5k

Pﬁ
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32 2AH] f1stel 20061 897 Tl AL ANE T 109 F AF5u L)

YollAd &%+ 23/20C, FEFFL 70ml/tray/4hr, A EE TKS2:PL=6:4, &%= 20 mol
m? s PPFD, 9] 7|E2AelA §RAFE AdG 25 A PHS BAd T8

L3k =3 ‘Ajuma’, ‘Sulak’ ‘Baekhwa'e]l 2l&A A3 =7]o] Paclobutrazol(Kim %
1977, Strang, E.J. and G.G. Weis. 1984, Suh, S.G. and H.D. Chung. 1986) s%& %
A2 5,10, 30 mg/L ' 2 1, 232 WAER EREAL F 8929Y ALuu APz}

g shgik.

6) As sl AR A Sl mE AS5A
=3} ‘Baeksun’, ‘Ajuma’, ‘Backwha’'e] FEo|A }Zujekr|jolA Lgo]ae AL

AtZo] 7153 RE HES Y] 935t shoot tipe ¥ 33 Zo] 3~35m(FF 4~5m1)<9]
ATE Y 219 HF o R AEse] A5 AF SlE 1, 3, 5 108 AFS v 1
Aol sk AR vuAdES 319

7) A spa g el A Ak meob el wjkg e v

=3} ‘Baecksun'#&& Ab&sto] dAWH L St A A (MSHi Aol 3% o] 7t
¥ hormone-free Hj#])oll 500ml 2F2tZet==E o] §&to] 107 vl e zbs
st d7l= 1283 EdolE ol&stel A7 1ny¥ AtEsto] Zhz; 33]|74A] Alohul &

e A AR 5 AN 1ol 54 % P /19 BFe 5 wazl s
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2. 2% € 1%
7b 28 U BHF ARAAGY

D) vlel=AAE AR FAuFt stet=dA

=3t AR Al Futole 20k W&o FHE ALt A= IS AMEH]
9lste] wpolelze rdE o= e ws ‘WMAEFS AMEete] Ads Ave
¥ 29 #t}. gufole] ~AQ Ribavirin¥ Amantadine?] =% X #o] #TA Gl E3}
1 EE AEACdA CVButely 27 HEH A &L v dizToA e Z3td A=A

o] 81%ol A xRt CVBHEel2f 27 HEH A gkt g3, wjA] | H7ka &nfol e =4 9
Futolef o] A o) AEEo] wobA(Verma . 2005) Hhole]
2 AAEN AEEE AAD f =3he] AFH v Al As=e FutolHzAlE A

§30eE CVBitol g 28 AAT + 92 Row Badth

off
b
N
Hr
o
&
Jlﬂ! e

Table 2. Effects of shoot tip culture with or without antiviral chemicals Ribavirin
and Amantadine on the growth, success on virus elimination and survival rate of

Chrysanthemum cv. Beckson.

Antiviral chemical Virus free plantlets

(me - L) Shoot length (mm)” %) Suvival(%)

Shoot tip culture
(antiviral chemical-free) 7 a ol 50
Ribavirin 25 ppm 3.34 ¢ 100 70

35 ppm 256 ¢ 100 66

50 ppm 243 ¢ 100 60
Amantadine 25 ppm 7.716ab 100 66

35 ppm 7.02ab 100 60

50 ppm 586 b 100 46

“Mean separation within column by Duncan’s Multiple Range Test at 5% level.
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dpolel o] Zed Aow wvE A2A 2479 virusol
CVB ol A& 49715F wiolx 433 %
dsiAE o

CVBel ZdHAE< skt

N

@® CVB

)& ELISA test 23},

=2 A5 YERNA A, UH A 470 9] virusel

e FAE ASAGHY 4). o ZA, AW 467 /1F wEs}
s}

AN
Vv
—
[\
w
S
(@]
(e}
3
0¢]

10

11

12

3.7630 | 0.0000 |3.5770 | 0.0000 |3.7030 | 0.0000 | 2.4640 | 0.0000

3.7220

0.0000

3.1300

0.0000

0.2810 | 0.0000 | 2.7520 | 0.0000 | 3.8710 | 0.0000 |1.6760 | 0.0000

3.6860

0.0000

3.4880

0.0000

3.8290 | 0.0000 | 2.4660 | 0.0000 | 2.6520 | 0.0000 | 3.8860 | 0.0000

2.6320

0.0000

3.4420

0.0000

1.7900 | 0.0000 | 3.7250 | 0.0000 | 2.3270 | 0.0000 | 2.6290 | 0.0000

3.7130

0.0000

3.6700

0.0000

2.3830 | 0.0000 |3.7340 | 0.0000 | 2.5700 | 0.0000 | 2.7990 | 0.0000

3.7810

0.0000

3.6850

0.0000

3.7780 | 0.0000 |3.8440 | 0.0000 | 2.7000 | 0.0000 | 3.8320 | 0.0000

3.7380

0.0000

3.7480

0.0000

2.8120 | 0.0000 | 1.8140 | 0.0000 | 3.5440 | 0.0000 | 2.8930 | 0.0000

3.7000

0.0000

2.3960

0.0000

T o m|{O|O|®| >

3.1150 | 0.0000 |3.7820 | 0.0000 | 2.3010 | 0.0000 | 3.4810 | 0.0000

3.7160

0.0000

3.4510

0.0000
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3.6620 | 0.0000 | 0.2720 | 0.0000 | 0.2550 | 0.0000 | 0.2290 | 0.0000

0.3020

0.0000

0.2040

0.0000

0.1570 | 0.0000 |0.3030 | 0.0000 |0.2450 | 0.0000 | 0.1950 | 0.0000

0.2380

0.0000

0.2340

0.0000

0.3970 | 0.0000 | 0.2520 | 0.0000 | 0.2400 | 0.0000 |0.3340 | 0.0000

0.2610

0.0000

0.2180

0.0000

0.2590 | 0.0000 | 0.3260 | 0.0000 |0.2210 | 0.0000 |0.3080 | 0.0000

0.3760

0.0000

0.3040

0.0000

0.3030 | 0.0000 | 0.3260 | 0.0000 |0.2770 | 0.0000 |0.2290 | 0.0000

0.3500

0.0000

0.2840

0.0000

0.3500 | 0.0000 | 0.2970 | 0.0000 |0.2460 | 0.0000 |0.2560 | 0.0000

0.2330

0.0000

0.2390

0.0000

0.2970 | 0.0000 | 0.2280 | 0.0000 |0.2710 | 0.0000 |0.2700 | 0.0000

0.2730

0.0000

0.2480

0.0000

T Q"o |g|g|O|3:| =

0.2540 | 0.0000 | 0.2590 | 0.0000 |0.2930 | 0.0000 |0.2950 | 0.0000

0.3450

0.0000

0.2470

0.0000
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3.0670

0.0000

0.1990

0.0000

0.1890

0.0000

0.1830

0.0000

0.1970

0.0000

0.1850

0.0000

0.1590

0.0000

0.1600

0.0000

0.1970

0.0000

0.1640

0.0000

0.1690

0.0000

0.1550

0.0000

0.2280

0.0000

0.1920

0.0000

0.1780

0.0000

0.1740

0.0000

0.1840

0.0000

0.1740

0.0000

0.1710

0.0000

0.1820

0.0000

0.1910

0.0000

0.1840

0.0000

0.1840

0.0000

0.1790

0.0000

0.1520

0.0000

0.1910

0.0000

0.1750

0.0000

0.1610

0.0000

0.1710

0.0000

0.1890

0.0000

0.1910

0.0000

0.2310

0.0000

0.2130

0.0000

0.1790

0.0000

0.2100

0.0000

0.1700

0.0000

0.1800

0.0000

0.1730

0.0000

0.2020

0.0000

0.1520

0.0000

0.1810

0.0000

0.1780

0.0000

T || m|IOla|®|»

0.1880

0.0000

0.1760

0.0000

0.1720

0.0000

0.1620

0.0000

0.1620

0.0000

0.1610

0.0000
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2.9860

0.0000

0.2310

0.0000

0.2180

0.0000

0.1920

0.0000

0.2090

0.0000

0.1790

0.0000

0.1400

0.0000

0.1980

0.0000

0.2890

0.0000

0.1800

0.0000

0.1960

0.0000

0.1680

0.0000

0.2280

0.0000

0.2250

0.0000

0.2130

0.0000

0.1930

0.0000

0.2040

0.0000

0.1810

0.0000

0.2030

0.0000

0.2110

0.0000

0.2530

0.0000

0.1790

0.0000

0.1990

0.0000

0.1810

0.0000

0.1940

0.0000

0.2300

0.0000

0.1990

0.0000

0.1820

0.0000

0.1800

0.0000

0.1820

0.0000

0.2140

0.0000

0.2630

0.0000

0.2680

0.0000

0.1860

0.0000

0.2520

0.0000

0.1750

0.0000

0.2050

0.0000

0.1900

0.0000

0.2270

0.0000

0.1560

0.0000

0.1880

0.0000

0.1790

0.0000

T | T |la|@m| =

0.2110

0.0000

0.2040

0.0000

0.1800

0.0000

0.1820

0.0000

0.1820

0.0000

0.1800

0.0000
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3.6230

0.0000

0.4030

0.0000

0.3500

0.0000

0.3720

0.0000

0.3600

0.0000

0.3360

0.0000

0.2950

0.0000

0.3530

0.0000

0.3570

0.0000

0.3340

0.0000

0.2920

0.0000

0.4580

0.0000

0.3900

0.0000

0.3380

0.0000

0.3730

0.0000

0.2940

0.0000

0.3760

0.0000

0.2980

0.0000

0.3720

0.0000

0.3980

0.0000

0.4050

0.0000

0.3790

0.0000

0.3230

0.0000

0.3300

0.0000

0.3280

0.0000

0.3920

0.0000

0.3540

0.0000

0.3520

0.0000

0.4490

0.0000

0.3200

0.0000

0.3530

0.0000

0.3660

0.0000

0.3270

0.0000

0.3700

0.0000

0.3220

0.0000

0.3690

0.0000

0.3840

0.0000

0.3840

0.0000

0.3850

0.0000

0.3380

0.0000

0.3440

0.0000

0.2850

0.0000

T |lm|g|la|w| >

0.3730

0.0000

0.3460

0.0000

0.3390

0.0000

0.3720

0.0000

0.3530

0.0000

0.2850

0.0000
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1.7360 0.0570 0.0550 0.0590 0.0490 0.0530 0.0480 0.0550
1.7530 0.0610 0.0550 0.0600 0.0500 0.0550 0.0500 0.0570
0.0630 0.0560 0.0560 0.0590 0.0500 0.0530 0.0490 0.0560
0.0580 0.0570 0.0570 0.0600 0.0510 0.0620 0.0500 0.0570
0.0560 0.0580 0.0560 0.0590 0.0520 0.0600 0.0510 0.0560
0.0580 0.0580 0.0550 0.0590 0.0510 0.0530 0.0500 0.0540
0.0600 0.0560 0.0560 0.0600 0.0510 0.0520 0.0480 0.0530
0.0590 0.0570 0.0560 0.0590 0.0600 0.0520 0.0550 0.0540
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sto] A S Mg 235 B i 33 9 63 2o A HEL] HIUMHA %
< iz HEte] shoot 521&S NAAS BAS x3TelA A93d] & zlo= v
Ebuith NAASH BA9] & ol A% NAA 029 BA Img- L' Aol 7pd 280
=gtk 28y shoot Aoli= NAA9 BAY =379 NAAS TDZ =37 Huk
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A 7 At wrske] Zlueld Al BAE F4 ¢} f7]9F multiplication®] & ¥4 o] i
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Table 3. Effects of different levels and combinations of plant growth regulators

(PGRs) on the growth of Chrysanthemum cv. Beckson shoot tips in vitro.

PGR ( LY N ¢ Sshoots” Shoot length No. of No. of  Survival Organogenic
mg - o. of Sshoots

(mm) nodes roots (%) response
PGR-free 1.0+0.00 e 14.17+£2.64 de 4+054 e 1+04 b 83 single
0.02 NAA 0.2 Kin 1.3£0.20 e 36.14+4.27 ab 8+0.68 abcd 120.2 b 100 single
1.0 Kin 1.9+0.30 de 34.13+564 abc 9+0.85 abc 3+0.0 ab 92 multiple
2.0 Kin  3.4%0.54 bcde 24.50+3.02 bed 7+0.60 abcd 0+0.0 ab 100 multiple
0.2 NAA 0.2 Kin 1.24£0.15 e 44.89+5.38 a 0+1.06 a 2+0.4 100 single
1.0 Kin 2.7+0.47 bede  3856£1.22 ab  9£1.30 ab 2+1.0 ab 100 multiple
2.0 Kin 48+1.98 ab  25.60+3.66 bcd 9+1.21 ab  1£0.7 a 100 multiple
0.02 NAA 05 BA 4.7+0.52 abc 18.20£2.16 de 7+0.34 bede 0£0.0 ab 92 multiple
1.0 BA 5.0£0.65 ab 12.36+x1.56 de  6+0.39 cde 0+0.0 100 multiple
2.0 BA 5.5+0.87 ab 14.30£1.27 de 7+0.62 abcd  0%0.0 100 multiple
0.2 NAA 05 BA 5.0£1.03 ab 12.50£2.25 de 6+0.48 bede  0+0.0 100 multiple
1.0 BA 6.9£1.28 a 17.86£3.00 de 8+0.72 abcd  0+0.0 100 multiple
2.0 BA 5.3+1.6 ab 16.00+3.34 de 7+0.41 abed  0+0.0 83 multiple
0.02 NAA 0.01 TDZ 32+1.40 bcde 20.11#2.26 cde 5+0.38 de 0+0.0 83 multiple
0.5 TDZ 3.0£1.00 bcde 750+250 e  7+2.00 abcd  0%0.0 83 multiple
Dz 10 0.0+0.00 f 0.00+£0.00 f 0+0.00 f 0+0.0 58 -
0.2 NAA 0.01 TDZ 4.6+0.87 abcd  15.00£2.98 de 7+1.20 abcd  0+0.0 100 multiple
0.5 TDZ 2.0£1.00 cde 6.33+0.33 e 7£0.88 abcd  0£0.0 100 multiple
1.0 TDZ 0+0.00 £ 0.00£0.00 £ 0+0.00 £ 0+0.0 100 -

“Combination of Plant Growth Regulators in MS basal medium: NAA:-Napthaleneacetic acid,
Kin:6-furfurylaminopurine, BA:6-Benzylaminopurine, TDZ: Thidiazuron.
YMean separation within columns by Duncan’s Multiple Range Test at 5% level.
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Figure 6. Effects of different levels and combinations of PGRs on the growth of

Chrysanthemum ’Ajuma’ shoot tips in vitro

ol va 1 vz FA(EE ThI 2ol =3 &L valx dolg(Ld To)¢ 37
A FEE Assded ol AdxAEAY TR wRo wE Aol For 7
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Figure 7. Three types of morphogenic response, a. axillary bud (arrow) and shoot
tip elongation (NAA 0.02mg - L! + Kin 1.0mg - Lfl), b. adventitious bud development
(NAA 0.02mg - L' + Kin 2.0mg - L "), and c. axillary branching (NAA 0.2mg-L "' +
BA 2.0mg - L'!) observed in Chrysanthemum ’Ajuma’ shoot tips in vitro
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Table 4. Effects of PGRs on shoot prolifiration from multiple shoot clumps® of
Chrysanthemum in vitro.

Treatment No. of Shoots Survival(%)
Control 12+1 100
0.02NAA+0.1Kin 15+1 100
0.02NAA+0.5Kin 16+1 100
0.02NAA+1.0Kin 14+1 100
0.02NAA+2.0Kin 19+0.6 100
0.02NAA+0.5BA 13+0.6 100
0.02NAA+0.01TDZ 8+0.9 100
0.2NAA+2.0Kin 11+14 100
0.2NAA+0.5BA 7+0.9 100
0.2NAA+1.0BA 7+0.8 100

“Four shoots per clump was used

_38_



Figure 8.  Multiple shoots obtained from subsequent culture of multiple shoot
clumps. a;MS+NAA 0.02mg - L '+Kin 2.0mg - L' b;MS+NAA 0.2mg - L '+Kin 1.0mg -
L, ¢; MS+NAA 0.02mg - L '+Kin 1.0mg - LY.
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Table 5. Effects of GAs on internode elongation and growth of Chrysanthemum
shoot tip cuttings in vitro

Shoot Length
Culti GA3s No. of oot Length(mm) No. of VI;H_%S;
ultivar el
(mg - LY nodes Total 4th Sth 6th roots 8
Internode Internode Internode ()

Control 9+0.3 37.1+25 3.7+04 3.7+03 39+04 604 0.40£0.03

0.5 9+0.3 629+3.1 7.6+04 80+04 76104 6104 0.52£0.03

Viking 1.0 9+0.3 70.2+3.6 10.3x06 10.7¢06  9.6+06 7+0.5 0.53£0.03
2.0 9+0.3 84.7+34 128+06 13.2406 12805 706 0.50+0.01

40  10+0.3 1145451 14.4+0.7 16.2+0.8 16.2+0.8 6+0.2 0.59£0.04

Control 10+0.3 38.9+2.3 4.0+0.2 5.0+0.6 5+0.3  8.6+04 0.52+0.03

0.5 8+0.3 41.7£1.2 54+0.3 6.0£0.5 5+0.3 8.4+0.5 0.49£0.03

UFO 1.0 8+0.2 44715 69+05 7.5+04 7£05 79104 0.44£0.02
2.0 8+0.2 57318 81+04 9.6+04 7+06  8.1+0.4 0.49£0.03

4.0 9+0.2 70.7£1.7 11.0+06 13.1+0.5 13+04 8.6+0.4 0.51£0.03
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Figure 8. Effect of GAs on internode elongation and growth of Chrysanthemum
'"Viking ' (upper) and 'UFO’(below) shoot tip cuttings in vitro. a. control b. 0.5
mg/L c. 1 mg/L d. 2 mg/L and e. 4 mg/L.

ZIWE S e glolA AFzHAEADY] a3E dolRy] 93ste] ‘Ajuma’, ‘Viking',
UFO’ 37FA] FF2o2 AH@e Axs HW(Table 6), Falo] AL 3FFNAN BF
NAA 1 + kinetin 0.01 A golA 7 Bkrh Beldol= FF57olvy Adxd=4d A
e Fel3 437 =t Ajumast UFO #%2 NAA 0.1 + kinetin 0.01 =]
T7F, Viking diZ&77F 7HE Aotk olgst ARz = o, AgxdEduy oy

=& Aol B g Aol g vhSo] dEES & 5 AT

_40_



Table 6. Effects of different levels and combination of auxin and cytokinin, and
GAj; on the rooting of Chrysanthemum in vitro.

Cultivar Treatment

Root Formation

Fresh Weight
(mg)

Dry Weight
(mg)

Root Root

- 0 length Diameter

oots

(mm) (mm)

Shoot

Root Shoot Root

Control
1 GAs3
Ajuma 0.1NAA-+0.01Kin

0.5NAA+0.01Kin

1.0NAA+0.01Kin

8+0.4 81+4

8+1.0 4744

7+0.3 8315

4+1.0 5615

15£1.0 50+3

0.26£0.02

0.18+0.01

0.79+0.13

0.9210.08

0.82+0.03

459£15

375+24

449+16

497+30

80351

130+13 34.2+1.7 5.2+14

76+7 29.1+1.2 3.5+0.2

2786 41.6+2.7 16.3%1.1

441423 39.6+2.6 22.5+3.2

525+43 55.9+3.1 19.7£2.0

Control

1 GA3
Viking 0.INAA+0.01Kin
0.5NAA+0.01Kin

1.0NAA+0.01Kin

9+1

6+1

6+1

7+1

28+1

1305 0.31+0.02

1115 0.24+0.02
90+4 0.89+0.03
57+5 1.28+0.07

40+3 0.95£0.07

808+28

694+34

1107+92

1212+68

1507+89

162+7 37.7x1.6 7.8+0.5
1579 34.4+2.3 7.5%0.8
285+16 63.2+4.4 13.1+1.3
471450 67.1+5.1 22.312.6

911+61 84.6+5.4 40.1+2.7

Control

1 GA3
UFO  0.INAA+0.01Kin
0.5NAA+0.01Kin

1.0NAA+0.01Kin

555 0.3+0.02
734 0.2+0.09
734 1.0+0.04
60+3 1.0+0.04

o50+3  1.0+0.10

463+23
536+30
941452
924+46

1166+46

185+14 30.6+1.3 5.6+0.5
17112 33.7£1.8 6.6£0.7
579+71 67.0+4.6 16.7+£1.7
697166 71.9+4.2 29.0£2.8

679+48 82.5+3.3 31.2+2.8
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Table 7. Effects of culture methods, photoautotrophic, photomixotrophic and
heterotrophic culture on the growth of Chrysanthemum cv. Ajuma shoots in vitro.

Shoot Leaf Internod Stem Root
Sucros No. of . No. of
Culture method length area e length diamete length
e (%) , nhodes ) roots
(mm) cm®) (mm) r (mm) (mm)
Photoautotrophic
COz enriched 0 8250a 11.83a 355a 11.53a 1.99b 7.83b 53.33bc
CO2 non-enriched 0 50.00e 7.67d 3.86a 8.33c 1.94b  2.00ef 42.50c
Photomixotrophic
COz enriched 3.0 76.67ab 10.33a 256¢c  7.97c 2.22a 10.33a 82.92a

15 76.25ab 10.33b 2.19bc 10.07b  1.99b 7.33b 67.50ab
CO2 non-enriched 3.0  6750c 9.25¢c 2.72bc  9.88b 2.08b 592bc 85.00a
15  7417bc 883c 3.30ab 11.98b  2.03b 4.33cd 53.33bc
Heterotrophic
3.0 5817d 883c 191d 8.13c 1.77c  3.25de 48.75c
15  3167f 717d 123e 4.21d 1.62d Of 0d

“Mean separation within column by Duncan’s Multiple Range Test at 5% level.

Table 8. Effects of culture methods, photoautotrophic, photomixotrophic and
heterotrophic culture on plantlet fresh and dry weights, and chlorophyll content of
Chrysanthemum cv. Ajuma shoots in vitro.

Sucrose Fresh weight (mg)” Dry weight (mg) Chlorophyll
Culture method

(%) (SPAD)
Shoot Root Shoot Root
Photoautotrophic
CO; enriched 0 1312.83 a 484.67 b 13512 a 2292 ¢ 56.70 a
COz non-enriched 0 936.75 cd 21983 d 47.17 e 1050 d 2897 e
Photomixotrophic
COz enriched 3.0 1290.08 a 67717 a 13917 a 5225 a 55.08 a

15 1186.58 ab 452.08 b 97.42 bc 3450 b 39.28 ¢
CO2 non-enriched 3.0 1222.33 a 394.25 bc 10092 b 3733 b 4478 b
15 1013.50 bc 38992 bc 73.00 d 2358 ¢ 35.07 d

Heterotrophic
3.0 746.00 d 32783 ¢ 4837 e 1551 d 3849 ¢
15 745.33 d 0e 3551 e 0e 29.83 e

“Mean separation within column by Duncan’s Multiple Range Test at 5% level.
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Table 9. Stomatal characteristics of Chrysanthemum cv. Ajuma plantlets from

different culture methods.

Width (zm)

Stomatal density
" Length (ym)
(mm°)

Culture method

19.36£0.81 a

25.89+0.70 b

204.73+3.35 a

Heterotrophic

15.04£0.30 b

163.93£3.92 b 26.42+0.55 b

Photomixotrophic

14.36+0.66 b

122.00+5.62 ¢ 30.03+£0.69 a

Photoautotrophic

7.53£0.26 ¢

83.06£4.33 d 30.91£0.65 a

Acclimatized plant

Mean separation within column

z
Each value represents the meanzstandard error.

by Duncan’s Multiple Range Test at 5% level.
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Fig 9. Scanning electron micrographs of the abaxial leaf surface of chrysanthemum
in A. heterotrophic, B. photomixotrophic, C. photoautotrophic culture method and D.

acclimatized plant (500X).
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Table 10. Effects of culture methods, photoautotrophic, photomixotrophic and
heterotrophic culture on the growth of Chrysanthemum cv. Ajuma shoots in
acclimatization ex vitro.

Shoot No. Leaf Internode Stem Root
Sucrose ) 0. 0
Culture method length of area length diamete length
(%) ’ ) roots
(mm)” nodes (cm”) (mm) r (mm) (mm)
Photoautotrophic
COz enriched 0 106.67a 10.08b 549a 11.56a 2.19b 41.00a 69.58ab
CO2 non-enriched 0 70.83d 7.83f 297d 9.05e 1.70e 22.58b 57.92d
Photomixotrophic
COz enriched 3.0 100.42ab 11.75a 4.68b 10.55bc 2.49a 27.00b 69.17ab

15 97.08b 10.41b 4.09bc 10.61bc  2.24b 27.50b 63.75bcd
CO2 non-enriched 3.0  7542cd 891de 4.49b 9.99cd 1.95¢c 26.00b 71.67ab
15 97.08b 9.08cd 4.67b 11.43ab 1.82cd 42.83a 73.75a

Heterotrophic
3.0 81.25c 9.83bc 3.66c 9.36de 1.65e 24.14b 66.67abc
15 60.00e 8.08ef 3.57cd 6.20f 147f 1267b 59.17cd

“Mean separation within column by Duncan’s Multiple Range Test at 5% level.

Table 11. Effects of culture methods, photoautotrophic, photomixotrophic and
heterotrophic culture on plantlet fresh and dry weights, and chlorophyll content of
Chrysanthemum cv. Ajuma shoots in acclimatization ex vitro.

Dry weight Chloro-

Sucrose Fresh weight (mg)” Survival
Culture method %) (mg) phyll %)
¢ Shoot Root Shoot  Root (SPAD) ¢
Photoautotrophic
COs enriched 0 1381.50 bc 22742 a 86.00 a 16.00 a 30.10 a 100
CO-
’ ) 0 79325 d 9658 cd 3650 ¢ 758 b 2654 bc 80
non-enriched
Photomixotrophic

COs enriched 3.0 156383 a 17000 b &.00 a 1725 a 3150 a 93
15 117967 bc 18950 b 7817 a 1750 a 3154 a 87
COy

non-enriched

3.0 131858 bc 16958 b 7875 a 1775 a 238.78 ab 87

15 117362 bc 186.75 b 7825 a 16.08 a 26.38 bc 80
Heterotrophic

3.0 109392 ¢ 11858 ¢ 59.08 b 767 b 23.89 ¢ 66

1.5 70767 d 7775 d 2840 ¢ 591 b 2085 d 60

“Mean separation within column by Duncan’s Multiple Range Test at 5% level.
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Table 12. Effects of different growing substrates and plant stage on the growth of

Chrysanthemum cvs. Ajuma and Lineker shoots in the Automatic Culture Chamber.

Initial Shoot .Increase . Increase
shoot in shoot Initial no. No. of .
Stage Sub? length length length of leaves leaves in no. of Leaf azrea
(mm) ésmsn)lz (mm) (IL) (SL) (lseﬁ\_]fi) (em?)
Is) (SS-1S)
cv. Ajuma
0 PmpPr 0 3033 3033 d 0 6 6.00 a 145 d
Pm:V 0 31.80 31.80 d 0 5 5.00 a 245 ¢
V:Pr 0 6.00 6.00 e 0 5 5.00 ab 053 e
30 PmiPr 3197 119.66 89.10 a 7.6 12 400 abc 437 b
Pm:V 3197 98.33 66.36 b 7.6 11 3.26 bed 551 a
V:Pr 31.97 76.00  44.03 ¢ 7.6 10 233 cd  2.09 cd
45 PmPr  44.23 125.00 87.69 a 10.9 13 2.10 cd 3.63 b
Pm:V 4423 133.33  80.70 a 10.9 13 2.82 bcd 558 a
V:Pr 44.23 7200 2777 d 10.9 11 1.88 d 1.70 cd
cv. Lineker
0 PmbPr 0 3030  30.30 ¢ 0 6 6.00 b 2.46 d
Pm:V 0 31.50 3155 ¢ 0 7 7.00 a 2.24 d
V:Pr 0 8.00 8.00 d 0 4 4.00 ¢ 0.60 e
30 PmiPr 2551 12466 99.15 a 7.2 10 313 cde 448 bc
Pm:v 2551 10733 8182 b 72 10 320 cde 542 b
V:Pr 25.51 61.66 36.15 ¢ 7.2 10 2.46 de 2.67 d
45 PmiPr  39.44 13266 94.22 a 8.9 12 316 cde 435 c
Pm:V  39.44 138.33  99.89 a 8.9 12 3.50 cd 6.09 a
V:Pr 39.44 65.33  26.89 ¢ 8.9 11 2.03 e 2.60 d

“ SQubstrate combinations: Pm-peatmoss, Pr-Perlite, V-Vermiculite (1:1 v/v)
Y Mean separation within columns by Duncan’s Multiple Range Test at 5% level.
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Table 13. Effects of different growing substrates and plant stage on stem diameter
and root growth of Chrysanthemum cvs. Ajuma and Lineker shoots in the

Automatic Culture Chamber.

Stage  Sub”  Stem diameter (mm) No. of roots Root diameter (mm)
cv. Ajuma
0 Pm:Pr 154 e 12 e 027 b
Pm:V 1.85 bc 17 e 0.35 ab
V:Pr 1.71 cde 13 e 0.34 b
30 Pm:Pr 1.86 bc 87 b 042 a
Pm:V 2.00 a 87 b 0.36 ab
V:Pr 1.60 de 34 d 0.44 a
45 Pm:Pr 1.88 abc 102 a 0.35 ab
Pm:V 2.07 a 74 c 0.38 a
V:Pr 1.77 cd 42 d 0.46 a
cv. Lineker
0 Pm:Pr 139 b 10 e 0.30 b
Pm:V 1.78 a 19 e 033 b
V:Pr 114 ¢ 10 e 035 b
30 Pm:Pr 1.78 a 88 ab 0.36 b
Pm:V 194 a 78 b 032 b
V:Pr 149 b 38 d 0.38 b
45 Pm:Pr 1.86 a 94 a 0.36 b
Pm:V 194 a 61 c 032 b
V:Pr 155 b 33 d 039 b

Z SQubstrate combinations: Pm-Peatmoss, Pr-Perlite, V-Vermiculite (1:1 v/v)

¥ Mean separation within columns by Duncan’s Multiple Range Test at 5%
level.
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Table 14. Effects of different growing substrates and plant stage on plantlet fresh

and dry weights, chlorophyll content and survival rate of Chrysanthemum cvs.

Ajuma and Lineker shoots

in the Automatic Culture Chamber.

Fresh Weight Dry weight Chloro-
Stage Sub” (mg/plant)’ (mg/plant) phyll Survival (%)
Shoot Root Shoot Root (SPAD)
cv. Ajuma
0 PmPr 261.00 ed 9553 e 2006e 1373 c 24.07 ¢ 100.00
Pm:V 35687 e 21053 cd 2740 e 1840 c 29.17 b 86.00
V:iPr  51.00 f 11950 de 11.00 e 15.00 ¢ 22.50 ¢ 6.66
30  PmiPr 1521.10 a 504.00 a 15872 b 4533 b 32.42 a 100.00
Pm:V 127093 b 44033 a 107.06 ¢ 4640 b 29.60 ab 63.00
V:Pr 77953 ¢ 284.00 bc 5300 d 1840 c 24.95 ¢ 60.00
45  PmiPr 160456 a 509.40 a 18698 a 62.70 a 33.06 a 100.00
Pm:V 172627 a 51120 a 14346 b 4113 b 31.20 ab 96.67
V:iPr 53840 d 34300 b 5840 d 4500 b  30.84 ab 20.00
cv. Lineker
0  PmiPr 340.20 fg 11440 de 26.80 fg 11.10 ¢ = 2542 de 73.33
Pm:V 43356 ef 150.77 de 4533 ef 2611 b 2530 de 30.00
V:Pr 9000 g 4500 e 1500 g 12.00 c 25.00 e 3.33
30 Pm!Pr 1617.78 bc 411.07 b 207.12 ab 61.40 a 33.67 a 100.00
Pm:V 141827 ¢ 553.66 a 14640 ¢ 5547 a 2894 cde 30.00
V:Pr  800.00 d 23580 cd 6840 d 23.00 bc 28.30 cde 50.00
45  PmiPr 177492 b 51567 ab 216.13 a 6560 a 3297 ab 80.00
Pm:V 208140 a 63260 a 18446 b 54.06 a 31.59 abc 100.00
V:iPr 64873 de 27806 ¢ 8213 d 3140 b  29.36 bcd 70.00

“ Substrate combinations: Pm-peatmoss, Pr-Perlite, V-Vermiculite (1:1 v/v)

v

level.
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Figure 10. growth of Chrysanthemum cvs. ‘Baeksun’ on different culture days and
substrates in the Automatic Culture Chamber(‘Ajuma’(left), Linerker’ (right), A:
cuttings in 45days, B: cuttings in 30days, C: on cutting day
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S 9 SHEAF mE ASHSS AR 2yE 1 168 2o g4 TA FF
‘Baeksun’ ‘Ajuma’, ‘Baekwha' 25 209 7oA Aol Aty 4, AF o] AF
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Table 15. Effects of different planting days on the growth of Chrysanthemum cvs.

‘Baeksun’ ‘Ajuma’, ‘Baekwha' in the Automatic Culture Chamber

) Planting No. of Stem Stem
Variety . SPAD
days leaves Length(cm) Width(mm)

1 3.4+0.3 45+0.4 3.8+0.3 34.6+3.03
10 3.5+04 47£0.5 3.9+04 28.7£2.96

‘Baeksun’
20 4.2+0.2 5.8+0.3 4.3+0.3 30.3+£3.41
30 5.4+0.3 6.2+0.6 45+0.2 29.4£2.96
1 3.4+04 4.1+0.3 3.5+04 32.4+3.42
10 3.4+04 4.3+0.3 3.5+04 29.7+3.14

‘Ajuma’
20 3.610.4 5.9+0.3 3.610.5 31.312.54
30 4.2+04 6.2+£0.3 3.8404 29.8£2.23
1 3.4+0.2 4.0+04 3.4+0.3 32.4%2.08
10 3.6+£0.3 45+0.3 3.7+0.3 28.2£2.35

‘Baekwha’
20 4.2+0.2 55+0.5 3.9+0.3 33.3+2.46
30 44404 6.0+0.3 4.0+0.3 30.4+£2.25
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Table 16. Effects of node position on the growth of Chrysanthemum cv. Beckson
shoots in vitro.

Shoot Stem Root Fresh Dry
Node No. of ) 0. O ] ]
" length 4 diameter . length weight weight
osition nodes roots
b (mm)* (mm) (mm) (mg/plant) (mg/plant)
Upper 104 a 13 a 181 a 11 a 9 a 788.80 a 49.00 a
Middle 77 b 11 b 1.69 a 9b 92 a 566.40 b 35.30 b
Lower 53 ¢ 10 b 145 b 6 c 89 a 41350 b 26.20 ¢

Mean separation within column by Duncan’s Multiple Range Test at 5% level.

3) AHEstil 7N FFAELE(PPFD)7F =3 Bo] Aol A= 9%
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¥ 17. Effects of different PPFD on the growth of Chrysanthemum cvs. ‘Ajuma’, in

the Automatic Culture Chamber

PPFD ) Stem Root Fresh
(um R(?tlng Po.rof No.of No.of Length  Length  Weight
2 media(v/v) sity  leaves Root (cm) (cm) (e/plant)
TKS2 75.5 4.2 16525 4.2+04 32202  2.6+0.2
50  TKS2:PL=6:4 80.0 45 20.4+1.2  6.0£04  38+0.2  3.3%#0.1
TKS2:PL=7:3 75.0 4.3 246+1.8 6503 4.3+01  3.2%0.1
TKS2 75.0 4.4 182+25 45+0.3 3501  2.7+0.2
100 TKS2:PL=6:4 88.0 4.8 215+24 5404  44+01  3.4+0.1
TKS2:PL=7:3 82.5 4.5 25625 58+0.2 46+02  3.6%0.1
TKS2 80.0 4.3 175+22 42+03  3.8+0.1 2.7+0.1
200  TKS2:PL=6:4 82.5 4.6 22524  48+03  4.2+02  3.4+0.2
TKS2:PL=7:3 85.0 5.2 24516 46102 42+02  3.8+0.2
PL=Perlite, VM=Vermiculite
4) FEFFAA WE For2atst it T Aol AHEHE A vA= 9
Q&R AFAE M7 Edol g NE AR TaEdolE A8 93
of ool AgE MINES Mwals] skl HEW 2y e YU A =
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11). ol FYAES @A) A Eed3 ES Il g0 #dste]
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3 18. Effects of different substrates on the growth of Chrysanthemum in the
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Automatic Culture Chamber

. Stem Root Fresh Dry
Porosity No.of ] ]
Substrates Length Length Weight Weight
(%)  leaves
(cm) (cm) (g/plant)  (mg/plant)
TKS2 75.0 4.4 8.2+0.4 45+0.3 2704 405%15.5
TKS2:PL=5:5 75.0 46 8.8+0.3 4.8+0.4 3.1£0.3 421+16.2
TKS2:PL=6:4 875 4.8 8.5+0.5 5.4+0.4 3.4+0.4 446+15.0
TKS2:PL=7:3 85.0 45 8.8+0.4 5.8+0.6 3.6£0.3 458+13.6
TKS2:VM=5:5 775 4.8 7.4£0.6 45%05 3.0£0.2 432+12.5
TKS2:VM=6:4 80.0 5.4 7.0+0.4 4.8+0.3 3.1£0.5 435%12.0
TKS2:VM=7:3 775 5.0 75%05 5.2+0.4 3.2£05 423%13.5
TKS2:PT=5:5 775 45 8.5+0.5 4.6+0.3 2.8+0.4 432+13.8
TKS2:PT=6:4 75.0 5.2 8.8£0.3 4.8+0.2 2.6%0.3 430+12.4
TKS2:PT=7:3 75.0 5.0 9.2£0.5 4.0£0.3 25%0.5 433£12.6

PL=Perlite, VM=Vermiculite, PT=peatmoss
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¥ 19. Effects of DIF on the growth of Chrysanthemum cvs. ‘Ajuma’, in the

Automatic Culture Chamber

Stem Root Fresh

Day/ Rooting Porosity  No.of No.of Length Length Weight

NightC  media(v/v) (%) leaves Root

(cm) (em)  (g/plant)

TKS2 725 4.2 146+£32 38+04 3.2+03 2.8+04
TKS2:PL=5:5 75.0 44 17528 4.3+0.3 38+04 3.2+04
25/20C TKS2:PL=6:4 75.0 45 20.2£35 4604 3.8+04 3.0+0.3
TKS2:PL=7:3 80.0 4.6 20634 48+£03 4304 3.1x0.3

TKS2 75.0 4.5 17425 44+03 34204 2.6+04
TKS2:PL=5:5 76.5 4.8 19.2+34 5.0+04 42+05 2.8+05
23/20C TKS2:PL=6:4 85.0 4.6 25.2+3.3 52+04 4.2+03 3.7#0.3
TKS2:PL=7:3 82.5 4.5 23.4+2.6 50+0.3 45+04 35+04

TKS2 75.0 4.4 18245 4503 35+04 2.7x04
TKS2:PL=5:5 76.0 4.5 22.8+3.2 48+04 3.8+#0.3 3.1+0.3

25/25C TKS2:PL=6:4 875 4.5 25.2+¥24  54+04  44+05 3.4+04
TKS2:PL=7:3 85.0 4.2 27635 5b8+£06 46+04 3.6+0.3

PL=Perlite, VM=Vermiculite, PT=peatmoss,
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3 20. Effects of different substrates and irrigation time on the growth of

Chrysanthemum cvs. ‘Ajuma’ in the Automatic Culture Chamber

o ) Stem Root Fresh
Irrigation  Substrates Porosity No.of No.of .
) Length Length Weight
time (v/v) (%) leaves Root

(cm) (em)  (g/plant)

ol TKS2 75.0 44 165+35 42t04 32404 26+05
TKS2PL=55 750 45 204%25 45:03 3503 3.0:04

Y SoPL-G4 750 A8 954432 50+04 3804 3103
AT RSoPL-T3 825 50 266428 55:03 4303 35:04
ol TKS2 750 44 18245 4503 35t04 27404
TKS2PL=55 750 46 928432 48+04 3803 3103
e e A8 932424 54:04 4403 3404
BT KSOPL-73 850 45 246+35 5806 46404 3603
o TKS2 725 45 17404 46+05 36+04 25+04
TKS2PL=55 720 46 18803 47:04 38:03 2703

Y SopL-g4 775 50  212+04 40+03 40:04 2805
BT KSoPL-T3 750 52 204405 48:04 3804 3.0+04

PL=Perlite, VM=Vermiculite, PT=peatmoss,
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5) AFzHA 2 EHadAr7t AEH Sl vAe JF
AFzAA AYel we =3 FF5d M EHRES B (Table 21), AAH oz W0
Frlwoh A o] %5 AA 1,000mg/L™", 2,000mg/L", 3,000mg/L "]
2ol A FFuke] Wt g el A E SR apooh FEHY Aozt v A}
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o 2y AAAJ AT dEFolAAe Wd FFo] FrtRtUE =L o2 UE
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2o ol Rootoneol Al R ‘Baeksun’ <+ 27570, % 3.8cm Puma’ 5
26570 =% 3.8cm ‘Baekhwa' &4 26570, &% 35cm &4 Aubz oz 435 3
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Table 21. Effects

of different plant growth regulators

on the growth of

Chrysanthemum cvs. ‘Baeksun’, 'Fuma’, 'Baekhwa’ in the Automatic Culture
Chamber
. Fresh )
Plant growth Ratio of No. of Root Weight Dry Weight
_ el
regulators(mg/L ") Rooting root per Plant Length(cm) & (mg/plant)
(g/plant)

Control 82.5 20.5+2.5 3.0+0.3 2.8+0.4 405.5+25.6
Rootone 90.0 27535 3.8+0.4 3.6+0.3 435.6+24.4
IBA 1 85.0 24.5+3.2 4.0+0.4 3.5+0.5 440.2+35.3
Baek IBA 5 95.0 25.6+2.8 4.3+0.5 3.8+0.4 445.3+25.7
“sun JBA 10 925 22.5+3.4 3.6+0.4 3.6+£0.4 435.2+24.0
NAA 1,000 82.5 22.4+4.2 4.240.5 3.6+0.5 430.4+30.6
NAA 2,000 92.0 25.6+3.5 3.8+0.4 3.9+0.4 4455+15.5
NAA 5,000 925 23.4%3.2 3.5+0.4 3.4+0.4 4255354
Rootone 92.5 26.5+3.5 3.8+0.3 3.2+0.4 422.5+20.6
IBA 1 82.5 23.4%3.0 3.2+0.4 3.4%0.3 420.6+23.3
IBA 5 92.5 26.5+2.4 3.5+04 3.6+0.3 433.5+16.4
Fuma IBA 10 925 22.5%+3.6 3.0+0.3 3.5+0.5 445.0+23.4
NAA 1,000 90.0 24.5%+2.8 3.5+0.4 3.5+0.4 435.2+25.7
NAA 2,000 95.0 26.5%3.2 3.2+0.3 3.7+0.3 440.5+20.3
NAA 5,000 92.5 22535 2.8+0.5 3.3+0.5 426.0+25.4
Rootone 90.0 26.5+2.5 35+0.5 3.4+0.4 445.4+20.4
IBA 1 80.0 23.4+2.4 3.3+04 3.7+0.5 422.4+255
IBA 5 92.5 24.2%2.7 3.4+0.6 3.6+0.6 4415215
Baek
hera IBA 10 95.0 20.3+3.1 3.0+0.5 3.8+0.4 435.0+21.3
NAA 1,000 90.0 22.5%2.4 3.2+0.4 3.6+0.3 445.2+24.4
NAA 2,000 925 24.3+3.5 3.5+0.6 3.7+0.5 440.5+26.2
NAA 5,000 92.5 22.5%3.2 2.7+0.4 3.3+0.4 425.0+22.7
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Table 22. Effects of paclobutrazol on the growth of Chrysanthemum cvs. ‘Ajuma’
'Sulak’, 'Baekhwa’ in the Automatic Culture Chamber

Paclobutrazol
Variety (mg/L ) P;?tr; No.of No.of Lsefgr?h Root Dry
(of) leaves Root (em) Length(em) Weight(g/plant)

Con. Time

0 0 925 45 21.2+#35 54+04 6.2+0.3 402.6£9.4

5 1 90.0 42 204£28 5.2+05 54104 423.5+12.0

2 875 4.0 187+31 4.2+06 5.0£0.5 435.4+11.4

Ajuma 10 1 90.0 42 18237 5.0+04 5.0+0.3 424.7£10.5
2 875 4.0 17524 4.4£0.7 4704 422.5+11.7

30 1 825 40 172436 4.3+06 4.8+0.6 415.4+10.5

2 80.0 4.0 16.8+35 4305 4.2+04 412.8+124

0 0 90.0 45 214+21 52+0.2 5.6+0.4 389.6+12.8

5 1 90.0 45 20.7£28 5.2+0.6 54£0.5 413.2+9..7

2 8.0 4.0 184+31 4.6+0.7 5.2+0.3 425.3+10.4

Sulak 10 1 8.0 45 18.0+42 51+0.6 5.0£0.3 435.3+12.5
2 825 42 18.0+30 44£05 49104 414.5+10.4

30 1 8.0 4.0 177+25 45%06 4705 415.8+10.3

2 825 40 172+£34 43104 4.4+0.4 410.2+10.4

0 0 90.0 45 225+21 5.0+0.6 5.8+0.4 423.4+10.3

5 1 8.0 42 214+34 49204 5.510.6 422.5+12.4

2 85.0 42 206+38 4705 5.2£0.3 431.5£104

Baekhwa 10 1 8.0 42 21.8+22 51+04 4.8+0.4 428.2+11.6
2 825 4.0 20.7+34 4804 4.6£0.3 431.5+12.2

30 1 825 4.0 184+32 49+05 4.6+0.5 424.6+10.5

2 80.0 4.0 182£27 45+04 45+0.3 422.4+11.7

R

w3} ‘ol zupP oA EA R wjeksge] Zej A Ao w2 w3l LSS zA}
A= 3E 233 2k 27elAM = AP L] 65%0lA 725%% HAnkAow & et

om ot 4B F AUAFT AF BAZ A YA FEG BT} 452 4 2

=51

oty
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Aol e A FolA Btk F3i7b mdets Aol dlen oy A gl
AFste AL WA YA E e AFIZTEEA F CCCH
Paclobutrazol® 2] 23S WPl A A2 APS wHyPdof & Zolrf. 183l 12879
AE e Aok thE Ay FolAut A eR dA A&dte] AAar]d wE zf
olF Hth i AAFAAE 114 128704 TKS2:PL=7:39% TKS2:PL=6:4
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A A A=mv)e 729RY 12897 271 S
Aoz Holth 2 5(2000)
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S7hekaL 128% ol LS 100% A A&

Table 23. Effects of different tray cell size and substrates on the growth of

Chrysanthemum cvs. ‘Ajuma’ in the Automatic Culture Chamber

Tray Poro Stem Root i
. ) No.of  No.of Dry Weight
Variety cell Substrates  —sity Length Length
. leaves  Root (mg/plant)
size (%) (cm) (cm)
TKS2 65.0 40 165+35 4.2+03 25+0.3 4125+£205
72 TKS2:PL=6:4 725 44  225+25 5104 3.1+0.3 432.4+22.0
TKS2:PL=7:3 70.0 45 202+35 53+06 3.2+0.2 436.2+215
TKS2 75.0 44  182+45 4503 2.7+04 4056+155
Ajuma 100 TKS2:PL=6:4 &75 48 275+24 5404 34+04 446.2%15.0
TKS2:PL=7:3 85.0 50 256+35 5806 3.6+0.3 458.8£13.6
TKS2 80.0 43 175+3.2 52+0.3 3.8+04 385.4+185
128 TKS2:PL=6:4 925 46  225+35 58+£0.3 4.2+043 396.6%£20.0
TKS2:PL=7:3 95.0 52 245+32 62106 42+04 4085%135

PL=Perlite, VM=Vermiculite, PT=peatmoss
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Table 24 Effects of different cutting times on the growth of Chrysanthemum cvs.

'Baeksun’, ‘Ajuma’, 'Backwha’ in the Automatic Culture Chamber

. chlorophyll
) Cutting ) No.of Stem Stem
Variety Survival(%) ) content
time leaves  Length(cm) Width(cm) .
(SPAD unit)
1 100 4.6+0.5 5.5+0.4 4.2+0.5 34.5+3.4
Baek- 3 100 45+0.6 5.2+0.3 4.0+0.4 32.6+3.6
sun 5 95 4.8+0.4 6.50.6 3.7+05 28.7+4.2
10 95 4.4+0.5 6.5+0.4 3.5+0.4 25.6+4.5
1 100 4.5+0.5 5.5+0.5 4.8+0.3 35.4+3.4
3 100 4.8+0.6 5.2+0.4 45+0.3 28.7+3.3
Ajuma
5 975 5.2+0.4 6.2+0.3 4.2+0.3 25.6+2.6
10 95 4.8+0.8 6.5+0.5 3.7+0.3 24.7+2.8
1 100 4.6+0.6 45+04 4.6+0.6 33.5+2.7
Baek - 3 975 47+0.5 4.5+0.7 4.7+0.5 32.4+3.3
wha 5 975 5.4+0.5 5.5+0.5 4.2£0. 28.4+2.2
10 95 5.2+0.4 6.5+0.4 3.3+0.4 26.1+2.4

6) At A7l AR E A Slge] mE S

=3} ‘Baeksun’, ‘Ajuma’, ‘Backwha’'e] EZJA AFAHE AEsA 1, 3, 5, 103
At A5k vluAdde] A= 1 249 2ol Baeksun'oll Al 103] 2 HAA] 7ol
65042 13 ARG E 15%0]d NFstqn AFE 17%0]14 AFsd oy o= o

7

LA

_—

E=AEeE Aol Y. 18lal ‘Ajuma’, ‘Baekwha'ol A= A A¥ At
7

Bt 183 ‘Baeksun' 53] A g]d AbFol A mAAdE Aol 65cm, 47 ol

ofs

37mm, SPAD-FX %= 284 = 103] Hgst=3 Box 2G4 HAdAA & 23
= 3

Btk ‘Ajuma’, ‘Baekwha'ol A= 53 @A SPAD#o] 7F4 =Z=tw =

lf|
o

)
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Table 25. Yield of chrysanthemum plantlets as affected by the different culture

methods
No. of initial No. of nodal cuttings
Culture methods ]
nodal cuttings 17 2 3
Heterotrophic culture 128 576+11 2,937+103 14,685+236
Photoautotrophic culture 180 H58+23 1,893+121 8,679+354

“No. of harvesting time

et FrIE ol gsklE wel w3t ¥R e VENHeR
SetRel wste] 24, AT, B4 RF 1528 oo F7tE Hold
A ] Aol ATstugride] W g HHsket ddo] glon ofd T
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100

Sur-
(mg - g ! fw) (%)

content
1.0+0.0
1.7+0.1

(A)
101.0+4.6
125.6+4.1

0

31

Hyper- Fresh weight Chlorophyll
(%)

Stem
diameter hydricity (mg/plantlet)
(mm)
- 64 -

nodes

(cm)
3.3+0.1 3.1+0.2 0.97+0.01

Height No. of
5.4+0.0 3.7+0.2 1.03+0.01

A 2glolebal Alzbe T

Culture
method

R4

o]
Figures are mean value *+ standard error (SE).

methods

)
5

Table 26. Growth of chrysanthemum plantlets as affected by the different culture

Heterotrophic
culture
Photoautotrophic
culture
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Figure 12. Mother plant of Chrysanthemum in actually culture
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Table 27. Comparison of costs on different culture methods

SRRl . .
. H & | I &5 & A& A A=A
AFE 2161 160H x40,0002 6,400,000
- ore 21540,0009)
v 913 Q7M1 5855%
AEE Taa) 0.5% %409 x40,00091-800,0009] A E86.5%
A7)A 7182 9] 225kWhx113.89=256109  |@=x
gul  |AFEA |7]EE 9 42m?x551.99=23,180¢Y
TE s |eam
AR T PARSEARE] 3003 & 207k
do = el x23] = 9
PR 2 92079 x23] =400,000 or
Agn (A dd ) (2 9 5% 201H9x23]=800,000¢ 9.5%
A 84256109
0.90:4H 54 3 &
AFE T 9 7FA A 8.425,61091 +400,0005-+0.85-24.8%1
- oA A 160 4000041640008 | 0004
o]l An ’
I PARS RN BT 1711 M) 5781%
AR g 0514090 x40,00091-800,00091 | LA THIETRI%
A7) A 718 9] 300kWhx133.69=40,080%
oy | EFEAL ZIRE 8] 34m’x551.991=18,764)
= o
=3
Fe s A % =DM olth & €207+ x23] =400,000%)
Hj 7] Al 2] ’
oqw  [FESIBAGE Qus 4] £8.3%
m 96,000,0009) +20\d +6=361,111%
Azv|AFddTn (AR 9 5% 1,200,0004 A=EE 13%
A 9.219.955¢
“0.98: A=A T &
Zej AbAA 9.219.955<1 +400,000E-+0.98=23.5¢]

# AF400,0004 7]
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Table 28. List of distribution in chrysanthemum culture

o|& Fi 2o FF W) | "x
A BE GFA HeH 2 LR 20,000 | 1,200 |8¥F 7H3sh
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Table 29. Effects of different tray cell size and cutting days on the growth of

Chrysanthemum cvs. ‘Baeksun’ in the Automatic Culture Chamber

1;2?137 Cutting Rate of survial No.of Stem 'Stem CTS:;::Z 1
size days (%) leaves Length(cm) Width(mm) (SPAD unit)
5 100.0 5.4+1.4 4.4+0.3 4.2+0.4 40.7£0.5
7 95.0 5.8+1.5 5.2+0.6 4.3+0.3 42.3+0.7
Control
10 90.0 6.0+1.2 5.5104 4.4+0.2 44.5+0.5
21 90.0 6.4+1.3 5.7+0.4 4.4+0.4 44.7+0.9
5 100.0 54+1.4 4.5+0.3 4.2+0.3 41.7+0.7
7 100.0 5.8+1.0 5.2+0.5 4.3£0.2 42.1+£0.5
1 10 100.0 6.2+1.2 5.5%0.5 4.4+0.5 42.5+0.6
21 100.0 6.4+1.2 5.7+0.5 4.6+0.3 43.4+0.5
5 100.0 44+1.4 45+0.5 4.0+0.2 42.2+0.4
7 95.0 54+1.3 5.2+04 4.2+0.2 43.4+0.5
- 10 90.0 5.8+1.1 5.5+0.5 4.4+0.3 42.3+0.3
21 85.0 6.6+1.2 6.3+0.3 4.4+0.4 41.7+0.6

=3} ‘Baekwha’, ‘Baeksun'olA 7|&4t5-8¢9} P
SHOA A A7], AR F& 9 INA] A7 Had 9 S 58 HdEStY] U2 Ay
ol A 7]&E ATt AsAE MI7N(AEHETEA AsAE A =d)yod A AP &

HIRE SHAA A F AF o A= FFS AEstuA v d¥S Fd5
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Table 30. Growth of Chrysanthemum cvs. ‘Baekwha', ‘Baeksun’ grown by different

culture methods according to transplanting days into field

Rate of Chlorophyll
) Culture . Stem Stem
Variety  Days methods survial Length(cn) Diameter(mm) content
(%) & (SPAD unit)
Conventlopal 95.0 11.0£1.3 4.0+0.1 424427
30 rooted. cuttings
Cuttings of 100 144416 41402 402+1.8
Plug cell
Conventlopal 95.0 46.949 9 4.340.2 43.2+2.8
rooted cuttings
Baekhwa 60 Cuttings of
g 100 50.3+2.5 4.3+0.3 43.8+2.4
Plug cell
Conventional
+ + *
100 rooted cuttings o0 128004 oot om0
Cuttings of 100 129.4+4 8 5.740.37 45.242.0
Plug cell
Conventlopal 95.0 12.0+1.2 41+0.4 43.1+2.2
20 rooted. cuttings
Cuttings of 100 164+13 4.2+05 442415
Plug cell
Conventlopal 95.0 69.242 4 4.240.6 44.1+2.3
rooted cuttings
Baeksun 60 Cuttings of
g 100 63.4+3.7 4.4£0.3 44.2+1.4
Plug cell
Conventlopal 95.0 137.3+15.2 6.5+05 46.2+4.0
100 rooted' cuttings
Cuttings of 975 134.4+12.2 6.6+0.3 47.2+3.2

Plug cell
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Table 31. Flowering characteristics of Chrysanthemum cvs. ‘Baeksun’ grown by

different culture methods into field

Plantlet Length of Diameter Flower Rate of Rate of Bate.of
. . . . Days to .. inferior
production spike of spike width flowerin variation products flowerin
method (cm) (mm) (cm) £ (%) (%) %) &
(o]
Conventional
. 5.3a 2.3a 12.1a 108 1.2 85.0 13.8
rooted cuttings
Automatic
cultuturing H.7a 2.6a 12.3a 103 0.5 875 1.5
system
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Table 32. Yield of Chrysanthemum cvs. ‘Baeksun’ grown by different culture

methods into field.

Plantlet Cut flowering
production Non-harvest (%) Mortality (%) Harvest (%) yield
method (Bundle/10a)
Conventional
. 4.6 19 95.0 2,336
rooted cuttings
Automatic
cultuturing 3.3 0.5 97.5 2,397
system

One bundle containing 20 clusters.

W, AAANA L A BE sk NAEF) JES £FE 2AG Aot

=09 139 2ok 4ER] A3 AFHMGINA AAE AERE ASAGSY o
WOATERE FRE ASE A9 kel 4E} 53] B AoE vehynt
2100

2050

1950

Marketable yield (Bundle/10a)

1800

Control Automatic culture

Figure 13. Marketable yield of Chrysanthemum cvs. ‘Baeksun’ grown by different
culture methods into field.
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rooted cuttings(right)
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Figure 15. Growth of Chrysanthemum grown by different culture methods
transplanted into field after 4 weeks(Cuttings in automatic culture chamber(left),
Conventional rooted cuttings(right)

Figure 16. Growth of Chrysanthemum grown by different culture methods
transplanted into field after 8weeks(Cuttings in automatic culture chamber(left),
Conventional rooted cuttings(right)
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Figure 17. Flowering of Chrysanthemum grown by different culture methods
transplanted into field(Cuttings in automatic culture chamber(left), Conventional
rooted cuttings(right)
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