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#TE (Chrysanthemum morifolium, Ramat) —4& LUTFE0 B%M » EH R 6 SR ENE
AR MRS R R E A SR A Rl USRS ERAR RS2 E c ARERRST
AZ@E (MURASHIGE, 1974) o JTAEFRATERYL virus 2SR ASRE » HEEEMAHE (Pirone,
1970) » $EETRSF 44k (shoot apical meristem) ¥ ZHEMHBNHTEZLRREE o

HTEAMEREMZTAES » % (stem) (HiLe, 1968) » FTF (shoot tip) (Ben-Jaacov and
LANGHANS, 1972 ; BE¥F<FiL% » 1973 ; EARLE and LANGHANS, 1974; 1974) » 4R 7E (tubular floret)
(Irzuxa et al., 1973) LIR{EHE (pedicel) (RoEsT and BOKELMANN, 1975) #al{EEEsigis » B 30
SWARETF  BRRMEEM -

ARELDTRASEOHE » AERREFBEME » RARSHEEL » BRERRESR » LS
FiE o XAMBEE | ORSSEERARINEEMZAE » QRES S ERERRIOES » LU
HEFR RS SR R e R ©

S MHEREFE

—~ i E
AWRFTRAZAESMA Blue Bird, Montana, Meladion, Delaware % Christmas Greeting

FoMHRERIARBENABFR L R2ABBEBTEETER - LEREERVIFEAGE
BRERE  MRFEMEFGEREREZR - EFSEIIhERRE (FEXMS8 IR) B
B
SR

1. %H (shoot tip) : FEATFH » EMHERHT » AERBBZ N TIEETH—REEHR
RIEREHE > RBREENEEEE - REOMEREFS=M : (1) 0.15~025 mm BHFRaE
Rz R EEH > (2) 050~0.75mm » (3) 1.25~1.50 mm o BREHEEPEZETBEBE S
ZEhIE o

2. 7EFF (inflorescence) : LASFTFHEE RE/IEFNZ EF—REHE » B4 08% kE®mH

] (sodium hypochlorite) ¥ » Idin 0.0125 B3 #| Tween 20+ {53 15 58 » DURE KM= »

-

EERERE L - TEF A IMEEERSS : (1) 0.5~15mm» (2) 3.83mm» (3) 5.75 mm =#f o
3. EBAIEIFHE (stem section and leaf bud cutting) : FEIEHTEFF L E T F M BLAYLI Ei (shoot)s
MR EERY S mm 7 EiH » BREBRMAE—ER 2 MIERSRHES -
EEREZRE
FRHREMER My M; B M, =flRE M BRTEFREFSEDFERSERESF M A
I AXRF—FEEEERNABEEHAR MBI 85 -

2. 3. BUEBABEEERAFRDERHKE -
4. AWMPREO6LEI2 A 1 HEE -
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RERRES 02~05mm ZETALMEE— Ml M, ARERETRAERE, ®E L8
fil, - =R P M ENIIG W Murashige 7% Skoog (1962) 2 EMEIRS  SLERS (mg/l) :
NH,NOj, 1650; KNO,, 1900; CaCl,:2H,0, 440:
MgS0,-7H,0, 370: KH,PO,, 170; Na,-EDTA, 37.3:
FeSO,.7H,0, 27.8; H,BO,, 6.2; MnSO0,-4H,0, 22.3;
ZnS0,-4H,0, 8.6: KI. 0.83; Na,Mo0O,-2H,0, 0.25;
CuS0,.5H,0, 0.025; CoCl,-6H,0, 0.025 -

A NaH,PO-H,0> M, & 340; M. & 170
HEESERESEEAR (mg/) mFE -

# | AR REMRABN S R

Table 1: Organic constituents of media (mg/l)

ST W T e L
Organic constituents M, M. iy

Meso-inositol 100 ! 100 100
ThiaminesHCl 0.4 0.4 1
Pyridoxine«HCl — — 5
Nicotinic acid - - 5
l~tyrosine 100 = —
IAA 2 : 2 —
NAA — — 0.3
Kinetin 2 | — 0.1
Adenine sulfate 160 — 40
Difeo Bacto mall extract — — 500
Sucrose 30,000 30,000 25,000
Difco Bacto agar 8.000 I 8,000 6,000

iE M M. B Smith % Murashige (1970) & )7 + My B Murashige % (1971) &% -
M. M. from Smith and Murashige (1970), Ms from Murashige er al.. (1971).

REREREEGNES pH 5.7 G857 8x3em B 8x25cm ZRERS » HEAREE L
10 ml » % LA - mdEsnE (e 120°C» WD L2 kg/em?) 15 458 -
0o~ R

BERE LR JeAE g B VY 16 /\EF » JESRAE TS 200 MUK (foot candle) » JBAEfR#F 25+2°C o
i-RoB=:

HRAAY Az (Johansen, 1940) s FEFFLL FAA [ESE o WighbnySETEA Cral I E5E# - A
TBA (tertiary butyl alcohol) A - Et#IRFME » WHEES 104 » P@EiEHA Safranin and
Delafield’s hematoxylin» ) Euparal # }- -

=8 B
— WA .

RS RER S RSB/ 2R » R WA R ERR o Y LRSI R A
i) o WKL #5258 Meladion SERMMT :

Lo M, %% FAEREZ KRS EABRHRE - AH 3~ BERNZEH (BERY
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0.5~0.7 mm) i 1~2 MEMBENKES o BERS 1.25~1.5 mm 2 I E—B R FERE
510 A A  ERER A e (83)

2. 75 My BERIE D TR 0.5 mm e M, ¥ REA RS - LB kinetin, adenine
sulfate J tyrosine =HiR4 2 M. 5 BHAKEHE 0.2~0.5 mm 2 HIHE 18 TR iE 3% 5839 »
e M. SERIEP » HERTVER S LAOWHA | ORURESER  ORBEREY » ()% 10~

[ 1-6 : HTEATHERTE R 2 B I K -
Fig. 1-6: Cultural responses of shoot tip and inflorescence “explants of cultivars
of chrysanthemum. 1-3, Meladion: 4,5, Blue Bird; 6. Montana)

M1 CER (F 05mm) £ M, $RIE |- » @ 3~4 Wi BEOEMER—/ ik

Fig. 1: Root and shoot formation in shoot tip (0.5 mm in length) cultured’on 'M.
medium for 3-4 weeks. (x14)

M2 : RESAEMS (B 02mm) 76 My BEM » ARREAHE » 8 4~5 BB REHE

frp i B -

Fig. 2: Callus with shoots from shoot apical meristem (0.2 mm in length) cultured
on M; medium for 4-5 weeks. (x8)

3 : RS BB -

Fig. 3. Multiple shoots from shoot tip culture. (x1.2)

4 @ ERAETERFIEER -

Fig. 4: Inflorescence explant before culturing. (x9)

W57 (EEM ST5mm) 7 My HRK > 84 AERESABRRESE

Fig. 5: Formation of callus and adventitious buds on inflorescence (5.75 mm in
dia.) cultured on M, medium for 4 weeks. (x10)

6 : TEFF M, B33 L8 5~6 M » BERSERERERIE -

Fig. 6: Callus with many shoots proliferated from inflorescence cultured on M,
medium for 5-6 weeks. (x8)
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0KEHR » HE—F (H 1) RE 2~6 @ > FXEHEERRE » BER— K- 7
M. S5 b — R i — AR I M BT A — i RRERR B S W -

3.4 M, Bk BRTASEREZRRSEMNE M, 8l M, BRESRERS  BE M
AL b iR S AR R T R R O A L R 4~5 AR dthRFUSREN SR I
B (W2) -

HAFRIBSRENRS 08~1.2mm PWEFRRN M BRELBIR  FENERBEHRD
B (8 7) SIS IEEMETR—h 3~5 MRz HLFERE (cambium-like
region) » MRS 2RO AR o FETUR NS FAVREAZ | ()E SR TR e
F o Bnaeminemzr (M8 ) - BHERERE HEENAFRREHFSHE o QhFEHE
i LR A S L RRES (W9) -

[ 7-9 : FETEHAEIF A 8% (Blue Bird S » M B#WmE) -
Fig. 7-9: Photomicrograph showing origins of buds in cultured shoot tip (Blue
Bird cultivar, all longitudinal section):

A7 @ ZETERE 10 K » THSERMFERZR -

Fig. 7: Shoot tip cultured for 10 days showing apical meristem and lateral buds.
(x27).

8 ZETHEEEE 18 K » THFFMENFRREL -

Fig. 8: Growing of two lateral buds near the apical meristem after 18 days
culturing, (x20)

W9 hEAHBALRBCRES -
Fig. 9: Adventitious buds (B) from callus. (x44)
T TERFiERE
R M, —fikaEEt  BNBFRTES - HREFESEHEZX/MAR o AT Blue Bird
% Montana GETEFEREMZGERRAMNT !
Blue Bird S ZTEFERE—ALE  EERAHK (0.75 mm) EEHEBESAESRRESE
B =HHTRENRES (HS)  EEEFEFSEAENET  LlERESEK EE 3.83
mm ZEF ([ 4) RERTBETVRAES » MAERZBEUNTRHEA » F 3~6EA - |
& 05~15mm ZTEFEER 4~6 FAUATEFNRE - FIUTEBEREE  BEENER
TREFAE WP (F2) o Montana @S BRI AEFZ B4 Blue Bird &5 o HEFH 2~3 mm
TIEFEER 5~6 @ A—TEF EAH 20~30 EREFELE (M6 ) o HAETAKFARESF
SN EZER - i Sk Christmas Greeting, Delaware, Meladion ¥R IhMFBRTES o
BEMR/NE » BRI 148 mm Z1EF (B 10) REEMNY » KRR RIEFEFZ)
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TETARLHE 6 RELER + 16 FEMERRORAS 76 2052 -2 Ml 77 ZU TR0 & L8R » 72 SCeb B LTS AR I kit » 5
ETRF R - (EF SRR AE S 2ZBER TR | (R R4 W - (EFRShEe L8E 2w el

Il 10-13 @ JEIFR R S @ oz Wev) (Blue Bird G » MRS H0SATT) -
FFig. 10-13: Photomicrograph showing origins of adventitious buds in cultured
inflorescence (Blue Bird cultivar. all longitudinal section):

(@10 RE Rz e

IFig. 10: Inflorescence before culturing, (x20)

fall : eSS eR RN E S -

Fig. 11:  Adventitious bud (B) from callus, ( x75)

(812 2 BT R 2 SE AR o e TR R 4 -

Fig. 12:  Adventitious buds (B) from the sub-epidermal parenchyma cells of
receptacle. (x56)

@13 s i MEZTE SRR R TS -

Fig. 13:  Adventitious buds (B) from axile of perianth of partially differentiated
florets. (x23)

Bil14 © ShEHE M. BE3E - B8 5~6 Kl R B Rz R il 7 (L R I A - (iRl )

Fig. 14: Adventitious root initials (R) protruded from interfascicular cambium of
younyg shoot cultured on M; medium for 5-6 days. (cross-section x32)
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#2 | BUERERIEF RN, B AR EAN
Table 2: Time (weeks) required for different developmental stages as influence dby
different size of shoot tip and inflorescence explants of chrysanthemum.

B A E B 7 F H
B 5 B = Shoot tip length Inflorescence diameter
Developmental stages N2 i) .
0.10~0.20 | 0.50~0.75 | 1.25~1.50 0.50~1.50| 3.83 | 5.75
MoB OB — B OF | 4swks | 1~2wks 1 wk 4wks Twks | 3 wks

Appearance of first bud

Formation of shoot cuttings 6~7 4 3 6 13 =

i# i W " o - ” g
Rooted plantlets 8~9 5~6 4~5 7~8 14~15 —

B BREESAER (0.1~02mm) |2 M SEREN > HGR M, 3%

All cultured on M; medium except shoot apical meristem (0.1~0.2 mm) required M; medium.

CFEBRNBE

REINENMG E R EHEREBREFER » HRAREFEETBZLE » REE 2.5~30
cm @R HAERD TIERGEFR » THRAH 1AA Z M, BRE - 8 10~20 RE—5HhE
FRBRFRAFRETERS/ MK o MEKEREBE > RENEEATHE » BERHESHR
T REAEBEAERLY  HRERTEEESZE o AFEIERE » SETHR M SRERS
5~6 REHBRFEW » ReRMFPEE (interfascicular cambium) Z AFEEMREEE (H14)

m - 5 ®

— FRAEEEZER

£ M, SR LEERIEF SR ETRRS N HF o GERTUERE 2 TR NFUR f
EEREFEEEAEREZTES o M, BEEAEH kinetin K adenine sulfate » ILNFEFHR
> B H L AR (SkooG and MILLER, 1957; ScHAEFFER and SMITH, 1963 ; GRESSHOFF
and Doy, 1972) o THORPE J; MURASHIGE (1970) 53Rz BAZEES tyrosine B —ib& > HH/IE
{44 (hydroxylate aromatic compounds) FTLLH# IAA oxidase A MBS M S auxin B
cytokinin Z Hfll » HFBABFIRIFRERK o M, E#ILFEGE kinetin » adenine sulfate F tyrosine
=fRS  HHEXRBESTAZEFUERZTAE - £ M, BREEXRSHBEESTRAR/)
f#R » TS PCFRE -

7 M, ERE L HEXEFTEABRHBHENES—EYR » AEREPRESEE » REAE
bR REbGE (H2) My 8 M, BERERG 22 » TBERBRISOTR - M BB
#i4E » 4745 malt extract» pyridoxine » nicotinic acid 4 » EERA T RS & I/ AR
BREREZRA -
= IEER /BRI Z AR

£ M, B3k b RERIEFERBAIRRAR  FESHRZ R bHET] o 03k 2 FRAIEF
AMEERENMERRNE » FEFVRES - EEALSERBKE RS » FRLEREK B
VREZ SRR RS ME LR ZEFRAY » ARUEES 1.25~1.50mm Zﬂ ﬁ*
1~2 LA ARRHES D » BFRIRIMEREA * 2 R

ERTSRESERERESE 0 BRESERRIREE (systemic infectious Vlms) EH%HPS
BE 7 RBE b AT REMTEE (MaTTEEWS, 1970) ) FILIARHERBZEEF L ENRFERE
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FlRORBRERZBEE  AWRPRERER 0.5 mm #7e M, BEE LRBRE » 5
4; kinetin » adenine sulfate J tyrosine 2z M, #:3H ik 02~05mm EXRIE fRR
TERAE 58.3% » AMLIEERFRARS AN o EARSRERFNBREYTRE » HLEHER
PEZARMAT RN o MEEFRES RES & R R RS o

ERTEARAEE My SRET TR/ MER » SR virus R B R AR A GEE o F:2
A LM AR virus ZiEEEEHE Al B ARG AR R G AE RSB ST
vitus ZEH s MAERBhERS EAME RS2 ABASEE vinus 2%
S ENERSBWERFELZER :

ARRBABCERRIEF BN M, ERESTRESWINE o FER 25~3cm 4k »
ENFTEITBA M Bi(R TR R MR AL o VIR BRIESZ RS TR M4 I » i
Fl—S R TR AR B & )/ MR » RTARIEF IR MIBTE M, S RE P RER A BRTRS 95
RER > B CESHTES » BERBYE - ROBS OS2 EE (BRER) SRR M, B
BEEREAHEBRITEIMERSFEREE o A LI AN EHEETEFEMMES - i
EMBERZHE—EFRN TR M ERE P BAZATH EETTRRMRERE - maER
BENRNHEIMEGRBIABRRETERES  HREETERESFZE o Tﬂﬁ’%ﬁﬂﬁ#.?ﬁ
# (HAseGAWA et al., 1973) o DIBESFHIEE » —ESMBMER=/E] RTHR 10 F2 =377
SRR 10 (A » —FZREPALEEA (109 =10° Effk: o HE B R T ok
STAMZM ~ R AR S HFIRE S T AT ER MR EEEY o JERER IS E TR A
ERTERPEEERENAAREME » URRELEARARELEHFSEZR - B—HEFE
ERERANTARTFRERSFERERFHIRETMEZEN » 59 > MEFSARBERT2¥
# o EarLE B LANGHANs (1974) ®% 7t % MuLLIN B SCHLEGEL (1976) BBz WHoeEN
#E 4C ZBRET » HEZRWABMBEEZ/MEETREA BMEZA » MR BER LT YHE
TR o MR RE ) 2B R (germplasm storage) A EER o
s EZRIRERER

—BHEBRRE RS OARRT A B | (OSEREA 2 EERMZE » Al (HASEGAWA et d.. 3
1973) » }tf6 (Ma and Wana, 1977) » Qi RAQRIKESBENDBRAES » MBEKER 3
SERRF AR ELNMEE T ZARBEZRESF (BRH 1972)  BERRBSRTEFRAR
R/ BUBER (external phloem) J Ay#yp:#f (internal phloem) (STERLING, 1951) 0 (a)shﬁﬂuﬁ'
FRAAER » B LR ES » PlmAE S (Grinblat, 1972) ﬁﬁl%ﬁﬁ%iwﬂn"

and WooLFITT, 1970) » RAHE#E#E (PrLrat and HILDEBRANDT, 1969) » uxﬁﬂ:m' i
(Rao et al., 1973) o :

HRIFMBESRENR SRS RFESZF » BARREEREBRNREN) '-ff
TE > HSHRIERM R BB R ERATRRANBER o KPS Blue Bird Rl
EH AR SR » SUPATERE SR B » B REE: o Huw (1968) i Bronze Prid

(1972) g Indianapolis White BalE RS HMIEHIBET » HERBRIEEHR
CHELAESFE A M LT o Roest B BokeLmann (1975) J Super X
~ LTI - FRRAEDIER A R R BT o iSRS ) 207

BERRS TR (BROBRTJBS er al., 1976) o E&t’ﬁﬁ%ﬁﬁ‘fﬂﬁ'ﬁﬁi’&!&"‘ ]
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BE » (FRELFT 4 2298 (BROERTIES ef al., 1968 ; STEWART and DeRMEN, 1970 ; NETTANCOURT
et al., 1971 ; BROERTIES et al., 1976) » QI7ES | S S FEAEREE

A~ =

%1t (Chrysanthemum morifolium, Ramat) = Blue Bird » Montana » Meladion » Delaware T
Christmas Greeting %2> RERIEFSRESZEERE REREA N RIERES RS AR
R0 BIAERE (R0.5~1.5mm) BIEF (ER 0.50~5.75 mm) BERENE Mmsﬁ]oB-Sxooq (1962)
FRE R ARG AR (mg/4) & : inositol, 100 ; thiamine, 0.4 ; tyrosine, 100 ; IAA, 2 ; kinetin,
2; adenine sulfate, 160 > M, £33 (Svitr and MurAsHIGE, 1970) » LIRS W
BN (8 02~0.5mm) 7 iR+ tyrosine, kinetin X adenine sulfate &4 IAA
2mg/l ZHBE M) » WTLIEERT R—E B/ MEE o RER 01~02mm #$Pre¥EFEs %
RA4£BMAES MurasHicE-Skooc (1962) EBEIR KR E MY B E (mg/£): inositol, 100 ;
thiamine, 1 ; pyridoxine, 5 ; nicotinic acid, 5 ; NAA, 0.3 ; kinetin, 0.1 ; adenine sulfaté, 40 ;
malt extract, 500 2 M, #3#3 (MURASHIGE et al., 1971)» EVEREAR » BhaFEEBPR
RBoRHGE » RERGEESBERER » * FR— N o

EHERR 25~30cm BT » MR M, BEE L & 10~20 EE » TREHE » MHSK
MR o MEREREBENEE R BER TESRS o

BRAEFERBEMRZ L8 » ﬁiﬁ—*ﬁﬁ]ﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁ ' HAES  ORBREESZ
FEE MRS » R MUSRE L MRERAAR  FHERESE (QWE EHE—ER 26T
R M B35 AR R T R R — vk o

HFERIBEE » RIS » B EIEA M (DR RTERE I E2> BFRAFR RS
BRI IR o QBRSO AR A ARTH L BRARES « THFEER » BRYES T
EHFRFA=ME | VESF 2 MEZIEERETR » QMmTEEEIR MM S YR » (3)
ERERRFT LR o ShE EZRERANKERMPRE (interfascicular cambium) ;2758 4HH
S HMARAR TS o

AL AR AR TE I YR » ;%ﬁﬁ‘c#.bﬁfﬂi.’ﬁﬂﬂﬁﬁ?ﬁﬁ"

2 E XK

(1) JRUEF ~ Fryndk (1972) © ST OTEAR LR MR AR EEBRZFE thEIEES » 18(3): 135-142. 0
(2) BEEFFal ~ BEREAEALS « BERR (1973) : KB L 5+ 2 OR%E o FCHURR L B S SRR BT AR 208
SRS » pp. 125-130 -
(3) Ben-Jaacov, J., and R.W. LANGHANS. (1972); Rapid multiplication of Chry.sanmenmm plants
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Clonal Multiplication of Chrysanthemum in vitro
by

SHU-0 WANG and SU-SHIEN MA
Department of Horticulture, National Taiwan University

Summary

Studies were made on developing a tissue culture method for clonal multiplication of cultivars
of chrysanthemum (Chrysanthemum morifolium, Ramat). Shoot tips and young inflorescences
of different size of ‘Blue Bird’, ‘Montana’, ‘Meladion’, ‘Delaware’ and *‘Christmas Greeting’
were used as explants. Cultural responses differed in respect to size of the explants as
well as difference in organic additions to the medium. Larger shoot tips (0.5-1.5mm in
length) and inflorescences (0.50-0.75 mm in diameter) produced multiple shoots on medium
containing Murashige-skoog (1962) salts supplemented with (mg/l): inositol, 100; thiamine,
0.4; tyrosine, 100; IAA, 2; kinetin, 2 and adenine sulfate, 160 (Smrta and MurasHIGE, 1970)
(M; medium). Smaller shoot tips (0.2-0.5 mm in length) grew into signle plantlet with well
developed roots on the same medium containing IAA 2mg/l but kinetin, adenine sulphate and
tyrosine were excluded (M, medium). Shoot apical meristem (0.1-0.2 mm in length) almost
without leaf primordia cultured on medium supplemented with (mg/l): inositol, 100; thiamine,
I; pyridoxine, 5; nicotinic acid, 5; NAA, 0.3; kinetin, 0.1; adenine sulfate, 40; malt extract,
300 (MURASHIGE et al., 1971) (M, medium) induced callus formation first and then a single
shoot arising from the central part of the explant. Adventitious roots were formed later at
the base of the shoot and a complete plantlet was regenerated. )

Shoot cuttings (2.5-3.0 cm in length) taken from culture tube rooted easily within 10-20
days in medium containing IAA in 2mg/l (M,). Rooted cuttings transplanted to vermiculite
gave 1009 survival under intermittent mist in greenhouse.

Sterile shoots from culture tube may further be used as explants for multiplication. This
was accomplished in two ways: (1) defoliated nodal and internode sections cultured on M,
medium induced callus formation and then multiple adventitious shoots, (2) leafy nodal sections
grew into single shoot and rooted on M, medium.

Histological examination revealed that origin of buds in cultured shoot tips were of two
types: (1) apical and lateral buds on the original explants, (2) adventitious buds arose’ from
callus. The origin of adventitious buds in cultured inflorescences were of three types: (1) from
cells in the axile of perianth of partially differentiated florets, (2) from sub-epidermal parenchyma
cells of receptacle and (3) from callus. Adventitious roots on young shoot were originated
from interfascicular cambium.

Problems related to the use of tissue culture for propagation and conservation of cultivars
of chrysanthemum were discussed.



