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F 7@ in vitro TO®E « PEMREELEEHENLT 2720, FEEEE, Mo v o BEE S I OEBESME
BLUOEEMHFOR A ABRE Uic, HREEAL 10C I FiF2 &, 25C & TiclkNT+ 7 0EEB LU
Ewrod N,P,K OWRIRIZW 39 E 7. 10°0C FTE#RLF 7 BEEODE - 728K L1715 ) /K
DHBWIEDELE LT, POy s BBELA T 21c#0, $hvry=—vE A TEBES
o BICHENF 7 OERRERICHEIS . EEMEFIR* 2 oERMEICESTHY, hThby =03V
—Jv 100 ppm JAEDSE: SR BE P - fo. PILEXDEFEEEL 10°C KT, ¥ a i3 0Emian
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1. #
F 7 IREEEROILETHY, REOREFRERE
HERBTHETICEICE>TRENTVE. ZDK
B, ¥, EREESICEIRTIOENREEL, D
YRS VA VW AFEOREEY, FNEOERICK 28K
DRI LINTHS.

CNODT EERBRT B/, EEERICE - THEK
e ORI R in vitro THERBERET 5 B0 BEFRH
HE b, in vitro THEYEZRET 5 HH L, base
collection [TdH 7z B HEFEE O BFEREL active collec-
tion CH 7 ZAEEMHZMET TOREICKINTE B,
#EORICE, FEEbT I 0°C A:EDRETABYT 5
FEkE, ARG T CRERE, EMEoRMIVEE
ZHd 5 k% B2,

AT, F27E2HEE U CHELHETOREEEET
3 EEPEENMHEZRET S & & b, Edo
YERE L RBEORE, WYADERNMGIFINES
K BERMEIERE L.

2. MEBLUFE

(1) ¥EE|H®%

HXEHERELT - THIck s B “BHFON” Oy
B, N BR s R (N BR w7 AT poe v, 6.5-
6-19) 8g/l, v =¥ 20g/l, FEK 8g/l ALk (MLF
AR THE IR, COEEEYHOE2KEE

i

THIULME (]9 0.03g) 2O oMEKE L. &R
50 ml OFHhAE ATz 6.5X6.5X8.5cm DT F R F v
IRy 7 R BKRT DX LAOEHETH 7 ZEREL, 1
HERX 2~4 R v 7 2N, BE%, 1,5001ux, 24 F
IO B RET TR L.

(2) HW&EHE
FIEDBEERI %, I, HHEE, B, s
S UM TEERELFH L. F—HoRBRRiIco0n
T3, WEPREIRD £ - e OBRE—FHME, BEL
ZDEKICONT, N, P05, KoO BEAREL. N
KBS EBRIC XD £28HE, PO B NFFEy T
7 VBT, KO JEFRILHbEE X vfleE L.

(3) HBAOMEL

BRI, EEEENF s OERICRITTEE, HEAR
HicBRYE 30~10C O A ISIRE FTHE LI THR
BOBRTIE, 10C TTHEAERSIFHIE NI, TDik
OEEEBICHNS 25°C THXU 10°C FT 20, 40,
60, 90, 120, 150 HR¥:#E% FidORELIT - 7.
REBI. oy BEESLUG~ v= b~ VEER
F 7 OERICBIIZTEE. BAEHO v 2 BREZLO,
1, 5, 20, 80, 120, 160g/l iz 143 L /- i#T 25°C F,
60 R U7, S7c A v s ERERZOE
LT, =v=1r—n% 0, 20, 40, 80g/l HinLT#E
BEEED BT 26°C F, 60 HREREEL ..
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Fig. 1. Effect of temperature on growth of chrysanthemum in vitro.
The cultures were incubated at 25°C (filled symbol) or 10°C
(open symbol). The medium contained 0.3% Hyponex and 2%

sucrose.

T/R=Fresh weight of shoot/fresh weight of roots.

AR ARMEFORBELEN+ 7 OERICEXIZ
TEE v=arV—nu (RIx7 Y, IAEE) 50,
100 ppm, £/ Yo+ (B-9, HAE =) 2000, 4000
ppm, ABA (FDGAEET %) 50, 100 ppm DEIEAIZE,
0.45um DA V757 4 vZ—ICXDRHEL, ZDHK
s ERE 30 ABRIED %, EAKHUCERL 25°C
T, 60 HFEEEE L.

RN, BELMOX P L ADHEEER. BRI ~N
ORERIY, HFEEEEL 10C & LTOY = BERME
M, @EAEMIC v = b —u 40g/] FinEw, ©v
=av =) 100 ppm MEED 3 FH:T 160 HEHEEL

3. #% g

(1) BEOHIRRIC X 2 &R

10C FTTEELELF 7R, HRODE-cBEE LR
b, ¥ 150 H% T 25°C Fic~~TEL 58.3%, %
¥ 80.6% It &I Nz, &EKER, 25°C T CHEE
40 Hi% % Tic&sicigin U708, 1650 B TSR
KL BERE L Mor, HTFEAAER, 25°C TTIE

Fig. 2. Temperature effect on leaf shape.
Upper : from plant grown at 25°C,
lower : from plant grown at 10°C.
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(Fig. 1). 7 25°C FTTI3H# 90 HED S FTEDHAL
DD O, S OICIEBEARERS IKEWER SN2
BRI/ E o 183 10°C FTTRIEE 40 HEEX
DRANDH 5 RFEOLEEAEE LS, 25°C FTRRAD
RN OEARER Uk 72 (Fig. 2).

EEMEP OO N, P0s, KO0 o84
Fig. 3 1c7R L7z, 25°C T35 40 O g Tloke
@O N P& ED Licoicst L, 10°0C FTRWERH
WCkRb Uz, — P20s & KoO 12, 25°C T Tl3iEE 40
HYBEROHR SN, 100C FTTRW3 P hic b
felr 7.

(2) BEhov s EEIUwry=r—VEFICXS

A

HAREMO Y 2 FEREEE 0, 1, 5g/l WET 52L&, ¥
a BHBESENVZEEIIELS, EEESTIEHER
bR -TakE LT EoERIIFIE /. 2o
BOEERELMKEEH, T/R o & ks 73
Stz —JF, ¥ oo BEEEA 80, 120, 160 g/l [T &,
EERELSDERDPD/NELL, 120g/] DI TIRE
EEL o e, RE LU TH ESOEERMAIX 1/
2, BOEEREEINGEH >/ (Table 1).

FAEEHC~ v = b —k 20, 40, 80 g/l ML T#E
BEEETFZE, == —VOBRMENREIEEEL
BAE L WD E » IR S 78 o 7. FoEAIES
KHOEKSEO M EMoEREIFI &N, v v= b —
v 40g/l PLETEBOAERSIHI I N, v v =1 —
v 80g/l XCIRTHIEASEEIL UCA SEFEMNFEZE L Pk
AEMBELL, BBELROLNEH -/ (Table 2).

(3) HEEMFIFIC X 34EEmH

v=a+Y—u, £I/Vy b, ABA OJETE S
BB SEMZEEBES E bR -7, ULl
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Fig. 3. Effect of temperature on the N, P.Os

and K20 absorption of chrysanthemum
in vitro.

Each value indicates nutrient remain
in the medium at 25°C (dotted line) or
10°C (solid line) after various day-
culture.

EEVEARERESMBEICE ZEEREZRADONT, B
DEERY =33 —1 100 ppm X TO A MEIS Wi
(Table 3). v =a+/— VB LcF 713, EHEL
PONBNICE FEABEL LD, SSICKBOFREDOD

Table 1 Effects of sucrose on growth of chrysanthemum in vitro.

. F i
Slé;l/'?)se No. shoots Plan(‘;m};e)lght No. leaves resh weight (g) : T/R
Shoots Roots
0 1.0x0.0 a 21.7+5.2e 7.5%+1.0d 0.18£0.04 ¢ 0.04=0.01b 4.5
1 1.0x0.0a 27.5+3.3 de 10.6+0.9cd 0.28=0. 05 bc 0.06%=0.01b 4.7
5 1.0%=0.0a 34.5+2.6d 10.94+0.5¢ 0.33+0. 05 bc 0.06=0.01b 5.5
20 1.0£0.0a 56.8*2.0ab 16.8+0.7 a 0.63%=0.10 a 0.29%£0.03a 2.2
80 1.0+0.0a 63.8+83.1a 14.8=0.8b 0.46+0.03b 0.24%+0.02 a 1.9
120 1.0=£0.0a 47.2+4.5bc 14.7+1.4b 0.36+0. 07 be 0.21£0.05 a 1.7
160 1.2+0.2 a 37.7+4.8cd 13.0+1. 7 be 0.30%£0. 04 be 0.25£0.05a 1.2

Means with standard error and indicating the significance of difference by a, b, ¢ and d by Duncan’s

multiple range test, p=5%

The medium contained 0.3% Hyponex and various concentration sucrose.

The cultures were incubated at 25°C for 60 days.
T/R=Fresh weight of shoots/fresh weight of roots.



23

Table 2. Effect of mannitol on growth of chrysanthemum in vitro.

Fresh weight (g)

M?g/%“)l No. shoots Plan(‘inlr;e)lght No. leaves T/R
Shoots Roots
0 1.2+£0.2b 57.5+2.7a 15.2%£0.9a 0.70£=0.07 a 0.2610.04 a 2.7
20 1.2+0.2b 34.8+£3.3b 12.0£1.3b 0.35%=0.09b 0.15+0. 05 ab 2.3
40 1.3+£0.2b 26.8+1.7c 12.7+1.2ab 0.24%0.04b 0.12+£0.02b 2.0
80 2.8t0.4a 10.5%1.3d 4.0%+0.0c¢c 0.36+=0.10b 0 c 0

Means with standard error and indicating the significance of difference by a, b, ¢ and d by Duncan’s
multiple range test, p=5%.

The medium contained 0.3% Hyponex, 2% sucrose and various concentration mannitol.

The cultures were incubated at 25°C for 60 days.

Table 3. Effect of plant growth retardants by dipping treatment on growth
of chrysanthemum in vitro.

Fresh weight (g)

. Conc. Plant height
Chemicals No. shoots No. leaves T/R
(ppm) (mm) Shoot Roots
Uniconazole 50 .0=0.0a 28.2+3.4cd 11.7£0.5de 0.59+0.10a 0.12*=0.03ab 4.9

1
100 1.0£0.0a 24.8+1.7d 10.0+0.5¢e 0.48+0.07a  0.09%+0.02b 5.3

Daminozide 2000 1.0+0.0a 47.7+2,1b 14.8+£0.7ab  0.76+0.04a 0.26%+0.01a 2.9
4000 1.2£0.2a 35.3%1.8¢ 12.8+0.4¢cd 0.63+0.05a 0.20+0.02ab 3.2

ABA 50 1.0£0.0a 62.0*=5.1a 13.8£0.6 bc  0.59+0.07a 0.26%0.05a 2.3
100 1.0£0.0a 48.0%+2.0Db 13.56+£0.4bed 0.47£0.07a  0.201£0.03ab 2.4
Control — 1.0+0.0a 56.8+2.3ab 15.8%k1.1a 0.62+0.07a 0.27+0.06 a 2.3

Means with standard error and indicating the significance of difference by a, b, ¢ and d by Duncan’s
multiple range test, p=5%

The medium contained 0.3% Hyponex and 2% sucrose. The cultures were incubated at 25°C for 60
days.

Plantlets were dipped in each chemical solution sterilized by 0.20 um filter for 30 min before placing
on the medium.

Table 4. Growth of chrysanthemum under minimal growth conditions.

Fresh weight (g)

Treatment Plan(t;n}rislght No leaves T/R
Shoot Root

A 25.8+2.8¢ 12.4%0.5¢ 0.27+0.04d 0.05+0.01c¢c 5.4

B 45.0+2.1b 19.5+1.0b 0.45%0.03 ¢ 0.19£0.02 ¢ 2.8

C 23.8%1.4¢ 10.4*0.4¢ 0.72%+0.07b 0.47+0.04Db 1.5

Control 64.8t4.0a 23.3%+0.9a 0.95+0.07 a 0.60+0.07 a 2.0

Means with standard error and indicating the significance of difference by a, b, ¢ and d by
Duncan’s multiple range test, p=5%.

Treatment A : the medium contained 0.3% Hyponex only (see Table 1), B: the medium
contained 0.3% Hyponex, 2% sucrose and 4% mannitol (see Table 2), C: plantlets were dipped
in 100 ppm uniconazole for 30 min before placing on the medium (see Table 3).

The cultures were incubated at 10°C for 150 days.

BOKOEZER Uiz, £33/ Y v b & ABA TI2HR M, ©Yy =23~ 100 ppm BFEMEE 10°C ZHE A

BOF - IS OFERBRIZ(LB R N8 - e, ST 160 HRSHE LR, 25°C TEITRER &
(4) 10°C HBIC B BB D HH RIEINERD Shic (Table 4). fRicEAEMNS & 2

CNETIHROED > T @EARIEMD O & o LR FEAR O R T O AR IMEISIE ST - 12,
WickE, @FEAIEMICT = b —v 4% B INZ foEE B 150 Hg oo N, P:0s K0 2, HBX
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TZzh<t 7.3ppm, 9.0ppm, 68.6 ppm TH-7cD
ket L, @K 234 ppm, 62.7 ppm, 454 ppm, ®X 3.2
ppm, 4.7 ppm, 207 ppm, ©I[X 0.7 ppm, 7.7 ppm,
192.3ppm TH ->7c (3 Box OFEHHE). AKX TIZEIC
EHOWIDIA S0, HEHOBIz L O NIZIH LD
BEMNE-T.

4. E b=

in vitro THYEAFET 2720 OEREER, Y
BERFHEICE - TR, T bRRE LT
T 0C fEDBRETHABT 5 5k & HEE T TESE
BEDOLHMECRE T CTHE LEREIGIT 5 5ET
bp. WEREFALREHETTR, 41F37T 2CY, €T
—3 723 4CY, 41X VT VFA47FRT 2~4CP,
Yol —E— T 2~5CP, = A RUKET 4~6°CD, F
7T 2~8 70id 4CY, H—~FT HCY, FUAT
8°C, IZHT TR N> 3T 15CY, 7 F T 12C
TORERIHEZINTNS.

ARBOBETI, HERE. 10C K FfiXdT
BH&HETTh 6 AN ERRO R BERE o7 F7
in vitro ®* 7 OEEIL, 25°C FT I3 BHEME L 0 H
FEOERESHTHEREL LT b 505, 100C TC
I3Hb EES, HOTFERE i Lic. ¥ 51T 256°C FTO
B N (33538 40 Ak % T AMICINEh, 20
WELLTZ0%O P:0s, KO OWIXSThNILr-
fz. —7 10°0C TTRNOBE iZW 3 £ » T, P05
K20 & bicHEi L.

o v s HEEAR U hEBery=r—1R
MEITRBEFZ2 LT B & F70ERIFELIAREN
fo. EHhO v a AR UL LAEENMHEI S L 5 T &
i, #—2—vavE b b THBEDLNTEDY, X
SIL= VY YORER®D BV 2 - 19Ty a1 %
SERNVEHMT2EMEESELRESHOND. il
Y o JEIBRBI &SRS A ERAMZR - THICRIE
IR ER L, o RREELOHEEERSED S
NTHEY. ARBRTOEMTO Y s BERT 2 EHED
ZESHIEI I NI, Fo v  BEEEE P CHIEORE
BEHIE N - feds, v = b —vEINL RSB
L3 EBoREIME I 0L

HEMEHXAOFATIE, v=aFY —vORENEDN
BEOBOEEMEEIREND Y, HthicEBRERMNLT
SEBOHESED LN TN E®, Lk LbbiRED
1RO IDICE GA MBEPISNCER 1R R L, &
b OHENBTT2RETRHENE S L Z2 50
5.
RgREE 10°C T, #RI, ITHROED -

Fig. 4. Chrysanthemum plantlets maintained
for one year at 10°C on sucrose free
0.3% Hyponex medium.
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Summary

Storage of Chrysanthemum (Dendranthema grandiflorum (RAMAT.)
Kitamura) Plantlets in vitro

Seiichi FUkAf, Masahiro MORII and Masaharu OE

Osaka Agricultural Research Center, Habikino, Osaka 583

Plant tissues or plantlets can be stored in vitro by the two methods ; show growth or cryopreserva-
tion. The former is known as a useful method for short or medium term storage of shoot cultures.

In this study, the slow growth of chrysanthemum was studied in several ways: (1) by maintain-
ing the cultures at 10°C, that is a temperature much lower than the optimal culture temperature,
(2) by supplying carbon source at levels either above or blow those generally considered to be
optimal, (8) by inducing osmotic stress by the addition of osmotica, (4) by the use of plant
growth retardants. The cultures were incubated on a medium containing 0.3% Hyponex (6.5-6-19)
and 2% sucrose at 25 or 10°C at a constant 1,500 lux.

The growth of chrysanthemum plantlets and the absorption of N, P and K at 10°C was slower
than that at 25°C.. The plant cultured at 10°C showed short internodes and lobated mature type
leaves. When sucrose was reduced or mannitol was added at the level of 2-8% in the medium, the
growth of chrysanthmum plantlets was significantly reduced. The plant growth retardants were
also effective in the reduction of growth.

These experiments have shown that chrysanthemum can be successfully maintained in vitro for
one year or more without transfer to fresh culture medium by culturing on the sucrose free medium
at 10°C.



