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bAEOTEEEEL, BEREENMIONL S CEVHO LR L1BMEEDTEE £EFHI, 197085 T8.
165, 1980 TL. MBI T B, AR T EF e 2 & h—F ~v o VIZOBIEDOEEDE 1, 2
BB BEETH Y, [BIERITZhEITEORMA (84D, 26208 (THA) £EZh, ZOomMELEHE5
LEYVIELEBBEOBREEDD. ThLHDOEE TR, BEHS OFREFPRRIW THBHEL, KD
WEHENDFE B LLEB—FT, ¥270 '‘FHFOND TROLHAB L SCEH—LLEA TS, FEREE, H4E
EEE, WREZL > TChBEALE, REYER THRETET S &1, BEL IR HIERMCDH I
LAEBERKEEDG ) T, FERITRTROFTRC L 2EHOBROEHR S AE L.

FREREOERBCBVTR, BELEERRORENRE LS. 27, d—F—~¥a ViV SR LISE
BTRFEHELE LSBEOFEIBEEThCR ), B2 AV RERTEAFCEE IR TS (60,
70). FHLEEEOBGETFIENFRC ISFRMBMOEBILID, SETHAATE TS » B2 L FHLE
B EHEREERM L LTOMEREE L. 47 vy AR T RENMER S ME MEH E R (G6), Fi
* 7 TRBEREYPREENRZ G0 E, BERMOBRAHCEA Y2255, & 5CEHER TEYEHF
OEREENELF (DT, TEEMFREOBERR I TETHEMTHLELOND. T5L EhHRER
BELT, BERTOREDORLLT, T TRE { 7% » LSBT REER OME T OREWEMRFE O
BRIVBESRECIL > TETNS.

—F O DEWIIEBEENETHIE D VAV ARRNMEE o, ZEEFRT X O TANRT7 Y —{L LI
BABHOENE BERALL TS, FRZEISHC X » TEHE(L LY %, in vitro THETH <A 707
RS — Y g v OFRIBIR0EMFINCT bR, £ < OSREIEMEIFY T DIRP BRI S h
T&.

5 Licl B S EREYEETREASIBPGRI, 1982451Cin vitroRFIC BT 5 HMFW L 5 BHEES
B, TOWEBTOF Tin vitroATIC X 2P EREORAEBMEEORIMLEEELHE/LLGD. =0
HEZ, BYOin vitrofFFEZ LT O BN O REL 200 HELHTTELDZEERBLTWS . Tihbb, £
ELEHORGFOERZIG L T o Th B ORI SBHNRFLENE LT 774 72 v oy v
{Active collection)&, X h EfICEEEFROGFEEZTEEMETH~A 31 7Y g v (Base collection) TH%
FIZD BN, in vitro COMBDOEELIGIT 5 L TER I h, BcOERMHENEREATWS. BET
GERR, MMEEY TEAREGMAORBRE CEREEhE L LN D, REGBERT TOWREHREN
bobbBENEHELEIATHS

FEC - OHE L, BREARFOMSE LTEROFEELEM L. B LFRATEDERBEOHRRETFLE
258, BHELCESNIRE L VAN X 0 IBHCEETS L EBREETH D, Rt OREHEEENE
Fhad, ZhiTCEEFFONSEEL OALBETFUNOEER, ZIR 3, 11, 16, 17, 22, 30, 31, 33,
34, 39, 41, 42, 43, 44, 45, 52, 70, 71, 72, 75, 81, 83, 84, 90, 93, 99, 100, 108, 118, 119D, & (R
EE) (6, 9, 21, 51, 88, 98, 113) , #5 - 764 (4, 103), Mk (18, 55, 111D, BH&EFEZEOE), =+ 7
SAT@FETHH. EEZ, BTHROBRLRNE, HYORFTON T » L IEVENSBEEIEELTY
5. ¥k OBEHZER S MOGMIN bAREHF () 2R EPTBFRLENTHEEhTW5(6D. &
SEERGHBHNSLRETDHY, ThEHBRT MR LB NS CBBILL TR O THERFHE LT
BLENBHA15). RSB LS, TTRH L ORBFFAMMYIT >V TETERNE S AN RER &
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LTHRILTWB I EhD, EPERREORFERVCTERIELILHEETHS

19764ESeibert (83)ix» — % ¥ a VEA, HYE» LEEYR OB LTHR L, BEEL ZThREFEL L2 D
WEWENEET A LMD THEE L, HOFEE, WolHLier—F—v 2 vOEEY 5 ¥DMSO% &
RO FICEESE, FOLCREERLESCL WS D TH D, FOEERILIS~3% & Eh ot FOE
FIEIZ1000C /min YL TEECEH I &5, MABBESHAEEFThic. Groutd (30) XAk e BaE
BHERC LD D » H M4 e ZIBEOEELYRE L, ThODEFERIEL, LHIRELLSD Tkih ol
FoHKarthab = v FoUD, £F+3U2D, F v ¥ U3DT, Uemura> (08I ~X —~ 5 v T, Towilh
(99, 100, 10DM » H1 & T, HEHHAMOFET T—ACHE E THRESHOBEEZRCEHT 5 2 B
BRI TN VEFERMIDR D Z ERHRVTHRE L. I5KEFRRD, S50 UHBREDHELN
HITHE G 2 AT Ui RIS RIC 28 B3 B vitrification®k (47, 48, 49, 58, 79, 104, 109, 1200%°, %
LBENEAYBRe L BRFERCERT A EREG0, 11073 E, FLVLEREIRE IR TE(T8, 80).

THODORREYHE LTERFRZ, BEBROGHEOLD LA 7 v AR, ¥ 7 BOBEEYOEROTWRER
FHEBITdTbhl, BREEL LTI, ThETREOS W 2BMBHEEELHLVWFELLT
vitrification¥s %8 v Eiffe. 3 TR 2 BEBRBE THRIBAOD S H —F —¥ a VERRO X A 7 v AXEMEY
HAEE LTHEELYRHAL, 2hi*:7CH@lATAIHCHELED . EFAVEELEENELM Lo R
., RO L L TR OB S in vittoli % V- TOBRE O R RE L. ¥ ASEME VT
FATVHREF 7 OB - BHBOEEN DOV o — | BABBRYESEL, WHEOMEMROBZOVTY
BE Lic., S0REHEE - B LAEEBEROMY DEEMYRET S LH, BB LhIH/EORRECK
THHAMELE O Lz,

AWRELMOVEELDBEDI D, AEMIARREREEPHRESERMESRN L v BRYTERIBRE YT
B ot FRRAKRFEETRIEL S O PRBERERCRAERISHEDRCHE L Vv, ZZrRED
IVBRBOBERTHIOTHS.

AP, ARFEBMAER Y 2 KB TBHEL, BIRBCSWTHRELERD LD ofc. TOMH
KB RHAER 2 v 2 —RERAT ERTEEHRZR, FTERENNEFRACRO LS50 ITHBELE -
o, ERBIASEHEELER ICHPEED BRI ERVHE LEEDIBHEYB -, 5K
T E A SRR AT REEHBELI S BcCRCRER S E LB, TCRELTEHOBERT
%.

HBIIMHEESIUHE

Mo

AL T7VvHRABORERE LTY 2 5+F v 2 (Dianthus hybiridus cv Sakuranadesiko) %, & 7 BORFER
ELTH 7 BEBEF DS (Chrysanthemum morifolium cv. Shuhounochikara syn. Dendranthema
grandiflorum) % EXZHPE Lic QT HA 7V HR, $7EET). ChHOBEHIEMEY 7 A BN TRIF
L, BN ey s2ThnEnya — PRERCE L, RRFsBLTE, BERE4RBBOXTE2T
RCRBERERHER L. F6RETHAVREy T Y2, $7BOFRRE, REOREES LRCHE L.
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1. Yes5a79) %~ FFP—190 (KEMRIEKRREH)

BHBOBEIL, MABIOWMEHFERLFTELLL I DA e -y b LEf—avAZ V2 VEE
R X VEH, =5 —L, MARERSIBREERBIEAL e -4 - ML DT85 . HEAMHCZEE
MXEBELHL, RERETA v —O—FBEIkEfI785 S ENTETHS.

2, Fes5a7Y) —¥~ ET—1 (BLFEIEHRAESH

BHEGED A &) —VEBHEELT, 22/ - VOREXEISH=2 A Ve e —# —~TH@T S, ki, =
=2~ TRERECRLLHAT, BEEETAP LY vEy P TA IR —O—BEIIL I LR L » T
Teote.

2 B RS E TOTRBARTIE, v U BREREAORKEREA 1 = —0.6n1 BIUL. 0l (BELFITEKRKE
1) BBV, Ate—gy ) vORERLT, REHEABKREEREYA b e —fitR AR, Sve—t
YA LTTRIF ATV —F =2y } Lic. Vitrificationth TOFHMBAERCE, 1.8nD 7 44 F o —7
(7Y A+ =—7, SARTSTEDHED #H7 (Fig 1.

Fig 1. The straws and the cryo-tubes.

BEREEH
a3 Table 1W27R Uic & 5 ©WMurashige & Skoog(54) Dfha AL L, * 27 TIXBAC. Ing/1, NAAL.Ong/

1, ¥ 2$820g/1, TR 8eg/IMx it b OREREHE L, £17 V¥ AT, 1/2BEOHES, BN KBA
0.1mg/1, NAAQ.5mg/1, v =2 %820g/1, X 8¢/ Mz lcdb D EKEME L CUITZhEh*27H, £147 v
R ). TNT ORI, pHES TRFEE, +— 27 v—7"T120C, I55MEELL. SRR EA
EFSAF 7 vy — VRV, SRR Sl OBESE LT 6ens v — L, BHHOERCII200] DR
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WESELIZ Qeny » — YRRV, ERBEEHOENS LUK Y - — V2 BE LEZHOBHEAZ L
LT, MRAIREXp 7R (6.5—6-19, "THF v 7 AL 4 vH) 3g/1, v a¥E20e/1, £R8e/1%&
UEBERE AV BT RBEy 7 A5 .

BRI L QWRIWHE D, 25T, 1500lux, 24 16K T Tfs 7.

Table 1. Components of culture media

Elements for Chrysanthemum for Dianthus
MS salts full half

MS vitamins full half
sucrose 20g,1 20g,71
BA 0 1mg, 1 0.lmg,/1
NAA 1.0mg, "1 0.5mg, 1
agar 8g,1 8g,1
pH 5.7 5.7

EF, La— EEOHE
HRE0EAIZNBBE, bTOTLIAVAREE LLERERYAFL L, AR TEEOMEIRRTES D
OF Yo~ OBEE Lz

EHER (%) = £FUCERR R ULZERK x 100

Ya— FEER (%) = V.- bEEULERER RS UCEEREK X 100

AR TROIEEE
BA ; 6—benzylaminopurine,
DMSO ; dimethyl sulphoxide,
EG ; ethyleneglycol
LN; ; liquid nitrogen,
MS ; Murashige & Skoog,
NAA ; l-naphthaleneacetic acid,
4-PU ; 4—piridil urea.



H1E 2BEEBEC X AEHOHEERE

WY OEEDOHREFRAFT, 197650 Seibert (812 X B RAOHBE LI, B F TICISR0EOHEMIT OV TH
E3nT5. BETBRNTL O, FREGFEIEIEBMEEN S 2 BREGRESE (TREBEE IS ~RR
L,8Bmﬁ$ﬁ5zm&@%@&mgﬁ%%shooéaw@”L#Lﬁ@if@ﬁ%%ﬁ@m%%m,ma
AER2BBERBEC L BI0THD. R TEAFRTIE, EFCO2BBRRBTIDEAT v AL s rE
BEOBREFELRE L, 2L TH S ALE DWW THBRE TR L E L.

RETI, 30K 2 BEHIRBEY AV ERERTFORDAL DDA —F = a VERUEA 7 VI AFOTHE
BTHBYr75r7varBERMREL, 2BBERBEOSFIC OV CEMZRF TRV, EORKRERDH
DWEINTVRWF IZ7EDWTFOBAYHRE Lic. =0 2 BEHEET & 5 EYEBOFRE T, BEHH
FIORIR, HHEE O O HEHEEEOUNRS - Biligtt, SORMEWOEENGENMEEIBERLE-TE
DEERREL T 5D, RETIR, 5 - BROBELFCOVCTRKERE 2T o0,

F18 REGHFIOLESZEORE

HEHDNKALZKTHD, BRCER L TWHEMLBE <A F AREOHRBTMH 2 o\, HYOEIRE 2
EYPETRASEE THIRERET 510, THEHEHIC X b —30~40COBRBEMLERH T ENBLBETHHON. K
TIX, WESHEAOEE L MBEN S 4 7 v ARHOBBROLFCRETEEY IR T L3, 2
TR T 5 B A O MEHF ROV THRE Lic.

1. 47 Y RERICHTIHEEHHROBR S NES %

HEHAHE LTRET TRLWOATELYHE T, MREL2ERTHDMSO, 7Y ) ViRl LEBKEBT
BILVERTL ERKBITE, ThODESRIA—RICHESHEABEKRE LTAVOhTEL. 2T~ DH
EEEHUAOHBELERH T B LR LA 7 vy ARHOHRECE L TOERPABE TRy R Lic.

lds KUk

FSABTER LA 7 VHRADRRE VEVY o — FRRERL, BERE 2SS0, 5mOEEL T 0
Mk, ZoXEFEY L bicTable 21R LB EA & #120.5mA b e —HAL, 20C T I RREB W
B, 7ur5a7) ¥ X W GHEESC,/min TEENS—40C ¥ TRESHL, ZOBRKEERTRE
B, BoBcBA X b SR L, B LAETNNREA T IETTWIEE, 84 7 vy A oS iEiK
LAOR SR L. & OBEEHEAORE X VIROKANRIL B2, ST T T—3.5C THX (%3
#i, 3EEM) BTV — 5 CXEk—5.5C TS EAFREY —EfD, TOHEBEV0.5C,/minT—40TC
FTHR LY. S HREEHERZDMS010%, YVva—23%E L, ABEES 0, 20, 30C TI204HIX3
20T T10, 60, 120 FIRTALE O, RS, MR, BRLL. LBIhHOFERZ, TXTIRYEL HI5~
0@OEHEXHHAL, 2BRHELL

®w R

KIEFT—40C F THHBBAERCBR L b0, BHEE L AL &F Lish» k. FHAR
IZEWTKIEFT0.5C,//min THHIL T &, —RCHFETHA 7 v ADERIREAEF/R L. —F
HWEFEHIDMSO% AV icE, TOBRELNY, 5%, 1%+ 2EHOEFRIL, 100%, 58%, 0% TH»
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7z, 10%EGi2DMSORRIT, £HRI00% & VIREHMHR LR LIS, 1 X TRESHRI RS EEIESL
highote, 10% 7' €Y ¥V TRAERRLIEN L WEHEHRNR OIS OODMSO, EGER~NL E4D, 1%
TRE R hoic. Fra—R, e ) vEHTIIEEA SHEFHPIEIBDOIRT, £FIESHk
ot —F, BETHROK 3% IS a—A% 5 ¥DMSOLEAEb e, 5 %¥DMSOEM X b E
SHEFHRR YR Led, 1 %$DMSOL Ofis i€ TRAEFNE LR gh » 7 (Table 2).

Table 2. Effects of cryoprotectants on the survival of dianthus shoot tips

Cryoprotectants Survival (%) Shoot regeneration (%)
DMSO 1% 0 0
DMSO 1% + Glucose 3% 0 0
DMSO 5% 57.8 40.2
DMSO 5% + Glucose 3% 89.3 85.7
DMSO 10% 100 100
DMSO 10% + Glucose 3% 100 100
Glycerol 1% 0 0
Glycerol 10% 46.3 41.3
EG 1% 0 0
EG 10% 100 93.8
Glucose 3% 4.2 0
Glucose 10% 0 0
Prolin 10% 0 0
Control(water) 0 0

Excised shoot tips were treated with each cryoprotectants at room temperature for lh and
then cooled at a rate of 0.5C,/min. down to —40C followed by immersion into LN,

BEGHEAMNE SN cZTHL, BBV RABGLEARL 2D, HAD S bIeEEx v L 1H5BRUA
CHOREXEE L., £FLLEZEOS BT OBPLCIBADHE, v a— FEFR L. Itk LW IERPER
OBBILSEMETHEL, BAETERTS

WEEEREDMS010%, Fva—-23% &L, MBRER20CE LcE A, LERERA10~1205 DR TIX
ZRRELRT, WThOEEDL10%EV-BVEFELR L. ¥ AEREY 1200 & UTAEREYE LS
£13, 0, 20C CREFRNE L, 0CTIIERR, v a— F BAERKS0NHIHRICE TET Lz (Table 3).

LAEDRER S A 7 vy AZHEOBRE B L ik, WENMEHEDMS010%, 72— A3% & LERT 1 KE
MEL, 0.5C,/min.T—40CE THRAELH L-BREERCERTI L, ToBVERRIEORD T 038
BinE iRt

Table 3. Effects of treatment duration and temperature of cryoprotectants on the survival of
dianthus shoot tips after freezing in LN,

Duration Temperature Survival Shoot regeneration
(min) () (%) (%)
10 20 100 100
60 20 100 96.7
120 20 100 100
120 30 52.6 48.8
120 0 100 100

Excised shoot tips were treated by 10% DMSO and 3% glucose at various tempetatures for 10
to 120 min. and then cooled at a rate of 0.5C “min. to —40°C followed by immersion into
LN,



2. ¥7(CHTEDMSODEKERT

B CDMSOIZ, #68 LcHI O TR BV HESHSREL R L. —F £ 4 7 vy AZEE &R T TRz
HAET B EEFROBETHEE I, ThiIDMSODEELEZ 2 bhic. HfiTBbhi L1 7 v AREK
Lo TOBHHERELHET T, F7OBFERDO I NV AR IOCERELER LEFHRROBRE, £ AFENM LR
fedrotc., DMSORMEMERMEN LTEREZE L, TOBRERIEYEIT L » TREDZEELORBHHN, F212D
WTDHRZE » 78V, ZLTETDIEF 7T HDMSODEEOFHZLMB e, F 7 EFBEDOH
VA% B CDMSOBELE R 1575 - fe.

B LU H®

* 7 BREHFFOSIDER EMS OEAREHICBA 1 mg/1, NAA2mg/1, ¥ 2 ¥d0g % HMN LK B K
L, BRERLBED £ A Pk VAL RN TRIE 2 BOMAREEOR, BERECH L. H2X2mDd>
NAEREOH L, 20CTF T 5~20%DMSOBKIZ10~6045 FHBHAE O, LEOEMICEUEEK L T60H iss
RLUTEFRLEGEYREELL. 14BEY ) IR 9@EHERAL, 2ERELL.

® R

F 7 DHNARDMSO LTEGCESR LR Lic, Tib bR LcDMSODBENE IR E # /LA DER
FIETL, BHOABOEFBLET Lic. L& LI~05HOBEBMCIIER BRI ROhith 7.
1215% Lh EODMSOBEICRE L e 2 W A CRBERERCBEMTE T OMNE L, AFEIRBETL,
BEHROBBROINREGESLELET L (Table 4).

LIRS, 212547 v AT ENTDMSOR T 3 BEUNE L, BIROBEHAFE LTODMSOR.
WHUTTRWHZ ERBBEEEL DR,

Table 4. Toxicity of DMSO on chrysanthemum callus tissue.

Dippig treatment of DMSO Survival Fresh weight
Conc (%) Time (min) (%) (mg)
5 10 100 100.9
30 100 87.9
60 100 81.4
10 10 88.9 35.5
30 83.4 24.9
60 100 36.0
15 10 61.1 22.2
30 77.8 18.0
60 55.6 15.4
20 10 44.5 15.6
30 1.1 4.5
60 11.1 10.8
control 100 113.8

F-test significance

Conc. k% kxk
Time ns. ns.
Conc. X Time ns. n.s.

Note: 2X2mm calli were dipped in various concentration of DMSO for 10 to 60 min. and then
transferred onto MS medium supplemented with 1mg,1 BA, 2mg,1 NAA and 40g,1 sucrose
Survival rate and fresh weight after 60 days of culture.
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3. FVEEOLERICRIZTRIHBRIEHHRODMSODKE

FIET, DMSORF 7 DAV ARCKH L TERELBI T ERZWELAC Lz, LA LERE A7 v AEHOHK
FRETHLME Lk S, DMSOBEHENHMH &L LTRARTH D, IWXBEORENPNETHS. ERTET
HAEHEL LT, BEBRTHIO TR, EEEOCDMSORINZ A5 d 5 b LD ARIFTRR T3 5%
NEXOLRD. 22T, FTEREODMSOYEALEATY 7 ERBEFETE SN E S RE L.
s SUHE

EMEAS AETRELTWAF 7 BRI VB Y a— R E D, EREN 2L ST TmOXEEXE Y
Hlte., COZE#DMSOS5 ¥Eahr il aEin ¢ 7 ASucEBRL, $8®2, 7, 14, 218K, ZHD
ERCHR IR A VADER, va— OBEROFEELRHAE L.

# & : ;

DMSO 5 %% & E IRV BH O+ 7 8T, B LT N CORENE bie < REi R Lisn bRoRELL,
BRIABBIIEY o — FOHERS, AR THAETEL X5 kot. 2IHRRIIBEALDOEER, 150
Va— PERREEIE, FOEFRK ImBEOH MR EME L, —HDMSO% & LI ER LcEH T,
10%4EF Licb0on, BR2IAKE TRIBEALIEAERERT, ZEOURIARTIBR S hich o7
(Fig. 2).

LiEXb, 5%DMSO%Sirii T 7 ZREEHETHE, MELLGWIOOEFRELIAHEIhLZ L
DE S E R,

96.9

w

oo

p—

Diamater of shoot tip (mme)

Days of culture

Fig.2. Effect of DMSO in the meduium on growth of chrysanthemum shoot tips
The shoot tips were cultured on MS medium supplemented with 0.1mg,/1 BA,
1.0mg,1 NAA and 20g,1 sucrose with (@) or without (O) 5% DMSO. In the figure
each bar represents SE of diameter of shoot tips and the numbers show the shoot

regeneration rate (%).
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4. XUVEBOHMEEKICKEITDMSOREDHE

BIEIC 3\ T 5 ¥DMSO Stk b T 7 ZERINEF T H 00, ERK Y o — PR RES RV ED
Phhkitofe, FLTIITR, BREYHEE LBARE L >h 5DMSODUEFER* 7 LHOMEHE O
BB BE T B OV TR L.

WRESIUFE
EEROXHOBFREELHEL, A ¥ 7ZEEHYEFOF 7 B TER TS (WBKX), B, ¥ 27ZH%5%
DMSO% & ¥r 7 Al T 2 HRETATSROBBEE O+ 7 FEMICBETS, C ) ¥ 7ZEEY 5 ¥DMSO%&ir¥
7 BT 2 HRIRISROH, 10%DMSOL 3% 7V 2 — A2 & {MEHHFIEREC 0 CT 1 BHBEL, %0
BEEOF 7 AEMCBHETAOIRERT, TOROEHEOLREE Y -~ FEREEELL

% R

5 %DMSO% SiciEHiz 2 HREESE LABERBY OS 7 HEhe B UAZETHIR, NBX & FEBCI00%4EEF L,
EHEIRWL2ADY o — P 2BE LA, UL, FEEROHI0BDMSOL 3% 7L 2 — R & &t B A
BB UERE, BETNTHREREL, #BKEIABC I VWL 2RO Y 2 -t 2ERLAELOD, BK
UREED6.29%18, RECIEE L KBROELHDY 2 — 2B L (Table 5, Plate 1),

AEORERL Y, 10%DMSOL 3% 7'V 2~ 22 ELWENHF~NO* 7 ZIROBFNEL, EHOEFIZIL
BELIWE, BHIOCEHAETHREOWBHRCREL I LTI ERWlLM LT,

Table 5 Effect of DMSO on the morphogenesis chrysanthemum shoot tips

Treatment Survival Shoot regeneration Shoots with abnormal leaf
(%) (96) (%)
A 100 100 0
B 100 100 3.4
96.4 92.9 46.2

Treatment A . The shoot tips were cultured directly on the medium for 40 days.
B : The shoot tips were precultured on the medium with 5% DMSO for 2 days,
then were transferred onto DMSO-free medium
C : After 2 days of the preculture, the shoot tips were soaked in the cryo-
proctectant solution for 1h at 0C, and then the shoot tips were transferred
onto DMSO-free medium.

F2f FUVERORBROEFICRETRPIZEOHR

MEE TORKBL Y, * 7 ZECKHT2EHEREODMSOMBIERHEL THHH, EREODMSOY & A R
THERTHCLRTETHH ENRER, FLEREROBERETA I E TOREOFRITHEHRIC I - T
ELLEFERBE-ALRIDLNE (35, 41, 42, 99, 119). ZZ TREKEOEFERIET *+ 7 XHOH
ERSREHEHE L.

MRE LT HE

MEE AR 7 ZEETOH L, 5 XDMSOr G ¥ uix g /ol 7 M © 0 ~14F MR R Lic
AR LCERY, 10%DMSOL 3% 7V = — A OWHEHEA & #10.6nA b e —HAL 0 CTR 1 Bk
Wi, TRABDAMR—%FRISFLTY —F - X DHHERE0.2C,//mnTOCTHH—40C ¥ THRESHH
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L, 2OHEREHIC ¥ I LNACEE LB SEMIE Lic., S OM—3.5CTHEXL, —5CTIHHAHERE
k- F L, BEREBEKCIAEFMEEL, At e—n0R0H UAZITRENRTIETTVEE, +
7 RIS BIR LAEFRE B L

#® R

TSR THRER TR -» R EHY, BEEE b BEERL, 2<EF Lol —F, FERLLHER
—40T ¥ TIRESH Lo BBR U ETRIE, 52~9T% LMV AFRER L. MRz AMcb BT,
DMSO 5 % & trith TSR LK EIRBVABRYR L. 7~14B MO T, BRMIso%
EoERCEERT, TOHESEHNODMSODHFEI X 52b Rbhich T, ELREZRCEE LIXIR
DEFERIE, —40C THEE LS ENTEHIC 2 ~15%ET Lic (Table 6).

Table 6. Effect of pre-culture duration and DMSO in the pre-cultural medium on the survival
rate of chrysathemum shoot tips after colling to —40°C with and without LN,

treatment.
Duration of DMSO cong, in Survival rate of shoot (%)
pre-culture pre-culture
(days) medium(%) —40¢C --196C
0 - 0 0
2 5 94.4 79.4
2 0 52.4 50.0
7 5 83.9 72.6
7 0 97.4 72.5
14 5 85.5 83.1
14 0 86.5 69.4

After pre-culture the shoot tips were treated by 10% DMSO and 3% glucose at 0°C for 1h then
cooled at rate of 0.2C,mim. to —40C.

BHBERF LT edk 2 EHIZ, F 7B REI I —ERELLR, TOXHO—HAKED S biC
BHEHSRAEI o, ThHER LEERRTOBRIELR LTRED 2 v AROEME IR D, TO—HER
WHETE Y a— FEEELE, Yo 1BEOAY - P+ OEETRAD, va— P BAEOHBHKME
2, BEOEREEROBA LNV Bz ok (Plate2). ¥ a-— FPEARR, fERUMFC L s—EOEHAY:
RETFN~OXBETH 7. MBI BOWBHBCE U TISEMETHEL, F4ABETHERRTHII LT
5.

DEDRKER, 7 EEYRSSRTHEERT LeBREF L2 S5 LDRRETERIRAIRTH H, RRAKC
12DMSO 5 %% & trisHy T 2 BEIRTEEE L ZIHY, 10%DMSOL 3 % 74 2 — A DEHEEH & I BaaH)
LAeBRAERCBRTAE, BYEVHROAE THVWEFRIMIOR BT LALLM LT

B3 AABEOR
2 BFEEAREE TGS HIRT, EES SWRBAR X v fRABAMEED & ¥ D, T ORCHBIRAIE

PR IRIRVT, LbHEEIRHEANELOhS X5 uRANEE LBESHORTREEORENLETHS. K
BETREROEERE Y 2 -  EERCRETANLEOPELRF L, bbb TEXOHRITOVTLRF LI



1. AHIEEOKR

2BRMEHREE T, BESHTOAHEE YR THI LWL - T, HRMCHREDIA L ET S 7S L
LR AR IR L D REHEBTNDE . I TREA T v A, $ 7 ZECKT5EHSHEER
DWTHERE L.

HHRRUHE

FALT7VvHARIOEF 7 DEEY (527 T2 5 %¥DMSO%ir+ 7 HiH T2 BROMEROB), 10%
DMSO& 3 % 7'V 2 — A DEREHEFEE L 38, 0.1~1.0C,/min DFEET 0 ~—40C ¥ THH, WHEEFRC
BEL, 558 EK TRERR L, BB TR ERE A 7 vy AR LU 7 B T60H B% X 090 B
MR L., ChASOHEBRIVTAD 1KY h ISEOEELHEAL, 2EKE L.

Table 7. Effects of cooling rate on the survival and shoot regeneration of dianthus shoot

tips.
Cooling rate ('C,/min.) Survival rate (%) Shoot regeneration rate (%)
0.1 100 100
0.2 100 100
0.5 100 100
1.0 100 100

Excised shoot tips were treated by 10% DMSO and 3% glucosé at 0°C for 1h and then cooled
at various speed to —40°C followed by immersion into LN,
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Fig. 3. Effects of cooling rate on the survival and shoot regeneration of chrysanthemum shoot
tips.
The shoot tips were cooled at various rates to —40°C after 2days of preculture on the
shoot-tip culture medium with 5% DMSO and were then immersed into LN,.
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47 v AERIZ0.1~1.0C,/min. T—40C ¥ TAHOBRBEBERCEBE THIE, WTHhOBKAEETD
100%4BF L, ¥ a— b 2EE LT (Table 7). —H% 27 DHAIL, 1.0C,mind50.2C,/min. OFFFMN TIZS
KB AR\ R EERRAE I8 o 7et, 0.1C, /min TIMET Lk (Figd). v a—t OF4&RSEFR L @R
OFERERLK.

BEXb &1 7 vy AZBIECEBEOSHIER T—40C E CTRESHNTRETH LM, 27 EIHTIR0.2C
/min BBEHSHEETH B ERALME LT '

2. BEAHBRTREEOKE

ZLTREAT VA, F2EFECOWTHETE R ARESHEE THH Leh b, —10~—4COHET
IR EHERCBE L EORER CHRHAIETT20 2000 LIS ELL

R LUH®

B4 7 v ADEIERX10%DMSOE 3% 'V 2 — 2 DHEHHHIEIK &350 .5C,min ORETHHL,
—10, —15, —20, —25, —30, —40CKE L& ELL LR BERCBRE L. D, AKDOF1 7 vy
AEERHKEZREHES —5C, 1000 R—A FOH0.5C,min THH L~ 5, —10, —20, —25, —30C
THELLEZZRFREORETIO0, 60, 40, 30, 205/ (0.5C,/minT—40C ¥ THH LB A OB ERE &
%) o TSI B 5K S B T, * 2 EIHTI20.2C,/min TAAIL, —10, —20, —25, —30,
— 0TI L & e bR RCEBE Uk MR L OIS OBREMHRITELAKETE - . Thd
DOEBL 1 R4 IEOREERLHRAL, 2ERRELE.

# R

A7 v AZEE®0.5C,/min THHIL, —10¥/2—15CIKELL EWEBHRCER LBE, MK
FIEIEL L EBENEBOREh -7, O —20CTE THH LAZER, bTranbEFE L, Thd
BhHTHRANAE LG T, Ya— V2BE Lok, BESARTEREZ IO TS Ly, £
HOAHFR, va— VEERIAELE, LALERIOBEE LD —40CE TREAHN LB EDOART
Bt (Fig 4.

FRAA T VY ADERERRHEKE — 5 CTIOHEA— L FL, 20O F— 5T TIOHMBVABEEERCE
BLEBE, BHEEOZEBE AR Uik of. Fi—10C TR W BBRASRCER LBk, &
FTAEERLTHIRIOKEEROALLDOD, v a— OFERBED DAL o7, L L—20C TLO5HB
Witdh D, EOERT20CKE LA TRESRERB LAZERL T8 6X LhER Ligh s> I %
Db bE, 03.3%EBVEERLR LA, AR LBELAZHECERILEL, $hva— 1 OBERIIIBY L
Bvot, —25CTBHME iz —30C THMB Vb DX, —40CETHAH LD LEHOEFE,
Va— FOBERIKIIZEA EEIRDOhIsh » o (Fig 4.

F 2 BT AR, BRMICEA 7 vy R EAROERERL, —10, —20C % THHBKKFERRE
Liciie, EEOEFIRE @D Ohish ol Livl, —25THH—40C ¥ TREGHR TRENMEL a5
EHFR, va— PBERKCHEL Lo Fig 5.

DR, 847 vy AZETIR0.5C,/min TRESH LB, KTREZ—L0CHEHETHDH, —25
CUTOBRET—ERER - THRAEOBBHANTHbh B ENFELREL T, F7EHOBAW, —40TC
THRESHERT T LRBHETH -1,
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Fig 5
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Effects of various terminal temperatures of slow cooling and holding temperatures
during slow cooling on the survival and shoot regeneration of dianthus shoot tips
Shoot regeneration rate (%)

Survival rate (%)

The figures in the graph refer to :
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Effects of various terminal temperatures of slow cooling on the survival and shoot
regeneration of chrysanthemum shoot tips
The shoot tips were cooled at a rate of 0.2°Cmin down to indicated terminal
temperatures after 2 days of preculture on the shoot-tip culture medium with 5%
DMSO and were then immersed into LN,.
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2 BYREERE S TINREE SRR ETHO A ) OBEHHAINE G NECkE L, ToBEERMSOR
KDDL, —RCEE» SEHENOBERIZETO T IPESFh EORKBOFERL L - Tk Y, KRB EWEY
AW L > THHERIRD . KR X VECEE THOBRRINEE 5 VREVBHAL TV, BRLEECEHH
LSSl OBSHBESIBRCES 5. FREEEOKARBEOBRE CRARLMN, XEAX VP LEWERET
BERIZE DO —HMIT KB TR E DI LR L b, BEOBEDOEAHZER LA A -~ X CHBEHRLEZ 2%
BLENTE, COEEREKERS. &8 CRADKBOREELZWET S L300, Bk LeZE~OREY
BEt Uiz,

HHEITHE

0.5mlA b = —1Z10%DMSO& 3 % 7'V = — AOHENHHABR L FEREL, COoP0. Imif—=avArz vz
BHENPIBEAL, BHNEBRORAr—FORELWE L. ZhCiE 7w 5 47 ) —F—FFP—190% A\, A
PR —RELF - VA-—BEOENICRESIS[EL, HKBABD S v /'S a BN LIBELEASy &
BB ASOBRETEXEHA L. HBI DT e 2T s TIHEXEA I} r —BER-3.5CIA L& AR,
FDWF o v A~BEN—5.5CICELTHSI00MEORECED L > CERE LK.

W EEOFRI BT BEFOAFCRETEROYELY R, BEEGOF THXDARE S =
ARV LICBED A T v AEEOEFREBE, HKEHEAANWLTEELT v 77 2 DHE &2 B
Uk, SHEF 7DV TIHEKE B L 7w 25 A% BT L, BREEKOBAHNBH BB SEMRET
BRLBIICT, BET IS4, EXKEAF S LT w25 4 L EHOAR LB L. '
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Fig. 6 Cooling curve of the chamber and the sample during the cooling processe by the
program-freezer FFP-190.

When the sample temperature reached —35C, the sample was seeded ice crystals

automatically. After 5 min. the temperature of the medium rebounded from —55C to

—427C.
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WKL TS o B EDF ¢ v A — LB EEI DAL AR X $ —D A b = — K OB MO8 & Fig. 6
AL, #9 v A=A Fr—0.5C, min THHIATEY, At e —RHER-3.5CI-»HATEHN
CHEXIhie., TOHF + v A—Z—5.5C > BEATIOPE R -V FE R, ZOMA L =~ kid4d
BL~-55CTe v~ Tl OWEBEIHE(A), TOBROBMT—-4.2CETHAB(BI LA, ZOMBA ¢
(FovA—RBE~ALe —RE) X, 0.8~2.6CTh-7c. FXKEELX -3 SCRBELTRVELEENEY
Tl o fefER, ABRIZ—5.5~—5.2C, BARIZ—4.8~—4.2CLibh, HX»SAEETTEHES, ASHLHB
AE TEHIEHE L.

—FHEKD S a S Ak RF e FLEE, At e —~DRERF » vA—BELHETL, —9.9C 85
HHBWhEE —4.1CETRE LA Fig 7). ZOMA t ZBET 1CETERE » 7. 03B LEE L,
0.5C,/min. T&H LicBe, DMSOI0% & 7' 2 —~ A 3 W TILITE-10CHE TEBAH NI, kL
BHFEEX0.2C,/min & LeBER, BRHAFBRIBEZEIOEL 2D —15CHE Lo
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Fig. 7 Cooling curve of the chamber and sample in the case of skip seeding The
temperature of the medium rebounded from —9.9C to —41¢C

TXOBEIGHE LZHOEFTHE LR, TOBERIA 7 VvHATRNEL F 7 TRE LI T
bbb EATVHATR, MKEGRbEN o LR TEFER, va- PBEXRIECHLTLEETLL

(Table 8). —77, 7 THBARHNRENRCEE - 5CTRERBELLERE, HXET - T—40C ¥ THE
HHOBRKGERCBHE LAZRIRCH VAFR, Y2 —- P BERRZRLEOCYL, HXETleblich ol
EIRTE, £FEIMBOBLTRET LN 0Tl EFLCZEHEOERDIEL Y2 — tOBAZE % EFEL
ABEL Tr ot



Table 8. Effects of seeding on the survival and shoot regeneration of dianthus and
chrysanthemum shoot tips

Species Seeding Survival (%) Shoot regeneration (%6)

Dianthus with 100 96.7
without 88.9 61.1

Chrysanthemum with 95.5 45 5
without 42.9 6.2
without 100 67.5

(thawed at —15C)

The shoot tips were frozen by the freezing program with or without seeding. See Fig. 6 and 7.

LLEORSE, MK X W ERESEOBEDOBSAXER S h, ERORE LLBVERFL Y 2 — t BESIES
haT EnBbhtiaol,

FiE BEBEORE

2 BYBEEEREERIC 8\ TId, S HNTHE S B HI TR B » 7oKz y 5 AL 20Xkl E 2 5%
VBB THNRL 3 EELbR, ZODBEEERTKEOBFERYIET S OB EMHSLEL S
507, T TRAEEMEOLEMTBHEER TS LKL, TOEREEELBELMCLL

1. BREFEDKRR

CHETCOREOHREREOREDS L, BRCISBEMELXHEAL TS I TRAAT VYA, *
IEREEEWT, BEFEORCIEFCRETEEYRT L.

HHEBLUHE

2479 AQEER10%DMSOE 3 % 7 = — A DEEHEFER L #2050 % b = —x Ak, 0.5,/ min.
DFEET—A0C E TOH LEAERCER L. 20A e —%F/K G7C) BFE, XK (0C) B, R
(15C) REFREBED 30K ETHRE L. AR EAROe v+ -k AhAA kB b5 LD
HERCBBRL, LROIOOHETRELT, LOFBRELYEF L. Fhr7cBL TR, AR
LEHMRE, BREEYLERE L

® B

A e —ORNBERE, BEARCEALLES—196CH5H37TC F THI00C, /min TIREERCFR L.
KAKCHEALLEHE S, — 5 CAEE TRERNCAERE L TEO% 0 COWRRELHE . 15SCOBRKEDS
&3, —CHEE TREROCRRELLLO0, ThUERHEAcRREENELr LR, — 4 CHIETEA
DROAAREZELZ LI DRBHGEOENLED ORI (Fig 8).

BEAREZKKCEBELLE A 7 Vv AOERIZIOBEFL, ¥ a— b RBEF00XBEE LKL, B
BB UTER L EERAERNB. 28 ETETL, va—tOBEERIL IBEFLIEI D, 237
AR{E L7 (Table 9). 27 bAMKOERALRL, BEKE TRERBELBEREFRREL), Y-
FOBERELBDShIgh T,
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Fig. 8. Warming curve of sample medium.

Table 8. Effects of thawing methods on the survival and shoot regeneration of dianthus and
chrysanthemum shoot tips.

Species Thawing methods Survival (%) Shoot regeneration (%)
Dianthus Hot water (30C) . 100 9.7

Ice water (0C) 100 100

Air (15C) 35.2 11.4
Chrysanthemum Hot water (307C) 87.5 30.4

Air (15C) 66.6 0

PUEDORR, ¥4 7vyA, $I7ZEHACBWTHREBOEVEFRE v o — P BARYE LI & EBENR
TRTCHDZERPELM LI T,

2. EREEZORE

METERCHE L THRELLES, #1417 Vv AERDEENE L Lo, &2 TRITERSEOEERE
EHRWERASER CHEL, BOoBEF TRELAL SRBACBETAAECL Y, BEREERPD L
ORETERCEENMEE APEELMCLES & L .

HHEBLUHE

FEEARDO e v — B ARTCA e =S EHDA A L B —% o Ly KBEEEZENSEW O H L TREF
CHREBL, £33 —0OAFr—2—100, —40, —10, 0 CK ¥ THE LABE CEHEDOA -7 A b v — 2B KCE
BLAEME L. ZOHELAMRCERL AT L

® R ,
—100C CREFHE L&A1 7 v ADZEFIRI00%4EF Licd’, BAEAT DR ROBEEIE < 725t
EFERIZI00% 2 562.9%~, ¥ 2 — P EAEKIZS3.3% 1 538.6%ET Lic (Fig 9. & Q& —40CLA TR
LAEEOY o — PBEENSED, —CIIECRERYP - VBBTHI &I, BERF A -U%F
THTERELRETR ST
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Fig. 9. Damage causing temperature in the process of warming in air at 15°C following
removall from liquid nitrogen. The straws were rapidly warmed at various
temperatures by immersion into water at 37C

Shoot regeneration rate (%)

Survival rate (%)

The figures in the graph refer to :

3. BEBOF 7VEEORES EDKES
WRESOZTEIIHESAA TS b, BRERCICAPEVWTRTLERS S . BEMROBE TR OR
DEBARBOMAD LR L EATHE L RBE ST DD BB 7 EHE 1 EBEL, 205 b
FTH5L0R[FEVEELLYS, FOF FHENEAL S DI Lic. BE MO ZIHOAIBIZ 50
DEBE ClcicdtELbh, B2RETHALPOFREFHE NI, £FRVALTHAEENDD. ik
7 DEREREOTMEEC ISV T, ECBETER T L EESHE XL oEFERNEE 5 2 L EBROCHS
hTWb, FITLoTiR, BOREERADHLINHCMTHE L, MEEOFX 7 ZHOWE L BERE
BONLEUENEEOEFL Y 2 — PR RETEECOWTRE L.

HHEBIUFHE
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Bk FIICER L. SOEEEHMRERD 1 BMZETOXEMEL, 538 (W50lu) BT ORERELt
(#H1500lux) KwhHid, SFRE Y - — P EERL B L.
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Table 10. Efffects of wshing medium and light conditions after thawing on the survival and
shoot regeneration of chrysaythemum shoot tips.

Washing medium Light Survival Shoot regeneration
condition (%) (%)

CPW dim light 81.3 47.9
1500 lux 71.4 44.8

Water dim light 72.9 52.1
1500 lux 64.6 42.1

The thawed shoot trip were rinsed three 'times with CPW salts solution or distilled water and
then placed on the medium Half of the cultures were incubated under dim light for 1 week
and then tranferred to normal condition (1500 lux)
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UHEHARICHTHI0SBLE LB TR IS A7) —F ey  LTHBEL TOBVWEFIR LA D
Lix, DMSOD 54 7 v4 AZRERC N T 2BV Zal 2R L TV5,

BB REHEFNCE, FHEORDE T BRESBMBRESEN EES G E TR TS
10, 19, 114). KEERTIZ10%DMSO TZEM TS I00%4EFF Liciodd 70 3 — AR ERM LR 5 T
e otodt, MM TRHEDS S 5 ¥DMSOK, B TRELHROLVW IV a -~ IXMELDEDL X
DMSODHEHHBHRMH Lz, LHLIDZ L2~ ADREMEED 1 ¥DMSOTIRERD bhieh »

BEFTOLLA, ThLEEHEROERABFITSHALMCE IR TV, BBREEN @AM
KEABTHB L, WEAERE LTHRROKOXEEMREELET €, R LUTHROBGH 2 HES
B ETHO T3, BESHBDOFERA X 2MEAOREORE V2R LTH T AEBEEY
LRER, OB AESHFDON T AMEARELLLDITHEZELOA TS (95). ¥ FRICHED
AN, MO PIS CHREBKIT X 2B S Vo2 SFOERRIET B L, MREEE OBREED 5D
Bikic k BEIEE 2 BREEO S FEFIOHA BT S EELBR TS (12D, Chend (14 B=F=5FV 7
DR 2 BB CHRE L, B HIT ORK S OWA & sEEFHI O BI R % NMRE B THI,
DMSOZEE B\ i3 EBESHKR TROBHASSHERAB RV ALY b =z hiclE Lisn T &, TRERD
A LISEAHKTROSKECIERBERNAI D LB LM L. HHRIOKRL Y, MiEREAH
ﬁ%%@ﬂ@%%MﬁO@ﬁi@@%M,#ﬂ¢®ﬁ§®%%%%¢t&miOm%m%@Wﬁ%QCﬁmﬁé
ELTVW5. ¥ AR ISR EN A MR O KR LR S T & ARCIA TREDOBREE ML &
THERD B ERIEHL TS, Tylers (105, 108, 107) LAMBCNMRE BV DH, Vv ILFHD
VKD SES, BHESHKR TR —ERUTRE S I EVREERBHEKOLERF L > THETRHS
2, ARCEAADEREEFREIBHT LB LAV EEEHLTVS,

BB REHEIEAIL, B CHIRIEET B RN LTESEE TS, HIDMSOEWHR
R LTEEABEIA TV BS (115), S & 0BRE T MRIED TOE. AERTEA 7 v
REEL0C CHESHHALET S LEFRMET L, ThREEEEL2LRI. —F, $7RFAT VAR
HATDMSOER L THVWERSH Y/ L, 7 2L A TIEDMSOREIEENI0R ZHL 5 L FE L  EFRMET
Uiz, ¥he=v FyOFEELZOZEEITI0% U EODMSOIASEE I E 5T & T _THETS (41). ZDIdK
DMSODMEMC T 5k, ABEE, ABRE, OB X » TR0, REORRIRT X 5 HEH
HEALIET DRI BEORENLETSH S, TLAEROERE, DMSOPMEMO EFEn b Ts
Q, EHOWBHREETHI LBt Ui, SEO* 7 LM HHA LCEME, KBRORKYE
ERTLONEN e, CORFHBLAECHEHHAL LTHEBIhADMSOR I B DTH 7. HED
X5, DMSOREROMEISSL 00, BLWHEFEYRERTI &b, B 2HEUBOLRTIZI0N
DMSO& 3% 7'V = — A% RN LI BREHARBER L EAR L LTHV Tt L, AERTHVCHENHADRE
R UEEGIDWTIE, FREEERANDE EESCO>WTH R TH hDMSO 5 5 5D & LTHRET
HIEER DS 5 .

FA7 vy RZETR, LR H UCERCHEEHEALE L THRE L TIRVEFRRELALSE, *



7EETRAERRBS OIS RIATREER T . WEHBALETIE, »o0 UDERED
DMSODA » Al B RHIRTEER T 5 LR L VB WERERRB LA LK, = v Fy {41, ez =<2
(8), Fobed (5), Yat—C—1 (D), "V 7 r— (119 HETHEEZIR TS, L LASE
BROBRE, * 7 ZHOBREHHROEFOLDTCRIERBEN PR LERTH Y, HHirhODMSOILH]
RIGEHETIRIW T ERT LI, Pv M 2T, WEBHEARNLZ S ELVWERICIRERTA LR L » TRV A
FERIMBLA TS (99). LR LA & 5 DMSOREEMCH L THVEEE - Ty, EE~NOBE
R HA B THIISIIERISNEL XEL R, PO UAEBROEXERA S LYELE L TR D, HE
Pifl % & & 7o\ B C ORISR OB, ASEAEHOBCN T HERMEE LTENTH S Z ELRL
TWaEEZLRSE. LRkF7DERE, BEOEFEERTHLUME, SBENERLTL, DKM
DH LAERRREFLCHE T VRS0, Thd i I v alihs (F4E, L1550
2) TENREDOEND. —F, 5 %DMSOk &L+ 7 A TR LS 7 ZHORENS V¥ o — P B DL
Fhhicz Lz, BHhODMSON* 7 R BE LFOEBWRBEESB L 52 ERFR LT WS,
Withersiz (115) BN ZEOBGICAT 5 EEHEE LTHEN DB LM T 55—, MRS hdho
DMSOR & 2 £ ROMEIVHERFE LT ENRB I 552 e 2EHL S, DX b, Zo4LBHERI
B oM TRV, * 27 LTHOHE - MU OER LB A 0D, MERIEHTHL LN THS

2 B ERAEYE T, BRERHIPIC R BRI X ) ZRADKS BB TH. BAOBER, HHEEL
BHEAHRTREDHEAGHRC L - Ta vt r—AER%, BAKBESNRTHREEEOBOEESHOBRT
MRAEREREC L, FOMBIEREEL LR TS (T . £4 7 v+ AOXEIEIZ0.5C,/min THRELH L,
—20C AL TIBEAS RS KT LEAERCBMT A LB EALERFE LRV, —25CHUTTRBVERERYRL
fo. TOL E120.5C,/ min TEH LicEe, —20CIE Ui & ZIZRE-FHRBAIMES » T, Z0%
—20~—25CIt#T % % TOL T 105, BAMNTOHDBHSHF MBI BEENRE Loy L
FTHETLEZEEZRLTWS. —J, 0.5C,/min T-40C ¥ TRERHTHORE LD & F URERG,
BxORE TR EBRAERCBETH L, —5C - 100 TREF LRV DD —~10T - 604 TI1210%7828 5
EFTHERIRLh, —20C - 405 TRBOCAFRLTR L. ThitBEHAKZ-10CTHHER, —20CKEHF
e TV BRI BRSSO DT T B ERR LTS (Fig 4). 4 7 v AZERSHEE0. 1~1.0C
/min. T—40C ¥ THH U BREEFRCRE LS, EFERCENRLhLWDRX, 1C,//min TRH LA
BETH—20THH—40CE TBHTHORISHYEL, SOMREEHASTOCEL b EEL RS, *
Z7EE#0.2C,/min TEHH U« ORE TRAESRCBH LABRIZ, $273 44 7 vy AFE—20C T+
DILBAKPET L TR ST, 256~ —30CHETTIRBHEANRBT THZ & &R L. L LEAS 7 vHRILH
NTH 7 ZHORBAHEEN0.2C/min &8, BEAHKTEES —W0CTETRBREL L -1 DL, 24
EAT Vv REENTERPER T 50 5KBBEFL AW ERRLTWAS . BREHKOETIIEYREC
LoTRILY, CAITEREOKERRIELTVWBLELORD. ZOLDEESHERE &L SHSARTRED
AL RIIEGEC X > TRBEENERD, "7 b 27 2~T0.3C,/min, —40C (119), L+ H M =T
0.3~0.4C /min. —30~—40T (99, 100, 101), =¥ F¥T0.8C /min. —40C (41), Y a#—¥ — } T
0.8C,/min, —40C (11), 4 #="T0.84C /min. —40C (42) &\ ol fRREIR TS,

KB B G 2 CHET 5 & — BB A TIKEOHRILEE HF, BAOC T $EREEIX TN YT 584
HREEEIT. KEOHRCIKEADETS 0, KEHDSVWEKEHPEREINBEDZREDE. KbF
B ES ¥ TREMET 5L, BAARBACKARRCAB L TXOBKROKSE T CRERERA TS, —
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FRAL D PRBVRETCREUMCKELEIATHE, BEALBAHLEVWTKEOHBRIEL 5. FER
ERVTHEXEZERARALRZLL TSRS Z 4, ERMERERAT » T LET R ST ARTRHOR | 7 —itisid
BEHEGEFHOBELHH LR, RFELROB I OREVERTE L. Thi TOWBHEDHERD T
3, EKOBERAEHS N TEL A (115) SO0, BHHAEHED ZMTREZ(LASEERON, Thic
B2 BESH R F e R EERE U O b TR w k. Panish (63) 1%, S 7 ORI DOEHESIC
BWT, HKOEEL X D AEFRCENE LD EYBELMCL, KELLHVEFERLE B DK AR
TREFETH B E Lz, FRBHEOFERICI T, MKy Linw L @eHnghic v » A RR Lok
PRERES 1 75 AR Lo TEVAERCSH I W B DB AR ToEES, TOH-20CUTORELSSH
Thd LABEATEESLED LEAERE IR TS (B). ARBROBR TR 7 OXRIMKE TIH % %
TTBEAEILE 2~ ORFTEH, BEHNBERCERO - 15CTRERR LABEREFOETIRDLR
Ttrote. O EIRF 7 EERHE LBe, BEHABA L BROBRRMC X 5 EEELE G0 HERD
TR, FRICHE L ZOROEEAHBIFEENRE LA LR LTWD . AERICA W HREHHFIEK
TIRAEKE L WS SESHAER D O —10CHHE (0.5C,/min THRHLLEE) THH, COREMTT
XD EET b S THEESRIES . EOBRI V17 vy R, 7 EROWMBIAKL, —26CHTIT
ETNEENL VAR ETED T D, —40CE TIRESHT S &, HXKOERCH b b HBERAKIR+
SR ST THD. FRABCT BB I, BKROA e —FOXKBDOERIIP - HLTE
D, BROBENEE LA, BHXETEBSHNERCHEIZRCA v —2ERAH L. I (112
12, KRBT bk o RBEEREETCHRINEKEOAE 32, MK LICBSTENTHE LI LPEL
BT L REMBEELTRY, CRXECRNTA L v —OABOBBE-ET S, ThBOZ E0LIEHER
ﬂ*ozﬁeﬁDK%&%&t%%Ok%é®Evﬁ,%ﬁ%ﬂ#@ﬁ%%%@ﬁﬁ%m%xmm%Wﬁ%%%
BUCTEEMN DS . Frank® (25) 13, MEAEEEIED 5 ORHIIgPIOKEN B RICHR SN 5 O TS
<, MEAOKGER Y HRANCHEXIA D (R I - TELAT 2T FVERTIERA L. Ashworthd
(2) 3Enm V<V OEETHEO R TIKEBRSRL BT bh 5 2 &R L, EROEWMREC S5 /)
HAKEOHR & RBEH~OBARGF T AWML R L, UEDOZE X HIhE TOREDHTHKDOH
ERFERET AR L » TR B0, B OABENEEC X 5BKOES & MREDOHIE EOE T X
BRI A~NDOKEDEADHESBERL THBFEE I HD LV L LS.

B, FESOEBROEEREYEL L., #4147 VvyA, $27ERESTBEMETH E, EFRIR
BERLBE L 0 b B ot Sekaib (73) 1%, MEEO»EVEV-27 VORFEM TS, FHEMGRE
(GBESHKTRE MNEW & EEME TERFRMED, —20CLT CHRE-ET S LBEAMRL TLRER
BLTHEERCERE ORI W Z ERBE S Lic. Uemurab (108) & —30CLA L TFMEmMG Lich — % —
Vo VERINSEAETTUTRN, —SBCUTTHHERE LA ORBEBR LTI EFTH I L 2R
L, —50°C TIRiRMME, SMMEIC L BENR W LB L, —FHTowillh (99 v« 41 £ XR %
—40E #i13—50C ¥ TREESH L BE, SEMET S LISHSHRTRERC XHENTWA, BHEMETE L
—S0CDFNG ol LTS, ¥icYakuwab (118) 17 VOXFOFHKBL T, FHEKY —20CIK L
BRI L A EBEROERE ORI, —30CK Lick IS EMEOFNEFERNE T ol L& H
L£LTWE, REBRLL IO, BESHATRCIIEDEBOFCHEBERIBE->TRD, ZhbRaE
BHE 5 AR EDC R WBEORIMERI L b, BEMERTRETSTEET DR, SHEBET S
LB S AL LKBNBAR L THIECERRETEEL LR TV (I, BEAHRTRENMEVHEEHR



—93—
DOBABENERESR, ZORBTIIAEBHOBCANICER LEYE U, SEIRE D M a R X
DEFENIBEDEEZLRTWS. LA LIOBERY 5 AMLOERE LW DREERNTH S A{LLS 5
KBPBDTHIeWDEEL LR, ZOLSIBECHKCHLSh5MIIROA TV BEAS . RER T
—40C TREEBHERT LT 2 b EHAC—BERTTRISKI R TRE Y, BUOEFRYE5 I FIHERE
TEREYBECBET B EBRARTH o b ELBND ., EFNCIIEERR X SUEMEOHHEETH
D, TEILRBESHKTRELTTFALEILWEZEL RS, FBEBHOMR TEDOL U RERI,
AT v AZEOHES—0CHUEDRER CH i, Sakaid (T4) 11, 7 VOFBEML EEMEOBET
ExOBRE TREMM L4005 -30C O 6 PRI TEFRNBICET L, ORI ORERT
bobdKBOFERNBI B s L. ZHIBESOMBORE Y THBDOTLEERIGEY » — 7K
BiEHRGR, WK LTHAEREARIRTHLE L RHENTH oIz, ISCOERPA L v —k R
BE, GHREERTHL —OCULICETSETHIHNEZELTE), EANCRFESREERNISIOHL
TRORBACEBETHERERRWEE L LMD, IHEKEROBERE T, BHCEKREBVWTIHKRTLE
Wik o, TRETEL OWRENTCLBRBEE LeDl, BERFEOFRIBYMROEELHEC LI
b & Bbh, KOBEN TS THRITEROKZ AV TEEAHE L THhRANKIZBER W EE2 505,
BMREEOXIL, HENEVCEEOHMEHEFERTCLS . BCbFBR LI >, HEHERELTH
WIDMSORESEBRE N L TESLZFLTE D, BEEI WY OBRIDERD L. ThE TOZEOHMER
FORE T, BESHTHRS 2 & X bER» SEEHALER S HE A1, 99, 108), < EHETER
CEHMPICIE R 2 FEELIIEESCEEBER L BRCEVIRS® 55 (119 RERBLR TS, BR
BEHROZRIZTHEER T OMBORICEDIed EBEERD B EEL LR, WEHERAEZIR DR DIt
BELC LD - TERDHT EHREHER TS (115). KERTHVILCPWIREOERH1ECaCTH b,
Tr bS5 ERCRT SWEIKE LTESEI MR IR T30 THS. HRS O g, CatA
* VTSR OB/ L T E OB O BRICEN I MEORT R ET 2L ELbhTw5. KE
R TEDOEYMEIHER TEIeh » oD, ETNEHMINCENREES < Ol SR S h Ty 28
BEETHRD, ERHRCREI 2 L5 BELMHERR ORI ot bELORD. SEIIERKRORER
HE & LBRER Y o)’ Finklen (20 1%, # 1 v ¥ ¥ &1 2 DOBBMPROERE, 22CTHELL
FROCTHRE LIRS I VEFENER ST LR REL TB. ZOKRBHEEHHAFOBE LT 512D
ik, BHFLABETAETAZENRIVERESRVWIEERLTCWS. ¥ HRESOEERC BT 5%
i3, ¥ 7 EBEOEFEY - — P EERE BB Lird o7, Henshawd (35) 13¥ « ¥ 1 = OXEABRUEGH
ETHREES, 20¥72i325C, 0~4000lux T OB L, FO&BET Th v a— MURMNRE s 2 E2HE LT
5. BREHRE Y 7ZXRIBEL, ARCAL»OFRERD D ENFELLR, THREETTLERTET,
IRy 2 — FERREEN D o2 Eh b OEEFHEN LTHRBEE LRV EE LN,

BOET I B

QBB X B XA 7T v AR, ¥ 7 EROBRBEFEOMIICOWTRE L

1. MREBEHOREHBEA THBHDMSO, EG, 2V ) viBETHERS Y, IRAKEELZV 7V
- ARBEHTEHEIED LAY, BREOCDMSOLEAZGHLE D EHRLBDO AL, 271
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DMSOIZs L THEWESERAE L, ISYULOBBE CRETE LI NVADORENRS D, 10% TAE LIXEIR
NHOBEEY o — P OECRE BRI ERC L
BREBO*F 7 ZREER I 5 0DT, 2 BHOMERNIRTR T » bt FiEEEHEH~DODMSOD
TRIMEARTT R In etk TR el » e
3. FAT7VvHATII—40T T TRESH ULBREESR BT, BHEE?0.1~1.0C,/min O#HE T
WTh B IIE100% DEESER L. BEANKTHRELEFERLOBEREIS, #1417 vy AZETI,
—20~—25C ORI, & OHOEEAH T BEERRE LIV BRI E THRER AN EL C &2
it ot, —F% 7 TiE0.2C,min T—40C ¥ TRFEHHOHE, BEERCEHTH ERIBVWEFER
Bohic, BXE X VBEESHFOBRMEEEOBGHNERTE, RELEFIELNK.
4, BWEFEREEB DL, EELEEERNOIFECHRT L EAXTARTH Y, BEFE LB
ELLEERERS ST
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2% Vitrification (#F A (L) I X HEHRERE

Vitrification (# 5 A{k) i, WiE ’C%Eﬁ Utc 2 BREERAE TR & W7 b, BRSBUE A OB COE U
FeBBEMCHAK L, BEERAERCRBLTEECHHL, KEDOHBE HFLIRWEEELSY T AR
LTBERTCRELI>ETAHLDOTHS.

Vitrificationfhi & 5 BFERFEIE < 7 AR TDRIY (68 LK, e L CHHMANSRE & h, 3TV »
POEIRALHESh T % (47, 48, 58, 79, 104, 109, 120). AETEXENEIMEVBREOHENHEFOM
BL& T DB, EEOWAEE, MEEOERGBEILENEETHS LELLNTWS(T8) . RETILSaksid
T X b E S hilovitiffication DR H AV, AETEHOR - &4 7 V¥R, 7 ZRECHT HHAN
BEF L.

18 Vitrificationik(c & 2 XD H#E

AT, Sakaib Dvitrification DEEYE A FAV T, ZIEORTELSE, BHEEE~DOAELE, MESORGER &%
BE L, vitrificationiRiC X B HFER DOHEILIC DV TRET L.

1. Vitrification}¥& K\ DILEEERE D E

VitrificationgslZ 38\ T, BESHNC LI SZE R HORBHOFK % BRI HEESE A~ DAEBRIC X » T
avER=-VLTWS, ZETRERET TOABRMOBELRE LI

MBS LUHRE

PO LIF 17 v ADEIRY Y 2 §50.5M (17.1%) &L £ 14 7 v 2 fisic | BRIRTES L, 1
mlDvitirfication¥L¥ (Sakai et al, 1990 LL'FPVS2, Table 11) DA -7 1.8ml7 54 4+ F o — TR ARERT
(23~27C) THHHESE, 2BV B TERNCKEL0.5nNE L, REERCEEBI L. EHY
PVS2EBE L THHEOM O B 212 EA TRROCEEZSRCRIT 5 E TOPVS2AOAERREE 3, 5,
1045 B2 TLOBREY Ric. BHRERFT TREMHRE L, TO®].2MY « BEHKTHED, 1.2MO > 2 ¥
W20 - BREDX A7 v AFSMICER L. 1 RI0~IEOEERH#HIL, 5EXELL.

Table 11. Components of vitrification solution (PVS2 Sakai et al 1990)

DMSO 15% w/w
EG 15% w,//w
Glycerol 0% w/w

in MS medium containing 0.5M sucrose

= B
PVS2iEBrh, WERMWICEZER T RADELIBED ORI o, 7574 4 F o — T hOPVS2RKEER TR

BHELBHEOTETHole. £4 7 Vv AXER, PVS2OMERR 3 ~109DORITIL, £FRIZ50~60% & =
REDORAED oA, ¥ a— FEERILERES, 105 HTHA0Y &7 35 BRED11% R DI HAEH
It wte (Table 12).
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IRE S OETRIT 2 BEHEEOSE L AR ~EALL, £F LW EERBEAREA L. TORD
Yo~ FEBEORER 2 BEERE AR T ott, £F LEEEOBVERD, v a— t OBERADRVA
EBHNALTEE L.

BlEX b &1 7 vy AZRivitirficationtRIiC X - THHRERENTER TH D LMW Lh 7. L LE
BHROZEEDY o — P BERIZ, 2BBEBEC I > THRELEIORENTEWETS -,

Table 12. Effects of exposure times to PVS2 on the survival and shoot regeneration of
dianthus shoot tips.

Total exposure time (min ) Survival (%) Shoot regeneration (%)
3 59.7 11.4
5 69.2 39.1
10 62.3 40.3

2. ETROREBEOHR

B CPVS2AERIR 5 5 THY TH ok, ¥ a— F OFERCE LT 2 BEHRBECENTH K.
ZhE TOvitrificationDHE D i, FAISHDOIEREY LBERE T ETEVWEFRL LRV~ F
ERPEBTWD, ST, ESELLOSBFORBBRENY - ~ P BERYHDLHE S 0ERE L.
MHEEITHE

EA47 v REEY, BEOS A7 vy AESEHES L0 BRERX0SME Lic@igc 0, 1, 2, 3B
ke Lictk, PVS2OMERE 5 AR L L THEFSRCEZBN L. BEEETEL 1. 2MY « BEKT
2EEB LT, £4 7 Vv AFESHMICEBR L., IRYEISEOZEERXHAL, 4~6ERXELL.

#® B

WERDAEX THBHBOZEEOEFENRR IR, L LOMY s - S§AKE Ml XU 1 vy A A
B TSR LRI, AFR, Vo tBERELEPELHRETL, RIS LR TR B VE
BFERE Y o — VEAERMME SR (Table13). 2D & HEHERE AR RS BTV LB LM E
TRot.

Table 13. Effects of preculture medium and preculture duration on the survival of dianthus
shoot tips frozen by vitrification.

Preculture Duration Survival Shoot regeneration
medium™* (day) (%) (%)
0.5M sucrose 1 62.2 34.1

2 50.2 35.2

3 27.8 6.6
Normal 1 90.6 39.4

2 61.1 21.1

3 56.0 3.4

0 92.3 50.9

* Normal medium : 1,/2MS medium supplemeted with 0.1lmg,”1, BA, 0.5mg,1 NAA and
20g,”1 sucrose. 0.5M sucrose : The concentration of sucrose was changed to 0.5M,1 (171g,1)
in the normal medium.
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3. BBFRDL I EREORE .

VitirficationfRIC B\ TR BREAR, BIRSBEHEK TREBENCHKZA TV HERCEEL BE I ¥H T L
EKZEDBERDD. TR, BHEORGKOEREOHELRE LT

HHR&LUFE

HHTH A 7 v ADEIR% vitrification THHE T 51, MBI T RREHETIRII >AD T, TI TR
DY EME Ui, U0 H LEEEDEBRPH Cd 4 7 vy A S BIR L TR E, FRCAVSEGD
Bl o 7c & &5 TPVS2T 5 HRIMLE Licth, MESRCEERE UTHRIE L. 8%, 0, 0.1, 0.2,
0.4, 0.8, 1.2MO ¥ EHET2EES L, £4 7 Vo2 AEBCER L. 1R%:» ISECKERH#RL,
S5EIRE L.

® B

FETRE W K T LAZTHOAFRIIN20K LEL, BT ThRHABANVAEERTHICLE T 5.
Bl D v o BEIRER0AMB T OR TR, H£FERKI;N33~36%, ¥ a2 — FEEENE~I8K LEI DXL,
0.8MLA LTI AEFEREI~91%, ¥ o — FEAERII~53% EE L oo (Table 14).

Table 14. Effects of sucrose concentration in the dilution medium on the survival of dianthus
shoot tips frozen by vitrification.

Dilution medium Survival (%) Shoot regeneration (%)
0.1M sucrose 34.2 18.1
0.2M sucrose 32.8 15.8
0.4M sucrose 35.8 8.1
0.8M sucrose 63.3 42.5
1.2M sucrose 91.3 53.4
Control 19.5 3.0

4. F7(zxT BVitrificationZZEDBEA MY

B E TR EA 7 v RAZEIE T, vitirficationi Iz X » CHERENTE THLZ EXHLMER T, F7
EEB L TRIET, 2BEEEE TEFR2ECRiEERTIREBE TS ENELMNER S T
5. CZTRHETELRICEA 7T v A TORMSESEY, SR LA 7ZECHETELLE > ERETL
7.

HHEE&E LT FHE ‘
* 7 OERY Y o ERER0 SMIEE Lick 7 FHuc 2 BREIEE LR, £0417 v R LAKDH
ETHE L, CORPVS2KMET ARM% 5, 10, 159 & Lic. BT 2My « BER T 2EEE LT
F 7 BEMCBR L.

% B

BEREOS 7 LTRE, 2 BBHEEOBE LMK, BREMILBELL, EFLLERRZ, HEDOS b
EEO-ZBI v FELXZEEL, SFEOINVAROEBNEFEE L. PVS2OAERFEN, 57\ L1045 T4
FRIZT~10% EED - 7oA, 150 HIRE TIZ64% & 2 BEISHECINHT 5 £ FR1E Sl (Table 15).
Va— VEERLAROEALTRL, PVSZOAERBIR VG ER Ko,



Table 15. Effects of exposure time to PVS2 on the survival ‘and shoot regeneration of
chrysaythemum shoot tips

Total exposure time (min.) Survival (%) Shoot regeneration (%)
5 6.7 0
10 9.9 6.5
15 63.9 31.8

Excised shoot tips were precutured on MS medium supplemented with 0.1mg,”1 BA, 1.0mg, 1
NAA and 0.5M sucrose for 2 days and then were treated with PVS2 for 5 to 15 min. followed
by immersion into LN,

E281 % 2®

WMETEA 7 V9 AR IO 7 ZEOEREHRAIC OV TRE Ui 2 BIREEREE T, B85 H 0B THikE
WOMEKIC X DRITHRE L, FORBHERBHRAC I v ZEHEOSKEIEH TS LOoROFHBIMER T, £
THRCE - 7okt 5 2 {t (vitrification) 3 753> Bbamorphous glass & 75 D KFE AR List b, F idIER
PUKERHRL, BIRCEPECSLVWEELSRTWSOT. Tivkhs 2 BRSE/REE T2, SIS
LTEY, EEARFSAELTWS T gl h . —Hvitrificationth T3, BRELEHEBEL AL » TEE
BCBA SRR RECRHT B L LD, WA, EHBEH S AL T WA LD,
Vitrifications CIZ KSR S h s\ e, BRI RSG5 KEOMBC X 5B RBTE S, OERBYEK
TR, HMEEEOEVRIBRE ORESEAOER, BERBENRKYBL D OABNE, BREORRE
DEDF, & DIIEFHEIT CEDH RO Rl &R E DRBERRET B EE LA TS (8.

T E TiovitrificationBRIZ & » THRENEE TR TV BT, 725 H A DEEMR & SHMREA09), 5
A AEDT R FTTALUR), F oY OERMRUD, F LV COROLMIGTY, TV OXEIRAD, kT A
b7 e—RN—DZRA20), FYOEEGDRETHD, WThd 2BEHEEETHEVCEERNELh WA HE
TH5. BubhicBgEK L, DMSO, Yevv v ya—1, RyzFrvvria—n, Vel v, =F
VY a— il T, s LV S Y 2 — A RRBEET SR, EAShERPRERNSRMRBT L 5T
EFBEBT, T~SMBEOEKYEWT WS, KETIXSakai b DL B\ 7o, & OBKNERD LREFE
REEHEBHETHILR IV FFALTHI L, ZOBEEEV-% A —196T ¥ THREWCHH LHI0T
min THE LK, REBRSHIC IV -115CTHFAEBARRL, —TSCTRHALTRT I L X VHERAZA
TW3B(T9.

COBEEONEEE LTI, BEEY 2 » 7 1 5 -0 ER T CRENC ST TR A CBES TR
SRBZERDD (47, 48, 104) A, SEMAV 7Sakai b DR TCREEHE CTAE L THEFRELR L. Kk
TIX, BERC X 3BBOHEKOHBIABREOREFICL > THY, F4T7 V4 ATIRIFTRRPRRETS
BT+ L kD, 7 TRISSEADETH 7. TOLAERMITHESIC X > TRIgH, MUK TAEL
THRIA + 7 e —A—DFEFETIRBT 5 5B 0 CIsHEAEN X < (120), + v v PBROMETIZ25T 3
HETOY), EHRFVOEEY 2 — P DEFETIRIOHRIVE TR TS (58). ThHOBWL, 2 BFEHE
BB B IEEAHER LISES AR TREORBAGIEIC & » TRIL 5O LA, MiahboRDODTISL
ENER L - TRIBDEELLNS.
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BRLER L, BHRONERI, IEREHOERTHrb ) R AFROBETEI L L. F1ETHE
HLEI O CHEROESIH IR VB LCEROEROF . 7Y VI RIHEEL LN, X147 Vv ADY
BRIZERGTLE T, $hed 7T, 2 BEEREEC SV TEFEE 5 D RIRITERART R e BR
THolohdd, RETHIEREZT, TOEMITEEOREICH Y o BRER0.5ME Loy Av o,
LIS TORERIL, BRerLBENRKRLOEREALELOLD Y, BOBRHK I 2BE82,
DMSO & 0 ki i & BRI RS2 7 X TR\, VirtificationBic & 0, X DV EFERE ¥ o — V EERES
B, SHNISHEMOBR S I RIME 2 RETTHLERD S 5.

BHBOWEEED Y o BOENVREIED TEETH D, 0.8MULO Y  EREOHRE TR LB SO 4
EAEFERMNME SR, BRI ERELSK THRET5 L EFERMET 5 2 Lk, vitrificationtk THEE LAEs
BHBETLRDHATWAHUD. ThHORER, BEEOEMIEETRE DR TEREICHK S hioR BT B
h, EIEREE THBTH L E TRMIREKRIED LEENRETEIDOEEZELLATWEUD.

LIEX b, vitrification¥Ic X b 4 7 v A, * 7 ZROFEKEAED, EAMCITETHS S ENHALRME
T tedd, FOAERR, ¥ a— FPEARIT 2 BREHEEE LRSI ok, UL, T Ovitrification#kid 7' =
P A7) —F R RELRT, GHNCMENRET T AR 2 BEREEL VBREALD D, SBECE
FROMERE B, BELGORM IR LEDEDERDS 5.
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1. VitrificationtB e X B 84 7 v+ 2, % 7 XEOUWKRELRE L,

2‘SQ&%@&%%KE%%7V&XT@S%,#9?@%%%%@?%C&KlDﬁvéﬁﬁﬁﬁ%hk

3. A7 vy ARECBT AIHERL, EFELBBRCODORIRIEEMSE T, MEBIMARL e & &
FRIZET L.

4. Virtification¥BIiZ & » THRE I N L1 v A, F 7EROAEFR, v — P BERIL, 2REREEOZH
I DBt
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HNLTHALIOHHEYESH U THML AMEELEE X, PR BB EELBRETHE. LTI TH
BT, WEHAFNAESY UTHE - BSEBRCART T ME R BRAEE &P, WHEEM, Bt & x5
THIERTS, FIEE CREA 7 vV ANEE - BEERVCEFERTIEEHELM LR, ZOMEYHE
AR TE TR H oL TRy . BRRTFEIERCHE S h 5O £BWRE, FTiEluEo
BEEFELTHBEELLRS. Vv I EOLFOMBRCIY L FTHEBHHLED h, FRERELCD
EHEEPIEE SR TV 5 U0, AFRTHWILE A 7 v AORIR T, B - FRECH S 2 e EEHZELH
BHRInE L RERICADR T, —HFHRERT, * 70\ TREEICERARE ST, B
AHHTEENRD D, TORDAMTRIERF 7 ZEOBHKRAME T H W THERM C S L2 H 5 b
ErhhBET B LHE, 7 ELMCHT 2RROPDELRE Lic.

1. #4147 9X, F7ERICETI2REBRDEFROEHE(L

HEELTHE

EMBEERORFH T TRIE LTV EF70BKIVE Y o — 2 HAECLI OV BR L. B 1IETELS
B X D EERER - MIRLC, £FRE V. - PEERYHAE L. ¥R EI 7 vy 2 EREY4A, 8
B, 12ReBUE | BoBaik CHREME LA,

® R

B - EBHOF 2EHEOERF LV o~ P BARCREL»REH RS Shic. 12, 1 FEHLERTIE
R BEBOEERIIFI0N EFHL, BT~ 98 TREFTEL, D[ TIRRE%E THote. Y-+ F
ERIT12, 1 B TEELTEL, MO TRAS Y B3R/ DLR, T, 8 A THIEL Iooi (Fig 10). 15
DFHNE, EFRTI.6%, ¥ a— VEERBIBTHoR. —HEAT Vv AOERIZ, EORRERLTY
100%4F LY o — P 2FEE LK (Table 16).

Table 16, The survival and shoot regeneration of dianthus shoot tips excised and frozen in
different seasons.

Time of excision Survival (%) Shoot regeneration (%)
January 100 100
April 100 100

August 100 100
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Fig 10. Seasonal changes of the survival and shoot regeneration of chrysanthemum shoot tips
frozen by 2 step freezing method.

2. FUEXROTHEREDERMESL -

BIRTH 2 ZIROWNE - MEREDOEF TR B OLRFEHENRD Shic. LrLohik, EEOCABNE{c
Lo THME - MEBBETEROZTI AEOBENRIL B Inin0d, Fh b bEHs - M & 2 EB R L ER
BERET BT 5BEEDIEL Licicdd, ELIEMKICE S ¥ Tl 3 5 EET X 5 BEOR4ENFHY
KRIcBDOMIHARE Lig., 22T, BAROZERERYRAFCHA» T 5 L, ERCEEZERCH
HRTERCNTHIREOEHEOFESHI L. EOEEHERELCEREARE, EEXY I HLAE—F
HREEEEL, BRI e TCLORGE R

HHREITHE

BECHI ) F 7ZRL TV HLEF 7 BEBCBRL, EHI b 5 CRETE L T30 B RIS Lk
2o, BOVFBREBERBEEISEREOERLHET TOORMBERL, £4FKRLY -~ FPEARYRE L.
ERFEBROYPRLERT DD, SETEHMS 6 5 LOCHT T 7 0XERHLT o, R 2 b,
BO 2B CHEMET CISHMEERO%K S CHRBT TAB L, HEH30, 60, 90, 150, 210HEEIHL, &
V25 CHI%M T CO0 B MEEZE LI,

S DIHERYLFEER L LD 5o, ARICERERE Lo 7 2R B bie, B I25CHE
#FT2, 5, 10, 15EFHFEEROK S CHRETIHEMBSEL, BUBCHAHTEEB L TER L.

® =B

ERFPYOH LA BRBCHEHT TERELLDOE, EFOATYFITEDLNDLLDDEER, v o —
P BERIC R RHNERIIRD Hhigd » o (Fig 11). HilFORHEFRIZ0.2% T, ¥ o~ F BERIX
T6.5%8 TH-t. —FERERICS CHETEBLEABLALYE, 5CHLAGFTECB LEROEERK L
V- FBERR, FRIDVER SR - vRABETRLLAEEMCHERTEREHCE O KL, Pl EHE
BiRobhi, RRELBE LAY .- ' OEBRREHCIZZRTD ORI - 1.

6 Hit® 7 OXIRY BRI 26 C CISEMAMEHE TS &, £F, v - ' BECH LELVWHRIED O
o, Thhbb 6 ARERERE LT CRBRLICEROEFER, ¥ a— t BAERBHRCEL - b, HELTTI5
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Fig 11. Seasonal changes of the survival and shoot regeneration of chrysanthemum shoot tips
with or without cold storage. A : Excised shoot tips were incubated at 25°C under
constant light of 1500 lux. B : Excised shoot tips were stored at 5C for 30 days just
after placing on the medium and then transferred to the nomal condition same as A
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Fig. 12. The survival and shoot regeneration of the chrysanthemum shoot tips after various
days of cold storage. A : The shoot tips were stored at 5C without precultere B :
The shoot tips were stored at 5C after 15 days of preculture at 25C. '
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BED & SEBFMcRRLAZR TS, 25C TOMERMAREERT 5 LR B EFReRLEY, £
OFUSEAENIL 2 BRI T HEHTH D, 10BRBIL LTS LB HBEOFTERET COv 2~ DEFR, X EV
B RRC SR I N EEHDOEN L Do (Table 17).

DEDKR, 7 0FHITEE OXEERC R W CIAEFRE LU0 o — P AR BRI EBHNERILHD
bhP, ZEEEDY o — P BEARRCREFMR VI EBHELMER -, ~HFBREBCERCEISTELE
R TEFERI IOV o — F BERMET Leh, LEHTRIOETHR DDA Lok, SO ENBBT
ERTRRD LN WEHOFHMNLAENZEL, b bEEHOZRMERCER TS EBEELYZITI L
RS EIRsT, ¥ OEFHOBREROBRIC X 5EEROE T, FERC Y - CTHEBETE

Table 17. Effects of preculture on the survival and shoot regeneration rates of chrysanthemum
shoot tips after 30 days of cold storage.

Duration of After 60 days of culture at 25C
preculture -
(days) Survival (%) Shoot regeneration (%6) Plant height (mm)

0 23.1 23.1 6.2 £ 1.0
2 100 100 7.5 £ 13
5 100 92.3 7.2 £ 1.8
10 100 92.3 19.6 = 3.2
15 100 100 16.1 £ 3.0

Shoot tips were stored at 5°C for 30 days after various duration’of preculture at 25°C. After
storage shoot tips were incubated at 25C for 60 days Planting date : 31th May.

3. FUBLEOHSEBYHR

F1HTH S 7 ZHEORE - BREOLEFR, v — | BEROBHALR, BROREFOKEOEHE
LEBIRRD D EEL bR, 2 TEHMKERLCHE LEYBBABET S LI b, Bl - BRKOLER
B, va- PEEENFHELINEIERE L.

HRELTHE

ENEETREL TS 7KL 0 T~ 8 AR SERbLEVELEYREL, €=—AHMAh 0 CEET
CEBRLE., 2BEMRCERYE LERYRHH L, 5 %DMSOx&ick 7 T 2 HREMSEHO®, £ 1ETH
FeFHRIC X DR - R U7, ERCRTERT BIC bk X DB ETE S AR IR - LA

#® B

BRELHELBOERL, 0 H UARKAS JUERFR, YROEREMR LER R o, BELLE
LHEROER, BHEEOGEYERET 5 ONNBOERCHNTE» -, BROBEER, va— tBE
BHLHBOZFTHANTEL2), BLICHE LG L h EERFEo|m AR bhic (Table 18).

Table 18. Effects of cold storage of cutting taken in mid-summer on the survival and shoot
regeneration of chrysanthemum shoot tips frozen in LN,

Treatment Survival (%) Shoot ‘regeneration (%)
Cold storage 95.0 54.4
Control 59.1 ) 28.6

The cutting were taken in mid-summer and stored at 0°C for 2 weeks. Shoot tips were excised
from the cuttings and precultured on the medium containing 5% DMSO for 2 days. The shoot
tips were cooled at a rate of 0.2°C_/min. to —407C prior to immersion into LN,
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1. SMEEOY 4 X EERRELOHE

EHRE RS T AR, REMOHEL THWRIE, TheOEHO v A VABRY BB 35 BB, &
R E LTERY AV LBV, SOREREET TE CABYDOY - — HidM, TOXHIRETH
BLidDEhNTELINSL, BESRETHS. Lo b BB LML LT FERI L v ZIRL L
THE, BOMAEYCERINLGERNSH. SOLDAMEBIIE, 7V -V VvFHTEZLIHHES
¥ a— P OHERER VS LE L. L TREFL S LHOMMO» A XL v o — + L ORI OEE Y BRE
L.

MBS IVFHE

FIEEREED KA 7 v AEEED T A RBX o 7 AR THIRER L7 DHERF L THRhic g Lic. RBA%E
I ab@rH LW BEL, T~ S BEScMELEH LV Y a— DML 2HERIEL, XS
BEIROBEF L SLHEE 255\ 25 mOMREAMAT 0 H UAHEG & L. 2R, gBELTE
RSEEMYOEIEMNO. Sma ) b B LERE Lic. Sh b 10%DMSOL 3% 7V a ~ R k& A REHEN
mEEK e, 0.1~0.5C,/min OBHEE T—40C ¥ THHOREEERCBI L. BRXCRERHEOK
AT v AREREBRL, 0BFERL, EFRE V. - PBAERYRELL

FRHMOBHEIGHEDY = — AV, BEREEOSH I Y. -t EHCALr-TL, 3, 5, THBE
B, FLTEBEBOY o — A, B EM»S 1, 2, SHEXZHRL CRE 2mDI/HEFLZHREL, £+
DEOMEREF L TARICHR - S L.

# R

BHRER T I\NT, 4 7 v A B ER Uik, TokE IR, T r100% DRI
ElLTva—téinh, 2B UMEGOZOY YOS ABO D VAL L, FRE0BEITITEDH LA
DERERTDLhI.

BRSO 5 mD RIS~ ATHB A EFE Lie. A7 LA, VWotAsdar Al L 1AL
MICAHBEGTSOZOH ) DIHEORMO—FHRELEE, TIrOALVAOHENEL »fc. TOHI VA
AR LREARTED SR, BROEEE TR Y o — F OBLRE{BHEIhish» .

2mDEFEROBEITBH L EPNEFL, S mOBRABBIRGRLENEEIL LR E S JEBO AL
BXEHL, 50 DEN» DI N ROHEMES » 7. BEE0BHEE TR AL AN LBOBRBBDOID &
FHWR26~33R DHFMMTY = — + OFESNFEE SR (Table 19). FHBE LSRBEYHOZTRIX, 100%4E
FLya— beEA&LL



Table 19. Effects of explant size and cooling rate on the survival and shoot regeneration of
the nodal segments of in vitro grown dianthus

Explant size Cooling rate Survival Shoot regeneration
(mm) (C/min) 6 6
5 0.1 47.4 0
0.2 42.7 0
0.5 34.7 0
2 0.1 94.6 25.9
0.2 96.5 32.5
0.5 97.4 27.3

Va— b EOESEBE LT, IBBOY 2 — P HAWES, SN THEC T, SEBoEENE
CEFRIEI o, Fhva—FOBEER, BERIAEZBENHDLNTR~T2E TH -7, —F T BB
Vo=t TR IHOMKAERENRD LN T, £FRIXI00%. ¥ = — FEERIT2~60%TH - (Table
20) .

Table 20. Effects of shoot age and the node position on the survival and shoot regeneration of
nodal segments of in vitro grown dianthus

shoot age* Position** Survival (%) Shoot regeneration (%)
10weeks old 1 100 71.7
3 100 32.1
5 96.1 50.6
7 59.7 36.8
Tweeks old 1 100 60.1
2 100 59.5
3 100 41.8

*Shoots were propagated by nodal cutting. The age of the new shoots was taken as the
number of weeks after planting nodal segments.
**The top node which had fully expanded leaves was numbered position 1

LLEDRER, 847 v AEEEYOSERT, MEEOY 1 RN TRITE 1 B OB E TR - #
WESEFENEORDE Ebbh o, Y a—  OBERBEUTRERICE L EVHALNE ST, &
Vo=t EOTMIE LT, B3I AVAIEY 2~ DRI AEREDSIT, UTOERTIZS — 6
WEH LY a—rOEMIFHEABIEE L.

2. BRFICHIIEERERED

FAT7 v AR - — FORFEETIEMRL, B1ETELRECHEE BT L, £FRE
100%E7%55DD, ¥a—tOBERMED o &2 TRAHEED > bRECKFNHEERD EOREKRT
BEERTAPEELMTLE.

&L UH%

B & BAROFE THEKOE.5C,/min. TRHIL—5, —10, —15, —20, —25, —30, —35CKE LickEA
THBERAREDR, B FHRIREBRCBE LR, BERHE L. BEES 1 7 vy 2 BEBEL T,
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WHAERCBHSTCIERER LHER, WThOBRHREER b BROLEFERIZIZZI0% T, ZRXFED
Lhichotc., L LEBEEOESS - ABARL LR, SEYEET D ORETHRFMIIERBE S
BEEL, Va— t OBLORBRLFERALEALR L. BRELY o — 1 BARIL, BHEENTASBIES
Tnofeht, BIZ—25CLUTTRECET L (Fig 13).
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Fig. 13. Damage causing temperature in the process of slow cooling. The nodal segments of
dianthus were cooled at a rate of 0.5C,min. from 0 to —40C and were thawed
rapidly or immersion into LN, at various temperatures.

Shoot regeneration rate (%)

The figures in the graph refer to : Survival rate (%)

PlEoz i, SEMIIEES Ak, BRESRCBREEI00% OEF LB DL, —40C F TRESH
B ADERSBLEAELME T, L LEESRERABKEFVEONIBEE T TRESHTH L
DEE T T HEBROBRFIPELZT L ERELN L.

3. FBIEBRE JUERSHRDOEOHR

WIEE CORPIL, FATREIRLEA 7 v AEHEBHROLMH CHREE - BET5 &, in vito THER LTc
REHOTEBTIIE Y o — FEERMESRRWC ERRLE, 7 —% v 3 VOEREHEROBREREF
BT, FIEEEER OBRENEREEOEEO Y o — VEEACH LTEETH L LOWERHH18). 22T
3, Ya— VEEROREYBAE LTHISERFOY  BOSHRLMRET B L3k, WEHHFFOBREDH
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MEELVFHE

IR L AROFEL L VB L 2mOfiERE, 0, 0.1, 0.2, 0.4, 0.8, 1.2M®D v o SE¥EW 1 A RIS
BLH, WELAROFE THE - BB LT, ILHEHEATOBREELX Vo ~-X3%25, 0.4M
(7.2%) BXV0.8M (14.4%) CEFE LciHHER TRROBRE LT - .

# R

PR OB SE < e B i3 EHEROAFTFRIET Lic. BIC0.8MF 72kl . 2M Y o BT RTRS Licia
BIBHEHEEL R ALL, BEAYEFE LR o7, £V o= P BARKTHEE LR TOREE L THE
BIxh, BECBRR Y B CHERTD EELIET LA (Table 21).

Table 21. Effects of sucrose concentration in the preculture medium on the survival and shoot
regeneration rates of nodal segments of dianthus

Sucrose conc. Survival (%) Shoot regeneration (%)
0 94 .4 38.6
0.1 M 92.7 7.0
0.2 M 80.2 7.1
0.4 M 55.7 0
0.8 M 42.1 0
1.2 M 0 0

The stem segments (2mm) were dipped in various concentrations sucrose solution for 16 hours
and then were cooled at rate of 0.5C_“min. untill —40°C followed by immersion into LN,

Fa— A BELYBDICREH AR LAV IEE, EFRICThORLIIFINN THo7cds, Y a—
AIRT20~23% & HEIX R 5N igd » 7o (Table 22).

Table 22. Effects of glucose concentration in the cryoprotectant solution on the survival and
shoot regeneration of nodal segments of dianthus.

Cryoprotectant solution Survival (%) Shoot regeneration (36)
DMSO 10% 99.4 48.8
Glucose 3%

DMSO 10% 100 23.0
Glucose 0.4M

DMSO 10% 94.7 19.8

Glucose 0.8M

DIlEDRER T b, BEEOE X AT AM 7 v ASRBROBRBEEE ORI LT EN L, 5K
HEEFROBEEELHDTL Y - — VEBERIB ISRV ENHELN L.

4. ERICKBN—F=LH5OHR
EEEYIBHBCHHEOERRBTEBEILDIENEL, TALEEFZOMBE LARE TR, KR
(0~47T) B—FBHEE O LBEEELT 5> HELRLA TV BHARE - (45, 71, 72). T2 TR, ZO -
F=v /OB WTRE L.
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EA7 v REREY L EERTL I CHEETRO, 1, 4, 2BEWRE, WiEE CLABDOIEL THIEE
RREEL, B  BmLC.

# &7

WTROMERH SECEHER L HRE (0 BX) &R, B - MIBROE£FERIRI0%, ¥ - — FBERR
45~A9% T, ~— F= v 7 ORBIRRD Hhish -7 (Table 23).

Table 23. Effects hardening on the survival and shoot regeneration of nodal segments of

dianthus.
Duration of hardenning* Survival (%) Shoot regneration (%)
0 day 99.4 48.8
1 day 100 44.8
4 days 100 47.6
12 days 100 48.1

* 7 weeks old cultures were stored for various time at 1°C under dark condition.

5. ¥/ EHEDOIBEOFRLERE

HEETT, £147 v AEEEGOTERE BV BREEFC R T, MMiEy A ANEFEE v . — P E4E
REAEHELER, BT LM, ~—F=vr/ily . — EAROEBCIIEYD TR ol LT
¥ 7 TIRSHEGEY A XL L, 851 B TEORAFENEETIE? & 5 h eIk

HEE&S LU HE

R CHRBE LTS 2 0 FHEON L FEREE REEL, Y- ORHEBEF LS THEE
R0 5mE O H Lic. RBIOROZHERZEHOSBEBEELLBOhAXDREMBMOEETH Y,
FREIEY 2 — b RO MBS HR L. 5 %¥DMSO%E A K% 2 Bk 2 HREIRTE% O, 0.2C,/min
T—40CE TIEESHOBREEERICER L. BRI 5EHEMAHOEF 7 FEMCEIR L, 60A®BEFRE
Va— FEERYHEE L.

#® B ,

WA & bin vitroDEHEBROEF L, £FRK0~BX L BEYHROEREFMBE TH T, Y a—
OBERIZIOBEHR EBELIEBAINVAEZHBR LICORATH »To. —HEEMRIEFREENS 8~24% &L,
AR LERETNTANVAEL, v a—  OBEZEED R, o (Table 24)

Table 24. Responses of different cultivars of in vitro grown chrysanthemum to cryopreservation.

Cultivar Portion Survival (%) Shoot regeneration (%6)
Shuhounotikara shoot tip 80.0 10.0

nodal segment 23.8 0
Kenrokukougiku shoot tip 95.0 8.8

nodal segment 8.8 0

BELOF 27 XA 7 v REAM, BIETHLIECI VEFEYOEBOEFIEBLNDLILDOD,
Ya— P OBEERREYOZRYBRE LABEL VLB LML hEiasic
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Fig. 14 Micrographs of the dianthus shoot tips.
1.An unfrozen shoot tip immediately after excision.
2.An shoot tip immediatley after thawing.
3.An unfrozen shoot tip cultured 1 week
4., An unfrozen shoot tip cultured 2 weeks
5.A thawed shoot tip cultured 1 week
6.A thawed shoot tip cultured 2 weeks.




Fig. 15 Micrographs of the chrysanthemum shoot tips.
1.An unfrozen shoot tip immediately after excision.
2.An unfrozen shoot tip cultured 20 days.

3. A shoot tip immediatley after thawing.
4.A dead shoot tip recultured 10 days.
5.A viable shoot tip recultured for 20 days.
6.A viable shoot tip recultured for 20 days.
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MREE DEETERR 1 ERE LS, M {GB&YEELL. EHOEFERE, WThOEHETY
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Table 25. Effects of cytokinin in the reculture medium on the survival and shoot regeneration
of chrysanthemum shoot tips.

cv. Cytokinin Survival Shoot regeneration
(mg, 1) . (%) (%)

Shuhounotikara BA 0.1 86.6 60.0
BA 1.0 96.7 9.7
4PU 0.1 90.0 40.0
4PU 1.0 83.3 26.7
Zeatin 0.1 90.0 87.5
Zeatin 1.0 80.0 30.0

Apricot marble BA 0.1 100 71.4
BA 1.0 93.8 93.8
4PU 0.1 100 0
4PU 1.0 98.3 0
Zeatin 0.1 100 20.0
Zeatin 1.0 100 14.7

BEORRLD, O b2 = v OBHLBERREREOEHOEFTIMER LRV, LOHD
Ya— VEARRKEMEATHL, FRLOFRCRGEMENRD S ERUDH L. B lmE
TEWY o — FEBERMES AL, BA & NAA 2AGbBTHRMLEODIET TH o7,
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LR & EBHEIR TVBUE). 7 EFIT, BEROMICEre v BE T LB s h, fEf
Bt b DEERZFTWBIDEEL LRI, FLTI TR, FHRDO7 vE =7 BERRS LRIl
R BBESEOF FEHEOEREL Y o — FBAY S 7 B OM CHBRE L,

ME&IUHE
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Table 26 Effects of NH,NO; in the medium on the survival and shoot regeneration of
chrysathemum shoot tips

NH.NO, Survival (%) Shoot regeneration (%)
with 81.7 48.1
without 89.8 47.9

* with : normal MS medium contained 1650mg,”1 NH,NO,
without : NH,NO; was omitted.
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5. REEMOF 7 EEOEFN LCEEREHROY 1 b 24 = VORBE L BERFELT, va—OF4E
TR L TREUERLLR, 2ORBREEC Lo TR



BOE B MELICEWOET L EEN

TRAERARIT 36\ THUE - MR L ZTHBR Oy, BB EWCETHE, B2 5 ke, Lomyh
BEMBETHEL TN S ENBETHS. & ORENRELHER L TO5hEMERET S bR, 12
I LI 2 £ B X L ORI X W ET 55k e, ARESHEZ DNA vV TERYRET
5LDEHHB. DNA VA TOEROBRFIAFEBELIERL TV 5655, REACBWTEROEEY
BEHESRCHE VRET S LERTETHS. FETREANRSES D, WR - MIROZREROMEY
BERE L TR WRBREBROEY LRI L, ToLFMIEREY HERET5 &34k, #270% 2 70EY
AvWT, EEOZFREOBEYHEEYOEEOELIC X EFHET 5 = 2R Ak,

E1E FER - BRLAEENASODY 21— FOBELIRE

BEBEOZETHED Y o — FEARE L TIRE IBTHELIE Lich, BAE IRy o — 1+ 3 in vitro T/EHE
CEREL, FhiE L TESCEDH T N TELTNIEERCREERE L TOFAME»E L RS
B, ThE THME - REAE in vitro TIEMX VE& LY o — PR LIELIEET 2 EEL, BOSCESR
WO ENRY v, FYTHEIRTEY (62, 9), ChLOEHTOREREFOFANEEFLTVWE. 22T
BEAT VYR, 7O BHEEOEE,SBELLY A — A, AAE V7Y -~ OEMKBHEERELES
U, I MEAC S | S MERE LTV A ES hR AR L. SHRIADLDOY o — FEAL, in
vitrods B BE~DILERA L1z,

HHEELTHE

EATVHAREF I OFRE BB LAEZERE LTWIRWERY ThEhEA 7 v A, £ 7 BEMTE0E
ITO0F AR, AR CHOMRE Y 2 — P OBAPRDLEEL ALV E VYT Y —DA T HRE 7 RAEHICBEL
fo. BHEAHBCERER, va-—FORERERAELL.

In vitro THRENBELY o — P OEWEME X4 7 v A TIZEBIE 2%, * 7 TIXEHEIKRTED
BRY, Bzt F o e VBHE (v ¥ - VEE0.5% S, HESRBEGRS LBOK, 2RIy 2R
350 (Fv—Rth, BFF) BRPLAETS 7 b b— Q000 EL, + v—2fE =1y — b TEV0RE
YL BER TRBIRL AT - 4. 04 BEIELE, BRREBERE L.

® R

A7V AOHE, BRELTWERVCEETLERE - SRLAZHTS, 47 vy AR T60 A %R
LTWAEKR, Oy .~ P 2EE L. ThHD Y a— X, RVEV 7Y =D A K%y 7 ABHICBIE
BLI00%EFEL, FREY -~ ELTRB L, 1EESLODORE LY = — MR, B - MR UAER
T8.5&K, BRELTWIRWEIETI.5RE D, HiE - R LZEHTE 7z oz (Table 2D).

* 7 OB, BRELTWIRWEIRIRS 7 A L COORMBRT B LB LAL 1RO Y-~ 2FEL, X0
HBZ TR A ARHBE L, COYa—tRRAEY 7Y —OREBRBHTSE, va— FERIDRR
L, TRXCOY a— M3EDOEFRBEHT . —HHE - BHELCERTE, va— POFESHHETREL L
B ANEEML DR EGHR, RELEINVADERDEMIS Y 2 —  NEEINBEAITDLRE. Zhb
DY a—FtDOREALIZE Y 7 A ROBFHELF LT, TOEERANLEY T Y —~D T KX 7 AREH
CBAETAE, WISYDEER RS TEEY o — FIRBETHIE L, BODBEORETIRY « — F 23



2L, 1ERMSTIWARDOERERY o — FEEE Lic (Table 27).

In vitro THERLIEA 7V HARIOF 27 DY o — FEMEIL, BENTERLICEEE LETS & T
EI00%IEL L, ZOHe | EME/MERBICET L. LBHBORBREBIFF v e VAEOFEZ 1 0b
STBREFTH -7 (Table 28).

Table 27. Shoot development of the frozen and unfrozen shoot tips

% of shoot tips with

Species developed shoots No. shoots per shoot tip
Dianthus

unfrozen (n=36) 100 3.5

frozen (n=57) 100 8.5
Chrysanthemum

unfrozen(n=49) 100 1.2

frozen (n=54) 85.2 4.1

The unfrozen and thawed shoot tips of dianthus and chrysanthemum were cultured in the
shoot tip culture medium for 60 or 90 days respectively. Then the regenerated shoots were
transferred into Hyponex medium without phytohormone and cultured for 40 days.

Table 28. Acclimatization of in vitro grown shoots derived from the thawed shoot tips

Survival Root formation (%)
Species IBA treatment*
(%) very good good poor
Dianthus with 100 100 - -
without 100 100 - -
Chrysanthemum  with 100 100 — -
without 100 100 - -

In vitro derived dianthus shoots with two pair of expanded leaves and chrysanthmum shoots
with 3 expanded leaves were planted in artificial soil in a greenhouse
* Half of the shoots were treated with 05% indole butyric acid powder before cutting.

BEXD, 47 v9R, #7052\ TH, FHRBEIELELLY 2~ MIRLVEY 7 Y —~DEMKE
HTBIETih, BRCYHHYCHEETHZ EVNELM L notk., EBIT in vitro TREKRE LicX17 v
YA, FIOV .- FIEEERLICELEF T LRI, BREBICEARCT S CEATETHD T LM
HohEinsTte,

B2 HEE BALILFTATLHREITCFIOEREHTE

FHI TR - MR LAK A7 vH AR IO 7 ERAROEY Y EH E L RRENTRBECREL, o4
R EBATER RERBROMEY & B Ui,

1. B BELIHTAT HRADERERTE
HHRE IV HE
2EMBHERT ORE LZREROEEEY, SIOBEOXESEREROEHERY L ~1 K% v 7 R



—5p—
ORI L D L. ThODHEYD Y o — + BHIE THAHFEE X DIRL L2 OREMBEN THK
Uickk, BIOBBHCREMBEL TV ABKI 0 2h Zhid LEL A, 10904 9 A22HICEMBEADIIX
59X15ecmD 7T v & — i 6 HTORM, KR ED 275 v —RHH, KBS OWREKMETRECELT,
EHRRTEL Rl

# R

BE - B UL ETEHEROEY R L ORE OETRR AR OML, B THER L T & /o BkiSkOEYI
NHAET BRI, EMXAT 3 EROETIIEER, ZEERK, BEUMRK TEhERIS 2, 19.0, 15.9
amTH b, HHiT6.3, 6.7, 5. 06 TH - . ENERTCOMMEHRIVCThORELENRSAT, 4ATHLD
BEDSEE BT Y — s Rl i, Bk b 08 pIEAB:, BEERK TRLE L, HRERK, EHTHRED
B frwte, BRI VIEDRE Y, EFEBRKX, HERK B, BHBKREIC L T60en EORVT)
DIEDEA MRS Itz (Table 29). Zhd 3R BWTEY D IEOFIHEFNE, EIEEIEXE.8, HEXS 3,
B REERG. 64 EM R DRI T & h, ZFSHE, WK OB HBMEMBE SR L 2R L. ¥
BRI OERIE, Y 4 AV ABROFEBRTH DAV NS RD bh (Plate 4D, £ D TEAEILE
LfEroT.

LEORR, BRGEFELEERAROS M 7 v+ ARERCEBTHEL, TOMPCRERERCIB YAV
A7 Y ~(LEFAROBENPRETEL T LR EOhLis T,

Table 29. Production of cut flowers from the plants derived from cryopreserved shoot tips of
dianthus.

Number of cut flowers per plant with stem length of

Source of plants

>60cm 50cm~60cm 50cm > Total
Cryopreserved plants 2.0 4.7 1.1 7.8
Shoot tips culture 2.3 5.0 1.3 8.6
Control 0 3.0 4.4 7.4

2. HERE-BAELLFIOERLRATE

ME&E LU FHE

FE TR & DB - B LAEESROT 8 X O THEL TV 2 BB LR LFERE, 1990
£6 H16AI50X35X 10en D108 oEM, | K 2HHRAL, EMEER, BRAERTTRELL

¥R L TB TR - I LAZIRARD Y » — FRIEL LA BRI AL AR ZETRIEL, BR
OEBCUEI R EYERCHELLY 2~ 56 4 BB LERLE, 6 ABARHEBKEM, 108K
vvsLodtue L, UTEFE-> TRE L.

® R

19904 DEIE 2 REE TV, BATERI0B2THREA T, B - MR L e IRESROMEY & BRAROMEY & T2
QERBDORIED . B ORDEHIER, POIEERNED o1, FEROTHIER, HH, YHTE
B, ERERCELT, MEOMKEEREDShich ok (Table 30).

19IEQCEB TORBRERTIL, BRE - MR LU EEAROIZAKOBERRI0A29AR# T, TEROERIL
BdLRIh oo, BIEAHE Lic20ROF5Y] b {ER1288.5+1. len, HiJ1355.5+0. 9 TREREROMEY &
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Table 30 The cut flower quality of the plants derived from frozen and unfrozen shoot tips of

chrysanthemum
Date of Length of flower Weight of No. floret
No. leaves
flowering stem flower(g) R* T

Unfrozen 27.2%+0.2 56.5+0.9 42.9%0.2 31.6+1.1 192.9£3.2 6.1£0.9
(n=20) Oct.
Frozen 27.1£0.4 55.0%£1.4 41.1+0.4 32.4%1.2 192.4£3.7 5.640.8
(n=18) Oct

% R : ray floret, T : tubrous floret

BIM FIOXFATRECKTITEROER

BI3ET, ¥ 7EHETREARET L TV 5RO B3ERO—HBE T, EHORBEELHRL (Y-
BEHETALDERMELIANVAZRERTEETE23008D55 T EXHELMC LR, BEBBOMBEENLD
T, BELEY 2~ FOBEYBETE ol F7REEEORBRF 2 SHEC X D IEEAEL LicF 2
SEEHERDY, ThOLOEY CRERD F— 2 &N BEILE L ThHAEEDOELE LTHRDbR S T
{ELEEBOHEEIS, BE LY o~ P OBEIMEETEHWEMRES. £Z T2 0% 2 7 G A
W, BRAS - R L-ZTEBEROEH T RZEBTRE L, TOEEROERBEYRELL.

B SUHE

F7 TV bw—=FN ORBIVEHEZDOHL, F1ETELHRC L DR - SL. 38
HoMHTHONARERESE, B 7 BT ik BA 1.0 mg/1 AR Ui 2 BEOK 1 T60 H N5
L, Ya— bEREELEEEE A REXy 7 ABHCBBE L, TOBRBERLY 2~ DRERBE LIS OM
LIFRFHROFE X DIEL L, DEEMBENTRE L, FLEEYTHRVER OXFEFR L ED 28
DEMEBNTHE, FRAOOEEY 2« — FEROKRIEBCRE Lic. TALOEMT, TAKE =AY
AREBHL, DEERIRTTOEHKEE Ui, +4TERBRE UG T SIOERTESEH LATEL L, |
TR EIEH 3R o v MRZER O (1), TEARMFRIFMOEE 6 mD IR DOFHRHEH L GNEEST (BX
EET Y, NDI01-DPE) THIE L.

® R

ANARR y FAEH LT, B -BELE ‘7YY 20 b= DIEEYLIBLORATLY 2~ FOK
1%, EEREMO BA 0.1 mg/1 KTL.54, BAL 0 mg,/1 RTLAKTH k. —HHELTWIEWEIET
11, EHehdrb b e 1ZREY LI FELTRDOY o~ B EOR. ThALREIHOFETIELERTE
fo.

BEHEROMY DO LTI VTHOLABK THH—T, BEERIIA 7T HEE R Y BAELERBRERED D
Richote. RBHFREED 1EEN, BAOVEXRHETERE CRRALL., ‘77 YV 2y be—71" OBEDOARD
EEREE (7725 1) THY, EEAE(LLABEFRTNTY Y 7 BOERFT

BHE L TR WEEOXEEERE T, F 7 A TER L 086 | fiho iR Toio—Hice v
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ZIERFT @ T_RT7 Y 2y VAOTERFF . i BA #E%0.1mg/1 5»51.0mg WEE
Ukt CER Ul T, THEES 2EETY v 2 TBE b ot Bk X 0B ORI T, 160/E 4
2EETEEDOF A FHENESCHE IR LTk, TORERIZLIETH .

—JFENE - BRI TIL, 7 A TES L Lo TSGR EG T v 2 TRie, BA 1.0 mg/1 KT
ESTEERLBETE Y 2IEER D, 2EDOTL.T%OEE TEEDF 2 SHENEE I A (Table 31).

Table 31. Variations of flower colour in the plants derived from frozen and unfrozen shoot tips
of the periclinal chimera cultivar of chrysanthemum.

Source Cytokinin in the No plant
regeneration
plants medium Apricot (%) Pink (%) Total
Unfrozen BA 0.1 86 (100 ) 0C0 ) 86
BA 0.1 72 (97.3) 2(2.D 74
Frozen BA 0.1 11 (31.9 24 (68.6) 35
BA 0.1 15 ( 26.3) 42 (73.7) 57

G X BHEAOEROTHUEME, 77Y 2 » FEAOTETIZ2M814.0, bfEI5.9, LET 0THY, ¥
vZIETIZ 2 E22.1, bE—7.2, L{E65.3&7 D, Fig 18 KRLA I SRA—TEERTREBEAEXLDENR
Bhhote. ERRBERET CHEALHKBELLELA, THVay bv—FA TRIEARBLT v v
T VEBDLRBFRBERAERIBDON, TER PRI BN TEIRAD 5 TWRDRH L, €V kBB LRE
BEHOTEARAORE TR RARCHREERORRANER S L), BREZTAN» -k

b

30

20 ) Apricot

s
L]
10+
1 5 1 L 1 2 1 i
-10 0 10 20 30 40 a
L. . .
®oe, o
-10 - pink
~-20 L

Fig 16. Flower colour of Chrysanthemum morifolium cv ‘Apricot marble’ derived from frozen
shoot tips by a colour analyzer.



BaEm  E 3

YR EBEROBRED BINL, TOBHYO L OBBEHREEHCHETERH CRTI LSS, ZOkDE
NEERNISER EEEEE, TR EYOLEE 24T LEEMEShRTRER B, SBbREFLL
R, *ORENHGLERCHERL THB5E 500, BREANRMEE LTEELTWS,

ETEEHRE - M UCBERTB L, Yo t OBERERINDN, L0V — MIBEADOELXEHLL
BIEh EORENBD ORI CHELR DS . Vv I TIHEESHT O —20~—40C OB TEE ¥ — A 5gEr
20, BHEBRITA D> L EREOXMET ENENU EOEOREIRD OIS, BHHOA A1 = v
BE2BT LI DERENSDOAREFHREE T VB9, Fhr v THMEBEOEEN S ¥ o — FAMEREE
BT HEERED TEL 6D, ThOHREOZROFEERFORBILLEA THWDS . XA TV A, ¥2&3
i, 1TEY2— 1 OBFELEEETIE, "L ev 7Y —O Al Bxy 7 ABHABETEEEOHL Y 2 — b5
BBV, WRCEEEYIHET SR, F4 7 VEADBAY o~ ODBEAREENTHB b
T, B B LAEEY RVE VT ) — OB LBAOEAEY o — M, R L TWIRWEEOSA
CHRTEP ol FLEO SEM R IZBERTHHELMC LA L S, W - SR X 0 2K/ ORERE
NEDEIMELZFHI LRI Y2 — FOEENEESh, O LABROCIFERL L /D, BFOR
BEYIDRLLEEZORE., EF 70BN, RVEVTZ ) —OEMEBEE B CEEMBIE LSO
D, RBFBEHE Y o — P BAEELLE, EHIESCIOY . ~ PEERE, EFOXRESRNIZEAE T
Va— b THoDRH LB AKRENLDEL, ROWBEE TR LACBEOHSLH TR Y o — F DI
DEENDEEZ LN, ETCHETHCRED bR KEROREIEL, B 1ETHR~A L 5ER DMSO ©
FELEZEZOR, ANVEVZ Y OB ETRE LY 2 — PCRELFD DR 7.

CHOSEAE LY - — b, in vitro TRENYHEGECREL, BB - CRBRHEBTER. In
vitto TR ShERLY o — ik, £AT7VH A, F 73RBS THY, BEORBLIXERTH
W, Ya— P ERBTESZRENTHELFL UESH L TH L L0 TE . TOBRRBRERADERIFTTRT
s ot In vitto THEY o — FMRLELIEERD 7 7 7 SPORBLKAOKENEL, Rbho B
it Z SHTHIET BHEY, FKE LFHESEE Y T o RBRIMBORRWEERD D, EUVIRERR
LT 5 (64). TORBIELOBEREIX, in vitro HAE 2 X P DOB~T5%% DD EWREN, TOE
BETHELSHED in vive T3 L OBEBEREL M ORI TWBA5). APRTHWH 17 V4R,
F 7 IARE LENES Y TH Y, in vitro THEmY = — P X 2B 5T, BRIBLCEEER R -
o, ko Edns, F47vHR, #27 CTRLERCE U CERZBRLTHS 20 A LI in vitro SFERM
BEATE, AOKIELEIBTBCHETEL LEL DR,

BHE - B L ETREROMEME, FAT7 VIR, Y L L HEY L RARCERCEERIE L. £17 v
HADYOIEDEEMICE L T, ARRIBHEZL TH 7o En5E) 0 EOMREIIRRDTed o 72 ds, Bk
EHEMROMYESBRBROMY &L 0 EERCER, LAHE LIcESPIME CORBRQEN &AM L
Thole., FLBE - BELLEEEHRRDOZA 7 v ADIERZIZY A VAREAED DI, B OEIERLR
LR YA NA 7Y —SRPIGTEL. RREEROFHWDREA LR VA NABROMELRLTEY,
EALT VYR, 2 ORFEEHTHEFTIHEVANVAFTRIB EAEHTE G, $EEERLT > TER
TSR FEST L% in vitro TR L TV AR, BFROERIZLCIBTETE R\, EHY2 27V — Vit
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RBCRETEZ AN S, TEIEEREOFEREOMB L LTERTWSE WL LS.

BHERE I R BENCEETH A RENCONWT, THE TRTORBHRIIELShTWia., 0
CHEEEIEEL R AWRTIE, BEOA 7 e uy —v o VORRBIZ X 2 XKHMR gin vitro HFIC 1T
BEL DIERER—V~rn—F A ==Y g V- ORENRDD . HEBEBCE CIERE, MYk oEiHE
BEEL T AHISHET—RICEL, »NVARERMLOBBEZELERATH VS EAERH IR TS
(64). EHOXEIEEINC L AW OBEE, BIBETRLISKHEMLOBBREEISELRVTENSL, £
NEGEEBEEOBERNEEEIE VWEEL bR, EHOBRKRFC BT, ZIRAHE - FROBE TRE
S EGERNCAT 5 DREE H B e AR OXTERH & A WEEWEEEI G TES . Tiob bl -
BEIC X DK E REERSFT, AROF-AELRBFLD Vo~ P RFETE LA T v A TRBRNEE
BRBWETHREIRLS, 70k 5K, XE,DOEPEBENZERO—HENLELS X 3 BERHILL
TN ADRBEETY o — P RBESRETEERDZHELE TR, TOEENEEREMA LS.
APFRTHCIEA T VR $25rFva’ BIVF2 FHEOSN OHREBRTE VT, FRAFESHOH
GHEEEYBRTHICBEENNEITEL v 2, RRBRIAERERIBD Lo o,

EPRTIE, 2 ZRHHE - FHOBE TCEOBERROZEROGHEZHERE T 502 WLLTTIFHRD
—DE LT, F7%ASHROLELHRE - ML, TOF 2 SHENEOBEME I MR L. &
T TV Iy be—TA RELOEELYRERTERIAE v -TARO1IEETH Y, £OTE
BORPIERAERCRT VI U7 = vEERInF /) 4 FREES, ERABREInF /4 FPEEATVS
Vo BRF A THBER L - TW5@5). EAERBEWBRZALThERO V-2 0AKB1E (L 1), 52
B (L2) BT s. Z0kdBRE LAZRLSOBEY o — P F— A BFHEKOF 2 FHESBLHERFT
ERFE, TEROELE - TRbRS, TiebbE4s Lcin, EEOL L EHTAEY Y7 <—7 A
w, L2CBETISFOT VY T vEREBIRI D7 ) <=0 (FE) RECETIETFEEA
5.

FHOZEER T, BEOELThTHC160@EDh 2 fEF (1.3%) wT&7, ZHO* 2 FERREA
CHHEI RS T, —FF, B - BHELER TR, RRROERMED LA, B LICERITNTARD
KENSECVY IZEFLL T, EREROHRBETE, CVIRELLLIDTRREREDOARLT V P TV
ORBIMERTE, EANBOABRRRARRDbhIh o, EALE@DIX, 77V 2» F v~ VOPERE
CEIDRBERE, thSLIBERETHIAEELORAERDITRTE V7 v -FNERILBERERYTAHZ &
BEHIz. BushbUDRF 7 0% 2 FRZERHTELA VT 4+ 7KUY A A, ZIR% Earle 50H¥(20) T=
NFFAY 5=t BIOANAEETY a— P 2BEIREE, TRTOBELHLEHCETEROL 20/
BRL1DOLORBEEEbokZ d, TihbbdXTL I BEOMEHTH D L EEEBDERNLR L. AHF
72T, B - BB LAZEIS OB UEYOE L NERD T SV 2 v b —FNDEESL Y v 7 DIEAKE
fELicz bix, BEXZDLERER,LBE LAH LV SEERE, ZHOL IBERTAB I EEZRLTHS. &
DFERIZ, F7EXREEE - BREOBEOBRBESWT, ERO—EI5Y o~ 2FELTWIEEDHS
L EEDEABTOWRERLCER LI LEhd . FREEEEHOBARE®0. Img, /1 ¥4121.0
mg/1 ELTh, "M FEXy 7 A ETHRERDS Y o~ PRICAEZLLE(LMB RV E L, TEEDE(LORE
TEED DI s, COBREDCY I S = vOREXIIE - RO X 7 OREFHBEE LT
ZERRLTWS,

DEDORRLD, 7BV TRBABEYCIITEFEROEYI ALK S EHh, EROBEERORTLHE
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Bl o TREADREFEREYICRFEY v/ —rA ) 2—v o VORBRZBETNELE LB
5. —HARROERIL, 2 FBBOMEEOERLAVT, BWEBEELT TRELVEEDO Y - — F B4EOR
FRHETHLNTETHEI LR LL. SEROHERFEREORBCRCEHEDF 2 SHERHIE LI,
ThabbEEORBINEFE L T DHEEL BT A, Z0F2 7RV RER TR EEL
H5THAHS5.

FESE W =

ARG - B L ETHBRO £ A 7 VH AR LI OF 7R RIE L, 2OETRITEE EEEY S,

1. il MOBOEENSBEELEY 2 — M3, RAEVT U —D L BXy 7 REMIEBET A L1230
BRCHEG~ERE L. ThOREEEC X VER in vitto THETE, 5KV . — F DEMELE
ErzRoRBTHRELCEERH LEFTH L I VBB TIELTE L.

2. B - R UAEIREROF 712, BHREROBEY L ARCERREETHIEL, BCERIBD BRI -
7.

3. B - MR LARTHERO X4 7 vy A REHK O LT RBROM L A, 38 THER Sh T R Rk Ek
DREPHESTEBCERTL, LORWEIERSNETE, YAV AT7 ) — (AR TE L,

4. B - L7 0O% 2 5 FROZREROEYL, W THNAEEOELLTRL, FOHEAENHEED
NEKE 1 BHEDOHEM TH B &b .



H|EE JFFvapBlOFrBOREECKTSEHYE

BEBREORGZLIOEBUERHETAZ L ENET A1), REBMCEBEVCEAEARD RS, KB
CRIEE AR EAER Y, PPV a7 BOFEES ICEEREC O VW CEHOBRERTE YR
NL, EHCHBAERT CORMEEOFTEMROWTHIREF LA

E18H FFLONOERECKITIERORERE

F5 v 2L, HISBR0008 b, LW FA T v RE Dianthus), =V 7 <& (Silene), HA V¥
B (Gypsophila) WEEMHWEETHS. AHTRIA 7 vy ABEHLE LT, RELLOCEEAEOEHR
DERERFERE Lic.

S L UH®

F 5w a B 5 B8 « S (Table 32) oW1, EIH (0.3~0.7m) &40 b 72 LBHEEHHEFI (10% DMSO &
3% Zna—R) LIESUDA e —CHA, 0CTI1RMEIVHC5C,min T—40CE THH, TOH%
WHERCBR L., BEERTCRESES V%, B X h 3HEMML, Mo M LR CPW B
TIETTWT, £14 7 vy AFOBHICER L

® B |

HWRUI A7V A JR20%E - B, »AIVVEIME, V=B 3W, ~vF<E2E, Yy HVTEL
BOWThOBEH80~100% LB WAFERELRL, KEREMD L VIEEMERED Dhish -7 (Table
32). PhkE - MEHOZER, Lok ABBL, HAPKHNRKLLTEA L, ZEDERDOY H 0L R
HINADHRRBD LR, BT X - TG EHEBEOMR L AR, BRI NVAOHBEE, RREEIHE
- B Y s TR o (Plate7, 8, 9). va— FOF4ARR, THEEOM - SEETOXLLELEL, 50%
UFikwtdd 742 v+ Fva (D deltodes), HA3IV Y (G elegans), 24+, v (L
coronaria) D 3FEDHRTH -7,

WTHOBE TS, 47 v RAAEHTY 2 - P EBEIRLBRVEVEG RV AR 7 REBICE
W33 E, BETYMEM~EFHE L. Invitro THARBLLELY = — 11, BENOREZR - 1o LK
CEERTILRIY, BB ERTHETH . »

LLEDRER, AR THLRAEFER X v +5F v 2 RHEHEY 5 B8 - BEOERC OV TRERRE T
BTHHTERELNELS T,

F2f1 FUBOEBKECKITDIEROHEERE

BEREINTWEF 7 XEERETHD, F 2 vV ¥7 (C. zawadskii var. latilobum) & ~A < h v
¥ (C. indicum var. procumbens) OMIZHKL, FOHEC ONOEZGEOXEINITTEELRSS. +
7 B Z200E NS th, HAERIFENEELTWS, AHTRLIEREE TS 7 BB OERD
BRERELRE L, AR TES X7 BREROXF 7B T, SORDRIBDER S Chrysanthemumé L
Dendranthema & VLT L TGy,



Table 32, Variations in response to cryopreservation by genotypes of Caryophyllaceae

ornamentals

Genotype

Survival (%)%

Shoot regeneration (%)**

Dianthus hybridus

cv. Cadiz 32,32 (100) 30,732 (93.8)
cv. Francesco 27,28 (96.4) 18,728 (64.3)
cv. Gigi 31,731 (100) 31,731 (100)
cv. Gypsy 29,729 (100) 29,729 (100)
cv. Icebark 30,730 (100) 30,730 (100)
cv. Lena 30,730 (100) 30,30 (100D
cv. Nora 26,726 (100) 26,726 (100)
cv. Paradin 24,24 (100) 24,724 (100)

cv. Pink francesco
cv. Sakuranadesiko
cv. Scania

cv. Setonohatushimo

Gypsophilla paniculata

25,25 (100)
30,730 (100)
32,32 (100
23,723 (100)

30,730 (100

25,25 (100)
30,30 (100)
31,732 (96.9)
22/23 (95.7)

D. acicularis 29,729 (100) 29,729 (100)
D. alpinus 26,726 (100D 26,726 (100)
D. barbatus 29,729 (100) 24,729 (82.8)
D. biflorus 30,730 (100) 18,730 (60.0)
D. carthusianorum 29,729 (100) 25,29 (86.2)
D. chinensis 25,727 (92.6) 24,27 (88.9)
D. deltoides 28,728 (100D 13,728 (46.4)
D. fragrans 26,726 (100D 26,726 (100)
D. gratianopolitanus 29,729 (100) 27,29 (93.1)
D. hentert 26,728 (92.9) 26,728 (92.9)
D. japonicus 31731 (100) 27,731 (87.1)
D. lustiana 32,732 (100) 32,732 (100)
D. myrtineruius 27,727 (100) 27,727 (100)
D. nappy 26,727 (96.3) 21,727 (77.8)
D. orientalis 28,728 (100) 21,728 (75.0)
D. plumarius var. lumnitzeri 28,729 (96.6) 28,729 (96.6)
D. superbus 21,721 (100) 16,721 (76.2)

29,730 (96.6)

G. elegans 29,729 (100) 12,729 (41.4)
G. repense 26,729 (89.7) 15,729 (51.7)
Lychnis coronaria 26,732 (81.3) 5,24 (20.8)
L. chalcedonica 32,732 (100) 27,732 (84.4)
L. coeli-rosa 30,730 (100) 18,730 (60.0)
Silene armeria 32,732 (100) 28,732 (87.5)

S. pendula 23,728 (82.1) 23,28 (82.1)

27,27 (100) 21,721 (17.8)

Vaccaria pyramidaia

*No. surviving shoot tips / No. frozen shoot tips.
¥ No. shoot regenerating shoot tips  No. frozen shoot tip.
¥ Including D. caryophyllus.

HE&LTHE

bREREETSF 7 BHEYO S LISE, 2XEER LU 3REF 7 FEEET20% - B (Table 33) ©ow
T, EFEEEOHL, 5 %DMSOREFA LS 7 A 2 BREIRTESE Uict, SREHEF (10% DMSO &£ 3% 7
va—R) EFHR0.5nDA T —HA, 0CTIRHHEIVAHE0.2C,min T—40C T THH, ZORKERE
REBRH L. REERTIoMEWAsk, B L v GEMBHL, o LALZRY CPW FRT3IETT
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W, 7 BOBHICER L., ¥, NRELTHEERT bW TEEOERERLZT 2T >R IBT
7.

w® B

WO - BT HEREE LTWIsWETRIRI00XEFE L, X 7 3 BB S 128 Trie7~100% & &
WY a— FBERERLULER, YeavF 2 (Cindicum), TRV 7 PF s (C. japonense var.
ashizuriense), Favwv/F2 (C. zawadskii var. latilobum) ¥ X OEEX 2 &4 Vv ¥ 7 OXERE T
Va— FOBERNOBUT EEL o, Fheva— b3BELLLOD, 1 V¥ 2 (C pacificum) L=/
aeX¥Ey (C. vulgare var. boreale) TIIBEEY 2 —  DEFNELLARBRTH K. ThEUMAOECIIEALE
Ll a—bRBBURE Va— 1T, TIREHFI VAR L (Table 33).

TG - BB D * 7 3 LU0 7 ARFBAEBOENIZ L UT0N U LOB/WEFRER LIS, 1V F 7,
¥ 2 (C. nipponicum) BLUOF g vV ) X7 TIROREFENS /. ¥V a—  BEOBHERIEC X - T
Rich, REF7EAZELLARTHUTOY = ~  BERLORERD DI, Y hvFs, TVAY/
SHEY, V. oF¥y (C. makinoi), ~<¥ 7, AVF¥I,K =V @aeF¥s, AvFr (C. zawadskii),
F WV EIT, FRUMISOB L LEDOBE Y o — FEERL /R LA (Table 33, Plate 10, 11, 12).

UEDRER, ARRTELWALFER XD * 7 BEEEYOZROWRERENTRETHSE, V-~ OFE
R L CREEERAON DB EBE LR L5,

Table 33. Responses of various Japanese chrysanthemum species to cryopresevation

frozen shoot tips control (unfrozen)
Species
S (59 R (%) S (%" R (%)

Chrysanthemun morifolium

cv. Shuhounotikara 83.3 58.3 100 100

cv. Kenrokukougiku 91.3 52.7 100 100

cv. Parliament 100 62.6 100 100
C. arcticum ssp. maekawanum 100 9.5 100 100
C. boreale 93.4 85.0 100 100
C. cuneifolium 95.9 80.0 100 100
C. indicum 96.7 9.4 100 21.0
C. japonense var. ashizuriense 96.7 29.3 100 45.0
C. makinoi 96.9 37.5 100 100
C. mipponicum 46.5 28.3 100 100
C. ornatum 87.5 78.2 100 96.9
C. pacificum 63.1 12.3 100 96.9
C. morifolimXC pacificum'22-B’ 87.5 41.7 100 43.8
22-BXC. morifolium ‘Moon light’ 89.9 13.0 100 18.8
C. shiwogiku 100 86.7 100 93.8
C. vulgare var. boreale 85.9 20.8 100 91.7
C. weyrichii 100 100 100 100
C. yoshinaganthum 90.0 90.0 100 100
C. zawadskii 100 61.5 100 100
C. zawadskit var latilobum 90.0 40.0 100 67.4

*§ : Survival rate (%) = No. surviving shoot tips  No frozen shoot tips X 100
#%R : Shoot regeneration rate (%) = No. shoot regenerating shoot tips ” No. frozen shoot tips
X 100
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FRERFLEYOERBE Y RIEBC b o TRETHZEVE L OBEMNTHS S, Thi TORRERIISH
BHERCBRELTTSIEMALLIOTH Y, HENEPRREERTICREEMBEL, 7OE iR
RTCWBZEEREHETHILERND S, RH TR CRBLNICHRBEL X » THEERE LA T VYR,
7 ZERORBBRFEERE L.

MRELTFHE

FAT VYR Y2 5rFva’ be 2 FHEOT) OXEHRLBEHERT T, ThPh I ~4EMB IV 2~ 8
PR MR L. BRTHER I OHEBOBRGERIE Y CLRABL L.

# B

WHERTI1, 2, 3, LEBBEFEINLEA 7TV AEE R, BUWEEE2EREL TR, BESIIRE
100944 L, 22 v o — P RFEE Uk (Table 34, Plate 3). 4 7 v AR TY = — B4 LEHIZ,
RAEVEGEROANARR 7 ABHICBIHATI SR I DBBRHED Efco 7. DB h SOy Y
WORBHEYFARE, EERC Y- UHETZ &N TR,

Table 34. Viablity of Dianthus hybiridus cv. Sakuranadesiko shoot tips cryopreserved in liquid
nitrogen for various time periods.

Duration of storage No. thawed Survival Shoot

in LN. shoot tips (%) regeneration (%)
1 year 16 16 (100 ) 16 (100 D
2 years 10 10 (100 10 (100 D
3 years 13 12 (92.3) 212 (92,3
4 years 13 13 (100 ) 13 (100 )

control (unfrozen) 20 20 (100 D 20 (100 )

F 7 THABE 8H B ¥ CHREERTRER L ERIIE  ER R HEE LTV iz (Table35), B4 Lz o —
PR IETERNTI SR Y 7 4 BORYEEL L DOLDONRED o1, FA4A T VHRLAKDA A B v 2
AEMICBRET B EEREY -~ 25 HHA I, USSR TR TR

Table 35. Viability Chrysanthemum moriforium cv. Shuhounotikara shoot tips cryopreserved in
liquid nitorgen for various time periods.

Exp. no. Periods of storage in LN, {(month) Survival (%) Shoot regeneration (%)
1 Nov. 1989 ~ Jan. 1990 (2) 16,16 (100) 16,716 (100)
2 Jan. 1990 ~ Mar 1990 (2) 15,715 (100) 15,715 (100)
3 Nov. 1989 ~ Mar. 1990 (4 15,715 (100) 1315 ( 86.7)
4 Feb. 1990 ~ Jun. 1990 (& 16,716 (100 14,716 ( 87.5)
5 Nov. 1989 ~ Jul. 1990 (8 15,715 (100) 13,715 ( 86.7)
6 Jan. 1990 ~ Sep. 1990 (8) 16,716 (100) 13,716 ( 81.3)

DEDERNLHEAT vHA, 27 RCERYF IETHLACHETHE LEORKRBERT CTRETH
W, REBEECERLHERS LA SEERB TR T2 EnTETh» .
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BEREEYOBCEROREGEREOLL LT, TOURFEBS LONR LD, RRIEFEDBETILEN
FHORBBZIY, MR ERTLIERAREL L - BEEIFETERE - TEL. ThALBRREOREY
BT M), ZEOBEBEFER VT, B—0OFECTEIRETARAOEYESRETES Z LB
F LAV, ETARIRNE TOBEBREORE TR, EBRBOZLTROIFL-bDNREL, bTIPR L v FI1ET
EREABADD, Vv CEERMES X OCAKRER (106, 100 OXHOHBRFEALDB LT THS. K
BRIZEANR_R—RAa L7y g VOBIYERNELTED, ZOLDABETRFFY a8l Or 7 BOBHE
T4 & T DERBOZEROBRRFLE—OHETRE L,

F57 v ap5 EI8HE - FEOHEMTOWTE, EEOHEBKBHEEOAFCH L Th T HREFMELN»RbhH
T, WTERLIERKECEFRYR L, $ok 27 B20%E - REOEREBL T, bTaafist 2y THR
BOBWEFERMIShi:, —HRHEBOEE» SO Y - — PEEREL TR, 7 ¥ 2 BEAEYOMCE
FORBBEENDDONILDDLEE LTE R, ¥ 7B TIRERER LEZERLDY 2 — FHERCH
LTAERBEZEARD O, B— 0 ETORBRRCEL, BEEOAR T RERENDHH T L1,
Fr, h—F—v a VOEEREBORIEST, 27 D0ESMLOREFHMEE), 70t 752 MERQCHTD
FABHRTVS, ZOEWE, HEHOOHBHRIC, - &b AL WETDLEXLNDERO L2V OF
FLRECBILT, TORMAHIE - B L > TREBRDEZ XA, /7 EHOY 2~ PHAECHL
T, EHFEDY 1 P A M = VOBHEHENRAED LT TRE4ETLHA LA, Towil Q02D » 41 %
DR SO EEREOZEOBRRERE VT, ¥2— OBECH L TEEELRD, T - BHEEO5EH
CE— OB EVAC EORFAEEHL TS

* 7RI THRBEHBDO Y o — P OFERDOEI DD 5 b, HiELThILVAROERERTE > 2 ~
FOBEROEN > BB IVEELLY 2 — FORFHELLED» -, Thbbywhv¥Fs, 7R
JUHS, AVEYy, =2V ) aeXF I BIVA Y F I LREF 7 LOTEES T, BHoORRK XD HER
BUEEENSDOY o — P BAROR ERGEHETES. 1o LEBOMA Y » T, E4 OB L TEH
BERHOBRFIAELEIRIN B0, BEENEHTH S, LOBE ORREBR LTV, THLRBEDOHITD
CTERETHORELTHS 5. Lk 7 BOFIIE, BEOEELETRE Y - — FEERLRTICD
b OT, B BEBEOY . — P EEAROELLEVE AR, B3R TR L 5 ICHE - BERO*
7 QEFED AR HLEINEL, ThbF 7 BEYOY o — P BEROFEHER, FTLHEORELAER
LB BT %Y o — P EAROEMZE, 51 DMSO ENT5RZHOXERER LD IDEELLRD.

MEE TR LRI DREA 7 v ADEEDOBRESERIL, * 7B ERCHEHEER DD, EICHRK
BOMBBEETLRLLSRLA 7 vy AOEERGHR - B X DT BHER LS bTrTH-. Thb
D EFEAT VHRADHEINF 7 CHNTHELPZTC WS EERBLTWS., XEORKRIX, £17 vy
ARV BECEREREN & W o BRI OB 2 DR AWER, BB VAV THRET AHETHS S
EERLTVS. SHOBEYBERFEORELE LB, BO V-V TRA—OHEREATESLRDIE, LOH
MERIEECEL EELORD. KRR THELRLHERC I D, 27 B0 F 7 BHOMYT BT HHRR
EHRUETHLNES hERRRHFTILENHS S
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T o L BHMREOETEIFREIBHEFTH Y, S8 I RN EEEROEIHRELRR L TS FETD
5. WEER, T7xbb—16CLWIBERT T, BROEYERIRLALELL TS EZ LN, —F
BEERTERFE I NI ORFPEFOEROETIR, BERO Ny 7775 v FEOBELRITITERINC
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SE5EN 2

1. BiEE TRARBRBIESEE LA, 77 2B 5 BI8RE - SR X 0% 2 B20R - RO ETHOHERE
B HAB—DOHETHRI L.

2. FFVaREREOWTIE, HRLEXA 7 VIRE, DAIVYE, VI=RE, TVF<E, SvAY
TEOWThOME (38 dHVAERLRL, BHEERRDORI -, Ya—OBERTAEVFT
VI, ARIVY, ALV VETY . — P OBERMED o ehd, ThEUAOETIENI -

3. F7BHEHCOVWTIL, &L LTHVWEFRERLEY, A VF 7, "wFI78L0Fa v v/ ¥27°T
ERREFERNL ofe, Vo~ FBERIE X » TR, BIEF 7 EEFNMEREUTOY o — P EERY
RLIcDIE, YhvFEI, TVRV ) OFT, Vav ) 9F 7, ~"IFJ, AVFr, =y )ax2¥¥y,
AOEF, FaveVIFIT, ThPNDa sFy, F75=2F7y, vOFF I, 4V /Fy, UFF
7, FHVIFY, CUAEI TREVY 2 — FBERYR L

4., BHRERTRAFERFR LS A7 VvHR 423357 v 32’ BIVSLAEBM L2 FHON OXE
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Y OBEERD in vitro TORFIL, BETO RN IS5 T 7T 47 av v g vEX—RavrvgV
CRTES. 7254 7av sy s vTHVWOLRDERHIERZ, T CRERNLITEIFEL ShIOEOEY
TEFHE in vitro BEOTEEIBRE IR TV HGD. Tich bERREXRFEHEOMEYL 0 CAEE TD
TEBEGEWVRER, ¥ BEROMEY TIRI~0CEERCTHI LI VELLAERYHRITES. £
BB L ISR 2 5 & &, BRERSHLRN UEESEREL 752, BRI On0ERN
BIFRHRMT A LR LD, BREMCERIHIER TE S, EANCEREY OMERBHL IR TS
OB LT, ThOERMEEIARBCHATESDLELLD. APWRTHW LI -V a v, 7
WL THT TR OPOFENRBEN (28, 36, 67, 82), BEHELOFPIIL in vitro CREORELT -
TWBHbH5.

— R R VIV g VEELTRBEAEZT TDE A, HREREL VI gene bank X ED{EH THHEL L T
Wi, COREE, 81 CRERBEREOTES I BE SR TO3HEPEORSARDOBKN TH S gene
bank OEFLICIIEEVIDOTHHT &, EBRINETORENE—OFE HVTHLE - BHEBEOEFED L
PRBE L OBRARS THB Z ERDTF LI D. BESFRIT HEDBERFOWERENEDBLELS
oD, W OhOE&ERRDEND . B 1 ICHE - BRROTE LIcEF L L OROBEMEOBRELB L
DHDOEHETNRE - B - BEREHRFETHI L, B2 OEMNSEEEY bEDBA VY LTl A
BHCL, 3 CHES REBERORNG, EORERAREShDE L, $ibbEMRFORIES LU
BAELLEYOERcERRE L rOBENRERRETHS. S0 X5 CHYEEREORFE L L THER
BRERT 5, QEQOLERRIODELEME/RTES . CorsERMYEEEREAR, THAE
EfoBEnt BNE LEBRENT - 8 — X —ADEELFD T 511D,

AR, REFFREFCATLEESRNHESNCRB I oob5H, EXEESFTOETELETHEL S
A7 VHRE, F7BERD LY, TOZEHOWRERFEEDOHRE L LOFMET O THS.

AFRTRZREOBREREHEL LT, 2 BFEHREE LB LW ERE S LT vitrification SR RE L, B
B A TIRESE D 2 BYFETRAEIE D 5 48 vitrification ¥ X W IERMPRE LT\ e, Lb L vitrification ¥12, 7= 2
SA7Y—F—RRBELRTLNLERETHEETESHAND D, SERNTEWERFTTHS. YT
oW T ORBHRERGEENTS.

FAT7vHATIE, BEOERERL ARCEREL 2 EEDAEETERYYH»EH L, DMSO 10% & 7' v
I—RAIREEGUHEFHMELCRA I —THALOCTTIRHEAEL, ZO0RSr /547 ) ¥ —%H
WT0.5C,/ min OWHEEE TT—0CTETHHL, KESKRCER L TRE, BDERGU TEKTOZEMRH
PTEBWEFERNMEOR D, s 7 Tk, Y0 H ULEEYDMSO 5 %2t t 7 ZEER A OB T 2
HREJBER O, BOXA 7 v R EAKOREHHATLEL, 0.2C,/ /min T—40CE THH L TREER
CEETIE, BRTEESROES A 7 v AR VCEFRI B Shi.

5 LTHERENAEZEEIL, £47 v RATREL SKKBERT CREIERIEVEEYHRTE, B
EHOEELLRENMPETE S, 0N - BRUCERLXROMEY ., BHOXHER LAY A LAY
) —HRIAPFTE, BERFOHE L LTOREOEFENT ERT.

B LI F 17 vy AEBREFHCY - — P EBLEL, ¥ 27 TR—HBITEN T - 7. BIEHEROEMHT
BREL Vo LBERNOERERITE I BT VBT ILEND ), AROEESF AR L RLETHRETED X
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Studies on the cryopreservation of shoot tips of

Dianthus and Chrysanthemum.

Seiichi Fukai

SUMMARY

Of late, the flower production in Japan showed rapid growth in spite of the depression .of the total
agricultural production in Japan. Chrysanthemum and carnation are two major cut flowers in Japan In 1989,
1.8 billion of chrysanthemum (75 billion yen) and 711 milion of carnation (36 billion yen) were produced in
Japan.

Many new cultivars are introduced to the commercial market annually. On the other hand many old
cultivars have disappeared, because the modernization in flower production has led to need for
mass-production of uniform cultivars. It is difficult for breeders and nurseries with a restricted supply of
labor and land to maintain so many cultivars.

Conservation of plant germplasm have become more important because sufficiently wide range of
variation is required for any effective crop improvement programme and the recent advances of
bio-technology have showed many possibilities of using wide range of related species for further crop
improvement.

In vitro storage has been explored as a means of conserving the germplasm. There are two ways to store
plants in vitro : one employs the slow growth techniques for short or medium term storage (active
collection) ; the other, uses cryopreservation for long term storage (base collection) A reliable preservation
techniques would allow the breeder, reseacher and nursery men to maintain a large number of species and
cultivars. This studies were carried out to establish a reliable potocol for the cryopreservation of shoot tips
of Dianthus and Chrysanthemum ornamentals. Dianthus hybridus cv Sakuranadesiko and Chrysanthemum

morifolium cv. Shuhounotikara were used throughout the studies except when stated otherwise.

Chapter 1 Cryopreservation of shoot tips by two-step freezing methods.
In the two-step freezing method, the shoot tips were cooled slowly until sobzero temperture in the
presence of cryoprotectants prior to immersion into liquid nitrogen (LN.): This chapter revealed the basic

freezing prtocol for dianthus and chrysanthemum shoot tips

Section 1 Cryoprotectants
10 % dimethyl-sulflyoxide (DMSO), ethyleneglycol (EG) and glycerol (GLY) were effective as
cryoprotectants for the cryopreservation of dianthus shoot tips. Glucose of 3 % was only effective in

combination with 5 % DMSO The dianthus shoot tips treated with 10 % DMSO and 3% glucose at 0~20C



—74—
for 10~120 min showed high survival rates after cooling at a rate of 05C “min. until —40C prior to
immersion into LN, Chrysanthemum was more sensitive to DMSO. More than 15 % DMSO caused serious
damage to chrysanthemum callus growth and the shoot tips treated with 10 % DMSO regenerated
abnormal vitrified leaves

In the following chapter 10 % DMSO and 3% glucose was used as the cryoprotectant solution

Section 2 Effects of preculture on survival of chrysanthemum shoot tips

None of the shoot tips survived when excised and immediately cooled to —40°C with cryoprotectants
prior immersion into LN,  However the shoot tips precultured on the medium with or without 5% DMSO
for 2~14 days showed high survival after cooling at a rate of 02°C_“min. to —40°C prior to immersion into

LN..

Section 3 Cooling process

All of dianthus shoot tips cooled at the rate of 0.1~1.0C_“min to —40°C prior to immersion into LN,
survived. When dianthus shoot tips were immersed into LN, at various temperatures during the slow
cooling, only the shoot tips cooled to —40°C showed 100% of survival and shoot regeneration. But the shoot
tips cooled to —25°C or —30°C and held at the same temperatures for 30 and 20 min. respectively prior to
immersion into LN, showed comparable survival rates as those cooled to —40C

The optimal cooling rate and terminal slow cooling temperature for chrysanthemum shoot tips was
0.2C_ min. and —40C respectively.

Seeding of ice crystal into cryoprotectant solution at —3.5C prevented supercooling of the medium This

seeding procedure was necessatry for a reliable cryopreservation

Section 4 Thawing process

Rapid thawing of the cryopreserved shoot tips was essential to ensure high survival

Chapter 2 Cryopreservation of shoot tips by vitrification
In the vitrification method, the shoot tips were treated osmotically with a concentrated cryoprotectant

solution for short time to dehydrate the tissue and then immersed into LN, directly

Section 1 Adaptablity of vitrification method

The dianthus shoot tips dipped into PVS2 (15% DMSO, 15%EG, 302%GLY in MS medium containing 0 5M
sucrose) for Smin. at room temperature prior to immersion into I.N, showed more than 90% survival rate.
But the shoot regeneration rate of the shoot tips was about 50%. The shoot tips of chrysanthemum were

also successfully cryopreserved by vitrification

Chapter 3 Seasonal variation in freeze-resistance and cryopreservation of in vitre grown plants

The key to the success of cryopreservation is not only the freezing methods but also the type of the



materials. This chapter revealed that dianthus shoot tips could be cryopreserved successfuly all year round
but the survival and shoot regeneration of chrysanthemum shoot tips varied seasonally. Survival rates of the
stem segments excised from in vitro grown plantlets were high but shoot regeneration rates were low

compared to the shoot tips taken from the mother plants.

Section 1 Seasonal variation

The survival and shoot regeneration of the cryopreserved shoot tips of dianthus was not affected by
seaconal variation

Similarly the survival and shoot regeneration of chrysanthemum in normal shoot tip culture was not
affected by seasonal variation The chrysanthemum shoot tips were sensitive to cold shock stress in
summer but it was avoided by preculture. The survival and shoot regeneration rates of chrysanthemum
shoot tips frozen in mid-summer was still low even though the shoot tips were precultured for 2 days prior

to freezing.

Section 2 Cryopreservation of in vitro grown materials

It is laborious to excise shoot tips from in vitro grown plantlets because the plants were tender and
small In this section nodal segments of in vitro grown plantlets were used as materials.

The nodal segments of dianthus and chrysanthemum survived after cryopreservation by the protocol
descrived above. But shoot regeneration rate was lower compared to that of shoot tips taken from the
mother plants Survival and shoot regeneration of small segments (2mm) was higher than that of large
segments (5mm). Axillary buds in the dianthus nodal segments were damaged by the slow cooling process

below —25TC

Chapter 4 Shoot regeneration from thawed shoot tips

Sufficient shoot regeneration from the thawed shoot tips is essensial for germlasm storage. Previous
chapier showed that 100% of thawed dianthus shoot tips regenerated shoots but half of the survived shoot
tips of chrysanthemum failed to regenerat shoot after thawing. This chapter revealed the extent of

damages observed on the cryopreserved dianthus and chrysanthemum shoot tips.

Section 1 Effects of culture medium on shoot regeneration from thawed chrysanthemum shoot tips.
Cytokinin in the medium does not affect the survival rate of thawed chrysanthemum shoot tips. High

shoot regeneration was observed in the combination of BA and NAA.

Section 2 Morphological observation of thawed shoot tips

Microscope examination of dianthus and chrysanthemum shoot tips with or without freezing revealed that
the pattern of shoot regeneration was completely different. In the dianthus shoot tips, the outer pair of the
leaf primordia swelled but did not develop normally and then the next inner pair of leaf primodia developed

into a shoot within 2 weeks of culture after thawing. In the chrysanthemum different types of recovery



were obsérved. Survived chrysanthemum shoot tips showed two ways of shoot regeneration : a small bump
with smooth surface on leaf primodium developed into a shoot, or green spot appeared on the rough surface
of the callus and this developed into a shoot.

Those regenerated shoots developed into plantlets easily on the medium free of phytohormone. The

plantlets could be maintained and mutiplied by nodal cutting in vitro

Chapter 5 Growth and productivity of cryopreserved plants

This chapter revealed that the plants derived from thawed shoot tips grew and flowered normally

Section 1 Acclimatization of shoots derived from cryopreserved shoot tips.
The plantlets derived from the thawed shoot tips of dianthus and chrysanthemum were easily propagated
by nodal cuttings in vitro. The top parts of the in vitro grown shoots were easily- acclimatized in a

greenhouse

Section 2 Growth and flowering of the thawed plants

Plants derived from cryopreserved shoot tips of dianthus grew vigorously and flowered normally in the
greenhouse. The plants showed higher productivity and better flower quality compared to the plants derived
from the mother plants grown in the green house.

There was no difference in growth, flowering and flower quality between chrysanthemum derived from

the thawed shoot tips and those from the mother plants

Section 3 Variation of flower color in chimera chrysaythemum

In about 70% of regenerated plants from thawed shoot tips of chrysanthemum cv. Apricot Marble,
periclinal chimera cultivar, the flower color changed from the original apricot color to pink This means that
many of regenerated shoots originated from the tunica layers of the apical dome and not from the whole

shoot tip.

Chapter 6 Application to the Caryophllaceae and Chrysanthemum ornamentals
The standardized cryopreservation protocol for all or most genotypes is required to establish in vitro gene
bank. The results of this chapter revealed that a single two-step freezing methods is applicable for the

cryopreservation of a wide range of genotypes in dianthus and chrysanthemum relared species.

Section 1 Caryophyllaceae ornamentalsny

Shoot tips of 5 genera 38 species and cultivars of the Caryophyllaceae ornamentals were cryopreserved
Excised shoot tips were cooled at a rate of 05C, min. to —40C in the presence of 10% DMSO and 3%
glucose prior to immersion into LN, High survival and shoot regeneration were observed in all species and

cultivars.



Section 2 Chrysanthemum ornamentals

The shoot tips of Chrysanthemum morifolium and related species native to Japan were cryopreserved :
first precultured for 2 days, then slow cooling (0.2°C min) until —40C with 10% DMSO and 3% glucose
prior to immersion into LN, and rapid thawing. High survival rates were observed in 3 cultivars of
chrysaythemum, 12 species and 2 interspecific hybrids. A slightly low survival rate was observed in 3

species. The shoot regeneration of the frozen shoot tips varied from 9.4% to 100% depending on species.

Section 3 Long term storage
High viability of the cryopreserved shoot tips of dianthus was maintained for up to 4 years. Shoot tips of

chrysaythemum also showed high viability after a storage of 8 months in LN,

Chater 7 General discussion

This study came out with basic protocols for the cryopreservation of dianthus and chrysanthemum shoot
tips. These protocols were appricable for a wide range of related species. The thawed shoot tips
regenerated shoots and grew into plantlets and if necessary, in vitro mutiplication line would be established
within 2 months after thawing. In dianthus, viability of the cryopfeserved shoot tips were maintained for at
least 4 years -

In chrysanthemum, initiation of cryopreservation during winter season. is recomended. Morphological
observation and variation of flower color in chimera cultivar showed that regenerated shoots from the
thawed shoot tips of chrysanthemum derived from a part of the shoot tips not from whole shoot tips. This
results suggested that the somaclonal variation of the regenerated plants should be taken into consideration

when using cryopreserved plants.



Plate 1 Plate 4

Plate 2 Plate 5

Plate 3 Plate 6

Plate 1. Effect of DMSO on the morphogenesis of shoot tips. Arrows indicate abnormal
vitrified leaves. Treatment condition (A ~ C) are given in Table 5.

Plate 2. Shoot regeneration from a cryopreserved shoot tip (right) and an unfrozen shoot tip
(left). Unfrozen shoot tips usually grow up into monoshoot plantlets with a small basal
callus, but some of the cryopreserved shoot tips regenerate small plantlets with a large
callus.

Plate 3. Shoot regeneration of D. hybridus cv. ‘Sakuranadesiko’ cryopreserved for 4 years.

Plate 4. 5. Flowers of Chrysaythemum morifolium cv. ‘Apricot marble’ derived from frozen
and unfrozen shoot tips.

Plate 6. Flowers of cryopreserved plants (right), the mother plant (middle) and the plants from
shoot tip culture (left).



Plate 7 Plate 10

chinensis | 7 > frozen

Plate 8 Plate 11 -
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Plate 9 Plate 12

Plate 7, 8, 9. Shoot regeneration from frozen shoot tips of D. chinensis, D. fragrans and L.
chalcedonica.
Plate 10, 11, 12. Shoot regeneration from frozen shoot tips of C. weyrichii, C. makinoi and C.
indicum.
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Memoirs of Faculty of Agriculture, Kagawa University

Katsumi HATa : Studies on the Constituents and Pulping of “Akamatsu”(Pinus densiflora SEB et
Zucc) Wood (March, 1955)

Nakato Narto : Phytopathological Studies Concerning Phytohormones with Special Reference to Their
Effect on Phytopathogenic Fungi (October, 1957)

Hiroshi MaTsuzawa : Ecological Studies on the Branconid Wasp, Apanteles glomeratus (March, 1958)
Akira KaJ1 : Studies on the Retting of Plant Fiber Materials for Japanese Paper Manufacture (March,
1959)

Kazuo Mor! : An Analytical Study on the Structure of the Mandarin Orange Growing Orchard Farm
in a Sloping Land Region (March, 1960)

Takahiko Tamaxi : Studies of Garaku Paddy Soil and Reservoir Deposits (March, 1960)

Masaki UgHARA : Physical and Meteorological Studies on the Cultivation and Utilization of Slope Land
(March, 1961)

Hikaru Kuwabpa : Studies on the Interspecific Crossing between Abelmoschus esculentus MOENCH and
A. Manihot Mepic and the Various Hybrids and Polyploids Derived from the Above Two Species
(September, 1961)

Junzaburo Naka : Physiological Studies on the Growing Process of Sweet Potato Plants (March,
1962)

Minoru Sarto : The Geology of Kagawa and Northern Ehime Prefectures, Shikoku, Japan (March,
1962) (in English)

Kiyoshi Kosuer : Studies on Production and Flowering in Gladiolus (September, 1862) (in English)
Hachiro Kira : Hydraulical Studies on the Sedimentation in Rerservoirs (February, 1963)

Aizo Nopa : Studies on the Coleorhiza of Cereals (March, 1963)

Sin’itiro KaAwaMURA : Studoj pri Ameloj de Legumenoj (March, 1963) (in Esperanto)

Jiro Asano : A Study on the Formation of Pine Forests on Seaside Areas, giving due Consideration
to the Salt Resistance .of the Seeds (March, 1963)

Kei Yamanaka : Studies on the Pentose Isomerases of Lactic Acid Bacteria (August, 1963) (in
English)

Masayoshi Asizawa : Studies on the Drough Damage of Grape Trees in the Region of Kagawa
Prefecture (March, 1964)

Toshikazu TANI : Studies on the Phytopathological Physiology of Kaki Anthracnose, with Special
Reference to the Role of Pectic Enzymes in the Symptom Development on Kaki Fruit (March, 1965)
Takayuki TARUTANI : Studies on the Storage of Persimmom Fruits (March, 1965)

Kunio KaNo : Studies on the Media for Orchid Seed Germination (March, 1965) (in English)

Kiyoshi Yamamoto : Studies on the Hybrids among the Vicia sativa L. and its Related Species
(March, 1966)

Yoshio NaxaHro : Studies on the Method of Measuring the Digestibility of Poultry Feed (October,
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1966)

Hiroshi INOUE : Studies on the Fruit Development of Natsudaidai (Citrus Natsudaidai HAYATA), with
Special Reference to Water Spot Injury (March, 1967)

Toyoki MivyaBe : Studies on the Production and the Salt Balance in Relation to Calcium
Phosphocaseinate of Abnormal Milk (August, 1967) (in English)

Murao Soco : Studies on the Bark Lignin and Bark Phenolic Compounds (September, 1871)

Mitsuaki OusHmMA : Studies on Nutritional Nitrogen from Red Clover Silage (November, 1971) (in
English)

Shuzo Tartsumi : Fundamental Studies of the Chemical Forms of Calcium and Their Metabolisms in
the Tree Leaves (November, 1974)

Masaru KUReTANI : Studies on the Early Summer Defoliation of Grape Vines Caused by Veinyellowing
(December, 1974)

Hisao KuraTa : Studies on the Sex Expression of Flowers Induced by Day-length and Temperature in
Punpkin and Watermelon (March, 1976)

Takashi Kamapa : Studies on the Rational Estimation of Rainfall for Design Flood (June, 1976)
Hiroyuki YamaMoTo : Study on the Mechanism of Resistance Expression in the Crown Rust Disease
of Oat (March, 1978)

Hidetoshi OxkaMoro : Laboratory Studies on the Food Ecology of Aphidophagous Lady Beetles
(Coleoptera : Coccinellidae) (March, 1978)

Toru Yamasaki : Studies on p-Hydroxyphenyl- and Syringyl Lignins (September, 1978) (in English)
Toshihide IcHIKAWA : Studies on the Mating Behavior of the Four Species of Auchenorrhynchous
Homoptera which Attack the Rice Plant (February, 1979) (in English)

Hiroshi Yosuma : A Study of the Development, Structure and Management of Co-operative Groups
(March, 1980)

Yutaka Issumi : Nutritional and Physiological Studies on the Function of Ceca in Chickens (March,
1980)

Toshiaki CHujo : Studies on the Effects of Thermal Conditions on the Growth and Quality of Fruits
of Fuyu Kaki (February, 1982)

Masanori Gor : Studies on the Flower Formation and Forcing of Some Ornamental Trees and Shrubs
in East Asia (February, 1982)

Toshiyuki MaTsul : Food Chemical Studies on Wasanbon-to Sugar (Japanese traditionally refined
sugar) (February, 1982)

Yukihiro Fuyme : Studies on Thermal Conditions of Curd Formation and Development in Caulifower
and Broccoli, with Special Referene to Abnormal Curd Development (February, 1983)

Souichi Nisurvama : Studies on the Water Hammer of the Air-entrained Flow in Irrigation Pipe Lines
(February, 1983)

Shigeyuki Mavama : The Role of Avenalumin in the Resistance of QOats to Crown Rust (October,

1983) (in.English)
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Shigeru MonTaNI : Early Diagenesis of Amino Acids in Marine Sediments (October, 1983)

Masahiko IcHm : Studies on the Utillity of Ratoon Traits of Rice as the Indicator of Agronomic
Characters in Breebing (November, 1984) (in English)

Tkuo KaTAOKA : Studies on the Coloration of Grape Berries with Special Reference to the Regulation
of Color Development by Abscisic Acid (October, 1986)

Haruo Suzuki : Agrometeorological Studies on the Effect on Soil Temparature, of Film Mulching and
Canopy in the Upland Mulching Culture (October, 1986)

Masayoshi Mmowa : A Study on Thermal Radiation Environment in an Open-type Livestock Barmn
(October, 1986)

Masayuki Funta : Studies on Cytochrome P-450-Dependent Mixed Function Oxygenase in Sweet
Potato Root Tissue (October, 1986)

Michio TaANAKA : Studies on the Clonal Propagation of Phalaenopsis through in vitro Culture
(February, 1987)

Atushi Hasecawa : Studies on the Propagation of Oriental Cymbidium (December, 1987)

Tadasi Kasarl : Studies on the Hydorolysis of Oligosaccharides of Soybeans (December, 1987)

Shogo AoOYANAG! : Studies on the Physical Properties of Residual Granitic and Andesitic Soils in
Setouchi Coastal Region, Northern Shikoku (December, 1987)

Takeshi Katayama : Degradation of Lignin Substructure Model Compounds by Fusarium solani
M-13-1 (November, 1989) (in English)

Takuro Masupa : Studies on the Charactaristics of Masa Soil as a Medium for Tree Growth and
Methods for its Improvement (October, 1990)

Kuninao Tapa : Behavior of Dissolved Proteinous Substances and Amino Acids in Seawater (October,
1990)

Seiichi Fukar : Studies on the Cryopreservation of Shoot Tips of Dianthus and Chrysanthemum
(October, 1992)

Yuichi Yosuma : Studies on Flower and Fruit Development in Strawberry, with Special Refference to
Fruit Malformation in ‘Ai-Berry’ (October, 1992)

Tadashi Ocur : Studies on the Characteristics of Chemical Environment and the Recycling of Nutrient

in Hiuchi Nada Sea Area (October, 1992)
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