ISSN 0386-5304
No.31 Mar.2013

Bulletin of

The Hiroshima Botanical Garden

Published by

The Hiroshima Botanical Garden
(Municipal)
Kurashige, Saeki-ku, Hiroshima
Japan



CONTENTS

Masao Yamamoto : Establishment of the methods for micropropagation and practical cultivation of the

propagated plantlets in Gloriosa (Colchicaceae) and Calanthe (Orchidaceae) *=++-=+++* 1-38

Tetsuya Sera and Yoshiko Kondo : Memoranda for the Flora of Hiroshima Prefecture(7) «««--++-+-- 39-42
H b/

WAREHE : /) A —H T ERIBIT SR EE FEOMIY EERL e 1-38

ISR - TR F C IRBE 70 SEE(7) v 39-—42

o=



70N F =Y & TERTBIT B MRS A T O & ERMLT
WA E A

Establishment of the methods for micropropagation and practical cultivation of the propagated
plantlets in Gloriosa (Colchicaceae) and Calanthe (Orchidaceae)*

Masao Yamamoto?
Summary

Tissue culture is very effective for the rapid and mass propagation of plants, but many species are still difficult to
propagate by this technology. In this study, Gloriosa and Calanthe, which have been recognized to be inefficient or hard
to propagate by both conventional and tissue culture methods, were subjected to the tissue culture studies to establish
efficient and practical methods for propagation and acclimatization, and to confirm the possibilities for the occurrence of
somaclonal variations and virus elimination,

In Gloriosa rothschildiana, procedures for the micropropagation and cultivation of microtubers to flowering were
established in this study. Both meristem and young shoot base explants were cultured on MS medium supplemented
with 4.0 mg I' BA and 0.1 mg I' NAA, which resulted in the production of 5.0 and 47.2 shoots per explant, respectively,
after 150 days of culture. Shoot multiplication of 2-3 times was successfully achieved by subculturing the excised shoots
onto the same medium. During the subcultures, microtubers were formed at the base of each shoot by prolonged
intervals of the subculture on the same medium. Approx. 85% of the microtubers of over 1 g thus produced successfully
sprouted in ex vitro condition by the thermal treatment of 8°C for 2 weeks, followed by 30C for 13 weeks. These results
suggest that low temperature (8°C ) was effective for breaking the dormancy of buds and high temperature for promoting
the growth of buds. Sprouted tubers grew normally after planting in soil, and 80% of over 5 g tubers collected after 2
cycles of cultivation successfully produced flowers. No appreciable change was observed in the morphology including
flower characters of the micropropagated plants. These results suggest that the micropropagation method established in
this study could be used as the practical propagation method in the commercial cultivation of Gloriosa.

In Calanthe, there have been no successful reports on propagation with tissue culture. By improving the sterilization
method for initial culture of Calanthe sieboldii, microbial contamination was prevented at 6% or less in the meristems
excised from November to May. In the liquid culture, survival rate of meristems in B5 medium was better than that in
MS and 1/2MS medium. Survival rate of meristems was also affected by the strengths (1, 1/2, 1/4) of macro (-CaCl),
micro (+CaCl, and Fe-EDTA) and organic elements of B5 medium, and the highest survival rate was obtained when the
concentration of micro elements (+CaCl, and Fe-EDTA) was reduced to the 1/4 strength of standard B5 medium. In this
modified B5S medium supplemented with 2 mg 1" BA, mass of shoot primordia was produced from shoot meristem
explants. Then protocorm-like bodies (PLBs) were obtained from the mass of shoot primordia after transplanting onto
agar medium with the same composition. These PLBs were vigorously and rapidly propagated by culturing in the same
liquid medium. After two months of culture in the liquid medium, the number and fresh weight of PLBs became about

11 and 10 times, respectively. ,

* Contribution from the Hiroshima Botanical Garden No.98.
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2 MASAO YAMAMOTO

In the next step, the optimum ionic composition of medium for proliferation of PLBs was investigated by arranging

systematic variations with 12 different ionic composition media (Ichihashi 1992a) with the use of PLBs induced from
shoot meristem tip culture of Calanthe aristulifera and C. striata. The growth of PLBs was inhibited by higher NH," and

Ca?* ratio, but promoted by higher ratios of K* and H,PO,". Calculated optimum cationic composition for C. aristulifera
and C. striata were NH,": K*: Ca*": Mg = 10.4: 70.0: 9.6: 10.0, and 10.9: 68.1: 11.0: 10.0, respectively, and optimum
anionic compositions were NO,: H,PO,: SO,> =42.1: 43.7: 14.2, and 43.0: 42.9: 14.1, respectively. It noted that NO,"
was about half and 12-hold strength of H,PO,” in comparison with control B5 medium with 1/4 micro elements.

Somaclonal variations in flower characters were investigated on 100 micropropagated C. striata plants. No obvious

variations in flower shape and color were observed except two plants, which had larger and thicker flowers than original

plants. These two variants were revealed to be tetraploid by flow cytometric analysis on relative nuclear DNA contents.
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AMEOER — HEHEGISEICLZHEE

PO HEE LT, BRIl 3AEEMEE %
SV, LA GELZF) - W R R AEO—ER
R LBV (RERE) PhbH. BHIZL
LEHIZ, KEIPO—FIHBEIELHELLTE
MTH5. LarL, FBFEEIIERZTHHFTREZME
WOBMEZREYELZBTORE, F7-13 F1
WEBHETFOHEE, PRV B—LEEET 57
MBS R 6% E— i~ T alErmd, BE
KIS ENH 5.

—7%, EMEHEIIEENICR—THY, H—%E
BrboTWbh, FDiw, SEEBERPLEARICH
W, MEDREEZERT S 2O RERF
BrhoTwad., ZoOBELEO—DIZ, fEYOM
W RS, BN THESEHEEEL V)
HEDH Y, BT CLL 3085 R 7 HE Y R 55 4
CREBICHEBEIE-WERDICHAILTY 5.
Morel and Martin (1955) 25, v F A4 E&2#¥ & L,
¥ 72 Morel (1960) 253 Y EF 2 —A%&MEE LT
HBIEEANOR Y HADIEE o /2. TOFEFIL, B
ZEANEA, % O AFAREEEEIC L ) BEFED ] 8
%0, FEAEMICHIHINTWYAD, TR EN
M S TWiwiEg b S,

EExFEoOBTIE, SMTHE LI WS YRHEY
WCBWCEBREEMIHTY, VAVATY L RE
WIEOWE D S HBHEEENfTON TS, h—F—
Yay, WARIVY, FVTI4Z9h FTILVALME
AT, A¥—FRA, 2, H—NTke L THEER
MLV HEAEEIITORTYS (KE 1994). &
CTREETCREMLICLL, UYL LTKE

i

CAEESNTWALY, FMERREHOARIMICHE
Eodhsb )t —% (Gloricsa) &5HAL %I
ErEz2onAIYRE (Calanthe) [ZDWT, #
Mg A R LM TEE R L2OT, €O
REHETS.

® JOY#—Y (Gloriosa)
ryanF—iig, 42477 VRO B EREY
T, M77UANERBET VTS5~ 6 BEFIMHL
T % (De Hertogh and Le Nard 1993, Erhardt et al.
2002). WTICHEZFHOLFETHS. AV FT
WEAEYE LRI TEY, d5iarveF
VEAETLHEPL LTOAPENTYS, TEPE
LY, B E) RBELEREJERRELIS, BE
g L UCEE R, IDIEE LTARY DY, IR
CERLTWA.
eI rothschildiana TER° superba T&, superba var.
lutea 72 W2 I N T W22, mETIETRT
DA superba B E ST W5 (ZE 2010). LAL,
A CIUERRIEA L 72TE4 TH 5 rothschildiana
7 & OF superba var. lutea T & LTk - 72
Gloriosa D —FTETH % G. rothschildiana 13 ¥F 1246
FREL, WPEL L TREICHEE SN, @@L T
Wb, BHRCIER 554 TAOY ) AT S h
(FEMNEREBEMRE - BHhtr s —
2004). EOITREMR, FHRZ EOEMTEmE
YRLBLIITON, EELERPLORMLER
DEEY A4 TIETTIIRL, ¥roFk FVVIR
DOEFELHY (FEHS 2009, ABEROGMED
EINTW5A, BIEIIHEFICL 2 HHEM REOS
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|2 X AMBEFEA TN TV AR, HLARIETE
v, FEFERE, KEICHEBTILZOICELTHS
s, BEMIIH—TIEZWED, ok E X
HPhEOB S, EOWEL2LEOBHIELDENH
5. Fi WErORETAET2 ~3FEE2ET 5.
—7, BEOHENC L ABIITEENICFA—THY,
RHEOMIFITIIENTH 5720, LEMTIT—HKIC
Thh T2, HEFEMNMEL, FiC2HBRELY
B2, Bk, HEHELZFHEL, HEORFI
SHIVI)ETOYIAAZ ANBELEEEE S
FEPHE SN TS (25 2010). R aEM=
BEERRDPAETH L7 DEEEZ LNV TORED
MEEsh, BECTHONIMEI Y L RELHEN
BoNDAS, WHERIZ2~3ETHY, KEHEHEIC
FIAA . BRICERD X ) 2HaEeERL, &
EFHEICERTH7-0121%, HHRICKEICHEET S
FELHBETLIILIKD LN TS, 2010,
ARG CIIEEOTE & L CHRBEEO TR %R
L7

@ IEXEOHBIEE

IV RE (Caanthe) #1855 NS HET
(Kurzweil 2007), % EELWIER D70, BE
i ®wv. BRI 21 OG0 EBESS/HML TN 5
(Karasawa and Ishida 1998). LA L, REOELR
%, 26IC%  DMEPEZENLZMEL DDA
BRZERPUC X ) HBROERIHE L T b, 07
DHARTIE, BAET ST XTOSERI B ERE
IZ#8 E & 1L T\ % (Environment Agency of Japan
2000). DL IFFEREIETHY, TOEPLHLA
RMOBRE R EEEHICE YV EO®, BE, FY R
EWPEZ->TWD,

INOLDORBPHAXRMEOEE L REIZ T2
L, BIZEOREICRVWTRILEWERLZ DD
B REIEAROERMEICL)EY ST
Wa, LaL, ThoofBidEFRFFEETHY,
C OB R RIS 572 DI ERBED FEAHET. S
N T & 72 (Miyoshi and Mii 1995ab ;1988, Fukai et al.
1997, Park et al. 2000, Lee et al. 2007, Godo et al. 2009,
2010). ZLCHETIE, BTFICL 2 KREHEI T
BRBHEICTELI51C%koT& 7% LAL, 3&
AEDID T > BHEY & AR, SBREL T4
FEYULZET B720MRFEIELL, $§XTHOMm
MILEENIIANTOLEETH L. ZORKE, %<
DEELER D 5 BIE S NEF 2 BEROBEFHIZ A3

EDOFEE VI ERSOFEIE> TV A,

S VRHEMICB VT, inviro 12 X 5 ETEREREIL,
WL 72 WERBROREHEMIZHER I CHASh
TWA BRCHENICEER S ESEREET v (B
2\ Cymbidium, Dendrobium, Cattleya, Phalaenopsis)
TIEETEE#E T - 3 ZEEKUI OB =L —
B RFRELTEOMBIZBWTERLI
TWab. L2L7%Md D, Paphiopedilum, Cypripedium,
Calanthe D L 9 Tx #8425 >~ OBEFHII R IR EE T,
INSDIZL A LD TIIEEMZIRNZ iR
By shTwiwy, TERRBICBWTIE, MkEE
BT AW L ODDRADT 1970 ~ 80 FERICH S
TE2, WL 1 FICHERETT AL EREE
5 N % A o 72 (Tahara 1977, Shimasaki and Uemoto
1987). & &) O AR 72 0 2 58 1E Yamamoto et
al. (1991) (&b, EEZ/MEAE L CRAREIZ
WA, BEEEEETAZIEICIVHEIILL X5
WCORFEEZ IO b EH L2 HEdH 5
(Ishibashi 1993). FAEMICHWIEILTWVE S v, Fl
X Cattleya, Cymbidium, Phalaenopsis |23\ TH 3
BRI, HEHL L2BKRE o7 F UEYHRE
WS B0, LIEUIEEA R MEE
ToTwah, TLTEMETHE (genotype) 1241,
BRBELEROBBECENH A LFHFEINTVS
(Tokuhara and Mii 1998). L2 LIZ VY ABIZBNT
13, BERIZOWTOREEFNT 2.

BEWAKIZ, invitro FERIC BT A HEWHEEORE
EREDOIDIIIEEGZERNTH Y, BEOFE R,
RO ERIIEGENSD (Gamborg et al. 1976) . 7
VRHEMICIBWTY, SESEFLEELMEE L
70— VP THED DI S T EF i
FIH SN TE (Arditti 2008). LL, K4 DI
WCHETAE®REPS T AHIEEIES TR
{, 1B ALOMBREEOWFIXERICL (b
HEROFRNPOL L EF) i E RATITONTE
72. 2D X )RR OF T, Ichihashi and Yamashita
(1977) ; Ichihashi (1978, 1979, 1980, 1991) %, <
OPOMIIBIT HHEFFIF, EEORE, HIVAKH
FED Tz DIF B A F YRR A 4 VIRE, NH
L NO; DIE, A+ EBAF Y OIFIION
THMRBIEETY, Y9, FAFEvas, v
W5y, HYEFRTY, aFawTrhEnd o
DT Y DEBE DI DM BTHREL A+ U
BrBoMcLTET

RAEMRWIZ BT Y L VARIE, SEPNED
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BT EEFIESETEALRATHS. 7 VFHE
PZBWTH 7 AV ARG, FEPWREIC & 5
BOBETRHEAREZE|ERIT20, BAILHE
EloTwad, B, TE¥RBIZBWTIE, 689
DY A4 NVAHHEEN TS (Yamamoto and Ishii
1981, Inouye et al. 1982, Hammond and Lawson 1988,
Inouye et al. 1988, Chang et al. 1991, Gara et al. 1998).

TA VAR LI b 7 A VA RRET BT
EZOWTRIE YA VARIORM, mimLil, ik
BRGEVOPOFEYH L. T, HTEHET
BT ANVAPEDLLTIANAT) LB LD
WEENTWB A (Kawakami ef al. 2008), F 725
ANZB S 2 Tld e v, ETRZFIH L 72HER =S,
ETESFHIRIC T A VAREMBENZ DD, T
WAIRIR LI BAE» DT A VARRET HIZIEH
MEFRTHY, ERELL I TS,

DEDOBRZHEE AT, H2ETIX, 1 X% 75
YEoru) F—% g AF ¥ 4 VF4 T F (Gloriosa
rothschildiana) DHMEIEELZFIH L - KEWHMEE,
in vitro TEEE L 72/MAZOKIBFIREIC X 2 H3FE4&M
EMREIL7:. SO0 B LBEZRBGTHREL,
ZORERREZREL, ERIEANOREIZONTD
Beat L7

EIETIE OV RE (Caanthe) 12D
WC, BEZEbEED B0, ETEMMES 5 PLB
XHETLOOREHE FRIOELEROK
%€, PLB EIRHMERET 5 720 OIER O, 2
Jra L EEORBERRTIA VAT
)LDV THERIT) 2 & T, KEWIE
AT O 24T o 72,

R, BEERE LTAME»EFONIZHR
2L e, Ju)d—HBLTLECARBIIBITAM
R A EOERL L 5RO M, HE
[TV 7z,

F1E
gAY #—Y (Gloriosa) DS

Eim PIRIEECH I B9MEFEDE

% =5

Gloriosa vothschildiana @ ¥4 5 1 > \» T, Custers
and Bergervoet (1994) %, MEDOFRIFEIH T 7213%
W & JMEfE & L, NS-benzyl adenine (BA) % & A 72
BEWICEY, 794 =30 invito IEIZH O T

BIh L7z, %7 Sivakumar and Krishnamurthy (2004)
(& Gloriosa superba % MEHIPEED LD, HWVIE,
EREOKLUP LA NVAZFEL, SHEATE

&/, INSDHMEDN S, Gloriosa rothschildiana
WoWTI S F &F LA SHFEDO MDD 5
A5, A, MRS EICER D L b b ETHHA,
BLUOEEEBE RN FOETESOE (LhFEE
) #fko 2 ApretEAM e L, SMEtke LTH
By 72 BB O B ERER % 4T o 7.

MEBLUFE

Gloriosa rothschildiana O’'Brien @ (78 'Philips
Duphar’ OBLZEZMH L 72 RIRITHE L 724 30g O
REISEFL-EE 1020 mm OREFES (BER
ErEt) ZAMEKRE LA (Fig 1.

0.1% DALV 2= AT 1031, 1% DK
HIEREEEST M) Y ATS M, 0% —VT10
MEBEE, WEAT3 EPEE L2 SMIoERE
BB 725 W2 EEFHEET TAAZME- T,
1 ~2HMOERELFAZRS 0Smm OEHEET
2 5 Smm DR & OLSFEREERMT 72 Fig 1.
17 W OSHERE Z OEERIZHV, 10 ml O % &
APPEY Y (EF20mm, £ 100mm) EBHICE
THRZHER L TR AT 72, Kild, BA4Omg
I', NAAO.Imgl', ¥ afE30gl 2L, 2g1' D
75 AL THED 7z MS B #h (Murashige and Skoog
1962) & L7z FERE LT, WYKEREDE
BA4.0mgl', NAAO.I mgl' Of%H Y IZ Kinetin 2.0 —
80mgl', BA20 — 60mgl',24D02 — 20mgl',
NAAO.l — 1.0mg! Z&HML, ¥ a2— MERZ LR
L7z pHIZ0.1 & LON ®NaOH F 721X HClIZ X 1,
571 CFR%L, F— b7 L—72K 0 120C, 154
MCHEERRE L EEPIL 3CCleREBEER
EL, ABENXITICX Y, HEEZ 54 ymol m? !
L7 BRFBEERSINAZ 10mm Y EDY 2— b
R TS BB L 150 HRICRREk L 72,

B sy 2 — bojlt, EHREHEE3IL,
17 ABEICHML, 150 HRBIZY 2— POEFD
BoE2nL o0 HE L7z, Y a— MIEid L
7o AR B ICH W - B b 70ml % 731 L 72 900ml &
H 7 A%5 (B S 120mm X EE 70mm) CTHEA L 7z,

2EMBEE L AT L ORMAIKEER 47 AR
CRERCTICRET A LICL Y, BEhi—8B0

Ya— FOEIRT/PRELRFE L. FONT/NGE
ZIFSPOMWMOINL, FEFELTVLERLMRZ
DERE, WAKTTEIIB 7%, ML A BT
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Fig. 1. Explants for micropropagation of G. rothschildiana.

bud after removal--

of sheath

A: A sprouted bud of tuber after breaking dormancy. Scale bar = 10 mm.
B: Ilustration of explants for micropropagation of G. rothschildiana. Scale bar = 10 mm.
C1-C2: Explants just after planting on MS medium supplemented with BA 4.0 mg 1! and NAA 0.1 mg I''. C1: meristem, C2:

young shoot base. Scale bar = 5 mm.

FEM LIS HESIR TR S, BF0NEORER
R,

%7z, Gloriosa superba var. lutea X MELE L. &l
DG EH L7z AMEERIE, G rothschildiana
ERBRICETE & PFEIME A, REFE, 5,
BERFMFIIOVWTORLE L. BR2y Akt 4
RBICHEBIN Y 2 — FMEREL -

FEETALHIL, Student D t-HREIZL D, p<0.05 T
FREZME L7 7413, FHERERE
(SD) TERLT-.

BRPIUEZR
2ER O BGDREDE
SRIOBREFFECE VWL D5 4 TOYHERE b

MEICLIAI VY IEBRELE»o7 T5HHD
BEE EEHIZ1IAOBEBEOY 22— NLHPEERLE
W olehs, v a— Mk Ry 2 — oI
EFER) MBI, FH 5217 KDY 22— N EEEK
L7z (Table 1, Fig. 2A). Z3FFEEINMEAROL AT,
CDMBBOEET D 62T TR L, L6 EED
Y a— bEEHK L (Fig. 2B1-B3). EEHAS Y 2—
MEBE L-mE L, AR ZEORS 2K L,
Va— MOEFMGERMNICHEE L TH AT S
Ttk DIEFE L7z, SMEARY - D oY 2 — MU,
H95 150 HRICABICHIN L. EEEIMERE L
T2 EE, FH50217 KDY 2 — M, GRS
MM E L723561E, FH 4722196 KDY 12—
MEAEL7 (Tablel).



INIEKEE TS HED 52 RIZHART 9B
R, TOXINCEMIEMLAY 2— M3
B S OREFHRICHEKT A DLBRbN
5. TO XL TR I N LFRITENRME
WHEL T, W 2ohDya— bORIZHFEL, [
CEMICHMAT 2 LICE IR L2
Ya—bE, ELIERICH LY - EAEL,
FOITOBER LD, FhED L CHEHL /2
(Fig. 2C). —BIFE Lk 5 L A OFMEADZETH
PHFEIETH L0 hb LT, EHELLRL X
WL, Ya—bMEB1 r BBEORKRICE
DER LT L7, o FTEREERHEL
i, 3~4 5 FEBREELELED L,
Va— MIEREIIEGL, —HDOY 21— PDOEE
WARBE L 72/ A2 A U7 (Fig 2D, 2B). TDZ &
»h, Va— MI—EORELNRH L EMOFESTD
HBPE &L o THEZEL, KIRICABDHD
LEbhS. LAL, Kozak (2002) 1, W<{D2HhD
WEIHIWE - & 2 1E CCC (chlorocholine chloride),
Methyl jasmonate (Ja-Me) & 6-9% D ¥ =3 #E 5% in
vitro C, G. rothschildiana DIREEE #RAE L /- &
LTWwA7, —F, G superba T, TEYREMEE
W & s U 723 s & SR O MS BEHIC RS
B X DMERKESRE S N7 (Ghosh ef al.
2007). THHDERILE, STEFHRAMLR (B
SoMEBEEER, ARMEENEOEE) 2Nin
vitro CHFEFR D ¥ 2 — MIBWTRERR 2 FES
AU EeEERIE L T 5.

Custers and Bergervoet (1994) 1%, #MHEMAEIZ DWW
THRA S EBRELTWS. KELEDH,
M, % MEW, BEIOSBFLLF oL, HE
D—ERG % B ATEFIE D B O 2 & OFEFEAL
EEAONEERE Ui, ZomTHENSEIFLL
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Fodkim, REO—F5EEAZLWESTZ BV,
18582 L DRBAIERICBVTERO BABE L #
RITLIWC1Img ! OIKBEL 10 mg I' DEREICE
AHIEIZLY, 4~ TEOWEEIBELNIEH
HLTWA., SRR TS EF LIFO LMz bk
W TH LRI ENERE LTHNT, H
KHOWHEREZEBLIEINTEL. LrbZ0WFEE
WEHVWLI LT, bolEEIE (W11 8H)
TOROMBEERLFLZ EMNTE, G rothschildiana
DR Y L THOETFPEFITH S Z LARES
N7z ZTEHROREIL Y 2 — b OFEFIE DS,
G. rothschildiana 2B\ T, w74 VA7) — Ok
RUED) BT 720 B e s, ER, T
0 F—FOFRHBE TR A VAR L B mEK
TAMEER2-TBY, Za)t—HAEY A VA
(Gloriosa fleck virus), 211 3 —HE&HEEF A 7
4 VA (Gloriosa stripe mosaic virus), ¥ =27 Y &
4 7 % 4 VA (cucumber mosaic virus) 23815 T
W5 (Araki et al. 1985). 7 A4 VAREDFE L L
TEEEEIATHLLEEDLNSEY, JANVAT
) —bOMEIFZEOMBRY v, ¥ a— O
FE IS EIRAMBEN T WA DY, EERSDIHO
BERE I SZERIBICIZLE A D OD, FU X ) ICHEHET
B2 ANAT) —{EDAY v MIKEW, BiE
Bl 7at AL FEMETH S I & oS5 EOHEHES
B EHTE 5,

Custers and Bergervoet (1994) &, BHEDHF 5
LZHRLFETLDOIHEEDBA (3—10mg ')
ZHALZ. SEOETIE, NAAOLI mgl' & BA
40mg ' E I R EREYE L LTGRML
2. ZORERE, SRS 100% DEE (24/24)
TEHEHFEEBRERD I LN TEL. WYRERE
WEOMREZLETLZ-DICH A MH A= D

Table 1. Shoot formation in tissue culture of meristem and young shoot base explants of G. rothschildiana.

No. of No. of 75 days of culture 150 days of culture
Type of explant explants survivedx Total No;*of Megg no. of Total No‘.*of Mealr‘l* No. of
explants shoots shoots ( = SD) shoots shoots ( = SD)
Apical meristem 17 16 16 1+00a 80 5x17a
Young shoot base 17 13 68 52*17b 613 472 £ 19.6b

Explants were subcultured every one-month on MS medium supplemented with 4 mg 1" BAand 0.1 mg 1" NAA, and

2 g 1" Gellan gum, pH 5.7

"Explants which did not turn brown one month after inoculati

" Total number of shoots over 10 mm formed in cultures.
" Total number of shoots / number of survived explants.

d
on.

Values followed by different letters within a column indicate significant differences at P < 0.05 by Student’s T-test.
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Fig. 2. Micropropagation of G.rothschildiana by in vitro culture of apical meristem and young shoot base on MS medium
supplemented with 4 mg 1! BA and 0.1 mg ' NAA, and 2 g 1! Gellan gum. Scale bar = 10 mm.

A: right; young shoot base, left; apical meristem, 8 weeks after inoculation.

B: multiple shoot formation at lower part (B1 and B2) and top part (B3) of young shoot base explants 6 weeks after
inoculation.

C: Propagated shoots obtained from a young shoot base explant.

D: Formation of microtubers at the base of shoots.

E: Browned microtubers at the base of withered shoots.



8 MASAO YAMAMOTO

kinetin £7213 BA, A —F% 3 2 ® 2,4D 721X NAA
ZHAE LG TEEREEOMEE T2 Z0H
B, kinetin & NAA D AAHE T, 16.7% (4/24),
BA & 2,4-D T 333% (8/24), kinetin & 2,4-D T
120% (024) LLFROEERIIEIr-72. 0F
DM EAEWE L LT3 BA & NAA O AE
bEDVEMNIZo 7. MYHREREWEICOWTIZ,
TDZ (thidiazuron) DRMAS, ¥ a2 — b OEFEIZRY
EhHolz L OHEDH Y (Shimasaki ef al. 2000),
SR IBRE P LETH S,

% 72, Gloriosa superba var. lutea Z #H¥L & L7236
b G. rothschildiana & [FIRRIZETE L D IZFEELE
SR E L CTHWEDR Y 2— FOBEN L L, B
60 HIAICETAIZ TS 12 + 041 &, FEIHIFE
¥39 = 34K, EHITHE 120 HRIZIEZENENTF
340 + 328K, F 343 + 309 AK72 572 (Table 2).
O LR, SROYFERETEIMEAE L7-HhE
77 B X, G rothschildiana 7217 T & 7 { Gloriosa
superba var. lutea \ b HITH Y, TH D Gloriosa
ORI FRTH LRI RE S Nz,

F28 HMEUHREORERIEICK SHF
w B

70N F =¥ in vitro \Z X B REHFEIC BT,
1 EOFS THR-R72 L 51T, Custers and Bergervoet
(1994) & Gloriosa rothschildiana % ¥, Sivakumar
and Krishnamurthy (2004) (& Gloriosa superba M3
U HFRE LA NAEMERHIEFRE BRI ET
Wa L, BEENAY 22— bORERIE, 1BA
R NAA ZHWT-HED D 5205, EBEHLZ L N)VT,
EREIZEWIZ < v (Custers and Bergervoet 1994,
Sivakumar and Krishnamurthy 2004) .

—F, invitro THE L 7/NEZERP S DFRFITOV

TOHEIFIEE AL %V Kozak (2002) 1,
Gloriosa rothschildiana @ in vitro TR & 7=/l
POOREFFELHNE UTHL 2450 (REWLHE:

5C-10T -20TC -30TC, WEWEL LTEY— MEM,
7213 MS B~ D BA BmIMOA M) %A A7225,

WU 16 B TR D EF P IVIXA50%, 24 HHE
THRA76% EHEERILTHRFLFERIIEDS
Naholzd LTW5h. —K, Yamamoto (1990) 13,
B3 T U7z G rothschildiana D¥REZFIH L,
SCOKIRE 30COERZ FelT TRE T 5 Z L7,
IR L 7-38% 2 & OFRSFFE IR TH Y, FHi
WX D EZ DU BREA L 15EMT, 90%LL
FORFERESIZELTVS, o TE2HTIE,

invitro CHEEIN, HKIRLTWaB/NNEEZREF X
572D DRI OV THRET L 72,

MR LUHE

EBIEICBW T Cinvivo THREL/DHERZ 3 H
MIEzMe L7t EEEIC L D, (1) <03g, (2) 0.3-1.0g,
(3) >1.0g D 3 7 IV— T2, KD 4 X DREM
HMEITo72. (A) 8C, 2 AR OMIEFEIZ 23C T 13
A, (B) 8T, 2 AMO#I2 30T T 13 :8M, (C)
23C T 1581, (D) 30CTI5BH. Zhdoi
i, 1 vFax—F - NCREETRUERIRET
ol HFUMHXIZ5 OOHWEZMEAL, KX 411
WEE AEFC20EOMEEZMAR L AHEDOSR
Fix, 1.5mm DLEDOZFEFRR UELZREF L L
TEHM L, BFWERZHZ .

BRI, PLAICARZIRTOREIEE
X, HREZEL-DIZ I MOFEEKETE-T, 9
Aead 5 10 A LA 38 15C ~ 30COREA
B,

RIS, ROEBBORP -8B X%E2ay ba—

Table 2. Shoot formation in tissue culture of meristem and young shoot base explants of G. superba var. lutea.

No. of No. of 75 days of culture 150 days of culture
Type of explant expl.ants surviveq Total No‘.tof Meaﬁl‘ No. of Total No;*of Mea‘l;ltNO. of
explants shoots shoots  ( = SD) shoots shoots ( + SD)
Apical meristem 12 5 5 12 *04a 20 4+32a
Young shoot base 12 8 31 39340 240 30 £309b

Explants were subcultured every one-month on MS medium supplemented with 4 mg 17 BA and 0.1 mg 1" NAA, and

20g1 Gellan gum , pH 5.7.

Explants which did not turn brown two month after 1nocu1at10n

" Total number of shoots over 10 mm formed in cultures.
" Total number of shoots / number of survived explants.

Values followed by different letters within a column indicate significant differences at P < 0.05 by Student’s T-test.
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LT, B, MWERFAEWE > afoBEA~
DOFEFMENREE Rz, WER, invivo THEL7-
ABEE03-10gDdID0EHVE. HER, EER
NORH T 723D 2 WEEESFITER L7, L
Xi, 4 X &L, BHoH 5 XiZOMS ¥HiiZ BA4.O
mg I', NAA 0.1 mg IV, ¥ 2§30 g I' 2750, Oty
HERAEME 7 ) —OMSEHIZY afE30gl” %
7w, Q@EBADOAR, D3IREL, FNFNpHS.T,
ERQgl, FHESOmM & Lz I bo—iig,
OEERNICERE ANT, HEOAL L. BE
AL, O-3F, 23C—E L L, ar bu—iig,
8C 2 AWM OKIRMIE R, 30C OEETUAL 7.
REHIIABRENRTICE Y I6BHARE L, Xk
E% 54umol m?s? & L7-. MLEM 1,2,3,4+ A
BIZHES 1.5 mm I EOHEFED Sz E
RIFEHEL LUCESH L.
ZMBORNRE M 5 20, FFEWERE—TT
BB S EAATICEDE, Tukey DEEHHIZEL Y,
p<0.05 THEEZEZRELN. T—71&, FHE =
EiEfR= (SD) THEL.

BRHIUEE

2EMOMAFEEOK R BEHNICKS 5~
40mm, HEE 0.03~54g ODWEPTER I N |
BEL7Z24B3EOWEDI B, BLEEEK W% =
203/433) OBREIL 03g KifiFZo 7295 10g X HE
WL D3 14% (60/433) 72572 (Fig.3). 0.3g
R OWEDOIIHKIL/Z 57278, 1.0g L DEWH
EIT 2T VR HBEL, ZOBBESTESE L
REIZL BT/ (Fig. 4). ¥E LT Gloriosa D
NEAL & BB AR 134 22\ (Samarajeewa et

L

al. 1993, Kozak 2002). Sivakumar and Krishnamurthy
(2004) EHNADPOFE LY 2 — PORERIC
IBA $7:13 NAA # W TR RZH/B T2, +
BIIBHETA7:00 5 REAELIELZ LT
& 7277572, Custers and Bergervoet (1994) 1, NAA
IR L 7235 T 4 B RREE LRI L7225,
FER U E TSR L T 0 AT ITIZR
Bl7z. L2aL, HESIIRERENDOY 2— F OER
WD U Tz b TBICBHER IS, ZO3EN
LREFTHH, TTIIREENTW Y 2a— MEE
NTLEITELRBELA. ThbnZ b, B
L7z Gloriosa Bt L, #ET 5 7:0ICI3BLERRK
BEETHLI LR RLTWA,

Akita and Takayama (1994) &, Yx—77—2
F—Y AT ATinviro TSNV Y T4 ED
IRAEEFZRTHRTE, ToJEeTI, B
BLEBICHZMNTEZ LN TED L invivo DIE
BROEREZHE L TV,

700 F—FOEFFREICBWT, BELEIK
BLTWARWELF—ICRF ST L-00ERHN L
FTMIZ % o T B, G rothschildiana 2 B \» T,
Yamamoto (1990) i, B CHIEFL 2y £
F7240-50g DHEE 8T, 2 HBOKIRE 30CH
i EA AL L, ALBEBAAA S 9 AR
BELALDRENEFLI-EHEL TS, T2,
EELRIK (1986) b IRIRILZED & DFEFIREICD
WTHELZ, EICHESE LX) BiF -y
AL, 5T -30 HH R U 60 HE QI TIiZ T
THRH L7225, 10T - 60 BEMEE, 30CTH
RILER U 735612034 3 A R G BRI R0 12 8 )
TI0%HEFLIZLLTWAE, wWiFhd 30CHEIR

mless than 0.3 g
20.305g
00.6-1.0g
21.1-1.5g
21.620g
m more than 2.0 g

.
'

0% 20% 40% 60%

80% 100%

Fig. 3. Fresh weight of microtubers produced by tissue culture of G. rothschildiana.
433 tubers produced from 12 explants after repeating subcultures for 2 years were classified into 6 categories according to the

fresh weight.
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Fig. 4. In vitro formed microtubers of G. rothschildiana classified according to their fresh weight.
(left: less than 0.3 g, middle 0.3 g -1.0 g, right: more than 1.0 g), which were formed by prolonging the subculture intervals

from | month to 4 months. Scale bar = 10 mm.

MBEORS, KB ZIT) 2 EDPERTH A
IR O R O ENICZ05H 5.

L E DOHF3E T, Yamamoto (1990) (ZHFEVY, in
vitro TR S M-3R IC R iR EE AL (LB X B:
8C, 2B DEIRALE, Hiv:T30C OFIRLHE)
ATV, 9 BRI 15% (3/20) A3%3F L7, Lol
ELOWEX TR UHRcRF Lo, L
L, M 15 BM%ZICIE, TRTORTHEFENRS
N7d, MWEFEICL > TEFRIZEDNH -7
(Table 3).

Lok bRMEMLRENEFICIE, 2EMD ST
ORI, F\ T 30C 13 BAMOEIRLIEDI S -
&L TH ) (LIEX B, Table 3, Fig. 5B, SE), 1.0
g L LEDOREDOFEIFHRITSS% (1720) 72-72. 8T
DRI, X VEVERED 23C o0 (g
X A) TIRFEFFEOMT #E U (55% 11/20) (Fig.
5A). 8C DIKIRME Z: L 23C ORI (L
X C) L30CoEmLA (UHEX D) T, 10%
L 25% DIERWIEFE 572 (Fig. 5C, 5D). Z OFF
i, KIRIINEEORIEFTHRICIRNTH Y, Z
NICHE L Bk, G rothschildiana D ¥ 2. — ~ DF
FIHRHTH DL L E2RL TS BEDFFIL,
BOHEITERWERR D - 7.

TEEEALER S 3 AR, IRE N TR L 7R CHERE
Lzl &, MEXBOHEEDL FLALTRTE
FEL, 03 g RMOIEEIZ 0% (16/20), 03-10¢
DOBREIT 90% (18/20), 1.0g LW EWIHEIT 95%
(19/20) DFIEHRIZ 572 NHHIC 03 g RGO

X, MMEXBUAMIBEELBEZICEREICBE L
TH0-20% &, (TLAELRFLLH o7z (Table3).

Ty HAEDL ) WMELREAFBIIBNT, in
vitro THEFE L 72/ N BEDOIRIEIL, 4T 3BM KR
MLEECARE S 17z (Akita and Takayama 1993). 7' 1
VA =BV ThH, FMEEIIREOIKIRITHE &
—FHREOTDITEITHREICBITEFRLIAL LT
FhTwb (Yamamoto 1990). Z DR EIL, in
vitro TR S /MRELKIR L T ¢, EHE (2
) OKIER 8T) TR TEsZ 2R L
Tw5., FhPLic, RO, 30CD &
WEERTLE T L5, FORFLRL, BHRE
FICLETH A, SRIOERERTIE, FEEICXD
FEL T NTORE ZDOBWEDFRIFIIIH 188
BASEESE 5 72, Kozak (2002) i, RO X
#ETY, 5~30CHO—EDRMELHELZ LTWa.
2y, KL DiE25CE 2L 30TORDITH A3,
BIFERPED o 2B, FIFFE TOHR DY 20~24
BLET, L2OBIFREIHNT0%Eo7. —7,
B3 T L-33E, Wy B0, 1 EMRER
BEE, A VFaxX—F—i2L ) 28 sCOEKIR
MBHIZ 30C OEIRMIEZ 1T - R R, KR
T DECHIBT% L EOBENKEIF L. 7272
L, MEOIHERIZ X W RIFET COMMARLD,

R R OB TE AR I B 2 A D IHETIE 9

HE, ERICEBL 2 WEOIUH#E T 13 B/ 0 8]
MASZENENLES? 5 72 (Yamamoto 1990). 712 1)
F — Y OB EFEEAMT O, MEEOKIRFT
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Table 3. Effect of thermal treatment on sprouting of i vitro-produced microtubets of G. rothschildiana.
Rate of sprouted tubers (% * SD)
Treatment’ 0" 3"
<03g 03-1.0 g >1.0g <03g 0.3-1.0g >1.0g
A 0x00a 35 £19.1ab | 55+ 19.1bc | 20 £ 163a | 55 £30.0bc 85 £ 100b
B 40 = 16.3b 60 = 163 ¢ 85 = 10.0¢ 80 = 163 b 90 £ 11.5¢ 95 £ 10.0b
C 0x00a 0*=00a 10 £ 11.5a 0x00a 0*+00a 15+ 100a
D 10 £ 0.0a 35+ 192ab | 25 £ 19.2 ab 15+ 19.1a 40 £ 16.3b 30 £ 11.5a

For each treatment of each class of tubers, five tubers each with four replicates were used (total n=20). Tubers each with

a 1.5 mm long bud was estimated as sprouted.

* A; 8°C for 2 weeks followed by 23°C for 13 weeks, B; 2 weeks at 8C followed by 30C for 13 weeks, C; Continuous
23C for 18 weeks without low temperature pretreatment, D; Continuous 30°C for 18 weeks without low temperature

pretreatment.

™ 0; data obtained after 18 weeks of the thermal treatment, 3; data obtained 3 weeks after keeping dry in a greenhouse

after completing the thermal treatment.
™" weight of a tuber

Different letters within a column show significant difference at P < 0.05 by Tukey’s multiple range test.

WM %28 T 5720, SiRLERNOKRLEDR
BEROHIE & B0 - RN EOMFPLETDH
B. ABFETIZ, invio THEL/NEBEOR RS
FUEREGTORBEMRIZ X AEEITFIC 2o
7o, TNz, NEEERPNEEICET AR
HEEBYB OB IPOERTHLLEZA.
BVWNEEII ERFREIERF T CoOMMIE
WIZENLEWRHELZERTEIEDVEMNTH S,
ZFOLDICIEARERIIBNT, T2 — MERH
SELEH R URERLG TR 2B EL, RIERE
BTEVWRELZ K S8R URREGICEB L
DENH L. BEEEIX, SH23CTELEDN &
Moo (2002) 1%, 15,20,25 30C xR HEL, ¥ a—
MEOHEINZIX 25 RO 0CHERTH Y, EVB
EOFEITIZ20THERL TV LHEL TV A,
G, INLOEGEMABSDEIREPET NS,
COREMERBR TR OBEFEIENP-728CD
KEREL 30COBREZHEAEDLELERE I PO —
VELT, 07-1 gD/ EZKGTZECREM] ET
BEL, BEFEMEESNLNE ) P EEYERERE
WESY aEOMELEO THRIET L. TR
FFFarro— e LE-@OoMERX T3 » A&
BOLNTZOITHL, BEZE 23CT—EICHEFRFL
72O~@OMBERIZa Yy ra—-LE )R, 14
WL 24 BBICHERTE . LdL, BFEREF T
%L, Eo0&0H 0, WMYRENHE, v afEs
J O GSOFEICED LT, BERICKELE
%75 o 72 (Table4).
O~Q@NMBEIXIK % EFLREH LIZH 720, F

FLAFRELIHRLA. 20720, REOHE
WO HAEE, ZIFEABEL, MUTELZVWED
WIER, TEICHZNTALENELSE. —F, &
MRIREEE L, HiRE EREFHASDEZODOMNHX
W, FEF TIIIRENA2 B8, 1ZT-FIHF
L, BFFEL 45 BRIZ0B3% L FED o7z (Tabled).
WIRRETH L0, BHFELTD—RISFPHET
LR, REZFRRTVHEIH o7, 2D
SEMG, aryiuo—vt L7-ERIRETSC oK
e 30COFRTHASbE/MIIT, EBEIFE
ZBWTIE, KEICHE) 2P TE, RHBELA
EEEBDLIEDNEVEWVI XYy MEHY, EAH
WThHHEERD.

38 EESSICKVEEL LREOHEER
® 5

70 F—Y D inviro EIHIZDOWTIE, WD
POREDDH 5, LW TR BEEERET
ToTHY, ZBOBEEZIELL, FEEREZHEL
EVI)HBIIEEOMARY vy, E2HIIIBNT,
IREAREERBLIEDNTERE o2t ZTD/h
BER, LOXHCEETHET A, T, BE
BRICEERZ VPO PLETH L. EoTH
3ETIE, INREZBS CHE L, REOEERD
CEBRERIIOWCHAT 1T 7.
s SUHE

BIFELARER, BERLEN—-2% 73 (VIV)
TRA L7-ALICHROER (N:PK=10:18:15) %
18584720 5g ANZZERE 15ecm DY = VR v MIHE
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Fig. 5. Microtubers with thermal treatment for sprouting buds of G. rothschildiana. Scale bar = 10 mm.
A: 8C for 2 weeks following 23 C for 15 weeks,

B: 8% for 2weeks following 30 C for 15 weeks

C: 23C for 17 weeks

D: 30°C for 17 weeks.

E: sprouting microtubers after thermal treatment B, 8 C for 2 weeks followed by 30C for 15 weeks.
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272, By Mk, BABET CRE 2CIE
EERE LIRS CEATEEE L. EBRICWE invino
THRONZIBRBEOY A X (<03g03-10g >
1.0g) DOHEFRF LML FEREO/INHZEIC
ONT 10 FRZMERL, 3 REICL D, FHEEHICHE
FEL7ZBRER L ESAREL WEL 3IAICRY
MY L, KIRFTBET A -0 RIERE 8T T
35 BRI L7, E 26 IR 2 N P:K=12:
025:12 (kga') & L72¥ =Wy 21240 40cm,
R Sem \CEREL, 8 HICHE (FEORSLIE, 1
DFEE) FEML, 12 BICREREY LIFCE
BEAWAL:.

Marnsiy, —aRESHRSITICEDE, Tukey
DEESWIZED, p<0.05 TEEEZHREL 2.

WEOWIERIZOVWTIE, SMORNCT =274~
Bk fiol. F—71%, FHHEEEFE (SD)
TEL.
BREIUEE

Ry MIHEZMT72RER, M2AATEACRF
UNESRICER L7z, RGBT, B
EaPEVENYD LR F L ICBL 72
(Fig. 6A, 6B). i EFOREIMEL L85 7 A
I, TSR SN BREZPIEL L (Fig. 6C).
AL -EOKE S, AN EOKE X
L HBA B o 72 (Table 5). 03 g & 9 /NS 2 BLEIX 7.0
g XD REGWELAE LU o7z LAL, 03-1.0
g OV ITEIEHIT 122%7%, 10g XD RELHWE
E25%BENEFNTO0gULOREZE 572 L

Table 4. Effect of thermal treatment, MS medium with BA and sucrose on sprouting of in vitro produced microtubers of G.

rothschildiana.

Treatment Rate of sprouted tubers (% £ SD)
and medium’ 1" 2 3 4
D 0*0a 13.3 = 7.7 ab 133+ 77a 20 = 6.7a
® 20 0b 20 0b 20 £ 0 ab 26.7 = 3.8 ab
® 13.3 £ 3.8 ab 20 £ 6.7b 20 £ 6.7 ab 20 £ 6.7a
@ (Control) 0£t0a 0*0a 733 +£77b 933 £38b

For each treatment of tubers in 0.3-1.0 g fresh weight, five tubers with three replicates were used (total n=15). Tubers
each with a 1.5 mm long bud was estimated as sprouted.
" @ -®; Continuous 23°C for 4 months, @ ; 8°C for 2 weeks followed by 30°C for 3.5 months
@ ; MS medium supplemented with 4.0 mg I" BA and 0.1 mg I NAA, 30 g 1" sucrose, 8 g I agar @ ; MS medium
with hormone free, 30 g I" sucrose, 8 g I agar, 3 ; Distilled water solidified with 8 g I"' agar, sucrose free, @ ;

Without medium.

" 1; data obtained after one month of the thermal treatment, 2, 3, 4; data obtained after 2, 3 and 4 months of the thermal
treatment respectively.
Different letters within a column indicate significant difference at P < 0.05 by Tukey’s multiple range test following
arcsin transformation.

Table 5. Growth and multiplication of in viro-produced microtubers of G. rothschildiana 5 months after cultivation in soil.

Fresh weight No. of Total No. of Distribution of tuber weight at harvest
Oﬁﬁgfd %ﬁﬁf h?ﬁﬁfd <10g 1.0-4.0 g 4170g >70g
<03g el 42a (4asigzaf 624§?zlm 02:305@ mo:faoa
03-10¢g i A G47g&2®(M5i28%)Q&6rimﬂ(n2£04m
>1.0g 30 561D (375 316.7 2)|(21.4 i1215.5 a)|(16.1 N 7.2 ab)|(25.0 1}417.0 b)
Ten tubers with 3 replicates were made for each treatment. :‘,

) rate(%) = SD of tubers ranked as cach class of weight at harvest.
Values with different letters within a column show significant difference at P < 0.05 by Tukey’s multiple range test
following arcsin transformation.
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ML, WA 3BEEOEIOHENPSIFEL T
BoN/Z 1.0 g RBOWEHIIOWTEEEREII R
oz L LI L Z-EHE, M T7-80%
DRESICEIVELR -/ 03 gRMOBREIT, HH
AT 30 FRICH LTh e 28 (Lafs) 7225
10g L RERBEEEZ 6 (195 THYH, K
XBER LVELOWMELAEL: (Table5). 0.3
g RiMO/NS HER, BFITHHFEF 1 EEETH
A, 10g L0 RELMEFT 2EEED Y, Th
FNOFEIMPRLRERE T 5720, BoNHE
BAEL hbEIOLNS.

in vitro BHEIZ X U 18 7- KREO/NRE T HELIRIC
X DEFEE, FEEEHRENLT LD, EZ LKy
MCHEZTICEIEANY AR Z 1T 72, ZOREE,
MIRER B3 - £B L, KEO/NRELZAS I
THIEHNTET: (Fig. 6D).

P EEEIELZRECERE, 30gLLTH
% (Kawashima 1983). #EEA&# O B L -3
Eix, IMETIETAZ30 g R E L, WHIEEREIS
BBEX iz, HELARMESRZ, 25101 1R
L7z, WHEL -3, KIRZ3T8ET 5 720 KiRIC
EBLELUENDY, ¥3r Al REICOE
NTEERITE L7, BEXERT S 5 RICEREFHR
A TED6 BICY Ay ACER L. 3
FLAFLACOWREIZIICEEL (Fig 7A),
A2y HBEDOSAIZ, 1.1-50gDWEDOH
10% (=8/74) BRU50g U EDMEDK 0% (=
12/15) SBAAE L7z (Fig. 7B). 12 HICHZEZ UL
oE &, 1.1-3.0g DIED 26% (=11/42), 3.1-5.0
g DIRED 82% (=14/17) 7360 g LLE L 7257 (Fig.
7C, 7D, 7E). K& 7% VFRIOBEL, ZOERMWIC
FNEN120FEHD (1HF 4720 30g U oK

Fig. 6. Cultivation of micropropagated Gloriosa rothschildiana after breaking dormancy by thermal treatment.
A: Growing plants in pots one month after planting of sprouted microtubers. Diameter of a pot=15 cm.

B: Growing plants in pots two months after planting of sprouted microtubers.

C: Harvested tubers 5 months after planting in pots. Scale bar =2 cm.

D: Growing plants one month after directly planting of sprouted microtubers in a greenhouse in July.
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%) 7% (Fig. 7F), DI /8 L THFMHEL
R A AT ISR D IHERR 2 2 fE 125 L, BTEER &
nhHEEZONA HRELLFER 31glEks50g
FFOWETIZH 80%, 5.1-8.0g DIETIL 100%
2560 g P EDBEE TR L 7.

Fig. 7. Field performance of micropropagated G. rothschildiana.

A: Growing plants in a vinyl house in its second growth cycle one month after planting of sprouted tubers.

B: Flowering of G. rothschildiana in its second growth cycle 14 months after first planting of micropropagated tubers.

C: Harvested tubers 6 months after planting of sprouted tubers of less than 1 g. Scale bar =5 cm.

D: Harvested tubers 6 months after planting of sprouted tubers of 1 - 3 g. Scale bar = 5cm.

E: Harvested tubers 6 months after planting of sprouted tubers of more than 3 g. Scale bar=5 cm.

F: A harvested boomerang-shaped tuber; @ arrows indicate the site of buds, ® arrow indicates an old stem. Scale bar = 5 cm.

& £ ® BF 3 T, Samarajeewa et al. (1993) &
Kozak (2002) 1%, in vitro THEFE L7270V F—
DIEOTREAEFEL, ERE Lo HEL
Twhb, SHOMETD, EOKREE, KoRLa
HEOHEBITOBHED L IZLAEEDLLTY, Wik
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BERIR SN h» o7 (Fig7B).
g28

I EXE (Calanthe) DEBITE

518
ZEIZRICL 2EFFEERV PLB OFE
# 8

HAELEABOHT, FICERZOIELAOW
OnORL, EAELL, BEMES S WEIS
V. F - BRTMEC X ATERMEAE, BN D R
o, B0l KEE, FHLEMICEARARSE
RO EAS = . BRI, BRI IC AT RE AT b1,
BHICXY, BRHML % CIEFEICES R MTED
ZLEHENTWS, LA Leds, ZhboffE
FEEMIIAT O TH L0, FHTEHEIC L 58
ZEDB| &I NLZEIIINTHL. FD20D,
BEREDOHRDITIC X 2 DEI» 5 OB FFICED
BIENTONT WD, ZOEFEHEL, FR 2 51
& FERICHIEENK L, L AAE e RTEL Y
MBI WEE-TORTETHD. —F, BE
SUTHAYYEF2—AREDET T, FIZ
EEERBEZIERE Lz A 70 VI TTh R,
70— YRR KBICEEINTWS.

IYRBORXY) 7a rBHEIL, FEFEICHEEE Eh,
Tahara (1977), Shimasaki and Uemoto (1987) 12X %
WEDDH LA, HERICHLFOEER OMFNE
THOMBIZ X 2750 L s, SHICHEELT
LHTICPLB M F 72 EHO Y 2 — MR
BENEHD, WMEDWIFREL> TR,

T VY ORI L 28I, PLBIC X
LA — IR TH HH, » VN F TIEEEEIC
X AMIHLME XN T WD (Sato er al. 1987). Hidk
BRI, AR L > TRAEERICR L&
FiZBND F— A ROMEBAETEHET > Ta v
4 N ORONEREVED BHES 5. FERITHEIEE DS
B, RAEAREDSRELTBY, EEEmICEET
HIETESICHGEERDEEINTWS (HF - &
[11988). Z DKL, ZETEMELZ DR ERED
Az ETLHARSHICAN, 4 FEERBHTRY
BEBEEERICIVFET L LNTEL (HF -
2411 1988). INFTHIYRBOHHEIE, EEHE
HWEMEHLTW225, FHERIETTW2RVY (Tahara
1977, Shimasaki and Uemoto 1987). 4-E, #itifkD

1

BB EBRSELIBREHELIT, AT By
AHEFEEOFERFELFIERCERL, LK
B O PLB DFE % AA T,

MBS LUHE
LETHEY AR TRELCwAFLE A
(Calanthe sieboldii Decne.) ® 11 A~ 7 B O ¥ % {#
AL7 i, EWERELCT RFZEHIE
0.1%DEALR PN a2y ABEE TS M T i
10 MRS, SO 1%DOREEZREF MU 7 A
BT s EE2E 10 SEEEL, 10% DLy ) —
VERTSHELZT I0RBEBLTRRALL. 2
o —HEORBEMIIZ BT, B BEONIERRTA
HOWhHEBREREL, RUFERWEAELE L7
WAL bBREIC, BREKTIETTERE L.
FOEEB L UM OEH? O EFRFMEEE VT
1 2w L 2 HOERIELZFOH 0.5mm DIFE RIS D
EESEARGZ Y0 Bo 72, EFSEMAIE, 25ml
DWARTERSA > TV 5 RERE (30mm X 200mm)
K LET MR, 2 EE/ FOEEREZEERE
THEEL.
<BE R ORGSR >

Gamborg B5 (B5) X #b (Gamborg et al. 1968),
Murashige and Skoog (MS) %538 (Murashige and Skoog
1968) & 12MS¥M (w71, 370, ARESR
DITRTOEZRZHRED 12 BEL L) %%
AREMELTHW, YafEREld, MSEH#E
12MS #1330 g 11, BS¥H#E20g1 & L7z &
B 23R AV E & L C, N-benzyl adenine
(BA) & a-naphathalene acetic acid (NAA) # & F &
FRBETHAGLETHRML, 01 7213 10N
DONaOH /23 HCLIC &K Y pHS7 & L7z v afE
TEREIL, BS BT 2%, MS BB XU 12MS B
WTIE3I% & L. ZO3IBBEOELEMDFNS,
FARR DIREEN & 5 ETEHROEFER L LD 7201
BS i EIRL, FOMBE RO L ) IHE LT
CaClL % Bk < % & % 5% (NalLPO, * 2H,0, KNO,,(NH,),
SO,, MgSO, - 7TH,0), CaCl, & # & & # (Fe-EDTA,
MnSO, - 4H,0, H,BO,, ZnSO, * 7H,0, Na,MoO, -
2H,0, CuSO, * SH,0, CoCl, - 6H,0,KI), A # & &
(Nicotinic acid, Thiamine * HCI, Pyridoxine * HCI, myo-

" nositol) @ 3 DIZ5MF, ERER LM, 1245, 14

il L27 X% E L7 (Table 6). CaCl, 374K,
ERERICEDLHY, TORBTREREES T
57 OMBERIZZO TR 72 i, A—172
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Table 6. Results of the shoot meristem culture of C. sieboldii in media containing different concentration and combination of

macro, micro and organic elements of B5 medium.

Strength of components Survival Type of the Type of the
Medium (ratio to the original medium) rate” cultures in cultures in
No. Macro Micro Organic Number % B5-9 ; B5.—16
elements elements elements medium® medium”
1 1 I 1 1/8 13 -7 =
2 1 l 172 0/8 0 = -
3 1 1 1/4 2/8 25 = Al
4 1 172 1 3/7 43 = =
5 1 12 172 5/7 71 C1,SP1 SP1
6 1 1/2 1/4 3/7 43 = =
7 1 1/4 1 8/8 100 C2,A1 AblLAl
8 1 1/4 172 6/8 75 C2,Al PLBI1,Abl
9 1 1/4 1/4 6/8 75 SP1,Shl Al1,C1,PLB1
10 172 1 1 2/8 25 = =
11 12 1 172 0/8 0 - =
12 1/2 1 1/4 0/8 0 = =
13 172 172 1 2/8 25 - Shl
14 172 1/2 172 3/7 43 - Abl
15 172 172 1/4 2/8 25 = A2,Shl
16 172 1/4 1 6/7 86 Cl,Al Al1,Ab3
17 172 1/4 172 7/8 88 PLB1,Shl Cl1,Abl
18 1/2 1/4 1/4 4/8 50 C1,Shl Cl1,Abl
19 1/4 1 1 0/8 0 . =
20 1/4 1 12 1/8 13 - =
21 1/4 1 1/4 0/8 0 - -
22 1/4 172 1 1/8 13 = =
23 1/4 172 172 1/8 13 = =
24 1/4 172 1/4 1/8 13 — -
25 1/4 1/4 1 5/8 63 A2 Shl
26 1/4 1/4 172 6/8 75 A2 Shl
27 1/4 1/4 1/4 5/8 63 Al =

Four shoot meristems were cultured in each medium.

" Survival rate (%) = [Number of shoot meristems survived / (number of shoot meristems plated - number of shoot
meristems contaminated)] X 100. Survival rate was investigated after one month of culture. The percentage in each
medium (No.1 - 27) was calculated from the total explants cultured in B5-9 and B5-16 media.

? Growth response after 3 months of culture. — : shoot meristems turned brown and died, A: shoot meristems which
were slightly swollen but did not turn brown, C: callus-like tissue, SP: shoot primordia, Ab: abnormal structure
growing leaf primordia, PLB: protocorm like bodies and Sh: shoot.

YB5-9= modified B5 medium supplemented with 0.02 mg I'' BA and 2 mg I NAA.

¥ B5-16= modified B5 medium supplemented with 2 mg I'' BA.

V=702 1 120C, 150 HEEERRE L7,

BAWE, BB ORI XY R E 23 pmol

m? st @ 24 BFEERIEA L L, EEIX23CE L7
<=M O Ve >

FEL-PLBEEWIE, 5~6MI4E LT FAA
(0% % 7 — )V :kn=1 v KBEEEE=90: 5: 5)
TREE L7,

BE5E L7238, n-BuOH o)) — A2 X b iK%,

NG T4 TEEL, 10~15umDYPHFELT, 7
5T 4 —IVREOAT MFY UTEE L, GFEEMES
WX DEE L.

HBRBELUEE
IEADOEEIZOWCTHERCH 5F 2FHT 5

Bh, BEOHETIINS 71 7 RRIRE I FR S
NTAT, FHEEY SHAEN 2B B2 LIdREE
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Table 7. Effects of sterilization method and plating season on contamination rate of shoot meristems of C. sieboldii.

Sterilizing method’ Plating Contarlnination rate
season of microbes (%)

0.1% benzalkonium chloride for 5 minutes April 8/32" 25.0%
I — 1% sodium hypochlorite for 5 minutes May 42/169 25.0%
— 70% ethanol for 5 seconds June 35/79 44.3%
— sterilized distilled water 3 times July 14/29 48.3%
Total 99/308 32.1%
0.1% benzalkonium chloride for 10 minutes November 4/137 2.9%
I — 1% sodium hypochlorite for 10 minutes December 1/85 1.2%
— 70% ethanol for 10 seconds March 0/31 0.0%
— sterilized distilled water 3 times April 0/32 0.0%
May 9/153 5.9%
Total 14/438 3.2%

" After removing leaf sheath, lateral buds were sterilized for 5 or 10 minutes in 0.1%(v/v) benzalkonium chloride
solution, for 5 or 10 minutes in 1%(v/v) sodium hypochlorite solution, 5 or 10 seconds in 70%(v/v) ethanol, and finally
rinsed three times with sterilized distilled water. After these procedures, apical meristems with one or two leaf

primordia were excised.

™ Number of shoot meristems contaminated/ Number of shoot meristems plated.

T & % (Tahara 1977, Shimasaki and Uemoto 1987).
SROERTH, BEHTEITE, 25~48%DE
WERRTH o7 (Table 7). Lo L, BEFED
TIL, 0 ~ 5.9% 2384 L7 (Table 7). Tahara (1977)
2, TEADOEEIIBWT, Fir 3 AICERIRLAE
EHELERIEL, 5 PO IFLRREIE,P-72 L
LTw5, THIIEFORBRBERLAKRTH Y, &
BHEITIE 4BXU 5 AclkiRLTeB LT
ADIE) BHERREIE» o7 Zhid, 11H~3A
OIS LEY, FONBERELTVBLE
DIF) A, TERLTAKELHNIICEAT S Z L2
LEBMERIRENE-RTwWE DR Bbh
5. L2L, BEFEL 251200, EHFERL,
THESMELTHET 5 4 AU, MAEWIZEA
LedTWweEEbRE T/ sAPS10 81, K
ENFEL, REIWEL D720, EREMETT
BEEZDY BAEE IR CEETH L. SEO
BEHEZ, 12 ~4 AOZXPLEIIPT THED
REMEVIFBICORBHTE 2 HETH LA, 13
PTHREESNTWEIHEL) LHETCEHNTDH
%. Tahara (1960) 1, FZKEHEREA VT L
T 60 AFEMB L, 3 AD IV DIEEEIZ 0% (0/78)
Thh, FLERTIZ13% (972) #Z2o72. LHL
5 HICIZEREE T 2% (2050) LB koo bk
HLTWwWA. F 72, Shimasaki and Uemoto (1987) 1%,
BREZELS T A0, 5 FICHIFEEBIRE (N
INNT) ALY DBEL, BEBEURKRLT

BAERICELT, MELLZY 22— NORFORE
HERAERE L, BR2ERL: SEOEZDOH
Bix, COFEIV VBB LAHETHY, HERFEO
Bl %A5ATEZ, BbT2r59%ThHhH, EHE
BRELIAZWVWEWZ S,

<EARERORE>

B5 3G, MS3E#, 1/2MS B5iE AR E LT
W L7z, BSE#oRBREN RS R, EEH
MOREE1 » ABOEFRIT, BSEEHTIIS45%
EEL, MSEHTIX 15.7%, 12MS B Cid 4.0%
72 o 72 (Table 8). Tahara (1977) & Shimasaki and
Uemoto (1987) 1%, ZEAKEME LT MS iz o
TW5, BSEMORA 4 Y iBEIX31.9 mell & MS
Rt 49.6 me/l £ 1 K25, 12MS B D 24.8
me/l ICBRBEFBW., —F, BHOMBEARS L,
BS KO NH, &, BA A4 Y i2E05E67%°64%
& MS B8 12MS 35 H D 41.5% 18R 5 L WA
K & MS B T¥ 1/2MS 55D 403 % 128X, BS Kl
X 774% £ BV (Table9). L2L, A4 oM
B BS B3t & MS R U 12MS B3 Tk SO TK
EREFEDOLNT. FOD, ThonfF #

ROENF T FOEEEE B D EEEI K
CLTwaAb LGV, Y3 BREE, MS RO

12MS HHild 3%, BsSEHIIZ 2% & EAaD, FO%
BHEZoNLED, SHEITHASHTIE ah o7
IV RAOEEERIZBWT, BEOHETIIER
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B L AMEib TV Az (Tahara 1977, Shimasaki and
Uemoto 1987). S-RIOBIZE T, WA 2z EAL,
fE4 2 MiEOEEREEE L LTw 5. #AREER,
gl D SRS MY RFAEY L PR TEABR 2RI
B EREL TS TE, SR LRBERIC X Y ETE
HMBOME - ME2ERL3E, S HITHESR LMK
MPEICEMTAZLICE Y Yo — MOk EIPH
L, Ya— MNEEOEIMPSHRFINS., AT
VAOHHEENREL kolz—HE LTIE, BIAEH
12k B MEEEEZEOFH»E 2 51 5. Hoppe and
Hoppe (1987) 1ZRFRZEET, BAEMELEAL,
I—0 v /NOHAET ¥ TH B Ophrys apifera DETE
BRI LTV 5.

Table 8. Effect of basal medium on survival rate of shoot
meristems of C. sieboldii.

Basal medium Survival rate

MS" 3/757 4.0%
1/2MS? 8/51 15.7%
B5" 42/77 54.5%

" Concentration of each element for each medium was
full strength. MS medium was supplemented with 3%
sucrose, and B5 medium was supplemented with 2%
sucrose.

? Concentrations of macro, micro, and organic elements
were reduced to the half of MS. 3% sucrose was added.

¥ Number of shoot meristems survived/ (Number of
shoot meristems plated - Number of meristems
contaminated). Survived shoot meristems were defined
as those not turning brown after one month of culture.

<HEYRRALDEOHE>

FEARKEHI BA & NAA #I0 L TR R R A%
WEOMBERET L7, MS BH, 1/2MS 5B
W, AFRMEL, BRLUAEEARNITIEA
ERIELT-Z &h s, BHEREMITFED Shlho
7 (Table 10, 11). B5 ¥ TIX, ER LMD %
CHEFL, BARBREFBWAPETEFRIB
ERA3 - 7225, NAA BEEIZ OV TIHERD T o,
2T, YR EREMEOZEIHO»TIE R
o7z (Table 12).

BEOREIZ L B LEMERFREWEOERIL,
NHEEORXZIICE s TR > T A, Tahara
(1977) 12X B E, TEREFIEXDEERDLLE
BRE%Z2H A X (1.5~20mm) 2FEELHER,

BA & NAA O#FNZ PLB F 72137 VW A RMEEOFH
Bl H o LTWwAh, LA L, Shimasaki
and Uemoto (1987) X, = ¥ & (Calanthe discolor)
DETEMMIL, WY ERAEWELZRML %\ 1/8
RO MS BT X1 iREHEBE U PLB 2B L
72& LT\ 5. Cymbidium ‘Sazanami var. Harunoumi
DEBZRICBWT, RBEZEWRENEDE DR
BiE, EEHBOKREE, TobbEREORICL
D E7% 2% (Kim and Kako 1982). MWK EREWH
M ZVGE, EHOAFEE, 420 L 6D
EREZFHOGEIHBHE VD (70-100%), 2
DEFEOHE, EFFII30BITET LA LaL,
BADHMICL Y, 2MOEREL S OEIEMAMRT
LEERKITB0BIHML A A, ETHMAM
DFERIZIE BA DTRMIIBARTHBH L2 5.
SEOFERLE I NLOHERPS, FTUROEH
DEFIIIHEY R RNEDEPERTHY, EED
A& S (EREEOH) 12X ) EFICERINLHEY
RN E OTEBLIRED R 5 R = V.

< BS D EBERDRE>

EAREME L THRDOEFRIE P> 72 BS BHO
<wru-3Is0 - AROZERE 1L 124 14
R LTHAADLETITo - EEREE 1 » AROR
BArTable6 R L7, I 7OEEL 4L LT:
B4 (3EH No.7~9, No.16~18, No.25~27) Tii,
I~ nEE, BEEZRNL 12, 14EICHE
b oY, AFRIL 75% (53/72) L BEHh o7z (Table 6).
L2Ll, I70BFEN1BOL ZOEFERITE3I%
(6/72), 121D & 13 333% (21/68) LKL, 3
JOUBEZEDOBELERED 7. I JuBERISEE
BYIZf8) < B & LT, Ichibashi (1979) i, Fe-EDTA
ZBL I Z0BERORME, V7 VOEEDOEE R
W, I7uBEFRFRILIEFRERER Loz
LCTwb. ¥72, Ophrys apifera DETAEREIIB W
THT I HUEZEDCH I JUEZDOLRLVET
BALESEBEZEILL), BVEEREZBBTVS
(Hoppe and Hoppe 1987). T Y XABOHITIE, W5
PR LA, BEFENPLENSH I L%, Shimasaki
and Uemoto (1987) STV A DEEFEIIBWT MS B
WOWEL 1~1/16 FETHET L7-&ER, 18L& L
PR A ATEREL Bo b MELTVS. Ih
LOWERNDL, Ca* I 7 uEZEORIH LY 23
OETHAMOEFPCPHBIEL TWE EEbNA.
XERE3 » ABROBEYEZ, ZOBRICIDK
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Table 9. Ionic compositions of the various medium for the culture of Orchid.

% of cations % of anions Total
ionic
Medium NH, | K° | ca® | Mg | NO, | BPO, | SO Ct‘r’:;zrr‘l
(me I
Knudson " 38 9.3 42.6 102 | 42.6 93 482 19.9
Vacin & Went ” 374 | 34.6 18 10 29.1 10.3 53.8 20.3
Murashige & Skoog *' 415 | 403 | 12.1 6 79.4 24 6 49.6
1/2 Murashige & Skoog ? 41.5 40.3 12.1 6 79.4 2.4 6 24.8
Gamborg B5 ¥ 64 | 774 6.4 64 | 774 3.4 12.7 31.9
Germination medium
for Calanthe furcata® 63.7 6.4 20 10 10.4 80 9.7 20
PLBs proliferation
medium for 25 38 27 10 60 17 23 20
Phalaenopsis ®

1) Knudson (1922), 2) Vacin and Went (1949), 3) Murashige and Skoog (1964),
4) Gamborg et al. (1968), 5) Ichihashi (1980), 6) Ichihashi (1992)._

Table 10. Results of the shoot meristem culture of C. sieboldii in MS medium modified by the combinatjon of NAA and BA.

NAA BA 0 0.02 0.2 2.0 4.0 total
. U 6 | 1| 16 21
1/4 0/3 0/2 1/4 0/2 215
Bi00 2 7 | 12 ] | 22
' 0/3 0/3 03 0/3 03 0/15
. 3 8 | 13 | 18 | 23
' 0/2 0/2 0/4 02 0/2 0/12
2o [ 4 9 14 | 19 | 24
: 0/3 0/3 0/4 0/4 0/3 0/17
20 5 | 10 | 15 | | 25 |
' 0/3 0/3 0/3 0/4 3 1/16
total 1/15 0/14 0/16 117 3/75

* Treatment No.

*% . . . .
Number of survived shoot meristems / number of non-contaminated shoot meristems cultured.

Survived shoot meristems were defined as those not turning brown after one month of culture.
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D65 ATIHELT: (Table 6, Fig. 8). #1471
BEEIHLTMPIRRER BF:A), ¥4 7217 a2—
P (£IE1~2 KDY 2 — P, —EB5~10 &
DY 2— MEK) (K5 :Sh) (Fig.8A), %4 7 3:
HVAKAERE FEERODALLEEFEBNILDY A
7) (W% :C) (Fig.8B), ¥4 74  WHiEEEs A
7 (AABROBE AR TREIIAL VNS 2o TR
HMgAHEEL, HLHMIZPLB RUH IV AR &
IR BY47) (W5 :SP) (Fig.8C), #1475
70 b a—LREE (BFREOBES 4 TLaROR
#4514 7) (B% :PLB), (Fig.8D). ¥4 7 6: 3%
FENRZELEELE M5 Ab).
FATIDH VAL, BsE#HoOv s oE
F2 NG IJuBERLTINE AREEZ 1L
fEE L, NAAO.O2mgl! ¥ aff 1% &L, 8% ™D
ERTEDI-FEHICERTHEHEL, Beio/
(Fig. 8E). D72, ANARICAZ =01, Bo
HARSAREERICL VHREETRERZ D AV R
RICRZ7ZEEDLDN B B 45EE (Shoot
primordium) &, I ¥4 b7 IRO/NESE CARMNE
PHEBICL WV AREWERICRLELICENLS F—2aik
DOMBAETH S (Hp - B0 1988). WEEKEIE,
REB OB EZECTOGRGHEEIEE L, BV HEiHEiEEL
boL N, WAL 2EENEEE,S, &

Table 11. Results of the shoot meristem culture of C.
sieboldii in 1/2MS medium modified by the combination
of NAA and BA.

NAEA 0 [002] 02| 20| 40 | total

o L el [u] [ie] [
o o2 [ 13 [om [ 12 | 212

0oy 12 2] [zl [ir] [22]
o2 o2 |13 [ oa [ 1n | 212

0o 131 [8] [13] [18] [23]
2 o0 [on [or [ [on | 38

,o |4l [9] [14] 1o [24]
: o2 | on [on [or [ on | oo

a0 |51 [0 [1s] [20] [25
Y o [or [o2 [ [on | 1
Rl | oo | s | 213 | 14 | 27 | 551

" Treatment No.

" Number of survived shoot meristems / number of non-
contaminated shoot meristems cultured.

Survived shoot meristems were defined as those not
turning brown after one month of culture.

PREEHCEBRT 5 2 212X D BB ICHALT A
%\ (B - 1 1988, &0 - Hdh 1993). Sato et
al. (1987) 12Xk 2L T YRR INFTORERIZLY
BoN-EEYL, BRRUOEEERD, OBEREE L
X547, WBEFHEFET B 54T, WEEHEL
LTS L5147, RUCNOPRETEIATS
Vb EDFEPDOLNTWE, KFETESN
FIUERAOWEEAER L, EEHO0.5mm OHW
T 7R T b oS TFHEIROM T, PLBICA O
5L EREL D WS- 7. RS
BEICL D, AR & AR R
WCHEEI N (Fig. 8F). ZTOZ &hb, AHZE
THLLNLEF IV X2 OHEEEIL Saoer
al. (1987) 7SHEIL 7B & B EEEIR
HETH54TThHHERDLND. WHEEEOEREY
REREEE, AVF TN a— bOZFREIEIZRE
BThh, MEREEXEFPFINLIRER, YOS
BRI L ) RE2BHEMUBOREL, SMEARTH
HORENEBRHICAMMELA- D LHMTE S
(BI%E 5 1990). F7-, BMEBEMIZIIT 2— b i2E
BT RE&SEABLBEORBEDIRETH L L EZ
AZLNBTELEEN, PLB bEEOEMTH 2
W26 RAEE, AEOLDEALTONHENL
Ehs (BsES 1990).

Table 12. Results of the shoot meristem culture of C.
sieboldii in BS medium modified by the combination of
NAA and BA.

N&EA 0 [002] 02 | 20 | 40 | total
o L [e] [u] [16] Ja
24" o3 | 23 | 272 | 113 | 7715
oo 12 2] |2l ] [22]
' 34 [ 34 [ 24 [ 353 [ o4 | 11119
o 2] 3] o] (il [z
' w3 |13 |1 [ 23 [ 212 | 814
o 1] 3] [l (Bl [z
‘ 23 | 3 on [12 [ 11 | 113
T (5] [10] [15] [20] [25]
' va [ 23 [13 [ 22 [ 34 | 916
ol | ons | o7 | 616 | 1012| 7114 | 2277

" Treatment No.

“ Number of survived shoot meristems / number of non-
contaminated shoot meristems cultured.

Survived shoot meristems were defined as those not
turning brown after one month of culture.
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B o I N
= oXon =N TR N

[+ R £

Fig. 8. Various types of cultures induced from shoot meristems of C. sieboldii in media containing different concentration of
macro, micro and organic elements of B5 medium (table 6) and section of shoot primordia.

A; Shoots (type 2) in 1/2 macro, 1/2 micro and 1/1 organic elements with 2 mg 1" BA (medium No.13, B5-16), B; Callus-like
tissues (type 3), in 1/2 macro, 1/4 micro and 1/1 organic elements with 0.02 mg I BA and 2 mg I'' NAA (medium No.16,
B35-9), C; shoot primordia (type 4) in 1/1 macro, 1/2 micro and 1/2 organic elements with 2 mg I'' BA (medium No.5, B5-
16), D; PLBs of abnormal type (type 5) in 1/1 macro, 1/4 micto and 1/4 organic elements with 2 mg I' BA (medium No.9,
B5-16), E; Differentiated roots from callus-like tissues (type 3) after transplanting on agar medium (1/1 macro, 1/2 micro, 1/2
organic elements with 0.02 mg I BA and 0.02 mg "' NAA), each medium was added 2% sucrose. F; Section of shoot
primordia induced in B5-medium No.5.

A-E; Scale bar = 10 mm, F; scale bar = 300pm.
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< PLB D&FE>

BA 0.02 mg I' & NAA 2.0 mg I' Z %50 L 72 BS %
H (B5-9) ®No.5 (Table6) TEHEINT-HWEFE
{2, BA0.02mgl! & NAAOO2 mgl' % ¥ f0 L 72
Nos DEREMICBH L5, 3 rARIC, B
LEREEFOEEICEZ L O PLB K S lz (Fig
9A).

< PLB (i#5E >
ERERICKEMERE, 5, AKAT AL PLB DO
R OELPHET B ho 20T, BOBMAERL (BS
Mo~ s 0EZIN, IBEX1R BEHEER
12, BA 2mgl!, ¥ atE2%) IBWELZ 20
BH PLBIZF KK - HELHED, BRLA
PLB DHEIFIZE { D/NE R PLB 2 HK L7z (Fig
9B). FEEICIERLICHEEAM AL, MAKEE2 »
A®%WCPLBEUIH 11 5, EEEIIH 10FICEN
FhEN L7z (Table 13). T Y X ® PLB OFFEL,
EBICHBETH 720, TOWERIZOWTIIIH
FTHRESIN TRV, BWHERZ DL ENT
V% Cymbidium ‘Sazanami var. ‘Harunoumi' "CTi¥, 0.4 g
D PLB £ % Cymbidium \Z 8% 8 % VARG FEEE H# &
LT ESN-BEHT e BMBELEE SAEE
A7 EIZHEM L T 5 (Ichihashi and Uehara 1989).
ZD, RHEEREFHIRRLY, FILERD
PLB 38583\, Cymbidium ‘Sazanami var. ‘Harunoumi

Fig. 9. PLBs induced from C. sieboldii by shoot meristem culture.

A; PLBs induced from shoot primordia on modified B5 medium No.5 (1/1 macro, 1/2 micro, 1/2 organic elements)
supplemented with 0.02 mg I BA and 0.02 mg I' NAA. B; Proliferated PLBs in the modified B5S medium supplemented
with 2 mg 1" BA. Scale bar = 10 mm.

I HENRTH
CORKRPH, FRIOEEFEZIZ, FIERIB
5, ERNLZRKEEERETHLEEZS.

E2HH
PLB ¥IEE D 1 7 R IRET
% 8

T URHEMICBWTD, SFETFhMEEMEL
Lz u— VR TREFO-DICS T I 2R
WAFIH ST &/ (Arditti 2008). LAL, K40
IR T AEHEZALPICTSEZLRESTEE
V. FORRITE A LOMBREEOMRIT T BIC X
CELNDIEHOFN S L SF) EHE EATH
HBLT& Z0X) RREOAF T, Ichihashi and
Yamashita (1977) ; Ichihashi (1978, 1979, 1980, 1991)
3, worDmITBY ABTRE, EEORE,
AN ABEFED 7= D DB A & VHERPHRA + Vi
B, NH; & NO; DI, A+ v LBA4 Dk
REERIZIVHFHLRZIToTE&2. O
FHWUT, &5k T v Bletlla striata), F5F€ >
31 % (Dendrobium tosaense), ™Y Vv  (Calanthe furcata),
K V¥ x5 o (Phaius minor), 25 2 7 5  (Phalaenopsis)
BEVLOPDT VORBED2DDOERICBNT
Blie A+ VR ERSPIC L.
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Table 13. Propagation rate of PLBs of C. sieboldii during subculture

Tnitial Sroyth
Test After one month of culture After two months of culture
tube Fresh Number Fresh Number Fresh
No. IO\Ifu ;?3;’: weight of weight of weight
(& PLBs (g PLBs (&
1 3 0.11 26 (8.7 056 [5.17 45 [15.0° 186  [16.9]”
2 3 0.12 5 [ 1.7] 0.43 [3.6] 23 [7.7] 0.7 [5.8]
3 3 0.14 12 [ 4.0] 0.53 [3.8] 35 [11.7] 0.97 [6.9]
Average 3 0.12 14.3 [ 4.8] 0.51 [4.3] 34.3 [11.4] 1.18 [9.8]

Three PLBs originated from same bud were plated in each test tube.

" Number of PLBs over 1.5 mm diameter was counted.
» Number of PLBs after culture / initial number of PLBs
¥ Fresh weight after culture / initial fresh weight

Medium: modified B5 medium consisting of 1/1 macro elements, 1/2 micro elements and 1/2 organic elements

supplemented with 2 mg 1" BA

MRBEIUHE
A, 5 PLB DFE

2 L3 ACLEBHEMARTEE L Twid:y ¥
< LY % (Calanthe aristuliferaRchb. £) & ¥ 7 % (C.
strigta R. Br. ex Lindl.) ORIRFOFZEH L. £
NZENOFEN D 10 ~ 20 BOF%, —HDOEERIZH]
L7

FEIX, BEWEBRELLE 01%DEX T
D= NEWT 105, 1%OREIEREEF M)
LB TI00H, 70%DT ¥/ —VEHRTI0~
0B LCRE L KRB, BEAKT3INE
TEERE L. ¥ a— N OFOMRFED HERER
HEHWTI VWL 2BOEREZHF OB L L
0.5mm DIF L RS OEESFHBEZI VN o7z, %
TES AL, 25ml OAIEHAA o T 5 HER
& (30mmx200mm) (ZHEZ, 2 [El&%/ 73D EE M
IR R E CREL.

BRSO T AOEBEBEETCEN THo 72
WEBSEH#H LTy -V L TCHAL
(Yamamoto ef al. 1991). = ® ¥ #1 1% 3¢ @ BS ¥ Hb
(Gamborg et al. 1968) Z KD & HITHZE L7z, CaCl,
B SEEFR (NaH,PO, - 2H,0,KNO,, (NH,),S0O,,
MgSO, - TH,0) & H#EHE (Nicotinic acid, Thiamine-
HCI, Pyridoxine * HCL, myo-Inositol) % 1/2 {2, CaCl, &

MEEFR (Fe-EDTA, MnSO, - 4H,0, H,BO,, ZnSO, *
7H,0, Na MoO, - 2H,0, CuSO, * 5H,0, CoCl, * 6H,0, "

KI) # 1/4, Fe-EDTA % 1/2 & L7-. ZEIEREFEICIZ,
I D% B5 B M 1T 2.0mg 1 D Né-benzyl adenine
(BA) L 20g 1" DY afERFRMLZS DA

pH iZ 0.1 721X 1.0N NaOH (2 & 9, pH 5.7 {ZFHHT
L, A= r2Z L —=712&L Y 155/ 120C TRER
BALEE L 7= R Wi, AREETICL YOG
23 pmol m?s! D24 KRR ERBH & L, HEEE
23TE L7

PLB 5@ D& Ed

PLB D /2D O HBRE MM ZH O 227 %
20, REEHOBRLZLZMBEOEH % EHHL 72
(Table 14). ¥EHX, BSHEHMOBA 4 ¥ LA 4~
AL X, FOHEE Table 15 2R L2 L HITE
b7 BAF VBEEIT20mel & L7 77,
A4y OMBERXIZRWT, PLBOEKRIZEIT S
WA d v DOFBEEZHLPIZT B0 NT
Y RE—REIZ LT

B No.l, 2& 40MBXOBTAF DT ¥
A, NHf & K PDAHE, —EDREICR-72 L
72355 C, PLB BEDE VL, NHY/K OEIZL 5.
INHD 3 DDMBRDFERD S, HED K7 NH}
DOHFEIX, WMHEX D No.l & Nod D) bEREBOEE
PRTHEREORELL, d LEKENNo2 ThHNI
X, ZRFER (y=ax+bxt+c) ZHEHALTHRAD
BEARTIREZHEETAIENTESL. MLHE
THRBD K/Ca?* F U NH,/Ca iE, £NZILHEX
4,56 LMHX 6,3, 1 DF—FNLRETHI LD
T& 5. ®WIZ, NH* K" Ca® ORF @R IEIE, K/
NH,", Ca?"/ K*, NH,"/ Ca** DE#EEN 5, 3 DD
TEZHILHNTES. DF ) K/NH OREME
%% bIE, Ca¥/K* & NH,;/Ca* 13, ab,c/d,e/fIZL D,
% LT NH,": K*: Ca* OIf# 72 EIE, bxd:axd:
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Table 14. The media compositions tested with different ionic compositions arranged systematically.

% of cations

% of anions

Medium

No. NH,” K* Ca™ Mg* Na’ NO; H,PO, SO~ Cr
1 70 10 10 10 < 70 10 20 -
2 40 40 10 10 - 70 10 20 .
3 40 10 40 10 - 70 10 20 -
4 10 70 10 10 = 70 10 20 -
5 10 40 40 10 s 70 10 20 -
6 10 10 70 10 s 70 10 20 -
7 40 30 20 10 - 80 10 10 -
8 40 30 20 10 - 60 30 10 -
9 40 30 20 10 - 60 10 30 .
10 40 30 20 10 - 40 50 10 -
11 40 30 20 10 - 40 30 30 "
12 40 30 20 10 . 40 10 50 -
Cont. 6.5 80.2 32 6.5 3.6 80.2 3.6 13 32

Each medium was supplemented with one fourth strength of micro elements, half strength of Fe-EDTA and organic
clements of B5S medium (Yamamoto et al. 1991), 2 mg 1" BA and 20 g 1" sucrose, and adjusted to pH 5.7. Total
anionic and cationic concentrations of the each medium were 20 me 1"

aXcbXe:aXe:bXfcXe:dXf:cXfZRWD, (b
X d+tb X etc Xe) /3,:(a X draxerdXf) /3:(aX
ctb X frc X )/3 = NH," K*: Ca®* & L THRELF%
ML B4 VAEROYE, NO,: HPO,:
SO> DUF Rz S E UHEIC & o THHE L 7.
DY bu— Ui, PLBEFEL-EHEFL
WEBS ¥ & L7, PLB ORAOFEEIX, B
BL7-005g &L, ¥EL1» ARICES R 72
£ADUERIZ, 10 KORBETBI ol ¥
EREL, PIBZFELLBEEALE L.
MEHLEIE, —TREOSMSTICE DX,
Tukey DEEFHIZ LD, ERFE p<0.05 THEE
TRELZ. F—%1%, FHEERRFE (SD)
TERL%.

BRRUESE

PLB O EIIEH D A 4 VHBIC L ) BEL
\J72 (Table 15, Fig. 10). ,
FUIYTIERTBWTIL, B # No.l, No.6,
No.7, No.11, No. 12 D EE# T, & A FI2B W Tl
No.6, No.7, No.11, No.12 D¥-#1C PLB X L, &
WHITER AR L7 A 4 VB X OH T PLB O
BERIE, NH QLRI WEH (BN &
Ca* DILFENFBVEH (BHh No.s) TIZHL 2

FHE S N22%, K OWEIINESVES (5 Nod)
TRBES N/ BEH Nod i, MEDOEIIBNWT
PLB IIZ&BEOKEZR L. T OB H Nod DA
F UMY hu—uRH (S BS ) o
BEFEBL Twi.

A4 VRER T, B4+ RERX L R
PLB DEBICEFAONN, BEORELRT
MEXIE, FYVIVIZEARE Y AR TELRS F
VIUIIUEARTIHIEHR N0 A, &4 A2 TidEH
No8 DRV L oz, T/, WMEISHWTEH
No.7, 8, IR2DOEEVEN -7, HHNoI2E, B
WEED SO FHEMICB VL EX SN,
B#No7 R 8E, avbro— vk L-8EBoE
AF VB EREREZRL, 5HOFEL WiFFEDT
VETH5.

Table 15 DFERIZETE, FYIYLUERES A
AMIERBE LRI E, RREEEOFHEICIVESL S
EATTE 72 (Table 16). BaA & VIZB§ 2 REOH:
HiZ, oY bo—-nEHEEULTYWS, B4
VEHICBWT, av b O— L BT L LR
BEHONOS 13, T3 b T — VB OR LS DS
HFTHY, HPO, 3 2FEDEETHo7z. av
b — VRS, RIETOETES RS O
PR LTCELONEHMTH 5 (Yamamoto e
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Table 15. Effects of ionic compositions in medium on the fresh weight of PLBs of Calanthe aristulifera and C. striata.

Medium C. avistulifera C. striata
Treatment No. fresh weight (g) fresh weight (g)
Cloriics] B R s R L S
10831007 ...... S s .
2 1.21 = 0.10 bc 1.83 = 0.23 b
L 3 1.21 = 0.33 be 1.70 = 0.07 b
Cationic
4 2.28 = 0.32 a 2.29 £ 0.15 a
5 1.47 £ 0.50 b 1.90 £ 0.36 b
6 0.67 £ 0.14 d 1.27 = 0.10 c
Contrl 1352013 b 091004 be
.............................................. 70721003(16 S S————
8 1.04 = 0.15 © 1.42 £ 0.19 a
Anionic 9 1.51 £ 0.52 a 1.10 = 0.19 ab
10 1.16 = 0.19 be 1.20 = 0.32 ab
11 0.74 = 0.06 d 0.75 £ 0.08 €
12 0.69 = 0.02 e 0.64 = 0.02 c

Initial fresh weight was 0.5 g. Fresh weight was measured after one month of culture. Each treatment consisted of 10
test tubes. Fresh weight indicates mean = SD. Same letters in each of cationic and anionic treatments for each species

indicate insignificant difference by Tukey’s multiple range test at P<0.05.

Table 16. Optimum medium compositions calculated for the culture of PLBs in C.striata and C. aristulifera.

% of cations

% of anions

Medium for: " T o o B ) ) 7
NH, K Ca Mg Na NO, H,PO, SOy Ccr
C. aristulifera 10.4 70.0 9.6 10.0 - 42.1 43.7 14.2 -
C. striata 10.9 68.1 11.0 10.0 - 43.0 429 14.1 -
Control
. 6.5 80.2 32 6.5 3.6 80.2 3.6 13.0 32
(modified BS)

Total ionic concentration was adjusted to 20 me I'' for each medium. Other additional substances were shown in Table

14.

al1991). # M7=, PLB HFHEE#IZH L 725513,
ETESD MR & 3R 25 WEEED H 5.

5 YR OMBIER L BT RFO-DIT, €k
WL O DR, 7z& z X Murashige and Skoog 5%
# (1962), Knudson B 3ZH: (1922), Vacin and Went
B (1949) ZEFEIHEDATEL LAL, &
NOED3IDOREMDA F VHERIIRESELZ T
HICbMb 5T (Table 9), MOBTHAM & DB
ZLBWTHLNTEWREEE ., B+
DOFEREIIMEIC L D8R0, HEEEOR AR,
B S B/ WHEIC X ) ol L7z A 4 AR DR b
FHRBETRETHSB. I O RIZD W T Ichihashi

(1980) &, 3D T >~ (Dendrobium tosaense, Calanthe
furcata, Phaius minor) DH DK% X, Hamner et
al. (1940) <° Takano and Kawazoe (1973) 12X 1)
BENZMAEE (triangle method) ZHWTHFEL,
INTNRBEOZWHEBLZH LML 2 D
tosaense, C. furcata, P. minor DFERITENEN, NH
K*: Ca?: Mg* =60: 15: 15: 10, 25: 55: 10: 10, 40: 30: 20:
10 TH Y, NO,: H,PO,: SO =70: 20: 10, 70: 20: 10,
70:10:20 'C @ - 7z (Ichihashi 1980). % 7z
Phalaenopsis DF\ NI 7> 5 F538 L 7> PLB 3 5H3E
DA F AL, NH: K" Ca?: Mg> =25: 38: 27: 10,
NO,: H,PO,: 80,7 =60: 17: 23 T & o 72 (Ichihashi
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1992a). CNOHDOWMESNA-FEHME KT HLEFY
IV ALY HFOPLBEEHE, B4ty
HRICELTIE XS BTW2, B 4 VBRI
LCWHEZ o T 72, IR L 2N
Ichihashi (1980) 2 X % & Calanthe furcata DFEH-3
A F VRO HPO, DEEA 0% DREH TR
75572 (Table 9). T X 9 IiC HPO, DHIEHUF
ICEWZ LI, TERBEOEMOREID Ly
DT, ASHIY AJED PLB I HBEEIIBW
TED L) e ZEZ XL TVWEOPHL2IZT S

CEDPLETHD.

E3M  invitro EFEL 1 2 H X DISELTR
% =5
BENICHEBINRTWAS S ¥, B2 Catleya,
Cymbidium, Phalaenopsis \Z B\ TREERIL, 70—
VR HBE L2BEICE, LI LIXRA 2 RE
EoTwh. TLTHEHEFRIZLY, BHEERD
HEOENHE S L TWw b (Tokuhara and Mii
1998). L2 LTV ABICBWT, ERIIOoWVWT

Fig.10. Results of PLB proliferation after one month of culture in 12 media each with different ionic concentrations in two

species of Calanthe.

A: C. aristurifera, B: C. striata, No. on each test tube refers to the medium number in Table 5.

Diameter of a test tube = 30 mm.
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DIFEEBNZ R\,

MHBLUFE

BIHOFTEREMEE UL L 7-ETaE
FEEHV, E28HICHWT, FH A5 PLB % %
ML, WAEXE/2. PLBIE, NAAOO2mgl' & ¥ 3
W10g1! &7 T H A 21" #iRINL 2% BS 5
HIZER L7z B3 0.1 N 7213 1.0 N © NaOH
F 7213 HCI TpHS.7 ICFHEL, #— 2 L—7T
1543 120C & E W R AL LU 72 658 BE 23 4 mol m?
s' OHBEIEST 16 hoday! T, BEEEEEII 23T EL
7z.

WAL IR 4~5 » B, 23 MOEITHE
L7:@ & 5~10cm O/NMEYIE, R SEEHZ Y
BRI E AB TEWTEHMZIZL, BELR
DIZDITFEEAF T —VDFRAICIEN, ZOFH
= —IVTHEW, 2~3» AMELL:. 20,
KENSBEOTHEAEZ, KET Lo THMEk
HWMLZTYv, REREZ SCE LV T ZBENT
4 FEHIEAN & MARIZEIET 5 £ THEE L. FiliE
L7z 100 fEEDIEOTE % FA L 7.

HBFRRFZED 202, WL R 2E% b
D2EED ¥ H F DO BEREDOILF L EDOHRE
FR2ERL, 7Vt v TaM U CObEEME
TEEL7-.

T/, BRLU-EROBEEE 7O -4 F A—
& — 2 & b DTS S N7 5 CHERE L 72 (Mishiba
etal. 2000). 7 51 & (Calanthe striata) OB L

Fig. 11. Micropropagated plants of C. striata.

A; Flowering potted plants in a green house in April.
B; Variation in flower morphology of micropropagated plants.

Each flower was collected from different individual plants. Scale bar = 10 mm,

P RECERLLBEROEVED LM Z
lem WD o7, INooE T, Hriibses
72812, 4, 6-diamidino-2-phenylindole (DAPI) A& (pH
7.5,0.1% Triton X-100, 2mM MgCl, & 2mg 1" DAPI ©
10mm @ Tris-HC1 #&{riK) WT, S8+ 4 7i28 D
INEHNATE, HEBE L 7B & S A T2 DAPL B,
KEMlERr 2 RETEZDIZ20um ST AT -
Ay VaTHRMBL, 70— b x—%— (CAL,
Partec Ltd. Muster, Germany) (2 & - T DNA & % ¥
flidc7z00% T ne LTiEs7. HNERER
5~ (Bletilla striata Rehb.f) % FV 7z,

FeRT LI, — TR O SR TICED &,
Student d t- FEIZ L D, fEMRE p< 0.05 THEAL
RELR =513, T+ EERFE (SD) T
FL7.

BREBR
ETERSRICE VMR L2 7 20 100 RO FTlE
2WEEBNTIEOTBEBRITIIKE R ELIT R
Mo 7z (Fig. 11A, 11B). LA L 2O 2 EEDIEILE
FOBKDOIEL IZHSCHEL Y, K& TERD
Hot: (Fig. 12). 70—H A M A—F— 2L D%
MClE, 202 EEETORICIERTHED DNA &
B2ETHAHILERL, 4R THEILEZRE
L7 (Fig. 13). 418613, 2 BEOTXTOIRDOT
HIZBWT 2RI b FEREICKREC, TEOMIX
8.4%, B E1320.1%, HFLTOIEIE413%, L=
Frid227% K& < 72 572 (Table 17.Fig. 12A). 4 1%
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Fig. 12. Flowers and transverse sections of petals and leaves of micropropagated C. striata.

A: flowers, left diploid, right: tetraploid. Bar = 10 mm. B: transverse sections of petal of diploid (B1) and tetraploid (B2).
C: transverse sections of leaf of diploid (C1) and tetraploid (C2). Scale bar = 100 pm.

{ Bletilla striata

§ Bletilla striata

v

[T £ e
[RER QUERTH

119 o

Relative DNA contents

Fig. 13. FCM analysis of nuclei isolated from young leaves of 2 types, 2x(A) and 4x(B), of micropropagation of C. striata.
DNA contents of the variants were estimated by using Bletilla striata as an internal standard.

Table 17. Characteristics of diploid and tetraploid of micropropagated C. striata.

. Width of Height of Width of Width of
Ploidy level flowers flowers etal (mm) dorsal sepal
(mm) (mm) P (mm)
Diploid 39.5*35a 358 £3.0a 63 *04a 97 *04a
Tetraploid 428 £21b 43.0 £ 23b 89 =020 119 £ 0.6b
Rate of increase" 8.4% 20.1% 41.3% 22.7%

Number of investigated plants; width and height of flowers, diploid=100 flowers from 100 plants, tetraploid=10 flowers
from 2 plants. Width of lateral petals and dorsal sepals, diploid=10 flowers from 10 plants, tetraploid=10 flowers from 2
plants.
" (Data of tetraploid - data of diploid)/data of diploid X 100

Data expressed mean *+ SD. Values followed by different letters within a column indicate significant differences at
p<0.05 by Student’s T-test.
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HORDMIES E 2R LI VEL 2, WiEH
BENFR 2 BAETIE 380 um, 4 AT S510um,
BIL250um & 300um & FNFN342%, 20%E
{ % o7z (Fig.12B1-B2, C1-C2).

HEEEINTEYS LIS LIS ELER 2 AT S
ZEPHSNT WS (Vajrabhaya 1977). T ¥ Tl
7 Fa ¥ A (Vajrabhaya 1977) 72 &% < D&
THEINTWS., INHOEROFITITBERR
BAILOFBEEREED DOVPRLN, BEILL
EEMAECIIIEOREL, HEYL, BE/LIERES
iz (H9 - BA1979). —F, 7 ¥ TR
VIR b R SRE SN, FEZMGEDS
DWEREBETH L Z & HEE N7 (Tanaka and
Kamemoto 1984). Z D78, EN/I-HELZE S/
DIZT IV T VB X B NBREEAROIER D RAA
5 1 72 (Vajrabhaya 1977, Wimber and Van Cott 1966,
Sanguthai et al. 1973, Griesbach 1981; 1985, Watrous and
Wimber 1988). IF a v F ¥ T, etafkEsfEm
L 7-4fMfKiZ, polysomaty (FFHIRRIZ BT 5 55
MABORAE) % DOPLB A HFHFE SN2 2 K PLB
KBVWTHRMICELLZ I HEINL TS
(Chen et al. 2009). T 7=, EEEEICLIVFEL
D ¥ 7 & (Calanthe striata) @ PLB % 7 10— 4
FA=F—THRELLLIS, 2 BEOMBLUAC
baEmRoMBEIrEVWEAETETAL TN T
polysomaty %7~ L7z (77— ¥ KRFEHK).

IV RBIZBWCIIERREREESRMEE 5 7272
O, MBEEICLIEROFERIIN TV RN, T
Y A& (Tahara 1987) <° Phalaenopsisis (Chen et al.
2009) % ELL DT UREMIIBWTS 4 512
FEHRIZHARTIEPIKEL LY, EFLRR B2
EDMOENTWS, SHOIFEIZBNTI I D 4
BHRTORMER Z LR TE, 2BEK X D lED
BVWEEMEYE LTERTH), 6123 F/HKEAE
AT ODEERLE L THEETHA. TD1-0,
AR L AHEOBETRE 2 4 BHHROEKE
HOMCTAZ L, aveF Bzl s ABM
ZREAREMAELARICCEABEO S I F4fE
RT LA TIZBOTELETHS ). ZOMET
B IC L I X 52 ¥ A BOMIEFiET
BLEIolRLI/u— 2 EBTEL75FThR
<, Bt RZfEM L7k A AT 72DICbF)
ROTHBEEZA.

BAE VAIAKRE

® B

AR BT Y A VA, HERINED
EKTAREEIZEBITRANZHRATHS. 7 V/FHE
WIZBWTH 7 A VAR L 2051, BIHER
HIZLBMEDEKTRHEARZFIESRIT0,
ERLGMEE 2o TwA, BIE, TERBIIBVT
X, QCyMV (Y Y ETVTLEFL 274 VR),
@CaMMV (T VY A MBEF A 2724V R), O
OFV (3 V2 ZFHB T4 VA), @ORSV (*+ Fr
Ry LY YT ARy FIALVR), ®CMV
(Faw)EFAL 794 NVR), ®BYMV (f v 57
VEWENA I TANVR), @TuMV (F TEHF A
7oA NVR), ®CYVV (Fa—NERE(LY AN
), @®CaMV (ZERXEHFAL 7 T4 NVR) D6RB
DT 4 WADFRE I N TS (Yamamoto and
Ishii 1981, Inouye et al. 1982, Hammond and Lawson
1988, Inouye et al. 1988, Chang et al. 1991, Gara et al.
1998). 7 A4 VAR LIPS 74 VA %2k
EFTEHEZOWTIIIT A VAR OFHE, &SRl
H, MEBSEELREVWODLOFENH L. Tz, &
FEHETIEIANZAIMED LT IA VAT ) —{bE
A ELHREINTW S D (Kawakami et al.
2008), FZFEMIIZBAOHTidh v, EEEZFHFL
ToRRREEERIE, ETRSD MBI A WV AREMME N
ZEDL, TANVRITER LEErL YA VAT
BETBHIIANLEFERTH 5.

MHRBLUHE

EIHEFEOBETCEERERICLIVFEL T
Y AE (©¥ ¥ (Calanthe aristurifera X C. striata),
¥ Hh A (C striata), TE IR (C discolor)) 75 FHE
L7-PLB & ZOXETEXFE Lo 4 VA
ExE{To7z.

CyMV, ORSV, CMV @ & % i3 ELISA (Enzyme-
Linked Immunosorbent Assay) {%T4T-7z. ELISA 1
FEVL, BAROFEL BB O PLB % 54 100 mg % %
¥, ELISAETHREL 7. CyMV, ORSV, CMV M
T A NVRPURE AP iR A VAGURE, HARNEY
HEmaE vz 2, BRik2ETEEMEEIC
LR L7

ELISA #:13, LT OFIHTIT- 72,

(1) ELISA 7L — M2 A VAHEK (y-F a7

U ) 200ul BAIET A, PuiRId 0.05M HEEES

MY 24 (pHY.6: fEFITERTIZFREE) T 200~600
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RIS 5.

(2) 37CT20 WCT—®) BETS. SL—
MIFET 5.

(3) PBST C3MELLEHEET S, 7L— 2R
+5EA T EEE, NaCl 150mmol I, BSA 0.5%
(WIV) DBEBTI—F4 2755 AEWER
ELTLT V= FE2ZEIILTEHE-20CT
"3 5.

(4) PBSTHTTY D DR L7HEFAEE 20015
F3 5. REAMDREIL 50~100mg/ml. B
#, 5,000~10,000rpm DL % 55 H B = 22w,
LEERS.

(5) 37CT2Hf WCT—KR) BBETA. SL—
MRS 5.

(6) PBST L Cs5MHULEZETS.

(7)  PBST T 200~600 f5IZAR L 7= AP fZilk 7 4
WV AFUEE 200 ul ET 5.

(8) 37CT4EH WCT—K) HETS. SL—
MITERT 5.

(9) PBST T5 MM EHEHT 5.

(10) 100%Y ¥/ — V73 VIS buT e
ZNVY Y I mgml! @MU E % 20011
SETA.

(11) BEET T 30~60 5HFHET 5.

(12) 3NNaOH % SO0ul FEL, Ktz EL 885,

(13)  405nm CTHREEZWUET 5.

BERRUER

LA FERVEFEMERICL 574 VAKRE
DOFEFR% Table 18 1278 L7z, ETHAFHE L2
ILTANAREL T aho/z 2 b8 EENLH
ELZPLBA» 5, 74 VAFRB SN ho 7z
T/, TANVABREL TV 54D S D 26 (THH
RDOPLB D) H, CyMV IZES L 728 Mkd SHE
L7226 £TED 6 CyMV DRREIIFED bz o 72
L22L, CaMV IZEEL TW-HBkhr b0 2 X8
HEDPIBDH) B 1 EEHD»SFELLPLBY S
CalMV 7SR S 7z (Table 19).

T ANV ARRG LR DETEIE, VA VAR
ALTOWRWPREMEW D, EEEZEIIAL
ARG U7 S, A VA BB B FE
Thbs. TANVAT7Y —%2ELIIE—#KI21E 0.3mm
BEDTICEEZRLZ EPLELENTWS. ¥
TV OMBEIZEREENFELNED, YT
OFITIR, EHOAEFRZ2ED, SLIIHEHEEES
DI HAIEEORES (23 mm) (CEEE
WMo Twa., FEIOREETIE, 05mm BEOKE
SICEEERH L. ZO8E, BRIY LV K
el TWTHLEEREIZLY 26 XTEAIKD PLB ©
3525 ZTHHRDPLB (96%) HS7 A VA7) —
otz BRYo1EHICHRTSPLB 4%) T
A NV ANERIIRETE %2 h - 72 (Table 19) 2%,
CD1EBEERUCHDPLFHE LM 3 ZTHHEKD

Table 18. Results on virus test of mother plants and induced PLBs of Calanthe.

Mother Mother Virus species” Number of Results on virus test
plants X detected in cultured of induced PLBs
plants of taxa .
number mother plants meristems + -
C. aristulifera
! X C. discolor B 4 g 4
C. aristulifera = 4 4
C. striata CyMYV, CalMV 4 4
C. striata CyMYV, CalMV 10 0 10
C. aristulifera
3 X C. discolor ELA, Calviy y : 4
C. aristulifera
0 X C. discolor CyMv 4 . 4
7 C. discolor CyMYV, CalMV 4 e 3
Total L34 1 33

Y —: Virus was not detected using ELISA test.

? Detected virus was CalMV using an electro micro scope.

CyMV: Cymbidium mosaic virus, CalMV: Calanthe mosaic virus
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PLB 2257 A VAP SN olz 1 ETED
S5OPLBA T A NVARKREL Tz, ZTHOH
HH A4 X535 4 IV ADH SN2 h o 72D XETEIC
HEBRLTKREDP>7-TREEIH B, LEOERIE,
TANVAERE L EAEHOMY kYA VAT
V-3 5012, EEERIIFECEFILZFRTD
AIEDRENT:, TUEARBICEETLIVA VAL
LT, BAEFTTIZ6BIEDTANADPHRESINT
W5 (Yamamoto and Ishii 1981 Inouye et al. 1982,
Hammond and Lawson 1988, Inouye ef al. 1988, Chang et
al. 1991, Gara et al. 1998). T U REIIBIEMPE L
TRZENIMEIS VI L2 b, £ OEFRIF
BELTWABE, 779 5VI2% BRI
BrOEMEY 2 SI2 X ) 7 A VAT IGENS
W, —F, ZRETICEAEHETIE, REHAIEY
ANAEG L2l OFERDH S (Kawakami et al.
2008). BLATIZIERY ICX W BEFLEEZ b2
AR\, FESCHRMREBICLY, FAEKDS
Bl lrol, SHICAIREIC X AL L
2y, EFEEHICLITEY RS PAILE
0, KEBROBRHPEAZZLPCEFLEEY D
OEEDPZEIER SN TWAS, LiL, FF#ET
i, W—LREE b oBEREREICHELZENTE
v, FlziE, KRBT, 6F - BICEN F{DLD
D, BELRLL, BELLTWREDOHRR L7F
B ofERREIC L DfER S LT,
JEICERFREIZ2S 0, SHICEROEBE TIZY AV
ABELTLEIWRER DD L. £0720D, 20K
) B E A NVAT ) —ORETHREL, 51
KEMET L LRI EARBORZEICE > THE
£BTH5H., T2, BEIFAE,LLBEINT- YL
DELHDTANVAEREL T EHENEE L, KROE
HrzRLTwiw, F2C, EEEERCLIBEED
L E L ADBZLRDLIEHEREZLEbNS.

B3E
HBEEE

HEREREVE ORI O 7 1 — BEREIC BT B Rk R
OFAE, ~T O fEY 2SI KEICHEET 5
LODIEEICAMLTETHL. LELEYWS, &
BEL SNBHPOTRTIZBNT, HEEIEINE
SEENTWB LW bIFTidhv., RXTIE, 7
S S HEMEAEF L SN TWwA ) F—H L

YRS DV CHERERA, NEIL T, BEER, U
4 VABEOTEEMZ LI oW TR O ER
1LICBE§ % BEDORE 21T 5 /2.

7 — Y OEPIFHEECB ) B ER OB
M2 RRE LKWz 0, MRS AW ED
T8 X T & 72 (Custers and Bergervoet 1994, Sivakumar
and Krishnamurthy 2004). L2 L, EHANZEM L
LCRELRATSRIRRICH S, £2CT, B1HT
X, WREEOMELER LD, OEEOREIRM
DWF#ITo72. INTTOMETIE, HERL L
LCEORmTRLBEDORFLTE2HEAL T 5.
—%, F¥EEILVREOREETIE, BLIEEL
h ol & HE &N T % (Finnie and Staden
1989). o TARWFFETIE, HFEIME LTEEE
WFEHRBOBREF 21772, ¥ 2 — F OHFEE(D,
R 7s HEgiiE, ETER 1, WFEETE 2%
L, 150 BBICIE, FhENSiEE 47215755
7o BRI ORVERE2» LD Y 2 — b OEhEI,
FOHBDY 22— M OWIEICHENRD Y, RHEHIC—
EHEOMBIZKE S EET S, AMRICLYETH
& ) SEERERAIMEAR E LT 2 — b DIEFEIC
BLTWB ZEWbhol.

BEEYWONELE, SRE~OBICEZRL, 3T 5
T2DIWEIATREFERTH A, 7y —HiZBn»
Td, invitro CHIE L7237 2 — Mg, LT 50612,
BRI L MO PONEBRLETH A, FRIZ
W NAA, IBAZREDA—F UV HBEFREINTW
% (Samarajeewa et al. 1993, Sivakumar and
Krishnamurthy 2004). L 7% LA EUE K Z - 72 EER
FLNVOBAETH Y, FERAIZIAT 723855 R ERD
VELEING, 270 )dF—Hogaidya—F
PG THY, REOHEZERT A LiF, FFIC
FREPH»20, EEEOHRDLLEE LS. —K,
RARHEY DOIGEIL in vio TEBEZ R EE L2 &
W&, MR EE, BILREONEA ML AICHE
VIRBE 2 570, EBICVY A4 E, FF¥ V7,
TF ay g ik EOMBREEETIE, nviro TERS
W7-HRRUC X BB TThN TV S,

FDid, 7ra) F—HTD inviro CHEZT
BEELFENEEZEZ o, BRERIITEY K
EREWEOHRMRPANE Y 7)) —OE# T X2
ZEND EWVHIFEDNH S (Kozak 2002, Ghosh et al.
2007). AWFATIIHABBEERTAHZEITLD,
WL 723 2 — M OHEL BRI EH T LN TE
7. L, 2OFTFTiE, KIRLTWwAED,




Micropropagation of Gloriosa (Colchicaceae) and Calanthe (Orchidaceae) 33

B OEOIRIRITRE HiEE S22 in vitro DR
EOKRIRITHRICET 2/ B2 1T o7, ZOHE, 2
AR SCORIRE ZDH 30COERICEL 2 &2k
DRIFEXEDHIENTE. WEIZ, %5 BET
THLRFTHIEDPD, BR-VEDRBJIIANT
1V FaR=F—HNTHHZNLTREICOAET S
TENWEEE Y, ERANLUEEEI Y TE
bor#EZONDL., T72, BFEL invivo HIED
BT, R OME L RBRICEENTEETH Y,
24545 Z & Tinvitro TREBE SN 1g L ELOBE
Db, 22%X7g L EDEI L LD, 0T
TORENHE L. 20X ) ITERREOEEA
HETEXLILICLD, SHBRERSS CHRRREEIC
T AEIHMEAEICRHTEALDEEDN
5. 7, BEERRIBFCEEIN P20,
L%, BRICIVEREEZAET 2P BT HE
SEOEMERET B2 LI ) AEE~OBEMR
WBAKNWE L BbS.

IYABTIE, inviro WHEIIWEETH Y, KEW
FEIZE L CITER S OREDVH®A TH S (Yamamoto
1991). TOHEIZED, THITHERRFH L
SNTOREFELREL, B%OFELRFBIIZ
LN TE T/, EEMEEBHES S PLB %
FHETHEAREBELBRETL, BSEBIFEL TS
ZL, HYBEEREDEORETICL ) BAWERT
HoHI L, EHITEMOERICOWTHIA S RETL,
FICERMEER 2 EARAERD 14 2BPTHZ L
&Y, EHFEEFPKIBIZET S Ebhrol.
OFER, TNETATELEbN TV 2F YLD
REHBEFUEEL 2D, SBROTEREOHIEIZD
W, EBREZHL I EDTER. ZOHEEREY
®H2D, FYVIYILEARL I HFDPLB ¥ HE
L, BEREEEHIC OV TRGET L7z, W oMBRE =R
BEiE, WCOIHBINTVEA, Lo R
DELTWEPIEITEBREER, ZOH,roHE
LI ZfH 5> T\ 4. Ichihashi i, RHEE
THWTY S VEOEEDOEER I VA DOYEFEIZD
WTHEL, 7 YOEBERREFAT—VETEND

A Z L % #E L7z (chihashi and Yamashita 1977;

Ichihashi 1978, 1979, 1980, 1991, 1992a). T ¥ % @
PLB OBFEIZDOWTIL, DX ) LEHMIFIENT
WBDIPDTF— & B3l o 2728, Ichihashi (1992a)
DFEC LY, WHEHORE R RAAT:. ZORFKR
FIYIYIIUERE S H AT, ZIZRAKOA A+ VM
BROERTH B Z LAFER SNz, SEORRX K

ETIF) v ¥ AL NH, K" Ca?: Mg> =10.4:
70: 9.6: 10, NO,: H,PO,: SO,>=42.1: 43.7: 142 T &

Y, %% A NH,*" K" Ca*: Mg = 10.9: 68.1: 11: 10,
NO, H,PO,:S0>=43:42.9:141 £ %), a ¥ bu—
VELLBSEBEMELT, BA4 Y TIENH,
DERERPEL, BAF ¥ TIE, NO; DMK L
HPO, DUEHNEL hoTwb. 4, ZOHHIC
DWTHLMNITELEND .

in vitro YE5E L 72X W I oW T, L O R
OREZ L2 LIRS\, T VR BWTIE,
BEEEREFHMEE Sh, ZOHER, 10%8BELS
BATEDLLENTWS (Tokuhara and Mii 1998).
S E, 100 ROBHEOHFT, 2RICTEIKREL RS
EWIHOEERFBRINS CRIZH2%THY, T
ERADERIIOWTE, FREFIDLRVDE, R
WZOWTIEMELRWEBbNE. —RICEEERIC
DVWTIREL ZEEPHREIN TS, EOFE
B, BOHBLZ Y, BHREBXTHLMCEED
MEAME L R BB D L5, BB KA, I
BOEMR FRZENMENE 22EELENS.
SENETEARBEL L, BEMES KL ) HEL
oz, COROIEEZRE LR TEOIRIZ8.4%,
BT 20%, BIEROIRIE 41.3%, B X1 34.2%,
ERCH OB 2.7% FnFndEmL, EOELY
20%EMLA. 70— A4 PA—=F =L BRET
X, BRO2EDODNAERFHFOZ LALLM, 4
BRTHDHZ LR EIN. PLBEHIE LN
i, O PLB £3» 5 OELIIEHES TH
L7z, aVveFVABEIZEY, BRI A4GEEE
WT5Z&EWMEETH S EBbh, S5 4184KD
Rz T, 2R EREL, 3RELZIEHRT S
CEDIREIZR .

DT A VAL, FFICRESEIAZAT ) WP
Lo TIRRERBIEE >TSS, TERIZBWT
b, BEPICTANVABETLHEVE L, BER
B SRR ARG L7235 A T IEN R IGHRIEIL
v, ETHIZ, A VARBEMELS, AREIVE
TR L LTE LR TCWAHETH .
o TAF TRV Y HAE, ¥4 EHDHFEIZ
DV, EERBEICLD VA VATY) —KEEH
L, SOIHESTHEBIETA VAT ) —EH
WEL, B - EAROHL LCERRBICBY
THRHENRTWS., EEXIZBVTY, -5
Y —FRAGETIANATY) — L W% CEE
BEINTVS., SEY A RIBWT, XTERERIC
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FOTANAT ) (LD RELR Z L ABEFES LT
L7 A —HFIZBNTHZFOW R L RT3
FERBHS .

4H, Fya)t—HE V¥ REEiEE LRk
BZERTV, S0 F—FHicBWTIRERIZED
LW TE T, TERFEIZOWTIE, Zh
FCHEEE SN TW-REWENETH S Z &8
FiFsh, SHIERIZODVWTHEMRLRERL,
TANVZT) —ALDERTE AL LAl
W, 5k, ZTAP S O PLB FEOHERLZED L7 &,
D FEHIZRNT RSN ETH S .

m =

I BT B EBEEOFBIEIAT a2 54
HIRC KBRS A 72 DIIRIER ICE D 2 FEET
HDHA, TRTOWPICB T, HEEEEICL 5
FEEDHEY. XN TWBDIT TRV, O3 TI,
WM SNBHO) F—H L TV R MR
FEEAMT, M LA BEEE, T4 VAREIIDON
THBOERLB L UHREIZOWTHRE 2 1To 7.
711 +—4% (Gloriosa rothschildiana O'Brien) @
EHE GF MR E L CTHRYFAEYWE D BA
% 4mgl!, NAA % 0.1 mg 1! L 72 MS ¥ # ¢85
EL72 ZFoRE FE 150 HEICE, XEITFEY
SERDY a— M, HEFEERIFHI2EKOY 21—
FEER L. Ya— MoK, OSEELFR LR
WTHRZEYETI LI, BXF15HT2
~3fEICHE R MAREOHMAERTAZ LI
0, Ya—1MrOERFIPREZER S S KR
LTWA/NNREZRFEEL20121F, 8CT2H#
B, #ilFT30C T 13 RFMOERMIEBERT, 1g
Y ED/NREDOHK 85% A5 L7z, MEERKIR
W& DIRIRFTBE S M, FR BRICK DFESEE L7
EHEIN, BELA/NRZIESEEREICLIE
FICHRRL, BEZER L 215 TR A7
S5g L EDIRED 80%IZFAIE L7z, fEDEFO TR
FRERAEREEOONT, EHNLEENERES
EVHENL T E T2,
IYREOMMBIEEIC L AHIINEETH Y, 13
EAEREN v, F VYR (Caanthe sieboldii
Decne.) DETHEZMAL L L THMEHE LML 72

M PNIHFTE S ARIRF 2 HERM B E T 5720, §E

ROBREHEZHEL, BED2HBEORERREE L
AR SHTH59%DHBERETTH, BHEHK
BHEPHEYTE BB LAEEEDIREEICX

D, WA THERERMOFEL AL, EAR
Bk LTI MSEEHL, 12MS 553, BSEHL AR
LR, BSEHMOEFRENMEL TV HEY
FEEYIHE X, BABME 21X BA L NAA O AS
bEFEI ol ESIEFEEEDHIFTHLHIZ, BS
E#Hov s oiEg IJZuEZE GBYO 321 h
T, FREFERULE 12K 145k L, ohE
HAE LM TEESREAREZER L. EF
KIII T OEEZ INEL L EPRIEP o7
WEBEREE, FEORMMEIC & % WA <k
BEEFICIY)VREBEMERSI ~NTusty N2
(Haplopappus gracilis) Tl 9 SEEHERE S W L
b (B -\ 1993). LarL, T oEHERT
BB FYNFTIL, PLBICIIEFARR Wearnenual,
HE&EEER ZhoDRKMIDH S (Sato et al.
1987). EE, EZHFFELLFIERIRVTD
HIREHEM A2 RIBMERET 5 2 L3RBT, —&i
PLB 2% L 72, PLB &HIIW LRI R #
WERTAZLICEIIBON, ThEAREmICE
ML7zE ZAERICHEE L7 B#E2 - A% O PLB
DOMWIEFRIIHT I, LEETI0HICRY, K&
WHEIZAIHTE L Z Edbhor.

COEFREFFIZIVFELLFY I E A
(C. aristulifera Rehb. f) & % J1 & (C. striata R. Br. ex
Lindl.) @ PLB ¥R HIZOWT, REEORL S
A F VB % v, RREEEIZE DIRET L 72,
PLB DRI DA F VHIBIC L Y K& L @E
ZF, BHEONH RUTCa* 12X YHES,
BHLEDO K ROHPO,; I & D RES N FHEIC
Y BB A 4 VB FI v ¥R A
WZBWT, ThEh, B4 ¥ KIENH": K" Ca:
Mg =10.4: 70.0: 9.6: 10.0 & 10.9: 68.1: 11.0: 10.0, [&
A % ¥ X 13 NO, H,PO,: SO>=42.1:437: 142 &
43.0:42.9: 141 THh o7z, Halile A 4 VH#HEIEa v
MO )v & L7z BS BT R LT, NO; 1B
ETh), HPO, I 2HETHo7.
HREEICI DML, BIELZ 100D 5 7 4
ERHELZ. 2MZBRWT, B0k, ficidkis
BRI olh, ZO2%OEIEKEL, BRIZ
BEhol. ERLUEDOEHEE, 70— b
AXA—=F—CXDHERL-FER TODNAEIL, T
DRIZEBRT2ETH Y, 4546 TH ST EHHRE
SN, FEEREEHRMEEOTA VAT —1L
LIERTE, COKR TEABICBITLEEN
HREICE T 2 R MRSE S
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@

ABFIE % FIT % O AR L EER T 51257
D, AR LEEES L OHBIEZB - - TEKR
ZREEZFHRER BAREN AR IR = IEEE
Tz VEHOBEEARLE T, I ARLE T
LHAHIIHIZY, HIED X OHKEZ B - - FH
B KFEYE IR AR =F et &
MBERFHEETNEIE HEE—HEL, XH
XxFLObIIH7-Y, HETF HBHEWn
PBLFEMERA J _R—Y a ViRV — 4 F
Y- LABENEST - A% E PRt T
EREREEL RS 7 FyR—Et, EBX
FEH vy — FLBBEL, jmlOkSghEdR

HEZEREK, KETHRIMAXEBARELEE @
IEZERICERFOELZRLIT. RBICHIELZV
eV RETHEYAREE ARBEREEL 21
LOMWAROKEDF 4, wobfiEFL <k
KRICOLE D E#E L ET.

5| FSCER

BEEERE KREH(1986). 0yt —H-axF ¥
ANT 4T T OFERFEICET 5% BEF4
FRIMESCER. BEAD 61 FERRMAREER | 61-
61.

Akita M., Takayama S. (1993). Resting period and the
field performance of potato tubers propagated in a jar
fermentor. Plant Tissue Culture Lett., 10: 255-259.

Akita M., Takayama S. (1994). Stimulation of potato
(Solanum tuberosum L.) tuberization by semicontinuous
liquid medium surface level control. Plant Cell Rep.,
13: 184-187.

Araki M., Yamashita S., Doi Y. and Yora K. (1985). Three
viruses from Gloriosa (Gloriosa rothschildiana O’brien);
Gloriosa fleck virus, Gloriosa stripe mosaic virus,
cucumber mosaic virus. Ann. Phytopath. Japan, 51:
632-636. (in Japanese)

Arditti J. (2008). Micropropagation of Orchids. 2nd ed.

Blackwell Publishing, USA.

Chang M.U., Chun H.H., Baek D.H., Chung J.D. (1991).
Studies on the viruses in orchids in Korea. 2.
Dendrobium mosaic virus, Odontogllossum ringspot
virus, Orchid fleck virus, and unidentified Potyvirus.
Korean J. Plant Pathol., 7: 118-129.

Chen WH,, Tang C.Y., Kao Y.L. (2009). Ploidy doubling
by in vitro culture of excised protocorms or protocorm-
like bodies in Phalaenopsis species. Plant Cell Tiss.
Organ Cult., 98: 229-238.

o I U B R R AR ET - 1B R v 4 — (2004).
BAOEEIE X OEFEIRE © 1829, BAOTEE
AR 2.

Custers I.B.M., Bergervoet J.H.W. (1994). Micropropaga-
tion of Gloriosa: Towards a practical protocol. Sci
Hortic, 57: 323-334.

De Hertogh A., Le Nard M. (1993). The Physiology of
Flower Bulbs. Elsevier, Amsterdam: 755-756.

Erhardt W., G6tz E., Bodeker N., Seybold S. (2002).
Zander: Handworterbuch der Pfranzennamen. Eugen
Ulmer GmbH & Co., Stuttgart: 450. (in Germany).

Environment Agency of Japan (2000). ‘Threatened
Wildlife of Japan: Red Data Book. Vascular plants. Vol.
8. 2'nd ed., Wildlife Research Center, Tokyo.

Finnie J. F,, Staden J.V. (1989) In vitro propagation of
Sandersonia and Gloriosa. Plant Cell, Tiss. Organ Cult.,
19: 151-158.

Fukai S., Fujiwara K., Okamoto K., Hasegawa A., Goi M.
(1997). Effects of red and blue light on germination and
protocorms growth of Calanthe Satsuma. Lindleyana,
12: 169-171.

Gamborg O.L., Miller R.A., Ojima K. (1968). Nutrient
requirements of suspension cultures of soybean root
cells. Exp. Cell Res., 50: 151-158.

Gamborg O.L., Murashige T., Thorpe A., Vasil LK. (1976).
Plant tissue culture media. In Vitro Cell Dev Biol Plant,
12: 473-478.

Gara I.W., Kondo H., Maeda T., Inouye N., Tamada T.
(1998). Calanthe mild mosaic virus, a new Potyvirus
causing a mild mosaic disease of Calanthe orchid in
Japan. J. Phytopath. 146: 357-363.

Ghosh S., Ghosh B., Jha S. (2007). I vitro tuberisation of
Gloriosa superba L. on basal medium. Scientia Hortic.,
114: 220-223.

Godo T., Komori M., Nakaoki E., Yukawa T., Miyoshi K.
(2010). Germination of mature seeds of Calanthe
tricarinata Lindl., an endangered terrestrial orchid, by
::élsymbiotic culture in vitro. In Vitro Cell Dev Biol Plant,
46:323-332,

Griesbach R. J. (1981). Colchicine induced polyploidy in
Phalaenopsis orchids. Plant Cell Tiss. Organ Cult., 1:



36 MASAO YAMAMOTO

103-107.

Griesbach R. J. (1985). Polyploidy in Phalaenopsis orchid
improvement. J. Heredity, 76: 74-75.

Hammond J., Lawson R.H. (1988). A strain of bean yellow
mosaic virus is aphid-transmitted from orchid. Acta
Hort., 234: 365-370.

Hamner C.L. (1940). Growth responses of Biloxi
Soybeans to variation in relative concentration of
phosphate and nitrate in the nutrient solution. Bot. Gaz.,
101: 637-649.

Hoppe E.G. and Hoppe H.J. (1987). Tissue culture of the
European terrestrial orchid species Ophrys apifera
Huds. Proc. World Orchid Hiroshima Symp., 104-108.

Ichihashi S., Yamashita M. (1977). Studies on the media
for orchid seed germination. I. J. Jpn. Soc. Hortic. Sci.,
45: 407-413.

Ichihashi S. (1978). Studies on the media for orchid seed
germination. II . J. Jpn. Soc. Hortic. Sci., 46: 521-529.
Ichihashi S. (1979). Studics on the media for orchid seed
germination. III . J. Jpn. Soc. Hortic. Sci., 47: 524-536.
Ichihashi S. (1980). Effects of mineral composition on the
seed germination and the seedling growth of
Dendrobium tosaense, Calanthe furcata, and Phajus
minor. Bull. Aichi Univ. Educ., 29: 177-190. (in

Japanese)

Ichihashi S., Uehara Y. (1989). Studies on the Batch
culture systems for Cymbidium protocorm like bodies.
Bull. Aichi Univ. Educ., 38: 145-156. (in Japanese)

Ichihashi S. (1991). Development of the media for aseptic
seed germination of Dendrobium. Bull. Aichi Univ.
Educ., 40: 95-100.

Ichihashi S. (1992a). Micropropagation of Phalaenopsis
through the culture of lateral buds from young flower
stalks. Lindleyana, 7: 208-215.

Ishibashi T. (1993). Clonal propagation of Calanthe.
Japan. J. Breed., 43(Suppl. 2): 136-137. (in Japanese)
AT, “EFEE BAGEER (2009). BEO
savyity [HF15] OFR. =R RERN

vy —WigEHE, 18:21-24.

Inouye N., Maeda T., Mitsuhara K. (1982). Cucumber
mosaic virus isolated from Calanthe discolor. Rep.
Ohara Inst. Agr. Biol., 60: 1-11.

Inouye N., Maeda T., Mitsuhara K. (1988). A strain of
Clover yellow vein virus isolated from Calanthe sp..
Acta Hort., 234: 61-68.

Kawakami K., Fuji S., Miyoshi K. (2008). Endangered
wild population of endemic Calanthe orchids on an
isolated Japanese island tested for viruses. Australian J.
Bot., 55: 831-836.

Kawashima T. (1983). The relationships between
flowering and fresh weight of tubers of Gloriosa
rothschildiana. Ann. Rep. Hiroshima City Hortic. Inst.,
117-119. (in Japanese)

Karasawa K, Ishida G. (1998). ‘Calanthe.” Yasaka-Shobo
Inc, Tokyo. (in Japanese)

Kim K.W. and Kako S. (1982). Effect of plant growth
regulators on organ formation in the Cymbidium shoot
apex culture in vitro. J. Japan. Soc. Hort. Sci, 51: 106-
114. (in Japanese)

Knudson L.(1922). Nonsymbiotic germination of orchid
seeds. Bot. Gaz., 73: 1-25.

Eoiate, AABRIE, )@, EERE, EHE 0
MEES, BAEA, LWOEz (1990). Hh A
F5rsuy—5M, () WEE)E  233-234.

Kozak D. (2002). Studies on micropropagation of Gloriosa
(Gloriosa rothschildiana O’Brien). Diss. of Agr. Univ.
Lublin, 261: pp72.

Kurzweil H. (2007). Taxonomic problems in the genus
Calanthe. Proc. 9 Asia Pacific Orchid Conf., 387-392.

Lee Y.I., Lu F.L., Yeung E.C., Chung M.C. (2007).
Developmental change in endogenous abscisic acid
concentrations and asymbiotic seed germination of a
terrestrial orchid, Calanthe tricarinata Lindl. J. Amer.
Soc. Hort. Sci., 132: 246-252.

Mishiba K., Ando T., Mii M., Watanabe H., Kokubun H.,
Hashimoto G., Marchesi E. (2000). Nuclear DNA
content as an index character discriminating taxa in the
genus Petunia sensus Jussieu (Solanaceae). Ann. Bot.,
85: 665-673.

Miyoshi K., Mii M. (1995a). Phytohormone pre-treatment
for the enhancement of seed germination and protocorm
formation by terrestrial orchid, Calanthe discolor
(Orchidaceae) in asymbiotic culture. Sci. Hortic., 63:
263-267.

Miyoshi K., Mii M. (1995b) Enhancement of seed
germination and protocorm formation in Calanthe
discolor (Orchidaceae) by NaOCI and polyphenol
absorbent treatments. Plant Tissue Culture Lett., 12:
267-272.

Miyoshi K., Mii M. (1988). Ultrasonic treatment for




Micropropagation of Gloriosa (Colchicaceae) and Calanthe (Orchidaceae) 37

enhancing seed germination of terrestrial orchid
Calanthe discolor in asymbiotic culture. Sci. Hortic.,
35:127-130.

Morel G., Mattin C. (1955). Guerison de plantes atteintes
de maladies a virus; par culture de meristems apicaux.
Rep. XIVth Int. Hort. Congr. Netherlands, p.303-310.

Morel G. M (1960). Producing virus -free Cymbidiums.
Amer. Orchid Soc. Bull., 33: 473-478.

Murashige T., Skoog F. (1962). A revised medium for
rapid growth and bioassays with tobacco tissue cultures.
Physiol. Plant., 15: 473-497.

“ETEE. (2010). Z0) A0 BEERR
2B BHEDTA - FERREAEZ 5 IZRFEICEE
I AU SR RERIt v ¥ — R ey,
% 10 5 ; pp66.

KEBK (1994). KW N4 T 7 OEFERE, P115
B 3.

Park S.Y., Murthy H.N., Pack K.Y. (2000). I vitro seed
germination of Calanthe citrina, an endangered orchid
species. J. Plant Biol., 43: 158-161.

Samarajeewa P. K., Dassanayake M.D., Jayawardena S. D.
G. (1993). Clonal propagation of Gloriosa superba L..
Indian J. Exp. Biol., 31: 719-720.

Sanguthai O., Sanguthai S., Kamemoto H. (1973).
Chromosome doubling of a Dendrobium hybrid with
colchicine in meristem culture. Na Pua Okika O Hawaii
Nei, Hawaii, 3: 12- 16.

Sato K., Tanaka R., Taniguchi K., Miyagawa H., Okada M.
(1987). Clonal mass-propagation of orchids by means
of tissue cultured shoot primordia. Proc. World Orchid
Hiroshima Symp., 129-132.

Shimasaki K., Uemoto S. (1987). Studies on the
micropropagation of Japanese Calanthe species. Sci
Bull Fac Agr Kyushu Univ, 42(1-2): 293-297. (in
Japanese)

Shimasaki K., Suzuki S., Fukumoto Y. (2000). Effect of
thidiazuron (TDZ) on in vitro organogenesis in apical
and nodal stem segments of axillary branches of
Gloriosa superba at flower stage. Environ. Cont.
Biol.,38: 207-210.

Sivakumar G., Krishnamurthy K.V. (2004). In vitro
organogenetic responses of Gloriosa superba. Russian J.
Plant Physiol., 51: 790-798.

BRI TRR, A R, EKE S, HHGESR (2002).
ravyg—Hosfrarsa]sy—a VIR

THEEBRREORE. FNKRFRFREMRE, 5
545 1 41-44,

Tahara M. (1977). Studies on the shoot-tip cultures of
Calanthe 1. Effects of the growth regulators on survival
and callus formation. Abstr. Japan. Soc. Hort. Sci.
Autumn Meet., 350-351. (in Japanese)

Tahara M. (1987). Polyploidy and hybridization in
Habenaria and Calanthe. Proc. . World Orchid
Hiroshima Symp., 79-82.

Takano T., Kawazoe F. (1973). Balanced nutrient solutions
for vegetable crops determined by Homes’ method of
systematic variations I. Sand culture. Sci. Rep. Fac.
Agric. Meijo Univ., 9: 7-15.

HAEsE, BAE (1979). BARWREE, 25:3-6.

HRREETE, SOFE (1988). WSBEAE, MM
WEROBR, SMHN) BT 1 262-270.

Tanaka R., Kamemoto H. (1984). Chromosomes in
orchids: counting and numbers. In Orchid Biology:
Reviews and Perspectives, Vol. 3 (ed. J. Arditti) pp.
323-410. Cornell Univ. Press, Ithaca, New York.

BOFE, HHEE (1993). B5RELEOFE-
DL HE p9-13. NAFHFNVTF 146, WX
OB

Tokuhara K., Mii M. (1998). Somaclonal variation in
flower and inflorescence axis in micropropagated plants
through flower stalk bud culture of Phalaenopsis and
Doritaenopsis. Plant Biotechnol., 15: 23-28.

Vacin E., Went F. (1949). Some pH changes in nutrient
solutions. Bot. Gaz., 110: 605-613.

Vajrabhaya T. (1977). Variations in clonal propagation.
176-201 In: Arditti J(ed), Orchid Biology, Comell Univ.
Press, Ithaca, N.Y.

Watrous S.B., Wimber D.E. (1988). Artificial induction of
polyploidy in Paphiopedilum. Lindleyana, 3: 177-183.
Wimber D.E., Van Cott A. (1966). Artificially induced
polyploidy in Cymbidium. in : De Garmo, L. R. (ed.)
Proc. Fifth World Orchid Conf., Long Beach, California,

27-32.

Yamamoto T., Ishii M. (1981). Mosaic disease of Calanthe
discolor Lind.. Proc. of the Assoc. for Plant Protection
of Shikoku, 16: 75-79.

Ya{‘mamoto K. (1990). Studies of thermal treatment for
sprouting of dormant tubers of Gloriosa rothschildiana.
Ann, Rep. Hiroshima City Hortic. Inst., p.25-27. (in

Japanese)



38 MASAO YAMAMOTO

Yamamoto M., Taniguchi K., Tanaka R., Kondo K., cultured shoot primordium method. Bull. Hiroshima
Hashimoto K. (1991). Studies on clonal mass- Bot. Gard., 13: 1-15.

propagation of Calanthe sieboldii by using tissue-



39

IN=1-SRuirk=cUok
HERRAERY - RS T

Memoranda for the Flora of Hiroshima Prefecture(7)

Tetsuya Sera” and Yoshiko Kondo?

Summary

1.Cephalanthera longifolia (L.) Fritsch was collected from Hiroshima Prefecture for the first time.

2.C. longifolia was revealed to live in various habitat and so it was suggested that the species had been differentiated

genetically in Japan.

7 X% 7 (Cephalanthera longifolia (L.) Fritsch)
PWEEBRWICAT TS L 2R L0 THRET
5.

201045 H, FHEO— NEHEEHEEFNEICT L
7o T, BAEER A B X AR T v 10 Bk AS,
150 m OFEFHICEFT L TWADIZR IV, —R
FUIUDEITHoTDVEEAWELIRYEDH D,
AL LER R E, FUro v L3R B 5H
TR o TNz 0ERE L, KBTS AR
BREERKEL WREF S VL3R B8
FETHEEV)ERZEDTEHOFM L2 HET S
CEWTE Lo/ DBFEORIMICRET S5 2
L7 201145 A 3HICEFBZHN, 1518
BOAEF MR L7203 CICRMAEITE E, Rifk
REOEBETE Lh o7z, L L, EhrF
REABRT, ERESICHELRE S 2ho7z2 b h
LA T TRV REEES N, 201245
A5 HICHBEREZTV, EOFFMEBE LR
7w v ERE L. AEMITLOMEL -8
XD BILL, H30MROEFTZMIEL.

AL, 775X~ VPNEBRNICEET S &
MO TERHLTETHS. —HT, Ry
TV ENRPUT WD I, TNF TR THREL
Eh, EBHHYWARSB X OVEBRFRFERNES
EHARMEYERTICIIR I N TV A X V5 ViR
RRELLB XA v dEEnR T hor.
L72h3o T, IKBRATEATEDO BEDMR I T
LD, BRI 1 4y T TH 5.

BE L EYOETH S L ORISR

SEBE LMY oEF I, BEMNECE L
PG EE 350 m DFEFEBMT Th 72 (Figla). =
DIFHT DAL B ARA DI AR RE AR (2 1 B
T I A UEE) 7EA BENAX TR F—T A
VEE (LBE GRE) 1979) BT EBbNh.

AFELTWEEROKE E1E, BE 10em~40 cm,
ERBIZ 0~ 10EOHETH -7z, 2D LIk
AL U7EMR (hbg-20904, 20916) DALERFREIX
KOFY TH o7 (Fig.1B,C).

BTICEES 13mOEFD Y, ZRETOD
ROMDH B, BIIZBRKETEREN 1 mm, &
WENH B, W LEEIIEE40em (BFHEL),

* Contribution from the Hiroshima Botanical Garden No.99
1) JREhAE AR
2) ERHREBXER

Bulletin of the Hiroshima Botanical Garden, No.31:39-42
1) The Hiroshima Botanical Garden
2) Nagatsuka, Asaminami-ku, Hiroshima City.
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BE, HEEIOBRTETI CRKREE TRBAOEID
5, EFeMMEAL, REHEMETGRMT
ISR, EMIAHFE CEBIIFRIALE
¥, BEX45~75mm, IE11 ~17mm REL
LICEE, EMICREBOBITRAELEL, 125
BRASE LD, FEMIRRECIIR VKRG, AEok
EZIZA LR H 5. EEHO 4 com 13EF TR
RIZOED &, RTADEIIEKRTEZ 30 mm D
REREEE, FOoMOEIIRE 4 mm ORE=AF
THEFIR. TEFE, BT E B L R OBKICITRE
RERFH S, EOKEX S 10mm, EHTFERIE
X#omm, EHFHIZEET, BRLHIBIIZKE
BESH B, B KFIREE 12mm, 1H3.5mm
DOFEFBAFTHE MK IEEE 1l mm, 1@
3.6 mm CHRHRII, S8, BRRETIIME. #l
ERIZE X 9mm, & 4.5 mm OFEFTE, Fimidsii.
BERILZAEOME, HRRBOK S 7.6 mm,
M&2.8mm, & 2.7mm T, ZEFIIE O LA BHKEEZ
BHIZIZZ 72w, REETIZEL, MM E=AaE
THIEE. PR OERE, PRCEE LS kYD
D, HRLED SR ERC AT THLBERER Y H - T,
FUISECTRIET 5. BFIERES 55mm, FH
AF, PHIBIZE S 2 mm

PED XSz, 4EBE LMY T ViU
575 QEOREIGRMH Y, HEIrELIal
QEAREHIVLESOGEEZERLZVE W4
Whorrx<xg gL, EMRFIEEERR
FERNEY B O ) AT SRR % B0 LRERR
(AVASAIAYAS

IFEIXIZZDO0WT

sy x<g %, il (1936) 3l L TR
L7HES »ThbH. TDEEE Cephalanthera shizuoi
FMaek. 1%, BiINCAREOMZE %50 L - REREF I
A0S, FBIXEEEROMERBERTTEEE
WHbBARDDOT, HREF VT ¥ (C erecta
(Thunb.) Blume IZ4L % 2%, EHIZF 5 Y ITRT
WnZE, BERIIRBABTEIEZRCIL,
BFREELOPENITEAERWZ ETRAEIND (BT
M 1971). 72720, ©REs (2012) ML Tw
5 X912, Froromid EHM % WA
HHDTHEOHELZTTRETAI LIZTE R,
—%, ¥ 5 v ORMREEAE) =34 TH 5D
KL, 27X 2= ERZToTWVES

(Miduno 1937) Z LidWfE%E XHIF 5 L WHETH
BEnTwa (R 1971, #1134 2003).

ARHEDSHEFRED) A IFREIC L > TS EE
FT, ¥v5 DEM (C erecta (Thunb.) Blume
var. shizuoi (FMaek.) Ohwi ( K # 1978, B R
1982), RED LAB S N7z C alpicola Fukuyama &
F—F (IE5 1965 1969), &5 \WixEDEMC
alpicola Fukuyama var. shizuoi (F.Maek.) T.Hashim. (f&
KiFAH1991) L ENTER BINEH (2003)
LN (2009) 1, T SORY HFNITOWTEEM
WL, AL T ¥F Y5 Y (C elegans Schltr) &
OMBRLEELLLT, 775X @de7 790 A
PHL—I YT REOHRFRICIELSHT S
C.longifolia(L.) Fritsch & R TH 5 L fam L TV 5.
£ B DM EE D Clongifolia D PR Fe R A
=32 ThbEHREL TWDHI L (Tropicos 2013)
BB OEREZHETL2LOLEZLNS.

Bl (1971) 13, AFITERED S MR IZ5
HdThHELTWAEY, BET (2000) 12X 5 &t
BASENEIZPT TORFEMCEFTRENDH
0, ESICELE CEH2000), BEIUR (HF&Ex
2012) 25 b BAERHESNTVS. SEMEAL:
RBEEOBAMIE, BARICBIT B ARHOSAG DR
WICWETAI LI D. —HABOATRELY A
A&, will (1971) JiRREHICH L7yl
DBFMIZEZ B ELTWAEY, HEREEBIUEDAE
BFRATHEIEEE 1500 mPA Lo EE & v 2]
BhowETHDL T MEN GENEZHR
2003) IR TRIBRIMOILD I THIZ D 5 i
BT IS EEEFEET L EHEIh TV 5.

BT (2000) &, AR, AEFH#HE B ICRL N,
TTICHIRL72BT D 55 2 & SR 2 el
IABEIEE L 724, B3kl y FUR M (BRERL
2007) BHEEREN T o728 LCHBER T
HICBRELTWAS., Zhid, HETHO X ) ICHfH
THABEEAPET LTV A 2 HEMIFER SR
IledThb.

UEnXHic, REIEEDVOKMD L ER
1500 m D IHIIZ 72 %, BRM, Wbk, AEARH
HERRAGEBIEFTLTRBY, 2O0RFEELRLE
7)4#&%—1%’6‘&;*&\/\: EDH SN o 7 )]
2009) A6 LT\ 5 X 5 ISR & A
i Clongifolia L A—T& L Z 2 b5, LAL, H
KIZBITAEBTRERCEBNEISHRZ L2
b, AL, SAMOREBIBICHISHARTEEW
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C

Fig.1. Cephalanthera longifolia in Hiroshima Prefecture. A: Plant in natural habitat. B:Flowers. C: Drawings
of flower parts, a, lateral sepal; b, petal; ¢, dorsal sepal; d, lip extended,; e, side view of lip in natural; f, ventral
view of column.
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