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Genus : Paphiopedilum
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myalgia, traumatic injuries (EPQO : Patent numbear CN1742945, 2006} Ansunmalulatiunly fu

% o o = ~ o % ol e a v v Ao 3 v
ndneldanaseaiun?  lunmsfingriniseanldige dnsnnatyaassundise wazsiundng
ANMAWHR (EPO : Patent number CN1541519, 2004) fmalulafinaifius usuanasuiiu (clone
muliiplication technology) ga3nane il se9iinus e Miudounuen {terminal bud) WIREAARIN

. at | g 2/ :; a:d =y di' o o &
18N (axillary shoot) uFRIINIEIWELT udwIzREIAILUEN M IIdBeFTHUNT RednuinIsaFs
#8m (multishoot formation) HmAllanirinunaeiua unsuaafNdudsu rockwool ¥ianseene

o = = ’n’ 4‘&’ A'll a4 9 =y} 1
need  wazatnnsniastunismaresirannniafedunaisludla flafeld  maspaudsnisnensin
d" Qy a é’ ‘q' o - =Yy o5 o
Fadudiun, Bdflsznaua e wazantzmsmnziaes et llgnisn@anadudusunnn
{large scale production) (EPO . Patent number US6060313, 2000; WIPO

e ﬁl 1 Y t73 3 1 cld‘ 2 L4
WO/1997/014295,1997) Fanaiinauusanraindoylsd laalddenonuinmiziaesldlduen 1n

13 1 1 1
vapfanansNnnziasluewnsuicidae fluufe 11w NAA, BA, TDZ aludtwiusasnldiuan
uwarlundae Wanaseainuiisaslfurees TDZ szidne 10-30 ppm (EPO : Patent number
1 i3 i ] 1

JP9233962,  1997)  nmdNAruunatellanasewinutlaunmamisdeaiiadiafininaaaioy
(growing point} LU TN NAERTINY NAA (0.1-10 ppm) WAZ BA (0.1-10 ppm) (EPO :
Patent number JP8107730, 1996)

an e s el [y
2.3, MUI_[ENLNYIYaY

=& < .- » ds
maiwrziasnidaigenaae l8nalyl

[ V)
o =l

¥ X 4 4 wed 2o y y Y
nsvnziaeadiadiandts e ins 1w usu i LA S unuuan Al uss o oa1 4w Hieln

1
o e =l

pUszasdenaviaiieafieldinsaanaiug SWugnssuiivilewiu viaienannsddanded dn

] ]



RNt NN IR RAREINLAREA ‘Emaﬁ’nﬁqLm@ﬁmm%uﬁwﬁwj W Yanasn(Chen and Chang,
2000) WwsinAe U {protocorm) (Chen et al., 2000: Lin et al., 2000; Lee and Lee, 2003; Zhao et al.,
2008) Uanaaam (Tokuhara and Mill, 2001; Jneng et al., 2006; Roy et al., 2007) A1aan (Meesawat
and Kanchanapoom, 2002) TW?TWWJ?:J"L@FTU@% (protocorm-like bodies; PLBs) (Huan et al., 2004)
W& (Hong et al., 2008) lu (Janarthanam and Seshadri, 2008) Liue amhedniueadalfiia
TnstnaefulafUeRuas AR a6

iseRRsatesTuneiniueads wiulundaeldgnuanana Oncidium aunsodniinli
Hauasdaandaulatusin lealdansaruannisiatnifivineila 2,4-D saufy TDZ (Chen and
Chang, 2000) viiansneandlundselfiana Phalaenopsis 1pel ChenuazAnis (2000) axnsadniin
whadasninslnpady uﬁqmmmngmuummi‘qmﬁmuﬂm MS Fifin 2,4-D A midadi 0 - 10
faanuredns foufu TDZ Aonududu 0 - 1 Radnfuredns Teaeaadeefunanisinmly
naae'lsl Pleione formosana Hayata wudngnuisntniiuaadaaninsinaaiy Semiziae
gnsgrssaulas MS fin 2.4-D porsdndu 1 - 5 Badnfusedng saudy TDZ panandind 0 -
0.5 SaaNFNABAAT (Lu, 2004) u’aﬂﬂ’mﬁluﬂﬁ”}ﬂiﬁ%mﬁﬂ (Dendrobium chrysotoxum Lindl.)
asnsodnilfAnuasdasinUateen Tramindmangaanuusimsgassaulas KC i
TDZ Arnustudu 2 luiasTuand vide BAP patndudy 2 Tulesiuand wiwru (Roy et al., 2007)
523 aNNIMARBTRY Huan UAYADLY (2004) wudndauldignuanana Cymbidium aN1sadniin
upadaanninsnpesuladued  Hinzidneuuamagasdaulas VW Fudin NAA A2 0.1
fadnFuFedns $aufy TDZ Aanudiudu 0.01 Hadnfusaans sieN Janarthanam waz Seshadri
(2008) Anwrlundaeldantlian (Vanilla planifotia Andr.) wudransIEntuAadaa NI Uiy
NAELUE IR UATETgRS MS TWRu 2,4-D Aenaidindiu 4,52 TulasTuang sandu BAP Ao
dudu 222 Tulasiuand

mstnii iR lredutureunsinns neesu laduesysrauandnislun ol
vaneile 1y ndeldignuanana Oncidium aunsodniuaada iAoy ituslé Tnetinudunau
reelaunAnaNLTiaIR LTS Vﬁd@ﬂﬂLW"]:L%EN‘]JN'B'W’]?Qlﬂiﬁﬁluﬂﬁd MS Fifin NAA padudy
0.1 SaRnfumaans soufu TDZ Auidindu 3 Dadnfumedms (Chen and Chang, 2000) W5ans
naneslundaelsl Phalaenopsis Richard Shaffer *Santa Cruz' Waasaausnissnyiiulaluidulng
pefilafues LuardaunTzigns VW fidaiuenasunas 200 findarssadas taglaidn
ﬁ'\maﬂﬂm (Ishii et al., 1998) uazidwhuaiunimasedlundouldiana Phalaencpsis latl Chen
WaTATUY (2000) Lmﬂﬁﬂmm‘mLf-ﬁmiﬂLﬂu'f,wsiwﬂ@ﬁuiaFTU@%Lmzﬁu'Lermuéﬁﬁu Treiwnziaes

wuanmsgmsfauas Ms AliiRnarsrauarnins AL ia siseawnsidin TDZ Adnduc.t -



1.0 RaAnsusednT TesenadasTLnan sinm lundntlsl Pleione formosana Hayata WUIULARGA
aasawioivialdhinsineeflafueavuansgpsdauLlag MS fifin TDZ anuidudu 05
faAnTsinARs UFtR NI LU WTRT BN BN ARLRNN ATy AL edni
WAnsnuazaTodusulusifianysal (L, 2004) vwdaafundaeld Epidendrum radicans
wurjﬂmmmﬁ’nﬂqlﬁaﬁm‘iwﬂw-mfuiaﬁUﬂﬁwwnLLﬂﬂﬁﬂﬁmw:Lgmuumm?@méfmuﬂm MS T
TDZ prnsidndis 0.45 bilastum uazasoyfusilnifiasysel PEIRINMTNNTAR UL T 2
o1 (Chen et al., 2002) uananERMBLNsFnTduanueeda Taendaeliiesinanuzavie
yanuRzae (Dendrobium crumenatum Sw.) tagiuduneussslnnAnduilemuuisuas
apfunuliaiuda (organogenesis) LUBIMTRILATIZVGAT VW RN NAA $20/1 BA (Messawat
and Kanchanapoom, 2002) LL@:'LunﬁwiﬁL%mﬂ"’]ﬁﬂw?‘mmmqm {D. fimbriatum Lindl. var.
oculatum Hk.f. ) ananainituasdauuemsgrsdnulas KC fifin NAA pvwidadu 0.5 Tafniu
AeAnT 931 BAP Anaudndn 1 fadndusedns aniuupada L@?ﬂﬂmﬂuiw:“tﬂﬂﬂfu‘taﬁuaﬁ s
FURNNATAL UUBIMITERsAnLLAY KC ?ihiLﬁumsmuamwm?‘n;uﬁuim (Roy and Banerjee,
2003) WfwiBEnfundatiiBeafn (D. chrysotoxum Lindl) ilemziasuuansgredautlas KC 7
Fr NAA P 05 wee 1 llasTuand ansadminliiauradauaztnsinaedlafuad
ANadL waziadtusialiiudule (Roy et af., 2007) FIUTININARBIIBS Huan UAZATLY (2004)
wudndaelWignuanans Cymbidium anunsadniiniinfua nuAada A lromzidesupadasy
awnsgassmulas VW Rllifnarsaauaunisasodiul deadnyldutnsinaafuladues usz

& |dl [y L.
puluinanysalnnanaL

mawziagadnidensaslisasiung

fisnuanunisAnminisdnidweadaseslundanldiseinuaneugu iiu ndelieile
Cypripedium formosanum andsndniuAsdaa N msnAssNLLeIMNIgRIFALLAY MS I 2,4-D
AonuLtNg 4.52 Tulasiuanf faury TDZ Aanndndu 4.54 TuTasTuans (Lee and Lee, 2003) 494

5"

mevaassluraurinwTiariaw nuinsAnegaulnnjaztenlinasa rasinuisaniauanniug

]
ANHAN S a‘@uﬁﬁm‘%qnmu Paphiopedilum callosum '‘Oakhi’ x Paphiopedilum lawrenceanum
Tradition’ @1unsndnEn W iAauAsdaaInins InAefNLUEMITgATA ALL RS MS Fudin 2,40 Ao
Waudu 1wz 10 NaAnFuAAART FANAL TDZ Avnuitinty 0.1 Hadanfuse@dns (Lin et af., 2000)
AaN1 Hong warAmue (2008) wmasaslundanldisaanuiignuaniamiau Paphiopedium
fawrenceanum var. alba x Paphiopedilum maudiae wudraruasndnin iR aLAaFaa NIRRT

WTAERUNEMNSEATARLLA MS LR 2,4-D Astsidiudu 22.60 Tulasluanf sanfu 1DZ Ay



vindiu 4.54 hﬂm‘iums'@ﬂqqhﬁmué’rﬂﬂnmﬁmmeaﬁ”ﬂﬂ'fawﬂ’wﬁ"iﬂL,m:ma‘m?‘cyLE‘}U‘EM@@LLM@'@
Aaudedn wazaINNIINARRITE Lin WazAne (2000) wudnldatunsodninldiisunada anndau
189875 Ustasn wazluaaandaslisaui1uignuan Paphiopedilum  callosum ‘Oakhi’ x
Paphiopedilum lawrenceanum ‘Tradition’ Famnsdniiueadadiau UVNANATYTBINNTTILER RS Lot
Emnwzanaiade atglsfimuisaunisdnenluseasiiuiennass (Paphiopedium
niveun {(Rchb.f.) Pfitz.) Taa8”s1n708 (2548) WazE 9y (2549) WUANAINITOENULARAARIN
aiaustlif ssnuninefsatunissdyduineueadane lWaulddulmifiauysal
GrusuntsiniinliiAndulsaiuinsInae fuladueslundre lfisaafnun? deldlsyay
AuNANTANINEN Re seeunisAnendenuan iy ndaeldiraaiuTuseugu  1iia
Cypripedium formosanum @ uNsntnuLARRa s Tty usiume & (Lee and Lee, 2003)d9unng
noaeslundneliseaineBianian 1w ndaelisaainuitgnuas Paphiopedium callosum 'Oakhi’ x
Paphicpedilum  lawrenceanum ‘Tradition’ LLﬂﬂﬁﬂmma‘ﬂL@?‘QJ"LIJLﬂuiwﬁﬂ—ﬂ@é’ﬂﬂﬁwﬂﬁ” die
Lwﬁ:Lgaauu@wam?ﬁmLLﬁm MS Fufin NAA aanadudu 0.1 Safnfusiedng 4ouiy TDZ Aanu
dudu 0.5 Taansudeans uardnintnstnaefaduealdiRadu Aetyl (Lin et al., 2000) atinelsfl
mummmmmlumsm‘?‘ﬂﬁﬂLﬂuﬁuluﬂﬁ'ﬂuﬁwﬁ'w FANT Hong WATALLY (2008) srau
aud s lundonldsaainuignuasian¥eu Paphiopedilum lawrenceanum var. alba x
Paphiopedilum maudiae wummﬂﬁﬂmmi‘m@?mﬂﬂLﬂu'iwﬂwﬂm'u-‘laﬁuaﬁ Samnzidaauy
amsgRsfaulas MS Muhiu NAA Avdindv 26.85 TulasTuang udaadaydhuiusaly
uenanifiszsuieefunisindinisdsdusearnlundenlfrasduiignuan

Paphiopedilum philippinense x P. Susan Booth (Huang et al., 2001) LLﬂ:ﬁ"mLﬁ’mﬁ@ﬂNﬂu

Paphiopedilum philippinense (Chen et al., 2004) wsilflnanAandeuny

& e w o el [V 4
n??ﬂnﬂ?nﬂqﬂqﬂwuglWﬂn??’ﬂ?ﬁ'nﬂ

mafiuinmaaiuginenisayine (conservation) lueslfri@ntsanansnnszinlsuans

AEnsunisiuinmluiulnsEuinanluaniasiiguugisindrasdienuds(cryopreservation)

a

manzidesluan syl uled (in vitro conservation by slow growth) iamplulatinnsugs

]
& o

WAAWEN ( synthetic seed or synseed) TeisaaziBaaraunaiauAnAt9iuaaniy Faigm
sieia wazedensiiasinmafusnmdnfianumunraaiindla faunefaaiunsafufne 16l
waE3ENITLIu W Vanilla ’A’m’ﬁ‘nwaIFIL‘ﬂum'gﬂLﬁtlllLLﬂﬂﬁ%ﬂﬂﬁ‘LWﬁ:Léleﬁﬁ?@La‘utﬂ‘ﬁ’) (
Divakaran ef al., 2006) WenanildfisesudnamnsnifiufnsiieifeUssaenaninsnaesy

194 Vanda pumila  launisidalueimsimunzaudondag ABA Tufluaninzfidzaanis
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wWiuFLTR PadaeRE desiceation newfulululasaumas denmagauniendehinuaulng
udwaulasTulzy vialaraiwaadle ( Na and Kondo, 1996) ma®maunisLiuinmn
protocorm-like bodies (PLBs) ’ﬂ@dﬂﬁ%lﬁgﬂmwﬂﬁm Brassocattieya Way Darwinara 1o\ 493
gradual desiccation method fitlszawmauaniaidwReaniu ( Kishi and Takagi, 1997) N

fnuadunzvzedudiulnalfluinsauivas fgumpinindiqmdenuds (cryopreservation) 1#E

<

- =

NSANHINIMNL (Rout et al., 2006) uazdeassiiiiunisaglutlaqiii Teasd funeulumaandos
Aeutududauanseiunatedtnis wunnfuinenndandaalsd Dortis pulcherrima lind.
(Thammasiri, 2000) Raamaunisifiufnelatsaanrasnadaelsl Dendrobium Walter Oumae (
Lurswijidjarus and Thammasiri, 2004) LLa:mﬂﬁ‘uLuﬁm?{ﬁﬂmwsdﬂm Bletilla striata W&
Ponerorchis grarinfolia (Hirano et al., 2004} Taeld3% vitrification (Jufw wi3a WIWANNTALSNEN

Tug1289 embryogenic callus ( Lambardi et al., 2005) flsmasnulfiduiu
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3. ABNISNAADY

Janalnsaluardinis ununisAnmuazseasiBusgUniniuazaniaindnduianaivinde

AuressBaAnITANEAze U TULARZREY (N1WH 2)

Rafvansane tnndne ldindweldseasinuniinnana ( Paphiopedilum niveum (Rehb.f.) Pfitz.}

fienyLsznnn 6-7 tRey

&
FATRIWITLNITAE (NANUIN)
Agl, 2 . . . 1 nl' l:l’
annsAneLLesi (preliminary studies) Wuangasa Ml lunnsAnsn snaziAeg

g dl 3 8 b ol 1 = = =~
Lu'ﬂLilﬂﬂﬂ’}ﬂiuﬁ"ﬂﬂm'\uq'j“lﬂqm@ﬂ IULLHQSE‘ZE:TH?L@S(QLFIUTWN 3 Qﬁ]i‘

gmra1u1s CIM luntmmeaemistniiuaads (waiiudss@ninaw)
@msa11"s PLBIM luntmeasmistninnsinaaiylafuas
4RTa U7 SLIM lunnsdnunsugen

launngmsazdfuarniiunsa-sng (pH) Froarsacaruninialansasedn (HCl) uaz
ansazanelpeularrenled (NaOH) Ao NNt 0.1 waz 1 wafla aniuinluilsensesewia

fanusula fgouugdl 121 asrnaadas Armsu 15 Uaussaniseiiafuiean 20 wi



Aot 1 msnaasanatnulszansamunada

(MsEniunada)

AnMnaveiseslay domavniwpada
uazmsindSinaunada
- d5u13938msninauisuiesnouvedive

) ¥ L d »
- gash lanfeiiiun 1 lumsinlSusunada

P T L
ABUY 2 UADAANNDELLA

msAnfSunaunade

U

M35%nH1 PLBs
L2
- HEYD4E8 3 luu

b
- nave st wag lase

4

ar o W T
n1stnauaou
3/ o
-3l luu

-msldarsdunsd

aeun 3 mathuSninlagis vitrification
- duvuunade

- giuvy PLBs

y 3

F

asageumslavuudasmaiiageine,

= = v o 8 W
unsazﬁmﬂ‘u NAUUASHAINTINYINHI

(H&S, PAS)

=
NN 2 16’}@ CUATHULAAILHUNITNAREN
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Asiad

1. gnseinltlunisansnde

- lefiaueanased 70 wafiius waz 95 wafidua

- ARDIANT LATVIAY 20

2. gnnadidlunsmnsanaiiede
- AR I D uaeALITNaUIEIR Mg RIFNIT (AIAKUIN)
dd‘ e [ ] = o

- anein U uacsunse-sneraeanng Ae ansazanunsalalasrasin uazairazany
Tnaeslanraniad (Aannudind 0.1 uay 1 waila)
- g17PaUANNITRT AU TIngNeenTy An 2,4-D (LT Sigma) waz NAA (U3 Fluka)
wazarsmruaNnIsRnALIangylainlatiu Ae TDZ (L38% Sigma)
L REL G
-Wmaa (Phytagel; U3 Sigma)

2 =
- U (AFIUNNAN)
- IRONWAHETUA (LT Riedel-de Haén)
- JU TS (Solanum tuberosum L.)

- ndnavaNnad (Musa (AAA group) "Kluai Hom Thong”) seazflenddifeannmany

3. asediildlunsAnmmnaidedeine
AnAlAMILIE W
- acetic acid
- butyl alcohol
- ethyl alcohol
- formaldehyde
- liquid paraffin
- paraplast plus
asiadavsunisdani
- absolute ethyl alcohol
- acidulated water

- ammomium hydroxide



- cloved oil

- hematoxylin

- ethyl alcohol

- fast green

- Hi-mo

- lithium carbonate

- picric acid

- safranin O

- xylene

- clearite
anadidmiunisAnssasnaevsanssmiiernroutilndeinsia
(scanning electron microscope; SEM) Usznaudasl
- formatin

- acetic acid

- absolute ethyl alcohol

- triton x-100

- NaH2PO4.2H20

- Na2HPO4

aunsol
1, gunsoF M lunamnzideailadie/ iwTana s
- inisnafeluimatian 2 sumle Bve Ohaus $1 SPS 601
- iareedalnfmafian 3 Aiuwda B%a Mettler Toledo §u Drogon 303
- \riraadapaniiunse-sng 3 Orion §u SA 520
- wneuluipsid Bie Best Plus $1 MO-140
- wifaflemanusiule Eve Tomy §u SS-320
- IPNAUUNIMEN AN Evie Framo-Geratetechnik {1 M 21/1
= .
- NFrUaNQMEN (syringe)
-thnAy
= i a
- {meddim

I = BT |
- AVUWITLRENVINTUNTUSHN TR

14
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ol 123
- RENBWAE
2 d” . . . A=: 8 1

- glanaLTa (laminar air-flow cabinet) £%a ISSCO §u ER-7800
- FaULATeNTa EVa Termaks $1 T 1119 UV

d‘ 1 4” & = 1 =
- LATENLLEINLRENAIEAIINLED 100 TRURARUNT
- ipFasdaadandiuuas e Microvolt Integrator §1 MV 2
- UABANAADY
- nszpnweaiiilen

o o .
- BATEIUHULYIEN (centrifuge)

L dl b2 [] ] dy 1 } 7 = & o

- AUNFONATRALNG TUNSZUANA WAFLINY AnrziReauviauinau dninaf Twlsawne

FIN97 29AUFULTHAT LazmaaLiawNzIALe

2. punsafltlunsfnsmnadiafiednen
- 1azedlulasinu (microtome) B AO fu 820 SPENCER
-Aresgualad B Kunz instruments 4 HP 3

- g9aatLiaiEia (floating bath)

L4

LU S%a Memmert

'
=l g

paloasiall (flume hood) Eivfe Flexiab § SH-150 waxEi¥a Astecair $14 3000L

a

e =

1 !
= 4

- Lﬂ?ﬂdﬁd%uﬁméﬂ {paraffin embedding center) fivia Leica

- uaanwiiu S Gallenkamp

- néaqanssAiliunaireile S Zeiss $u Stemi DV 4

- ndievqanssaiis duasiiva Olympus {4 CH 30

- néeeqanssmiiuLlfusciiv Olympus 114 BX 51 wieundasrnagy (Olympus DP71)
- néesqanssmfRinansoutiindensg f9e JEOL 414 JSM-5800LV uazEife FE by
Quanta 400 '

- naadnegy i Panasonic U DMC-FZ 18

- nasufiualas

- naesANAlas

- URANWANERN (embedding ring)

- nszyalane (mold)

- sunsafiu Tun 1aufudnaete usiuglad nszantlnalas Wiy falulnsn Ur

AU AaUURURNF (coplin jar)
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=4 a  a a ar o o ) =
ABUN 1 ; ﬂ'!iﬂﬂﬂ'ﬂdl“'ﬂtwuﬂ%a“ﬁﬂqwLtﬁaﬂﬂ (ﬂ’l‘a"linu’lLLﬂaaﬂQ’mLNﬂﬂ)

1.1. narasEasluy TDZ $aNny 2.4 D sansiiaunprass
a 9 L4 9 =l L% ] a 9 2!} L]
wnfnndan saaiuananannsnusi HArNara IRt MInAINAZENR LAY
witlszi 2- 3 AFa hilnanasluleansaand (ethanol 95 %) udarwiaal uglu 20% asaiend
wy v ¥ LA, A L. i e vl d, 4, &
20 W 8ERETNARTRNT AW, 2-3 AFY Tefneani@igiNEaas UUINAUNHIUNNIUIHNTERN
uEseaLtn 100 sauseunit aeluiesigrimnfitszinm 25 esraadas Tuide Huiean 1
k73
$andt firedoaluamsudegns CIM sandaegeiiun 2,4-D (0,15 mg/) uax TDZ (0,0.1 0.5
i
mg/l ) TA2919UHUN1IMAREILLL CRD NMNNINARDA 9 TANTTNAREY WAAZTANITNAREIYI 10 41
3luries figumnRdszanm 25 + 2 ssdugafos  nisnzdeslufifinduost 1 \eu udada
tnnzasalneliLae 16 4alussedu uranmaasaulefidudwdsdliiaada veawduy
4
sinmesuAwinangmasellil

weafidfusnsfaueadas = A UNAaNN AL WLAR AR X 100

o & Aoos o P 5
FIUAULHARVIHTD mﬂQﬂNﬂﬂqu:LﬂHQIquﬂ

wafidunnianalwsinaafy = auwudsfinetluinsinaadi x 100

° g alasa ¥ = &
NIUHANRTIRTIMNANINATIRES L9
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[ L3

< o ol
ABUY 2 : NMSANEIRNUARRANNALUAD

2.1, MRS uAR A
inmvaaesiarliuligasirelideys fuimndduanFamilaieAnmnisiingsunn

waadalagldaninznzliuasiunimesass
ar a At . = - [ ] -3 *w
NFENUILARAATNLNUMSIASTLALLA TRani ussassng o AauninmUY
LY 4 o & = [
2.2. mstmininsineasulafuanisa PLBs / tWNUS N PLBs A INLARAH

2.2.1. NS INY TDZ $auAU NAA Aanisiimilu PLBs
PN AL ILARAR m“]_lu’ﬂ’m'mﬁd@jmi PLBIM (protocorm - like body induction
medium} #aueae gafluu NAA (0,0.1,0.5 mg/l) kar TDZ (0, 0.5, 1 mg/l ) MNUHUNTNARE
WUY CRD MNNNenaaes 8z 10 11 MuAadsEusu 20 Daanfu/ 10avaand 29aasluaninsiil
paidinuae 23 lulasTuasanisaumssiatuni Wuae 16 Faluesadu ignmal 25 + 2 99
= 5 ﬂlll = ] o o 4 1 17 L o =
A Eeiaean 1 e iuean 4 Wew Waeiuing1ndesiu inmasedduean 3-6 ihau
iunanimesedfuiminanas PLB Aduau filunmingasinassinsinaesuladushiu
[ ell nl g T o -3 = & & A;l/ g 3 1
wradgiinTy uaziefidudnisniainsneeiuladues (AruanimNgnsiiuana)
X
i

¥ 3 [ 1
wminassnasaiwineasuladuadiuuAsfaRRNT Y

o X ¥ o o

= yimintnslnerefuaFueftiuiradafiiadu - w1t GusurasuAada

2 1 ;7
wefduwsn s insinaedularues = a1waummeiinalinsineesuladues x 100

v H i
mmummﬁwmﬁmﬁuﬁm

1 4 k4
2.2.2. warasimaglassramsiiadluinsinaesulasuenvia PLBs
Anwnavesnaglasadiunm 0, 10, 20, 30 nfusedns sauruniniuusrldimnans
aruaunas AL lasensifiatnsTnaedilafues

1 v 1g 13 !
dnpadaniuminUszunns 8 SadnFuaasuiminas \ReauueIsgns PLBIM Adlans

1
2 ]

7
AuANNIRTE LR (doyaannnimaseadassiv) sauduintaglasatFuan 0, 10, 20, 30 N

1 b 1
AefRT IRENINITNARBITANTNAREIAY 7 11 Mudssluan mifiaonuduuas 23 ulasluase

(= = 2 alz [ ‘=; = = 2 a’l’ =4 [
AT NIRRT TR 16 T2 luaradu NRMUDH 20 £ 2 DIANSRTEA ENULREINN 1 LABU 1l
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| I B 7]
o [ |

81 4 1Faw Tuinuanimmasadtuiiutinaamuaesinsinasfula fAUasa fuLARRA T ANTY LA

wefdurnisfininsinaeinladues (Arwiumugasinaiauiudo)

2.3. nMstnii PLBs Tviitlusu
2.3.1. uaresEeslausansiiatiunu
k4 9./
vinnasinaideainsineefiladuen uuawmsuiegms PLBIM fausng TDZ 0.5 mg/l

AT NAA 0.1 mg/l uasiiuaanIsnaseynitetidussazion 4 1Aew 1NGAAaDUAINAINNS0 1Y

mafseaauaznsasyivisselllfviell lusninshifinsldarsauauniasioFuls

a o o L o < 1 a & W
2.3.2. uaURNENTAUNIE (NRTUALAZIUNSTIUR) AansIiauay
Anwnsraadudfs uazndnavaunassanisiasyaasinsinasinlafuemdusu Taeun
8 o e w v v A . " - e e e
ndoevanvesiaziunfngnuualisvidunfeiadiu Minstnaefuladues (prosifiany
1 { 9 '

guenslszinme 2 HaRms) druiin3usu 20 FAANFH @8UuaIMIsgas SLIM saniusiutliaun
UTu10d 0, 20, 50 nFusALART VrandqavanuALTuied 0, 20, 50 nfusedns UFU pH Uszunmy 5.8
laeviannmaaesganismassdas 10 41 adesluanmiidauiduuss 23 WwissTuasanims
wirasiadund Iiuas 16 Talueradu Renmni 25 + 2 asraidea vasntsnnzideiiungn 3-4
a o oa . da XX e e A oo .
e Tuninuanismaseaiiudtwiusaanistusadwinins ineesuladuefFusiu wFoudioudu

TR NALATUIN IR AN TR W T B WA N AT
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~y

= as 4 ' < ) 1 [ oy . .
paudl 3 nsiiuinenBudrufiefansgiisndaadanuds (-196 °C ) TneF vitrification

indudaufglusluuuusadas warlugaluuy PLBs

1 thietrefimannssas PLBs vnmsdiuanmiudauiitlaoideluemasangns i
ﬁwmﬂg‘tm‘aﬁwh’u 0.3 M uszeziaan 3 Faluae lananaideeueiaaiasn 110 seuseund

2 adnatnaidunne 1 Sadwnsldlurans cryotube aofBunnitnaeluadrinuwn
nsneaedlaanisualuasinangns PLBIM 7 ndimesen (glycerol) dudh 2 M uas PnAna
1iasaindu 0.4 M (loading solution) 128115 Wi AAANTAZAERY

3 fnmiﬁmﬁm?:ﬁmmﬁmm:au’LumsLL**ﬁmsa:mﬂ plant vitrification solution (PVS
2) Balsznaudan ndmases 30%wA) WRLINGRARA (ethylene glycol ) 15%wA) uaslnsiss
dananlas (dimethyl sulfoxide) 15%(wiv) Imﬂﬁnmﬁi:a:mmﬁmqﬁu fail 0 20 40 60 80 100
UAY 120 W INISVAREY 7 JANTTNARDI UHATTANITNAREINT 5 i1 So 1 91 d6atne 10 Fu
ﬂﬂ%umuﬁﬁnmnnnma‘wﬂafaqmlﬁu§ﬂm1u1uimmummLﬂumm 1 i wAsannsdutihaniig
nezuauMeguiigIngfl 37 evAnaades WU 2 1T aRatsaTaY PVS 2 o

4 §reietnipanisutluammisvacgns PLBIM ﬁLﬁugTﬂm 1.2 M (unloading solution)
uiaan 20 wd @mmm:mﬂﬁq WAz LA BENMAINIIV AREININIIRATUANBILENUIAE %50

g - -
W ke AadnaudalnAN

aa & A - < <
il ﬁ'ﬁﬂ HIMIILUBLERINEN LLﬂzﬂﬁtﬂLﬂN

pevadaudnenizmatetisuaralnail eunazudaniafuinmdudau wlulnsauman
witNfat e A s nfawanssAuunlfuassiaadinasiu (Johensen,1964) dax 2 B sng
Adunvenloduuazeinsiiu (hematoxylin waz safranin) fiansag PAS (periodic acid Shiff
Y

reaction) waz Oil red O Waasaaparstszvanflulamsauaclaiu mudasy

=3 g Vv
MEAATINUABYA
= o & oo . . | 1 A=; 5 el dl
AwmsnzvnanisaaeslrelEadA( statical analysis ) kaziFeuWinurAafefaeis DMRT #i
rrfuAITeiu 95 % laglinrsiauununimesasianlanaiailudn uazlddeyaniaiiadie

Anen(Histological observation ) faN1lszneauAasLNe agduaslssifiunaninaisiy
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AdmsHInsMIGIuiAumalmag 5NN
4. NANISNARD
= = a a o @ o o
paudt 1 : MenasauRaLiNUsEANEMWLARRE (MTNILARAAANLNGR)
1.1. uava9gadluy TDZ $aun 2,4 D AansiinduuAadd
wanndaeifmnsdnsuua i iiuansasuaunisa sy ALTe (gaAILAN) LaTiAs

24-D $anfu TDZ fimsaFryrasdniuundulugnganimaass wslnaefuinldnng aseano

o @

3350 + 3.02 Wafidus (13199 1) WeamiziRasudauuemsii ldiinaisauANn T ToLAL R
' & = & oo , = & ac = PR ¢
SEMINNITINZAALN 2 Liauuen Waadaneurglsaldeuulaall iBniiFlalinsaenaaunaiam
TewAsuuasanansuzgilivenddlifuslsanaudiviesdeuuarugaaanainidaansiuiuia
d: c’f dll = as A:J’ [=3 = gfsi qi a  a éll d:
weAnsnaiiaflednemaniamiziaes azwudnslalusrarifidiuniiafanssunadiilae
W83ty (meristematic activity) fifldawiaatesiuniseiasuaruiafyausad UFUAINA1I TN
waRNNAYULITadagauIUNIn Taaanizifinduilang (apical end) yanandasduluand
durilafissununisuLamadiawuy anticlinal division (NWH 3 1; WagnAs) Ae NEIILTAR IMNA LA
o o rt:l. R/dl . . . nll él’ ) ot |A|=Il = g
AINAURIEAAN INANGA WAL periclinal division (MWW 3 U; gNAST) AD WU AA MR TUAY
guuiuBaadT IndNgn wadiafunangailssununisulsgsduuussaniuiamaaiiudolug)
(Wil 3 2; siagnas) uanidlamnzinese U luan miluasazinmaaioydulnsinaefu Mlaawend
aa A k% 9 . . -y I's di g 4:!1I -
waNuariATen wulasaaiieadnasn (hizoid) Uinnigurasinsinaedu ilegnisiaigadngn
aznulnsnaefuildnwuzlnsaairaglan (meristematic dome) AflimadlduANBULITARIATTY

. . P o=l =3 1 = ' = n;l/
(meristematic cell) AR LEARNTUIALAN LLmummﬂmmmm’Lmy (NN 3 1; gnAFD)

= o 2 = '3 o & 3 1 2 Ly =
A 3 uansdneuzuntunnAnnslnee Suvdinsmnzidaananandatlliraainuzmnaggs
LU wnIgAs CIM () 1wean 2 Weu WUNSULNImAEMLLILFIRNTUHESE (WagnAs) uas
wuiesa s ruuiuRomad (gnast) (Bar = 50 ulaswms) (v) Wawnzidaniuoan 4 hiaw wy

wasLFnnlanaivgUlnuddnsusiugadiainy (gnesT) (Bar = 200 lulasums)
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1 v

UaNANUMANITURLUNFALLE WM TN TN Fouae FTuuad N dad w1 arunsodnun i
naluuasda AnRan1ImaseRliudImAINIIRIsREINAnLTLGaN 3-4 auuLeMNTLTNgAT

CIM (callus induction medium) AN TDZ wWinds 0.1 mg/l bar 2,4-D Wit 1 mag/l daidsu

b or Qe o dl [ CJ el o s |
N5 NUARAR LAANGAAR 13.14 £ 2.67 % ( ANT1H 1) UAARAT LANAN L AN AU YgAAIN
v W ey 2 = Y o
fuldenn (compact callus) uasfidrmanwaesuis (a1 4 n) douluganimasasildiiuans
pauANNTATeYALTR (TaAdLAN) WwaRssianswauLduinsinaesi Aigane 33.50 £ 3.02 % (

tﬂ‘ = (=1 ¥ ‘ﬁ‘ [3 = 1 lﬁl
ANTNN 1) LL@H@TOSIL‘IJMWHWLL“NLLN NI‘ULL@S?’]H@MQ?‘M‘T‘LNLQ@TM@NW (NWn4a)

MNA 4 LAAIN NPT ULAR AR LALAUNAINITINNZIALLN AR NG Tl sa iU T UG 4 LAeY

wudn (n) dieduspadsidamesuuamsudegns CIM AdarsaauaunisasiAula (0.1 mg/l
TDZ uaz 0.1 mg/l 2,4-D) uaz (1) mdusiu Waresluamsudagns CIM Hliflarsaoupunig

Wwityiule (gaAILAN )



d &= a = =1 ot -3 o ¥ had
w1519 1 wassdefidusniafisidulaadauszinsinaady waanrmaziieadlung 4 1heu

Uue mIUIagRT CIM fansinuaniiiu 2,4-D uwaz TDZ TuszAumsnaidndusiie

A9 CIM % NALAREA % nalnsinpady
DZ 2,4-D Mean + S.E. Mean + S.E.
0 0 3.64 +1.48" 33.50 + 3.02°
0 1 9.10 + 2.71% 2539 5.0%0 m
0 5 2.73 +1.39° 29.96+5.06 "
0.1 0 182 + 1.21° 19.10 + 532
0.1 1 13.14+ 2.67° 1817 +3.57°%
0.1 5 6.06 + 2.62°° 2089 6.20°°
05 0 455 + 2.03% 16.37 + 4.01°
0.5 1 1.82 £ 1.21° 28.07 +391°
0.5 5 273 £1.94° 10.00 +7.94%
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al o ala '
ABUN 2 n’l‘j‘ﬁnﬂﬂﬁ’]ﬂttﬂaﬂﬂﬂu‘aﬂuﬁﬁ

2.1. NMSANUT I ULARAE
ANNINAREL BRI LN AN BN LARAA R s AN SN n(nnwd 5) Taeld

ﬂquma‘mﬂuaaqéquﬁ’umﬂﬁum ﬂWNW?ﬂLﬁNﬁNWMTﬂQLLﬂﬂﬁﬂVLﬁ (unpublished data)

- o Aa v A gyo =
DINN 5 LL@@QLLW@@@WN@%LL@Q LW@i‘ﬁWm’]‘iﬂﬂH’]

22. N191NY1 PLBs AANUSHNM PLBS RaNNLLARAKA
% @ 1
aunsndniuaadaliifatlulnsinaasulasuen RN AL LARR AL N TN
20U A TDZ $917L NAA wasunnauaaeFunnsinmaniuunzas aznnliinatnsinaesulad

gnl‘d s a =l o n] = = ] & o ] rfd’
yaAnHLsrAnsnmusriAnanwiaziasoiulasa e senanimasassalilil

2.2.1. HATBIFATINY TDZ 998N NAA slan1siiautlu PLBs

AMNKANNINARBINLIINITATI PLBs luemisudegms PLBIM ’Luwmiwmmﬁgﬁu TDZ
dudu 05 mg/uaz NAA diudw 05 mg/l deaiunisadya PLBs 151’?1%@ (ﬁwﬂnﬂmﬁlwﬁu
0.3483 + 0.04 n¥u) LL@:l;JﬁmmLmnﬁﬁdﬂﬂﬂﬁﬁﬁﬂﬁﬁﬁmﬁuLm@ﬁa?ﬁwqmgmuu 2 m3udegns
PLBIM "ngmmﬁm@mﬁtﬁu TDZ Wind 05 mg/ uay NAA WNdR 0.1 mgl/l (swiinan
i 0.3300 + 0.03 ni) ileRansunilefiausruiitanatseauiudneuanuidassates

PLBs N 1#5U aziudnniainnziaeslieis PLBIM A5 TDZ 0.5 mg/l uae NAA 0.1 mg/l

=

wunzannanluntsininuaada anuutlaslu PLBs wWasanilefiduinisrandan 80 %

9

'
=l =

uazl¥ PLB AflAdenanunniign (13197 2 uaznmin 6)
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1 v
=

= H o o a G & a o v
ANFI9N 2 LA AU UENTIANTY W afiduini3senTan LarA NI deaAd PLBS MAINITINIZIARN

Wit 4 1hau uua msuingms PLBIM sansauansaauaunsiasqiiuln NAA waz TDZ Tu

FEALIF T
&17PLANNNT | Wi PLB Miinau | ulefimusinngsan ANHITEIAATD

waryAuin(mg/) (N5W) T3m PLB
TDZ NAA Mean + S.E
0 0 0.1410 + 0.04° 70 % +
0 0.1 Tddnaasundas | lddnawasuulas | lddnnsulasuuilas
0 0.5 Tdinaasuidas | lddnsasundas | Tddnnaudsuulaq
0.5 0 Tuinaulasuiilas | lddnnsalaswudas | TdEnnslasuwlas
0.5 0.1 0.3300 + 0.03° 80% ot
0.5 05 0.3483 + 0.04" 60% i
1 0 Tdfnsasuidas | ldfnnswasuudae | ldinsulasunlag
1 0.1 0.2557 + 0.05° 70% +
1 0.5 0.3060 + 0.05" 50% +

ANNITENAATaY PLB lTuseautias (+), 52AUinunand (++) Wa s seauinn (+++)

] t 7 v
N 6 uanaTnstnaefnladuen MAINITINISREIUIY 4 1RDW LUBIMNTUINgAS PLBIM 993

fne 0.5 mg/l TDZ waz 0.1 mg/l NAA
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: 1 o Aj
2.2.2. unvasmagiasanansiimdulnsineasuladuaivia PLBs

annswasiaesupadaliiininsnasfuladued uuemisges PLBIM Riiuuazltifuans
ALANNITAITURLTR (NAA $93fiL TDZ) fanrfivinanaginsaifunm 0, 10, 20 uaz 30 nfuseans

1 i 1
Hunan 4 1wy wud wasdadiiwizideeuuennsiiBinianizansasuaunisiatodioiaus ldids

1
<l

13 ! 14 1 H
wmaginsa(ai 1) aslasududurmasussbinioydiuineinaefuladuan (1wh 7 n) dou
1 13 »

amnsTiinarsrauANnsT R isaud e aglasalsann 10 nfusiedng (gannmanai 2)
anznaininsinaeiuladues ldingn (nwil 7 9) Aa 142.86 + 84.52 NaANFU (A19199 3)
sosassnAnluausfilinansaruanntsai iy tnsaniutnnnaglasaFunn 20 nfu (48.14 +
31.74 IaAnfu) uaz 30 nfusin@ms (28.00 + 28.00 Radniw) laaTnsnaaiulsfuanarisnwosd
d J ﬂll - =i all L ¢=II IS

Atndau (Mni 7 A) ustBmAesda (nwdl 79) aauandu douamsiildifuansasugunig

14 1 ]

WL n DeawdisziFuvitelidiBuinmiaglase (ganismaassd 5-8) unadasrhsuUanwiug
’9’ fa n‘/ 4‘&" d‘ H ] ] :il dl 17 ] = o d. nll
wsanady uazitieifiebisnunsnniyselluasens ufige Salvnadwdaafuganimaandd 17

b
AuennzatsaagNnsaT AL TRLA AN e Tase

d %’ = = 1 - -3 & &
A1919% 3 nazaniianaglarauazatrasuarninaTiundannialnsnaafuladuad s

o & 2 2 = o A:I‘ =] =
LLﬂﬂﬂﬂﬂﬂ?ﬂvLNT‘BQLVI’]u’W?’Hq’Jﬂ@ﬂ VAINFIANZRELTIUAAT 4 (e

AN AIIAILAN  TANa tviinanes nafialnsln  waneivg
NARD ns flasa  Tnstneefladied  pefiladued
wingAule  (n/a.) (HAadNFN + S.E.) (UaFidusm)
1 + 0 0.00+0.00b 0 Rnong”
2 + 10 142.86 + 84.52 a 57.16
3 + 20 48.14 £ 31.74 ab 28.58
4 + 30 28.00 + 28.00 b 14.29
5 - 0 0.00%0.00b 0 frnana”
6 - 10 0.00£0.00 b 0 Frame”
7 - 20 0.00 £ 0.00 b 0 Bma”
8 - 30 0.00 £ 0.00 b 0 Ahena”

T T T
oo L . =

- ANeRERIAUAfs R neT AR uA AN SRR A NWAN AN AT R

o s s or H AI d;/
- flhumtinasranzesinslnepefulaALe AL AR A AT L ANT

1 12
- uaadddannduduimns wazans s sann
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-
5
-
-
&
-
-

= Y - | v o 9 =l o 1 o
M 7 uamadnuizinsineasuladuenteandaylisasinuidniags nasniswiziaesuAasa
\uinan 4 1hau LueImisgas PLBIM Mdnasaauaunisiasgiiuinsauiuinnaglasg
(n) tmagiaga 0 n/a. wuuesdaldewdudiinia (1) Winiaglass 10 nJ/a. inlnsln

pasulad-uanddiden (A) Urmaglasa 20 n/a. Watnsinaainladuani@idunaau (1)

E 9
wmaglaga 30 n./a. MalwsmaaiulaAuenidmaesdn

2.3. N1594Nn11 PLBs iitlusu
=4 1 o’ o o« o =l v £ 1 2}1 I o = £ =
aanngAan LI n1sEntnInsinaesuladueam i ududauiu Tdandudaadinans

AuANNTATLALTR A7 avlugnsatms uididuseufingunsdansiiuunvan AINanIImMASeS

Lyl
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2.3.1. paTadaasNuAaniIstialuAu
t o J =Y
enenagy PLBs avlueunsgasian

[ v 173
Wavinnshaideinsmaainlasuen uuamsuisgasian (PLBIM) $audae TDZ 0.5 mg/!
kN 2
AT NAA 0.1 mg/l uasudenawiziassldszann 1-2 e nudninsineesuladuanunegond
naasAulRandasuarddmaastu (i 8) wardnunedauniely AnldnsudnTngin

padulaAuen luarunrawsydusuaauluaninzaianann

"-

©

=l ar 2

nwi 8 uansinsineesvladuen ndsnistieiaeslueimisgns PLBIM (gasiau) unan 1-2

@
= @

= | = = = -:I g =l = Il
12K3)R) W‘l_l')’mﬂ’ﬁ‘mi‘fyLFIUTWLWN“IJML@H‘HE?_I Lmzmmmwu

2.3.2. HAUDIANTAUNTE (NAIBUALATNUNSILA) AanisiAa T usu

e nsinmefuladuaninizidusuuenmnsgms SLIM MRt Fuauazndoanauua(o,
[ I _a =1 4 P | ' o ﬁleﬂl’ é’
20 uaz 50 NFNARART) lWaan 4 e (A998 4) wudiinsinassulaAuaAMINIZIALNLWAIMNS
SLIM AAnndatmenuaLFNI 20 nFNsiedns (GANsmaaead 3) Nndiunanliuinige (89.58 +
9 ' ' 14
45.47 sansiaInsnaesnladues 10 He@nin) WelfFauifisunuauaugann lfaINNIsINNLRES
A=II [ 3:/ o nI/ g all = a,u:lqi
Lua I AN Ruauazndoevenua (ANNmaaesh 1) uasiinsnlianga (3.00 + 1.32
] 'S ' -:gl‘ & A o P -: - a [N o | A
mnsialwsineaiuladuas 10 Hadniv) INadssUueMIIRNNAEMeaNLALTNA0L 50 NTusRARS
(gAN1MARe3N 5) TnadausnBFNUTINUAINTNNILAENUNY 2 LRDU
di s & ' cll < [ A:ll 2 ‘;,
\HBRANANYTIUIAULLARZTANIINARE (AN97199 4) AxLiud R IHanNITINTZIReN

Tnstneesuladuepuueimsgas SLIM MFnndaavanun§unm 50 nfusedns Ianuanysoiaes

!
v =l

Y a ala . P & A 1
mumﬂﬂ‘mﬁmWUﬂﬂmLLﬂz‘a"mV}N“ﬂu’]M‘MQ_,I (NIWN 9nN; @ﬂﬁﬁ“ﬂ) TANAIHTIABRAUN LAFITNNITIWIS LA LN
-:ll =y 3 [ =) ==1 1A = =l e a Y o ars 9 d‘
Uu@qﬂq?mLmNﬂ@Qﬂwﬂmumﬁqu 20 NTURADA W?LLQ::VIVLN FHNANTAUNTELTITAURTHAN AL Imﬂmuw
» = P = @ o o o alnuw X oS a o o p
vl.ﬂ'QZNﬂ'am“ﬂu']m’LﬂmLLmﬁ'qﬂNTuquﬂﬂ ﬂ’]ﬁﬁ‘umuﬂiﬂmﬂﬂ’}?m’]zLﬂf;ldU“lA’ﬂ']M’]?VILGINNuBJ?\‘]Uﬂ TN

L 2 w dl 4 = @ = = é’ 14 ' -al qll =
mwmuuimuﬂﬂmuwimmﬂfammmLﬂmmzmmmmuuﬂﬂmn TﬁmLfawq:amqm‘l,umma‘mmu
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o uI/ ar (= dtl @ d" ] dl = g ] = = £ dl
Tunfus 50 niuRednsdianiniannidassiallaeafifiatuliannsndeetussasnpilueiun
anysodls (0wl 9 1)
annsAnemiediafiadneanudnnsinaefiladued flfaniwizidesuuamisgas
SLIM fiiundaevanua 50 niusedns ifuaan 4 Heu (1nwdi 10 n) wumsasoiufuiiauysel
Sidnudnlapeea (1WA 10 7; Fagnas) uasdataesn (il 10 9; gnAsT AentaswLdndIu
Gl = = o 4 3 L] n' é’ = ar i; s
Uaeemadansnasyiinnng Hendugeau uazdusndaeadinau sonfidnenrfiinadeuiss
= 1 -=l| 9 =4 = = = [ 4 1 nll a @
fnsnunagu uazsuilifininasyruiadoaiuuduluge (Ml 11 n) Wannsuenuay
i - [l = o = o g i i =2 o
fususnasslwe e luil (dgnsanunsiiia) Anldsuadodulaléfau duildsianwos
1 & .
aanysal SondouesariluR Tun Hecluflaneqefaas (1wdl 119 gnasT) uazeniaunslve) &
g 1 hd ] =l ar [ 24 ! = 5 =
magen Sausnuneausiuemnn TelAnsnsmdeuiuAuTRATURINEITHTNF LATEINNTT
fnfundnifesnananungnluGeumzdn (amnduuaciszinn 30 Wisstuasenenaums

1 & =l 1 & Dn: 1 A’ d” 4‘ ey i
feAut) Iasdundanlifildainnismnziraaiiadea o idinsesld

s 4 naveesiul SauanazndonenLaianiniadyesinsinaeinladuefiliduiures

ndapl re WU INIRRA MAIRINANSINIZREIUIN 4 1ABY

STUIULBARAE  ANWIUIINIBAY

TANT ansauviselidetau sialnsinaady Aaltnsinaniy A
NARDY ANEISHTN A "afLe laduei aNyInd
fudfua  ndsewesum 10 HeAnfu 10 HaANFH 2BIHY
{n./a.) (n./a.) + S.E. + S.E.
1 0 0 1665+ 417b  0.80%0.80ab +4
2 20 0 39.70 £ 1808 ab 0.13x0.13Db ++
3 50 0 58.14 +37.62ab  0.17:0.17Db ++
4 0 20 89,58 + 45.47 a 1.00+£0.76 ab +++
5 0 50 31.77+17.59ab  3.00£1.32a ot

1
=

- A RETARATUA s AT F 9T ua AN R AN A NLAN AN NATA
o o = ~ = = - é‘ S
- RryAnmo ++ TRt gaprUAENLAZHTNINATUEALNN
= = 1 ] =l <
. PRNEIT paAiaIA IMnuATINRIUIALAN

o THRILE gapuazIINTIUA Y
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v

\ H“l !H.l;!‘:“ i

14

3

= Y ¥ o X - - =1
PN 9 wansdnuniviiusautnndae liraainuiiinagns wasainunziaasinginaein-laAues
ULBTMN9gAT SLIM Wi 4 (e (n) Mfiundouvenun 50 n./a. ifinviadautanuazan (gnest) &

as

guna gy (1) MFnTULTIUA 50 n./a. Redausaasnadni lansnsnaseydaaasell s

= v a - s - 1 o A Y o et
MW7 10 uansdiudauiiasyannsinaesuladuan (n) Aunldndsaninizidesuue i sgms
SLIM AANN@nemanus 50 N./a. WU 4 1Ay (Bar = 0.6 LIURAINAT) (1) siunanysniinnzatuuian

wradd Svadaudatanaaan (Wagnas) uazdaanusan (gnasd) (Bar = 200 lulasiums)
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MW 11 uapednsuziusauaaindaelfisedinuiirneagaiinisifeuue nIgns

SLIM MiFnndaemanua 50 n./a. (n) uean 10 1haw (1) ienansiuiaeluaIusgasianasy 12
= 9 1 = & & L = = aql‘
\nau FuseuaTyanysnd Wiuiesluiaieqadia (gnasT)

- 1

maiusnndudruianguugismndiqaidianuds (-196 C ) IneAs vitrification

u

'
= = 1 J

annnmeaaddesfuiamdudiuiaumianisifiuinenfgnmgiandiaaienuda wudn

9

v '
P

Fudnilusuuuueadaliannsasdyibulaseluly uazGudaduiiinauazaelufign Adls
wangmLmﬂﬁ'ﬂuummiQm PLBIM équﬁfmmmquammﬂﬁﬁyLﬁuimmxﬁﬂmaﬁgimm (Qmﬁﬁ
ﬁqmﬁmﬂm?mﬂm‘ﬁ’ﬂﬁﬂwﬂwﬂm‘ﬂ@ﬁua%)) awldtnsinpediladuen Wethanduiudaulunig
Fansmeaeanieil aannisdnelaanisudlugns PVS 2 lustazinauansnariu wodiuualiinly
nsugtnsnaesaladuenlu PVS 2 iluszuziaan 120 und ‘lﬁwamﬂﬁu%’nmm"’q'asim?i'ﬁﬁqm Tng
WRauieusuansinunieluradiaumilowieadoaieiuiladenesunmasesnniige
anszinsudlu PVS 2 svtizinaWen ] (1w 60 W) %u‘iwﬂwﬁmrm:"anmmm?tyrﬁifa"l,ﬂiﬁu@:
Aae-Ane wansnsmaifeideinafinudnarsandlulamseiinnildsuudasuazidagll

y o o &4 <
WalFauisuiuiteltianawnimaad (NN 12)
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Yl o, 21 R
P ‘k‘.’.‘"@.ﬁ:.\'m

At 12 uasdnenensaouadnenrsesinsinae i laduenuazansaniulamsn ou
wasvdenaiiuinenfigugiian (n) nstnaefunautaniinisdnenildidoaan (2) ndaugly
PVS 2 1itea 60 wiftudanin iufusnen lugnumndanliwuniaadoduindely uazFudauiiTne
fanuslunasesn deandeiunanisinemiedalnniivedinstnaefuladues (p) fewinu
AnEnLadTinsaranansan sl lamem uag (4) Wetiunudlu PVS 2 (60 unit) udaifiuinmlu

goumnin nuduad idansanfiulawmen viatitiaannn (1w A-2 PAS reaction)
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Namﬁﬁnmwﬁ:ﬂmmﬁmu'1:fauhmmﬁus‘*nm%udquﬁm%mmﬁé’f'mfmmLﬁanuﬁq
(-196 C) WuswdsNsMaassuaziiafaunAnsmaiedeinenlauntsdensan PAS ite
psaagnisazananflulainsanielugadnudn ganimaaesiiiunisudatsazany PVs2 Ly
FTUZIAN 120 Wl (qmmﬁ‘ma@ﬁi 7) ﬁmmmmmmﬂu"i,ame'iqmumnﬁzgmijmﬁﬂuﬁu’gm

~

ﬁﬂl a o ] I o @ ar [y & A:l’
N1IMAREIENT] AunaaInnsRad NN Inadewiinsiuineinsneefuladuad lugnmgl

U

AmudnelugasrasinsineefuladuedinnsazanasaflulawmsnAaudaeun (0wt 13 n)

=

uAidiavnnsneaestatudlugnsazany PVS 2 ITUTIIATAN (0-120 W) newtlnlutlugingi
paluinan 1 4alus wnluiutinsneeflafueily PVs 2 (0 w19) arsnrelugasiiansde
anmuwAsuuadly uazidleutly PVs 2 Wuszezioan 20-80 1 (mwﬁ' 13 9- 9) WLINHATAZ AN
Uszinmanflulamsatiosann deudifunan 100 unfidiunisazanansdananniiy (NNF 13 %)
waziuasazandmauiiowtlu PVS 2 funan 120 uf (i 13 2) warldnawmideufuniwy
azanarsaflulamsaneuninismasas
ﬂﬂ'N"LiﬁWmNama‘ﬁﬂ‘mm:‘Lﬂ%‘lﬂuuﬁawmmm:mmﬁmﬁuq 1 nnslaeuut et
Wsiiu oty Faduumdenfanureaad delifaaumanin ududeainisdAnsfivdayadn

:,/ = 1 © = :’1 a‘l’
AT Ag i aueeasiayaluaseil
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" “QJ F -y R ™) T WS
- ..,g, & ”'ﬁfﬂ, ‘“
L ".‘ | S ;‘_ d
‘l

o) f"‘?&
oy :-&m-m,tm.

=l '3 s - 5 '
AMNN 13 LLﬁﬂQﬂqﬁﬂzﬂNﬂﬁ‘xLﬂﬂﬁ']ﬂULLﬂLmiﬂﬂqﬂiuwﬂﬂﬂﬂﬂqj:“ﬂ?twﬂﬂ?ﬂiﬂﬂu@ﬁ (n) Naw

vnsAne (1) wili PVS 2 fluiaan 20 wiit (A) 40 Wi uaz (1) 80 Wit udavinlluglugumgil
A1 1 doluanunisazanansanflulamsatiasninvzeliiae (3) wilu PVS 2 ifluan 100 wih
aflulawnsnliaarelUvizeaanedeannnuazainunsoivnisazanaflulainsn Aty (2) iWeuwdly

PVS 2 ifluiaan 120 w1 wudnansanflulawmsmiaguinnielusadivdauiunauiinimased
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5. andmauazasiuanisnaans

NMFENILARIHINLUAR

Slethmfenmizide wandlanasiniuvinginasfu waziiadlunradalulefiaus
AN L'ﬁwﬁqn’mwmﬁmmﬁmuumms@m CIM ffin 2.4-D (0, 1, 5 faAnuseans) faufiy
TDZ (0, 0.1, 0.5 Hadninsadns) ue 1 weu wdsiinisssyfuindes wazudandosld
anynganemeaeslinnaSyELImRsnnwdemnsda iy ﬁﬁluﬂuwﬂmnmsﬁﬁuu‘?‘iﬂ@m
sl snldEnsuaniBeuineldaa wadléfuuazfesneaznss i ldeuln oo des
AUNTEUIMUNITIUNLBATUR UL (SRAN, 2540) 1TARAINITLLNSILAYIE LI ADLN9TIA 15,
gempdasiunisinemaiiadeina wuu‘?mmﬁlLﬁmﬁfanﬁmmﬁmﬁmﬁm (meristematic
activity) aganuanunlutiandautane wuLenﬂﬁu?‘mmﬁq%uuaﬂqM@}\ué‘uﬁ‘i@ﬁqﬁmﬂqmaﬁ
LuuFsRInAuRe R lEnnseennRudiag (surface growth) aenn1eEudne uazITAT LTS
L'Suuﬁ@ﬁmﬂmqma@'ﬁaLLuuﬁy“a'mﬂmemuﬁuﬁaﬁﬂﬁmmﬁmLﬁu‘Em:Lﬁm%\mmﬁuﬁuﬁaq
WATUENEUNA (Evert, 2006)

Slamnziasasdaiiung 3 deu WUAMNTANINAAEY (muﬁa‘gmmsmam?‘iiﬁﬁmw
pupunsisTeydule) amnsnfeinsinerefufaasdydiuduseusielUld luiefinusunnsng
fiu ﬁﬁ'qﬂ@mﬂfo‘fmﬁué’ﬁmmmdﬂm?mu@umm?rgLﬁu‘[mmﬂﬁﬁmqu'ﬁqLﬂuﬁi@%um'aums&@ﬂmm
wiandosldlhiulnsneefuuasduseu Howintiuinrssseilunolusdneglussaud
WMINZANABNNNATTYUER UAnTFN 2,4-D 1 Radniusiedns v lRfudefiFusnnsie fulnsly
o ldnnT (Pierik, 1997) WaT@aAARENNL Hew WAz Clifford (1993) $189 UINNITLANENT
ﬂqur-qumm?cyLﬁ‘u‘ﬂmummﬁmmiummmwmgﬂqvn'u ngueandu lalnlaliu uarduiveisadu
aufutlszAvanmnissenseandandseldly Taeeniretihabeaniu faduldiddmdandonld
:‘Jﬁmmafaﬂuulun@:m'aﬂ%uﬁ@ﬁﬁﬁLﬂurﬁl’mLau'aﬂn%umlwmwmwW:Lgm WRTNISANHINIY

_ Fafeinantadnsinaasy wunsastyreatad laamaduiaulasaiagliandanwondunguy
I RALAILY %'m?‘mwmmﬂnajumaﬁu‘%mmﬁmuwmLﬁuu?‘ifaﬁmﬂmaL«naﬁﬁr’umus?q'mmm::mmu
Ul dqmalﬁlﬁmmm‘?‘mLﬁu‘imﬁ'ﬂuﬁmmmmfaLLa:mmﬂf’mLﬁ'@ﬁﬁumlﬁlﬁmImm?wgﬂTmu
nsdndnudsliaiaurada andudasdinnsifinarsasuanninainiAvinadiueimns
agnevdee 2 1lasauiu nampaliainnsadniiueraddauuaivis CIM ﬁlﬂuﬁumsmuqums
L'ﬁmgﬁ?mim%\‘\.&'awﬁm m‘émﬁumsmuwmsLﬁme?meﬁmlmﬁwﬁqLﬁ'\&u Feapnadasiunng

d o o & X P . &
neandlundatifminnnian (Vanila planifolia) B9ldanunsndntinlpa@aa N UAUNLNIZIAT LY
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21T AUATIERGRT MS 17;131L‘Emmmquaumm?ryﬁuim (Janarthanam and Seshadri, 2008)
maﬂm@uluﬂﬁqaiﬁmﬁméuq (Chen and Chang, 2000; Lin et al., 2000)

Huan wazAmuy (2004) 1F3189rudnsifin TDZ Wasetraumuadaruisndnidal¥ifa
LARAA WANNTWAN 2,4-D $anfu TDZ anunsndninlfifsunanals dAgafunmanesadsil

e - e = ]

aunradninliiiaueadsanudnldanigeuwam s CIM A 2,4-D (1 Tadniurefng) fauriy

TDZ (0.1 adnfusedng) sanndestunimmanatlundouldana Cymoidium fidnduaadauu
IMNTTUGATARULRI MS fiu 2.4-D 10 fiadnFusia@ng soufu TDZ 0.1 SaAnFusiedns (Chang
and Chang,1998) nnsdnusumadalundanlians Phalaenopsis (Chen et al., 2000) n1ediniin
upadaaninsinepesulundnelsl Pleione formosana (Lu, 2004)

RINTIBITUTES Lin WATAME (2000) wudr@Nsatniiuaaddeednare tdsaasinung
ANNAN Paphiopedilum callosum 'Oakhi' x Paphiopedilum lawrenceanum ‘Tradition’ U8 un?
amsAinLla MS AAn TDZ (0.1-1.0 HadnfuRadmT) auiU 2,4-D (1- 10 Nadnfuseans) Anva
TaTinnemenunsininLAs aaNNARANAYY [ s8inuTaNNAN Paphiopedilum Alma Gavaert
¥dnGauuemsiugreiaullas MS Fufin 2.4-D 5 Sadnusiedns sauiu TDZ 1 fadnfuredns
{(Hong et al., 2008) il Lin wazAnuy (2000) WAY Lee LAY Lee (2003) I181WINNNITINALIENE N
ansmaupunisaseiuTanguleinlafinefia T0Z Aunqueandu fdoudrAgyranisininuaada
1asnAneliraavinuis arsaaupnnnasyALngNeaendy 1iia 2,4-D Mdlunsnasnsnfsiiiy
@ﬂﬂ%uﬁqLﬂs"]:'ﬁ’;ﬁqw‘ﬁrﬂum@aﬂ?ﬁuﬁifam’m@aﬂdﬁ NAA Uaz 1AA 34 2,4-D iusendufidflusenns
TNULAAAR (Mujib et al., 2005; Janarthanam and Seshadri, 2008) ﬁﬁﬁumﬂﬁum?murﬂum?
L@?:yLﬁu‘immﬁu@aﬂ?ﬁué@uﬁulﬂwlﬂﬁuﬁmmﬁnﬁ’ryﬁiﬂ%’umumﬂﬁmﬁuuﬁamuﬁmmaﬁaluﬁm
aen (Chang and Chang, 1938; ishii et al., 1998, Ignacimuthu ef al., 1999; Roy and Banerjee,
2003) nasdingrspruAnninasRuianglalntatiuauisofneanusngaseninee iy

[

rg dl P <4 :’4 = = o & nlll
nehutieiEiafis (endogenous hormone) Taaae fluuiavisaanduuazleinialiu asvauiifisoniu

[
o

TungALANNNTULINTA (Johri and Mitra, 2001) Fenrsutagadidunszuaunisdrdnyiidiiivee

v 14 1 [

dupaun sARWeIruRedY (dedifferentiation) 289TUAIURITLWITIREY AREARUNNTIANTY

sengaaandunatlainlelufidrudn Fyina I Sunszuaunismeasssanenango (Maity et al.,
4 ar ar 9 8 _ - 1 = all g [ =

2005) dmFusrduacndudurasarsauaunisEsyiAulnwiasaiiafivunraniuey fursilauay

v 1 1 13
A UATEN AU N PN RN AR E
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“ ¢ o &
msinetnsineaasulanuan

g
anrndniueadaliinadulnsinaediladues Uua1M1sgRs PLBIM fausat NAA (0.1

P

Uaanfusaams) uwaz TDZ (0.5 NaanfuaAeanT) (%’ﬂzgamnnwmﬂmtﬁmﬁu) LTy
drsAvsamifiRanisaiuineinaef laduedlnefneuasesinmaglasasuiuns e i
aspsuANNInRSALTe AeldnnzdnuaadaLueMsgms PLBIM Tiisuay bifinansasuaunis
CERITIG] ﬁ‘auﬁuﬁqmﬂ“ﬂmmﬁ‘mm (0, 10, 20 uWax 30 NFUHDAMNT) WIS B g an

41518% WU uAARATINZIREILWE M IR NA sATuANNSIRT U Tas T e aglasaL R

]
ol

10 nfuaedans ausndninuesdaliasydulsuaniduusileviainsineafuladuanlaisiign

q

AAAARBINUNTNAREIVEY Jheng WATATLE (2006) PEUINBINTGRIARULIAY MS WA NAA 0.1

a o e [ T -] ]

@
NRANTNFRART UAT BA 0.4 Haanfusedns onfiviisnatinsatsunm 10 - 20 nfuseans aaunem
&

dnunl¥ifalnsinaeiuladuanansndne sl Oncidium ‘Gower Ramsey' 1Hs uauan (Uszsnm
1,000 wsin-mafuladuerfeLAsddEudW 0.25 nfurestwdnas) Wuieadiunisnaaasly

4
nanefisasWinusgnuas Paphiopedilum Alma Gavaert ansnsodninlfiialnsaefulafues s

i i
=4 = =

ANam WalWZIAE UNa IS ugRIAnuLlas MS MiLFs NAA 0.5 Iadnfusedns uar TDZ 0.1
fiadniusiedns snfuwmnaglasaliutm 20 nfusiadns (Hong et al., 2008) TvaamAfesiunis

NARBITEY Rai WATATAT (2007) MUSIENNWINNATBINITRINIUSINAUIENINAITAIUANNNS

L4 o ] o @

wityduladuiimatlasatiunumédysentsdninldiisnszusunislanndnidn3lemwuts

o

o’ ]

’0’ | 1 o dl o ) o g dl =4 d' d" d'l’ 4‘
TreninmnaglarailuunasrnivauiidAysiantaasydviprsaiiadeResinnsidsanssidade
waniliannsnaieewneslduasiviinueesnniuenieeanladants wanainfiuieiaglase
o 9 L l-dl < ar dl | nll nll 2 L [ Ls 1=: [l

fanwiiduiiadevilunisdaainguinectesiunisdanmsiionlssd  faglunszuaunisiy
unuadtueasAnfiulaimse (Koch, 1996; Iragi et al., 2005) 42AARBIRLINITIIENTILIAS Takano
WazANE (1990) (B19lme g9k, 2548) vianvsvmaeslundasldana Cymbidium wusinmng

o - ] yaid ] ¥ :

glasagaaiulsz@venmnisgatniulnsaunazsineimsan 19eaY Jaliunansglasafild
ravinldlunswizienlladendosldds 20 nfusdedns usidviunimeaesd wianagingg
fFund 10 nfusedns wnnzaniigadaninfininsivaedulad-ued Wudaeiunismaassly
nédnsldiaiin Vandofinetia Nara "Yumika Pink’ {Kishi ef al., 1997} ﬂﬁ]’)ﬁlﬁ‘ﬁﬂ’mﬂ'}ﬂ‘fﬁﬂmﬂgim‘ﬂﬁ
Uinnoulsiviu 30 nfnsiadng dWasannissindiansdiniugauiuliazdudinisgadusinaims

1 L

1% 1 k3
uadiugensiadui invedinsinaefuladued s ldidansaeresdudiuiahinuimiziaes

r
1 =i

B 13 2 i
uananildinisglasaidunimaluanad et wnisd e laeaonuieusinlauiaziiia

u

2 v 1 =
NITUIUATITURNARTEFAIBUN (hydrolysis) nanedlukimialuanaien 2 98s A wisnangning

(fructose) wazu 18N RS (glucose) (Schenk et al., 1991; Blter et al., 1993) Teu1a1aTHIANS
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Feavaanstie dathunistindelearanateuainletnazaaieiady 5-lansandufia-2-nesan
la5 (5-(hydroxymethyl)-2-furalaehyde; HMF) wazaslssnauduas (Biter et al., 1993) Fadmily
maﬁlﬁ AEABLIAANT ms‘mummmimm@mmmnmu@'LmﬂMmq Lm‘mm Lumfa'mm?
Lﬁu%wmmﬂmuﬂﬂﬁ‘ima {osmotic pressure) m@:ﬂummsm‘mLmuTmmw’nlm (Tokuhara
and Miil, 2001; Iragi et al., 2005; Vinterhalter et al., 2006; Gongalves and Romano,2007 ;

Peres et al., 2009)

]
] ar

wenanilanspauannisiiuinduiniadoutiefiddysanieiniWiRanssuounis
Trunmniduuilaauga Tmaﬁuwmwéwﬁmﬁiﬂﬂwﬁ’ﬂﬁﬂﬁuﬂaﬁﬂLL@:LmaﬁﬁéuLﬁmnym?zyLﬁuTm
Wgnszuaunislannineuuilar@uuda (Amold et af., 2002) LuLAsALNNIMARBITES Chen
W&z Chang (2000) :ENTWINDIMIEASFALLAT MS TR NAA fauifu TDZ emnsadniinliifa
nszuaunstrdndsnilanudsanuasdarsandaslitana oncidium 1 iilasanansaauga
nneoyiilaianguaaniu (NAA) uazngulatnlaiiu (TDZ) azvimwinfiflufpauauipdnsaas
maﬁuﬂ:nﬁ‘:ﬁu’tﬁﬁﬂn?:mummﬂqm@ﬁ {cell division) (Francis and Sorrell, 2001; Thomas and
Jiménez, 2005)

dauenunsgas PLBIM iAnarsrauaunisins AL iaus liifind ma wudiuaadaaidin

b_

=y

mMadsundaailuduinie Warinmaunsandsuiddsanisasnyiuiaseuidadony

=

gi’ dl = 1 = dl n‘l’ él’ di =y 1
WA D Tee T Rana s Tururear iy g sa R 14 lun s zideaiietls HAnsnanse

ATTNATNNINTAUDAA LUNsEN U L E IR AngrLoun s TN A NE N UT B A W UT ALAZNITIA TEY T84 1T

&

WANENUTTe (Blanc ef al., 1999; Tokuhara and Mill, 2003)

- =

3 1
FIUNITNIZIRLIUARRALUEIMNIERT PLBIM AlllANaNsrounNnsduauin ueiduy

wmaglasaBuang 0, 10, 20 uaz 30 nfusiedsns wuduaadaavidanuduiuinng vl

mmmLﬂﬁa_;t,ﬁu‘imﬂuiwﬁwﬂ@ﬁful@ﬁuaﬁiﬁ FeueaRaGuFLTlE sz AEeAns Hesainas
a13A2UANNISIAT YL TR ATITINALNTAABIZEY Begum WATATLE (1994) Bnnsvaseslu
naseldana Cymbidium wudremnsdansnsigns MS durinanaglaraliunm 30 nfuredas
Luﬂ'lmﬁuzmﬂfmﬂuma‘m?‘mlﬁuimmmm‘ﬁ’ﬂﬂﬂﬁﬁmiwﬂwﬂm'ulaﬁmﬁlﬁmnﬁm

v [ 7
u@nmﬂumﬂnmmuﬁmuﬂﬂaa UsrauaudSaiatninnuinsnrefu-lafues sy

AoutiRtadeclemsatunszurumslaun AnE A leaunia (Begum et al., 1994; Meesawat and
Kanchanapoom, 2002) Envansteneiudndas s Bunmnn taedslmninduidleaunda
wULegan JUss ANt nNINNG1Rs MINENEN LTI LT ALL LRSS (ns1znnsiiaTnsineasy
lafuaRnnszuaunA TR ndu s laRuLds wuumneden ansodndlddalnnAndusile

I Bunnuunnuaz i fniguidlaaunsoe iyl fusuldetinadidsyAnann (Zhao et al., 2008)
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nsinsilnsinaadulasuan i ilusy

]
=

1 i L 1 1
e insnaefuladueRRaToyunannuasds NmisinesURetwIsgRs SLIM PiFindul

o

umLﬂ:ﬂﬁqwawmﬁaﬁ‘mmﬁhﬂ ALARRINMsmzAEL 4 Gew Tnstnaefiladue i
S ALUNE NS RNN AN LA TN, 20 nSNsEARs dunsndnsininsnaestladueA 1A
drusanlduniian dewSauiuuiusuaueaiildannnismw s e WG nanstursd
Fefeunnsssun aenndesTuNIMAeITEs Huang UATATIE (2001} $1aeudne msiiFx
NA8ILN (banana powder} 5u104 20 Nfumefms aunsnfusnunuse Araandae e i Tans
WUZANUAN P. philippinense x P. Susan Booth 1BnnTn uasiiseunistszauanudidaan
msldngsnenuslumsmnasiiedendss ivanatie atelafiammauaiiiaadasdunis
nszduredansdunitidedeunsssntndeinaanuldies unemeeu na1adetsiisndse
weuum Geinunissingalagaanufeuannlatfigruunias somsugauazaninasiunss
s liasfszneunatnalundsevanamnsnazanatinld uasanuudaser lugUfidan i
Aenswd ol datu laenseduesfllsyneumusssand iy e Aaniut 1 3anfud 2
nsaardilunatgie 16un Tamau ladu winlafuware fRAtu infaus TWun wén usadau
WaaWaiawazupaidau (Bamell, 1940; Askar, 1972 €19l gn1af, 2548) aasluunanguliinla
Hu lud Feiu Tieiuls-Tulasd waz2iP (Van Staden and Stewart, 1975 #191a8 Was et al., 2009)

VIuAERNL Arditti Was Ernst (1993) 819Tm8 Chugh wazAme (2009) Tenwinisedialiilletes

) 14
o =2 oo =

ndapvasiuuvaaranarsrougunsasginiangulanlatiuidn Aty Teasdudininasyduls

-

= =

lusrerBuay WARaNIRTAINAnsEEuNTTUaUNIsIlatuaN WUA N A TR LT RI8 UL e A

o

aianizndsaneg usrazgnunuarillalvlaiiu Auiuawsdnuareenduidls @i auuny

drviunstinldldrasndaslsl (Kusumoto and Furukawa, 1977) agiglsfiansAuiua-isadunazann
fuenaraaeldifieunszusunisedalasaauieuainlen

Tunnsdninlfifinsn wodnanwsgas SLIM Tudandaevensadinam 50 nfusedns
aunsaintinWiiann&afge WenFuufauiuewsiiduiud uaviendaavenunliuno
i TanFuLlsngdeusni s nmamzinsn 2 deu igwiasunmasestundas s
ARy (Spathoglottis plicata Blume.) ?ﬁ\mﬁmﬁ?ﬂﬁ'ﬂﬁ'\lﬁﬁmmniﬁmﬁqm SlensiREaIUeNNg
FiRundaevenuaiunns 50 nfusledng (Sinha et al, 2009) uazmsldarsaipanndat (banana
extract) AsORNSUULATAT ANy safIes Aot 9 Tle Dendrobium tosaense (Lo et al.,

2004) wax Dendrobium lituiflorum Lindl. (Vyas et al., 2009) wananidsewinnasu e flnuh



39

fundeafunienszdunisfiasn (Eng-Soon, 2005) waziismuwdniiiuasdszneulundasegu
sRamnsanszguliiAssntasndse i1F (Arditt and Ernst, 1993 #nelan 4nnaf, 2548 )
AnnTMAaasEnLdn Fulmilda nnismazifaaune s iundae venualTHANL 50
nfusedmns ﬁm’m@umnhmdquﬂmwmLm:mnmnﬁfgmﬁnﬁqa ABAAABLTUNTINARDITAS
Churchill wazAny (1973) “'?'immmdﬁmmiﬁLﬁuﬂé’qw@uummmsmﬁmﬂs:ﬁw%mwm@
WwigiAuimrasFundseldvataafia 1w Cymbidium (Kusumoto and  Furukawa, 1977)
Doritaenopsis (Ichihashi and Islam, 1999) Dendrobium strongylanthum (Kong et al., 2007)
Aerides houlletiana (Prasertsongskun and Awaesuemae, 2009) Waz Cattleya WA Dendrobium
fituifiorum Lindl. (Vyas et al., 2009) IWsZN AN van ARSI aTNAINLINRINYBIRIULEAUAT
snandndaslsl (Butcher and Marlow, 1989) luWF el Gnasekaran LATATLE (2010) $1E9WI)
awnsh Lﬁm&'am@uummmmLﬁuﬂa‘:ﬁw%mwmaﬁmLﬁuimmmﬁuiﬁmn‘%u Fasanniiendan
ﬁaﬁumlummﬁ‘mﬂugmmmsnm’qamm-qmzéi’uﬂfnuLﬂunm-ﬁhwmmmﬂwW:Lgmlﬁmﬁ
deanneunssnde lnupuiauannlamssnissnit e laganudeusaniernatunsosin e
madasuilasrasszfupnuiilunsa-anszesamisld laefinainns@aaninassuanRany
{137 (denaturation of protein) N19arATB2BNAS (aissolution of salt) warUfjiTenistasaait
ga1snanafiulawmem (hydrolysis of carbohydrate) (Owen et al., 1991) WANANEIAY TENB YD

emsillunswnziaeadefieudn seduaullunsa-rrsse st dpd Ay Ao lu

&

LY [
= o 2

maingnsanwnsnil i d8néae (Thorpe et al., 2008) Ansiandaadlesdsznauuatinainaqdes
[y 1 rd! ql = oa = o Y § )=t o L]
fUnTuUGgad Teasiindsedninmaeaninatoiiulnaaendqeld Iaalidnavialiinanans
RaUnpuaanisasoyiiuls
anN1naaeFNTulFnLI e U soin Wundne ldwiqiRuinseld 14 1Hesanniiu
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&170AH P30 (mg/)
(NH,),S0, 500
MgSO,.7H,0 250
KNO, 525
KH,PO, 250
MnSO,.4H,0 7.5
Ca,(PO,), 200
FeNa-EDTA 37
Thiamine-HC! 0.4

Sucrose 20,000




m’lﬁ‘wﬁ 2 mﬁ‘fﬂﬁ*zﬂfammmmmm MS (Murashige and Skoog, 1962)

A9LALl Funne (mo/)
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CaCl,.2H,0 440
MgS0,.7H.0 370
KH,PO, 170
H,BO, 6.2
MnSO,.4H,0 6.9
ZnS0,.7H,0 6.14
Kl 0.83
Na,MoO,.2H,0 0.25
CuS0QO,.5H,0 0.025
CoCl,.6H,0 0.025
Na,-EDTA 37.25
FeSO,.7H.O 27.85
Glycine 2.0
Nicotinic acid 0.5
Pyridoxine-HCl 0.5
Thiamine-HCI 0.1
Sucrose 30,000
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A57e7 3 B9ALFENEUIBIEIMNEGAS Knudson C (Knudson, 1946)

#9LA% © 3unod (mgh)
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ABSTRACT

We have developed a protocol for the indirect production of protocorm-like bodies (PLBs) from germinating seeds and subsequently
regenerated plants of a slipper orchid (Paphiopedilum niveum (Rehb.f) Pfitz.). To solve the serious problem of necrosis that occurs during
normal culture and the subsequent stages of development, the incorporation of activated charcoal (AC) and polyvinylpolypyrrolidone
(PVPP) into the culture media during the stage of callus induction was also examined. Embryogenic callus was induced from the
germinating seeds and showed no browning or only a few necrotic tissues on modified Vacin and Went (VW) solid medium supplemented
with 0.1 mgl™" 1-phenyl-3-(1,2,3-thiadianol-5-yl) urea (thidiazuron) (TDZ), 1 mgl™' 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.2% AC.
These calli developed further along the route for production of PLBs on modified VW medium containing a combination of plant growth
regulators (0.1 mgl™" 1-napthaleneacetic acid (NAA) and 0.5 mgl™ TDZ) and 1% sucrose. The regenerated PLBs eventually formed the
highest number of shoots and roots on modified Murashige and Skoog (MS) solid medium supplemented with 20 and 50 gl banana
homogenate, respectively. About 90 regenerated shoots were obtained from about 10 mg of initial PLBs. Samples of the obtained plantlets
grew well after being transplanted into mini-pots placed in a shaded greenhouse. A histological study showed that PLBs originated from
the surface of the embryogenic callus. Some PLBs could produce secondary PLB resulting in greater PLB proliferation. The PLB-derived
plantlets had shoot and root poles indicating that plant regeneration could be considered as a pathway for somatic embryogenesis.

Keywords: callus induction, activated charcoal, PLB formation, tissue browning, plant regeneration

Abbreviations: 2,4-D, 2.4-dichlorophenoxyacetic acid; AC, activated charcoal; DW, distilled water; MS, Murashige and Skoog; NAA,
I-napthaleneacctic acid; PGR, plant growth regulator; PLB, protocorm-like body; PVPP, polyvinylpolypyrrolidone; TDZ, 1-phenyl-3-
(1,2,3- thiadianol-5-yl) urea (thidiazuron); TTC, 2,3,5 triphenyl tetrazolium chloride; TZ, tetrazolium salts; VW, Vacin and Went medium

INTRODUCTION

Paphiopedilum niveum (Rchb.f) Pfitz. (Orchidaceae), com-
monly known as ‘Slipper orchid’, is an endangered species
in the wild due to overexploitation. For conservation and
commercial purposes, there is an increasing demand for
production of potted plants that have high value (Chen er al.
2004; Hong et al. 2008). Of most importance is the urgent
need to develop an efficient method for mass scale propaga-
tion of this genus in order to ensure its conservation. Tissue
culture techniques have been widely used for in vitro mass
propagation of several commercially available orchids.
There have been reports of several explants being used such
as root tips (Park et al. 2003), shoot tips (Roy and Banerjee
2003; Jheng et al. 2006; Teixeira da Silva et al. 2006a),
shoot tip-derived suspension (Tokuhara and Mii 2003), api-
cal buds (Meesawat and Kanchanapoom 2002; Roy et al.
2007), floral stalks (Chen ef al. 2002), stem nodes (Chen et
al. 2002; Jarnathanam and Seshadri 2008), leaves (Lee and
Lee 2003; Chen et al. 2004; Chen and Chang 2006; Jarna-

thanam and Seshadri 2008) protocorm segments (Chen ef al.

2000; Lin et al. 2000; Lu 2004; Zhao 2008), protocorm-like
bodies (PLBs) (Ishii et al. 1998; Huan er al. 2004; Teixeira
da Silva et al. 2006a, 2006b), PLB thin cell layers (TLCs)
(Teixeira da Silva and Tanaka 2006; Teixeira da Silva et al,
2006b), callus (Chen and Chang 2000), mature seeds (Hong
et al. 2008), to obtain PLBs (through direct or indirect
somatic embryogenesis) and/or shoots, then subsequently
plantlets. Cloning is a suitable method for rapid mass prop-

agation. An improved method is of great importance for
both commercial exploitation and for conservation because
it will provide an alternative method for collection from the
wild. It is also a prerequisite to pursue genetic transforma-
tion studies (Tokuhara and Mii 2003; Quiroz-Figueroa et al.
2006; Ruan et al. 2009). An efficient protocol for regenera-
ting P. niveum (Rchb.f.) Pfitz through callus-derived PLBs
is limited because of the problems associated with obtaining
callus. One of the critical problems during callus culture,
used to develop a system for cloning, is the tissue browning
that results from phenolic accumulation and causes a loss of
growth capacity and tissue death. So, this important prob-
lem needs to be solved. A histological study was carried out
to obtain callus, free from phenolics, for use as an effective
explant for plant regeneration via callus-derived PLBs.
Since there is no previous reliable method for vegetative
propagation and no report of plant regeneration from PLBs
of P. niveum (Rchb.f.) Pfitz species, the present study aims
to establish if the developmental stages and structure of the
callus formed in the presence of activated charcoal (AC)
could be used effectively for plant regeneration and to iden-
tify an efficient protocol for subsequent plant regeneration.

MATERIALS AND METHODS
Plant material and seed preculture

A number of flowers of Paphiopedilum niveum (Rchb.f) Pfitz were
self-pollinated by hand and the six-month-old capsules were col-
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lected. They were surface sterilized with 20% (v/v) clorox (5.25%
(w/w) active chlorine) containing 1-2 drops of Tween 20 for 20
min and rinsed 2-3 times with sterile distilled water {DW). After
the pods were cut longitudinaily and aseptically into halves, the
seeds were scooped out with forceps into a 125 ml Erlenmeyer
flask containing 20 ml of sterile DW. The seeds were then incu-
bated in darkness on a shaker at 25 + 2°C for 2 weeks. These im-
bibed seceds were used as donor explants for the callus induction
experiment. To evaluate the fertility of seeds in each capsule, the
viable seeds were examined by tetrazolium (TZ)} analysis or the
TTC test (Vujanovic et al. 2000). Seeds were placed in 1 ml of 1%
2,3,5 triphenyl tetrazolium chloride (TTC; Merck, Germany) at
room temperature in darkness, After 24 h of incubation, the seeds
were washed with DW three times and then observed under a
stereo microscope (Zeiss, Stemi DV 4). Only the dark red-colored
embryos were scored as viable. Two replicates were performed
and five times (each replicate) were sampled. Seed viability (SV)
was reported as a percentage which was calculated from the equa-
tion:

% SV = [Red embryos/(Numbers of red embryos + colorless
embryos)] x 100

Callus induction

From preliminary results (unpublished data), modified Vacin and
Went (VW) medium containing 0.1 mgl" 1-phenyl-3-(1,2,3- thia-
dianol-5-y1) vrea (thidiazuron or TDZ; Sigma, USA), 1 mgl”’ 2.4-
dichlorophenoxyacetic acid (2,4-D; Sigma) and 0.2% Phytagel
(Sigma, USA) was chosen as the standard medium for callus in-
duction experiments. To decrease the amount of necrotic tissues,
which is common in callus cultures, the antioxidant polyvinylpoly-
pyrrolidone (PVPP; MW 40,000; Amresco, USA) (at 0, 0.2 and
0.5%) and 0.2% AC (Riedel-de Hagn AG, Germany) were added
as optional additives according to the experimental objectives. The
pH of the media was adjusted to 5.3 with 1 N NaOH or HCI prior
to autoclaving at 121°C for 20 min. The precultured-seeds were
sprinkled onto the above media and incubated in darkness at 25 =
2°C for 3 months, followed by a 16-h photoperiod at irradiance of
23 umolm™s! provided by Philips white fluorescent lights. The
subculture intervals were 14 days and data were recorded after 3
months of culture. The morphological changes and visual charac-
teristics during callus induction were observed and recorded (Digi-
tal camera, Panasonic DMC-FZ 18), After 3 months of cultures,
the percentage of callus production [% Callus preduction = (Num-
ber of seeds producing callus/Number of viable seeds inoculated)
* 100], were recorded and the data were analyzed statistically. The
cultures of 3-month-old calli were also collected for histological
observations.

PLB formation

One piece of callus (8 mg in fresh weight) was placed on the sur-
face of culture medium in a bottle containing 10 ml of modified
VW medium supplemented with plant growth regulator {PGRs),
0.1 mgl! 1-napthaleneacetic acid (NAA; Fluka) and 0.5 mgl’
TDZ. This best medium formula was obtained from preliminary
experiments (data not shown). To examine the effect of sucrose
with and without PGRs on the formation of PLBs, three levels (10,
20 and 30 gl'') of sucrose were separately added to the media with
and without PGRs. The cultures were maintained under a 16-h
photoperiod at illumination conditions similar to those used in the
callus induction experiment, as previously described. Subculturing
was conducted monthly. The increase in fresh weight of callus-
derived PLBs (Final fresh weight — Initial fresh weight inoculated)
and the percentage of PLB formation (% PLB formation) were
evaluated after 4 months of culture. This percentage was calcu-
lated from the equation:

% PLB formation = (Number of callus pieces forming
PLBs/Number of callus pieces inoculated) x 100,

Plant regeneration

To study the effects of adding potato (Solanum tuberosum) and

banana homogenates (Musa AAA group, cv ‘Kluai Hom Thong’)
during the shoot and root induction stages, PLBs were transferred
onto PGR-free medium for 1 month to nullify any carry-over ef-
fects of the inductive PGRs. Then clusters of about 2 mm-long
PLBs (20 mg fresh weight/bottle) were inoculated onto modified
MS medium supplemented with potato homogenate (20 and 50
gl™) or banana homogenate (20 and 50 gI'). The fresh potatoes
and ripe bananas were peeled, cut into small pieces (1 em’ sec-
tions}. The small pieces of potatoes were boiled for 10 min with
100 ml of DW and blended. The banana homogenate was prepared
by blending pieces of banana with 100 ml DW. These homo-
genates were added to the medium before the pH was adjusted
(Lee and Lee 2003). Ten bottles were used for each treatment. The
incubation conditions were the same as previously described. The
numbers of shoots and roots that formed from each responding
PLB were recorded after 4 months of culture and was evaluated as
the mean number of shoots or roots per 10 mg initial PLBs which
was calculated from the equation: Shoots (er roots) = [Number of
shoots (or roots) observed]/2. The mean numbers of shoots and
roots per 10 mg initial PLBs were determined although the initial
fresh weight of PLBs was about 20 mg/clump, inoculated in each
bottle. Because the minimal amount of 20 mg/clump of initial
PLBs was required for further development (personal obs.). There-
after, some plantlets were transplanted into mini-pots and placed
in a shaded greenhouse at an intensity of 3¢ pmolm”s™ photosyn-
thetic photon flux (PPF) under natural conditions (approximately
28 £ 2°C).

Statistical analysis

Experiments were assigned in a completely randomized design
(CRD). Ten replicates were performed for each treatment in all
experiments, namely, callus induction, PLB formation and plant
regeneration. For callus induction, observations were made every
month for 3 months. For formation of PLBs and regeneration of
plants, increases in fresh weight of PLBs as well as the number of
shoots and roots were recorded after 4 months of culture, respec-
tively. All data were separately analyzed statistically by a one-way
ANOVA for cach set of experiments and treatment means were
compared by Duncan’s multiple range test (DMRT) and the LSD
test at a significance level of P =0.05,

Histological and histochemical observations

Tissues samples were fixed in FAA I (formaldehyde: glacial ace-
tic acid: 70% ethyl alcohol; 1: 1: 18 v/v/v) for 48 h, dehydrated in
a tertiary-butyl-alcohol series, embedded in paraplast plus, sec-
tioned at 6 pm (for callus and PLBs} and 8 pm {for plantlets)
thickness using a rotary microtome (AQO, 820 SPENCER). The
sections were stained with Delafield’s hematoxylin and safranin
(Johansen 1940; Ruzin 1999) to investigate the developmental pat-
terns of the callus-derived plantlets. To investigate the accumula-
tion of phenolics, carbohydrates and lipid, the sections of treated
calli were stained with 1% toluidine blue O (TBO} (Ruzin 1999),
Periodic acid Schiff (PAS) (Feder and O'Bren 1968; Ruzin 1999)
and Sudan IV (Ruzin 1999), respectively. These sections were ob-
served with a light microscope (Olympus, BX 51) and an in-built
digital camera (Otympus, DP 71}.

RESULTS AND DISCUSSION
Determination of seed viability

Seed viability of 6-month-old Paphiopedilum niveum cap-
sules was about 23-30%.

Callus induction

Seeds were cultured on modified VW solid medium sup-
plemented with 0.1 mgl’ TDZ and 1 mgl" 2.4-D. Seed-
derived calli were obtained within 3 months after culture on
all media, namely, modified VW medium (control), modi-
fied VW medium with 0.2% AC and modified VW medium
containing 0.5% PVPP (Fig. 1). There were no significant
differences among the number of calli obtained from the
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Table 1 Effect of polyvinylpolypyrrolidone (PVPP) and activated charcoal (AC) on callus induction of Paphiopedilum niveum (Rehb.f) Pfitz. Data after 3

months of culture.

Treatments *
{(mean £+ S.E.)

Percentage of seeds producing calli ®

Visual observations of browning *

Modified VW (control) 60.00 + 18.71 ab
Modified VW + 0.2% AC 88.89+7.35a
Modified VW + 0.2% PVPP 0

Modified VW + 0.5% PVPP 38.89+13.89b

-
unavailable
+

 All treatments were cultured in dark conditions for a month followed by a 16/8 light/dark photoperiod at an intensity of 23 pmol m™ sT.
" The different letters indicate significant differences at P < 0.05 with Duncan’s multiple range test

++, dark brown; +, brown; -, light brown or no browning; unavailable, no callus growth

control and other treatments (Table 1). Thus, AC and PVPP
had no effect on the stage of callus induction. The results
clearly show that in virro explants required exogenous PGR
to regulate cell division, a process essential for callus for-
mation (Roy and Banerjee 2003). The highest amount of
browning was obtained from the medium without any ad-
ditional antioxidant (control) (Fig. 1A). In contrast, the low-
est amount of tissue browning was obtained in medium con-
taining 0.2% AC. Moreover, the callus from this medium

Fig. 1 Photographs showing 3-month-old seed-derived callus of Paphi-
opedilum niveum (Rchb.f.) Pfitz. (A) Necrosis callus on modified VW
(control), (B) Compact, bright yellowish callus on modified VW medium
supplemented with 0.2% AC and showing no tissue browning. (C) Pale
brownish callus on modified VW containing 0.5% PVPP. Bars (in pm): A
=3000; B = 1000; C = 1500.

was vigorous and was yellow (Fig. 1B). The callus cultured
on medium supplemented with 0.5% PVPP was light brown
in color (Fig. 1C). The presence of either AC or PVPP de-
creased necrosis during culture, although the necrosis of ex-
plants was common and varied in frequency depending on
the PGR concentration (Roy and Banerjee 2003). The ad-
dition of 0.2% AC was required for improved callus pro-
duction. From visual observations, there was no callus
growth on modified medium containing 0.2% PVPP and
this proved to be inhibitory. It was possible that callusing
from this treatment was extremely slow. So, 0.2% AC was
an important component to add to, reduce or aveid the
accumulation of phenolic compounds. AC has a very large
specific area ranging from 600 to 2000 m’/g available for
adsorption. It has an adsorption preference for moderately
polar (phenolic compounds) rather than apolar or highly
polar organics (Pan and van Staden 1998). Hoque and Arima
(2002) reported that phenolic compounds excreted by ex-
plants during some stages of callus induction resulted in the
loss of growth capacity and tissue death. Our histological
and histochemical investigations confirmed that the cultures
on medium supplemented with 0.2% AC had a greatly in-
creased potential to induce callus from seeds compared with
other treatments. The calli formed clusters of meristematic
tissues comprising small isodiametric cells with large nuclei,
numerous small vacuoles and no intercellular spaces (Fig.

Fig. 2 Histological features of calli cultured on (A-B) modified VW supplemented with 0.2% AC and (C-D) without AC (as control). (A) Calli
showing the characteristics of meristematic tissue and (B) carbohydrate accumulation (PAS test). (C) Calli showing the dark blue color (arrow head) of
phenolic accumulation (TBO test) and (D) the brownish orange (arrow head) of lipid compounds (Sudan IV test). Bars (in pm): A = 50; B = 200; C =

500; D = 100.
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Table 2 Effect of sucrose and plant growth regulators (PGR) on the formation of callus-derived PLBs of P. niveum (Rchb.f.) Pfitz. after 4 months of

culture.

Presence of PGR Sucrose Increased PLBs formation” Color of explant
(%) fresh weight of PLBs * (mg) (%)

+ 0 0.00+0.00b 0 Brown

+ 1 142.86 +84.52 a 57.16

+ 2 48.14 +31.74 ab 28.58

+ 3 28.00 +28.00 b 14.29

- 0 0.00+0.00 b 0 Brown

- 1 0.00=0.00b 0 Brown

- 2 0.00=0.00b 0 Brown

- 3 0.00+0.00b 0 Brown

Comparison of the mean values was analyzed using Duncan’s multiple range test. Values with different letters indicate si gnificant differences at P < 0.05.
* Initial fresh weight of each callus piece was 8 mg. Increased in fresh weight of PLBs (IFW) was calculated from the equation: IFW = Final fresh weight — Initial fresh

weight

" Percentage of PLB formation = (Number of callus piece providing PLBs/Number of callus piece inoculated) * 100

2A) (Esau 1964). The calli cultured on medium supplemen-
ted with 0.2% AC showed that cells accumulated carbohyd-
rate (PAS test) (Fig. 2B) with no accumulation of phenolic
compounds (TBO test). This indicated the presence of more
active protoplasts (Esau 1964) than the control. The calli
cultured on medium without any antioxidant (control) ex-
hibited tissue browning, accumulation of phenolic com-
pounds (Fig. 2C) (TBO test), reserve lipid (Sudan IV stain-
ing) (Fig. 2D) and no carbohydrate accumulation.

PLB formation

PGRs and sucrose at different concentrations were tested
for their effects on PLB proliferation and PLB or somatic
embryo (Ishii et al. 1998) formation. Germination of PLBs
occurred in all cultures treated with a combination of PGRs
and at all concentrations of sucrose. There were significant
differences between the increased fresh weight of PLBs and
the different percentages of sucrose in all media containing
PGR. The highest increase of fresh weight (142.86 + 84.52
mg) and the highest percentage (57.16) of formed PLBs
was derived from the callus cultured on medium sup-
plemented with PGRs (0.1 mgl”" NAA and 0.5 mgl”’ TDZ)
and 1% sucrose. In the absence of PGRs either with or
without sucrose as well as the presence of PGRs in the ab-
sence of sucrose, the calli were brown, failed to proliferate
and eventually formed no PLBs (Table 2). There was no
increase in the fresh weight of PLBs and no newly formed
PLBs appeared on the medium to which PGRs had been
added and that lacked sucrose and all PGR-free medium
with or without sucrose. It was therefore essential to trans-
fer the callus of P. niveum to a PGR medium supplemented
with sucrose for PLB formation. This callus required PGRs
and sucrose for PLB differentiation. An interactive effect of
PGRs and sucrose was clearly reported as an important role
in the induction of somatic embryogenesis. PGRs play a
role in the induction of either unorganized callus growth or
polarized growth leading to somatic embryogenesis in Psi-
dium guajava L. cv. ‘Banarasi local’ (Rai ef al. 2007). It
was reported that, in most cases, PGRs particularly auxin, is
required for the induction of somatic embryogenesis but in-
hibitory for somatic embryo development. Embryo develop-

ment and maturation were observed in the absence of PGRs.

Similarly, in this present study PLB (somatic embryo) deve-
lopment and maturation of P. niveum were reported in PGR-
free medium. The sugars probably play multiple roles during
somatic embryogenesis. They serve mainly as carbon and
energy sources, osmotica, stress protectants and signal mole-
cules (see review by Lipavska and Konradova 2004). They
also revealed that PGRs have a primary directing effect
while exogenous sugar is a medium component playing a
dominant role during conifer somatic embryogenesis. Iraqi
et al. (2005) showed that sucrose not only acts as a carbon
source for embryogenetic tissues but also functions as fac-
tors modulating the genes coding for enzymes involved in
carbohydrate metabolism during somatic embryogenesis in
black spruce. Li et al. (2005) reported that the entire suc-

rose-pretreated PLBs could induce new PLBs and pre-
treating PLBs with 0.5 M sucrose increased single-cell em-
bryogenesis 3-to 4-fold, which might be suitable for genetic
transformation of Oncidium. However, the present study
was not similar to PLB formation in Phalaenopsis Richard
Shaffer ‘Santa Cruz’. It was reported that sucrose influ-
enced the formation of callus-derived PLB. Thus, the Pha-
laenopsis calli easily formed PLBs after being transferred to
a medium without sucrose (Ishii 1998).

The histological study revealed that a cluster of cells ap-
peared from the surface of the callus mass (Fig. 3A). These
cell clusters contained small cells, dense cytoplasm and
large nuclei that were characterized as meristematic. These
cells continued to grow (Fig. 3B) and emerged as yellow
globular PLBs. Then, these PLBs eventually formed shoot
and root buds. PLBs originated from the surface layer of
callus masses. This is similar to Phalaenopsis, in which
pro-embryo-like structures formed on the surface of the
totipotent callus mass before formation of PLB clusters
(Chen et al. 2000). In addition, P. niveum PLBs could fur-
ther produce secondary PLBs that resulted in an increase of
the fresh weight of PLBs (Fig. 3C). This is a characteristic
feature of many orchids such as in Dendrobium fimbriatum
(Roy and Banerjee 2003).

Plant regeneration via PLBs

PLBs (20 mg initial fresh weight/PLB cluster) were trans-
ferred to PGR-free modified MS media for 1 month; they
were then cultured on the same media with various ad-
ditives (potato and banana homogenates). Regeneration of
plantlets was induced from PLBs on modified MS medium
with different concentrations of potato and banana homo-
genate (0, 20 and 50 gl") (Table 3). The mean number of
regenerated shoots was evaluated after 4 months of culture.
Most shoots (Fig. 4C) were present when PLBs were cul-
tured on medium with 20 gl banana homogenate (90 + 45).
Huang er al. (2001) reported that medium containing 20 gl
banana powder could enhance shoot proliferation of P phi-

Table 3 Effect of potato and banana homogenates on regeneration of P
niveum (Rchb.f)) Pfitz. plants.
Organic supplement (gl")

Mean shoot Mean root

Potato Banana number per 10 number per 10
homogenate homogenate  mg initial PLBs mg initial PLBs
=S.E* +=S.E.*

0 0 16.7=4200b 0.80 = 0.80 ab
20 0 39.7=18.1ab 0.10£0.10b
50 0 58.1=37.6ab 0.10+0.10b

0 20 89.6+455a 1.00+0.75 ab

0 50 31.8+17.6 ab 3.00+1.35a

Comparisons of the mean values were analyzed using Duncan’s multiple range
test. Values with different letters indicate significant differences at P < 0.05.

* Initial of PLB clump was 20 mg. The mean numbers of shoots and root per 10
mg initial PLBs were shown. Means shoots (or roots) numbers per 10 mg initial
PLBs = [Number of shoots (or roots) observed]/2.
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Fig. 4 Plant regeneration from seed-derived calli of Paphiopedilum nivewm (Rchb.f.) Pfitz. (A) Viable seeds for callus induction. (B) Mass of yellow
callus with small protuberances. (C) Cluster of regenerated shoots on modified MS medium supplemented with 20 gl banana homogenate. (D) Cluster of
PLB-differentiated shoots and roots cultured on modified MS medium supplemented with 50 gl”' banana homogenate. (E) Longitudinal section of a shoot
cluster at the stage shown in D shoot (arrow) and root (arrow head) apical meristems. These shoots connect with each other at their base. (F) PLB-derived
plantlets with healthy shoots and roots (arrow) after 4 months of culture on modified MS medium supplemented with 50 gl banana homogenate. Bars (in

pm): A =250; B = 1000; C = 5000; D = 6000; E = 200.

Fig. 5 A sample of a complete plantlet of Paphiopedilum niveum
(Rchb.f.) Pfitz. on vermiculite after being transferred to the green-
house for a month.
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