Jadenisvenenugndgldfuundulnlussuululesuennasaudingd

954891 AuUzazled

USRI INIAEATUNIUEUIIN
v malulagdanan
UNNINY1FBUUNA

W.A. 2566



Jadenisvenenugndgldfuundulnlussuululesuennasaudingd

954891 AuUzazled

s 1 =

Ewmﬁwusﬁ"ﬂumwmﬁuaam'luauuﬁsaiﬂuaamsﬁnmmwﬁngm
USyayninenaansunnUnudin
v malulagdanan
F1UNUSUITUATHRAIUIAYING NN INeaeudlld

N.F. 2566

g (-7 ]
AVANTVDIUNIINY1FBLULD



Jadensvenenudnaiglfiuundulnluszuululeiueamasautangn

93a31 Aulzazed

Y @

Weninusilasunisinsaneudiliudiuniioeianuauysalveanisfing

a Y]

AUMANFATUI Y IN AR TUMUUTR

4

AUV INAULAETIN N

a < cal 2
nAsUEUYaULRY 9191958NU3nWN

e’d‘ =1 £y
DN TUNU SNV

915NN

ST LA U.eveee WAL, o
I h U Rt o T

(Hemans19138 5.U159 Mayauyselei)

T, LA U.eeereeeenene. WAL, o

v a [

Use51U01NIENSURMOUNANGNT

AnudswaswawdIvInssuseswas
(309MART19758 AT Eu lonranmuna)

$9995N15UR



Yo7 Tadenisveneiugnaeldfuundulnlussuululesueamnasay
Hn51

Fofjidleu uNameian Aulvagid

FouSan MYIPENTUMTUTH a1UIBNNALLLAETINN

219380 nwMEaN  {Yieansnangd asdian llavswa

'
aaa

naaeldAuunduli (Anoectochilus burmanicus) Ineglunqunalelddyuang
ANulaniuatsnuesly GadlanudiAysiiunisidusslegdnianisunmg walulagiu
Usnaundulwlusssumatiunlivananduegiann Wesngndnasuiiuesnanainth
Tfaudssdonisgyiug Tunuitedyudunisiauisnindulszansamaeanis
vgreiugundulnluanmuasade Tnensinuiluszesnsfiuusinueenlfidudude
Lﬁ'mmwazL?:awummﬁqLL%qqum 9 louA gns 2 MS uag MS PWfin TDZ 0.25 Fadnu
ABANT Lavgns VW Fowneidsaduszezinan 12 §Uasi wut 91W3gM5 %% MS #lifia TDZ
0.25 findin3usiodns anusaiisiuaisenld 2.7 seareTudiu Funnndiomsgas MS 7
{fiu TDZ 025 Tadndudodns wazgns W (22 uaz 1.1 soasadudiu) daulunis
Wisuidisunavedlelalafiu fe BAP 1de TDZ 0.25, 0.50 uay 1.00 fadnfusedns Mdsly
p1vsAudegns v Ms ilewmizidsnfusrorinan 12 &Uansi wudn nsiiu TDZ 0.50
fodnsudedns vlitudiudeifendiniuuinueenldiiian fe 3.1 seadetudiu d1u
nsWisuifisunatesszuumziass fe o1mnsiaudauazszuululeiuonmesaudang
(temporary immersion bioreactor: TIB) fiflan1agnsliewnann 6 way 12 H2lus adaas 5
wag 10 Wit Womizdsaduszesinan 12 §&Uasd wudn seuu TIB Inadndndeniaudiy
Uinmeenndudindeisndoisudisuivomsiuds Taenislkemsmaimn 12
Hlus adsaz 5 undt Vil wiusenuazeuemsenuniian fo 4.8 venretudiu uaz
4.73 wufiuns auddu dusunisnuiluszeznisdniliesnsinldirudiusenu
wneidsdluszuy TIB Wisuidisuiuomisisdaayldonmnsgns 16 MS du 1AA 0, 0.25,
0.50 uaz 1.00 fadn3usedng ieineiRsndusrezinan 12 dUawi wut svuu TIB ansn
ﬂizﬁuﬂﬁﬁLQ%quauimﬁwuﬁﬁqG]lﬁﬁﬂdﬁQWMWiﬁquﬁqI@HﬂﬂiLWﬂ:LgﬂaiuizUIJTH%uasi%

A a I A a o 1 a o g val o v
DIWRITNLHU IAA AULIUYU 1.00 UadNIUNDARNT V]']IW@J"U']U'JUi']ﬂ AITHYIITIAN V’]’J']JJQ\TWU



a

F1UlU AUty U ndnanwarinninwiisueIduganan A 3.1 SINABAY, 5.70 WURLUAS,

Y 9

5.58 WURLLAT, 2.9 lumaAy, 595.80 A15190aaMIAT, 1384.78 Jadn5y way 99.89 Uadnsu

Y

o w d' [ ada 1 v = [ o 4
AIUATNU LUBUIRNUNBDNTINIINATTIUITAN € ‘&I’]EJ’]EJ“UQﬂI‘UWVIiJ@ﬁLUUi%EJSL’J&’] 4 guann

a 1 1 v

nud1 NANIINITATATINTTONTIngeuazliunns1eiun1eada egsenineiesay 80-

Y

100 wanNULANAZUNISINZIAB9TUA LA USEUU TIB M8a1115ansininn1seansin

Y

a o 1 a

Ao ¥4 MS 7@y 1AA 1.00 Jadnsusedns tnewseutieunisinisiaganiglanisliuas LED &
9717 kagdwAeTuAUFNSUSnIIdN 1:1, 1:3 way 3:1 Wamnzdeadusyeziian 12 dUand
1 v =1 1 % =) ioj a > 1 v a a v 1
Wud1 N15LkES LED Eumasiududunludnsndiu 3:1 a1unsanseiunisiasaiulaniusing
¥ o o Vo U v ﬂl a
9 (envIuTuIusInwazdwuly) andinisiuas LED auninueasdu o lnelininue1isn
AN uly dvinanuazd mTinuAuefiugegn Ao 5.85 LUUALINT, 6.88 LUAWAS
, 780.67 $151908aLUAS, 1947.06 Naansy kay 164.22 Jadnsy A1ua1su fau1ndunean
sintundaznssuisivdrevgnluiivueailuszeziaan 4 &Uavi wudi nnssudsiensinis
aa =~ v = ' ! ) aa = v |
70AUINgINTREaY 90-100 FlUwanAAUNEADR HAINNITANWILEAIIAYIT NS
wnsidssunAullussuu TIB welusseznisiinusunaeeauazszeznisinlieansinlinai
ANIINITNILLALIAIEDIMTNITILUUA LAY F9aursaldseuy TIB wusuinielunis

yeenugunAulilvtussansanuniu

AdnAey : unAull, anseuaunsRSyAulnvesity, lulesueamesaudansna, n1suiy

USunaugen, N153nUIN1Sa8NIIN



Title FACTORS AFFECTING MICROPROPAGATION OF
ANOECTOCHILUS BURMANICUS IN TEMPORARY
IMMERSION BIOREACTOR

Author Miss Arissara Tibpalawong

Degree Master of Science in Biotechnology

Advisory Committee Chairperson  Assistant Professor Dr. Paweena Pumisutapon

ABSTRACT

Anoectochilus burmanicus is a terrestrial jewel orchid with outstandingly
beautiful and marbled leaves. This orchid is also important for its medical
applications. However, the amount of this Anoectochillus species in nature has
dramatically declined, as the orchids are often smuggled out of the forest. As a
result, A. burmanicus is considered as an endangered species. This research aimed to
develop a method that increases the efficiency of in vitro propagation A. burmanicus.
In the multiplication stage, single node explants were cultured on semi-solid media,
i.e., 2 MS and MS with 0.25 mg/L TDZ and VW. After 12 weeks, it was found that
5 MS with 0.25 mg/L TDZ supplementation could induce shooting by an average of
2.7 shoots per explant. This number exceeded the MS with 0.25 mg/L TDZ and the
VW media (2.2 and 1.1 shoots per explant, respectively). To examine the cytokinin
effects, BAP or TDZ at the concentration of 0.25, 0.50, and 1.00 mg/L were added to
5 MS. After cultured for 12 weeks, it was shows that 050 meg/L of TDZ
supplemented with %2 MS gave the greater shooting with an average of 3.1 shoots per
explant. We also compared the influence of culture systems: semi-solid medium and
temporary immersion bioreactor (TIB) with feeding every 6 and 12 h, for 5 and 10 min
each time. At 12 weeks, the TIB system revealed more effective in shoot induction
from single nodes than a semi-solid medium. The liquid feeding every 12 h for 5 min
each time resulted in the highest number of shoots and shoot lengths (4.8 shoots
per explant and 4.73 cm, respectively). To explore the conditions for the rooting

stage, we compared the TIB system with semi-solid media using ¥2 MS containing O,



0.25, 0.50, and 1.00 mg/L of IAA. At 12 weeks, we found that the TIB system is better
enabled various growth aspects than the semi-solid media. In particular, the TIB-
mediated cultivation with 1.00 mg/L IAA yielded the highest number of roots, root
length, plant height, number of leaves, leaf area, fresh weight, and dry weight (3.1
roots per plant, 5.70 cm, 5.58 cm, 2.9 leaves per plant, 595.80 mm?, 1384.78 mg, and
99.89 mg, respectively). We then acclimatized the rooted plants from different
treatments by transplanting them into peat moss for 4 weeks. We found all
treatments with high survival rates and were not statistically different between 80-
100%. In addition, we explored the growth in the TIB system with a rooting medium,
Y2 MS added with 1.00 mg/L IAA, under different lighting. We compared the cultures
under LED white light and the combinations of red and blue lighting with the ratios
of 1:1, 1:3, and 3:1. The LED red and blue in a 3:1 ratio was best to stimulate all
growth aspects (except root number and leaf number). The root length, plant height,
leaf area, fresh weight, and dry weight were the highest at 5.85 cm, 6.88 cm, 780.67
mm?, 1947.06 mg, and 164.22 mg, respectively. Subsequently, the rooted plants
were transplanted into peat moss for 4 weeks. We found that all treatments were
able to adapt well. The survival rates were as high as 90-100%, which were not
statistically different. Our results have shown that A. burmanicus cultivation under
the TIB system vyielded better results than conventional semi-solid feed in both
multiplication and rooting stages. Therefore, the TIB system can be developed as a

guideline for more efficient propagation of A. burmanicus.

Keywords :  Anoectochilus burmanicus, plant growth regulators, temporary

immersion bioreactor (TIB), shoot multiplication, root induction
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A9 30 Maeseydivlavasiuunduliiilaannswizitedlussuu TIB aneliuas LED @

WASTIUAUEUNRUDATIEIU 3:1 Lﬁaﬁﬂméjwﬂqmﬂuswmm 4 &Ua9t (bar = 1 WURLLAST)
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Fandglilayulnsiiaulading Ao unduln (Anoectochilus burmanicus) WUundagliifum
gndnaglungunaeliidaued (ewel orchids) fluassunduiendnual iWundelddu 1
Tu 6 yiannuamzdulununfmin@edud Weese an 1ae wazngauys lagludwmia
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3U4IAT17 (temporary immersion bioreactor: TIB) fiaunsandnsuiuglaidudiuiuuin
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nannaleldfAuana Anoectochilus UaBTLS WL Anoectochilus roxburghii ( Zhang et
al., 2015) uag Anoectochilus formosanus (Ket, 2004) \Judu Astunisinziaeaieidoiiy
= & Ao o a =~ o o LY 2 va [ Y a
Judunwmanddgdnuuimamisdmiunisveteiugnaeldfuunaulnlilausunamn
Fegreandaynisanas Ui NLa LU NG TTUYR
wonntludagduladnisiauinasalaleniuauas (light emitting diode; LED)
\enmaununslivaengeaisawud (luorescent) Liesainuaen LED dusgansnmly

nslikadainvgawaziiongnsldauneiuiundt dalinsimasn LED wldurlglunisuds

v
[

Y oA = - & & A a4 A vl a a Ao o a e
aungnsluFeulswitonsinzidsuilogeiuielvidnsasyiulaau dnuidenfnw
Neafunisldvasa LED lumsimizideailaionalslduiseia wuin aauaimuasdsng o
flinananisduasienseninguaznisasyivlnveinalelll W 21daan (Bello-bello, 2016)
v =~ < v
wawnaeldluanauanden (Cybularz-urban et al., 2015) 1udu
% :’I a v dyd IShd ¢ A o A a v LY Ly s 19
aadulunwideitadiingussasdednwitdadeniiettesiunisveeiugunfuly
melianindaenie lneyatufnulusseemaiuuSunaueendlinsiIeuiie unavesgns
9113 @1smuRuNsasRulangulalalaiu wazan1iznishieimslussuu TIB wuuwia
Wl (twin-flasks) saunsdnyiluszeensauNseenIINlusEuy TIB FuUSeuigunavasans
AuANNTSASRUlaNgUeanTuRan1Tvkas LED Annnuatsng q Yeyaildazanunsald

Duwwmsluiudszansnmnswasduiudundulimenszuiunswmiziaeailodonsly
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3. wenadeuysgansamlunsiindsinaeeaunaulnlussuy TIB Nflan1enisliemis
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4. wenedesuravesszRuANudutuesndulun1stniliunaulneensinluszuy TIB
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5. wefnwINareIn1Tikas LED Aun nuasdng q danisiasayiiulnvesunaulng

WNLLRE9USEUU TIB SEeen1siniilvieansin
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WeEEns UnIneaenaly

3. manaaauluszuy TIB agAnvianizduneunisfiuUiiusoauagnsdniiliesnsin
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ﬂé’?ﬂ‘lﬁaqauﬂﬁmtmunﬁuw (Anocetochilus burmanicus)

finluanaundu Anoectochilus {WulifdugnetgnareUidneglursdndaold
(Orchidaceae) Us¥noumeaun¥nuinnii 50 a1ewus nszateiusluwniouainusemea
duAgiumaeniiunde auive@enyJusenileddd lWUdmmziueanideunileves
N1EAuLALR Ussinmoeanside waznnanauldveanyinizluimaynsuddiin (The Plant

T Y

List Version 1.0 & 1.1, 2013) 9a.dundreldvuinin wigeguuun vsnantuuaziiiyin

2
vasunsamnviuanvedtulivielasuaiulll dulvgfivuadntuegsiuiu ndreliianail

a o J I d' ! ¥ 4 oA = IS (% ¥
fdnwazawang lnedluiunnd1aanndiglinguau q gelulinnuasnudnyuzadiy
° a g v = a4 1A N A A o =~
NUENBLIUUTENYASVIDULET HaINUaEand [l STUWKIOALAY LazdllelIl UanaINU
Bidulunandlanduadiedyual Wy dnes 33U vsednans vinlvgnisenin jewel
orchids #3e naqulddaudl (@da, 2551) lasludsswmalnenuiies 6 ¥iin Ao
A. burmanicus, A. lylei, A. roxburghii, A. albolineatus, A. geniculatus Was A. reinwardtii
J = 1% I i Ya < [y o v z-:l
A. burmanicus visounauln iundreldAurunaiin dnyurdwunenyeen lugus

A A ;%

wnugUlinsesnaunaunay auavadluning 3 Wudwuns 811 5 wuiues Yargluuvay
feman dang1aundunns (Ani 1A) Yenengnd 6-8 wuRlung Yenenilianuvazivuunagy
ABNTUIA 1 WURAWAT NAUREIUUTUT nauReddsUvauvIukazilen Yarenduuu M3
A A % o a a YY) a & a a a
aunduddasies auvasvudnagu nausenweuiuiundudEIUN NAUUINEWRBEn
a < a a 1Y [ a 1 [~ a A
NaNNAuLdUFULaULAZUATURYATUNRAY Uatenaulneaniudssuan dnasnonguniiy
(A 1B) wuludnAuwnsuansns fawdufusiulunsnewasimeaniiviuay waawansils
(oudud, 2549) wanszatgRuguaulsenandl e wazar laenuasawsnlunii diu

Uszinalngnuidawmin@eddnil ain waziag 9onABNYINFaURaIAL-NYATNIEY Y1998

aanazlidlu (ada, 2558)



MWN 1 dnwaiennangnuemansvaaunAulil (A) denenunauli (8)

fi11: Khunchai (2015)

aMsNdIn nasndeldanaundu

ndqgldanaunduvatsviadassnaanluayulnslisnwilsaniuduladings
Isawurmnu lsawalalsaineadusuuagla (Du et al., 2008; Zhang et al., 2010) wagdinig
dnudsglomsiEsugunIwn (functional food) aersunsviang (Takatsuki et al., 1992)

TusnsUssmalaganizUssinaiunazlaniu dnslindreldanaunfumnansudavinduyn
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lnewwoiuingaglunisynauiazundymvesdukazlen arenugniinis@nwiiuuin A

A. roxburghii Wag A. formosanus gty A. roxburghii fa1swgnuiainiauaudisnu

LY

Tsaunanu aunseniay auhisa Jestuduuazlanie Usussuugiidy

o

AU (Ye et al,,

va o

2017) wazlu A. formosanus fanswgnuaiindanuautasnulsadu Snwlsalumang fu

nsoniay udailesen Uusyuugiauiu (Nguyen et al, 2018)
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gramedinmvesunduliudalinisfinwreudinios luussmalnedseaulay
Budluang et al. (2016) lathsuundulnalianniswizidesiaigemainaisiaglduniou
WU asarinignsiueuyadasy Inei1dn 2,2-diphenyl-1-picrylhydrazyl (DPPH) 19l uay

arsaiadianunsadunisenausazaunsulasaniwlvsiuUnfdulusiusiu wazdununis

a

Muvedugdu (insulin) viliaruisadriaadigwadluvduiaduluwadloduiign

Y

~ ° v a v a a Y & vAawu Y v & Y] v
willgnhiAnn1siudugiula JeRdsldiauanuininisidusslevivasunaulnlunisly

Juansiusniau ansenunishedugdunseltiduensaiuguamiiiedesiulsaizeswng o



N13YEILRUTNVAWNTIWIZIELLEBLED (micropropagation)
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X X A A . & ac a 1Y)
nanzdeailedeiiy (plant tissue culture) WuAsnsnamnsaldluntsveneius
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] P Y v A 5 L 1a v a o v [ s
Aoelrlanulndusunuunnlussagandu auluud AITUANBVIUSATINTUAULNNUTYIN

U52n15 LazusAanninadunsdlaenisinizidsailetd ofuazy urdudiuvesie luinazdu

)
o dy A A ) ¢ A 1 d’lJ a a dy a o Y ! QIIQy ] 1% o
9387y Lalbeany viTewadiy UWengd e NuIIMNUEY YINTAnLAITuEIN ka1
BEIVUDIMTAUATIEINUTENOUAIY 3579 INTTU @15AIUANNITRTYAULA wavtnaly
anmuasnite MNTULININIZALlAgAIUANANINLAY AT uargauull Faluivusaz
gilanfinnusensasemsiwaneiu dauasdedinsfinwansemsimunsandmiu
g ] a v - a a g~ a & =
nsnsdesivisasviinsiy Welssaninmlunsisifesivyiaiu o (unudl, 2545)
nsveeiugigmenIsinsideloontseandu 5 sz laun (Debergh and

Maene, 1981)
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Nenfuseesll W arswensinwe wavansamuaunssydiulandauaiunsalunistniilv

Andule Wudu
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a

lawn arsaavaun1snsyivle diulngazeglunquusdlelalatiu (cytokinin) 1y

o

benzylaminopurine (BAP) wag thidiazuron (TDZ) tHuu

s2egi 3 N15BABIIVDIAIRULAZNIINITEAUNTITRRNTIN e nlelalaTiudemali

Yo &

muluszeziiuUsinaeeniivwinan lige sveziifalunsieenanszeziiuusunamvinliy

gne11 wieudunseaulvieansin weiagldsuauysaldmiuiieendansely lnvaismiuay
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nswseAulanfeultluszesil Ao arsngueendu wu indole acetic acid (1AA) Wudu
a v 4 Xy 2/ o w =
szagi 4 n1sdredgnuasuiuanin lussesiidedviniudrdguin Wewinanin
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Usuduazannsadunsizinaaasld uddsaes 9 WABUANNIAADL 11U N1TAAAINTY
wagiiinauluuas uigdsumlndniuanmmndeunieuenls wenaniiianUuanildnds

JNafaN1550ATINVDINVAELTUNY

A13A7UANNSIIYAUINYBINY (plant growth regulator) Feul¥lunmsmizides
adaiie

asmuaunssgivlnvesiivduansdunidiinadenslasunuamisaising
vasity wasduladeiiddyunnlumsmsdeatodeiy Sinsliluvsnanfivndnioses
AIHALYTOYLAONTRTYAUIN KALLIININAUIVRIRTEILA 9 Vosivld (379 wazAn,
2564) lnguanuladnisudsansaugunisasgiivianiunuautfisondu 5 nqulng ¢
Toun lelalafiu (cytokinin), ean@u (auxin), IuLUBLsady (gibberellin) nsauaule@n
(abscisic acid) wagte@idu (ethylene) lnsnguiifeylflunumaidsniodofiod 2 ndu
lAun 88n@u (auxin) WU indoleacetic acid (IAA), indolebutyric acid (IBA), naphthalene
acetic acid (NAA) uag 2,4-dichlorophenoxyacetic acid (2,4-D) waglalalaiiu (cytokinin)
1 kinetin (Kn) ez benzyladenine (BA) (85, 2557)

lalalatiu (cytokinin) Lﬂuaﬁmuaumm‘%@Lauimmmﬁﬁuﬁﬁ’miwngﬂmamu‘%wzu
Uang91n uduadeuiiguatssen lelnlafufiunumlunstienssdulsiinasapivln duadu
nsutsfveasad nsedumsuannidng uazdifumunlumstuddlansmndnie uazde
THswfuoonduannsonsedulvitudnfiniaunadald @33y uazame, 2564) mnuuslale
laflumaulassafrmaadazuvsldidu 2 Uszam 1dun nguatsuszney purine 44 purine
duarsdaunsizet Tewn benzylaminopurine (BAP) #38 benzyladenine (BA) uag
6-furfuryl aminopurine (kinetin) @74 purine fifuanssssuvad e
Ng-isopentenyladenine (2-iP) Lagnauans phenylureas WU thidiazuron (TDZ) %39
N-phenyl-N(1,2,3-thidiazol-4-yUurea lnglelnladufidonldlusumsitsdedofiaiie
finU3naseen léud BAP way TDZ (Davies, 2004)

29n%u (auxin) Wuarsrmuaunssyivlnvesiandauaudflunisnseduns

1%
1 1

YYIYUIALAENTEARIVBLYad wazdinsedulviinginale uenanllfediudaasunis
a a | ' A Ay A A = a A oA vy
WiyAulavesdIunne 9 luiednie senguiignnuilusiausnluiiy Ao IAA wazlaiinig
duaneviansniigueandindgeanguiiiotinldlunisinunsegvarevila uanfewldiuialy
flogiiieslainuila 1oun NAA, IBA, 2,4-D wag d-chlorophenoxyacetic acid (4-CPA) iludu

(WU, 2532; WA, 2529) 51891UN15398 I UnSNsagtadafsvranesiaiinnsiy 1AA



Tun1sdnineansin wu @esqenay (Sharma et al,, 1991), 1zu12 (Al-Khayri and Al-
Bahrany, 2001) wag Citrus jambhiri (Devi et al., 2021) WHudu

nawnzidsadaiiandaldianaundu

enuisfunmanizidsaiedondelianaundudinsinudoudiates
Fosieluil

Gangaprasad et al. (2000) ﬁﬂmmimwémﬁaL?jaﬂé’"wlﬁuﬂﬁju 2 aU%4d Ao
A. regalis uag A. sikkimensis lagusnauvasdornduiivgnlunszansunrlensinifoiiiald
Hududusdady wdhanungdesuuensfudegns Woody Plant Medium (WPM) i
9lAsd 3% waz benzylaminopurine (BAP) szduamindusing 4 ndaumizidsudy
syegna 12 danvinud Wensedusne BAP 2.2 lulasluans A. regalis wa A. sikkimensis

insiingengeian (95 uag 98% muafu) uariidnuiugeadedudiude (5.6 uag 4.5

Aua1u) Faiieldemisgasimuizauillunismizideafindsuingendnsounuin

[ [
a 1 ¥ 1 a 1

A. regalis (21.4 onnoTudiude uag 8.2 sondoTudIusan) nuaaligInd
A. sikkimensis (12.3 soasiaTudIuTe Laz 4.3 soasotudiuson) seulllolgana1ue)
4-6 wufiwns 18 3-5 Tu orgUszana 15 et undniliesnsinuuemisnaudgns
WPM 7iLiis NAA SEAUAMUdNduang 9 sauiuneniu 0.2% naanzidsadusseziaa 6
dUAInUIn 8an A, regalis way A. sikkimensis 81113099N31NLAANAATIITIUIUTINUAY
= & A a s ‘:ll
ANEITINUUDMITNMTIENT WPM ki NAA 2.7 lulasluans lngganfieansinaiunse
Na PR3 A o

soATInlegata 95-98% Lileeenuaniunizans

Ket et al. (2004) Anw135n1sniusEaNSamlunIsveeiug A. formosanus Aae
nszdeielis IngSeuiisuemsiauwdegnseng 9 ldun Murashige and Skoog
(1962) (MS), Knudson (1946) (KC) uag Hyponex (Kano, 1965) (H3) Wui1 811115gns MS
WAy H3 daumagauuininemisans KC lngdudiulaigganilinizlagauuainmis MS
LAz H3 NUsIAInaIsaiuaunsasydivleausainganlnile 2-3 senniglussesioan
3 1heu #Idulaldemisgns H3 Tunsmeaessieliliesnniisnmainiiemisgns MS wui

a1unsatniliiAneeaninu (multiple shoots) ldann1sinizidesiudiulatesenuy

o J 3 a o 1 s

9113gA3 H3 AU BAP 1 1aanSufoanu1dnadLuns 3s TDZ 1-2 Jadnsusaanuien

Y Y

ABLUAT WONIINT MSIESUHEIY 1 nfusegnuiAaiaTiuns uemisiiu TDZ a1u1se



nszdulfiAnsenninugeds 11.1 saarodudiu agrslsfnusoniiiauiuniuanins
wigAulaidayliamnsadaeild dynidandauisoutlalasnisérengueenld
wzdesuuams H3 fiunannansauaunisaiagivln wudeglasa 2% wagnady
0.5 n3ustegnuiadiuns Tnsemsianunsadninnssensinldgeis 100% aneluszenan
3 \hou

Zhang et al. (2015) U$uus93snsfisiusyansnlunisvenewug A ruxburghii lag
idefildanduiiesaluanimsssurfuenside dWelilutudiuddusasimeidoas
vuonIaudegns 1 MS Aidiunsiu 7% glasa 3% BA 0.5-3.0 fladn3usiedns uavansiay

a [ I a

Usenounlensaledanastn (ascorbic acid) 50 Aaan5uAvans nsATnsA (citric acid)

[ I a faa

25 aansuroans azAtiudaine (adenine sulphate) 25 Jaansuaans Lazloa-01531u

(L-arginine) 25 faansuneans amsudniliinneen ndanizideaduszesnan 30 u

a QU Ia a

WU mmiﬁquﬁqgm 5 MS L5 BAP 1.5 faansusadns danuwunzaulunisonyile
Angen lngiinganadde 91.67% seunlaiieaniinTuumaaaunisnseiunsiiuyIum
warn1ssiule neldenis 4 gns laud % MS, MS, Vacin and Went (VW) way

Gamborg (85) Mfslalnlafiu léun BAP 0.5-4.0 fadnsusedns uag Kn 0.1-2.0 fiadn3usie

a |

A0 S2uAUNTU NAA 0-0.5 fiadndusedns naanzidsaduszezingl 60 Tu WUl 9191S

<

g Y2 MS 7L BAP 3.0 fiadinSusiading 531U Kn 1.0 fadndusedng uag NAA 0.5

)}

o |

TadnTusiedng Ianuwanganlun1snsedumsiiudsnneen wasn1sasgydiule lnaddns
nsiiNUSIYengans 4.33 gaadedudiu diulunisnageunistninlviudiugensensin
Tomnsnaudegns 12 MS Mfia NAA 0.3-1.2 fiadnsusiedng sauiu IBA 0.3-1.2 fiadniuse
a £ [ A [ =1 [d Ly ! =t <

4n3 waznaeun 0-100 nSusiedns nawmzidealuszeziial 60 Tu wul1 1sAdeEns
15 MS fial NAA 0.6 1adnsusiadng $7u 1BA 0.3 Tadnsusedng uazndigun 100 niuse
a = v o g v = = = v

dns danumuizadlunistniilvigeneansin 399an5Ingeds 93.33% &oANBBNTINLAT
anunsadnludredgnladnsaludenanafiniussansnenauauiin (Sns1di 1:2) Nsndoud

1

wagithagualeNed neildnIsnn1sseningsdis 90.20%
AneA (2558) Anwimavesars¥zasnisasyiule placobutrazol (PBZ) sionis
& & A 1Y A A ° ' Y A A & o &
wnzidsailaaunduliivednengnisisdmiheduianegluanimuasaide lagihdudiu

£ & = < [ A a H 2/ a a o 1 a 1%
EUE]iﬂLWWSL@UQUU@’]%??HQLL%QQ@? VW AakUaINLENUEINENg1? 100 Haaniusaans Nalgun
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100 n¥usiodns wufuilds 4 n3usiedns glasa 10 n3usedns waz PBZ Armidudu 0-2
fadnfusedns ndumizidsnduszerinat 14 dUarvinudn seduanududures
placobutrazol figstufinashlsiauemeen ANue1IUERY UaZAILBTITINAAAY UATILAY
U0 PUIALFURNAUINANEIRTY VUIAEUHIAUENA193IN AUruITeslu wazAuleIvesly

\inau Iay PBZ 2 fadnsusiedng dnaveaon1swsyiulalauinign

MATULAgNISINIZL AU UL BNYAQY TIB LUUVIALEA
52U TIB wuvmnuaalussuuninisyinausnlul@ Jsanunsoandunaung 9 wag
SLRAUNITYINU WU N15ARDNELHBLED NNSIUALUDITIS WaLaANUNUBITUINIUIN LY
Pounziasnlagaiulauinde 80% TauiinsNauNaIUYaAUBINISINISLALIRNIUTEUUDIMIS
< Y v Y 2 AY a4 A o = aa v A
WILATDIMISIARUIN TN TITTUUDMNTHIILTBA AB AN15kanUasuaINANALALAUN
lofinaunng uiddeidy fe iuuSunasiulatdey duszuvomavaidded fe liiudwIu
v v X Ay A A a v ada s 8 o Y] a a
AuldunTu urdidelds Ae Slenainauniinisaiun (hyperhydricity) Faluanuuzinund
NSNNITVINNUVBITEUY TIB wuuinudn Ao nvueildasiendiuussgemsiuaiuussy
: 1 = U 1 1 = dll dl' VYa U U v 'Y}
FuaruNyeanaINiUY TukAardIulvio WU el iin15AUD15 MWaLNaUA U LSIAUANINN
Juau omandalunngluvinazgnvinlivaenwelagn1snseauiauNsede e (air filter)
WAFNTU 0.2 lwaseu (i 2) Tnedinsivuenuduassveznanlunislieomsvaif

WILNZENANNYTANY (UnHE] wazAg, 2550)
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AW 2 vaNMSYIUYBIsEU TIB wuuvIawle Taeseuuasll 2 swurdmiuussyduily
uazesad (A) Wesyuuauazlausifuausiuiinsese Al vuEiuTsgeImns
wanviteiuemnsluginvusiiussaduit (8) silidufivazgruidansluemsivanny
szeznafifmun (O Weasunazliaussivausinuinsasonassilsnausiusssuiy
liownsgnaiunduludanvusiau (D)

fiun: Georgjev et al. (2014)

<, Aa o ° v U e a a |
JgUU TIB L‘UU§8°U°U‘V]3J?1ﬂUﬂqWIUﬂqﬁuquqiﬂjﬂUWUWUSW%LﬁﬁwﬁﬂQWaWS%u@ LY U

9
Tununfinms@nernisiinusunanduuileluganiguzawin 1 s wudn n1slienisyn 9
4 Flus wuessaz 1wl ansaifiuuiinaduuslounniigais 3,081 Wuusle (Albarran,
2005) drunsAnululseinalnednisiaunseuunINanfsuRugUNLNIMEsEUU TIB WUy

el v

nauie Tngldaunsaidamlaienelulssmanndaudas vililassuu TIB wuuvinudn

+
Y] a

AUNUALAEITIAYNATIMUUNINTFIUEN 3.11 Wi uanINTEAnwINTHERFUIIUNUINTY
sreiinUTiasuluszuululeiueamefaudinsiganivusauin 700 dadans wuid
A1usniNTINILANIILAUSTIIA 27 WINAINIFLAY FIWNNINTTUUDIMITLTINAT OIS

Wiad 10 0 (UNUE] wazAy, 2547)
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nsiglulesuammasiunisnzidgaiiatianalelyd

v v

Uagdudaiinenuieitunisidlulesueamesiunmsimizidesieendisliiana
Anoectochilus Aoutnatioy agrlsinuiinisfinuidelunismizidesiedendieliinguy
DU 9 samalull

[ ¥

Wu et al. (2007) Anwinsvenaiugnaqeldluanaundu A formosanus lagly
luleiuormes Jeuvadu 2 Tuseu TudunsuusnilunisividestiudiutewazUatsgenuu
Y a a a A a a ! A a A a o 1 a

ansjundulelaladuieiuusinueen wud 0msAN BAP 2 adnsusiedng a1u1sn
Wudsunugaalauinndt wazdelaseaniuminuinniinisnseduaie (2-iP) e Kn
wenanlduniziaesdudiulatssenlu balloon type bubble bioreactor (BTBB) w119
3 30T NHERTINITAIUDINFLANANAY WU aadin siiNUSuMLazsyAulnallely
[ a 1 < a lej a (2] a a
9nTIN1TNIUDINIAT 0.06 wm agnslsfaugearinziaesiululedueawmasinisasgiule
Fuariluauiaan Tuduneunassinesenliinizidaddu BTBB auln 3 dns Allemsivan
YS9 0.75 8n Usznaumediunauass Hyponex (20-20-20) 1 ASuADERS (6.5-4.5-19)
1 fiadnusiedns Wulnu (peptone) 2 N3usedns glasa 3% uagneau 0.5 nSuredns wag
NAABUNIS AN 1WA ANA1TULINBNTEAUNITEAYIILATBNTINYBILDA WUAD
21157u luleSuenmasuseoiios Muazlifinndie) lulesuenmasautins1iuuy ebb and
flood WU goAliANNEIINNINTBINLIAL UMY wiganlin1sSaAUlALINNT
Wownzideslululasuonmasanseiilosniniviy

Esyanti et al. (2016) W3guileuuszansamnisiasaivlavesndieldanawiuem
Vanda tricolor Mwzlaeslue1msinaInieszuu TIB wag thin layer culture Inginduaiu
goANINILALlUDIMITENT MS MANUINENI wazduwUsan1ignsivensman fe
VN 12 F2lus Afsaz 5 waz 10 wiil nauwizidsnduszeziagd 21 Ju wadsingin ns

dy ay ] A aa o <@ Y gj = =

wnziaesluseuu TIB Budiuiivlinissentinlaziauniuladaiau saunsdinsazautaung
laAnInnsIzLaese thin layer culture

Moreiral et al. (2013) W3guifisuszuunsinziaesiilolonuanstsiuvesnalsls

anauAnde Cattleya walkeriana 9 STUUALANKUUDIMITWTILAZDINITINET LAY

seuvlulasueamasiuvandeoiiauay TIB wudn Nsmzdeslussuy TIB @1u1sanssu
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N3RS ulnvesdIuaIfuLadIuTINIANINNTT SIUNINITLAUNITAZAUTINIARAILAY
o S vw ! T & A
AIUANNTFEYAEUILAIINNTINITINISLEYINETEUUINZIRLUUUBY 9
Masnoddin et al. (2016) Anwrlunalgldanasesinuis Paphiopedilum
rothschildianum Tun15¥niliAn protocorm like bodies (PLBs) a1nuAaad Wag
NIWAIUIT0IAULTIN PLBs Tuszuu TIBuuu RITA® Taen1sdniuaadaainudniastudiu

protocorm wmma%uﬁaqm MS Tiiiu 2,4-D 0-22.6 lallasluans sauiu TDZ 4.54 lalps-

(%
[y o Y

Tuan$ deumimeadatminuszana 0.5 ndu wimgisddussuy TIB uuy RITA® fiuss
9191 150 faddns Taeliewnawaann 4 125 il assas 5 unit uazFeuiiteuna
vosrudutuglasaiiuandistu (15 uay 58 fadluad) nud Sudruivduaiueadands
wzdsdld 30 fu laefnnAnunadadl 90 Yu vty 77.04 uag 94.41% muddy unadad
wigAulaluszuu TIB wuvy RITA® ﬁﬁmﬁﬂamqmdﬂﬁwangaauuawuwsﬁaLL%Qﬂdw 3 191
uazifin PLBs Uszana 135 Tusenfuvesunada uasidleiiussiuglasain 15 1y 58 fiad
Tuan$ viilsiAn PLBs isdudu 190 Fusentumosunada

-

WEINUNITRIYRUIAVBINY

Ao o

[ o o L3 = = o [ J [
wailutadendraglunisdaunsiziiasuosig Feiinrnuandusenisiauinay

o

wiaiule lnefinaslsiadilumsuuasluifundsnulunisiddeumsveulneanlenuazi

i L4 dl

luidumslulawsanageandiau uasdrulngnildazlasuainaeeniing Midunaanall

A | Y ) a a \ ) P o a
AINYIRAULANANAY UTLNDUAILWEIARG & L8N JUNRASU (spectrum) FuasakAaLa

P
IS ! (% [ 1 v =2 [l

%umamamimLm’]wLLawaqﬁﬁnﬁmaﬂmuaqﬁ’wﬁmaaﬁ% waslugasnyuunlglunig
Fuasgiuaaiionsaiyivln aislu aen wazka fe uaslutsiiuywdueaiiu (visible
lisht) fauenapdu 380-770 wiluwns wazazitrsasiiiivlulunsduasmeiuadtdaeanis
fiavuenandu 400-700 unlwwns 58031 photo synthetically active radiation (PAR)
(ufins waglyadud, 2560) ﬁ?ﬁ]z@jﬂLLﬁﬁiuijNﬂh\‘iﬂ’ﬂtﬂ‘&ﬂ’méu 400-480 UNULAT (Lasd
1h130) uay 630-680 uluiuns (wasdua) iievuldassaaolsiiad 1o wax O 16ATan

(Gacomelli, 1998)
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laloatUasuas (light emitting diode, LED)

IalomUasuas LED fifegaunann light emitting diode Lﬁuqﬂmaiaﬂi?ﬁéffsﬁwsuﬁm
vils dnogludmanlalondiannsaduaseeninls uasiaseeninazegluridlndiusngm
Tiloian Preuasiinondiuld wazdrdungn uasiiaseenunuseneudeanuiifieiuas
Waseios Fawmnsnsanuasilufiaeniauteuiiu Nick Holonyak Jr. wiisu3em wiusa
318730 (General Electric Company) WWuauusndiwaun LED Taeldwmu LED Tugnsuasd
veudiu waranmsaldenldadusn U A 1962 (@nauiaminermanuazmelulad,
2545)

LED Usznausieansieiati 2 vdia e a15A9a1i1 N (N-type semiconductor)
wara1sAIiiaia P (P-type semiconductor) Usgnuiindiedy SiidrmiaSoundne
nszan Weddlnihnssuwansaiiu LED tnednelnunliuslun (A) uazdrelnauliualng
(K) yhlBidnnseuiiansfssaheiin N Indsnugatu suamnsaisiwsesdeainatsuin N
TUsuiulea (hole) Tuansisinhwda P 1¢ nnsiididnnseundeuiiniusesse PN 2yl
Aanszualivinlua damaliszdundsnuvesdidnasoutdsuly wasaendanuosnuily
sUARUNAS (iU, 2556)

Paqtiuduiinrudoumaea LED inldfurumsideniedefinfiuminiu s
dnlimaunuuvaaniiauasuuuiiia Wy vaenilld (incandescent lamp) iaenvlgeeisa-
wud (fluorescent lamp) wionaangnlawu (halogen lamp) ifissinauisaidenldan
nasn LED Ié'ﬂqﬂ?lﬁﬁw’fmmi fuwadninsadie maaluiisninfidaudesainasiaiu
flongnnsldauiieniuiunds 50,000 Falus wazidufinsoduindon (usfns uaylvedud,

2560)

a v v g .:’.’ o o
5189715398 [4vaen LED Tunisiniziaeaiiloang

¥ L

18913 TeRAsTeeRUNsEvann LED lun1simnsidsefivdnisinunfiussau-
AdSaudmeauns ondnognadsll
de A. Silva et al. (2014) léfﬁﬂmmamaq@mmwLLmﬁLmﬂsmﬁ’wiamm%cgLauImLLaz
dinUSunamesdas Imaﬁﬂé’aamLW']zL?aymuuawmiqm MS Fiaudasditiu BAP 1.3 Tulns-
v &

luans wdeennglanuninuas 5 n55u35 Aell wasanvaen LED Aunkusiududunsly

9n 318U 70:30, 50:50 Uag 30:70 #aen LED #17 warnaonngoaisaloud Naainnis
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NAABINUTN NITNNZLagenas LED dkdusiuiudunsludnsidiu 50:50 Winanniae

Y {

dmSuAINEIvRIRY dhinan s1uulu uassauseadiuanlml uenanidmuiuasann
vaen LED anunsafisSinamsdiangitawessudeslifniuasanvaonvigesisas

Matsumoto et al. (2016) Anwwauasnishiuasainasn LED aonsseysiulaved
shurlSsuaglanusnda (Phafia slomerata) Lﬁaﬂmﬁu%’ﬂmﬂ’uﬁ: Tnensthiudiuvesitui 2

yiaunnziaganglanasannvasn LED dunku (18 lulasiuasan1snuunsmaiuni) LED

v
a4 0 a 1

AdnRdueau (10 TWlAsluanomIs1BUATEIUNT) LED dund (17 Tulasluanonis1uunsse
Fu1#) LED dunsgou (8 lulasluaden1snaunsnaiund) uazuasainvasnngeaisaiuud

dv11 (30 lulpsluasiemsnunsseiuiilunguaiun) wuduasainvasn LED kulvina

!
=

sy Auladian 3dndiAesiuiasnnraeavgeesawusiaun sgalsiniudivausnd
Wedides waznisigiavlnvessuniglduas LED duikuoou duns uazdunsoou An1s
a A A ) K o e o ) v &
Wiyanaullaifisuiunisideanigliuasigeasawudduilasmmgluiun s wandviiuin
wiaon LED dRuaunsalivauwnuuasainnasageeisa-wudaule dmsuiunssuaslay
U198
Yuan et al. (2010) ANWIHAYDIAUNINLEFBNITATAULAKALNITHAIUIYEY PLBS

vosndgldananing Dendrobium officinale lnglnnziaed PLBs AeldRnNINLASILANGTS

[y

M 6 n35335 loun annmile viaeangeaisalwuAdv1d (Fw) vaen LED duas dku duad

SUAUETIRUIUERSIEIY 1:1, 2:1 WAy 1:2 VAN ILagIsEeaLIan 90 Tu WuI1 nasn LED

v ' [
S o oA LY S

amhRulvkafdsunisifiavenlvil Wewssuiiguiunsidesniglaaninila naenvigeaisa

v
a o a

(Z=] =) =) g a = ! % LY 1 a a
WUAAYY Lazviaan LED duas dU1Ru dunssannudiisulusnsigiu 1:1 wag 1:2 dnsii

hO)

N o

duIuLense PLBs a1 wardullUSinavasnaslsiladuazualsiiueeriiugeiusteiidudy
9@ Lelguiunisideanelaaninila vaeangesisawunawld wazvasn LED duag
P v g P N8 a A a8 a Y ° v a )
FAAAIIAIIUINNTIIVaDA LED FUNEU Y50FUNR_UIINAUELAIVNLAAANISHMWIRIN PLBS
Tuuganln

Vanessa et al. (2017) AnwIbAaIn L aALAILALDIMTNILLALNUDLE D NTNIUNAMD
nsseiulaues Microlaelia lundii Fadundeldvwiadnveslsemeausn@a lnomiziaes

LN%@‘UUQW%W?@;@i 15 MS wage1msanLUas F9Usenaunae Biofert Plus® NPK fertilizer

(09-08-09) 5 NadnsuMeans waznale 'Nanica' Ua 60 NSuAoans nUuUlUWIZLRea



16

[ 1

neldanizuasiisnnsiu 7 nsuds 1¢un wasa LED 4000K (L1), aen LED 6500K (L2),

1%
o a

L1+L2 (L3), L1+L1 (L4), iaem LED @wms (L5), waom LED &1y (L6) LLawaamWQaaLia-

wud (L7, ganuaw) ndsannniswisideatuszeziian 200 Ju wudl wiefidesuueims

gasinudasualvinas L6 I31iudundnafian diuwas L1, L2, L3 uag L4 Ygdaasunis

Y

WLTUU8951n @nsulsunumaslsiladnuin La way L7 yinlviusunumaslsilad o wasd

gangn aguladn nisldemsansdnuuasnigldunasnndawas L1, L2, L3 uag L4 Ay

9 Y

wiangaulunsveneiugues M. lundi luan ndasnie
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UNN 3

A5N15AUNI5IAY

WynAaae e wazgunsal

1.

10

11.
12.
13.
14.
15.
16.
17.

18.

suunAulnasyluanindasawe lasuarueuasznangudnalslduazlinen

TUszaU unInendswilla

- asalnldieSene1msans MS wag VW (n1ANwIn)
. @15AIUANNSRSYLAULAaIHY LikA BAP, TDZ waz IAA
haglasa

. @aukauny (gellan gum)

YINAY

. VINLAENSUNILLAS L TUBLE VLN 24 DBUD NIDUEN

. 9UNIalsEuy TIB VIAuNA d1mSugan1gusuunn 24 aaud WU dinsede1niavasnitie

ANYYNTALAL WATTDAD

Y o o [ =

. nseawmamsunismsinansiadl laun Jnnes nszuenmnae uasltiun

v aa

. LASDITIRINDANANY UADILAT A LU
wn3eeinAadunsa-Ang (pH meter)

A T H )
isesileenialounseiugs (autoclave)
é’dﬂmﬁa@a (laminar-air flow cabinet)
gunsalAnLiaEay Wy Tulla mulle waglinAy
yaan ki LED #9717 @wknd wagauiky

v a 6 ¥
LAINAERNLE VUM 6 DBUT NIDUETAL

=
WnUad

181NUTY WnLanda (metalaxyl) 35% WP
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N1ALdUNTNARRY
= v 14 ° [ o
nsnssuduundulndmsuinnimaaas
Aawenudiugenanauundulnety 12 &a1v nusyluanimyvasaide Ui

INZEEIUNIMSAIMTIERT ¥ MS TlidRasauAunsRsyiuls Grewdeueomisnn 12

duai Wieltuunasllofedmsurinnmaassaig o

nsnAaesil 1 AnwnavasgasemsiudsaniswiyAulauasiiausuaeeaunduly

mumumimaaqwajmugiai (Completely Randomized Design: CRD)
WIuifleugrsevnameiisndode $1uiu 3 nssds ldun

NI 1 8WN5gN3 ¥ MS 1 TDZ 0.25 Sadnsusiedns

N3N 2 MNsER3 MS 1in TDZ 0.25 fadinSusiedns

N3N 3 WnsERs W

douentudiuteiisnnduundulniiniyluan muaeade thunmedssuuems
Audegnseng 4 muununimaaes $1uau 3 $rdenssuds iudaude 5 Tudiuded
AuAAN Aol 25+2 ssriwailea Wuasanvasa LED dvm (30 lailas-

TUARBAITIMUATADIUIN) 14 TILUIRADTU TUTNNTIUIUYDARDTUAIUBALAINULIIYDA 111D

wnzideaduszezinan 12 da

a = a 1 a v = <
n1sneaasi 2 AnvinavadlylnlativdansinUsunaeanundulnuuainisnauds
MUHUNITNAABILUU CRD sSsuLfisurinkasanuudulelnladuiiulueing
WNZLALS 91U 7 NSSUIT Lakn

n35u359 1 hliuleleladu

a o 1 a

AS5U3TN 2 WAL BAP 0.25 Naansusoans

o |

AS5U359 3 LAY BAP 0.50 fadnsusoan

al

a o I a

N951757 4 Ay BAP 1.00 Nadnsunadns
A551757 5 WAy TDZ 0.25 fNaansunaans
AS5U359 6 AN TDZ 0.50 NadnSuseans

AS5U3TN 7 WA TDZ 1.00 Nadnsusoans
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AnuenTudutainernnduunAuliiasyluanmuasniae dinwigiaeuueg
Audegnsnbinafngaannsnaaesd 1 Fadinsiulelalalusiauwaganududunie 9 o
LHUN1TNAGY 311U 3 G1donTTuds THudude 5 Fudiudorn AuANaN1IENIZIEL

WULREIAUNITNABDN 1 TUNNINUIUIDARDTUAIULALAIUSII8DA iawmIzasudu

sreznan 12 dUa

= v : a @A v
N15VAaRen 3 Anwinavasanitznishionmsiatsenisinausunaeaaundulnlussuy
TIB
TUNUNITNARBIRUY CRD WIBUTIBUTEUUMIZIEELANTAN1IENT D11
Wiy 9119 5 n53U35 Ll
aaal = <
N3N 1 915N
ad A b Y o =
N33U89 2 spuv TIB Wenmsmadnn 6 43lue Assay 5 uiil
N3533591 3 szuu TIB Wownsiwain 6 Tilue Astas 10 U
N35359 4 szuu TIB Wownswamn 12 9ilue asa 5 Ui
ad A b Y & =
N3UTN 5 swuv TIB enmamainn 12 Falas assag 10 Wi
o 2 Yy A v % A a & ° & v
AnnenFudludeinglnduunfulinnsyluanmdasawe duiwiziduig
9IMgATNNaANan NIRRT waziinisiiulelnlaliuvdauwazanududunlinagd
Tgna1nnveasd 2 Tngnzideshieemnsnawdwisoanmsnadluszuy TIB wuuriawln
MINBHUNITNARBY TIUIU 3 FiansIuTs THTudiude 5 Tudiudet AmuaNanIzmeLies

WULRIAUNITNABDN 1 TUNNINUIUSDARDTUAIULALAIULII8DA LlanIzasudu

sreznan 12 dUann

=] = a 1 4 o 14
N1INAQIMN 4 ﬂﬂ‘i?}"lNﬁ"dENGEIﬂGUUGIEJﬂWS?Iﬂ‘LI’]ﬂﬁiﬁﬁﬂiﬂﬂ%ﬂﬂunﬂqﬁlﬂiﬂig‘UU TIB

MILNUNITNABBILUU CRD I 8 55135 lawn

N59UAN 1 21v3nauds T 1AA

a o

NSTUATN 2 19INIUDS LAY IAA 0.25 Haansusedng
NSIUATA 3 ©1INIUDS LAY IAA 0.50 Haansusedng
NI5IAST 4 91vsnauds LRY IAA 1.00 fadnsusedns

N55U39 5 21v5man haliy IAA
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a o

N3TIART 6 0 1SMa 1R IAA 0.25 Nadn3usedns

NITIART 7 o sman 1R 1AA 0.50 adn3usedns

NITATA 8 @wnsaT 1R 1AA 1.00 TadnTusiedns
FausndudiusenninugeUseuia 3 wuhiuns anduunduliiiadgluann-
Jaoaide daimzidsssomsiuduaromanalu TIB auannznsliensiling
Ffignainnismaaesd 3 Fufueendunuununisveaae 1uru 3 Sivenssuds Waudam
gon 5 Fudimnset muANANIHIZAsIT LA UNMIARET 1 Tufinsiuausndedy
ANE12510 Amgady Srundlusiosiu fiuiilu (agulufinivasuunssniuna wazmn
fufinnnnsiuduiudesnuvuielu) Twidnaauasininuiaesiu Womisidsady
sregan 12 dUan

sevntuthiuiioonsnlunssuidens o wdgdgnuazuSuanin 91w 10 %1 (¢fu)
sionsauds Tnsdrsndothussdnieminiavermsiifney udugihenfusumuanda
1.5 n3ustedns 20 Wit Ugnludewanadnlavuin 6 eoud vssginuea savmegy Tak
asoulvaiin iuliiquunall 28+2 waea THuasannvasn LED dv11 (30 lulasluasie

I a ~ Y] Pt v = o aNa A v &,
H1T1UATADIUIN) 14 GZYJINQ@@'QU UUNNDHRITINIIIDAVIN LN@BWBU@JﬂLUUigﬁISDﬁq 4

dUanai

=] = J a a 14
N1INA[DIN 5 ﬂﬂi?ﬂNﬁ‘UB\iﬂﬂJﬂ']WLL?NGlE]ﬂ"lilﬂ’iiyLC‘IUIG]‘IJ@]\‘IUﬂﬂSJlWiL!’iZUU TIB

MILHUNITNAFBILUU CRD I 4 n55UIT Fail

A55U359 1 wawd@vn (30 lulasluanam1s1uunsAaIuI)

(%
a o a LY 1

NINIDN 2 LaeBATIAUAUIRY dRs1dau 1:1 (30 lulasluasamsnaunsae

v
S o a v ]

N55UASN 3 asELAITINAUEUNRY 9ns1du 1:3 (28 lulasluananns1uunsne

(%
a o a 1Y 1

N35U39 4 wasAwmasIuAUEUNRY 9nsdu 3:1 (22 Tulasluanenisnaunsae

AALENTUAINEAAIINAIUTEINN 3-4 WwuRluasaInauunAulnnIyluann
& & A ° & v = s o
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1. IUIUYIAADTUEIU

ANOVA
Sum of
Squares df Mean Square F Sig.
Mumberofshootsperexpla  Between Groups — (Comhbined) 13.400 2 6.700 21.035 .00o
i Linear Term  Contrast 12.800 1 12.800 40186 .0oo
Deviation 600 1 ] 1.884 Rk
Within Groups 8.600 27 3149
Total 22.000 29

Numberofshootsperexplant

Duncan?

Subsetforalpha=0.05
Treatment M 1 2
Wi 10 1.1000
MS + TDZD.25 10 2.2000
1/2MS + TDZ0.25 10 2.7000
Sig. 1.000 058

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =10.000.
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ANOVA
Shootheight
Sum of
Squares df F Sig.
Between Groups  (Combined) 3.565 6.716 004
LinearTerm  Contrast 060 228 B3T
Deviation 3.504 1 13.205 001
Within Groups 7165
Total 10.730
Shootheight
Duncan?®
Subsetforalpha=0.04
Treatrment M 1 2
Ms + TDZ0.25 10 31200
12MS + TDZ0.25 10 3.7900
WY 10 3.9000
Sig. 1.000 G637

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmaonic Mean Sample Size = 10.000.
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1. IUIUYIAADTUEIU

ANOVA
Mumberofshootsperaxplant
Surm of
Squares df Mean Square F Sig.
Between Groups  (Combined) 39.543 [} 6.590 33.756 000
LinearTerm  Contrast 30,228 1 30.228 154.829 .0oo
Deviation 9.314 ) 1.863 9641 .000
Within Groups 12.300 63 185
Total 51.843 69

Numberofshootsperexplant

Duncan?®
Subsetforalpha=0.05
Treatment M 1 2 3 4
HF 10 1.0000
BAD.25 10 1.0000
BAD.5 10 1.5000
BA1 10 1.6000
TDZ1 10 2.3000
TDZD.25 10 2.6000
TDZ0.5 10 3.1000
Sig. 1.000 G145 134 1.000

Means for groups in homogeneous subsets are displayed.
a. UUses Harmonic Mean Sample Size =10.000.



2. ATNNYYDA

ANOVA
Shoothieght
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 47 i} 051 143 580
Linear Term  Contrast .386 1 386 607 438
Deviation 61 5 .03z 050 998
Within Groups 40.083 63 636
Total 40.630 69
Shoothieght
Duncan?®
Subset for
alpha=0.05
Treatment M L
TDZ1 10 3.5000
TDZ0.5 10 36800
TDZ0.25 10 3.7100
BA1 10 3.7200
BAD.25 10 3.7500
BAD.5 10 3.7700
HF 10 3.7800
Sig. A07

Means for groups in homogeneous

subsets are displayed.

a. Uses Harmonic Mean Sample

Size =10.000.
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1. IUIUYIAADTUEIU

ANOVA
Mumberofshootsperaxplant
Surm of
Squares df Mean Square F Sig.
Between Groups  (Combined) 19.480 4 4.870 5243 001
Linear Term  Contrast 12.960 1 12.960 13.952 .00
Deviation 6.620 3 2173 2.340 086
Within Groups 41.800 45 829
Total 61.280 49

Numberofshootsperexplant

Duncan®

Subsetforalpha=0.05
Treatment M 1 2 3
sL 10 3.0000
gh, 10m 10 3.5000 3.6000
Bh, 5m 10 3.8000 3.8000
12h, 10m 10 4.3000 4.3000
12h, 5m 10 4.8000
Sig. 085 085 252

Means for groups in homogeneous subsets are displayed.
a. UUses Harmonic Mean Sample Size = 10.000.
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ANOVA
Shoothieght
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 7.554 4 1.888 10.306 000
LinearTerm  Contrast 4,285 1 4,285 23.384 .000
Deviation 3.269 3 1.080 5.947 .00z
Within Groups 8.246 45 183
Total 15.800 49
Shoothieght
Duncan®
Subsetforalpha=0.05
Treatment M 1 2 3
SL 10 3.5400
gh, 10m 10 41000
&h, &m 10 4.2800
12h, 10m 10 4.3500 4.3500
12h, 5m 10 47300
Sig. 1.000 225 053

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 10.000.
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1. AMUIUTINADAY

ANOVA
Numberofrootspershoot
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 31.750 7 4. 536 16.494 000
LinearTerm  Contrast 29.336 1 29,336  106.675 .0oo
Deviation 2414 6 402 1.463 .203
Within Groups 18.800 72 275
Total 51.550 79

Numberofrootspershoot

Duncan®
Subsetfor alpha = 0.05
Treatmant M 1 2 3 4
SL-HF 10 1.2000
SL-1AAD. 25 10 1.4000 1.4000
SL-1AAD 5 10 1.4000 1.4000
SL-1AMT 10 1.6000 1.6000
TIB-HF 10 1.8000
TIB-IAAD 25 10 2.3000
TIB-IAAD.S 10 2.6000
TIB-IAA1 10 31000
Sig. 124 24 205 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmanic Mean Sample Size=10.000.
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2. A211812710

ANOVA
Rootlength
Sum of
Squares df Mean Square F Sig.

Between Groups  (Combined) 13.480 7 1.826 4021 .00

LinearTerm  Contrast 7150 1 7.150 14.931 .000

Deviation 6.330 i 1.055 2.203 052
Within Groups 34.478 72 478
Total 47.958 74
Rootlength
Duncan®
Subsetfor alpha = 0.05

Treatment M 1 2 3
SL-1AAD.25 10 4.4400
SL-1AAD.5 10 4 6500 4 6500
SL-HF 10 51100 51100
SL-1AA1 10 51200 51200
TIE-IAAD.25 10 5.2200 5.2200
TIB-IAAD.S 10 5.3600
TIBE-HF 10 5.6400
TIB-1AA1 10 5.7000
Sig. 500 087 .0L9

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 10.000.
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ANOVA
Shootheight
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 19.839 7 2.848 5480 000
LinearTerm  Contrast 19.478 1 19.479 37475 .0oo
Deviation 460 6 077 147 989
Within Groups 37425 72 520
Total 57.364 79
Shootheight
Duncan®
Subsetfor alpha=0.05
Treatment M 1 2 3 4
SL-HF 10 40100
SL-IARD.25 10 42400 4.2400
SL-IARD.5 10 43100 43100
SL-1AA1 10 45100 45100 45100
TIB-HF 10 43100 48100
TIB-IAAD.25 10 5.0600 5.0600
TIE-IARD.5 10 51500 51500
TIB-IAA1 10 5.5800
Sig. 163 A1 073 132

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 10.000.
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ANOVA
Numberofleavespershoot
Sum of
Squares df Mean Square F Sig.

Between Groups  (Combined) 6.400 7 914 3.076 .0o7

Linear Term  Contrast 5.260 1 5.260 17.696 000

Deviation 1.140 i 1490 640 698
Within Groups 21.400 72 297
Total 27.800 74
Numberofleavespershoot
Duncan®
Subsetforalpha=0.05

Treatment M 1 2 3
SL-HF 10 1.9000
SL-1AAD.25 10 2.2000 2.2000
SL-IAADS 10 2.4000 2.4000 2.4000
TIB-HF 10 2.4000 2.4000 2.4000
SL-1AA1 10 2.6000 2.6000
TIB-1AAD.25 10 2.6000 2.6000
TIB-1AADS 10 2.6000 2.6000
TIB-1AA1 10 2.9000
Sig. 064 8T 076

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 10.000.
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ANOVA
leavesarea
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 281551.988 7 40221.713 6.826 .00o
LinearTerm  Contrast 278512.001 1 278512.001 47,268 .0oo
Deviation 3038887 i 506.664 086 8497
Within Groups 424226.500 72 5B892.035
Total 7O577E.488 74
leavesarea
Duncan®
Subsetforalpha=0.05
Treatment M 1 2 3 4 5
SL-HF 10 4153000
SL-1AAD.25 10 44489000  444.5000
SL-IAAD.S 10 4601000 4601000
SL-1AA1 10 4773000 477.3000  477.3000
TIB-HF 10 5144000 5144000 5144000
TIB-IAAD. 25 10 5456000 5456000 5456000
TIB-1AA0.5 10 571.7000  &71.7000
TIB-1AAT 10 595.8000
Sig. 128 087 063 118 A72

Means for groups in homogeneous subsets are displayed.
a. lUses Harmonic Mean Sample Size = 10.000.
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ANOVA
Freshweight
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) H5412301.495 7 773185.528 129.1566 .000
Linear Term  Contrast 5007408.724 1 5007408.724  836.458 .0og
Deviation 4048591.771 6 67481.962 11.272 .000
Within Groups 431024.020 72 6086.445
Total 5843325515 79
Freshweight
Duncan?®
Subsetforalpha=0.05
Treatment M 1 2 3 4 3 6
SL-HF 10  640.9800
SL-1AA0.25 10 6744700 6744700
SL-1AA0.5 10  705.7500  705.7500
SL-1AA1 10 T38.6500
TIE-HF 10 9145100
TIB-IAAD.25 10 1077.0800
TIE-IAAD.S 10 1209.7400
TIB-IAA1 10 1384.7800
Sig. 080 078 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a.lJses Harmonic Mean Sample Size = 10.000.
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ANOVA
Dryweight
Sum of
Squares df Mean Square F Sig.

Between Groups  (Combined) 25107.673 7 3586.810 58.874 .00o

LinearTerm  Contrast 24210.584 1 24210.584 397.396 .0oo

Deviation 897.0849 i 149.515 2.454 .03z
Within Groups 4386462 72 60.923
Total 254594135 74
Dryweight
Duncan®
Suhbsetfor alpha = 0.05

Treatment 1 2 3 4 3 &
SL-HF 10 46.0800
SL-IAAD.25 10 502200  50.2200
SL-IAAD.5 10 534800 534800
SL-1AM1 10 59.7000
TIB-HF 10 73.1300
TIB-IAAD. 25 10 77.3000
TIE-IAAD.5 10 85.4600
TIE-1AM1 10 998500
Sig. 240 353 074 236 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 10.000.
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ANOVA
survivulrate
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 2875.000 7 410.714 485 843
Linear Term  Contrast 1335286 1 1338.286 1.581 213
Deviation 1535714 i 2554952 302 934
Within Groups 61000.000 72 847.222
Total 63875.000 74
survivulrate
Duncan?
Subsetfor
alpha=0.05
Treatment M 1
SL-HF 10 80.0000
SL-1AAD.25 10 90.0000
SL-1AADS 10 90.0000
SL-1AA1 10 90.0000
TIB-HF 10 90.0000
TIB-1AA1 10 90.0000
TIB-IAAD.25 10 100.0000
TIE-IAAD.S 10 100.0000
Sig. 187

Means for groups in homaogenegous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size=10.000.
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1. IUIUINADAY

ANOVA
Mumberofrootspershoat
Surm of
Squares df Mean Square Sig.
Between Groups  (Combined) 075 3 025 053 554
Linear Term  Contrast 045 1 .045 096 759
Deviation 030 2 018 032 969
Within Groups 16.900 36 469
Total 16.975 39

Numberofrootspershoot

Duncan®
Subset for
alpha = 0.05
Treatment M 1
1R:1B 10 3.0000
1R:3B 10 3.0000
3R1B 10 3.0000
W 10 31000
Sig. g7

Means for groups in homogeneous

subsets are displayed.

a. Uses Harmonic Mean Sample

Size =10.000.



2. A1181271N0

ANOVA
Rootlength
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 1.897 3 GBE 2567 070
Linear Term  Contrast 41 1 A4 2.086 157
Deviation 1.456 2 728 2.808 074
Within Groups 9.334 36 258
Total 11.331 39
Rootlength
Duncan?®
Subsetforalpha=0.05
Treatment M 1 2
1R:3B 10 5.2600
1R:1B 10 5.3600
W 10 54700 5.4700
3R:1B 10 5.8500
Sig. .392 104

Means for groups in homogeneous subsets are
displayed.

a Uses Harmonic Mean Sample Size =
10.000.
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3. AUGWU
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ANOVA
Shootheight
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 4.013 3 1.338 7.875 0oz
Linear Term  Contrast 3.276 1 3.276 19.530 000
Deviation J37 2 368 2198 143
Within Groups 2.684 16 168
Total 6.697 19
Shootheight
Duncan?®
Subsetforalpha=0.05
Treatment M 1 2
W 5 5.6400
1R:3B 5 6.0400
1R:1B 5 6.1400
3R:1B 5 6.8800
Sig. 085 1.000

Means for groups in homogeneous subsets are
displayed.

a Uses Harmonic Mean Sample Size =
£.000.



4. uulusanu

ANOVA
Numberofleavespershoot
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) B75 3 225 1.328 280
LinearTerm  Contrast 045 1 045 266 G609
Deviation 630 2 314 1.859 A70
Within Groups 6.100 36 169
Total 6.775 39

Numberofleavespershoot

Duncan?
Subsetfor
alpha=10.05
Treatment M 1
1R:1E 10 2.8000
1R:3B 10 2.8000
W 10 3.0000
3R1B 10 31000
Sig. 145

Means for groups in homogeneous

subsets are displayed.

a. Uses Harmonic Mean Sample

Size =10.000.
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5. Wuinlu
ANOVA
Leavesarea
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) A8812.333 3 19937 444 5.008 .030
LinearTerm  Contrast 37T00.267 1 37700.267 9.469 015
Deviation 22112.067 2 11056.033 2777 A
Within Groups 31851.333 8 3881.417
Total 91663.667 11
Leavesarea
Duncan?®
Subsetforalpha= 005
Treatment M 1 2
w 3 5820000
1R:3B 3 661.0000 661.0000
1R1E 3 T25.6667
IR1B 3 TB0.6E6T
Sig. 217 056

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
3.000.
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ANOVA
Freshweight
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 13259598540 3 4418998.513 82.878 .00o
LinearTerm  Contrast 553327.700 1 553327.700 103.753 .0oo
Deviation 7T2670.840 2 386335.420 72.440 .00o
Within Groups 85330.348 16 5333.147
Total 1411328.888 19
Freshweight
Duncan®
Subsetforalpha=0.05
Treatment M 1 2 3
W 5 1326.5800
1R:3B 5 1396.4000
1R1E 5 17701200
AR:1B 5 1947.0600
Sig. 160 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a.lJses Harmonic Mean Sample Size = 5.000.



7. UIAUNLAH DAY

ANOVA
Dryweight
Sum of
Squares df Mean Square F Sig.
Between Groups  (Combined) 14475586 3 4825195 TO0.948 .00o
Linear Term  Contrast 7687.782 1 7687.782 113.035 000
Deviation 6787.804 2 3393.802 45.80M .00o
Within Groups 1088.196 16 68.012
Total 15563.782 19
Dryweight
Duncan®
Subsetforalpha=0.05
Treatment M 1 2 3 4
W 5 §5.1800
1R:3B 5 111.0800
1R1B 5 1428400
AR1E 5 164.2200
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.



8. INTINTTATINad1gaanUgn

ANOVA
Survivalrate
Sum of
Squares df Mean Square Sig.
Between Groups  (Combined) 1000.000 3 333.333 BET AT8
Linear Term  Contrast 200.000 1 200.000 400 A3
Deviation 800.000 2 400.000 800 457
Within Groups 18000.000 36 500.000
Total 15000.000 39
Survivalrate
Duncan?
Subset for
alpha=10.05
Treatment M 1
1RA1E 10 90.0000
IRNE 10 90.0000
w 10 100.0000
1R:3E 10 100.0000
Sig. 370

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size =10.000.
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