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NATTHA NITWATTHANAKUL : FACTORS AFFECTING
UN-POLLINATED OVULE AND OVARY CULTURE OF MUSKMELON
AND THAI MELON. THESIS ADVISOR : ASST. PROF.

ARAK TIRA-AUMPHON, Ph.D., 68 PP.

Cucumis melo L./CALLUS/REGENERABLE CALLUS/OVULE CULTURE/
OVARY CULTURE /GENOTYPE/COLD TREATMENT/HEAT TREATMENT

In muskmelon and Thai melon, the production of inbred lines in a conventional
breeding program can be accomplished by several generations of selfing,
Alternatively, ovule and ovary culture are efficiently and rapidly obtained in one
generation. Moreover, its success depends on several factors including genotypes of
the donor plant and is also affected by cultural conditions. The objectives of this study
were (1) to evaluate factors affecting un-pollinated ovule and ovary cultures of
Muskmelon and Thai melon and (2) to determine a suitable medium to induce and
develop embryo/plantlet form callus. There were two experiments in this study. In the
first experiment, the effects of various factors in ovule culture including melon
cultivars (Green Net, Pot Orange, Honeydew and Thai melon), stage of unpollinated
ovule (1 day before anthesis and anthesis), pre-treatment temperature (25 and 35°C),
and induction media (OIIM;-OlIM4) were evaluated on percentages of callus
formation. It was found that the interactions among three factors studied on callus
formation were significant. Pot Orange in OIIM> (MS+0.25 mg/L BAP and 0.35 mg/L
NAA) was found to be the best medium for callus induction at both 25 and 35°C
(87.4%). After that subculture of callus on differentiation media and regeneration
media had no significant effect on formation potentials of both embryos, callus was

light green or green, opaque and compact nodule. The second experiment, the effects



of various factors in ovary culture including melon cultivars (Green Net, Pot Orange,
Emerald sweet, Honeydew and Thai melon), stage of unpollinated ovary (1 day before
anthesis and anthesis), pre-treatment temperature (4, 25 and 35°C) and induction
media (OyIM;-OyIMs) were evaluated on percentages of callus and RC (regenerable
callus) formation in ovary tissues. It was found that the interactions among three
factors studied on callus and RC formation were significant. Honeydew at 1 day before
anthesis and pre-treatment temperature at 35°C have highest percentages of callus
(87.7%). And Green Net at 1 day before anthesis and pre-treatment temperature at 4°C
have the highest percentages of RC (46.7%). After that subculture of RC on
differentiation media containing MS+2 mg/L BA led to differentiation of embryoids
into a globular shape, and later developed into embryo after transfer to regeneration
media, MS medium without any plant growth regulator. However, rate of embryo and
shoot regeneration is low and not complete plantlets. Therefore, further study on
suitable media culture and several factors for shoot induction in un-pollinated ovule

and ovary culture are required.

School of Crop Production Technology Student’s Signature Nt il witthauake)
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AgNO, = silver nitrate

BAP = 6-benzylaminopurine

GA, = gibberellic acid

IAA = indle-3-acetic acid

KIN = kinetin

MB+ = vitamin stock

MSI = major salts stock

MS II = minor salts stock

NAA - 1-naphthaleneacetic acid
OIDM = ovule differentiation media
OlIM = ovule induction media
OIRM = ovule regeneration media
OyDM = ovary differentiation media
OyIM - ovary induction media
OyRM = ovary regeneration media
RC = regenerable callus

TDZ = thidiazuron

2,4-D = 2.4~dichlorophenoxyacetic acid
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ﬂigﬁwgmwgd (Obert et al., 2009; Khurana and Chauhan, 2011)

a A A gy v
2.5 Mg aiame 1 nazsel (ovule and ovary culture)
= & £ A4 A ow ¥y A N w @ - . A
matiamsmzinouiiobolonmuiduiisnnamdduufimeile (gynogenesis) #30
& ' o ) a - & a A
M3 19 (ovule culture) 4ag 5319 (ovary culture) Sludnmudennilslumsuaafisue
¢ o = s A g o o A = Y o ¢ ¥ o
wasvanazauidauanaosa WaldlunsdivdsiugiyuazmsAnmduiugemeaas nad
= w 4 o
T4 lunswaaWuggnran F1 (F1 hybrid) tiioii hl 1452 Tomnilunianisd (Shalaby, 2007;
y 2 A o ¥ a @ n 1 =
Diao et al., 2009) %33 2 3500 1) Mnszgumsnanivessslidesazoeunasiiiuniinig
§9# (irradiated pollens) 1az 2) msmiziaos lnazsely Tasntsnszduliiead ludhanswan
1 = W -] té o/ = =
ludruveuduusTelunssnaunms#nii aendrodunTzuauniswIs i Tuemda

o’

{ o a = 1 o L) ar 1t
(parthenogenesis) ¥39M3MOuU3 Totnunn luuazsyluasuldsumsnay vialanlasy

i
f st = 1

d‘ = 1:%J 1 a r:s.. ] Y
MIHANIINALODUNTIN INHFIA ¥ Tz lunazsalanluldsumsway wun

a ¥ o o = o &
ausonaa laniduenasudazduauiianana s (spontaneous doubled haploid) 4R

e

w o= ~ w w = a s w
audanawaseasusniumeiuguiluiui Seaaszeznauazdugulunsuaa Banems
- | o 5 sy gnﬂ =) é o =y = ] I~ Y =\
HanruanaoeanleITiAemadonnislunmsvsadymimsesaau Tad Hunidu 3
w : v o = Et A w7
anvaiziion nag ldawsadnihIiifadu 18 Tumsmnzi@esdromaddunugmeg (Shalaby,
' i 4 o @ S e o
2007; Chen et al., 2011) tagnuaui ldnnmsmizisuaaauiufmenlodilinnunea
a = [ o = = { @
ﬂNWH‘@ﬂii‘ug‘dﬂﬂﬁfﬁﬂ (5387 H ﬂ'l‘)g\uz, 2541; Murovec and Bohanec, 2012) AMIANHUNEINY

1 v o ' 1 o 9 ¢ ¢
ﬂ'I'HW'ISLa‘ENVlﬂILLﬁg'iﬂ*’U 1HE}f'JQLL§ﬂ1J§$ﬁ1Jﬂ'JHJﬁM§ﬁJ ‘lumnmﬁma (barley; Hordeum



vulgare) (San Noeum, 1976) meiauﬁaﬂizﬁmaﬁu‘%ﬂuwauﬁﬂm}j (Allium cepa L.) Uy
W53 §17Twa $19818 naze1gy (Keller and Korzun ,1996) uaz luiizraduasiisea
anudide 18uA msmziaseda)Tuoan1ow 1A UALLAIMA (Metwally et al.,1988;
Ficcadenti et al., 1999: Gémes-Juhasz et al., 2002; Lotfi et al., 2003; Shalaby, 2007; Diao et al .,
2009; Malik et al., 2011; Koli and Murthy, 2013; Tantasawat et al., 2015:) Faiumsmziaesss
Tivse luidludnmadennilumskdamenufuddmsolfiuvoudiug 1ded1esaac
wazililszAMEA M4 (Lim and Earle, 2009) aandanin ldmenuguiozgniilinamovuas
faidoniie 1 ilureuaiiugumumsademeiugut lunsudaiugganay (hybrid varieties)

Qﬂwﬁ'm?]m (single cross hybrid) @NAANAINN (three-way cross hybrid) w%gnwﬁm@: (double

o/ @

P o o = " 1 o Ay g =1 a =~ Y ] ::
cross hybrid) ('i\‘lfTE]HQ NN, 2541) LL‘I’IBEJNU],’iﬂGHiHﬁﬂ"ISHENﬂJ mwmsmmﬂuwuiwnm

= |

g LY i - w oA 1 q g gl’ 3 (3
UINUVUBYNUVWUTNTIUNIDMUWHEWTLUASANIISAN 9 ﬂﬁlﬂfGLUﬂ']ﬁLW’l%Lﬁﬂﬁﬂiﬂ (ﬂﬂ‘.‘l“]fﬁ

q

= o= d
5315913500, 2553)

2.6 taduniinanemsnziasaiiede 14 1823314 (ovule and ovary culture)

9 4 s () o o 1A 4 a 1w [~
FJavtiunmsunziaesse v s auanudrs uninaisideswinde lanwauily

3

o

A‘ A Ao 9/ =] = A as ] Il ] 9 '3 ar 1= o
HoweNanyaeAMuoNL3 1o vIslnanaaznau liludunanassauazaudauananen

L

] = a & & g A A4 e ¥ 3 ' &
ulﬂuﬂﬂ (N8 ATNN., 2558) “]Nﬂ'J']‘lJ'eT'IL‘SfﬂﬂluﬂTﬁWﬁ@lW‘mlaW'ﬁ@ﬂﬂuu‘U'HE]Uﬂ“U‘Hﬁ']U‘]jﬂi]fJ

Y

o/

Aenu 1Aun Wugnssuuoally dnIwNn1eass INe1VeIR UL TZEENITWALIV095 TU

=

! =1 § A o o ¢
MUIZEUABN TN IAB UL ﬂ1§LW1$LﬂUQﬂQmﬂﬂMgﬁﬁ%ﬂﬂ1 iﬂuﬁﬁﬂﬂﬂﬂigﬂﬂﬂ‘ﬂ'ﬂﬁ

L]

4 1 L
omginzagenldlumsmiziaes udy (Gatazka and Niemirowicz-Szezytt, 2013; Mishra

y
o

& o &= o 4 9/ o ad t:i.y -
and Goswami, 2014; Dong et al., 2016) #4UY ﬁlfﬁl']LﬂHﬂ'ﬂﬁwmu'l')‘ﬁﬂ'lilwa’mﬂﬂﬂlﬂll'lgﬁi] Iﬂﬁ]
F'd
S‘Jﬂﬁ']:lﬁ\’ul,ﬁ$f]ﬂ¢n@ﬂ'lﬂﬂﬂﬁ
U = 3| [ o Ao w ' o 9 A
2.6.1. WHENITUVIINY L‘lJ‘L!‘]jfliﬂU“Hﬂﬂﬂ'ﬁWﬂi}l’ﬂJ’lﬂﬂ@ﬂﬁzﬂjuﬂTiWiﬂlu"IﬂﬂW"]ﬁi’lﬂ

=] w o = A 1 w IS ' g o " s <
tcﬁﬁﬂﬁﬂwu'ﬁEWﬁmﬂ W‘}fﬁ’lawugﬂuﬂ'ﬁﬁ'f]'Uﬁu'ﬂﬁﬂ'ﬂﬂ’]ﬁLW’]glﬁﬁlﬁﬁﬂnl"]ﬁluﬁ'm15ﬂwmu1ulﬂlﬂu

[V

1 o 3 1o o - e o C{ w o/
AuuanAanuIuagiustiauesiy (Joya duaaiad uag o136 25ayryian, 2551) uazmsdn

o | od f oA | v A A o &y w 2w
ihldinaduiisnenassavuegnyd Tu Iniivwaoany ssiiuguitaziuggangy 16a3
a o o a/ =1 £y = vow o a . ’
m‘sLﬂmauuﬂmmzmi‘wwm;ﬂumuwgammu‘gwﬁmﬂﬂ (Gioffriau ef al., 1997) 21NN13
deda = .3

1 o s I~ [~ 1 o "
NAADIUDY Keller (1990) w111 Wuinaniwanemsviandluduwiluoganin Tasdunanu

] 1 1 1
mamnziaesds lvveaoialuadiuog 273 meug Insaeuauesremsmizaeunna1g
o = - " ow g o A
Ay daumsne luiraszgaun Arafeh (2006) uaz Xie er al. (2006) Wy Wusiulaveii

Y
HaRaNIZUIUMIWAUIAL TUaA29% 191ABIAY Shalaby (2007) WU MTWIZIABST S 14
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voarmIewUTgHau 12 meriug nud Tundazsiuiinsaoumuesdemsimz@oaunnds
1 Tasgnrauiug Raad F1 fisns1imsiaaiduns Tounzdugaiiqa 48 waz 15 wosidud ()
amidy ienfoufsduiuiau q Faidanmuiaduy Teuazduiios 22.6 1azg.2%
gy i gudersu i wuﬁwﬁuﬁﬁmwauaum@iamimmgwmmhaﬂ”u
(Mogbeli et al. 2013; Plapung et al. 2014) LagN13NANDIVDY Diao et al. (2009) ﬁ”IﬂTiLWTSL%EJQ
Selivpaunengaway F1 $11au 6 deviug Idunsiug Jinlv, ECS, Biyu, Caoyou No.3, Yamei
No.1 tag Jinchun wu’inﬁaa?}ﬂ%’a'lﬁimmwiazﬁ'uﬁﬁmsmuﬁumsﬂ'amm*smmgmumﬁwﬁu
Tawug Jinchun T8ns1msAmduLs Togefign (72.7%) Tuameiivug Biyu s imaida

1 Q. = e W

d. - o v 3 g @ e
!.'E)M‘.IJSTE]GI'M?J?] (45.5%) mﬂwanﬁmaamﬁm1wawuq1wu§ﬂﬁmmwmﬂuﬂwﬂmﬂmm

o

a a 2 A ) 9 A oA w =4
@WﬁWﬁiﬂﬂ‘lﬂWﬂ?mﬂQ‘ﬁﬁ?J'Wﬁ]u1§]uwsﬁﬂ1ﬂlcﬁaﬁﬁﬂwu§w‘|ﬁmﬂ

o A ¥ 1 4 ¥ A
2.6.2 aNNUNNAITINNVDIAUIN 5!azﬁn1wssaﬂnau1un1iﬂgn D1YVIAUNYIDE
Y A4 a oA = ' A 4 H A g oA
ﬁﬂ'IWLL’J@mﬂlIVIWGD'LﬂiEIJLG]UIﬂNNﬁﬂﬂﬂ?‘jﬁﬂUﬁuﬂﬁJﬂﬂ‘W‘Hﬂ’Elﬂ"lﬁlW’]:iLﬁmeﬂLfJﬂ AUNYNITS
P < = ¢ 3 (=1 Y M 1 1 g 1
uﬂ'l's;ﬁ]‘mgmﬂmﬁwim LIULLS hllll,‘lluT‘Eﬂ G’I'LI‘W“])"Iﬂ‘EJ‘B'LILLﬂﬂﬂiJGl’é]‘]JﬁuElﬂ@l’f)ﬂ"l'iLW'ISmtlﬂulmiJ

Y M o A& g A

= Yas = o o o 3 dy fg d:l LY ]
@ G]“L.!W"U“Vlllﬂi‘UﬁﬁLﬂMﬁ@ﬂﬂUﬂ"ﬁJﬂﬁﬁiW‘Hmullm"Iﬂ IWDHTHUWIZ AU U BIYD Nﬂﬁ]glhlﬂﬁﬁﬁll

“

o < @ o Y =] EY @ s A da 4 dy 3
anudusolumsdmi ldwann lidludu @nad 5375013 ys0 2553) wennniinungna

' o 0 = =] a . 1 g ' @
inademstnihldinadus Tensedusau Taemilgaanesluggluldsraddmalunsdn
ihlumaRadninsdgnlungluling nazlungdou (Xie e al., 2006; Shalaby, 2007). #3919
I~J g/ 9 1 ~ o o e o Y
Auran1nan NI deuTUAA UL IFIABINY Plapung ef al. (2014) Ga gl Ia1 AN

= = = 1 o 3 A o w o =4 g 1
ManTyA IndnanenssuIdmanaduiyIneaaaunuiwende Tumswizneslives
UAIND LA Tantasawat et al. (2015) WU Msgnupsnnlugaeggiou Insiia embryo-like

o o o/

structure (ELS) Ughaadd uandenuatnwiidsdagiumsdgnlureluggrun

2.6.3 528ZMSHANNVBITI IUNIHNIZaNADM NI MITANHINITSOZMTHAU

'
=

[ = 1 c’i‘ gl‘ A g A s o = A &
‘Uﬂﬂiqll“ll'i’]l:ﬁu'l&"ifﬁ.lﬁlﬂﬂ"l'iLWH’;LEWGLU?JLUE]HJH?NWi]’lL‘lJ‘Ll ﬁ]’lﬂﬂ’liﬁﬂ‘l@l']‘l’lN']uiﬂi@lf.l“ﬂﬁllﬂﬁxUg
= d a o g o 4 &y
ﬂQ&LBMUiTE}WﬂJHWLﬁBUMNM (nearly mature embryo sac) WIDWAUUANTIUAD (mature embryo

3 ) = J :i‘ Qs T A = ] 9/ o Jd 9
sac) Lll“lql33031’1!;‘”1|1$ﬁiJGI'E]ﬂ'I‘ELW']glﬁUQ'iﬂll“lI“lJ@ﬁW“ﬁﬁﬁ’]U“Uuﬂ LU ANIUTIRY EIJTJIWW
EY
MUAZIN Gerbera jamesonii Wag Beta vulgaris (Chen et al., 2011) AMTUMTINIZID959 luves
¥

ﬁfqummmu N1INANDIVDY Gémes-Juhdsz er al. (2002) WU FTUSNITINAIUIVDINA
[~} = ~ 1 -dy v (=1 " Yo A = = =
113 Tefimingauaemamiziaess e lan i ldSunsnauvewnani Ae szeziguaniiilo
o =) g A A s 2 A w 2 2 s A ar ()
NWAHUNDULAUNWIDWAIUUAUNLIAD ‘Iﬂﬂ polar nuclei 114 2 U maaummaqmqﬂmamﬂu

= a A & ' o o oo 9
QQL@M’US‘I@ HInILee 6 ‘ﬁﬂiﬂdﬂﬂuﬂﬂﬂﬂﬂl Shalaby (2007) ﬂﬁzﬁﬂﬂ?Wﬂﬁ?ti%iUﬂ’liﬂfﬂu'Iclﬂ

1 = w w 1 ) =1 o 1 w
ulﬂ]ﬁ]ﬂﬂﬁﬂ?ﬂ”ﬁﬂﬁﬂllﬂﬂ‘ﬂ1ﬂﬂﬂﬂi$ﬂ$ 1 auﬂauﬂaﬂmuwmuuﬂué’{uﬁwawaaaﬂ wmfﬁmﬂu
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Diao et al. (2009) A unsogmi ldinaduiiyannsmizinesislvvesuninniszee 1 fu
1 [ w_ o A 4 o ' =] d
neunenuL luirasznaunalszauanudiislunmsdniuiiodess i lUiludunenasss
18 2 srugfio 5202 1 FuRDUABALIY (Metwally ef al. 1998; Xie et al. 2006; Shalaby 2007; Diao
et al. 2009; Sun et al. 2009; Mogbeli et al. 2013; Plapung et al. 2014; Tantasawat ef al. 2015) U@
szozaonuuuags 1 185 un1THEY (Malik et al. 2011; Li et al. 2013; Min et al. 2016)
v ' & y A A 4 & Yo
2.6.4 M3USVaAMAGUMIINIZIAEA (pre-treatment) M3 IWLTlaiamzife 15y
Ja9en19menInu191sen1s 19U gungiaI (cold pre-treatment) HALAWUN UG (heat pre-
1 = ' o o = o = =& o o ' Aa A '
treatment) N304 Juanniia Inademsrnih ldinaduus T deletsainanioninadonis
v EJ
nasunnssey gametophyte ST sporophyte 113 pre-treatment mmﬁ”ﬁlé’fﬂmﬂgﬂuuu M3
Wuaenfieguudy voaon vio luNaauenaonuILA) (Chen ef al., 2011) 1Ay Shalaby, 2007
1 tg y o r&; 1 g dl s = =
wumanuilewe i 1vn Tl 14 umsnauvesanioafigavg 459 wu 4 Ju TsasmIia
Bu3 Togains hinuigungiisie 22% WuiReIAy Malik e al. 2011 WUIIAITHNZIAD5
[ ~ = o = ~3 a o '
Tvvonumangungid 4% wiu 4 Ty awrsamaous o 1dgais 63.3% uazmsih linse
a 1A " Yo =] = ' tg = 1 ar
Selunlulasumananuinuine 1 luanmguugiigenoumsmizinesesziinadomsnaun
S Y A g _ o @ 2
TiluAude 91nM331897U Diao ef af. (2009) AauenssluvsaAINIUNIABILLEMITEAT
d' = a a o A -] ] l=; =3
MS 1Ay TDZ 0.02 Jaansu/ans (4n./a.) @911 heat pre-treatment Taonsuud 35°0 Huna
i £ '
2 3uag 4 T ensuimue 1ol nudosngurgl 25% aulad mamsEneiwuash
= = ' W 1 w w 3
pre-treatment 11 35 °% 1113 2B21I01A19 9 53 1Yy uaInIIAEIeR U Isowau iy
=] = oA =] @ q a 4 =
D13 To A gafia 44.5-89.4% Taemisting 352 Wuna 3 50 Iulesidumsiaduislega

‘ ' § A A ogad a
#iga uag Gémes-Juhasz er al, (2002) NuTIMIWIRBuTobesVluRgungiigs (28 5o 35°%)

E] U

'
[ = o -

=1 e o = g i = as
FHNIATINM FNAMBNYT Touazhruaunsnadulunainn Taoigungil 35°9 aansadn

E]

o

Yva g = o S ¥ N e o = ) '
iR Tenazdmu lilitudu laanae (18 4 uaz 7.1% mudrdn) wenanil Sawun

' 1 ¥ ]
TN uau lues lineuauesdensmziaoanauma ey ogua Ay (Rakha er al., 2012;

L W o

Malik et al., 2011) FI¥UN15NAAD9UDY Tantasawat et al., (2015) WUNAUUAINNTAAADINATT

4 v d ¥
in1aee5 e [T yun ELS Tasmsimizinosfamvail 259 aansadnii lfine ELs 18
¥ ]
FINNMINIZIRUINYUNYI 35°% pE1INHBTIAYN D
2.6.5 D1¥15MZIAE9 (culture media)

2.6.5.1 ¥UAVDIDINIG

o w A

o o ﬁy :i’ A w lg 1w v A L] &S oA
mmﬁmﬂuﬂmwmawumﬂasaulwuagnuﬁ%wwmﬂmum@mwuaﬂemi

wonl¥emsnminzauilsenaudlsaisenisinyausas ) dedrsidszansnm @loz

= o [ g o/ v 3 @ a
a1 LLﬁ%EJ"IiE:J{. 2551) gﬂ‘iﬂ"l'ﬁ'I‘iﬂ'l“i’T‘i‘lJﬂ’]i!W’lg‘;Laﬂﬂiﬁll“ULﬁﬂﬁ%”]ﬂﬁuLL%WﬁﬂﬂﬂLlﬁ%ﬂ‘UﬂJﬁLLﬁ-
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%

4 o =l = o =)
BRI ﬁﬂ’]iﬁﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂﬂﬁ'lﬂgﬂi EJ\’I%J?J?T@]EE]'IWW?!.ﬂW'I%THﬁ?J'I%ﬁiJﬂUﬁ‘HWﬁTEiSHuﬂ

a

3 ]
M e

dwSugasemsiimsldifemsmnzdvailadeda liluflyasyqaunsiifisneau 14ud gas
MS (Ficcadenti et al. 1999; Ge 'mes-Juha’sz et al. 2002; Shalaby 2007; Suprunova and Shmykova
2008; Diao et al. 2009; Sun ez al. 2009; Koli and Murthy 2013; Mogbeli ef a/. 2013; Tantasawat et
al. 2015; Min et al. 2016) 118 % Cucumber Basal Medium (CBM) (?T% ‘;';ﬂ‘kj‘ f?‘uﬂu!,f#’!, 2553;
Ge 'mes-Juha’'sz et al. 2002; Li et al. 2013; Plapung et al. 2014;) udu gmmmiﬁugmmﬁwﬁ
sggminndauaudumsaien uandaiu ldardasazaududu 18ud msniugums
wigduTavesity ¥ilavewunasmivoy nsaezdly aiu uazdy 9 1w Thuzndn

=

(0@ 573 139313301, 2553)

2.6.5.2 MINILANMIRIYAVIAVRINY

manruaumsni Ay e lunqueendu (auxin) 1aln ladiu (cytokinins) tag
nqudun smdinssznoudunidn 1A sunaidudiolumsiusamasa@n Tn
uazwanwesse I lumsdminszuaumsianiluduiinduegiawin (Taiz and Zeiger,
1991; Chen e al., 2011) #391nA1TNAABIVBY Fiecadenti et al. (1999) Anuinisiauaelifiey
W I@umswanveaunand luownigas MSs RN thidiazuron (TDZ) 0.02 un./a. wag aa
3% aunsosmh lfifaunada 14 dazansadmihlnlinsiaundudu1dluemisgas Ms
ﬁlan I-naphthaleneacetic acid (NAA) 0.067 Un./a. $9UNU BAP 0.2 un./a. Uag Campion and
Alloni (1990) 1} 6-benzylaminopurine (BAP) A211AAY 2 un./a. 3uA D NAA Aududy 1
un.a. wudrie s fnaz@ssans mitmn Willuduuenaesd 14 uazasmiziduslvves
ANIDYTIUAN 12 A 10RUFUUDINITYAS MS 1R kinetin (KIN) 1 49./d.1a% 2, 4-
dichlorophenoxyacetie acid (2, 4-D) 1 un./a. iesmihlifadumnradauiugmedio wuni
MIneUaMeIRM TN oAl 1Y AneumIB T 48.8% (Shalaby (2007) ttaz lunis

VAABIYEY Diso et al. (2009) IdAnMsiaveda9ige I s ums ALY AN MU INIT
MS #iifiy TDZ 1ay silver nitrate (AgNO,) Tuszauaunduduaie q fu wud msidu Tz i
anwuiduty 0.04 un/a. aunsadmihlds L wandudus Toldgsfiqads 72.7% daums
@ AgNO, aslues hifinasearudlumsiRadus Te udsoduszozna lunssonues
B Teuaziinimanvouduys o 15wReary Li er al. (2013) mw:sgﬂwﬂgaﬁ"lﬂ‘lﬁ%'ums
WEVDIAINNIUUDINISGAT CBM Tifin TDZ uag AgNO, iitedmirldifadu wuh lufiuen
INADNTLIUNAT HALIAGIUNDINIT CBM RiAN TDZ 0.03-0.07 un./a. Taamd lumsiiady
g97.9-12.1 % uazeansadmilimswanndudu ldnnfigadiedsiuuomsgas cBM

{ = ' as 1 =]
AN NAA 0.05 ¥n./a. 39070 BA 0.2 un./a. 1Az AgNO, 5-10 ¥n./a. 0619 lsnawanududu
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- = 1 F=y ) da o ) é’: s 1
oI 1sAILANMEEs A Taugazriia lueisduasennmmnzaud miumzneese g
o 3 L £ n',?l} d' =:; :ﬁ’ = & 5
Aunls 11 yuegdiuszozmsannveuiioweunziaewazyiaueany (Murashige, 1977)
2.6.5.3 unaIMSUOU
a a o A g ' Y o 1 ¥ = o o
msdudunssnsiilunnadldsgmaven wu dmaglase Tanuiuily
' v A A s oA = A ~ oA a4 s Ay ] Rk
stamnAniamaNsnounnyia iWesnniimadiy lunstdanadwemses]d (autotrophic)
dy r_a' A oA [ = a) 3 = 1 s v & o
pimazineatiaenyaIuIvg v lahmeg lasmiluuvaawdsnuy Geageg Mg,

o/ t

g 1 ot = . & U )
2541) Tasanuiduduvosimalinananuauood IUAN (osmotic pressure) WIAIUFINYAD

o

¥
= ot

msanveuduyi To (Dong e al., 2016) Anududuve iy TasailFlumsmizitess
Touaz Tirfuiionldiinai 30 nfw/Aas (n/a.) uazlumamnzdesanies uaann unzuag
A UASIAY ﬁmm 30 n./a8. (Metwally et al. 1998; Suprunova and Shmykova 2008: Diao et al.
2009; Malik et al., 201 1; Mogbeli et al., 2013; Koli and Murthy, 2013; Min et al., 2016) Tnga1u
nAABIUBA Shalaby (2007) Idnameuautuduvenhmaylasafimuzan Tasmsiaesly
omsiAmhimantuduy 30, 60 uay 90 na. wumsmzdedluemsiiduhata 30
n/a. Wwadtiqa uazd 90 n/a. linuaswanveuduui Te
2.6.5.4 ENIULUBIOINTT HANATIAMSIMNZIAES
mswaL%fmgﬁm?]a%'a"hiﬁauﬁlwqjﬁu fnlszaunnudiSinnmsmnedsue g

= : LR & Ty Ty Yo
19 (solid media) BIINITUNAADIVOI Muren (1989) tiziaess s i lad'lasunmsnanves

g A Y

wowra lvajuuemisduaginauiu (Agar) 0.6% nunslvannsewann dudu1da
wazdmunnuduturesiuiinadenisinzidessuisysuiivasu Tas Abdollahi e al
(2015) ldnagaunnnduduvesfudiolfunada wann 1 dandnduus To 1ddoms
mrzdesluduiinndudugedunn 70 14 n/a. uaznsmizdeeslies lidenda
PN NLe T aHs e danludiounsiad nisimzidesaenfiauysally
wnsaan vuowsuialdkadnms iy ldenuuimsna (Huang et al., 1982) bag 1y
woilimud mamzEesa 1y liaunsadmidiAadu 18 udnisusninme louunazides
ansadninlfinadu1d aiorudewnnnmisilidugassalunisedey lududy
diosnnmissslvaziaiuunadanon (Cagnet-Sitbon, 1981) auluisaszgauas wuns
ﬁ'ﬂs‘ffyusﬁmﬁiauuuﬁ’ﬁmw (Gémes-Juhasz et al., 2002; Diao et al., 2009; Li ef al., 2013; Koli and
Murthy. 2013; Malik et al., 2011; Plapung et al., 2014) LUUAANINYTD (Ficcadenti ef al., 1999;
Mogbeli et al., 2013; Tantasawat et al., 2015) Lm$ﬂTiI,LElﬂmwwvlﬂiiﬂm'lngfN (Xie et al., 2006;

Shalaby, 2007; Suprunova and Shmykova, 2008; Koli and Murthy 2013; Min et al., 2016)
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unadaneu nnuudavian i uoea (shoot regeneration) nazsinou lddufenysal (Keller
Y] asw o o g/ = o o =1
and Korzun, 1996 613 1a8 @350% dunui, 2553) aamsnann ldiuesauaz/miesinves
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@ W P = o A a:{ w g
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a o = o = Af ] [ ] "
ansarnii inaduldduialunismizinosliuaz a1 199 Gémes-Tuhdsz ef al. (2002)
Vv [
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59111 NAA 0.05 10./a. 19A87D Suprunova and Shmykova (2008) WUMSIAAAUGIFAINE
3/ "
0.5% 91NN13NasaT e lvveanand vueIM1s MS WA BAP 0.4 1A./8. 39401 NAA 0.02
] a a =1 o
uA./a. 1Az Malik ez al. (2011) WU 01115 MS AN BAP 0.3 uaz 0.6 un./a. Liloddudnis
' ] 4
o ldinadun 12.5 uag 22.5 % MUaI9U 1ag Koli and Murthy (2013) Wy 59 luimiziaes
VLIS MS AN BAP 0.01 wa/a. ensnsmhlifaseaninunadald 5.5 du mudoany
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7] 9 . . . . a
ﬂ'i"lﬂg]‘i’]ﬂﬁ]ﬂﬂm LUag¥adInNdNeIINAIUUDINT differentiation medium ﬂﬂmmmmmﬂu

voald (Tao et al., 1985)
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aa o o @ e P @ 1 4
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A'.’l o 1 1 A o w = @ o Y a
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WU 48 F2 109 nUNTeas1n13T00 20-60% L uduANanYd 30% udn lawes 55% uazdu
o =) o 1
LANABYA 14% LAy Nasertorabi ef al. (2012) WUITETATINITTON 82% HAININNITUTLHAT
Uargsinveaaanaale laaddu 500 un./a. 1w 12 %2119 lue1w15man wag Solmaz ef al.
5. 2y { e ' an @
(2011) thFua eIt uuaananduannaass urateas Inada 500 Un./a. WM 2 ¥ 139
W ] 4:? o o ::;. 9/ 9 (K ]
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g 1 f; (="} -3 Q‘ -] < 1 r—% @
Fuaruguas awrsarnirlmusinau Ias Tulen 1dmsu@eIny (Allum ef al, 2007) Tag
[ [ = B ;:Hli ] aa
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Tnil Fedutludesiiimsnadoniinnugnded uiud azain 120152 uagliylszaninmgs
¥ y = [ - ] o 1
1BU 715 A3 09 UIBAIOUID (DNA marker) mﬂluﬂmwﬂmmLmnmwmawu‘gﬂ‘iimzﬂaw
) w o o = o Iy 9 X w 9 - 1 aq 9
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3% Duncan’s New Multiple Range Test (DMRT)
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NH,NO, 1,650
KNO, 1.900
MgS0,.7H,0 370
KH,PO, 170
CaCl,.2H,0 440
MS micronutrients
H,BO, 6.20
MnSO,.4H,0 22.30
ZnS0,.7H,0 8.60
Na,Mo0,.2H,0 0.25
Cus0,.5H,0 0.025
CoCl,.6H,0O 0.025
K1 0.83
FeNaEDTA 36.70
MS vitamins
Myo-inositol 100.0
Nicotinic acid 0.5
Pyridoxine-HCI 0.5
Thiamine-HCl 0.1
Glycine 2.0
pH 5.7
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Source of variance df SS MS F Pr>F
Variety 3 4878.521 1626.174 61537 0.000
Flower stage 1 695.064 695.064 2.63% 0.106

Temp I 81.034 81.034 0.307"  0.580
Media 3 7516939 2505646  9.481°  0.000
Variety x Flower stage 3 10129.736 3376.579 12.776" 0.000
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Source of variance df SS MS F Pr>F
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Variety x Media | 5 0.962 0.192 2.505ns  0.058
Error 24 1.843 0.077
Corrected Total 35 4.769

¥ — LAnAN A aa T ZE 0.05: ** = LANA19NIEDA 1UILFAD 0.01; ns = IUANANNIADA

CV (%) =14.55

1 ~ 1 an @ o w & [
ﬂ'l‘i'liﬂ'li"lﬂ‘l-ﬂﬂﬁ 11 ﬂ'l'i'Jlﬂ‘ﬂ%ﬁﬂ'J"Illlmﬂﬂ']ﬁ”lﬂ'mﬁﬂﬂﬂ]i’]ﬁwu‘ﬁ‘uﬂ%ﬂﬁ 2 Wuﬁﬂﬂ‘ilu']ﬂllﬂﬁﬁﬁ

' @ [
Tunisanylaseifinadonismzaes luin ld 18T umsnauaowaand

nazin Ing
1gABdN N Mean
RERTRILS 18 2.0439
WoNoDITHT 18 1.7683
Difference 34

95% CI for mean difference: (0.040, 0.510)

T-Test of mean difference =0.275 T-Value = 2.385 P-Value = 0.015
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Source of variance df S8 MS F Pr>F
Variety 4 14976.36 3744.09 4.233%%  0.002
Flower stage 1 443.942 443,942 0.502ns 0479
Temp 2 41410.392 20705.196  23.409*%  0.000
Media 4 8424.298 2106.075 2.381ns  0.052
Variety x Flower stage 4 6703.412 1675.853 1.895ns  0.112
Variety x Temp 8 19165.909 2395.739 2.709%*  0.007
Variety x Media 16 29984 .477 1874.03 2.119%*%  0.008
Flower stage x Temp 2 2984.064 1492.032 1.687ns  0.187
Flower stage x Media 4 5618.951 1404.738 1.588ns  0.178
Temp x Media 8 4663.544 582.943 0.659ns  0.727
Variety x Flower stage x Temp 8 38608.988 4826.124 5.456**  0.000
Variety x Flower stage x Media 16 19861.203 1241.327 1.403ns  0.140
Variety x Temp x media 32 73339.934 2291.873 1.59Ins  0.100
Flower stage x Temp x media 3 15724.312 1965.539 2.222ns  0.056
Variety * Flowerstage * Temp * media 29 20983.941 723.584 0.818ns 0735
Error 249 220240.548 884.5

Corrected Total 395 538266.178

¥ — AnA N 1IAER TS EEY 0.05: ** = UANAIINNADA TUTERD 0.01; ns = TiuANA1IINRADA

CV (%) =41.57
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Source of variance df SS MS F Pr>F
Variety 4 11888.18 2972.045  5.391%*  0.000
Flower stage 1 1510.74 1510.741 2.740ns  0.099
Temp 2 9441.29 4720.647 8.563%  0.000
Media -4 4057.14 1014.285 1.840ns  0.122
Variety x Flower stage 4 4358.40 1089.600 1.976ns  0.099
Variety x Temp 8 21204.90 2650.613 4.808**  0.000

Variety x Media 16 25676.26 1604.766  2.911*%*  0.000
Flower stage x Temp 2 4859.79 2429.895 4.407*  0.013

Flower stage x Media 4 1998.09 499.522 0.906ns  0.461

Temp x Media 8 7544.52 943.065 1.711ns ~ 0.096
Variety x Flower stage X Temp 8 9134.59 1141.824 2.071*%  0.039
Variety x Flower stage X Media 16 8431.75 526.984 0.956ns  0.506
Variety x Temp x media 32 3656.14 1142.629 1.073ns  0.201

Flower stage x Temp x media 8 5359.50 669.937 1.215ns  0.290
Variety * Flower stage * Temp * media 29 18583.98 640.827 1.162ns  0.266
Error 249 137277.38 551.315

Corrected Total 395 325662.08

% — AR INNETATUSZRU 0.05: ** = LANANNTNADA MUTLAV 0.01; ns = INHANANNWADA

CV (%) =40.89
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WANUDILAINALAZLAY Tne

21gaen N Mean
1 JunauaonLIu 193 57.6088
ADnNUIY 203 55.4066
Difference 394

05% CI for mean difference: (-5.100, 9.504)

T-Test of mean difference = 2.202 T-Value = 0.593 P-Value = 0.277
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21gaan N Mean
1 JunouasnLIY 193 14.5257
ADNUIY 203 18.5161
Difference 394

95% CI for mean difference: (-9.659, 1.678)

T-Test of mean difference = -3.990 T-Value = -1.384 P-Value = 0.083
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