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Abstract

The main objectives of this study are to evaluate ornamental sunflowers in
environmental conditions in Thailand and to propagate these plants via tissue culture
technology. Twelve ornamental hybrid varieties were tested in the greenhouse and the field
in Thailand and showed that these varieties were variable in height ranging 3.00-27.89 inches,
flower color from pale yellow, yellow, yellow-orange, dark red or red-brown, heads per
plant (1-8), head size (2.05-8.14 inches) and days to flowering (55-85 days). Ornamental
sunflowers grown in the field have more branches, more heads per plant (up to 8), and
taller (9.40-44.29 inches) than those grown in the greenhouse. Most of these varieties have
pollenless or minimal pollens, therefore no seed or less seeds were obtained. Open
pollination or cross pollination would be alternative ways to have more seeds. Selection of
the off-springs from these crosses and self-pollinating of 6-8 generation is necessary for crop
improvement in order to obtain varieties suitable for Thailand.

For the studies of condition and media type on callus and shoot induction of Prado
red and F1 hybrid (Pacifix22 x Pardo red), the results showed that MS medium
supplemented with 1 mg/L BA had the highest shoot induction (30%) and the highest shoot
number per explant (1.15 shoots/explant). Young shoots that were sub-cultured on MS
medium added with 2 mg/L BA gave the highest shoot numbers (3 shoots per explant) and
5.60 leaves per shoot. For root induction, MS medium added with 1 mg/L I1AA, 1 mg/L BA
and charcoal gave the highest root number of 7.62 roots/explant. In addition, when plantlets
were transplanted into the greenhouse, 60% of survival rate was obtained on peat-moss as
growing substrate.

The in vitro culture of 17 ornamental varieties showed the callus induction was
obtained in the range of 94-100% on MS+ 2 mg/L BA and VST (MS+ 2 mg/L 2-iP + 0.5 mg/L
IAA + 0.1 mg/L TDZ) medium. The higher percentage of shoot induction was obtained using
plumules as explants on VST medium. However, most of obtained shoots from in vitro

propagation showed hyperhydricity. The varieties with good performance in term of shoot



induction are Autumn beauty, Sunrich gold, Sunbright, Peach passion, Soraya and Teddy
bear.

For hyperhydricity studies, MS medium added with 0.85 mg/L silver nitrate, 1 mg/L
Indol-3-aceticacid (IAA), 2 mg/L Kinetin and 200 mg/L Glutamine could reduce hyperhydricity
at 45.05% in Prado red with 80% shoot induction. In S473, MS medium added with 2 mg/L
BA and 2 mg/L silver nitrate reduced hyperhydricity at 52.94%. Furthermore, a decrease in
sucrose concentrations induced more hyperhydricity in sunflower. Overall, shoot induction
efficiency depends on many factors such as varieties or genotypes, age of cotyledon, surface
orientation, type of explant, media type, hormones or additives. Optimization of conditions

for in vitro propagation of individual ornamental sunflower varieties/genotypes is necessary.

Keywords : Tissue culture, hyperhydricity, ornamental sunflower, callus, shoot induction
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fosidnaeUseme Isiauns vilidunulunisdediangs wenanduanimwindeudly
winzausiansizUgniviinardn fAalunisinuidenug uasageiugieiSnismnziies
Webedudunmadennisiazannisindnudaiug wasduduinasdu (germplasm) dusu
NsRLENENUgL I WAz JuUTERU (inbred line) Wion1susuugeiugsaly nsvenewugaiey
& & A awo 3 v A ° v & o v
n1sinnsligaiialielingUsrasdAvanae auiaue asenuiug I1uiunn wazlifidnwoey

ﬂmEJWuS: (Laosuwan, 2000)



2.2 d2uUsznauuInanNNIuUnZ Iy

mungtuluiiviinentyeouuy head (capitulum) ély’aagjuugmiamaﬂ (receptacle)
Frundearunend bract 2 4u Ao Fuuenuazdulu 1Fensaufudn involucral bract 1o
ohyllaris uazdifugenen (peduncle) vuthitEntenandudisiu nunzuiaendes 2 v

(" 2.1) Ao

1. Ray flower %38 ligulate flower {unendesfiogsounanvetenan indunend

a a

WADINDY USaLNAIAY U1m1a wazduae U1awusindunenasnay wazviauduniu

9

(sterile) flannd 2.1

2. Disk flower 1Junengasiiagdnain ray flower wilUauisnaisnen aguugiuses

Y

[
=

man (receptacle) Usenaunig nauLaes (sepal #50 pappus) kagniaumen (petal) Aldrugu
WouRnfu (corolla tube) Tinasiay (stamen) wazinasiaiile (pistil) Selailuwuu inferior

ovary (mwil 2.1) meluil 1 8878 (ovule)

corolla

i i
\ \;tlgma ? K anther
\\ N \ ! ‘M‘ filament
ovary m./'
ovule 9‘
calyx
achene
—E \\ < 7
:‘\k‘\:‘\‘“‘\f. .y - bract
ray flowel % / s
receptacle

interfloral bracts

AN 2.1 @UUSENBUVBINDANIUNLIU

i - http://agri.kps.ku.ac.th/agron/main.php?pg=chapter&et id=16&e id=1

2.3 NSINIztagLlaLanYy

L% s

nsaziasiedofivlasSulaefnngnueansanaeesiufie Gottied Haberlandt
Ignpassinradiivludennsunmidedusims uililszaunadnda (Thorpe, 2007)
mounle White (1934) laihsinuz@awmaniinigluommsnuinsnugilomaauisaasayauls
Iifaumeiansnsdsaiedeudesrunssisigtufiannsndsusadifomainsle-
warafueiynatesidn uonandmainn1sinizia suioldodaiunsawmuniauty

walulagTinan wu nsdesenazn1saiedu ielduselevilusunisfinwinisduad Wug


http://agri.kps.ku.ac.th/agron/main.php?pg=chapter&et_id=16&e_id=1

Fnans uarn1sUsulgsiugie Seilfnaluladmamedsadedeldfmiuasdunumee
Inginsuvuadug 1uedds wu Jueil Wugmans lsafty wonweans indvmans uas
namnssu usu (saqud n1img, 2540)

pdnnisziasuioBedunisiiead Judiuvesity (explant) undedlueinis
(culture media) fiUsgnaufissesluy wisn wazinfiu Judrufivazaiuns afmud
(differentiation) lUtfuuaadaldasdeaiinnumunzanlunsazeiauasiudiuvesity (Smith,
2000) esnedsaiedeuszneulussansemsiuguiiildlunssuiunmsiueluada
wilifounndnaile fufinnzdsduomsduasgy axflenadosmsansewnsiidniuunsesng
fiflenududoumnnnifinund esnfinihiunmzdediion wieseafiviuthiiadsansd
Fudusioninaiailn 1wy sesluu vietma uenantgrsormsildlunmaimnefesssdos

Anudaslumuanugaing Natiiteusulsaseaniamnisasayiulnveadity

2.4 ASINIZLATNLLALE N IUAZIY

Ly

nsinngasniaiganiunguazlszgauanudiiavuegiuriiniugiiy (genotype)

9
(%

53E¥R1LNY BINTHALRITIN AN TULAYinvadgosluuNYy LasvlnBudiuioniug
WzLaYY Fudiuisnssiiilolioiaiey (Witrzens et al,, 1988) futunwiziassazlddszuy
é’wLﬁEmmmmaza%ﬁammﬂéﬁ’éfaamﬁﬂmiLLWi'GuaaLLs'ﬁw;L%wLﬁatﬁa AAUUDIMITENIELAY
XA & N e A o & aa X & A v
Welge uazgesluuiivislinudndu omisideuldlunismizideaiedalaun gns Ms
(Murashige and Skoog, 1962), g% 5 Gamborg (B-5, 1970) wag g»3 VW (Vacin and Went,
1949) gnsensivailusenauluaigsnensvan 519e1m1sIes infious Innliu uazsesluu
Town 99n3u wazlalalady Fsansararomaitdinason1SiLI UL LASNISHAUIVD TR NY
R oo P e |l v o o . .
wenanivliavesomnsiminmeideaiowte i 2 sUuuuldun 91115494 (solid medium) 9z
WinnaJuadlueIms HejuazdiengtiudigliausalasyaulnoguueIisla dmems
. . . I av 1A v Py | P
wa (liquid medium) WWuasitldfdiunauvensiy lunisiwisgudruiegluemsman
Fududatliannirorraziasslulasaawen (shaker)
PnInenransratevinulainduaiureamungiugu Tuldes a9y w3510 uwigly
215 NT 805 luUNUINTUAI A Ia1usat NN AR LARAE wazkARAANLA @1u1saTnunlA
WAnsnle (Rogers et al,, 1974) wagiiloirdruisaninis (pith) TuaiduresunzTulwig

Tu white medium TngtRugasiuu 1 mg/L IAA nultwpaaaansaiatudununyiulany

Ao A

16 (Sadhu, 1974) vistimsiziasaiatdavawunsiuinanazdnilmasduiuduisasienn

s a 1 4 ¥

11N WarNISABUAUDIULARLEINUSILAAMULANAIAY ANAGDILA

9 Y

DIINNSANILAZIN

watlalnalg agnasniian



°o < & & A A ' a X (Y A Iy ] a v X 1%
Anudsalunsingiaeaooivunazsia ‘?Ju’e]QﬂUﬂWiLﬁ@ﬂ‘UUﬁ’JUVIQBGLGULaEJ\‘i‘lfﬂ

o w a a

andesvInzaunaingUsEasd (Uaydu Aa3ansal, 2540) Inemildagldillelenmdaasyiln
waziluiladenlaainszagniuan (uvenile stage) uifinsinilododiuduy 1y azoos
ey vivesely diusinavednen vielu unzdsLieTngUTEasAnITUSUUTIRUS ddunis

o o

wangaQLﬁaLﬁu%’ﬂmﬁuéﬁﬂ%’éwﬂmaaammLﬁu%’ﬂm wsgansadniilaieuaslonia
nanewuslation Knittel et al. (1991) ¢ unanuiininfadulvddfiaasioonguosdudiu
Uszanas 4-10 Su TustunuBudaudisnaty 8 sleiugluemsdanseiiifl 1 me/L vas NAA
wagiiug HA3008 windulual (80%)

Ozyigit et al. (2007) laidondiurosdundiniungiudiuiu 5 Wug Trakya 80,
trakya129, Trakya259, trakya2098 tag vinilink 8931 latiiediu hypocotyl lag cotyledon
snwzdeduonsduasgifiiuseslug 1 me/L 10 24-D wuinainueadainniigaly
Wug Trakya 259 Useanns 95% TuBugu hypocotyl vasdundn uaziinfunduszana 31%
dlefisuiu cotyledon

nsfiunadavsiamiluiduseaniosndu %ua@jﬁummama%w‘%mmaaﬂ%u
(auxin) waglalalafiu (cytokinin) Nurhidayah et al. (1996) wu31n15éne ELS adluennis MS
fanUsunanimaaunde 10 o/l ansnsaiaunluidueenld Saji and Sujatha (1998) Wu3ins
18 embryogenic callus aslua1m1sgas MS iz 0.5 me/L BAP anunsadninliineanle
wazdanudninlugnseims v MS ffin 0.5 mg/l NAA annsadniliiAnsnld uenand
Priya et al. (2003) 1891u31lu0mMN5gAs MS FAin 500 me/L CH waz 0.5 me/L BAP a1nsn
nszauliiAnnsiauluiluseauazlula Elavazhagan et al. (2009) 195189711491 meristem
gasddumuny Tuilothumizdeduemsdansizdiia 2 me/L 989 NAA war 0.5 mg/L

289 GA3 IndulaUsTUIN 25%



unil 3

AT HUNISIAY

3.1 mMsUsziliuanwaznansinensvamuazulszaulundasuazlulsasou

3.1.1 nsUsslivdnvagnenIsinenslulsaseu

thyuagfustuguseiuganandasuil F1 idhainsssemadnnu 12 s Toun
1) Teddy bear, 2)Sunny smile, 3) Little black, 4) Moulin rouge, 5) Sunbright, 6) Sunrich
gold, 7) Procut red, 8) Autumn beauty, 9) Procut yellow lite, 10) Procut orange, 11)
Premier light yellow ta¥ 12) Peach passion (Johnny’s Selected Seeds, Maine, USA) %1
Msnzwdaluaiauiu 3-6 d&Uaiuazdredgnlunszardlulsadeu e1msgqudiniesile
Ingenansuasinelulad (F2) fefidedrfnluduiiuiivedsufou shnmamngdgnitusas 10
s Juiindnuaenanisinens tneussendainaudideivladesini (2540) uae IBPGR (1985)
Srunulsitfendn 10 dnwae louA wWesiudnssen msuanis drlusiesu susslu &lu &
BN FIIUTBINAUABN VUIAVBITUADN JUSIVOILER Fwdn Aauas iDusu

3.1.2 msUszlivanvaznensinenslulas

thyuag fustuguseiugauandasuil F1 fdhannsssemasnnu 12 g Toun
1) Teddy bear, 2)Sunny smile, 3) Little black, 4) Moulin rouge, 5) Sunbright, 6) Sunrich
gold, 7) Procut red, 8) Autumn beauty, 9) Procut yellow lite, 10) Procut orange, 11)
Premier light yellow tag 12) Peach passion (Johnny’s Selected Seeds, Maine, USA) %1
nsizwinluainuiu 3-4 davinazdnevanluwlamaaes a gudoysndiugnssuiiv
ow.as. aaadli 8.3A1 2.uATT¥ANT N AN EBmaluladasuld 1auKUAITTIARDILUY
completely random ‘design (CRD) 91174 3 1 Gz 10 fu inmsugnuaztuiindnuaenig
n13nues neuszgndan gudidenglswesivd (2540) wag IBPGR (1985) S1uauliddesnda
10 dnway e Wedidudinissen nsuwmnfs Sruauludedy sUsslu dlu daen druiuves

nduAen AWIATeIIIUAeN JUTvBLAN Awdn ANgs W

3.2 Msfnwanmuazgasannsiumsdniliiiauaadauasduvasiug Prado red waz

]

UTANNANTENINWUS Pacific 22x Prado red ¥a3uil 1
3.2.1 MsUssiiunavasaenug argluidesuazgasaimsaenistniliiauaass

1%
Lasnu

| [y

lunsneaesillylufsmunguniiengseiu Wisuieussninaesaneiug 01gves

3

L% 5

Tuideauasanse nis tasdnudaniungdu 2 areiug lewn Prado red uae F1 (Pacific 22x



Prado wed) 3uginnduuay umenaidedae Clorox 20% Wuan ¢ v, dratnduiisinu
nseideudn 5 %t afsay 5 Uil wardredae 70% EtOH iy 1 undt Yudaumizuu
ﬂizmwﬂsaﬁa%ﬂummﬂaaﬂL%ja Hunan 7 5u ludeanzidsaiede
éf@lnnguaaéfuﬂﬁmmmi’umq 0, 1 kA¥ 7 TUINUUDIMTENTANNY AUAST 3.1
Tnewfiuthmanae 30 o/L wneidsduanmitaauau Tnglfuas 16 $2lue/Yu gumnd 2542
pamwaled [Wunal 3 dUav Tuiinlesiiudn1snevuausd nMSiiALARSE anwaruasaued

ARG LUBSIUANISNNLDN WAYINUIUEDALRASADTUAIUNY

M1919% 3.1 gasemnsildlunmsimeidesiaemunguietniniiiouradatasiingu

Plant hormones References
Media Basal Auxin (mg/L) Cytokinin (mg/L)
IAA NAA  2-iP  TDZ BA
Al MS 0.5 - 2 0.1 - Sujatha et al. (2012)
A2 MS - 0.1 - - 1 Mosharrat (2015)
A3 MS - - - - 1 This study
Ad MS - - 2 - 0.1  This study

Remark: BA = Benzylaminopurine, NAA = O- Naphthaleneacetic acid, IAA = Indole
acetic acid, 2-iP = 6-Y-Y-Dimethylallylamino-purine, TDZ = Thidiazuron

3.2.2 nMsdntheenseulfiinsenifintu

theengeudildainnisnaaesdl 3.2.1 wu1m 0.5-1.0 cm u%wwﬁmuummsgm MS 71
fgesluunavermstasusieg aumsned 3.2 Ineiuiiniansie 30 oL insidedluanini
aruau Tngliuas 16 §2lu9/3u gauvgil 252 ssatwatdoa 1Juiian 3 §Uansi Tudin
Weswudmsiingen wazsiuiugenadsetuduity

3.2.3 13BN lAAASIN

theengeudildainnsmaaesdl 3.2.2 wua 1.0-1.5 cm mmm?;muummﬁqm MS 71
fgesluunazormsiadusiieg auansnsd 3.3 Tnedutiiniansie 25 oL isaedluanmi
aruaw Tagliuas 16 $2lua/Yu guvgll 25:2 esmwaidoa 1uiian 3 §Uansi Tudin

WosUANISIAASIN kAZINUIUIIN



M19199 3.2 507115 MS dnsunisiiudnuiugen

Plant hormones
Additives (mg/L)

Media Basal (mg/L)
BA TDZ CH AgNO3
B1 MS 1 - - -
B2 MS 2 - - -
B3 MS 1 1 - -
B4 MS 1 - 1 -
B5 MS 1 - - 1

Remark: BA = Benzylaminopurine, CH = Casein hydrolysate, TDZ = Thidiazuron, AgNOs =

Silver nitrate

M19199 3.3 gnse1ms MS dmsunstndibiiingn

Plant hormones (mg/L)

Media Basal Additive
BA NAA IAA

C1 MS - - -

C2 MS - 1 -

C3 MS - - 1 No charcoal
c4 MS 1 1 -

c5 MS 1 - 1

) MS - - -

cr MS - 1 -

C8 MS - - 1 Charcoal
c9 MS 1 1 -
C10 MS 1 - 1

Remark: BA = Benzylaminopurine, NAA = O- Naphthaleneacetic acid, IAA = Indole acetic

acid.
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3.2.4 nsdheiunaneandanlulsaisau

sugouauysaNdeantagsINNNINNITNAaeN 3.3.3 iUSuaninilgumngiivies

9 Y

Wiy 5 fulaeiinismivauainuiiu uddenduseunudwsadneugnluianuandsil 1) peat

Y

=

moss 100% 2) peat moss: sand (1:1) uag 3) sand 100% LJutian 14 Ju Juiinn155endin
wazduuly

4 ¥

3.3 st liifnduvaamiunsduysedu 4 Wug ldun Procut red, Soraya, Chocolate
wag Moulin rouge
thuansvaaesii 3.2.1 atszgndldfununs fulseiuiugau fad duadanunetu
4 anestug 1dun Procut red, Soraya, Chocolate wag Moulin rouge uwlansiilisnaosend
30% Huiian 30 w1 (nemsvlensiauden) anliursiiguugiivies aniuthudadivonsi
Fodestuudluudinduduna 30 widlevilivdenseudyliesenisunsiudenile
iwdadulusenin deasunaniiudaluunsdonluguaonionazustinndudiimnizain
Houd antfuvhnsensiniiednaddne Hydrogen peroxide 3% weidundsamauduna
5 undt Fsthndudidiunisdugonds 2ads afsay 5 undt vhnnsdadidiulaisreaude
muszSusdaudanunsTuseniluaesdn wavihdmeslubes (cotyledon) TUr1sa3uu
onamzdsuiadeinionly Ingauuy Adaxial side Tunsnaassilldgnsoims Ms +
BA 2 me/L wnzidesluanimiinauny Tnglsiuas 16 $alue/5u aumndl 25:2 asenwwaidoa 1y
na1 3 danit Juiiniesisudnisiiauassa dnvizuazdusuaada iWasisuinisiingen

LALINUIUYDALRALUADTUAIUNY

3.4 msAnwimaanaiugihnnmawziEsailoidenung Sulssduameiug Prado red
ihahuredluiieseny 1 Tu vewnupgiulssivatsiug Prado red lunsasuuemms

wnedsniodoniunaad 3.4 laemauuy Adaxial side ineidesdluaniniinunu Tngliias

16 Flua/3u gaumail 25+2 sarwaldea Wunan 3 dansi Tufinesisudnisiinunada

WasSUANISIANYDA I1UIUYDA WALAINUAIUN
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M13197 3.4 gasomnsilddmiumsfnyinanisannisanuiveniung TulseAuaeiug
Prado red

Treatment Media Components Reference
1 MS  2mg/L BA Kamonphon et al.
(2016)

2 MS  0.85 mg/L Silver nitrate + 1 mg/L IAA Mayor et al. (2003)
+ 2 mg/L Kinetin + 200 mg/L
Glutamine

3 MS  2mg/L 2-iP + 0.5 mg/L IAA + 0.1 mg/L  Sujatha et al. (2012)
TDZ

3.5 MsFeuiisugasemisuazdudiunylunistninliifaduvamiunzdudsedu 17

s

U

2Qa,

thindamuay Tuiudussiuitidmnandasemadiuan 17 wug 1éud 1.Autumn
beauty, 2.Butter cream, 3.Chocolate, 4.Little black, 5.Maximillian, 5.Moulin rouge,
6.Peach passion, 7.Premier light yellow, 8.Procut yellow lite, 9.Procut orange, 10.Procut
red, 11.Soraya, 12.Sunbright, 13.Sunny smile, 14.Sunrich gold, 15.Teddy bear, 16.Zobulon
kag 17. Teddy bear (Johnny’s Selected Seeds, Maine, USA) Imaﬁmiﬁmaammﬁmﬁauyﬁiﬁ
uugihnduuavanvensindedg Clorox 30% Wunan 4 $alus dreshnduiiniunisaindoud
2 a%s afsas 5 Uil wazdedae 70% EtOH uu 1 Wil ‘L‘hLuﬁmmwauuﬁ%ﬁﬁaﬂumuﬂaaﬂ
o iunan 2 fu Tusnmsideadede vntudnludesesiundmungfuiifiony 2 u
wazthTuset ey Adaxial side 11NV UEGATDINIT MS (MS+ 2 mg/L BA) wag VST (MS+
2 mg/L 2-iP + 0.5 mg/L IAA +0.1 mg/L TDZ) 379N UNITNAABILUYU completely random
design (CRD) mmu 3 §1 9182 18 FTudruiiy druvandou (Plumule) 1N159AaDY 2 %
(duplicate) H1ag 9 Fudniiv tnzidedludnmiiaiuny Tnsliuas 16 dalus/fu gumgd
25+2 gerwawded LWunan 3 &Uanv Jufinesifusnisnevaues Wes@udnsiiawaada
Wodudnisiineen vueludsaads s1uiusenas/Audiuiia Wesdudnsiingin uay
Snuaizduidanele
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4

3.6 NISHANTIUIUAUNIUAZIUUTLAUTUNABANAADIDIUIU 8 WUS

9

dnudaniunziuiuguszaudiuau 8 Wug ledun 1) Teddy bear, 2) Premier light
yellow, 3) Procut yellow lite, 4) Peach passion, 5) Butter cream, 6) Soraya, 7) Procut gold
uaz 8) Procut lemon fimeuauaslunisifingongeainnisnaaesil 3.5 lnsdinsdnidoniudnd
anysal sudiindunazanvlensdadie Clorox 30% LHuan 4 Falus Srvnduiiinunns

snfioud 2 asa adtag 5 w1l uardredae 70% EtOH w1 unit thudauinsuuiivydiey
Tyautasade Wunan 2 % lukeamzidsaiode mndudrudsmssiundmunsSuiid
01 2 T LLasﬁwmmwuqmmmi MS (MS + 2 mg/L BA) wag VST (MS+ 2 mg/L 2-iP + 0.5
mg/L IAA + 0.1 mg/L TDZ) §1uau 30 Tusendmaus 1usiuau 5 91u inzideduaning
muaulagliuas 16 alue/fu gavindl 2562 ssriwaidoa Wunan 3 dai Suiinivesifus
nsnevauas Wesldudnsiinunada Wesiudnmsiineon vuneludsuads siuiusennas/

o ~ ¢ 2 e a ) A Ao o
PUAIUNY LUBILDUANITLNATIN LLagaﬂngaumaQLﬂmiﬂ

3.7 N15USSLIUNAYRIANSLES UANISHNAYBARAZANNISRAUN

mslunisinziaseuagiulunasanaassUszaulaymnisandl (hyperhydricity) vin

| |
o =

Tidugouiidnsnissondinduiedevgntulsadou dduiidouttymillagthanaiudii
$7891491801508A01 5815 Tuie (Klerk and Pranamik, 2017: Mayor et al.,, 2003) Ll
wuamslunsuidayminissndnil wdiffesnnudanunsfuussduindranaisszsmadl
Puuialifismedonismaaesuaziisinwne gIdeidenaliun measin1sUszliunaves
arsasuiieannisdrinfuniung fuiugduasgidiaulasuninedowmeluladasund
1$iun Suranaee 473 (5473) lnsdnidonuidaiianysaivesmuny fumewug S473 way anugi
nduuazaonsitade Clorox 30% uian 4 dalug dsdnduiiunissidouds 2 ads
adtay 5 Uil uazdnedag 70% EtOH w1 1 uit indaninguuiivgiiogluanuuaseie
Funa 2 Yu Tufesmzdeadede vntudaludsswesiundmungTuiiiony 2 u uas
111U adaxial side 11719UUFATBINT 39137971 3.5 1NUHUNITNARBIUUY completely
random design (CRD) 91121 3 61 91ag 12 Tuimzidssluaniwiinuny Taglviuas 16 $aluy

o

U NI 25+2 parwadea 1Wunan 4 dUanv Juiinesifudnisiineen S1uiuyen
\ae/Auduity nsdnhuesdnvarduiigunals Tneiinasinisusyiiunmsanvhgsd

0 = lalgh

1= Translucent shoots, with leaves of humid aspect, transparent, and of light

green color; (Baaluseuas dlulalazdvsloow)
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2 =Thickened shoots, with short internodes and thick stems; (#8n1uN Gﬁjaﬁgul,l,as
A1UNUN)

3 = Twisted shoots, with rolled leaves so that only the lower epidermis could be
seen: (gaadaden flushusedwesiuanizinluduans)

4 =Succulent shoots, with the highest level of hyperhydricity, deformed aspect,
fleshy, easily breakable, with excessive hydration in all tissues. (88n87U ﬁmmﬁ’]ﬁﬁmn

o g o4 . 5% o &
g0 Wdegunse Weenndiuusede uazadniunuluyniletis)

A15719% 3.5 FHALaAUTNTUYBIENSIEUBanN13 11N

Silver nitrate TCA Sucrose Agar Phytagel
Treatment
(mg/L) (mg/L) (g/L) (g/L) (g/L)
1. 0 0 30 8 -
2. 1 0 30 8 -
3. 2 0 30 8 -
4. a4 0 30 8 -
5. 0 100 30 8 -
6. 0 200 30 8 -
7. 0 400 30 8 -
8. 0 0 20 8 -
9. 0 0 10 8 -
10. 0 0 30 0 -
11. 0 0 30 8 -
12. 0 0 30 0 2

nu8wme TCA=Tricarboxylic acid

3.8 Mmsdheugnaunanlulseiaunazulamanas
nnséedaniugeuniuns Tuiauysallulsasaunnas (greenhouse) Tuiinnisod
590 kazdufindnuaenianisinens bawa n1suanis Suruludedu susdlu &lu daen

FUIUTBINGEUADN UWIATRIIUALN FUTIVBLNEN Fwdn Arwugs Wusiu

3.9 AATITHAMULANAIINGED A
1a8 Duncan’s multiple range test (DMRT) wag ItAs1gin1gannlaglushnsy SPSS

program 15eAUANULTOIU 95%



14

un 4

NANTSIBLAZIRTINA

4.1 wan15UsSEUANYULNINITNENTVRINIUALINYSEaUTunUatazTulsasau

Han1sUgnIueTuUsEauduag 12 fuglulsauseu nuimusziulseauiisesas
115990 64%-100% 711381 14 Tu lagwug Peach passion Lidsanlugasiuiiandenad

MunzTuUsEAune 11 Wug In1sunnis 9 Wug Iannuadluyae 3.00-27.89 17 Inesiug Moulin

9 9 U

€

(%
a %

a PN Y . Y] | A a A a
rouge 1AINGIWAR Uaziug Sunny smile Wgan Munziulszaumaiilinendivaes wied
90U WARIAN kALY UAsna lagusazAuddnuiunen 1-6 Aan YUINVBIIIUABN 2.05-
8.14 11 Fmunduaenituen 8-24 ndu JuTlunauFidiuiu 6-13 lusedu d¥eniseen
aon 55-86 Ju windsm JUlY (m151971 4.1, amdl 4.1) wiidlevgnluudas Wugdulvgunnis
Auun yiiddwIunensey 1-8 Aon enyiuug Procut red wag Sunbright Tifinsuania
AU ANEe 9.40-44.29 13 Tagug Moulin rouge HA3MUEIAA LAy Sunny smile LABEA
YUINVDIINUABN 2.74-7.27 17 Lauiug Sunny smile Tvunanunenluggn waz Peach

. = =3 o a a o 1 % a1
passion HYUIAAUABNLENGA FIWIUNTUABNIIWBN 15-40 NFU 1w 7-12 lusesu Has
N1508NA8N 50-80 U (115199 4.2, naNdl 4.2, 4.3) Nugniusziulszavdulnglifiazess
150y (pollenless) w3aiitios (minimal pollen) snLiumiug Autumn beauty vihlihifiwdanse

Iudates snviuinnswanduduiugnldduniu uonanddmuin vaiugdnendaliis

[V
v aa

WU Autumn beauty Unsugwunenianilazesdsauwazliil 1y Teddy bear

v

nsugnluudas vilimuseTudseaulinaugs nsuaniauwazasednuiunensenula

1%

wnndnsugnlulsausen ag9lsAnumeanIneINIANSaer AU uRRaUsEINA Va1

€

Mungiudseaumiunvgnnaaeuiiaiiues 9-44 47 1euiuteyasnedelseInmugnusuny

U

IMeTEY ANEY 60-80 U3 vunauneniiadlndiAesiy Wuse suddiulnyivuiniu
men 2.74-7.27 i3 wisuiudeyadnedalszdnmiug 2-6 9 lneiugniuny Jufillawinaunenidn
lAuA Peach passion, Sunny smile, way Moulin rouge ﬂﬁﬁuwﬁuéﬁulﬂq\‘il,‘ﬁu Sunny smile

way Teddy bear (6-12 i11) Faunsnzaudumsdulduseaunseans
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AWl 4.1 dnwazdunungfuiivgniulsadeu

1=Autumn beauty, 2=Moulin rouge, 3=Peach passion, 4=Procut gold, 5=Procut lemon,
6=Procut orange, 7=Procut red, 8=Soraya, 9=Sunbright, 10=Sunny smile, 11=Sunrich
gold, 12=Teddy bear
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A 4.2 snvagnupeTudseaunugnlundag
1, 2 =funamuag ety 3 §Uai; 3,4 =Aunupziuluilateny 7 dUanii; 5=Aunungiy

TunUaseny 9 dUans
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Al 4.3 dnwaznonvewnuas TuifuduszAuugnluulas
1=Autumn beauty, 2=Moulin rouge, 3=Peach passion, 4=Procut gold, 5=Procut lemon,
6=Procut orange, 7=Procut red, 8=Soraya, 9=Sunbright, 10=Sunny smile, 11=Sunrich

gold, 12=Teddy bear
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M19197 4.1 nansUssiiudnyasnTnunsvamunguUsEau 12 fuslulsaseu (n=10)

i MUY YUINYVDY . . e A
.y 15990 | NISUAN | T1UIUVDY ANLEN - Uty sUs FITUNSUDON
WU 2 - faon | » IUADN dnan .
! (%) N4 NAUADN D (1) » FADAU Tu faN
ADAU (17)
- WReq, 1ded .
1 | Autumn beauty 2% WANAY 16.40+1.52 1 24.98+1.36 | 8.14+0.43 x 11.00+0.71 nNas 70-84
LaUE
2 | Moulin rouge 96% | umnAe | 8.29+0.76 | 13 | 27.89+0.15 | 3.0240.54 | ypgriena 9.86+1.46 | nau3 55-69
3 | Procut gold 92% | umnde | 18.58+7.09 | 1-6 | 17.62+4.33 | 4.07+0.54 | desgou 10.17+2.21 | naw3 60-74
4 | Procut lemon 68% | umnie | 16.00£2.45 | 1 17.25+0.95 | 4.2540.63 | \5y29q 12.50+0.58 | naw3 60-74
5| Procutorange | 80% | umnfs | 1657265 | 1 18.9123.55 | 4.06+0.54 | \»a9ageu 10.93+2.02 | naw3 60-71
6 | Procut red 72% | lausnds | 24.33x4.61 | 1 20.14+1.72 | 4.06+0.61 | 1 yydaeds 12.22+2.22 | naw3 65-82
7 | Soraya 64% | umnde | 13.001.58 | 1-3 | 14.02+1.20 | 4.020.54 | \pqudiy 6.60+1.34 | naud 70-74
8 | Sunbright 929% | lalumnis | 18.315.06 | 1 22.86+0.20 | 4.02£0.52 | \;ipadal 9.00+1.83 | naud 70-86
9 | Sunny smile 80% | wmnfe | 11.75£2.36 | 1 3.0040.22 | 2.05£0.50 | 11daeds 9.75+0.96 | naus 65-78
10 | Sunrich gold 100% | wanda | 20.40+0.89 | 1 21.20+1.21 | 6.00£0.60 | \y3ipeds 9.80£1.64 | naui3 60-80
11 | Teddy bear 80% | uanfe | 17.33x3.08 | 1-2 | 7.17+2.60 | 2.26+0.35 | jydosde 13.89+3.18 | nas3 65-70
12 | Peach passion | lddson - - - - - _ - - -
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AN5199 4.2 SNBULNINTNBANTVRIMIURLIUUSEAU 12 Wushvanluwdas (n=30)

9 Y

N5 . 1MUY YUIAVD s , , sUs1 | . e Tud
4 " . 15 | JUIUVDY AUE - uluse | sUs1e | ° a o
] U9 390 - - DN v UADN anan o b U p L3UDDN
’ AN | NAUABDN () & AU Tu B LUAA
(%) R (1) LG9 AaN
NGON 65-74
1 | Autumn WANAY WiRBIuay nays | ula | &
beauty 46.03 21.31+1.67 | 35 |29.54+0.35 | 4.14+0.81 | &u 7.92+0.08
- ; - | 2o | 65-74
2| Moulinrouge | 873 | ™ [ 59334103 | 57 | 44.29+9.72 | 5.13+0.15 | uasthana | 10.17+1.82 | NO3 gl | A
< . = | me | 65-74
3 | peach passion | 66.67 | "™ | 19384075 | 4-6 | 12.17+0.68 | 2.47+0.22 | widesgeu | 7.19+0.42 | NA3 gl | A
R . o | e | 60-70
4| Procut old | 6032 | *AN™ | 5040+0.20 | 57 | 19.59+0.26 | 4.59+0.14 | wides g83:015 | Now | guld | e
< ~a = ¢ | 22 | 60-70
5| procut lemon | 61.9 | %9 | 1787107 | a8 | 16424028 | 320:021 | wdosdou | 7.90+017 | NowE | gUld | Eh
p » = .| 2e. | 60-70
6 | Procut orange | 60.32 | wanfa | 15.80+0.70 | 57 | 16.04+0.35 | 3.83+0.10 | widesdy 757+021 | Mowa | gUld | &b
Taiumn = | g, | 0OT4
7 R 1 . naus | sula | den
Procut red 79.37 | Aig 33.37+1.96 40.96+6.49 | 5.74+0.29 | unaLiu 11.5320.35 @
< X = | e | 65-74
8| soraya 706 [ %N | 19815000 | 35 | 18885214 | 3504015 | wmdeadu | 7.79+033 | Now3 | gUld |
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A5199 4.2 SN¥ULNINNISNEANTVRIMIURZIUUSEeU 12 Wusnuanluidas (n=30) (519)

9 Y

N5 . . YUINYDI . , U9 - e Tud
. .y A5 | 91UV U | ANNge . Jly | gus | f a -
7 g 3800 2| 4 R UABN gaon |, . LN B BHGRR
: WRNAY | NAuABN pansany | (i) v ORI alu B LWan
(%) (W) LIAR AN
Sun laiusn 37.98+ wiaes | 10.47+1.4 - | L. | 70-80
9| - 1 . naws | suld | den
bright 74.6 | AN 40.53+6.92 8.17 6.28+1.56 adl 5 N
Sunny | 71.4 o 9.40+0. WaDs - L. 160-70
10| WANAY y naus | suld | den
smile 3 18.47+1.00 5-6 25 7.27+0.40 G 8.07+£0.42 N
Sunrich | 71.4 r 28.07+ YRR - L. | 6574
11 WANNY ,, nays | sule &en
gold 3 32.10+1.71 4-6 2.99 6.55+0.97 G 9.83+0.96 N
Teddy 2 13.250. - , - 65-74
12 WANNY » nays | sUle &en
bear 74.6 27.59+0.69 3-5 57 3.58+0.09 LR DN 7.42+0.20 N
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4.2 wamsanwrannuazgasamnslunistniliiauaadauaziuvasiug Prado-Red wae
F1 (Pacific 22x Prado red)
4.2.1 msUszlivanenug angluifes uazgnsemnsivansay

[

HaN13LATIERANRUTUTINNUTIT @1eiud ogluifewargnse1misiinaegisd

odAgdenisimesnineidesiunisiiagen laun nsiAaLAasad N1SINALOA IUIULDARD

[
a ] [

FuauguarnIsingIn (M13199 4.3) Uduiussenineeuazgnsomsilnasgeiliud gy
son1siinganuazn1siing N laguduiussenineiy areiuduaransonmsinadenisiia
LARNALAZNITAATIN

g1e9ug F1 (Pacific 22x Prado red) #1918 1 TULAAINITABUAUBIGIER 99.72% 113
AnwAada 51.1% Uazn1siingin 17.78% luvaie Prado red o1g 1 Fu fin1siingenadan
26.67% Wazdnuugansotudiuiy 1.10 soa/duduiy lnvasy Tuideseny 1 Juneuauasla
Anludeseny 0 way 7 Tumuddu (1151991 4.4)

44' a ~ ' ] I3 U aa i °o &

WelUTeuiieugnsenmsineg wudn emsluladediinasenisussauanuduialy
nsinnziagaileldeiiy 1ng01msgns A3 BaAY 1 me/L BA LRANITADUANDIENEA 99.26%
nAngaAUIENIA 30% WAz 1WIUEDR 1.15 ¥aA/AUdIU UBNIINUUDINIT Al Fakn 1
mg/L 2iP, 0.5 mg/L IAA Kay 0.1 mg/L TDZ tinlkAada 65.93% Lazn13iinsin 13.70% diu
9IMN5 Ad LANNISHBUAUDIANER (13199 4.5)

Fudruluidesarndurvaswdudideoaannniziaes 34 Ju deomnzideals 1
dUaet Tudsaiiuaua 1-3 Wi nukAadanasnIswIviaes 7-21 Tu 1ulradauuuuuu 13

& s 3 2 = < o N o = =
Y1IVIBTYI KANBINITANT UNTUdILURwduiimanses aeluign (n il 4.4, 4.5,
4.6) 31NAITILATIERAILAUNUTTENINTENINNTAALOANUNITITRD A WU NI5LAA
goalANFURUSITIUINAUTIUIUEOARRAY (r= 0.681**) uazlasiunn1stAnsIn (r=0.402**)
[ 2 a = [ - & a [ a L% o 1

Wostwuan15iins1n danuduiusi@isuandunisnanaagd (r= 0.434*uazd1uIUnse

Fuduiy (1=0.436*%) (1597 4.6)
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M19199 4.3 MINATIERANURUTUTINEMTUETUE ansoms wazengluidewianisiingen

Tunmunziu

Callus Shoot Number of Root
S.0.V d.f. Res;:onse induction induction shoot per induction

%) (%) (%) explants (%)
Varieties (V) 1 7.57 1112.42* 845.01* 1.41* 312.54*
Age (A) 2 32.54 437.35% 2004.10% 2.30* 709.84*
Media type (M) 3 33.49 1692.58* 1899.69* 2.10% 259.83%
V*A 2 27.02 487.37* 75.13 0.36 450.51*
V*M 3 30.63 708.71* 9.26 0.38 173.41%
A*M 6 11.58 374.92% 337.87* 0.31 94.07*
V¥A*M 6 15.48 251.66% 51.69 0.16 244.71*
Error 48 22.38 123.42 129.93 0.26 31.93%

C.V (%) 5.13 5.51 28.73 16.11 26.81

* = Significant at 0.05 probability level.
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dl 1 4dl a L a o a
M990 4.4 ALaaY (£SD) lun1smevauss MsiAnLAaaE N1SIANYDA INUIULBALAZNITIAN

inlunmupzTunldluidesiongsaiunmizde

Response (%)

Factors
F1 hybrid Prado red
0 day 95.56+2.43 98.06+0.64
1 day 99.72+0.27 98.06+0.96
7 days 96.39+1.76 97.5+0.60
F-test ns Ns
Callus induction (%)
Factors
F1 hybrid Prado red
0 day 34.72+4.95b 37.25+3.54
1 day 51.11+6.39a 37.50+4.38
7 days 48.05+3.02ab 35.56+4.66
F-test ** ns
Shoot induction (%)
Factors
F1 hybrid Prado red
0 day 3.89+2.49b 6.67+2.84b
1 day 18.06+5.32a 26.67+6.65a
7 days 3.61+2.82b 12.78+3.66b
F-test ] *x
Number of shoots per explant
Factors
F1 hybrid Prado red
0 day 0.46+0.21b 0.58+0.21
1 day 0.94+0.13a 1.10+0.17
7 days 0.17+0.11b 0.73+0.16
F-test ** ns
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A15199 4.4 ARdY (+SD) TUN1SHaUALDY NSNALAASE N1SNAYDA INUIULBALALNITLAA
inlunupziuildludesiiongsnaiunmzides (de)

Root induction (%)

Factors

F1 hybrid Prado red
0 day 2.22+1.71b 3.33+2.78
1 day 17.78+4.81a 3.61+1.66
7 days Ob 0.56+0.56
F-test it ns

Mean followed by different letter significant at 0.05 probability level.
** = Significant at 0.05 probability level. ns = not significant.
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dl 1 4dl a L a o a
M990 4.5 Aaay (£SD) lun1smevauss MsiAnLAaaE N1SIANYDA INUIULBALAZNITIAN

intumungiuiingidedugnsenmsieiaiu

Response (%)

Factors
F1 hybrid Prado red
Medium
Al 93.70+3.70 98.15+0.58ab
A2 98.15+1.12 96.67+0.96b
A3 99.26+0.48 99.26+0.48a
Ad 97.78+0.96 97.41+1.07ab
F-test ns x*
Callus induction (%)
Factors
F1 hybrid Prado red
Medium
Al 65.93+5.46a 44.44+4.08a
A2 34.45+4.37b 39.70+4.95ab
A3 42.59+4.67b 27.41+4.15b
Ad 35.56+3.23b 35.52+4.51ab

F-test g **




26

dl 1 4dl a L a o a
M990 4.5 Aaae (£SD) lun1smevauss MsiAnLAaaE N1SIANYDA INUIULBALAZNITIAN

inlumupziumnziteduansem s (se)

Shoot induction (%)

Factors
F1 hybrid Prado Red
Medium
Al 6.29+3.35b 14.82+4.01ab
A2 3.33+1.36b 8.51+4.27b
A3 23.70+6.83a 30.00+8.22a
Ad 0.74+0.74b 8.14+3.81b
F-test T xx
Number of shoots per explants
Factors
F1 hybrid Prado red
Medium
Al 0.39+0.20b 0.94+0.21ab
A2 0.44+0.18b 0.48+0.19b
A3 1.13+0.18a 1.15+0.16a
Ad 0.11+0.11b 0.63+0.25ab
F-test " .
Root induction (%)
Factors
F1 hybrid Prado red
Medium
Al 13.70+5.22a 1.85+1.25
A2 2.22+1.11ab 0
A3 10.74+5.84ab 5.18+3.64
Ad Ob 2.96+2.04
F-test x* ns

Mean followed by different letter significant at 0.05 probability level.

** = Significant at 0.05 probability level. ns = not significant.
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F1 hybrid Prado Red

Al

A2

A3

Ad

A 4.4 Tuiieaeny 0 Ju vosaneiiug F1 hybrid uag Prado red ¢nu adaxial UN@IMNTENT

A9 INZLABIUIY 3 dUANE (A = Media)
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F1 hybrid Prado Red

Al

A3

A 4.5 Tuldedeny 1 Ju vesaneiiug F1 hybrid uag Prado red ¢y adaxial UN@IMNTENT

A9 INZLABIUIY 3 dUAN (A = Media)
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F1 hybrid Prado Red

A 4.6 Tuldedeny 7 Ju vesaneiiug F1 hybrid uag Prado red ¢y adaxial UN@IMNTENT

A9 INZLABIUIY 3 dUAN (A = Media)
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A15199 4.6 ANUFUNUTTEIININTNDUEUD

Callus Shoot Number of
Response
Variations %) induction  induction  shoot per
(o]
(%) (%) explant
Callus induction (%) -0.076
Shoot induction (%) 0.166 0.020
Number of shoot o
0.193 0.087 0.681
per explant
Root induction (%) 0.000 0.436" 0.402" 0.344"

** =significant at 0.01 probability level

4.2.2 wamstmirlifiusuaugen

Slotenvun 0.5-1.0 cm 9wanITNanesil 4.2.1 aumngiissuusmsdmiton
WUt MslasgauulsUTy meiusweazewsiinade S1uausenretu AuEILERLAY
Srundlusetudiuiin uifduiussevinsaeiusuazansans (919 4.7) sedluufivuas
asafuidudaasumadiivdniusealilduiniy fuandunsed 4.8 laewuiemsgns
B2 sUsvneudie 2 me/L BA Thilesdusnisnevauadlubessiuiusonsetudiuiinluans
#ug F1 hybrid (3 san/3udau) umedl Prado red T 2.8 von/Fudau msgns B5 uay B1
Toisruaueen 2.06 way 1.67 vonretudauiiy aud1dy ensgns B5 Tsenfifimueigean
dmivaneiug F1 hybrid uag Prado red 1.17 cm uag  1.41 cm mudidu druauluiiny

wnan 5 lustedulu F1 hybrid wag 4 lusediilu Prado red (m3197 4.8 wagnmil 4.7)
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A15199 4.7 NM1FAATIEVANULUTUTIUNSIAAEDA I1LIULDAKALIIUILIUABTUEILNY

Number of Number of
Length of shoot
S.0.v d.f. shoot per leaves per
(cm)
explant explant

Variety (V) 1 0.006* 1.462* 52.806*
Media type (M) 4 12.556* 0.638* 82.790*
V*M 4 0.156 0.148 1.356
Error 140 1.137 0.252 2.206
% C.V. 63.98 35.62 53.47

* = Significant at 0.05 probability level.



] ! = a (% ] a o
M15199 4.8 ARae (£SD) ﬂ'ﬁLﬂﬂE)'JEJ'J3W°U1u@'ﬁﬂ']iq@]iLW3J‘ﬂ'1u1u%J@@

Factors Number of shoot Length of Number of
per explant shoot (cm) eaves per
explant
F1 hybrid
Media type
B1 1.67+£0.21b 1.53+0.11ab 5.40+0.25ab
B2 3.00+0.58a 1.66+0.07a 5.90+0.37a
B3 1.33+0.16b 1.62+0.12a 4.73+0.22b
B4 1.27+0.15b 1.28+0.05b 1.53+0.41c
B5 2.06+0.23b 1.71£0.16a 5.60+0.38ab
F-test *x *x *x
Prado red
Media type
B1 1.80+0.22b 1.35+0.15 3.80+0.47ab
B2 2.80+0.28a 1.60+0.08 4.90+0.36a
B3 1.33+0.25b 1.21+0.18 0.93+0.46c
B4 1.40+0.19b 1.24+0.14 3.13+0.31b
B5 1.93+0.22b 1.41+0.16 4.46+0.47a
F-test P ns x*

Mean followed by different letter significant at 0.05 probability level.

** = Significant at 0.05 probability level. ns = not significant.
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F1 hybrid Prado Red

Bl

B2

B3

B4

B5

MW 4.7 Sneaizganvosuny uluemsgasiieg (B1-85)
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4.2.3 wan15TnNUN NS IN

a1 3 da wudn anegiuguazansevnsinadidgienistniliingn vaginy

sifia (915199 4.9)

nsiasIndananulidemisidenduna 7-12 Julidnuarviuagen 91M15gns

s

C10 7 & 1 mg/L BA, 1 me/L IAA uaz charcoal Ts1nsuan 7.26 sinsedudiuil Tuiug
Prado red uaglsf 6.2 snsoTudaudio Tuug F1 hybrid naiiunasiugnelunisingnunn
Fu 1.13-7.26 SnsaTuduiiY (115199 4.10 wazand 4.8, 4.9) Tuvagimnldifunsgudl
§1uIUIN 0.8-4.06 TINRETUEILTY HansAnuluasidadrefufisneaulag Azadi et al
(2002) wuinsiinnsanudaelfAnsnanluidesdunisinngds miuny Sy Bager et al
(1999) 5189731 91W15FNITINTEY 1.0 me/L magy Fresiun15AngIn atlonaiiosann

9] Y A o~ a a Y oA
AT NANNULINADUNUALALANE1TUTENBUNUDANNBILUUDUNT1UFHDNY

A19719% 4.9 NTAATIZVALLUIUTIUNISIAATIN LAZAINEIITIN

Number of root per

S.0.V d.f. Length of root (cm)
explant

Variety (V) 1 30.083* 28.607*
Medium (M) 4 225.986% 134.784*
Additive (A) 1 66.270* 5.216
V*M 4 7.966 2.235
V*A 1 1.203 5.344
M* A 4 26.270% 5.734
V*M*A 4 6.503 3.917
Error 280 4.074 3.681
%C.V 12.430 27.920

* = Significant at 0.05 probability level.
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] ! d‘ a A 7 o
15199 4.10 ARy (£SD) ﬂ'ﬁLﬂﬂi']ﬂLLa%ﬂ'J']ﬁJEJ']'JT]ﬂiuwsﬁlu@'ﬁfi'ﬁiﬂG]i@'?‘V]'ﬁ“Uﬂu'ﬁ']ﬂ

Number of root Length of root

Factors Varieties Medium
per explant (cm)
F1 hybrid C1 Oc Oc
Cc2 0.80+0.28bc 1.39+0.47bc
3 1.46+0.31b 2.64+0.42ab
ca 2.13+0.32ab 3.21+0.43a
c5 2.86+0.91a 3.26+0.81a
No charcoal
Prado red C1 0c Oc
Cc2 1.06+0.32c 2.05+2.34b
3 3.13+0.49ab 3.79+3.26a
ca 2.80+0.51b 4.21+2.57a
c5 4.06+0.53a 4.80+2.20a
F-test *x xx
F1 hybrid ) 0d Oc
cr 1.13+0.34d 2.16+0.64b
c8 2.07+0.46bc 1.88+0.36b
9 3.20+0.63b 2.86+0.53ab
C10 6.20+0.76a 3.60+0.48a
Charcoal
Prado red C6 od Oc
Ccr 1.26+0.15cd 2.52+0.30b
C8 4.40+0.60b 3.17+0.52ab
9 2.20+0.38c 2.74+0.44ab
C10 7.26+1.26a 3.83+0.46a
F-test x* x*

** = Significant at 0.01 probability level.

Mean followed by different letter significant at 0.05 probability level.
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F1 hybrid Prado Red

C1

Cc2

c3

ca

A 4.8 mitmhiiiesnvemiuse iuluemnsgnseneg (C1-C5)
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F1 hybrid Prado Red

s

c6

c7

c8

c9

A 4.9 mstniiiesnvesunguluemsgasnieg (C6-C10)
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4.2.4 uansuFuaninuazn1sdeuan

fundritauysaithindfuanmitgumgiivendunan 5 Suudnieendgnlutanlan
#1979 Tirunissiide uuaesduns nudundmuse Tuisaesaneius TSesasnissondin
Wiy 60 lutanugniiusznousae peat moss 1ng F1 hybrid fiA21ae198u 7.20 cm. uag
$12m 6 ludwmduaneius Prado Red mu8NfU 8.40 cm. uagduru 4 Tu (Msefl 4.11

LaT AN 4.10)

M19199 4.11 Havesianuansenisiasyiulavesiuna niuny Ty

Number of
Survival
Varieties = Growing materials Height (cm) leaves per
rate (%)
explant
F1 hybrid  Peat moss 60a 7.20+1.03a 6.00+0.00a
Sand 20c 3.60+1.29b 2.80+0.83¢c
Peat moss mix
40b 4.10+1.08b 4.00+1.22b
sand (1:1)
F-test *% *% *%
Prado red Peat moss 60a 8.40+1.19a 4.20+1.09
Sand 20b 3.40+0.89b 3.20+0.83
Peat moss mix
20b 4.60+1.14b 4.40+0.54
sand (1:1)
F-test i ** ns

Mean followed by different letter significant at 0.05 probability level.

** = Significant at 0.05 probability level, ns = not significant. (n = 5 explants).
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F1 hybrid Prado Red

AN 4.10 N19LA3YVRIAUNATTU peat moss (1 wag 2), sand (3 WAy 4) WAy peat Moss mMix

sand (1:1) (5 uae 6) nasdneugnassduann
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4.3 wan1stnih liiiaduvamiunzfulseau 4 Wuglaun Procut red, Soraya, Chocolate
wag Moulin rouge

annsiluissresnung Tuiug Procut-red iflony 1 fu smzdedluemisuds
an3 MS iinsaslan BA 2 me/L wud1 1 daniinuly Tuidsaudsuanduninaneduiifen
o123 Sunalvgdu (1wdl 4.11 -2) msmevausswes Tuides densimzidsaiedeldy
100% wdnimzasdluuda 2 dai wuiidinisveneuuiaundy 17.02 va. diuuaadad
Anduaedididengeu inenguiuuiy wasduinealnsasdlulidium uasdemzsdsndy
e 3 dank nud luidesvesunsTusitug Procut red Suwaifintu Taefvunainde 17.02
1. (il 4.12 -0) filesiwudininfnson 13.33% S wausenads 1 von/Auduiiy senild

a < a a [ I a
Welvuaan Tuaden d9laifingn

U v (3

Muny U Soraya wuin 1 duavieuly Tuideadsuainfunmnateadudilden 3

9

PRI UU (Al 4.12 -2) Tuldes dinsnauaussiavun Laadaniintuaridlsigeu 1ne

D W | Y & P ) ¢ a a = & = ) ¢
nauAuwiY ndRInzdesliua 2 dUai Sufingen wazilaimnzsideadung 3 e
wu31 Tuldes goamungIuiug Soraya Huuiaiudy Inedivuiaie 11.37 4a. (01w 4.12
9) Jaswuinisiinean 16.67% 13 1uUgenRay 1 8aa/FUaIUNY (A15199 4.12) vonild

Wenwuskan galiifingin

MungTua1eiug Chocolate Liatsuiniziadluifgsazidiinia (n1mi 4.13 -1) 1

FUAIMNEIINNITINIBEES WU Tukdes veeniuneiuiug Chocolate Liiin1snovauas

LY

navpe lafinisiiuuie dves Tudes kiianswasuwlasniiouiuiugau wagdadidrvn

nszanedulanidouseu Tudes walinun1siines ABuaI0e8719 (AW 4.13 -2)

U v ¢

druyungIunug Moulin rouge wasaNLIzasglULa? 1 dUavt wuan Tuides fnns

)

YYYFNAUIUIANINTY hazbUdguarnadvinaledudilen (Aawd 4.14 -2) Tuides a0

s

ABUEUDY 93.33% waztilatnziasadunan 3 dUan9t wudn Tulaes Yeamune Tug18ius

]

Moulin-rouge fWuALRNAY Hvwiatade 7.73 wa. (nni 4.14 -4) annsdananuinluaaga

[
= [y 1

AnTutesanilaisuivaleiugau druiradaninulidweddeu inignauiuwiu lainy

A5HREAAATUIUNITNAART (AN57197 4.12)
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M13197 4.12 uananisiaseivlanaznisnevauesadluibieswesung iU 4 angug

Wawmnzaeadunal 3 dUai

aneug s | nsfie | ety | 91uiugen dnuauzidanmle
pevaues | sem | WApweds | wis/Audn
(%) (%) (ua1.) e

Procut red 100 13.33 | 17.02 1 YOAALTYIVUIALAN
Soraya 100 16.67 11.37 1

Chocolate 0.00 0.00 - - Tudsedldhna ingh

dunidonseu
Moulin rouge 93.33 0.00 7.73 -
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awdl 4.11 TuiAssvasmungfuiug Procut red 87g 1 $u fnsidssuugnsoims MS + BA
2 me/L Tuszegianiisnadiu

1. Tuidsaniupg Suanesiug Procut red (syazi3udu)

2. ludbevungSuanestus Procut red mzdssiung 1 dai

3. luiissnums Tuanewug Procut red inziisaduia 2 dUans

4. Tuidssmunz Juanesiug Procut red wnzideadunan 3 dUani
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YAWSS

AWl 4.12 IUL?:ﬂqsuaqwqumzi’uawﬁuﬁ: Soraya 81¢ 1 1 ﬁLW’]%L’gEJ\‘iUUEjGﬁEﬂWﬁ MS + BA
2 me/L lusseznaniisnaiu

1. Tuidssnung Suaneiug Soraya (szemi3udu)

2. Tuidsemuns Tuanewus Soraya tnzdsadunan 1 &Uai

3. luidsavung Suaeus Soraya ingidsaduna 2 &Unm

4. Tuidssmunz Juanesiug Soraya inzidsuduan 3 dam
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A 4.13 TuidesvaanunzTuaieiiug Chocolate 81g 1 T MWNLIA8IUUEATIMNT MS +
BA 2 mg/L Tusseziianfinnaiu
1. luliganung Juaneiug Chocolate (szezi3usi)

2. TuidsupzJuaneiug Chocolate nzdsalunan 1 &Uav
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Al 4.14 Tuidssuesmupy Tuanewus Moulin rouge 07g 1 4u ﬁLWﬂngmuuqmmmi MS
+ BA 2 me/L luszezandisnaiy

1. IUL?:EJQV]’]UG]%iluaWEJﬁuﬁ: Moulin rouge (sz8zi3udn)

2. Tuidsevung Suanewus Moulin rouge wnzdsndunan 1 dai

3. luiBsavung Tuanesiug Moulin rouge insdsaiunan 2 dUa

4. Tuidssmunz Juanesiug Moulin rouge wzidsaduna 3 dUav



a6

4.4 wamsAnwInsannsaivesuazfuug Prado red
dewndumusyfuiildanmsmsdsaifodoussautymnisdiuayd

Wosiduimssendinddiotheugnlulsadeu fudu maveaesiiiingussasditemansiasudi
wangaslunisaneinissnt shmsmesdsadeeniung ulseduiug Prado red Tagld
duvedludssanudndussosian 3 dUak vuems 3 495 louA 1) MS + BA 1mg/L, 2)
MS + Silver nitrate 0.85 mg/L + indol-3-aceticacid (IAA) 1 meg/L + Kinetin 2 mg/L +
Glutamine 200 mg/L wag 3) MS + 2-iP 2 mg/L + indol-3-aceticacid (IAA) 0.5 mg/L + TDZ
0.1 mg/L Junan 3 &asi wuiwmmsqmﬁ 1 MS L@5un2e BA 1 mg/L LLaBQ(ﬂi‘ﬁ 2 MS
a3ude Silver nitrate Sudiuluidssiininaiyvessenlnifiauysal (nnil 4.12 -1 uaz 2)
Judwfiwanomnsgns VST ifinsiaigueswenlna uifinisiniiliAngatidagen (shoot
orimordia) UuTudauity Fidenadosiunanisnasses Sujatha et al. Tl a.e. 2012 (AW
4.15 -3)

a Ay 1 ‘:gl’ [ t:l’ a I [y =4 [y 4
ANN 4.15 Gdumuimaawaqmmwwmm‘uugmmmiwLmﬂmaﬂuwuﬁxaznm 3 guan

(1) FudN¥aNDWMTENT MS gAsh 1 1a3u08 BA 1 me/L (2) Fudauiivainemsgns MS

g5 2 w@ue Silver nitrate wag (3) JudIWNYINDMITEAT MS gnsh 3 VST
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4.0

354
3.0

254

|

Average number of shoots per total explants

T T
BA Silver VST

Media
‘ﬂl o d‘ 1 Qy 1 = U % % 6 dl dy
AN 4.16 mmuaamLaaamasuumuwmawmmmuﬂimuwuq Prado red MlagquuaInig

gnasneiuduszesing 3 dUans

100 H

80 4
. |
§ J
s |
bS] 60 4
=
wv
¢ T
£ 40+ 1
(]
Q
>
=

20 4

0 T T T
BA Silver VST
Media

AN 4.17 Wasiwudn1singanNanuinremune ulseaunRug Prado red MdgsuuaIms

gnasineiulussesiag 3 dUani
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1NAINT 4.16 LansduiuganRdussTuduiivusunz TuUseAuRug Prado red
Mdesvuesgasinsiubuszesina 3 dUanst wudemnsgasil 1 MS w@sudae BA 1 mg/L

Tguduivivsinaugennfenniiande 2.1 gaasedudiuiiy 9m15gash 2 idwiugen

[
S a1 =

= .:4' v o a v a' = X7
LAY 1.7 Y9 LLﬁZ@Wﬂ'ﬁEﬂWiW 3 IWQ']U'JUEJ@@LQ@EJU@EJW@@LWEN 0.1 ¥9A LAVNU YUAIUNY

e msgnsh 3 finsgndniiliiingeiineen (shoot primordia) {uduauan

= s 13 a S8 9 Y Y Y &
AN 4.17 wanaasigudnsiingeniainvesmuny JuUsEIU NSRS
a (Y] < [y L4 1 a a [ . . a o
a1sianeiudusgesiia 3 dUa1m wuinemnsansi 2 La3uale silver nitrate 18m31N13
a S 8 As = s & & Qq' & = v v o A
\ingandninfinfgaagf 45.09 Wesdud diuemisgasi 1 dufwidnaglidnuiugeniigen
gousiinisiingena1unfiasd 71.43 Wesidud waztudiuiivainemisgnsi 3 eswindnig
Wnganluduiutosunn wazseniliinfudadudiii Jvhlidnsddnuiniga uenaind
MNAsNAinganiliiny agnuitlenisaninedidnvaruinlasgedniay Fawanis

naeslilaugeiun1snaaeses Sujatha et al. (2012) Asyyliliifneinisann

4.5 wan1sAnwUTeuliisugasenisuasBudlrunylunisdndaliiiaduvamiuns du

g

UseAu 17 Wug
a a v [y} [} o & = < <@

91NN15UsHIEUNTROUALBILAZNSIAARUYEMN AL TUUTEAU 17 Wug Baluiwdayn

Tyl (2019) Wewl3suiisugnsemnswasvlinvasudiuiny wuin Weldluideanizuueims

1116 210 17 Wug (94%) fiALAIRAUNDIMNTENT MS Uaw VST wazdl 10 90 17 9Wug (58.82%)

AnganAUNeIMTANT MS Wag 6 A0 17 Wug (35.29%) ingenuue1sgns VST lnvyenilladl
Wewmiligensiedudiu (gaags = 5 mm) luldigswesiug chocolate linauauesifenianis
gns MS uag VST (m1579% 4.13, 2 4.18, 4.19, 4.22, 4.23)

6

dieldeandou (plumule) Wududiuivlunismizidasanui 16 910 17 Wug (94%)
wag 17 910 17 1iug (100%) iiALARRAUNRIMNTENT MS Uag VST auaau ludiuveanisiia
gon 12 910 17 Wug (71%) waz 6 910 17 g (35%) iinganladuue1msgns MS uag VST

ANUEIRY (AN51971 4.14, it 4.20, 4.21, 4.24, 4.25) Tnependiladifismilswonretudqu
(89959 > 5 mm) vomsauTRILS chocolate linpuaupwleRIa TN MS WAy VST
stugvune TuilRnsenldasandoldludes 1iun Procut orange (30.56%) dhusiugii
T¥ondouniniziagsiitingenlduinnda 50% Léun Autumn beauty, Sunrich gold,
Sunbright, Peach passion, Procut orange Wa¥ Zobulon LﬁaLWﬂngawummigm MS Lay
Autumn beauty, Teddy bear, Soraya, Sunrich gold kag Sunbright Lﬁawangawumms

a3 VST datuiugimariasasilldlunisveedindwiulunisnaassioly
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M15199 4.13 nsreuauesvatludsavewmun iy 17 aeiug Weunzideduvasanaasaduiian 3 dUanii (n=18)

YUAlULRLRAY (1.)

FIUIUYDALRAY/TUFIUNY

Wug (Hybrid variety) NG nsALAaE (%) MAngan (%)
1.Autumn beauty MS+2 mg/L BA 36.11 19.44 6.49+0.84 1.00
VST 63.88 0 6.50+1.25 0
2. Butter cream MS+2 mg/L BA 100 8.33 7.15+2.75 1.00
VST 90.10 25.00 5.89+1.31 1.00
3. Chocolate MS+2 mg/L BA 0 0 0 0
VST 0 0 0 0
4.Little black MS+2 mg/L BA 33.33 0 5.25+0.39 0
VST 54.17 8.33 7.95+2.09 1
5. Maximillian MS+2 mg/L BA 8.33 0 1.00+1.58 0
VST 5.56 0 0.33+0.82 0
6. Moulin rouge MS+2 mg/L BA 62.5 0 5.00+3.08 0
VST 75.00 0 8.38+4.32 0
7.Peach passion MS+2 mg/L BA 100.00 2.78 4.92+0.99 1.00
VST 96.24 0 6.73+1.61 0
8. Premier light yellow MS+2 mg/L BA 79.17 8.33 6.95+0.73 1.00
VST 38.89 0 3.12+4.58 0
9.Procut yellow lite MS+2 mg/L BA 38.89 5.56 6.45+3.58 1.00
VST 77.78 0 7.30+0.88 0




M19199 4.13 nsrevuauesvatludsavewunziu 17 aeiug Weounzideduvasanaasndunal 3 d&Uai (n=18) (sie)

50

g (Hybrid variety) GLERRVRE nmsiiauAaaE (%) nsinagen (%) valuiieaads Frunuseniads/
(3131.) ity
10. Pro cut MS+2 mg/L BA 13.89 30.56 7.64+0.97 1.00
orange VST 50.00 0 7.17+3.22 0
11.Procut red MS+2 mg/L BA 86.11 5.56 8.83+2.05 1.00
VST 92.14 0 4.85+1.34 0
12. Soraya MS+2 mg/L BA 70.83 0 5.46+1.95 1.00
VST 100.00 24.00 4.36+0.25 0
13.Sunbright MS+2 mg/L BA 16.17 13.89 7.95+2.09 1.00
VST 100.00 556 13.73+1.62 1.00
14. Sunny smile MS+2 mg/L BA 44.44 0 10.30+6.89 0
VST 33.33 0 4.85+4.49 0
15.Sunrich gold MS+2 me/L BA 30.55 0 6.81+0.88 0
VST 83.33 8.33 8.04+1.26 1.00
16.Teddy bear MS+2 mg/L BA 70.83 555 18.93+7.65 1.00
VST 95.83 25.00 11.40£2.10 1.00
17. Zobulon MS+2 mg/L BA 50.00 25.00 3.50+0.21 1.00
VST 25.00 0 0 0
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M15199 4.14 uAnINIREUALEBIERsel (plumule) vawunziu 17 aeiug Weunzidedurasanaass Wunai 3 dUav (n=9)

Wug (Hybrid variety) NI MIAALARNE MIAAYDA YUINVDY explantLagﬁJ $nnusonas/ Sudiuit
(%) (%) (1131.)
1.Autumn beauty MS+2 mg/L BA 66.67 75.00 9.59+1.89 1.00
VST 83.33 75.00 9.17+0.47 1.00
2. Butter cream MS+2 mg/L BA 100.00 16.67 7.54+0.76 1.00
VST 100.00 0 6.92+2.24 0
3. Chocolate MS+2 mg/L BA 0 0 0 0
VST 16.67 0 1.13+0.18 0
4 Little black MS+2 mg/L BA 83.33 0 5.25+0.39 0
VST 100.00 8.33 6.25+2.05 1.00
5. Maximillian MS+2 mg/L BA 16.67 0 3.00+0.00 0
VST 8.33 0 0.50+0.71 0
6.Moulin rouge MS+2 mg/L BA 50.00 5.56 7.20£2.77 0
VST 83.33 0 10.55+1.34 0
7.Peach passion MS+2 mg/L BA 100.00 50.00 4.64+0.76 1.00
VST 100.00 0 4.96+0.88 0
8.Premier light yellow MS+2 mg/L BA 58.33 8.33 7.94+0.80 1.00
VST 41.67 0 8.67+4.00 0
9.Procut yellow lite MS+2 mg/L BA 66.67 a1.67 7.95+0.64 1.00
VST 100.00 0 5.67+0.71 0
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A157199 4.14 LaAIN1INOUANBIWBIEBRseU (plumule) Yoenunziu 17 aeiug Weinzidesluiasannass lunan 3 v (n=9) (se)

Wug (Hybrid variety) gnsems nsiAnLAada 3NN YUINVDY explant Srunusenade/
(%) (%) e () Fuguity
10. Procut orange MS+2 mg/L BA 75.00 50.00 6.67+2.83 1.00
VST 100.00 0 5.13+0.06 0
11.Procut red MS+2 mg/L BA 90.14 11.11 4.31+2.05 1.00
VST 80.74 0 3.45+2.32 0
12. Soraya MS+2 mg/L BA 91.67 25.00 5.09+0.72 1.00
VST 75.00 66.67 6.63+1.48 1.00
13.Sunbright MS+2 mg/L BA 77.78 50.00 6.20+0.40 1.00
VST 100.00 55.56 10.50+2.65 1.00
14.Sunny smile MS+2 mg/L BA 33.33 0 5.75+8.13 0
VST 44.44 7.00+0.31 0
15.Sunrich gold MS+2 mg/L BA 100 50.00 8.38+0.29 1.00
VST 100 58.33 10.83+2.83 1.00
16.Teddy bear MS+2 mg/L BA 87.70 0 2.68+0.89 0
VST 91.70 75.00 8.70+1.13 1.00
17.Zobulon MS+2 mg/L BA 50.00 50.00 8.00+0.22 1.00
VST 15.29 0 11.50+0.42 0
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1) wWesiusduwmadauwenmsans MS uag 2) wWesiduduaadauwemisans VST
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Shoot (%)
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1) wWesiudmsifingeauwemsans MS uax 2) Wesidudnmsiingeauwemsans VST
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e 1 o 2

Awi 4.21 nsiinsenlagliuangoulmziiesuuaImisans MS wag VST

1) wWesiwudmaifngeauwemsans MS uaz 2) Wesiudnmsiingeauuemsans VST
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A Ndl 4.22 é’ﬂwmzmimauauawaﬂuL?ﬁyawmmums*’s’uﬂizﬁuuummsqm MS WU 3
dUanii

1.Autumn beauty, 2.Butter cream, 3.Chocolate, 4.Little black, 5.Maximillian,

5.Moulin rouge, 6.Peach passion, 7.Premier light yellow, 8.Procut yellow lite,

9.Procut orange, 10.Procut red, 11.Soraya, 12.Sunbright, 13.Sunny smile, 14.Sunrich gold,
15.Teddy bear, 16.Zobulon
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Al 4.23 é’ﬂwmzmimauauawaﬂuL?:wuaamumzi’uﬂizéﬁ’wummiqmi VST U1 3
dUnnii

1.Autumn beauty, 2.Butter cream, 3.Chocolate, 4.Little black, 5.Maximillian,
5.Moulin rouge, 6.Peach passion, 7.Premier light yellow, 8.Procut yellow lite,

9.Procut orange, 10.Procut red, 11.Soraya, 12.Sunbright, 13.Sunny smile, 14.Sunrich gold,
15.Teddy bear, 16.Zobulon
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WA 4.24 Snwayn1INoUALEIRIanaY (plumule) YeINUAY TUUTYAUUURIMTENS
MS U1 3 dUavi

1.Autumn beauty, 2.Butter cream, 3.Chocolate, 4.Little black, 5.Maximillian,
5.Moulin rouge, 6.Peach passion, 7.Premier light yellow, 8.Procut yellow lite,

9.Procut orange, 10.Procut red, 11.Soraya, 12.Sunbright, 13.Sunny smile, 14.Sunrich gold,
15.Teddy bear, 16.Zobulon
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Al 4.25 ANWUYNITNBUANDIVDIYENDDUYDINIUNLIUYTEAVUUBIMTEAT VST U 3
dUnnii

1.Autumn beauty, 2.Butter cream, 3.Chocolate, 4.Little black, 5.Maximillian,

5.Moulin rouge, 6.Peach passion, 7.Premier light yellow, 8.Procut yellow lite,

9.Procut orange, 10.Procut red, 11.Soraya, 12.Sunbright, 13.Sunny smile, 14.Sunrich gold,
15.Teddy bear, 16.Zobulon
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4

4.6 MsvgrenILINsUNIUAzTulTEauluraaanaaae 8 Wug

) dy dy 1 [ v aa a = @

PINNSINLLALLULALAYIBADDUVBINIUAL LU TLAUNTNANISADUALDIR Waviluan
WEIN09INN1TNABBIN 4.5 91U7U 8 fWug laun Premier light yellow, Procut yellow lite,
Peach Passion, Procut gold, Procut lemon, Butter cream, Soraya WagTeddy bear Uua1113
d‘ o L2 d' QI o ¥ L% d' 1 o L3 ¥ 1
Munnizan wiu 3 daiiiaiiindiviugen LAnadInisen 4.15 nudnanig 5 wug Lo
Peach passion, Procut gold, Procut lemon, Soraya Wag Teddy bear Lingan I@aﬁuﬁ: Peach
passion Wiganggn 20.50% wan1snaaesillvinanisiingeansunielisuiunisaas 4.5
fawiINAzFeNgATEIMNTHA UL EALLAY MTWIziFedliuIuTUYIENTUREUR NS
AYNUINNSEAYNIVRILBA ULV A UIULDANNLINTY HANISNAABIN 4.6 kAL N1SNARBIN
4.7 TPNaN1SNAa09E8nAa 89NUNITINEIUNNIUIN I1UUsEANS AT ARg AT UAU
Uade louA auwanssvesiug sinuesduduiy gnsemis WJudu (Sujathat et al., 1998;
Abdori et al., 2003; Ozygit et al. 2007; Sujatha et al., 2012)

dlovinisénelu (subculture) dunitiadluesgasiin Wuian 3 dUavi wag e
asluemsdnidisn (@wmsans C10) wudl AunAdNIsuLANgenLiiY 3-4 gonraTudIuNY Ay

av oy 9 S o A a IS v i ° PN
nlsdnlvgfluiidimanavaeluign dommsani viswueenaenteuimua (N 4.26)

4.7 HAYDIASLESUABNISINAYDALAZANNITRIUN
1UNYOABIUVRINUT SA73 INIZLAEIULDIMITENT MS +2 mg/ml BA TANA1TIa5UA"9Y
Tawn silver nitrate N1ANWIUTY 1, 2, bAY & mg/L wag Tricarboxylic acid (TCA) 100, 200

Wy 400 mg/L warUsziliunisanuiniufieduielag Major et al. (2003) Wu31 NVSALIUAL

[

Wesigudnisiingansening 92.59-100% dAuRNU1085eMINg 52.94-76.92% uaregisenu

Y

ANEIUT TEAU 2 (AT 4.16) N15LAU silver nitrate AMALTNTY 2 me/L IRAMINAAUEen

'
o

mqmﬁ 52.94%

dlousudsunnudadurestinmia 10, 20 uaz 30 o/L nuaUesisudnisiineen
aﬂamamﬁmmmﬁwﬁﬂqﬁu Taonslddiaa sucrose 7 109% senfiausin 1009% fissu
Audngegasedu 4 dufe Tulussuasuagsinuse seadiiuduvuiuagoiuin wasilold
ohytagel finanududu 2 o/l Suasenisiinsenfianas (44.449%) flarudnin 100% wazdl
spiuAuANgIgRsEaU 4 drunsldansems 1/2Ms shliiAnsentosas (66.67%) (A31aF

4.17)



62

4.8 Msdedgnlulsaounaslunuamaass
Slovhnstheugniundniauysaiunsiugasugnasluianuanlulsaieu wuindsns,
sonTAnen Wes 40% Wity Fuludlatiuundn Sader douwe Tudendn vuinvesmen
A0 (0 d 4.27) nsmevesiundmiungTueiadiesannnisisunaniiladanugr fviinns
AEnsInELiiBlaean LI BLABUENTTeU UNIINENAIINNTEYTEUNEN TS
WaunnsanUndsetios A1uLATEAIINAEENTLIARALLATEReDNBLATIN (Rojas-
Martinez et al,, 2010) Major et al. (2010) wudnsnssendinveswunyuidedroasiue
S99 40.0-86.7 % ﬁy’qﬁé’mwmssam%ﬁmﬁﬁuﬁ’umaﬁui 314 AGNO; wioansdufianaiy
sriwanaduanUgnludadufivmngauazdisannandaied fussniiiamiumeion 919

Wukuamantalunisanmusiwastiudnsinissendin (Alphonse and Ramalingam, 2015)
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GRENII gnIoIms N1SADUAUDY N3N MINALDA waludss  Siuiugeneay/
(%) wAada (%) (%) e () Fuguity

1 Premier light yellow MS+ 2 mg/L BA 26.17 19.50 0.00 3.97+£1.99 0

2 Procut yellow lite MS+ 2 mg/L BA 39.00 29.87 0.00 0.33+0.75 0

3 Peach passion MS+ 2 mg/L BA 94.93 15.67 20.50 9.8+4.75 1.00
4 Procut gold MS+ 2 mg/L BA 100.00 2.22 2.00 14.22+1.39 1.00
5 Procut lemon MS+ 2 mg/L BA 100.00 3.67 0.67 14.70+1.04 1.00
6 Butter cream VST 11.00 12.17 0.00 0.7+1.10 0

7 Soraya VST 87.33 30.67 3.00 9.02+1.86 1.00
8 Teddy bear VST 94.33 61.67 3.67 12.32+0.61 2.00

UYL ASAREA > 0.5 Uil
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M13199 4.16 Naved silver nitrate wag TCA sisn1sann1sandilugaavunyTuiug S473 filannisinzites 4 dam

ANT01%T Silver nitrate | Tricarboxylic acid Shoot Hyperhydricity
Treatment Y Callus (%) , .
(mg/L) (mg/L) regeneration (%) | Hyperhydricity (%) | level (1-4)
1 MS+ 2 mg/L BA 0 0 6.25 93.75 66.67 2
2 MS+ 2 mg/L BA 1 0 3.70 96.30 76.92 2
3 MS+ 2 mg/L BA 2 0 0 100 52.94 2
4 MS+ 2 mg/L BA 4 0 0 100 70.59 2
5 MS+ 2 mg/L BA 0 100 3.70 96.30 65.38 2
6 MS+ 2 mg/L BA 0 200 11.11 92.59 66.67 2
7 MS+ 2 mg/L BA 0 400 11.11 92.59 70.83 2

NUBLU0) \NOUiN5HN (hyperhydricity level):

0 = Taldih

1= Translucent shoots, with leaves of humid aspect, transparent, and of light green color;
2 =Thickened shoots, with short internodes and thick stems;

3 = Twisted shoots, with rolled leaves so that only the lower epidermis could be seen;

4 =Succulent shoots, with the highest level of hyperhydricity, deformed aspect, fleshy, easily breakable, with excessive hydration in all

tissues.
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M19197 4.17 HAUB4 sucrose, agar type WagdnIomssianIsannsdilugenvemunsTuiug S473 Nldainnisineides 4 dam

GEERRNEN Callus Shoot hyperhydricity
Y Sucrose (g/L) . -
Treatment Agar (¢/L) Phytagel (g¢/L) (%) regeneration | Hyperhydricity level
(%) (%)
1 MS+ 2 mg/L BA 30 8 0 6.25 93.75 60 2
2 MS+ 2 mg/L BA 20 8 0 11.11 88.89 66.67 2
3 MS+ 2 mg/L BA 10 8 0 20 80 100 4
4 MS+ 2 mg/L BA 30 0 2 55.56 44.44 100 4
1/2MS+ 2 mg/L 33.33 66.67 61.11 2
5 BA 30 8 0

VUYLAR WNaueinSan (hyperhydricity level):

0 = laig

1= Translucent shoots, with leaves of humid aspect, transparent, and of light green color;
2 =Thickened shoots, with short internodes and thick stems;

3 = Twisted shoots, with rolled leaves so that only the lower epidermis could be seen;

4 =Succulent shoots, with the highest level of hyperhydricity, deformed aspect, fleshy, easily breakable, with excessive hydration in all

tissues.
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AT 4.26 SNYULNIINBUANDIVBIMUAZ TUUTEAUUITUGUNEIMNTERT MS+ 2 me/L BA

WU 8 dUA9 (1=Procut lemon, 2= Procut gold, 3=Peach passion, 4=Teddy bear)
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WA 4.27 nupzTuUTERU Procut orange waagneUgnlulsaisou 4 dUam
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unil 5

#3UNan15IY

5.1 MyUszliudneaznianisinensvawuaziudseaululsasaunagluudas
mupgTusziuda 12 fuglulsadeunarluutas f¥esaznissen 46%-100%
e 14 Fu finugs 3.00-27.89 &7 AendvarnuansdsudnunrUszsiiusliun fvdes
whesgou whesdu uandy wio wasthaa fidwaunen 1-8 men YuIATEsIIUABN 2.05-
8.14 i1 Srwaunduaenisuen 8-24 ndu sUsslunasisiuau 613 lustedu fdasnisoon
pon 55-85 $u mumzuiinisgnlundas Wusdndvguanisiusnn mlildnnunensiesiu
(1-8) AIwEe (9.40-44.29 i) wunvesIunen (2.74-7.27 i) fidreniseanaan 50-80 Su
fiugnung Yudseiudnlngliflavesasamietivos vinllwlifinan uneiugdnendsliis g
Autumn beauty fetfunisnaudiefioungmanandiuszieiusiearldudn uindeildain

ada v

¥ = | ] a = o U oA
AsuautuvsaUaeslvinauLeslussIu A T8 nwae Nwdsusuld F9al5asinnsAnaanay

YSudgeiugludiusioly mungiuuiaiugaiedauinaugs 6-12 143 1@y Sunny smile,

q 9 U

teddy bear wag Moulan rouge wingihawiduldusyaunseansiold

5.2 nMsAnwIaNINLaransastunstnilviiiauaadsuazfuvaswug Prado red waz
F1 (Pacific 22x Prado red)

UszAnsnmnsdnihldAadumuss uluvaennaaestufuiug enguedluides du
frlufnsluewns wavens egdidedidynsadn ludieseny 1 Yunouaussiootmsléd
(99.72%) LU@%Le?iuﬁsamLﬁmmrwﬁqm (26.67%) 1uIuengIEn (1.10) LazdILALTINLANLIN
fign (17.78%) 01wnsiilsznause 1 unsedns vosgn A3 nouausiienslifiian (99.26
Woefidud) Wesidudnsiindusiniian (30.00 %) uarsurudusiodudiuanniian (1.15) du
o1nsiAneesluL 0.5 un. fedns IAA 2 1n fedng 2IP wag 0.1 un. sedns TDZ (A3) T3ee
azuAARE (65.93) LarnsnthsIn (13.70) gefian wlothadrudduuimzlusmsiiia 2 un
#oAnT 109 BA wudrlisauudu (3.00 Fusiodudauiie) uazsruuluinniian (5.60 Tusiadu)
ihiuflauysaiuideduonsdnign wuihewnsfiiu 1 un. dodns BA 0.5 un. feding 1AA
waznady IisausIndesugsiian (7.26 sinsiodu) Wethduniuny fuiiauysalinugnlu
nszmawanamniiussyitaueadnuilufiulgniiuszneusmefiauoadedafisranunsalisns,

nssenganansesar 60 war 131uulu 6 Tu wagge 13 cm
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5.3 st lviifaduvaaniunziudseau 4 Wug laun Procutred, Soraya, Chocolate
wag Moulin-rouge

luideswesmusyTuiug 4 aeiusimnzieduomsudegns Ms Afusesluu BA 2
mg/L fnmsneuaussiea s 0-100% g Procut Red novaussldfan Tuvn?l Chocolate
linouaues Inefivuavedluidsdvgfumnan 17.02 wu. filedeudnmaiingen 0-16.67% i
Frunubeniade 1 searetudiuiiy wandvidiuin nsdnieeninldiun Sefomnanind

o [

wingaudnuwsasiugsely

5.4 miﬁnmmiaﬂﬂfnuai"ﬁﬁﬂmnmstwmﬁymLﬁmﬁlamumﬁ'uﬂszﬁumﬂﬁuﬁ: Prado red
qmimmiﬁmmzammmiammmsﬁﬂﬁﬂumumi’uﬂ3zé’uawﬁuﬁ: Prado red 1111

ﬁqmﬁammiqm MS L&@sun28 Silver nitrate 0.85 me/L, Indol-3-aceticacid (IAA) 1 mg/L,

Kinetin 2 me/L waz Glutamine 200 mg/L sanunsaanenmisantnimnde 45.09 wWesidud 1

nsiineen 80.00 Waddus Ihsuiueen 1.7 venretuduily duiisilifennssidamisa

FnunlmAnsnlen

5.5 nMsAnwlIeuiisugasesuazdudiunylunisdnir liiinduvemunz fudseau

4

17 Wug

mansdsdudsassenseuromungu 17 Wug udasiusiinmeuaussunnsg
i dlvgiinuaadalas 94-100% vuemnsans MS uag VST uin1slduengeuasiinganle
Tufosariigeninuaznisifngeniinldfuueimsgns VST uiegnslsfinmusenilidnaidnuas
i

4

5.6 MatiuduINsunuazIulsTauluaannaaag 8 Wus
le’ ‘&J 1 U o v s 1% | . .
n1sngiaesluifsiuazeandauraInIuAg Iy 99U 8 Wug Laun Premier light
yellow, Procut yellow lite, Peach Passion, Procut gold, Procut lemon, Butter cream,
Soraya kagTeddy bear Una1MsMuNgay U 3 U lawsiug Peach passion lvigan
98 20.50% msigidedliunuiulaenisiddgudieeims ansadnilninanisgng1ives

voalauazdrelvuangenliuindu uwndsszautyminisanin

5.7 N15USLIUNAYDIASLESUADNISINAYDALAZANNITRIUN
N15LAN silver nitrate AL TNTU 2 me/L Frvannuantilubennls (52.94%)

dMTUNMTINELAEIUangauYeIiUS S473 UURIMNTERT MS +2 mg/ml BA



70

n15l1ena sucrose MAMULTNTY 10% Uag 20% Vinliweniiaiua gty lagns
1dma sucrose N1 10% vibviganiaudun 100% NszAumNaIa@awiiiu 4 uaziiloly

phytagel fimuidudu 2 o/L Snasonsiineeniianas (44.44%) uagiiaugiun 100%
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Abstract

Cotyledons, food reserve orgamns, have been routinely used as explants in sunflower
(Helianthus annuus 1.) tissue culture, but the underlying mechanism is not well understood.
The objective of this study was to investigate the changes of the cytological characteristics
and chemical content of cotyledon explants under in vifro culture and their relationship
with shoot regeneration ability. Cotyledons of 0-, 1-, and 7-day old germinating seeds of
the F1 hybrid (Pacific 22 x Prado Red) and Prado Red varieties were placed with the
adaxial side on a modified MS medium for 21 days, then subjected to cytological and food
reserve composition analysis. The results showed that there was a statistically significant
difference among cotyledon ages and conditions in terms of cytological features and food
reserve composition. The cell numbers per area were lower in cotyledons cultured in vitro
compared to those in germinating seeds, whereas the cell area and cotyledon thickness
exhibited opposite results. The in vifro cotyledons showed lower contents of total fats, total
sugar, and sucrose, but a higher content of protein. Correlation analysis demonstrated a
positive relationship between shoot regeneration with the protein and cell area, but a
negative relationship with cell numbers, indicating that high protein content and cell
expansion may contribute to shoot regeneration ability in sunflowers.
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Introduction

Sunflower (Helianthus anmuus L., Asteraceae)
has become one of the seeds mn ligh global
demand for oilseed crops after soybean,
rapeseed, and groundnut and it has a flower
value worldwide due to the beauty of ifs
mflorescence both as a cut flower for
decoration and as a plant in gardens and parks
(Miklic ef al., 2008; Mayor et al., 2010; Eurostat
Statistics Explained, 2015). The application of
efficient and reliable regeneration protocols 1s
one of the main requirements for genetic
improvement of this oilseed crop. In vitro
regeneration through organogenesis or somatic
embryogenesis using a variety of explants
meluding hypocotyls, leaves, stems, cotyledons,
shoot apices, and immature zygotic embryos
has been reported (Kmttel ef al., 1991; Hewezi
etal., 2003; Ozyigit er al., 2006; Elavazhagan
et al., 2009; Swatha er al., 2012; Inoka and
Dahayaka, 2015). Among various explants, the
use of cotyledons gives highly efficient plant
regeneration (Ozyigit ef al., 2006; Swjatha et al.
2012).

The cotyledon 15 a relatively leaf- like
similar to a seedhing with a distinet palisade
and spongy parenchyma, epidermis layers, and
vascular cambium. Both the palisade and spongy
parenchyma are storage reserves for seedlings.
The main storage reserves of the sunflower
seed are the lipid followed by protem, total
sugar, and sucrose (Rosa ef al., 2009). Shoot
organogenesis from sunflower cotyledons has
been obtained from seeds and seedlings. The
age and orientation of cotyledons have been
previously reported to have effects on plant
regeneration (Kmittel ef al | 1991; Pughesi et al.,
1991; Dagiistii, 2002) , but the underlying
mechanism 1s not well known. Thus, 1t 15 quite
probable that variations in shoot regeneration
ability due to the food reserve composition and
cell changes in the cotyledons can affect the
ability to regenerate. In this study, we therefore
mnvestigated cytological and chemical changes
in cotyledons cultured in vifro, and the
relationship between these changes and the
shoot regeneration ability was also deternuned.
The mformation from this study will assist the

mprovement and higher efficiency of shoot
regeneration of the sunflower.

Materials and Methods

Plant Preparation

Seeds of 2 sunflower varieties ( Helianthus
annuus L.), the F1 hybrid (Prado Red x Pacific
22) and Prado Red, were surface sterilized
under aseptic conditions by soaking with 20%
Clorox® (commercial bleach) and with 2 drops
of Tween 20 for 4 h. The seeds were washed 5
times with sterile distilled water for 5 mun and
then rinsed in 70%(v/v) ethyl alcohol for 1 min.
The surface sterilized seeds were germinated
m a bottle with sterile paper and incubated n a
culture room at a temperature of 25+2°C for 7
days. Three stages of gernunating seeds at days
0,1, and 7 were used as explants for this study.

In vifre Culture

Cotyledons of 0-, 1-, and 7-day old
germinating seeds from 2 sunflower varieties
were excised and cut transversely into 2 pieces.
Only the adaxial sides of the cotyledons were
cultured on MS basal salt medium (Murashige
and Skoog, 1962) supplemented with 1 mg/1 of
benzyladenine (BA), 30 g/1 of sucrose, and 2
g/1 of gellan gum (Kelcogel, CP Kelco U. 5.,
Inc., Atlanta, GA, USA). The pH was adjusted
to 5.7-5.8 before autoclaving at 121°C for 20
min. All eultures were maintained at 25£2°C
under a photoperiod of 16/8 h ( day/night).
Regeneration parameters incliding callus
mduction, shoot mduction, the number of
shoots per explant, and root mduction were
observed at 21 days after culture. The following
parameters were determined as follows (shoot
>4 mm was counted) (Azadi et al., 2002):

. . PC
Callus induction (%) = 3

. ! PS
Shoot mduction (%) = =

|

Number of shoots per explant =
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. . PR
Root induction (%) = )

where PC = the mumber of explants producimng
calluses; E = the total of explants; PS = the
number of explants producing shoots; S = the
number of shoots; PR = the munber of explants
producing roots.

Cytological Study

The cotyledon sections of 2 pm thickness
were obtained on a microtome ( Automatic
MT-3, NK Systems Ltd., Toloyo, Japan). The
sections were dehydrated by ethanol series,
fixed on microscope slides, and stained with
0.05% (v/v) safranin O solution for cell wall
mndication. The mmages of the sections were
observed under an Olympus BX51 microscope
( Olympus, Hamburg, Germany) and captured
using a digifal mucroscope camera DP73
(Olympus, Germany). Cell numbers, cell area,
and cotyledon thickness were counted and
measured under a light microscope.

Total Fat Analysis

The Soxhlet method of Manirakiza er al.
(2001) was used for total fat analysis. The powder
sample at 0.5 g was placed mnfo an extraction
thimble and transferred info a Soxtec 2050
(Foss, Hilleroed, Denmark). Ten ml of petrolelum
ether were filled into the bottle and put info the
heating mantle for 1 h. The solvent was
evaporated by using the vacuum condenser.
The sample was incubated at 105°C for 30 min
until the sample was completely dry. The
bottle was reweighed and the dried content was
determined. The total fat was calculated as
follows:

100
Total fat (%) = (W2 - W1) x r (1)
where W1 = the weight of the empty flask (g);

W2 = the weight of the flask and extracted fat
(g); and S = the weight of the sample (g).

Total Protein Analysis

The total protein analysis was done
according to the Kjeldahl method of Helrich
(1990). One g of the powdered sample was
digested in the digestion flask by boiling with

14 ml of concentrated H>SOz and 2 tablets of
the catalyst (3.5g K2504 and 0.4g CuSOs) at
420°C for 1 h. The samples were cooled at
room temperature and 70 ml of distilled water
was added with a mixed indicator (0.1 g of
bromocresol green: 0.1 g of methyl red in 100
ml ethanol). Ammoma was steam distilled
from the digest and 50 ml of 40 NaOH was
added into the recerving flask and was fitrated
in excess 0.1 N HCI until the solution changed
color from purple to pink. The deternunation
of the blank was made with reagent alone. The
total protein was calculated as follows:

% Kjeldahl mtrogen = (Vs - VB) x M x14.007
W= 10

Total protemn (%) = % Kjeldahl mtrogen x F

where Vs = the volume (ml) of standard acid
used fo titrate a test; VB = the volume (ml) of
standard acid used to titrate the reagent blank;
M = the molarity of the standard HCI; W = the
weight ( g) of the test portion or standard;
14.007 = the atonuc weight of mtrogen; 10 =
the factor to convert mg/g to percent; F = the
protem-nitrogen conversion factor for the plant
(5.30 for sunflower seed).

Total Sugar and Sucrose Analysis

Soluble total sugar was extracted with the
phenol- sulfuric method (Dubois ef al. | 1956)
and sucrose was extracted with the resorcinol-
HCI method ( Robbins and Pharr, 1987). For
total sugar extraction, 100 mg of fresh samples
were placed into a test tube, filled with 6 ml of
80% ethanol, boiled m water for 2 min, and
then placed in a water bath at 65°C for 2 h. One
hundred pl of supernatant was taken mto a test
tube. Then 500 pl of 5% phenol and 1 ml of
sulfuric acid were added mnto the samples.
After 30 muin, the samples were measured in
absorbance at 490 nm with a T8O+ TUV/ VIS
spectrophotometer (PG Instruments. Lid.,
Lutterworth, UK). The total sugar content was
calculated using glucose as the standard curve.
For sucrose analysis, 500 pl of supernatant was
filled into a test tube. The sample had 100 pl
of 0.2 N NaOH added, was boiled in a water
bath at 100°C for 10 min, had 250 pl of 1%
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resorcinol and 750 pl of 30% HCI added,
and was incubated at 80°C for 10 min. The
solution sample was analyzed with the UV
spectrophotometer at 520 nm. The sucrose
concentration was calculated using sucrose as
the standard curve.

Statistical Analysis

Data analysis was conducted through
analysis of variance (ANOWVA) for a completely
randomized design. Significant mean differences
were determined with Duncan’s multiple range
tests (DMRT) at 0.05%. Correlation analysis
among in Vitro regeneration parameters,
cytological characters (cell munbers, cell area,
and cotyledon thickness), and the food reserve
composition (total fat, total protein total sugar,
and sucrose) was conducted using the Pearson
product-moment test. All data were analyzed
using the SPSS package version 16.

Results and Discussion

Effect of Cotvledon Age on Shoot Regeneration

Cotyledon explants grown i MS
medium furned green 3-4 days after culture.
Their size increased about 1- to 3-fold and
showed the first sign of a callus approximately
7 days after culture. For the F1 hybrid variety,
all parameters consisting of shoot induction,
callus mduction, root induction, and the number
of shoots per explant were significantly
different among the ages (P<0.01) ( Table 1).
On the other hand, only sheot induction was
significant among the ages in the Prado Red

variety. Cotyledons of 1-day old germinating
seeds cultured in virre gave the highest
percentage of shoot induction at 18.06% and
26.67% m the F1 hybrid and Prado Red,
respectively. The number of shoots per explant
m the F1 hybrid and Prado Red were 0.94 and
1.10 shoots per explant, respectively, as shown
m Table 1. In this experiment it was
demonstrated that shoot induction of both
varieties was significantly affected by the age
of the cotyledons.

The results of this study were in
agreement with most of the results of Ozyigit
et al. (2006) who reported that cotyledon
explants of 5 different sunflower genotypes
gave shoot primordia of about 18.00%and had
the highest callus induction of about 90.00%.
The difference n shoot mduction percentage
mught be due to the genotype, plant hormone,
and age differences. The genotype is one of the
most important factors for callus and shoot
induction in tissue culture studies (Punia and
Bohorava, 1992). Dagiistii (2002) reported that
the increase of the age of cotyledon explants
highly affected the capacity and developmental
stage in sunflower organogenesis. Knittel ef al.
(1991) reported that the best regeneration was
obtained from 4- to 10-day old seedlings in
different combinations of BA and naphthalene-
acetic acid. They found that using 4-day old
cotyledons gave the best result, while Puglies:
et al. (1991) found that cotyledons of 1- and 2-
day old seedlings on medium with 18.6 pM of
kdinetin and 5.71 uM of indole-3-acetic acid
obtained adventitious shoots that originated
with 4-10 buds per explant.

Table 1. The mean values (+SD) of regeneration parameters for in vifro culture of cotyledon
explants for 21 days
Are In vitre culture data
Variety ( df'_rr] Callus induction Shoot induction No. of shoots per Root induction
(%) (%) explant (%)
0 34.72=4 95° 3.80=2 49° 0.46=021% 2.22+1.71°
F1 hybnd 1 51.11=6.39* 18.06=5.32" 0.94=0.13* 17.78=4.81°
7 48.05=3 .02 3.61=2.82° 0.17=0.11° 0°
F-TQST &k &E *% B2
0 37.25=3.54 6.67=2.84° 0.58=0.21 3.33=1.78
Prado Red 1 37.50=4.38 26.67=6.65" 1.10=0.17 1.61=1.66
7 35.56=4.66 12.78+3 66" 0.73=0.16 0.56=0.36
F-test ns = i3 it

Means in the same column followed by different letters are significantly different according to the Duncan’s multiple
range test (DMRET) at P<0.05. (** indicates significant P-value at 0.01 level: ns = not significant)
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21 DAC

Changes of cotyledon explants at 0 day
and 21 days after culture (DAC) of F1
hybrid variety on MS medium with 1
mg/1 of BA: (A-B) 0-day old cotyledons,
(C-D) 1-day old cotyledons, (E-F) 7-day
old cotyledons (bar =1 cm)

Figure 1.

Cytological Change of Sunflower Cotyledons
The anatomical study showed that the
cotyledons of mature sunflower seeds were
comprised of several distinct tissue regions: the
food reserve parenchyma, procambmum,  -and
epidermus. The storage parenchyma includes 2
types: adaxial parenchyma (rectangular shape)
and abaxial parenchyma (spherical shape). The
small vascular tissues of the cotyledon are
scattered in the center of the cotyledon. The
outermost layer is covered by a layer of
epidermal cells (data not shown). Within 3-4
days after seed imbibition, the radicle, plumule,
and expanded cotyledons appeared. At 7 days,
the adaxial parenchyma was differentiated into
the palisade parenchyma and the abaxial
parenchyma was differentiated into the spongy
parenchyma. After culture on MS medium

0DAC 21 DAC

Changes of cotyledon explants at 0 day
and 21 days after culture (DAC) of
Prado Red variety on MS medium with
1 mg/l of BA: (A-B) 0-day old cotyledons,
(C-D) 1-day old cotyledons, (E-F) 7-day
old cotyledons (bar =1 cm)

Figure 2.

contaimning 1 ml/1 BA for 21 days, the cotyledon
explants had expanded in size and turned
green, and some produced a callus and/ or
adventitious shoots (Figures 1 and 2).

Analysis of variance for cell numbers
showed a significant difference m the condition
and age, and the interaction between condition
and age. The cell area was significant in all
parameters except the interaction between the
vartety and age. The cotyledon thickness parameter
was significant in the condition and age of the
cotyledon but not the interaction between
them, as presented in Table 2 (p<0.05).

For the in vifro condition, cotyledon explants
had lower cell numbers but larger cell areas
and thicknesses than those in germunating
seeds (Table 3). Similar results were obtained
m older cotyledons compared with younger
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Table 2. Amalysis of variance for the effect

characteristics of cotyledon explants

of condition, variety and age on cytological

Mean square

Source of variation df Cell number Cell area Cotyledons

(cell/um?) (um?) thickness (mm)
Condition (C) 1 13417.361* 131017058.758*% 0.065%
Variety (V) 1 17.361 1124501.181% 0.007
Age (A) 2 1694.694% 5455338.713* 0.180%
C*V 1 103.361 472122 442% 0.000
C*A 2 417.527* 688865.834% 0.001
VFEA 2 39.194 25256.175 0.003
C*FVFA - 94.694 23096.105* 0.001
Error 24 29.306 25242868 0.001
CV. (%) 27.55 23.85 11.76

(* indicates significant P-value at 0.05 level)

Table 3. The mean values (= SD) for cell number, cell area and cotyledon thickness at different
ages of sunflower cotyledons
Age Cytological data
Condition Variety (;ia}‘) Cell number Cell area Cotyledon
(cell/um?) (um?) thickness (mm)
F1 hybnid 77.67+5.518 1610.43+69.89° 0.89+0.06°
1 52.67+5.69° 1792.49£22.67° 0.93+0.05°
In 7 55.67+2.51° 2422 96129 372 1.08%0.02°
germinating F-test - ** **
sead Prado Red 0 81.67+12.89* 1430.87=68.62¢ 0.94=0.04¢
1 51.33+3.78% 1718.02+171.80° 1.04+0.04"
7 38.67+7.02° 2303.68=111.71* 1.170.05®
l:_resr ¥ *¥ %
F1 hybrid 0 273344167 5259.16+69.88¢ 0.87=0.03¢
1 19334 16° 5805.86+195.37° 0.95+0.03°
In vitro 7 13.33+2.08° 6894.,25+238.832 1.160.06°
F-test ** % s
Prado Red 0 27.67+1.532 4578 44£261.29° 0.96=0.04°
1 23.33£2.08° 5123.38+12691° 1.07+0.05"
7 15.00£2.65° 6509.91£222.722 1.220.03®
F-tf.”gt *% % *%

Means in the same column followed by different letters are significantly different according to the Duncan’s

multiple range test (DMRT) at P < 0.05. (** indicates

ones (Table 3; Figures 3 and 4). This result means
that cells expand during germination and under
the in vitro condition leading to the increase in
cotyledon thickness. The results of this study
demonstrated that great expansion of the
cotyledon was obtamed through in vitro culture,
which 1s simlar to the report of Munshi er al.
(2007) and Sinha (2014) who reported that
in virro cotyledons had more cell expansion
than the seedling condition which may be caused

significant P-value at 0.01 level)

by the cytokinin hormone added info the culture
medium. Cotyledon organogenesis through in
vitro culture was affected by several factors
mcluding gene hierarchies, gene expression,
and the hormone function (Chandler, 2008).
Food Reserve of Sunflower
Cotyledons

The analytical results of the food reserve
are summarized in Table 4 and showed

Change
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0 Day

Cytological images of cotyledon explants
in F1 hybrid variety under a light
microscope: (A-C) cotyledons of 0-, 1-,
and 7- day old germinating seeds,
respectively; (D-F) 21 days in vitro
cotyledons of 0-, 1-, and 7 —day old
germinating seeds, respectively (bar =
50 pm)

significance for all sources in the total protein
and total sugar parameters. Total fat and
sucrose were significant in condition, variety,
and age at the p<0.05 level (Table 4). Total fats
were the most abundant reserve compounds in
the cotyledons of germinating seeds in both
varieties, accounting for 52-54% (Table 5).
Total fats decreased as the age of the
germinating seeds increased and were lower in
cotyledon explants cultured in vitro, which
may be caused by degradation of the lipid body
as a nutrient source for development. Proteins
were the second most represented compounds
in sunflower cotyledons accounting for 24-
26%. The total protein content increased during
seed germination and there were higher levels
in the cotyledon culture in vitro (Table S5). The
total sugars or soluble sugars were the third
sources represented in the sunflower seeds.
Changes 1n total sugar and sucrose contents in
the cotyledons during germination and the
in vitro culture were similarly observed in both
sunflower varieties. The highest value of total
sugar and sucrose was m 0-day old germinating
seeds while the lowest content was in 7-day old

0 Day

7 Day

Figure 4.  Cytological images of cotyledon explants
in Prado Red variety under a light
microscope: (A-C) cotyledons of 0-, 1-,
and 7- day old germinating seeds,
respectively: (D-F) 21 days in vitro
cotyledons of 0-, 1-, and 7 —day old
germinating seeds, respectively (bar =
50 pm)

germunating seeds. In addition, i vifro cotyledons
had total sugar and sucrose lower than the
germinating seeds (Table 5).

The results of the cytological and chemical
analysis agreed with the findings of Munshi ef
al. (2007) and Radic et al. (2009) who reported
that, i the sunflower, seed o1l had the highest
content (36.82%), followed by protemn (23.61%).
Balasaraswathi and Sadasivam (1997) reported
that total fat decreased significantly after 72 h
of sunflower seed germmation. In the sunflower
oilseed species; loss of oil reserve during
germinating occurred far more quickly (Lima
etal., 2014). A sinilar finding in cactus was
also reported (Alencar et al., 2012). In vitro
cotyledons of sunflower produced more protemn
than cotyledons of germinating seeds which
may be manipulated by changing the nufrient
composition due to photosynthesis, similar to
the finding of Morard and Henry (1998).

We also reported about the correlation
analysis of the cytological, chemical change,
and shoot induction parameters. The results
showed that the shoot induction was positively
correlated with cell area (r = 0.569**) and total



84

148

Cytological and Food Reserve Changes in Sunflower Cotyledons in vitre

Table 4.
of sunflower cotyledons

Analysis of variances for the effects of condition, variety and age on chemical parameters

Mean square

&

Source of variation

Total protein Total fat Total sugar Sucrose
Condition ( C ) 1 862.792% 19841.070* 63.467* 977.812*
Variety (V') 1 114.632% 22.800% 3.610% 14.162%
Age (A) 2 12.454% 10.318% 22,922% 73.139%
C*V 1 78.322% 46.262* 49.140% 2.581
C*A 2 0.641* 0.288 3.871% 33.063*
VFEA 2 0.166% 0.309 0.686* 3.323
C*V*A 2 0.776% 0.221 3.410% 0.943
Error 24 0.006 0.123 0.118 1.293
% C.V. 18.30 20.21 26.43 28.14

(* mdicates sygnmificant P-value at 0.03 level).

Table 5. The mean values (£5D) for chemical analysis at different ages of sunflower cotyledons
Age Chemical analysis
Condition Variety {df\'] Total protein Total fat Total sugar Sucrose

: (%a) (%) (%) (%a)

0 24.09=0.08° 54.00+0.62 10.41=0.50* 3.88+1.47

F1 hybrid 1 25.17=0.11° 53.19+0.50 9.73=0.07" 3.81+1.04"

In 7 26.28=0.17* 52.66=0.86 7.03=0.09° 2.65=0.63°
serminating F-test ** ns 4 e

seed 0 26.21+0.05* 53.96:0.06f’ 8.770.65" 4.37+3.18°

Prado Red 1 25.03=0.03° 52.02=0.19" 5.00+0.25" 3.860.80°

7 25.2620.05° 51.84=0.21° 4.39=0.07" 2.54=027°
F_Iest *E ¥ *x E 22

0 30.99=0.067 498006 5.29=0.78° 1.41+0.53*

F1 hybrid 1 31.96=0.08" 4.03+0.59" 3.50=0.16" 1.25=0.20%

7 33.11+0.07* 3.17=0.02° 3.30=0.03° 1.10=0.38°
] E-test L #% = =

In vitro 0 36.07=0.06° §.0320.05° 6.63=0.08" 1.9120.74°

Prado Red 1 38.81=0.01° 7.95+0.10" 5.86=0.19° 1.40=0.04°

7 39.84=0.04* 6.88=0.01° 5.10=0.02° 1.44=0.12°
L £ % =%

Estest

Means in the same column followed by different letters are significantly different according to the Duncan’s multiple
range test (DMRT) at P < 0.05. (** indicates significant P-value at 0.01 level: ns = not significant)

protem (0.357%), while 1t had a negative
correlation with cell mumbers (r= -0.506%%),
as shown in Table 6. This result indicated that
mcreased protein content and cell size may
play a role in shoot induction of the sunflower.

Conclusions

This study demonstrated that some cytological
and chemmcal parameters of sunflower cotyledons
varied among the ages of the germinating seeds

and the conditions. Cell mumbers and total fats
decreased as the age of the germinating seeds
mereased and were lower when cultured in
vitro, whereas proteins and cell area increased
as the age increased and had higher values in
cotyledon explants cultured in viro. The
changes 1n total fat and protem content were
related to shoot regeneration ability. Therefore,
shoot regeneration efficiency may be
mfluenced by these cytological and chenucal
changes.
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Table 6. Correlation analysis between cytological features, chemical content and shoot induction
parameters of sunflower cotyledon in vifro
Variable Cell Cell Cn.tylednn Tum.ll Total Total Sucrose . Calll.?s ] Shuo.t
~ area number thickness protein fat  sugar ‘induction induction

Cell number -0.889™
Cotyledon thickness 0.571"  -0.641*
Total protein 0.254 -0.344° 0.359"
Total fat 0.108 0.018 -0.134  -0.87T1™
Total sugar -0.239 0377"  -D.513"  -0.501™ 0629
Sucrose 0.082 0.035 -0.337°  -0.782" 0.897% 0.755%
Callus induction 0.856™ -0.753" 0305 0.063 0194 0208 0.169
Shoot induction 0.569™ -0.506" 0312 0.357° -0.095 -0.110 -0.013 0.498™
Root induction 0.301 -0.254 0.043 0.014 0069 -0094 0174 0472 0483
(** indicates significant P-value at 0.01 level; * indicates significant P-value at 0.05 level)
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