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Abstract

This study was optimized media to shoots induction from seeds of Pasture
Legume. The results for multiple shoots induction of Stylosanthes guianensis CIAT 184,
seeds were cultured on MS medium supplemented with 3 mg/L TDZ. The percentage of
shoot induction was 100%, the average shoots were 36.80 per seed and the average high
shoots were 0.76 cm respectively, Stylosanthes hamata cv. Verano on MS medium
supplemented with 3 mg/L mT. The percentage of shoots induction was 88.33%, the
average shoots were 7.00 per seed and the average high shoots were 4.54 cm
respectively, The shoots of Stylosanthes guianensis CIAT 184 were transferred to rooting
on MS medium supplemented with 0.3 mg/L IAA. The percentage of root induction was
40% and average root was 6.50 per shoot. Stylosanthes hamata cv. Verano was cultured
on MS medium supplemented with 0.3 mg/L IBA, percentage of roots induction was 90%
and average roots was 7.50 per shoot. Callus and shoots were induced from node on MS
medium supplemented with 0.5 mg/L IBA combined with 3 mg/L TDZ. The result
showed percentage of embryogenic callus induction was 100%. The average shoot of
Stylosanthes guianensis CIAT 184 was 6.67 shoots per node and Stylosanthes hamata
cv. Verano were 13.50 shoots per node respectively, the average high of shoots were
0.52 and 1.03 cm, respectively. Cell suspension culture of callus that developed from
cotyledon of Stylosanthes guianensis CIAT 184 and transferred to liquid MS medium
supplemented with 1 meg/L 2,4-D. The result showed the highest average fresh and dry



weight were 18-21 days of culture. Cell suspension of Stylosanthes hamata cv. Verano
on MS medium supplemented with 0.5 mg/L IBA combined with 3 mg/L TDZ, the
highest average fresh and dry weight were 15-18 days of culture. The highest percentage
of shoots regeneration was 100% on MS medium supplemented with 3 mg/L mT.

The effective of gamma irradiation to induced mutant seed were irradiated with
0 5 10 15 20 25 30 and 50 Krad. The results showed that Stylosanthes guianensis
CIAT 184 were GRsgsg) at 44.38 Krad and LDsyz0) were 38.06 Krad. The GRsg3o) values of
Stylosanthes hamata cv. Verano was 34.95 Krad and LDsy30) Was 28.38 Krad. And callus
was treated with 0 2 4 6 8 and 10 Krad of gamma ray. The LD, values of Stylosanthes
guianensis CIAT 184 and Stylosanthes hamata cv. Verano to acute irradiation were
6.91 and 5.8 Krad, respectively after 8 weeks. RAPD analysis was used to determine
polymorphism of mutate and control plant. These results suggest that RAPD markers
were useful in detecting mutation of Stylosanthes guianensis CIAT 184 by gel
electrophoresis, primer OPC02 and OPD02 were shown polymorphism band while primer
OPV03 and OPY15 were shown polymorphism band in Stylosanthes hamata cv. Verano.

Drought tolerance of seeds supplemented with 0 5 10 15 and 20% of PEG-6000.
The GRsg () of Stylosanthes guianensis CIAT 184 was 17.73% and LDsyq) Was 14.83% after
4 weeks. And Stylosanthes hamata cv. Verano had GRsg (,) and LDsq3qy were 17.88% and
15.28% after 4 weeks. The drought tolerance callus was cultured on MS medium
supplemented with 0.5 mg/L IBA combined with 3 mg/L TDZ. and supplemented with 0
246 8 and 10% of PEG. It was found that after culturing for 16 weeks, Stylosanthes
guianensis CIAT 184 had LDsq as 6.09% and Stylosanthes hamata cv. Verano LDsq as
4.31%.

Keywords : Drought tolerance Mutation Regeneration Stylosanthes guianensis CIAT 184

Stylosanthes hamata cv. Verano
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fAneny 45 Tu 9xilnguits 18.30 Wesidud TlUsiiu 17.57 wWesidud ludu 1.36 1Wesidus NDF

§ < [

51.43 Wosidun ADF 41.43 1Wesidud Ca uay P windu 1.2 wWeosidud uaz 0.27 Wesidud
muddu (1381 wagadenud, 2541) 1Wuiemsdnidfinauamalagungeuianis Jelsthi
yimszalala CAT 184 Ailufisilusfugeniaiuemseuaunmeiitelfidesdau faduis
wilslunsifiunandnuazandunuaionms feudansavgnldiluanmfuiitenniaviag
Wlunesgfuesnideanilefusunalusiursudiegs nusenisuneiduvesdnd ludseanuin
Tlanszdeviodamileuiuiauasvinandnudaiiaunimgs (Suan, 2525) lunisvadey

Wi uig uiugnunIne devoulny Yy (2522) nuinnasnunainaningeninniinyemis

9 9

dnivateaiia Wewssuiisununialnlavsidndus Tedennaesiusioe1uves Topark-Ngarm
et al. (1979) dmsulunimdnwaninismaaemisnisasioNazyinlilanandnvesudn

| = i - I3 ' ~ ) < .
gean Wy sreznaimuiglunisuaesungnialaungiduneunazinuiuga (Wilaipon and

Y A

Humphreys 1976; Wilaipon and Humphreys, 1981) #58328£11a10150AAUE neufaziiy
Aewdn (Wilaipon et.al, 1979) lulagiuwalulagnisinzidguilobeiiunuinegiaunme
n1sUSuUsIiugiY lngenaldinaliamsinisidesiiaigasiudunistniilvianisnaieiug g

nsld5sdusoansedl Fsnistnunlminnisnateiugaiessdunuundundesldiuegianiiwina

[

Tuii 1losanidunuundaaauifduadusimanini Sewmzgneaisgs Bnsanesedly

o a

gapnuazlilisednndsegluily @3y, 2536)

1Y

NITpifidngUsTasAeNMsAnyINIsInsdesliels kasAnwinatian1susulgeans
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Wuglunaviansealala CAT 184 wagni1110193835015278 S9d LN L MUURsundulag
PA1SANYIFILANITTNUAAAAY ANSTAUIALARTIN ANSTAUTMAALAREE N1SUIAINITION

Tinanasioeay 50 LWosldun (LDs,) hazuSunased@nviildnisiasyvesudnuazunadaanas 50

§ < 6

Wasdud (GRsp) ANEIAIINAINTOTUNITNULAIUDILUER LAZLARSE SIUTIANNEINNTAIUAS

<

Wi dudulndniglaanizuas waznisasirasuaunateiugmensamuigliana Random
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1.2 I UILaIAvDI9IUTY

1.2.1 ﬁﬂmqmmmﬁﬁmmzazﬂumimwL?:aﬂmﬁmﬁl’amwazalmia CIAT 184 Laggnu1in
TAndusesmatssen wazdnilyinanedusudiawysal

1.2.2 Anvignsormsfimnzaslunismsidsdiodmimszalala QAT 184 uageunly
Wi dunmada

1.2.3 ﬁﬂmqmmmiﬁmmsaﬂumiwangsaL%aéLLmauaaasuaqzﬁ"whwszalmia CIAT 184
LAZEINIAN

1.2.4 aﬂw’]qwmﬁwﬁ‘ﬁLMN?%&MI‘UM?LW’]%L?:EJG&J’M’IWWHVLG]IE% CIAT 184 warg1u1i1biin
snilasysal

1.2.5 Anwrusuassdunuanivliude wazuaadavesdaniinszalala CIAT 184 was
811191509 TI9anad 50 Wasud (LDsy) LLazﬂ‘%mm%’qﬁﬁﬁﬂﬁmiw‘%@%aLuﬁmmg
uARSHanAT 50 LUDSITUA (GRs)

1.2.6 AnwANas1saluNISTILLAIUELLAN Lazuaasa Sautemtaiansolunmsiasy
suluinelaan1iguas

1.2.7 avrageuausUsysiunsiugnssuluszauiduenanismmneluana RAPD

1.3 YaULUAYDINIUIDY
AnwansemIs warvarseuaunsasyiulaluansiimunzauaenistinimdaiiingen

nateean nistnulldAauaada n1stniliAnsIn ANa1usalun1SNULAIUDIUER LAY

'
v [y

waadasaudamsasydusiulniniglian1nzudsvesine misdnd iiensusuugeiugine s
dodlinuseaniizwd wmawIndIun1Ta e Fdunuu waavauliiindy wagnis

ATIVADUNIINABNUGVIAUNINIELATBININENILLLANA

1.4 Uszlgwunaininazlasu
1.4.1 n5wansovIivzaunen1stniiiiingeanaueen nstni Al uLAasa

wazdnilinanedudunauysal

L% 6

1.4.2 ladayaiugulunsinzidsailodauaznisatededunuyn weldlunsusuugeiug

9

fwimsealala CIAT 184 wazdenndndely

<

1.4.3 Vl’i’]Uﬂ’J’WlJﬁ’lﬂJ’]iﬂIUﬂ']iV]uLLE‘?Q‘?JENL&I%@LLﬁ%LLﬂaéJa swfeanuansalunisiasadu
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auluinelaan1iznas
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2.1 dainsealala CIAT 184

'
[ |

favianszalala CIAT 184 1ufivfiutiliosuesaiusninaanunUseinaluae Aoan13nn

v a

(nziueanl@uunile) Aneuiai gauga wndln () G151 (edueen) wagdiuiun
vIvowsnild wuiiuszwa Jwade (nile) usi¥a leauide French Guiana, Guyana, Suriname
Wy uaz Lgeat datusviinszalala CIAT 184 (CPI 133588, ILCA-00164 ATF 493 ATF
2755) 1§19 Valle del Cauca tuladuide dudruszimelneasousnlud 1995 e Wemer

Stur (N@98IM58813, 2544)

fa o (%

aiugvinsezalala (Stylosanthes guianensis CIAT 184) lngnyaaeuiigudidowaginiug

{ v 6

DIMITANIVBULAL WU UNIUABLSALIULNSNIualaAnIIRuSLsualala Jednidanaule

]

[

anefumuizandmivisemalneg nasewnsdnidaldiioonwounslul w.ea. 2541
nsuUAdnd (2549) oBunednumzawgnuansveatiszdlnla CAT 184 feil Hufivvane
q9(perennial) 87y 2 fs 3 T Fugetsvana 1 w3 fswmuuuy ddudau nasuifuoy
Fanssuazinsu Tufiuwuy trifoliate Tugosazadenuy elliptic fo dwiineflanegfnans

Tu wRvziinunINeweslutaenI1AsIMtavasnuely lugesning 6 09 9 Hadluns &1 35

'
al

614 50 fadwms (UM 2.1 n) Yerendvuuazegsiuiumdunszynaandmded (3Ui 2.1 v) 15ueen

[
Y |

nanUszanasuneunatrulusudieUaneiaungadnieu dndanvuslase dundt 1 dadwns
Tu 1 #nf 1 win windmFesauiviiniauaroranundnds (sUil 2.2)
BUNTUITIU
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae
Genus: Stylosanthes
Species: guianensis

i - http https://www.feedipedia.org/node/251



gﬂ‘ﬁ 2.1 (n) Snvazvesdvimszalala CIAT 184 (Stylosanthes guianensis CIAT 184)
(Vanwzaon

i - http://trungtambocobavi.com/san-pham/co-stylo-stylosanthes-guianensis-ciat-184/

gllﬁ 2.2 dnwaizvenudaivianszalela (Stylosanthes guianensis CIAT 184)

i - Mwangdenin

2.2 f81wdn (yay, 2533)

$2910161 (Stylosanthes hamata cv. Verano) Wufiwnsznadifinunsnsiugnudidss
daienfuinuinudeiifesonniesenisit danesiudlala fuduifuilomesamea
Loaa" maa“lmm‘uaLmﬂﬂmaﬂmLsznmﬂiuwmlwmwamaaumqLLsﬂ fuvinendeveundu lu
U w.p.2513 Imlmumamwuﬁma Dr. HM. Shelton Wag Dr. LR Humpherys LAaun13nenae
AIUALAUR UssmAoaainsiae aﬂwmzmqwgﬂwmamwmmmmmﬂa LUulmauqﬂ 918 ALAEN

1 o ¥

a Yee a a | % v & =~ a a
'Vﬁf]‘waqﬂq@] Q\ﬂ)ﬂﬂ\ﬁ 75 WURLUAT NILNEDNATUYINLUUA ANRUNTVUVIIALLDYA IUﬂiSﬂ@UN 3 IU

U

a

gog JULAUNTIE 0.5 89 1 1wufituns 813 4 89 10 wuiuns vlu 817 4 3 6 lwuflung aaed



Hu flou menduuuudanseanseni 2 WwuRWAS (gﬂﬁ 2.3 1) AONYDY 8 B4 14 Aendindes Tu
Usestu Sau ndudsadoufntuludie Yarewsndu 4 8¢ 5 uan ﬂﬁumaﬂgﬂmaﬂﬁaﬁLuﬁaa
wnasineg] 10 Su Weda 2 ngu Seldwiderandu (3Ufl 2.3 9) nalidnwazuuuiings e
widniier Wasekinuidtiniasi windeunidivunadn wWaeniivu imavusi (Ui 2.0)
BUNITUITTU
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae

Genus: Stylosanthes

Species: hamata

i https://www.feedipedia.org/node/7740

SUfi 2.3 (n) Sduesinenindn (Stylosanthes hamata cv. Verano) (v) &nwaizaen

u

'
P

U1 : https://fezzgator.deviantart.com/art/Stylosanthes-hamata-Cheesytoes-369039502



JUN 2.4 dnvaziuanvetauen (Stylosanthes hamata cv. Verano)

1 : NININETAYI

dy dy lﬂl = [ 6
2.3 MNP UBDLYINY (au3nY, 2540)
nswneidesiaweiivanunsamizifedldainnng duvealleloNUseneaumenauieadi

v

§ailT3neg n1swmnzidesazysvauaudnsanselity 819azfeanaasdiun1 vy
WMAIHUNNNIZLEEIUUDINTEATIEY FeludiuvesliaidanaiaazsiininisasyAulag
WANA1NW INSZaansazdaiinanansalunisasatdulaliviniu lneduunfeulddiu

YodleIEelsy Weswndanuannsalunisasyiulalanign

2.3.1 nMawngiagauaade (Callus culture)
uwAadd (Callus) munefia nguwadwsilaun (Parenchyma) fiegsuiulungu Tned
gelufinsiasuuladldiluetuieniodleenneg waadaivuindieg dunateguiuy gusialy
wduaw aeluadiidiulsenavvetninAalead s waadaaunsanuseaniludesusennlaun
o Aa ¢ Y oA < i o Aa I3
uwAadaninguiwadnziundy Ianuuds Sendn Compact callus kazuaadaninguivaninie

Auo19maILe 21U1 AateiuNesll 139A77 Friable callus TUUNATIDMRNULARAATIIEDILUY

'
a v aa

agluioursetuilloibafieniu Walennd undaddin amnsafiagdnitbiiauiinluwnads
Ieandregadu druvenduuile vea luides dawiu 590 ludeu nendeu wan gy SuLsy

wALLDEY ARSINNG Lazvioaase1ns [Wudy

2.3.2 n'lil,wq::lﬁyml,ﬁvaﬁml?uaaﬂ (Suspension culture)
nsIsAsuTaduInaety ensuduldnnsthiliinueadanntuduves
Wewdofiy Tnetendudquseg sasita 18ud Weadonsyuatssen varesin lu wén Buusle
Suisey 3614 ande men wagna IWIHEBIULDIMIALATIZY 15U g91s Murashige uay Skoog
Fuduarsmugumnasyivlalunguosnduludnndiude uinags Tnsansidesldlaud 2,40

o

NAA wag 2,4,5-T Wudu wWamnzidesiaiiafivuuaimsdunsigiazilminnisasundas



mawfal,ﬁaﬁsulﬂLﬂuLLﬂaé’ae‘z’iaﬂduL%aéammzﬁuaéwwa’mq Mntuthueadanugdesly
p1sImAIUULATeYE Belinavinlvinguwadiiinie furaiug anunsavaausnesnatniuan
wwuassogluems luvisnsdlenslduwiauiviedeusnainaiviniusgrauny telvivad
ngnnfeuuaadafly waduruaesiiriiunsUssneudenguisaduundn uasiidnuasdu

wadnelq Nianuaanelunisaiyiule

2.4 91TWIZLRLBWERNY (Ssaqug, 2540)

21M5ELas e afvinateviin MNTUEAUANUMLNL AR DTNAVBININ UGN ADAIU

Y 9
Y <

AL ANINYDIFUAIUNY (Explants) N1azinndes egrelsaniueinisndenladlunisifes

Welailvunfignasomsidailasnainemsiliiasinquieadviseunada Judunquues

'
a

waasuinisasuulasiniug (Differentiated) %o 931¢lutgaddnulIunInLaziead
% ra v N 1 o’.Jl dy = Q’lj % (3
galddnsdagunuuiuiuey Mellilesarnnisiaeuaada (Callus culture) wazigasuyIuay
(Suspension culture) vasiivdiuvgliiounnviinvilaineniinisidesnndrudug uradamani
Ipannisiaestudiialusmsiads (Semi-solid medium) iegrsdoaUsznausiaindeves
v 4 | a a6 A a = a i v

51981MNINRBINISAD daudsznavaiuvsgvseasusenaudunidluusunareudigs

wifwazdaufesnistuiugiulunisesyivlelddudeuiniu win1sihBudiuvaafiy

& y ¢ Y > I a0 & da
U Aa9lue1IMITd AT TAIUA0INI551ADIMITHATANTOINITUE 1N T T U
Aududauninnimaziidnuasilu Seldom autotrophic nanafie faan1399s1MIMITNEN
(Macro-element/nutrients) ka=51981113594 (Micro-element/nutrients) M lgAun1uUnfly
n1saeaneluaIsarats WeNINTUGINBINITEINBINITIUS LU WNEIDIATSUBULALINITY
9819170 UNAKEILTARTI 0L 0L8aNYNULEN NN ADINITINAULALA1TATUANNT
WIRUlaneY FeunRdunszrlaesndiunilsvesruie lazaulid®ndiunilsvosnune

v a v o dll = a e 1 =3 ]
wanmfouduludidiudug weldlunszuiunisiuunveddy agralsiniunavaunay
A o & o (= a o 4 1 a ) AV v

arsUsgnounTndulldeldiluiinsudnanysal lnsanigegrdddunsdivesansilaain
NITUIUNTIUWIUEATY aanasrUsenaumaalivesgnsenmsitdingnanudadlunuaiiy
I - Y a a a a s a o A4 o a
YanuneieuSulgaUsransamnisiasyivlnveugaduaznisildeunlasimunioniie
8781¢ (Organogenesis) kay N1sANAANAL (Embryogenesis) 3evinlignsanisniteasy
fugufiaenededlulumaieiulilaeie egndlsinulaenie lludaunsadiuunaisineand
Dunque ladad

a1smuAuNIasyRvlavesigmadinuaudRnuandeiuy Suludedddniazasuas

Wusne A luaneAiwmunzay wedsstunisidauanin aaanslilunisned 2.1



A13797 2.1 Maw3euaIsAIUANNSRsYRInNdwhasateuazanIsuing

NGUET Hosns favinazany QREThLY
20NTUY Indole-3-acetic acid (IAA) IN NaOH 0°C
(auxins) Indole-3-butyric acid (IBA) 1IN NaOH 0-5°C
a-Naphthaleneacetic acid (NAA) 1N NaOH Qm‘mqﬁﬁa\‘i
2,4-dichlorophenoxyacetic acid (2,4-D) 509%EtOH QUNNITDN
2,4 5-trichlorophenoxyacetic acid (2,4,5-T) 509%EtOH qmmﬁﬁaq
naulelalafiu  Ng-Benzyladenine (BA) 1IN NaOH gunnivies
(cytokinins) Kinetin 1IN NaOH 0°C
Zeatin 1IN NaOH 0°C
Ng-isopentenyl adenine (2iP) 1IN NaOH 0°C
A13MIUANNIT Paclobutrazol, abscissic acid (ABA) 1IN NaOH 0°C
WiAulndug  Gibeberellic acid (GA) 50%EtOH  gamniivieq
Picloram 0.2M KOH 0°C

L ISl

EtOH = Ethanol alcohol
NaOH = Sodium hydroxide
KOH = Potassium hydroxide
N = Normality

M = Molarity

2.5 watlan1swensinyeydunsdluiilaitiany (eysny, 2540)
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DYAUNTIAI 1Y

lo duisey 5914 m1dne wazaen WWusiu lag
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a a Y
U WUANEY 51 wazlise

wnInszaeegnily Fadewmariiluauvgdrdyveinisyuieu (Contamination) lue1ms

o

a

& & A o~ & N e a a 1% < A A A
PNELAYILUD LU DN LLa3LGU'E]"ﬂqaUW'ﬁEJﬂJﬂ?qlJaqquiﬂsLUﬂ'ﬁL'ﬂifyLmUI@l‘lﬂifJﬂLﬁ')ﬂ'J']LUE]LEJE]WSUELU
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nsinzidsaidedelivszauainudnia niswenateadunssidunisinlidudiuveadlodaia

9

(%
a Y

Uaonnnegdunidlnvansiaiiaviinaviliidedunidiumelalagnisiivhaneigeviuwad vin

9
£%

Tfsvuuntsmueuansiiudieanidely wiouinsnexilu i wazussiganeg neluasgade
Tuie arsnlianunsaviruiserdvanslulslanatady szinaviliiinnisdneiansvinnuves
oulyyl vseansialaruisaduiulusauyiiieules waglusiudsaninldaruisaiaule
puUnd arsiadiilddmdunisendnudeisiuiuannnatssia Tedieuuandraiu feduds
whoddgasfalunsdenldarsedlfAneumnyausuded ofifidesns Tasfuuamisly
nadenldauwiolud

2.5.1 fsgAvsnmlunadvhaiedeqdunidlivanesin wasiivesidus

amuUasnnnideghunias

2.5.2 asafiannsneengrslain:

2.5.3 amnsnavaevienausuiliie uazesanmamInmsazaieud,

2.5.4 lsi53d uaznausulsifisszasd

2.5.5 TAlalusig uazndaliine

2.5.6 hiludunseromed wazlddudunsesetudiuvesiiedons

s

2.6 NSNAYWUS @3aun, 2540)

3

o

n1snanesiug Ae nsiUdsullasesansiusnIsIvewad n1snatewusendieteeiy
nMsgaymelivesdiumesdy viensiwasuiladasaingluiu Bond1 msnanesiuguesdy
(Gene mutation) d1uyssnisnatgugimAsItesiunisuaniudeuduredlasluloy nsgsy
meluvdomaiidnnvesdunedasluleufiaseunaquinnnimilsdu Sondy nsnaeiiugues

Tastuley (Chromosome mutation)

2.6.1 NM13NA18NMTRTEI (Induced %38 Man-made mutation)
vanefia nsnaneiiiina1nn1inszyyesNyud nMsnatsusnanvziinliiomis
s35umALds SsanunsaliBnsmienilifansnaneléise Tneayladasnisnategaininiiia
LIUETIITRBNVANEI TettusgfuriavesiieiinunmilniliAansnans dmiudeld
TunswileshliAanisnane Tnevhluidenindanenisnats (Mutagen) Jswtsoanidu 2 v
2.6.1.1. Aarensnateusziannienn (Physical mutagen) léun Ssduszianengg
WU Sedeng Sadunuin wseidtansou
2.6.1.2 AsomsnaneUseamnansiadl (Chemical mutagen) M Ethyl Methane-
Sulphonate (EMS), Ethyleneimine (EI) 5@ di Ethyl Sulphate (dES)



11

2.6.2 nsstlgurldnunan1snatelaeSed

[ [

SRl lunsmdendliaanisnansluiy msiduddnslossu lawn Sadend

v aa v v a

v o = va o § v = av v v & v
IIALLNUNT LATINFUINTDU LW?WSNE‘?NU@]WWIW@SWQNWiQIQJLaan‘lﬂiUiQﬁLLWﬂ@]ﬁLUu‘laaau‘lm

aunalnwsedidnaseu Jududidnelossuduiu sslinadelladondeiunavesssdionduas

= 4

Seunuun uinuansalunisggrgatsudinaaninIfedienduas Sadunuun dslidesy
feuhunldludunsusuugaiuglaensnaneiugluily dwsiddansililoaslddadusdne
lopau iosnnnasnuligameiiagiilviesneuvseluanawnndl wenaintideiiauaiuisaly

1 1 v A v

nanganeareiuiina1ling Jaluieniunldiuiig wiegalsiauseddanslileanlugig

A v v

AAUUTEL 260 Uluns Lurrduinsatianadnannauna1IuaInsidsansililoaalen

Y

[

= A °o 8 ¥ a = Y i Yo A ANY o v = ] Y 2
"\]\‘1L‘Viu‘ﬂ']u’ﬂﬂLﬂ@ﬂqiﬂaqﬂmaﬂﬂlﬂ,@ LLGm’l{LGUﬂUWGUNSUaﬁ]qﬂ@ m@ﬂLa@ﬂI%LQWWSﬂUaSQQQLi% 3o

¢ & P ¢ o
LYRARLNIZLAYIUDINY %QLUUL%@@L@U)F]

v v A

2.6.3 wavaawadiwiiielAused
dlolwadfidlisusd viveuniatinnseu Sadvesyniadeneandsnuliivluiana
#199 veuead lunszuiuniseenesnds vililuanad lisundsnuuandululoseu (on)
LazilTishnea (Free radical) 199 9ziin1sdnisasiivasiianall dn1svirujisemaad
sewineiu iadulsanafifinuaniinisdieiisaluanify Sidviliesnoudieg nneluivad

Annsuandadulesau Inelaniznisiia Chemical radicals Nlhson1svinugizsesaznalinie

D

a aX § 09 Y a =~ i ° Y a ¢ 5
ﬂWiL‘LJaEJuLLIJﬁWlNLﬂJJGUUiJﬂULGUﬁﬁ WWI‘WLﬂ@ﬂ?r]@JLﬁﬂ%qﬂﬁaﬂqimqﬂuqﬂmqq6] VDIFAR LVAANY

v a

lesuanuidenieanTaduaziinnisilasuulasvesoyameiugnssulafe wadilelgoasey

o

1 =

(Meristematic cells) Miagdunnsg veeity Taruaunsalunisuiagaaiiudmiuls danely

1Y

wadeziidhlulanafidifyie ALfuLe (Deoxyribonucleic : DNA) Tnenavassadazyinliluana

vesSueasunladlusidl

2.6.3.1 \nnn1saatuivesiusglalasiay (Hydrogen bond) ﬁL%amde@jma‘Lu
Tuanavesfidue

2.6.3.2 \ian1sdninsznineavuseidoussnitsinaneama fvindiidy
backbone wo4@L8ULD (Phosphate diester bond) ¥inl#Lia single strand
break Wag double strand break

2.6.3.3 \Aansuantiniiusglaiaud (Covalent bond) duq vesfiduie

2.6.3.4 1An cross linkage symInsEnsLazNeluae VeIl uLe

2.6.3.5 \in dimer 5¥1319 pyrimidine base angluanevesfiduieanslaanenil wu

WVim TT wse CC 1udu
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2.6.3.6 \in DNA-protein crosslink 1unsiensiesswinavauasnsaasiiluge
sulfide linkage (SH)

2.6.4 Mawilsnhlviuianisnarelaeasiadl
asivaneviadlaudfidudaionisnarsluddidinlfivudoaiusdasaiiions
nanefiiluszavsnmgdlumamieniliiAnnsnane dnlvgvireulasidiniiseduuares
Auelpanss wseoraunsnidluagluluanavesiiidule arsafinenisnataunsyiln Tlassads
mandindefuvavesiibule amnsadunuiigalufidueld finousazudanissrass

Y a < Ly Y 5% A g a Y a 14 =
AILNVBIALDULD UBNVTNU EN?ﬂiﬂiﬂ"U‘UﬂﬂULUaVI‘bﬂGU@UﬂWLTJUﬁWLMG}IMLﬂﬂﬂ’]ﬁﬂaﬂﬁJlﬂ GRRISREY

Y

ronnsnanelunguilfienld EMS (Ethyl Methane Sulfonate) TumsmilonilmiAnnisnaneiy

~ cs' 3 = v v & | < . =~ 1
WININNEA WaNAINIBLUUAITLALNDNITNAIBUAD EMS Baidud1inauziis (Carcinogen) 8nnae

PN [ 3

answnildnyiianilseie walen (Azide) Nogluzuredlaineiolen (Sodium azide) 3aluuvnaldes

wwldl (Potassium azide) Allluansiafindaudfiludenonarefifnanvianils arunsauunldld

1 (Y I8 Y o o A 14 v A a @ 1 £ s (3 o Y a
aglaendy uwifditedndnAalylanafiuivunssiawinuu wu lutiuisiad sgviliinanis
nagludnsingannn laglinsenunsziiiouduniiuegsentazn1sAnudnvesiniuisiad

yananielendsldlanantudnnazonden
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A1519% 2.2 ﬁuﬁjﬂmmaﬂﬂizmﬁlwaﬁ&iﬂﬂ%umﬁaﬂﬂu Mutant Varieties Database of the

Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture.

List Scientific Name Common Mutant Variety Registration
Number name Name
1 Oryza sativa L. rice RD 6 1997
2 Oryza sativa L. rice RD 15 1978
3 Oryza sativa L. rice RD 10 1981
a4 Oryza sativa L. rice Khao Jao 1998
Hawm
Pitsanulok 1
5 Dianthus caryophyllus L. carnation Chaichoompon 1983
6 Musa sp. banana Klue Hom 1985
Thong KU 1
7 Glycine max L. soybean Doi kham 1986
8 Glycine max L soybean Chiang Mai 5 2006
9 Chrysanthemum sp. Chrysanthemum Golden 1987
Cremon
10 Vigna radiata (L.) Wil Mung bean Chai Nat 72 1999
11 Canna indica L. Canna lilies Cream 1999
Prapanpong
12 Canna indica L. Canna lilies Orange Siranut 1999
13 Canna indica L. Canna lilies Pink Peeranuch 1999
14 Portulaca grandiflora L. Portulaca/moss KU 1 1999
rose
15 Portulaca grandiflora L. Portulaca/moss Chompoo 2000

rose

Praparat




14

2.7 Sedntealtlunismleai linsnatewug (esdl, 2546)

[

2.7.1 S9@unuNN

% a

Fedunuun (Gamma rays) WWusedudindnludndaudas lafiula lafivseq &

Y 9

v

g1U1ANEANEAIIge HnaInn1sUdeenduvesiilaadiudunsed (Adionuclide n3e

Radioactive nuclide) igangiilsaduindunad kadalinasnuvdony 39UaagnasaIuaanun

Y

a ¢ A

lugUeasdedunuu Sdunuudalusiddaeies Wewinifinainiuadeavesdslaad

Audunsed fregrwvesiitlaadiuliunsdae lauean-60 (Cobalt-60, “°Co) wag TL¥uu-137)
Fepumhuldduduindasdunuulunistudaliinnisnangluiie Sdunuund wdsuey

[

TugaskeV-MeV dusuanuaunsalunisnganeariiiuiina1dla g dusgiundanunazyilnves

(% s s

fnane Unufudseiugisdesldfdunuanlunsmisrlinui anisnateuinninSediend

9
=

\Hosnannsoanssadsiegeiials 2 wuu e nmsanefiduuuidsundu (Acute iradiation) A
1051 (Dose rate) uazU3ana (Total dose) $dgs Mszosiianlunisare$eddu 1wy ufivde
F2lue druvetieiiatededdiedsdanfunde niededemiviaes waynisansed
wuulasin (Chronic irradiation) Tneanaludnsuasusuias@munliseg il susadidu
svegIaIUIU 19U dUnv Lieu Wied dedldiuiinfitduiule vl Welvielatusdnaon
svoznaitunisiivln wae @enlflanizdadlarrmiwesniaiulafle wissanededtuuy

a v a a g v @ 3 24
LQEJUW&ULL@SI@iUﬂM%ﬁWEJE‘ULL‘U‘U‘?J‘L!EJQﬂU?@Qﬂi%ﬁﬂﬂﬂ@ﬂﬂ’]ﬂ“Uﬁu

2.8 nUIYIN3IH (934, 2546)

v a

Mg In39d (radiation unit) Inangyseinniuegm

[

Uinguszasalunisdn wu Jndnsinis
aaeiiveesgfuiuned Tausunnisuandnduloseuvediinaly 415 gandundenuain
Yedvasianan Sananieirineiintudlalésused mihsnuiidmunanisinsiduasming Tnsd
A8 International Commission on Radiation Units and Measurement (ICRU)

dnsumslsadlunmamisnhlifsnaeiusduaniendastumsianisgandundanuan
Ssdvosianans ieFeninuuiussdnanau (Absorbed dose) iudilug) deduluiitozue
nanameae IS sdganduingy

Tu a.e. 1953 ICRU Idlsitermunvesuiinusidgandudundusn Inotiufmdnud @i
fanandlaq gandulironstmiinvesianasiudoldsused

migindTunssdganau Ao usa (rad, Radiation absorbed dose) Tnofiusunaused 1 use
el Uhinasadndnansannsagandundanulild 100 B3nsenuvessanans

dusuniavaina (The International System of Unit, SI unit) azlduiiag 1nsd (Gray, Gy)

WU WA LaeTlANUFUNUSAIN
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1 Gy = 100 rad

30 lrad = 107

A15199 2.3 MsUAsULUAINEIATDISIE

n1slAarURUaMUIEINYD959E

1eVv = 1.6x10"

106 eV = 1 MeV

1 Gy = 1J/keg = 107 erg/kg

1 Gy =  6.242x1018 eV/kg = 0.24 gram-calorie/kg=100 rad
1 kGy = 100 krad

10 kGy = 1 Mrad

1 rem = 0.0015v

T
=

11 : Ankilagann Rosenthai (1992)

2.9 YU iauuazansased (esd, 2546)

[
=

2.9.1 USunaused aglausunasadminledusgnuudavasie wardiuvasnenlslunisanesed

Y

aa v a A ! a I ! v a ! U U b4 U v a = !
ARDAIUIDRYSIE Nuumazydadinnulinesedunnaresiueenld dnwusdiuniunessdunselise

'
v a 1 =2

S48 dhumilsmuauiefu amnsadieveansiugnsnile dmiuuimasdnenzauveaiivus
azailn Unidsenaduniiainnanddeigawily visuuzihlasnuiamamdsnulsingsening
Uszina (AEA, 1977) Tunsanefeduuuideundu tnusulssiudivannsomangiuuiinasdd
wnzay Tnevinn1snnasimaa LDy, (50% Lethal Dose) Bemsinefausunasdfiviliifiane an
Hudevaz 50 veswamuay Wennaaeufufivfisvrlnszoyviomdsannsateded wu 30 fu
(LDsg3g) %138 60 U (LDsos0) ﬂ%mm%’aﬁﬁLifimzamaiagjszwm LDs, 89 LDy, %50 ANSouay

o aa o

nsseyivlnneglutisdsunusdnilvinissyivlnanasiosas 30 3 50 %38 GRs (50%

Growth Reduction) @1unsunisatessd@nuulasinuu lassdisieanunisisemenuusuusaadn

winnzadiunty Wesanndenurainvaneliuseswevnsnsed warszeznailunisaie
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2.9.2 §n51¥ed Sna¥eafiUiinsdlag wdinadefivdlufulinauasaunmdsiuns
Ronldsninsdassosiansanlvia uadlunmmassmnadiuenainagiufinFessinaduia
Arstuindns$eddne n1sfnwidrulnguandiiuiiniswiesiliinnisnale 9ed
Usgansnmgailelisnafidgunnnindansd wifivaronsmaaesidniisdlidnaients

WagukUasiadudlalnlasuusunussdwinnu

v

= | [ a = o a
2.10 NYNUNI3NAAINULATEAUIT (Plant and Water Stress) (1aduna, 2535)

A a a H ~ A a8 o v A = a X

PuineNULASERUn (Water tress) uneds digdlunlussuuluaiduliiiieans Fe9nauindu
19 2 nsdimeiu A HnaNMsAINwInLn (Water deficit) visainannnsaielasuinanniuly
(Water excess) Wit s1aNYLUIT9 2 INULAAAINLLAT AL UL BIUIDINNYVIAUINT DL ALY
WANIYNI1 Water deficit stress %58 Drought stress

AINIASEAUNVLEINANIENUABNITASYLAULALATHANG ATDINY WARNANTENUIZUIN
viategduagiuvilaesily s2AUAMNIULTY waghaiiAAMATE ALY HYusiavyinay
HOUAUDININITANAINILAT AN bl auiy wiusRsAudedTuLe sz AUazd1uAlAINY
MunusiaAUAIEaul iy N1593avsradaglidanueTEnuIINTgn Ap WaRlyvin
H a & Y] ! A 5 =l ° | o & a
U393 VeNTadazlATURANTENUNBY Wa1AUITULTWEBNAz g N sdunsevlushu

Ui weseulasl myadaaslsilad waznisulsimesisadanas usu

[ =] 1 U4 14 aa
2.11 ﬂﬂlﬂﬂ']i‘l.liUﬂ'J?J@\‘lW‘lmaﬁﬂ']WLWNLLa\i (1{aps, 2544)
A A o a a o IS VAP~ SN a | a 1w o oA
Wenwsdnissyiiulnnisldanimuiuasduinaina nginuluan@nde furaigiunie
nareduast auvi lniluaudsgnldlulagnssuaunisaesemedn (Evapotranspiration) a
mas anmauiifivusieanunsamsadiiauazlinandnls lnensuiveteazursdrundunaln
Tmnusipanmuwiaasulaunnssiulunmeiiaias iuguesiiy TIUIAN TULTIAULILEN
\Andu 39 Tumner (1986) laauunnalnnisusuivesiioneaninnianasliilu 3 Ussiandsdl
2.11.1. n5utlias (Drought escape)
2 @ A aa a A ! v Y A a £ A N
Wudnwauzvoiiendanuaunsananideswoan nuisasiinatulonndvis
garudu Avdinalnnisusudnddyey 2 Usznms A nisimuinisasyiulaiisansda (rapid
phenological development) tu Tuiidas wudn dadaeiug VB uag Q18801 WaUszaundny
wisnaslugisUateudlslongduainsanuinenananlaneunivunds 11 Ju (Wright et.al,,
1991) warUs¥n1394a09 Nyazdin1sdanguniani1siimun (development plasticity) lngiyay
YSuimluudazyisraanissyiulalimuivay msizasduisnguild sasmuizauiu

Y A v = & ' a =
ﬁﬂWWLL']@a@lWINGU'NQQLLa\T 8 A9 9 LU LU ‘UﬁgL‘VIFTI‘V]EJLLa%@@ﬁL@iLaEJ@@UL‘WU@
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2.11.2 MSNUNILABNNTVIALN (Drought tolerance)
wnednuauisavesivlunisiiasnusenisanasveswnreluiivld Ao
fiDehydration tolerance feufiwfifinalauuuiazdinsaunsasaiulnuazlinananldd
sefuWater potential 819 I8 Tnenszuaumsaneg aeluvesivmanisnsinuseluldlng
MsSnwAAUeseadle vzl Water potential anas fin15USuswes Osmotic potential
fywmaiaziinsazauves solute tintwidlofiwviati Feaziinanonisanasvos Osmotic
potential luwasdl potential s3uanas nafilgsuannisususail Ae Freldiudmadnwanny
Wi (turgon) Timsdi Ben1ssnwirnuswsngadiinnusududonisasuivlnvesduuaysin
nMsUa-lUnvesUnlutaznszsuiunisnie metabolic
2.11.3 N15HABINNTVIALN (Drought avoidance)
mnaﬁammmmmﬁumﬁﬂﬂumﬁflaaﬁ’w‘%aammiqﬁmﬁaﬁﬂmﬂiuﬂw‘%aammi

Agtlagiinaln Dehydration postponement

>4 = = ﬂl 1 % L 6

2.12 N15AALADNNINNUNIUABHNNNKAS (a185y1, 2547)

nsAndenfisinuniureaniniasnieldanmsssusd Wunsyvaunsildinaiuiu uas
Juagivanmgiione seduddinsimuinssuiunisaaifenisinuiaenglaanneiianse
miuAuld (Georgieva et.al,, 2004) iy e1fEMATIANISINIZIEERTaAkAzIHBIEe Feanunsavinla
lagnszideseaavisenguwaduueIMIsINaIsoraluAduuvil 1y Indievsaulnaneaa
(polyethylene glycol, PEG) ihanataiuiinea (Mannitol) sgima (Sucrose) LLasﬂ@JIﬂa (Glucose)
Judiu Feansianilagluan Osmotic potential vadansazanefiogdensouiwaninbiaad oglu
an11gNvann (Bressan et.al,, 1981) PEG gnuunldieviliiinatiziaignannnisuinin

] A <, « = ° aavM 1A a iNa o & &
1NNINETATawdUY sziduansaenidearaisun lulidliinau Liflfusonu wazdnisiud
Ldgadudnluluwadiiy (Satvir et.al., 1998) Tuvusngesdnea wazusuioaauisasudily
waaivwazdvinlia1 osmotic potential YBdLTARANAY LU NITANBIAMULANAIVDIAITALY
T lAAnANLATEAAINA1TVINUITENINE PEG Uazwesinea 71 -1.5 wnzUrdaia Tuda
(Oryza sativa c.v. Taichung Native 1) wu31 PEG @u1satninliludniiinainuasenainnig
PnuleuInnIesinea (Hsu and Kao, 2003) wazn1siUseuliisunavesuuuiivea wag PEG
dl 1 a U dgj 1 a 1 a o o U
1 -0.8 uay -1.8 wnzUrdaa Aen1stasgesinilenziaanasuinniuuuiineasdsiidoddey
(Slama et.al., 2007) N5l PEG TnilitAnN11z1AT8A1NNNSUIALUNAUAUNTY [iaadouLay
AndaniisnuudsluieaujURinag wu nisdmdeniugdnmuudannueada Adniainudn

NNERLIUUDMNTENT MS AN 2,4-D ANUNTY 2.10 TadnTusedng uag PEG Aadudu



Ly

100 wag 200 n3usedns lnefiansannisien nsdnihliiawnada waznisiasulvdnuiniug

913 C 14-8 Wuiugiiausanunadlaniae

o =
2.13 Lﬂi'e'N‘Vill']EJIﬂJLaqa (@3ns, 2546)
WAmneluanaaIuNsaa1eneanIaiugnssLazaIuTaldlun1snsIainady
VaINVaNeMNeiugNITN (Genetic diversity) vesdalidinviamsUSinamazannm Fadunisuen

SAaa ! ! U

ANNUANFITUENTTUYRdlTInlunguusevnsifeiu wIeddldindenguiu vielduen
ANNRANA1RIFNTInUA Az vTin wiarfalaBnaae LASeImENeNIeTUNTTuENsTERuLILIY
waatusulsuugeiugie loud nislddnvaussunssadagiuiv nlinnuuansiesduunlddy
LASOIVNNY WU NG dNwaENTINY Fuasadu auingusisiazdveudn oy Tusanaen
[ < A < v = < == « 2 [ a 9
wazduiiuendudu tneiSgniaseanuiey¥iildn “laSosmuign1edagiuing,
(morphological markers) 8g19lsAnu wudnwagAinandndunlslvaiuaniniindoud
Waguwlasly ihlviiAaenuranainlunisugnanuuanaveEgiugle 1ananuula n1s

= ~ o X wv o ] o e A aa va
WS UNgUanweNI8UDNU ﬂﬂlﬂaquqiﬂLL"dﬂﬂmllLLmﬂWq\‘lsﬂaﬂaf]UWUﬁWGUUqQGUUWWNﬂ’J’]MIﬂa%W

9

a A

maiugnssuld Mdudssndudemeiastsdviindunseney edielinissuunaiiy
uANA1YeEeTugiaNgNaed
2.13.1 1a3asmu1elutanaensieia (Random Amplified Polymorphic DNA %38 RAPD)
(g91m1, 2553)

¥
v aa o v |

Wunisldlwswesvueduiddduvawuuguuszanm 10-12 dandlelnaiiiewile
= a a a Y ad o ¢ 19 a & A ' ] °
WwedlunasdiadTunafiduenieisidens wagldguugiiludunsy Annealing Aautdiasn
(Uszanad 37-40 seriwaldod) Jsaunsafiunisiin PCR product vwiasiee) Ineidun1snsaa
< o 1 [ [y - [ a a a I 1
Wuteviangsunianiauiu (Multi-locus) F1uruxaninvenaudiaueagluyie 1-10 uau lny

] & a a | a a A o I = a A a &£

AMNLaNe1saztiunisiianieliifauauflue MLt laguauAoueNinTuazLans
nsrusanIsliifawauAldwe Lasemueluanasisiefinddianusausnaninemelslyia
sananigluleia uasdefveniomuieluanaeisiefin awnsailide iWesanludndudes
ni1uteyadinuianilelnauinsuiieldeanuuulnsiues uiidedaluisoenisnaassgn
Wesannmatiaoisiefadiarnulineaniizgaieg veasinanlaazunnaslianniiy F9deq

vinsyiuazmuananInnIsvaadlvingmiae

v A&
2.14 n136NAALDULD
a v v [ a 1a 3 1 Y oy . a [d o
avuweluliegiluindendasyluwadudazsindiagivdalau (Histone) tAndulassaiig
WegauvoslasuIAY (Chromatin) uenainilulwaadiussnauniearsdus an 1wy lUsAY

aslulansn wazersidue deunisadnfdweddivarstunouiiowsntild Adwendaunim
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msafafdueniiviidunsunInnInsainfdueangdunid Wesanwadiulngs
waaluneduganilsduaziarsmisgiiduesnusznousiuegiie F9a15v9d090195UNUN1S
afnfdue Yliladduenua nAIas

Y [

danAassedingeds lauwneulwdidnafiea (Nuclease) Nileglulwadiiviesaunsaviangd

Wueld sdeamnendenisvinauveseulesiilsisaisarany Ethylenediamine Tetraacetate

9
[ £

(EDTAWBNANTENsUMUaumMeaIsUsTNaUNadugaalsnaInNlLsas n1sUsUuvasa snguil
weawazansUszneunisgivesiiviesenviasluanafidueniedavinenisvhaureseuled

v o

dadumgnieloulssl Tag polymerase 16 lunsdifagiihdidueldidrgnsiinyTmnamidue
mgUisengens
asnguweatiuea (Polyphenol) LagansiiinaInnszuIunsoentinduvemodiiuea 49
FlvRsweiathaa ervsumumsviiiveseuluifnsinne suiudeatineenlng
1) mﬂ%’ms@m%’u Polyvinylpyrrolidone (PVP) 38 Bovine Serum Albumin (BSA)
2) N5 @131 URNTFLATU LYY Ascorbic acid Cysteine sodium bisulfite 158
g-mercaptoethanol
3) msldifadudaeulm! Phenoloxidase 1w Diethyldithiocarbamic Acid (DIECA)
duadlludvlanesnldatnadue
n1sanailufinfdueaniisinaieds 339deu1dleunnsanalaeld Cetyltrimethyl
Ammonium Bromide (CTAB) %aLﬂuaﬂsUssﬂauiuﬂdu%’ﬂWEm (Detergent) ﬁﬁﬂizagmﬂ
annsaaaeideriuwaduazfuiunsnianddalumsazartetiimesfigungimanzan iadu
ansUsznaudedion CTAB-DNA ansaanazneulddelelelnsnueanioiomuen Fadsunuy

o ownw & o a A v a
fn Yhleazain 530157 Adueiilainuama

2.15 uAdefiientos
2.15.1 nMsAnwINIsEALN IALAnALY

ASen (2547) Ymsmasisiodedienund Tnedniliiinueadaanaiuly
o9 (Cotyledon) wazarduldluides (Hypocotyl) wield@nwinisaneleusud Inavinnas
wangmuummiﬁqLﬂmsﬁqm MS 17{1]’38ﬂE)Uéj’JEJa’l'iﬂ’JUﬂﬂJﬂ’]iL%%iy,LaUIm 2,4-D LAz NAA
Ay 0 5 10 15 way 20 fadndureans wuiranmsidiedediuludes mizidesuy
9IMNTHUATIENGNT MS ﬁﬂizﬂauﬁ’mmimuammm%zy@‘uim 2,4-D ANUIUTY 5 Naan5UAD
dns ansodniliiAaunadanniiae faniminaniade 0.26 nfuroTu wazNASANYINTG

a

Wigludulnduuemsdunsiengns MS 1UsenoufIBa1sAIuANNITIATYRULA BA was

o

Kinetin inauidutusineg Wunaiszesian 45 Ju wuiemsdunseigns MS MUseneausae
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ansmuANNssAule BA aududy 15 fadnsudedns amnsadniiliiAngenlsuiniian
a8y 9.0 senreTuLAada uazilotnsenudnunliiAnsinuuemsduaseigns MS
fsznaufeasmuaumaaiyiuln IBA anududu 0.5 Sadniudedns arunsatmiliae
InJeway 40

vilug (2547) msanedsaieidevestisund Tnevhmsnedsssdulily
Aoq uarludes iedmilfiAauaada wuiiomsduaseigns MS fivsenaudearsaiuey
nsasauiule 2,4-D Aiflnududy 4 fadntuseans mnzdsadussezie 6 &Uni insin
uAadanTignAesosazs 90 dnuasvesunadmdunguiou (Compact callus) AT 1ilei
unadafildandni sy Suwaduriuasenuin emnsdanszigns MS fiuszneusoindy
lalaslaigm (Casein hydrolysate) AMLNTY 1 NSUADENT LagansmIUANNISSYAULR 2,4-D
a2 fladnudedans anmnsadniiliAawaduuiuassls uaziiwadurinassiildundn
UiliAngenuuemsduaszigns MS fiuszneuseasaiuaunnasyiuln BA avuidudy
5 fndnsuredny T¥evaznmisiiaven 96.66 kazdethsenundmirliAnsn wuiidomzdes
Huszezinan ¢ dai annsadniliiAesinlduuemsdunsievigns MS fiuszneudieans
AIUANNITATEUAULE IBA AULNtY 0.5 Tadnsudedns

ousnY uazany (2551) Anwgnsonvnsiuanzanienstniinisiiauaada uas
nswsadusilmilnglddruvessiduldludswesmmaen Tneaduldludsamsdes
UUDIMTHUATIENGAT MS ﬁﬂﬁzﬂaué’wmsmmmm':?w%iy@‘uim 2,4-D AMLUNTU 0.5 1 3
uay 5 fadniusiodns inziasaduszesinat 8 dUand nuddilalufesanusafauniady

LARSAALNNENTEIMNT UignseImsTiannsatniimsiinuradalanignms 2,4-D ANUTuTY

'
=

0.5 Hadnsudedng lnedNuiiadevauaadauInianyinny 57.09 A15198adwAT 3NUuEn

a <

v N v o o L4 il | o ‘é’ o L4
wpadanlaurgnulmasyidunulng I@EJ‘LJ'UJ’]L‘W’]%LaﬁlﬁUU@WM’]ﬁﬂﬁLﬂi’]%ﬁg@i MS

]

o/ Ia =

NUsENOUAILAITAIUANNITATEAULA BA A1UWNTY 0 0.5 1 3uae 5 dadnTusedng 1ile
n:glj I3 [ ' 1 a a ¥ ¥ a a (Y] I a
wnzdsalunal 8 a1 wudtaisaiuaunsiasiule BA Anuduty 3 fadnsusdedng
111509 I AREBA LAY IUIULDALALADLARAARAD 3.5 YBARBWARAE LaTUIEBANITNULA
NAsINlAgLINIEUNMTAUATIENENT MS UTenaunigansAiuAunIsiasyiauln 1BA Ay
2 E% a a (v 1 a d' g" I3 [y I3 1 a a
Wuty 3 Tadnsusadng Weamnzideaduian 6 a1 wudnaisaauAunIsRSyRule IBA
ANty 3 Jadnsusedns awnsatnuliaasinlaunnian Inediniswaundusiniesas 70
] c{' 1 % Y] 1% a I o @
PuunRigdeiuwiiy 13.71 910 wazanunsadreeenugnasiulunadiia
Suresh. et al. (2010) ﬁﬂmqmmmiﬁmmxamiams%’mimfmﬁmLmaé’al,l,az
a < U i L7 dy o v Q:I 2 anl/
nsseludulmilaglddiuvedluifsazdanulalurediienund ingidegauuemisgns MS

MUTENBUAILAITATUANNITHATYLFULA BA AA10dudu 1 2 3 4 uag 5 Taansusiedng sudu
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a13AIVANNITIATYAULA NAA ANyt 0.5 1 1.5 uay 2 dadinfuseding wizdsaduna 4
dasi wudamsaimufnduieadaldlunngnseinns uinuiemnsdunseigns MS 7
UsENBUMEAIIAIUANNITITAULN BA Aadudu 3 Hadnsusadng saufiu NAA ALty
1 fndnusiodng S¥osaznistnihuaadauniianuintu 90 way 75 niuthuaadaildundni
Thasgududuly tunmizidssuuemisdaasigsigns MS Usznaudisaisniuau
NNRTYLAULR BA AUITUNTU 2 3 Lay 4 Jadnsumans iU NAA Aadudu 0.5 1 1.5 2

'
a a o 1 Aa IS

a’lj <4 [ ' 1 a a % 1%

fadnsusedns Weumnzdeaduian 4 &Uaii nudnansauaun1sasyaule BA Anududu 3
TadnSusdodng 330U NAA AMtuYY 1 fadnsuseding d3euazn1stnudiliiinganuiniian
WU 67 WoU18aALNNIZEEIVUBIMITHUATIEYIENT MS TUTENBUAIEAITAIUANATT
WTYLAULA IBA ALTNTU 1 2 wae 3 TAdnTusaanT waga13AtuANNIsSlasyule 1AA Ay
WUdU 12 e 3 Taansusedng WU @13AIUANMISIISRUL IAA ANty 2 Tadnsuse
ans awsadnuiibiiAnsanleuniign Inedinnsimundusinfesas 82.33 wazauisadneesn
Ugnashudunadisa

1) '3 = a [~ 2 [l & ¥ @

Sounsal wazame (2555) Anwinistasadusulndvesniarniniainuda lay

X 2 A G, ) & = v a a

AL ANAATNANY TN UNDIMITHUATIENGAT MS NUTENBUMEENTAIUANNITIASAULA BA
ANUTUTY 0.5 1 3 waz 5 Jaansuredns nuiblamnzideaduszesiial 6 99 8 dUn1% 91ms
U 6 d' ¥ a a v 4 a a [ 1 a
duATizvigns MS NUsEnouMeansAuANNTaTyAule BA avadudy 1 dadnsudedng
ausatnildingenads 2.57 kas 5.06 8oARaLllaR N5Lazal 4 way 8 dUA19 ANuaIsU
LI TAUNAIUAIINGY WU MITAUATIENENT MS N1UTENBUMEAITAIVANMSIATYLAULH
BA Anututy 1 dadnSusiedns iaiuguade 45.84 uay 54.29 Taduwnsseyon Walnzifes
Wuan 1181 4 wag 8 #Uat anud1au wazanuisadninlmnn s nde gl asauueInng

duns1evians MS MIUsenaumga1sAIuANNISRTLAUL IBA A3t 0.5 dadnsusiedns

2.15.2 N1SANBINISNUNUABHNINLLAS

Dhole and Reddy (2010) ﬁﬂmmi@m%uu"waaﬁm%a (Vigna radiata L.

Wilczek) Nigndninlvinareiugaie Sedunuun T udnd e 2 @aenus Ae Samrat wae

9 9

v v a

Long root mutant (LRM) ifluaneugianefadunuuniisedusad 450 insd Weviudelugud 5
gl PEG 6000 Anadiudiu 15 20 25 30 uag 35 wWesldud 1Wunan 12 24 uaz 36 $2lug

Y v K U o a & o & v a oA Y v &
SNNIYUINAUNUN "UqﬂuuuqlﬂLWW%L@UQIUW@QQ?UQNQNWQN WUMLHDAINUVUYU PEG %ﬁ@sﬂu

o w 1

N39ATLY1 N1598N UagANE NI INLazgananadetwlitedfny uanudtaeiug LMR din1s

1%

=~ o a Aa di ~ = o I A o !
@JW‘?I@JU'] LASHAINNYBALLASITNNANIN LN@LU?UULWﬂUﬂUa’]HWUﬁq Samrat Lmauq@@ﬂﬂQﬂqaﬂqﬁg
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ABuUBNNUINAIERLT LMR linandnfifnid Fswanisvaaesdyliiiuindefiadszuusini
< < [V % 1 i
wlausafanunsausuilviegsenlaluanivuas

Yin. et al. (2015) AN®INISADUAUBINIIEITINGNVIOTLI MUNITEaNABN MUY

v 6

anzuds lneihwdndudes ¢ areiug wngulu PEG 6000 Aududu 5 10 wag 20 wWesidud

]

wudnileszegianaiuly 6 Tu Wudiinasasrseulesd superoxide dismutase (S.0.D.) 91 PEG

§f @ & A

AUENTY 5 Wesidus uazTudl 6 91 PEG Amnmdudu 10 Weosidud fefinisudnnsaueulede
(abscisic acid) wazad1aeulasl Peroxidase (POD) Fafiuoulmifiwderiinistostusiiemes
iy dwFunseenmenuarmiamuawesiLdarnsassylianm e neidvinieisine
Wwianuy Fsanslidiugisunuduiudiludsuianssused Ao msatraeulesd SOD 0.8589
> nsauaule®a 0.8290 > mswalnin 0.7160 > Msasseulesl POD 0.6637 Fuudisnando

Anwludednsall

2.15.3 msAnwmstnirlifansnatenuglneSadiunusn

'
s o

Fiki. et al. (2005) yinnrsveaeslagldwaniugadailan 2 ¥lia A cv. AL-Wadi
uag cv. Swa vnsatedadunuanfisedu 0 4 8 uag 12 Alausa washundsdlueinis
H0ATE9igns MS TiLdia NAA 1.0 uae 1.5 fadn3u 3aufu BA 0.5 fiadn3u wuindninlviAe
unadaluaneWus cv. AL-wadi findn cv. Siwa wasinauAaUnAvesluifivweludniazmn
f9uIunntey

IR wazAy (2552) Ynnsfnwnuvdesaeiiugnaislusivadlaunisaneed
cala

Welilgaenugniiviualusiuluwiags Inednudadundesiugdediluaie Sadunuun

3 3

'
- A

U3ua 20 Alausa Aadenateiugnatelusiuadugy M2-M4 wudifamdesaieiugnaty 4
aousiilusiuede 42.8 1Wosiius vauzinuinsivaeudiliansFediilusiuede 41.2
Wesifud uavilnandniade 352-387 Alan3usels Feganifusasiadeuideod 60 szning
10-20 Wadidud Fnidamdesanetusnasillinandnuasivsiugs sis 4 aewusilunaasy
msuSuimuasUssiliunandalusiulugudiouazlulsinunsnssiely

Sema and Ayse (2011) Anwinavosssdinunicani1sasgiuls Jadenediadl

Layn1sazauwssInludunies (Glycine max L. Meril) lngdnudaluaiesidwnuuiwuy

a v A v v a

WROUNAUNTZAUSIE 0 10 20 30 40 way 50 Alawsm naanwIziaendussezal 14 Y4 wun

A A

HYHlgnTINTATYLAUIAANAILEAIIEAT GRs, AWMU 25 Alause ilaUunadgelu anu

o

gafimtdnan uavU3uueaslsiladanas wasdmuindloUSunassdauuiunnnes s1awan

Y Y

N03une LUsAULag malondialdehyde Aigesvunuludie udfanssuveseulusl superoxide

o w

dismutase wag Loulwsl peroxidase anaageilitudAgy
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= v

guna (2556) AnwinistnilinAanisnaeiugludadailan Tnednudaluane

SsunusnuuuBsunduiiszausad 0 10 20 30 40 50 60 70 80 uaz 90 Alausn nsUgnlugud

1 (M1) drudalumng wuaAusuiussd 10 Alawse vilrsesazenusenanasdu 39 Tuvaed

v

wanililesusidazisesazainusen 94 uasnuinsaus@ENmIzausanIsnaeiug wandsae

ee

[
[

A1 LDs Wag LDsy AAvnAu 100 1nsd LLazizé’UN%ﬁLﬁmqﬁudmﬂﬁﬁudauﬁé’mwmima
s

Homn and Shimelis (2013) Anwin1sneuaussiofadunusvesiilng1n lagi
winfilnen 3 anevfusie Nakare Shindimba uag Bira luanefsdunusnuuuideunduiisssiu
%38 0 10 20 30 40 50 uaw 60 Alausn ndsAwzAsalussena 14 Fu nuhiiviinsa
20 Alausn @18Wug Nakare d508a8n1598N1TU 43 aeWug Nakare waz Shindimba la
aunsasenliiuumssdgend 40 Alause druaewug Bira anansnsenlafisesiuisd 60 Ala
LA uazNUIEeTiUg Nakare and Shindimba sgdusafuanzaudanisnangiiug uanafoen
LDs, HAMYINAY 15 wag 20 Alawse auaau 1usumz17imaﬁuﬁ: Bira anunsataseytdulaluuiune

$edgandn 60 Alausn

2.15.4 NM3ATIAFBUNIINANLWUI VOB ARAINNSTNUIA T ed IngTdiATa g
luanaaisiand

v a

Arulbalachandran. et al. (2010) An¥InNsnatgugaeSadLnuNILaza1sLAL
a Ao o a U v 6 & A o 3
ialdansiuniionsivasuiUamiugnssulunisnateiuguedadan (Viena mungo) lne
TdnTosnelutana RAPD Tdlnsiuesdiuau 20 9iin wuiiuansuauiduelivisnun 202 wau
Twswes OPA14 way OPI AIlVuAUMLOUOWANFIIINALAIUAY
$hunsal (2556) Anwin1susulsaugnIe sdailagnainizidesiiaigesiuiu
nsanefadunuInseAuUSINuSERY I dAamaniy 50 Wasiud (LDs,) Ae 8.3 Alawsn
o X & 9 P of - aa a a o &
Na1INAITINIzIaeuna) 12 dUav nudnwurRnundfie ganasaiuladt unnnaitdu
nN3g3N ATIRdaUANwUTUTIUMEIUgNITLTngldnsamaneliiana RAPD wuitlnsitesdiuiu
6 ¥im Am OPV02 OPV03 OPHO5 OPN15 OPY15 way OPZ04 @1un9akanAINUkANA195ErINg
AUNNIUNTTRN8SELANNT wazluniun1satesedunuule uwagluaienuiai LDs, Av 5.89
Alawsa nuIbwsiuesIuIu 6 wia A OPVO2 OPV0O3 OPHO5 OPN15 OPY15 way OPZ04

ANUITOLENAMNULANAIITEUINAUNHIUNITRI8TIALNNLN tazlununIsanesd@LnuLnle



3.1

uni 3

A5N15ANLLUITUIY

Jaauazaunsal

v g

3.1.1 Wugnaemnsdnd
e Stylosanthes guianensis CIAT 184
fE8 Stylosanthes hamata cv. Verano
eldsummmaamsinnnaiiinnzievnsdn lagfivewnsdnd nesewnsdnd
nsuladnd Jamdauusii
3.1.2 Muzuazaunsal
-Uninos (Beaker); Kartell
-ngualsy (Erlenmeyer flask)
-Uwn (Pipet)
-LyieumIANENT (Glass Rod)
-91uuA7 (Petri dish); ANUMBRA
-NTzUanmI9 (Cylinder); Vit Lab
-Henen (Knives); Dura
-UnAu (Forceps); AMICO Germany stainless
-agilillsunaes (Alumenium Foil)
-pylNgueanadea (Alcohol burner)
<fausnansiad (Spectula)
“aaannasd (Microcentrifuge tube) ¥419 0.2 0.5 way 1.5 Hadans; Quality
Scientific Plastics
nawnzdsaiode (Bottle)
-ASEANYATRLUATILSEULNA 1 Uadluns; Whatman
3.1.3 indeddioinenaans
Ladesdliuuuasieauasenu (Balance); AG204, Metler Toledo
La3esTanudunsn-na (pH meter)
—Mﬁaﬁﬂﬁzi’ll,%aﬂ’;’mﬁugﬂ (Autoclave) ; SX-500, Tomy kogyo Co.Ltd
lulasian (Microwave oven)

—ﬁlﬁu (Refrigerator)



—Lﬂ%‘laﬂlﬂlei’l (Shaker); Innova 2000, New Brunswick Scientific
—ﬁ‘daamgf‘ij@ (Laminar air flow); Faster BHA 48
-Na98180N (Camera)
-fouausau (Hot air oven)
La3osmeniiduesenszualnill (Acarose gel electrophoresis)
-nesiledaauiues (Vemier calipers14); Labnet
lalastind (Micropipette)
“Alvunenee (Tip); Quality Scientific Plastics
-89MUANEMNYH (Water bath); Heto CBN 28-30
La3esduies (Centrifuge); Hettich Mikro 22R
—Lﬂ%ﬁ@ﬁﬂﬂ’]i@ﬂﬂﬁULLm (Spectrophotometer); Eppendorf
pSoufitUSunaiiBue (DNA thermal cycle); Eppendorf
—m‘%'mmei'maua'ﬁazaw (Vortex mixer); Scientific Industries
-G8 4 uaz -20 asralua (Refrigerator)
JInsaunen (Mortar and pestle)
-AZUATIVUINYUIA 1 LABLUAT
3.1.4 d@15.Adl
3.1.4.1 gswiinensinige
-anvazanuluindlaemaslsd (Chlorox)
-ueanesed 90 Wosud uay 70 Wesidud
-A15AUTIAIAY Tween-20
3.1.4.2 gsafifildlunisuiuanudunsaeg
Aeifeslansanlasn (NaOH)
lelasmaesnd (HCL)
3.1.4.3 WNSINIZAEIRY
-9MNIAUATIEVEAT Murashige Uag Skoog (MS, 1962)
“henaglasa (Sucrose)
-L9aukauny (Gellan gum)
3.1.4.4 §13AUANNSLAIYLAULA VD INY
3.1.4.4.1 g15lungueanduy (auxins)
-2,4-dichlorophenoxyacetic acid (2,4-D); Phytotech
- Indole-3-butyric acid (IBA); Phytotech

25



- a-Naphthaleneacetic acid (NAA); Phytotech
-Indole-3-acetic acid (IAA); Phytotech
3.1.4.4.2. arslungulelalaiiy (cytokinins)
-6-benzlyaminopurine (BAP %30 BA) ; Phytotech
-Thidiazuron (TDZ); Phytotech
-meta-Topolin (mT); Phytotech
3.1.4.4.3 Polyethylene glycol (PEG)
3.1.4.4.4 dvgeaisadulaardulaasdma (Fluorescence diacetate)
3.1.4.5 gnsiadifildlunisania DNA Tag35 CTAB
Julmsiaumad (liquid nitrogen)
-CTAB buffer
-chloroform isoamyl alcohol
-3 - mercaptoethanol; GE Healthcare Bio-science AB
-10% CTAB
-Isopropanol
-RNase A; Vivantis
-ansazangUnwes TBE (TBE buffer); Biolabs
Asaannlesau (deionize H,0)
-@17a¥any ethylene diamine tetraacetate (EDTA); Vivantis
3.1.4.6 ensadifildlumaiinansiena
-Mix dNTPs; Vivantis
-MgCl, ; Biolabs
~Tri-borate-EDTA (TBE buffer) a3tudu 1X; Biolabs
-1oulwsl Tag DNA polymerase; Biolabs
-Tris-HCL; United States Biological
3.1.4.7 ansadifildlumadianisiesnlsanadidnlaslnida
-9zNL3dL198 (Agarose gel)
-ansazareUnwes TBE (TBE buffer)
-H8ou (Loading dye); Vivantis
-asazanslensiienlusiug (Ethidium bromide); Vivantis

FdueInIgIU (DNA ladder) vu1m 100 fLud; Vivantis
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3.2 /N30 AUNITNAADY
3.2.1 miﬁnmgma'\miﬁmmzaﬂumsmqstgﬂam?ﬁmﬁaﬁnﬁﬂﬁiﬁﬂaami"lmumn
3.2.1.1 daviwszalala CIAT 184

dndenudniviinszdlala CIAT 184 fiflnwauysal thahnsensnide
Frousanesed 70 Wesdud w2 uiit ndentudeadluinduiiuserandediiuas an
LSIRIAT 1-2 vien uasasazasaesend 15 Wosidus weretedeiiieg 15 vl wazdewda
adluthnduiiusieanide 3 afs weredrailesnsiay 5 unit fuudadaliuts antudoas
pnsduATzigns MS ilsenauludie lauaufy 2.6 nsusiodns 1imaglasa 30 niusedns
ALDY 5.8 kavaSAIUANNITIASLAULR BA mT way TDZ avuwdudu 0.5 1 uae 3 fadnsuse
Ans nudy inedesluanmedifivas 16 Falusdetu uazrmuaNRMMQRT 252 saruwaiTua
Wasuonsyne 4 dUnk iiuna waztuiinanisnaaeane 2 dav thrailldndnnnios
arn1siingen TUNNIUINEeR JAAITINEIVRIEenAl8LIestEasAaULUBS 3 TMLAUNTNAABY
LLUUEjZJaniif! (Completely Randomized Design) CRD ¥1n1517a849 3 $1 91ay 20 win
39129 NIadRF 1835 Analysis of Variance (ANOVA) wagyinisi3euifivunnadedieds

o o

Duncan' s fisgsiutiud1fay 0.05 smelusunsy IBM SPSS Statistics 21.0

v S IUNULATINRaANANEEBA
Sovaznsiingen = « 100

FUIULLAATIINLA

3.2.1.2 02814791

Andanudntisnudnniinuanysel Wnavinisienduiiemeueanaged

70 Wosidud U 2 Ui ndInTudeaslutInduNU AN MALAITAALSIAIRT 1-2 Ven
& ¢ & ¢ | | | =~ = 9 = % YR
WAZAE1TALAYAARTANG 15 WosiTud Wwerag19matiiod 15 Ufl wazd g uanadtuuInaud
Us1ANLT0 3 A 1108199098z 5 WITRANAAN 1L 91N US18a9 1M THUATIER
ans MS Muszneulume walkauiu 2.6 nFusiedns dniaglasa 30 nTusiedns A1MileYy 5.8
LAEAITAIUANNITIRTYLAULR BA mT way TDZ AUudu 0.5 1 uay 3 dadniusiedns
ANEIeU Izaesluanednas 16 TalusioTu uagAIuANgUUOIN 2542 aerwadud

d' [ '3 @ v = (v & o d' % ) %

Waguemsnng 4 dUanii Luna wazdufinnanismaaenng 2 ddanii dinailaundiuinsos
AYNISNAYEN VUTNTIUIUYDA TAAINULIIVDIEBANIELIDSTESANAUWDS 1N UNITNAAD
LuvdaNysal CRD vn1snaass 3 91 918z 20 WAAIATITINI9EdRA1835 ANOVA wazyinnig

WisusuALadea1875 Duncan's Nsgautiednfey 0.05 aelusinsu IBM SPSS Statistics
21.0
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w a ﬁi’m’;umﬁmﬁﬁmaawmaaa@
TRYALNINAYDA =

- — x 100
MUIULHANVINUURA

3.2.2 msfnwgasamsiwangadlunisdniisn
3.2.2 1 avinnsedlala CIAT 184
gredudvinnszalala CIAT 184 ALFAINNITNILLAILDAIINLUAR WINSLAE

UUDIMNTAUATIENGAT MS MUsEnaumeatauiy 2.6 nSusedns Uimatlasa 30 nSusedns

1 IS

ALEY 5.8 UWAA1TATIUANNITLATYLAULA IAA IBA Lag NAA A Ldudy 0.1 0.3 uag 0.5

o

fadinfudedns mzidedluaniieniiuas 16 Tilusdotu LazAIUANgUNYIN 2542 e

walded LWasuamIsYng 4 dUaint Jufinwanisnaaes uinantauidiwiniasaznisiingn

[
C =

TUANNI5IRSYAUINY099IN AINUYIVBIIINYNGATOINIT TIUIULAZANYULIDITINTILAATY

N9 2 §UAIN IUNUNITNARBILUY CRD YINMINAGRY 2 91 $1ag 15 A ALAs1eninsadiane
75 ANOVA wazlU3guifigua1aasaieis Duncan's Nssautiednfty 0.05 aglusunsy IBM

SPSS Statistics 21.0

FIUIUYDATLANSIA

S90aNISNATIN = x 100

FUIUTUAIUYDANNNAUA

3.2.2.2 fiagnanén

Grod U EUIE R lE N NSINAZLIA B IBPATINLUER LA EIUUBINS
duns18iigns MS FUsEnaUMEIaRauiY 2.6 NYUADANS ﬁﬂma%ﬂma 30 NSuFBANS ANNLEY
5.8 karaISAIUANNITLASYLAULA IAA [BA uaz NAA anadudu 0.1 0.3 wag 0.5 Tadnsuseding
wnzaesluannsfitugs 16 Flusety LLasmU@uqmmﬁﬁ 2542 pspwadua Wasue s
N9 4 §Unvi Tuiinwanisnaaes thuaildundundssaznisifenn Tuiinnsisaivlaves
N ANUYIIVDIIINYNGATOINNT fé’ﬂmuu,azé’ﬂwmwaw}ﬂﬁtﬁmsﬁum6] 2 dUANY 1UHUATS
VAABILUY CRD ¥N15%Aa04 2 81 91ay 5 #u SATIERNeainaneds ANOVA wazi3ouiiou

o w

Aadedieds Duncan s fiseduildndy 0.05 felusunsa IBM SPSS Statistics 21.0

. R UIUYATIAATIN
IDYFTNITANTIN = . > T x 100
FNUIUFUEIUYDAVNVIUA
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3.2.3 m3AnwgasemsimanzaslunisintihdeliiAnuaadauazeen
3.2.3.1 dwimszalala CIAT 184

thefutavimsealala QAT 184 Aldnnmawnedsnsiafifnsonuds thud
azdudanmeande (Node) smdseanas 1 isufiums wdnhuiwziesduomsdunsei
ans MS fivsznauludae wanauiy 2.6 n¥udedns tiniaglasa 30 niusedns Afies 5.8
LAZE1IAIUANMISLTYLAULS IBA ALty 0.5 Badnsuseding $aufiu TDZ Anuudiudy 0.5 1
uay 3 faansusiedns wneideduaniiziitiuas 16 dalusietu wazaruaugun)if 2542 sem
waLdea ietuaadafildluateadummngnsesgusuaada 1Wasuemsyne ¢ dUaii 1iu
wa uagtuiinuanisvnasmne 2 davi dmadilduiduiniesaznisiiaueadanazeen Ia
AN MYEIEanFIBLIediisaAUes 1URUNTIYIARLUY CRD ¥IN5MAa8 2 91 Hay
20 u AinsrvFnsadneaeds ANOVA waviSouiteuraaeseds Duncan s issduted ity

0.05 melusknsy IBM SPSS Statistics 21.0

° i Y a a )
%laﬂagﬂ'ﬁl,ﬁﬂl,l,ﬂaauﬁ ¢ FIUIUTUSFIUVNENA LA E 208

FIUNUTUFIUT DV IVUA

3.2.3.2 028137611

g1duf1g11@nlAaINNITINILIE LuAn TN ALY ULARYAUNAR
|ngdINte 81UTEIIM 1 wUReS WatumIREgIUNeIMISHUATIERENs MS iUsEnau
lUme Wwauaudu 2.6 n¥usiedns dnaglasa 30 NFumedns Afiley 5.8 wATAIIAIUANNTT
LW3eyLAUle IBA AUt 0.5 Haansuseans s TDZ mulatu 0.5 1 wag 3 daansuse
a & a Y] " @ a = A o
ans innzidesluanigniluas 16 Filuenedu uagaiunuungil 252 asAwalfea eyl

o A v a a [y = [ ¢ U =2

uAaSaN Al UaN8TIERNLINgNITISyTaAada WaRweIMINNT 4 dUn NUKa uavduiinka
n1snAaemne 2 dam dnailldunfmuiusesasn1siiakAadalazyan 19AIINE1IVBILEN
AenestlesAauiues MILHUNITNAABILUY CRD MIN15VAaRY 2 91 918z 20 TU IATIZYA
N19a@dAn2875 NOVA waziUSeutiauaaduaie3s Duncan's NszAutiad@ifey 0.05 Aae

TUswNSY IBM SPSS Statistics 21.0

3.2.4 NIANEINITRIYAULAVD IRV IUADEY
3.2.4.1 davimszalala CIAT 184
ﬁﬂLmﬁmﬁamyiﬂiﬁu1LWﬂngmlummsﬁﬂmiwﬁgm MS 1Wuszegiaan 1-2
&Uani Aendenluldes (cotyledon) ﬁﬁmmamymﬁmmwLgmuummié’qmiwﬁqm MS

LAZANITAIUANNITATYLAULS 2,4-D AMUNTU 0.5 1 3 wag 5 Tadnsusedns nusenaulunie
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(%
o

haaglasa 30 nfusiedns Afiiey 5.8 wneiAsduanngiifiuas 16 Faluwiotu wazarunu
goumQif 25+2 ssmueaidoa Wuszeznan 8 dUami 2NN1TMAABINUINgATEIMN ST AL
Tunisigiivlnueada fe nzidssuumisdunssigns MS fiusznaudisaisaiugy
N15RsLAULA 2,4-D ANuuTY 1 Hadniunedns Yhumadadaimingn 0.4 nSu asuen
uradalnemzunsivunn 1 Sadluns wadasngreendunguisadidng inzdedluranguay
1A 50 fadans USu1nse1mns 20 3addns vuadeuneiifiannuiiiseu 120 seuseund 7
QUMY 25:2 ssmwalda ilofnunszuznnasyAulnvewaduvuansyn 3 Ju lut o-
30 $u vhnsmaaes 3 91 Tuusazdasae Wemeasdwanuiinun disadurinassnm
dmtinan Tnen13nsewasnsza1unsas Whatman wed 1 @rumsmiminvenseaied
wia3alneniseu 105 ssrwadua Wunad 3 93l LLé’aﬁﬂﬁLﬁuaﬂﬂa@mmm%u Juiin
ihniinveansznunses) nsesfienTiensesymiuns wazsioiedesgnoImAdunal 1 und ih
waginsedldduimdnan (Gunaddan ; dadnandidsls - dimdanseatunse) a1nduii
Wwadu1auT 60 ssmneadoa Wuna 12 s silidululogeaanuiiy Fsnseanunsosdi
wadiiouusis Suiindminude Famidminude (Funalgann : divdnudsiideld- dhudn
n3EATENS9) wazanTufin tiAedeveueadig 3 Maildundounsivenimingn waz
dhwinuiisfuszesian LAEATIADUNTHTINVOUTAA LVIURREAI8ENY 0BT AT U LD TINe
Mnduthiwaduruaossnsagmelindesganssauifuwasiiiauamigeaisamud (eyiny,
2550) wagins1gin19adAnie3s ANOVA wagwSeuiiieunniadedaeis Duncan s sy
HedAgy 0.05 selusunsa IBM SPSS Statistics 21.0
3.2.4.2 f2813d

drunadatsudiiieanmsneased @.3.2) Saimifnan 0.5 n3u v
LenuAadalagazun3ITWIN 1 Jadung wadezngaosnilunquisadiant R EIULMNS
mandans1zians MS iuszneuseansmuaunsiaiyula 1BA mwdiudy 0.5 Sadnsusie
An Ty ansmuaumslsyiRule TDZ Anadudu 3 fiadnfudedns kinaglasa 30 nfu
HOANT mnmimamwud’lLﬁuqmmmiﬁmmzaﬂumiLﬂ%mLaUImﬁumLmaﬁa VINITHhEN

whadalaenzunIvuIn 1 Jaduns wadevgroeniunauwadiany misideduvinguvuy

YUIR 125 128807 USU1n5911115 25 Ta8aA5 UULASEIE1NTA1N15950U 120 SoUADUI

a

Mgl 252 samwaldea efinwszernsiasgyiulavesgaduuiuaseyn 3 Tu Tugi 0
049 30 JU Y1NN15NAAD9 3 91 TULAALYILIAN LBLNNZLAERLIANNNUMNUA ULIRAWVIUADY
11UINUNER TAENISNTBINIENTEATELNTOINILNTEAIENTDY Whatman Luas 1 (RIH1uN15%I
% Y] A v oa ~ = ) Y o v &

YIRUNVDINTLANBNLTIATILABNITDU 105 89ANIaTed LUuUa 3 T2Lud wadvintmduaslu

lagaAudy Tuiindminueinszn1ensad) NT89A38NTIUNTOIUULS LaLABIATEINABINIA
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Hunan 1wl dheadfinsedlddanintnan (fuaaldan : dntnandidsld - dintnnszais
n309) MINBuLiead 11eufl 60 ssreaiea Wunat 12 Falus vilvidulu Tagaauiu 4
nszaunsesTitigadfieuuis Sufintwinuis dembsinuds huaadldan « diinuedids
18- dtinnszaunses) uazantuiin tidiadsveugadi 3 veiildundsunsimvesimin
an uasdwinuisiusreziagn wazasnaeunsitinvensaduriunosdedvgooisadulaesd
wis ntuiadueiuansnIaelindosanssaliiiuvdstuiauamgonisaieud
(ey3nY¥, 2550) LAgIATIZIN19ARAILIE ANOVA uagiUIsulfisuAiadsfeds Duncan s 1

v v o w

syAutBd1Aty 0.05 AeluUswnsa IBM SPSS Statistics 21.0

ANRALYRIUNMLNER AuINlAa1N ¢ ANUIMUNAAUINNUAINIIUILEN

UL

ANLRASYDIUIMUNWIAS ANUIALHD1N 1+ AT NLAIUINAUAINIIWIUTN

INUIUGN

3.2.5 nsAnemgasemsiumanzaulunisthuauaadaainnisidensaduuiuaasli
va3eysdudulonal
3.2.5.1 228131761
° o ) ¥ AV v ~ | 4
YILARNAVDI0ITIUIAINLAIINNISNAADIN 4.4.2 UNNIZLAYIVUDINAS
dunsevigns MS Usenaumea1sniuaunisiasaduls mT way TDZ anududu 0.5 1 uag 3
fadnTusiodns Wwakaufiy 2.6 nTusedng Wianaglasa 30 nfumedng Anfitey 5.8 twidealy
A Y] W aa ~ =
an1eNiinas 16 Talueadu warAIuANRUNOET 25+2 perngaifea WhguamInne 4
dUaii inunauasiufinnanisvnasne 2 dani dinailiunduinsssaznisiingen Ia
AMNENNYBANIENBSHESAIAUUDS IURUNITNAABILUY CRD Y11n1571A884 2 91 918y 10
FuUAATH LargonilaINLaaRYILARETIN MR UM SHUATIE RS MS TIUsEnausle

'
o ! a )

413AUANNITIATYAULA IBA Avududu 0.3 fadnsusiedns ietnurlmiinsinuazlanu

=b.

o w

auysal AATIEINeEdAneTs ANOVA uazilIeuiiisuAaieneds Duncan s NsedutidA

2

0.05 AelUsHknsy IBM SPSS Statistics 21.0

Sasaznsiaududuranadd = uduweadanwaundusulnl « 100

FUIULARRAVIINUA
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3.2.6 NMsAn¥INATIUTUTEUNNIAINISISYVOLUER
3.2.6.1 dwimszdlala CIAT 184

dndndviinszalala CAT 184 a1ededunuuinuuidsunduluuiinm
#1949 AB 0 5 10 15 20 30 uay 50 Alausa Ingliadesanefadunuan (§u Mark | fddou 137
Duduiilesidvesguduinisaefdununuazideuedosinaluladumine dainvasenans
A3aN) WNABsULe A uATIeigns MS Aldiuarsaauaunmaeigiln Aseneuly
fe lwauauniy 2.6 n¥usedns tnaglasa 30 nfusdedns Mfiloy 5.8 zdsdluanneiia
uas 16 Halusretu uarauANgUURT 252 ssangaiua ndunizdes WasuemINg 4
dUasi Sufinuanismaaeanne 2 dUaii dwadilddaumisasnissenvesudn Inanuem
goauazsInfenesiioinauives lnsAndsuiufesarveandailiansded evmuium

Se@nvivigaeg0n 50 Wesidus (LDs,) Weawmzidauluszesiian 30 Tu laegainduguine

YosAui Aedudfitineziiaiden \nsenuaysiniianysal uazuiillisendinasidimdeuas
maiuﬁqm LLazU‘%mm%’ﬁﬁa@miw‘%m@ﬂmmi’i’a 50 Wosiud (GRs,) domnziaeady
szeEiIan 30 Ju gn1stenveudn lnawdndonineonuazsnn dinganniesniiieangsien
wlivinisrseiaastoudisunssiyiulmenudadilnemiziasuamsduaseigns

o 1

MS NU52NaUAIAITAIVANNITIILAULA TDZ AUNTY 3 TadnTusans 319uHUN1T
NAAOILUY CRD ¥IN159Aa0Y 2 91 F1ag 30 WA ATIEVNIE@nAn 1875 ANOVA uay
WIguLisuAaaen1835 Duncan's NszautiadAgy 0.05 fawlusiwnsy IBM SPSS Statistics

21.0 Tnen15A11IUAT LDs kag GRsy 91nlUsHNTH GraphPad Prism 8

JegarnIsen = uuatenndsInaesd@nuly 30 Tu o 100
PIWIULAAT LA
v . - ° % fsanass X100
fovazAueysendin =  IIWIUANNIIBAYIA
FIUIUAUNINN

3.2.6.2 12873118
Brudniienundatedadunuunsuuidsunduluusunaeieg f#e 0 510 15
25 30 uag 45 flausn waLgmuummsﬁqLmﬂsﬁqm Ms Alsifnansauaumsasyivlen 7
Usznauluiy lwanaunsy 2.6 nsusoans ffﬂmaezﬂma 30 n3uslodns A1fiiey 5.8 Wnzidesy
anzifiuas 16 alusdetu uazaIuaNgUUYRN 252 eeriwalTea ndumasulasy
91M3N° 4 A Tudinuanismaaemne 2 §Uansi tnadildduiumiiesaznisienves

8w v s § a s a a & v & av v a
WA IAAINUSNIYDALAZIINAGNIDIULIAIAULUDS Iﬂﬂﬂ@LWﬂULUuaaUagsﬂﬁﬁLiJa@W]VLlIQ']EJi\Tﬁ
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§ (3

WevUSuusadniliiiegsen 50 Wesidud (LDs) Wamzidendusyeziian 30 Ju lnwg

a

Mnduginevesiud AeduiaiiTines il nnveauazsniauysal uazdudiilisen
PAnvgildivdomazmeluiign wagTnnasidfiannisadguivlavesi 50 Wesldus (GR) iile
wedsaduszezinat 30 Tu gmstenvesuda lnewdndoaAnsonuaran fifngeaviesn
dieseghaiien arlivinisasafauaziioudisunsedyivlnvesudadilnomisidssuy
91MIAUATIEIIgNT MS MUsznoufeansauaumseigiuln mT mnududu 3 fadniude
AR5 1NLHUNITVIARDILUY CRD YIN19NAABY 2 91 918 30 wwa Tinsevnisadfidae
FZANOVA wazilSouifiouanadedaeds Duncan s fissiutioddey 0.05 felusunsy IBM SPSS

Statistics 21.0 laen15AIIAIAT LDsy kag GRsy 310LUSWNTY GraphPad Prism 8

3.2.7 NSANYINAYIIUTUIAUSIERNUURNBNITRTYVBILAREE
3.2.7.1 dvimnszalala CIAT 184

dupadadavinszalala CAT 184 (4.3.1) anessdunusuuuidsunduly
US1ausneq Ao 0.2 4 6 8 way 10 Alause 1wt lufmundudy mindssuueims
Huangvignsenns MS iusenauludie wakaundu 2.6 niusedns thaaglasa 30 niusio
A0 AMLEY 5.8 LAZANTAIUANNITASYWAULS IBA ANITNTY 0.5 HadnSusiads saudy TDZ
anududy 3 fadndudedng inzidosluanaziiduas 16 dalusioty uazaruaugangd
72542 ssmueaiia Wasuomsnne 4 &Uavi vdamzdeaiufinnanimeassineiiusiuau
wpadaTisenTinlneunadanatd seildler wavunadarinieasditinna uwasUSunasd e
1 LDsy Mi5z8zt181 4 8 waz 12 §UaT9 79MHUAISUAR8ILUU CRD ¥n1591na8d 2 1 5z 15
Fu Tinseinneadngaeds ANOVA waziUSouiiiauaiaaedaeds Duncan s fissdutfodfay
0.05 Wasiduinl8lusinsy IBM SPSS Statistics 21.0 Tagn1saA1u2aiA1 LDs, 31nlUsunsy

GraphPad Prism 8

3.2.7.2 93860

ULAaA1811167 (4.3.2) IaresadnnuuinuuReundululiuinmie Ae
024 6 8 uag 10 Alausn Nnuuiluimuluiy nzdeuugasemsdaunsesigas MS 1
Usenoulusme wawauniu 2.6 nSusieding Winaglasa 30 nSusieding ALY 5.8 wazals
AIVANNITATIYAULA IBA A1ty 0.5 dadnsusiedn Tiuiu TDZ aududy 3 Tadnsuse
a & aa Y v aa = N
dns nzidesluannenduas 16 lusiodu wazaluANguUiN 2542 semiwaldea Wasu
2IM139N7 4 UM viaamziaesduiinnan1snaaedlagtuinuiukaadansentinlagunaaand
Na Ao A v A NS ] a o o A d'
Pinazlldlven wazunadanmeaziduinig wiazUSuIasead e LDy, Nssuziian 4 8 way

12 AUAIY 219BEUNITNAADILUU CRD ¥1N15MAa0d 2 91 9188 60 JU AATILNNIEDANIE
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ANOVA uazilssuifisuaiadenieis Duncan s Nsgautiadfay 0.05 wWesidurmelusingu

IBM SPSS Statistics 21.0 1ngn15A1U20UA7 LDsy 2nlUsATH GraphPad Prism 8

3.2.8 MIANYIANEINT5ATUNSNULAIVBIUER
3.2.8.1 davinnszalala CIAT 184

Sndonudndavimszalela CAT 184 fiflauanysal viniswensudade
woanesed 70 Woddud uu 2 uiil udsandudsaduiindufiusdainideifivansanuss
9D 1-2 ven wazasazaIvnansond 15 Wosiius wehegesoiiios 15 wil wazdroiwdaas
Tuihnduiiusannide 3 ade weredrsiaiesndias 5 uif Ruudedqliuds anduieas
9IMIHUATIENENTMS fiuszneulufe Polyethylene glycol (PEG)6000 Fifimnuidiudu 0 5 10
15ua 20 Wosifust thnaglasa 30 nfuredns MidAiiensdquiuia Mo 5.8 ineidedy
anmefiiuas 16 Haluwiou uazaruaNgungifl 2542 ssmneadoa ndunizidss Wasy
9111599 4dUMY TuiinNan1sVnass Ynafilerunamsesasnisenveatan Tnauen?

s a & a

JoAWAZIINAI8aStesAaUleS lnsdadisuldudovazvanuaaiiniziaselas i@y PEG

W LDy, Wiawnudeaduseuziaan 4 dUavi wag 12 dUai laenaindaguingvessiu
AoRuM N InarddTe NnsaawagsINTiauysal uasduninlisentinvslidmdewazaisluiagn
' - & & o ¢ o 2 v a
LAENIAT GRs, Wotnzlag lusyesiian 2 §Ua gnissendeuudin lagwansesingan
LagsIn duingeanseTniiiesegnies agliinimnsinia lnepdosaznistenuesudn uas
ANYIIIIEUTANUENTIZUAILANINGAT PEG AUdaduiinle 296K UN13NAa8awuy CRD v
N1SNAADY 2 T T1aY 25 AU ILATIEUN9E@DAA875 ANOVA wazilSgulfisunadenigis
Duncan’ s NiszAutisdAgy 0.05 Aaelusinsy IBM SPSS Statistics 21.0 Tagn15AUIUAT LDs,

wag GRs, 9nLUSWATY GraphPad Prism 8

3.2.8.2 3873791
Anidenuantieuinianuanysal vinnsengdidedieueanased 70
& & A o o v T & da = a
Weskdud wiu 2 wii vaeanuudgaduiinqunyusIAmNe AN SaAWFR 1-2 vieauas
ansavatuaaeIend 15 Wesidud wenegesiailes 15 wiil wagdrewdnadluiinauiusiaain
o 3 A9 weegeseLliansiaz 5 wiil Ruwdadaliuie antuieatesduaszians MS

fiusgnaulusie Polyethylene glycol (PEG)6000 fifiarudiudu 0 5 10 15 wag 20 wWasidud

v IS

Urenaglasa 30 nSusedng lddfien1sA1quaund Wiey 5.8 inzidesluan1ieniluas 16

'
a a

969U LarAIUANRUNYLN 25+2 BaAmLwalTed YauNIiaed lWRsueImIsne 4 dUav

Y

TURNINANITNAADY UINaTlAAIUINISDEaZNITIDNVDUUAR TAAINNENYDALAZIINAQELIDS

WHesadlles lneanisuiludesazvsuudaninizidoslnelaiy PEG tfiann LDy,
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dt' & I 1y} ¢ 9 ¢ Iy} a Y & A v U A
Watnwizlaeudussesiian 4 aUan wag 12 daunn Iﬂﬁl@ﬁ]’]ﬂamEWU')Wquﬂaqmuﬂa ABDRUNIN

Ao a a Ql'

Tinaeldden ngeauazInauysel wazdumilisenTinveiidvaeuazmeluiigauaznia

GRs, Woimnzidsaduszazing 2 dUasi gnissonvesudn lnswdadeaingonuazn dids
goanIesIniieagiufer azliviiniinsata lnsgiesaznissenvesuin uazdnuidii
ansovuanzudaldinngai PEG anuiduduminle 2suwunisvieaeauuy CRD vinsvinaes
2 41 $1ar 25 fu IATeiaifeeds ANOVA uazilFeuifisuaiadedie3s Duncan s 7
syAUtBdAn 0.05 elusinsy IBM SPSS Statistics 21.0 1ngn15A1U2UAT LDs, g GRsy 310

1Usun3u GraphPad Prism 8

3.2.9 N1SANYIAMUAINITO LUAISNULAIVDILARAE
3.2.9.1 fvinszalala CIAT 184

Anlaanuaadanavianszalala CIAT 184 31nn15VAasd (4.3.1) NiiA11y

auysal waziduailn compact callus §easomisduasizigns MS Musznaulusie PEG 9

AN 0 2 4 6 8 uay 10 Wesidud dimnaglasa 30 niusedng ldddiienisAmgusium

[ I a J

WY 5.8 kava13AIUANNISIATYLAUL IBA Aty 0.5 Jadnsusadng $1uiu @15Auny

N33YLALLe TDZ ANTNdY 3 daaniudedns wigidasluan1ieninas 16 Taluwioiu was

=

AIUANEMUVAN 25+2 BIANTALTYE MaLNIzIaeITUTInHaN1INARBlaguTILILLAARaTITEN

'
= v A

PIlAuLAasaniyInav 787 wazhraadNn18sdUIN18 wAasUSU1M59E e LDs 7
8887 16 dUAI LagAN ¥ IWAREAY0I0INNNTONUANIISRALAIINEATN PEG AINLTNTY

Wl MIUEUNISNAABULUU CRD ¥IN1510a09 2 91 91a% 20 BULAANE IASITANIEDRA187S

YY)

ANOVA wagiUSeutiisua1iadesiais Duncan s Nssauiind1Agy 0.05 snalusunsy IBM SPSS

Statistics 21.0 lagA13AUIAT LDsy 290lUSHATY GraphPad Prism 8

3.2.9.2 fag1u18

AndonuAadanIgIN1RINNITNAERT (4.3.2) Niiauauysal waziluyie

o/ o 6

compact callus §18a3919115890ATIENGAT MS NUsENOUlUAIY PEG NIAaidudu 0 2 4 6

4
< & o

8 uay 10 Wosigus Umiagylasa 30 nfudedns lddAian1sA1quaud Aoy 5.8 uay

a a o I a 1

#13A7UANNISIATAULA 1BA Auudy 0.5 fadnSudedng siuiuaisniuaun1siasayiiule

o

TDZ Aidudu 3 Tadnfusiedns wneidesluan1ieniiuas 16 Filussoiu uarAluANgumiif

v =

= o & v o o A aa v aa
25+2 DAY ‘Vm\‘iLWWSL@EJQUUV]ﬂNaﬂ']TVWIa@QI@EJ‘UU"U']U’JULLﬂaaﬁﬂﬁamsﬁfJ@IﬂﬂLLﬂaaamm

A

Na aa A o A g ! 2 v a = d‘ U L3
FINUALVYT LAZLAARFVIAYITUFUING WAATUSUIUTIF LINONN LDsy MSz8eLIan 16 dUmu

[ |

LarAN¥1IILARRAYDIIAINITANUAN1IERAILANINGAT PEG A1Xuduinla 219ununs

NAABILUU CRD ¥I1N15NAa0d 2 91 918y 20 TULAARE ILATIEUN19ARAN875 ANOVA hay



36

WisusuALaaea835 Duncan's Nseautiedfey 0.05 AelUsinsy IBM SPSS Statistics

21.0 Ingn15AUIUAT LDsy 9nlUsiuAsy GraphPad Prism 8

3.2.10 MIAsRFaUMERNNALBUadIBIAIavIneluanaa oA (RAPD)

dadenlaauiiidnvuzunndialuaindunivau adnfduielaeldis CTAB
Aanun v Aduediadnlduninuiinufiduedoedsmnegluanasiia vinnasieu
asazanefidudrutsznevlumaiinufizegnlanedweisa (PCR) Tiud Insiwes anandudu
20 fleluasalulasdns Fuliafdue (Genomic DNA) Adudy 100 urlundy asazaiy
dNTPs audiudu 1.25 Tadluans Ao 5o (PCR buffer) Aududu 1 win dindu
Usaanlessu (Deionized H,0) teulwsl Tag DNA polymerase Asadiudu 0.2 adans lngli
fiusunssaninty 25 lulasans (151991 3.3) wdauidAdes DNA thermal cycle Loy

1

USHaunandniizens (PCR product) (15199 3.4) asiadeunananiivonsaieisiaadianinses

a

el
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A13197 3.1 Yoluswesuazarnuiladlelndveslnswesinsemuisluianaoisefing sy

favinszalala CIAT 184

P2 ¢
Yolnsiuas

aneuiiaadlalng

OPAO4
OPAQ7
OPAQ9
OPA11
OPA13
OPA14
OPA16
OPA17
OPA19
OPA20
OPCO02
OPC05
OPCO08
OPDO02
OPGO02
OPGO4
OPGO5
OPGO8
OPG11
OPG12
OPG17
OPG19
OPNO4
OPNO6
OPNO7
OPNO0O9
OPN11
OPK11
OPK15
OPUO3

5'-AATCGGGCTG-3'
5'-GAAACGGGTG-3'
5'-GGGTAACGCC-3'
5'-CAATCGCCGT-3'
5'-CAGCACCCAC-3'
5-TCTGTGCTGG-3'
5'-AGCCAGCGAA-3'
5'-GACCGCTTGT-3'
5'-CAAACGTCGG-3
5-GTTGCGATCC-3'
5-GTGAGGCGTC-3'
5'-GATGACCGCC-3!
5'-TGGACCGCTG-3'
5'-TCGGACGTGA-3'
5-GGCACTGAGG-3'
5'-AGCGTGTCTG-3'
5'-CTGAGACGGA-3'
5'-TCACGTCCAC-3'
5-TGCCCGTCGT-3'
5'-CAGCTCACGA-3'
5'-ACGACCGACA-3'
5'-GTCAGGGCAA-3'
5'-GACCGACCCA-3'
5'-GAGACGCACA-3'
5'-CAGCCCAGAG-3'
5'-TGCCGGCTTG-3!
5'-TCGCCGCAAA-3'
5'-AATGCCCCAG-3'
5'-CTCCTGCCAA-3'
5'-CTATGCCGAC-3'
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M19197 3.2 Yelnswesuazarduindlelnavednsiwesinsomuneluanaoniiefindmsu

8nu1dn (Saunsal, 2556)

Folwsiuos anuilandlalng
OPV02 5’-AGTCACTCC3’
OPV03 5’-CTCCCTGCA3’
OPHO05 5'AGTCGTCCCC3'
OPN15 5'-CAGCGACTGT3'
OPY15 5-AGTCGCCCTT-3'
OPZ04 5-AGGCTGTGCT-3!

Y

A1319% 3.3 diulszneumsalluasemunglianasiiieiin fe 1 diegld

(Saunsal, 2556)

GUEIGH anuiduduGudy  anududugaiing Y3uns
(lulasans)

DI water ¢ - 10.6
dNTPs 1.25 mM 0.16mM 3.2
Standing Taq buffer 10X 1x 2.5
Primer 100 puM 1.6 uM 2

Tag DNA polymerase 5000 U/ml 1V 0.2
Magnesium chloride 50 mM 3 mM 1.5
DNA template S 100 ng 5

U3u1ns59y 25

M13199 3.4 uansgamll at wazdwiuseululsazumsunldlumaia PCR

Tumay gaunil 1287 U
(@9ATALTYE) (W)
Pre Denaturing 94 a4 1 389y
Denature 94 1
Annealing 37 1 45 8y
Extension 72 1

Final extension 72 5 1 99U




uni 4

NAN1SIAYLAZN1SAUS19NE

4.1 msAnwgasansdaaseiivanzaslumanizifsasiaiedninlfiasen
FIUIUUIN
4.1.1 davimszalala CIAT 184

NNNSANYIRTEINSANATIZ TN A Tunsinsideaudadavinszalala CIAT
184 ThAnsend uIusNn Ut WsELATIEsigNs MS MUsznevlufeimanauiy 2.6 n3udedns
haaglasa 30 niusedns A1flow 5.8 wezarsruaunnaiyiulangulelnleiiufe BA mT
waz TDZ Anududu 0.5 1 uae 3 fladnSudedns nuimdinnsmaziass 5-7 Tuisuiinig
sonasyduduseu LLaSﬂ’]ﬂ%ﬁ’]iﬂ’JUﬂmﬂﬁiLﬂ%iyLaUImﬂzﬂﬂWN%ﬁﬂiﬁwaﬁLLG]ﬂGl"N
fuluduanmiil 2 ensdaasigigns MS fiusznausagasaununssqidule BA uay mT
adudy 0.5 1 waz 3 fadndudodns TdnvuedduneuwazBngns RauAadaiusnusn
(radicle) daupmsdnaTizians MS MUsznoussaIznIuANITas AUl TDZ ynAay
dudwinsulndusnuTn Tuduawiin 4 @579 4.1) uay (g‘dﬁ 4.1 n-1) @9 Rizvi and Singh,
2000; Parveena et.al. (2012) 5189731 TDZ fuszandanlunisinuiluiia organogenesis
WA somaticem bryogenesis iuﬁ"aqﬂld ( Chick Pea ) dnwaugn1tasydanvuzaIfunIuLay
duiile (U7 4.19-9) 183310 TDZ annsadienseduliAnuaada somatic embryogenesis
wazsansauuunlaeldfiseauanududusm dedeurulelalafiugiduy 9 wafiseiuaiy
L%m%’uqamadwalﬁmmLL%QLLN%W@@LLaw'v”wmmiﬁLfJuUﬂaéuaaLSMU'%Iaamaﬂ (1510580,
2552)

Mnnsnaasadeimsdsaduszesian 8 §Uan YLeIMTAUATIZAGAT MS 7
U38NaumIgaIsnIuANNISSLAULA TDZ nudinaddiduduinisiingensesas 100 Loy

Y v A a o 1 a ° a Q{' = ! 3
ANUVUYU 3 UFANTUADAFNT ITUIUYDA LLALAINUYIIYDALRAR EJMﬂ‘VlEj@@E) 36.80 gARDLUAN

'
=

LAZANNENNBEARAY 4.24 lyuflAS (15197 4.2) (5U7 4.2 1) @enmdedtu Basalma. et al.
(2008) ¥imsAnwnsTnwdalfiineenluda (Astragalus cicer L) Taoimziasauuems
duns1zvigns MS fiuszneudieansmuaunaiqiiuln TDZ wuindfesaznsiinsenggn
15050] (2552) 189071 TDZ amnsadmiliAagealdludiuiuiinnnnia BA finududuy
whilufienansein Tasamzdnludesd §1 Mok et al. (2000) wuihansidiautfedeadsd

lalnlatiuann waganunsoldnaunu BA ¢ fie Fiotiu (zeatin) e TDZ Jusyiusvesiiiiagise
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(phenyl urea) A1y phenyl urea urunu?ng adenine Tulelalaiiu wazilu non-purine

cytokinin NUsEaANEANgwnn wWudeatulelalaiulunguiiaiu (purine)

M15°99 4.1 nan1stndnudnvesivinnszalala CIAT 184 TilAngenuueImsdunsIzigns MS
NUTENDUAIAITAIUANNITIRTYLAULA BA mT wag TDZ NAINULUNTU19

Wamnziasadunan 4 dUann

BA mT TDZ 31U 31U ARy Al
(wn/a)  (wn/a) Wn/a.) \Wan uazioway U A8
nsinngen  Ban/lAn  HR/LNAR
(31.)

0.5 0 0 60 46 (76.67) 2.807+0.48 1.54%40.23
1 0 0 60 47 (78.33) 2.40'+0.40 3.23%40.15
3 0 0 60 48 (80.00) 7.00°+0.00  3.80°+0.45
0 0.5 0 60 31 (51.67) 10.00°£0.00  3.46%+0.47
0 1 0 60 38 (63.33) 14.00°40.70  2.34%+0.12
0 3 0 60 39 (65.00) 23.40°+1.43 2.87%°+0.75
0 0 0.5 60 60 (100) 25.80°+1.39 1.76°+0.14
0 0 1 60 60 (100) 34.80°+0.96 0.88°+0.09
0 0 3 60 60 (100) 35.40°+1.07 0.76°+0.14

“Memn L/ Aede + SE wansaInnstiu 5 9

Aty 0.05 FleannnsiUIauLiBuAIeIs Duncan's

a U

% IS L LY € a Y ! 1 a A = | [
# ﬂmmmauﬂﬂuﬂaamumEnﬂumemmLaawiﬁlummwmmﬂmmum AN
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M15°99 4.2 nan1stndudnvesiavinnszalala CIAT 184 TilAngenuueImsdunsIzigns MS
NUTENDUAIEAITAIUANNITATAYLAULA BA mT wag TDZ NANLTUTUA19Y

Wamnziasadunan 8 dUan

BA mT TDZ 71U 31U ALY Ay

(un./a.) (un./a.) (un./a.) AN uaziovay U AUYN7

mMsiineen  gan/An  BRA/INAR
(wu.)

0.5 0 0 60 46 (76.67)  3.00+0.31 2.71°¢0.30

1 0 0 60 47 (78.33) - 2.60'+0.24  4.17°+0.10
3 0 0 60 48 (80.00) 7.20°+0.20  4.16°+0.094
0 0.5 0 60 31 (51.67) ~10.60°+0.40 3.84°°+0.21
0 1 0 60 38 (63.33)  17.80°¢1.24 3.38°+0.13

0 3 0 60 39 (65.00)  23.40°+3.20 4.24°+0.06

0 0 0.5 60 60 (100) 25.80°+3.11 2.73°:0.15
0 0 1 60 60 (100) 34.80°+1.87 3.86%°+0.10

0 0 3 60 60 (100) 36.80°+0.83 4.24°+0.11

“Mene Y/ ANede + SE Lan1aInnIsiu 5 9

U v IS

a U

2 % [ & a v 1 I d' dl 1 1 Ly
/AonwsiiouiuluaeauilglfukangIAnedeN e luiinuwanaeiunse AU

LY [

Aty 0.05 F9lpannnIsUTEUMIBUAIBIS Duncan' s
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JUN 4.1 msiwazidesavimsealala CIAT 184 yuemisduaTEians MS NUsEnaumiuans
AIUANNISATEAUTR TDZ Aanududu 3 adnsusedns (n) Wemnzdeaduian 5-7
Tu (1) NsiinkARadINdIUVBIIN (radicle) (A) NsiAnfulutanuaada 1ile

Wnzdsaduseesiign 2 dUan (@) wiawmigidsadussusiian 8 dasi
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0.5 un./a.

BA

mT

TPZ4

U 4.2 mamneidssdaviszalala CAT 184 Uuawsdiaszigns MS (n-a) BA A
WuTW 0.5 1 kay 3 Uadniumedns (1-9) mT AINTNTY 0.5 1 kay 3 daaniuss
493 (v-00) wag TDZ avudnd 0.5 1 wag 3 fadnsusedng uagomnsdaunsed
U51A1NAISAIVANNISLASYLA VLA () 1uaIdy domizidealuszesina

8 dUmni
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4.1.2 fagnandn

Mnnsnvmgnsesduesgiimngan lunmsngdsaudadaeudlniae
HOATIUIULINVUDIMITAUATIZIGNT MS TUsENRUMBaTAIUANNISIISQAULA BA mT
way TDZ At 0.5 1 wae 3 fadnfusedns nudwidanmizdes 7 u daemnd
Sufinssenaigdudulung (Uil 4.3 n) uasiflewmzidsadussesinan 4 dUans
(A57991 4.3) wuiyngnsemnswdniFuiinsdniliiAneen Jeazdannitgnsernisd
Usgneuse TDZ \Anuaadafiusiinsn dnuazunadadidoiuds (Ul 4.3 1) Jaaenndos
fun13iAn organogenesis USiaausNTeIiiEnngi (Scowcroft and Adamson, 1976)

Somsidsafuszozing 8 §Uai ovsdunngigns MS ivsznaudeans
AIUANNTISIASAAULR BA waz mT Audidnwairnanuazu1e andgilndifseiuliwansieiu
17N 9MNTEAUATIEIGRT MS TiUsEnaufBatsaIuaunseIyAule mT avmidud 3

I a

fladnsuredns awrsatninliiineensosay 88.33 Linveniadudian 7.00 tonsoiuin

a

ANNEIBARGY 4.54 LYURLAT (AN51991 4.4) (3U7 4.4 2) laggnsenmsnusenaume BA
waz mT IinuAadausaiedesinuaadaldanwusdimaoauds (compact callus) 1u
IIUIULN
dSUgnIemMNIAUATIZNENS MS NUTENUMEEIIAIUANNITASLAULA BA AIY
Wuty 3 fadnsusedns a1ursatndilmissendauay 53.33 LAinganiads 3.20 HonRalUAR
a a P = & ) & = Y ) awv
ANMUYNMYINRAY 4.68 luRLns Wawmnzidsudussosnan 8 dUani Fsaennanaiuanuive
299 ShunTl (2556) 'vamiwmLﬁsmL@Jﬁmﬁfsmmﬁmummiﬁqmesﬁqm MS NUsenaUn78
A13MIVANNITITYFAULR BA Anadudu 3 dadnsudedns annsatniliiingeniadey 4.63
YOAMDILAR AINLNLDALRAY 4.91 WURLAT LAZAIN1ISNNERLASREaT 75 WIDNIZLaeY
Jusyeziial 8 &Unaavi 1 Kiran et al. (2010) na12111151A somatic embryo kagns
a g 1 3 Y] 1 [ ) Y a Y Y [ '3 a
Wigeulnianudenianta asnsadniliieduiesas 60 e MTELATIENENT MS 7
U5¥N0UAIBAITAIVANNISATAAULA BA Auduty 2 Tadnsusiednssiuiuninieauddn
0.5 JadnSunodns

6

LAZEATNMNTANATIENGAT MS AUTENeuMBatsAIURNNTIaIyAUTe TDZ 90
AMNLNTY AzdnrstndliiAauaadauinnInisdninliiangin nunaIsAIuANNIg
Wiiule TDZ Anududu 3 fadnsusedns awsadniliAnuenads 3.40 vensawwdn
uazamEmMgenadY 3.39 iemnziasadiuszerian 8 dUai
MnNanITMAaBIUINaIIMUANNTaIgIALle mT anunsadnihlfiAneeniade

= = a v ! [ a a ) wa |1 o ° Y a
E;Nﬁﬂ PIUINYIYRANYNITNAGBINUIT mT Lﬂulediwlﬂuusaumimmﬂmamummmmuﬂmﬂ@

gaRMATIUILNINKALAINITONTEAUNIIANTINLAUAY (Mala et.al, 2013) Iaganusadn
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i liiAngenlaanin BA Tu ndae (Musa spp.) (Escalona et.al. 2003; Bairu et.al., 2008),

¥3u (Curcuma longa) (Salvi et.al., 2002) hay NTLUDUNYS (Huernia hystrix) (Amoo and

Staden, 2013) Inedsliilsonuluda

M151991 4.3 nan1stninudavesiienudliingonuuemsdunsisigns MS NUsznausie

A13AUANNISITAAULA BA mT wag TDZ finnnududusiigg Wewmizideadunm

4 gUm
BA mT TDZ 97U 71U Ay Anade  nsia
(un/a)  (Wn/a)  @n/a) wéa  uaziesay  31uau AUYNY  LAAAE
MSfin - gen/luAR  BaA/LuAR
gan (g3.)
0.5 0 0 60 23(38.33)  2.009+0.31 3.51°+0.07 +
1 0 0 60 35(58.33)  1.609%+0.2  3.80°+0.20 +
3 0 0 60 32 (53.33) 2.80°°+0.2  4.28°+0.07 +
0 0.5 0 60 43 (71.67) 3.40°+0.2 4.32°+0.35 +
0 1 0 60 46 (76.67) 5.00°+0.31  4.13°+0.04 +
0 3 0 60 53 (88.33) 5.80°+0.37  4.37°+0.05 +
0 0 0.5 60 39 (65.00) 1.40°£0.24  2.49°+0.06 +
0 0 1 60 47 (78.33)  1.609+0.40  2.69°+0.08 +
0 0 3 60 49 (81.67) 1.80°+0.20 - 3.199#0.05 +

Munewn Y - liiauaadd

+ L NALAARE

v v

2/ GonusnilaunuluaoauufgnukanIIAadsntalldauwnnAeiunss AU

Y

Aty 0.05 FalaannnstUTeuis U8 Duncan's
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A15199 4.4 mami%’ﬂﬁwLuémsuaQf‘hmm(ﬁﬂﬁlﬁmaamuummié’miwﬁqm MS AUsENBUNI8

A13AUANNISISAAULN BA mT wag TDZ finnnududusiieg Wemzideadunm

8 dumvi
BA mT TDZ  9wIu 97U ARy AnRde  n19ia
(n/a) (@n/a) (Wn/a)  waa  uazdewas U AMUYNY  LAAAE
nMsiin gen/uan  Ban/uan
gan (wu.)
0.5 0 0 60 23(38.33) 3.75%10.75  4.13°+0.01 +
1 0 0 60 35 (58.33)  2.40°%*+0.50 4.42°+0.09 +
3 0 0 60 32(53.33) 3.20°°+1.01 4.68%+0.01 +
0 0.5 0 60 43 (71.67) 4.20°°+0.37a 4.43°+0.06 +
0 1 0 60 46 (76.67) 5.80%°+0.37  4.39°+0.06 +
0 3 0 60 53 (88.33) 7.00°+0.31 4.54°+0.06 +
0 0 0.5 60 39 (65.00)  1.60'+0.40 3.17°+0.08 +
0 0 1 60 47 (78.33) 2.20%+0.73  3.48°+0.13 +
0 0 3 60 49 (81.67)  3.40°%+0.67 3.39°+0.05 +

“newg !/ - ldifiauaada

+ LNOLAARA

v v

2/ F19nwsniauNulUADANULRLI N ULANIINALRA ST LA T ANURANFA1 A U TEAU

HydAny 0.05 FaldannsiUSeuiieusieid Duncan's

JUN 4.3 N1912188909810167 (1) VU IMITAUATIENENT MS NUIIAINAITAIVANNATT

WUl (1) MIAKARTAIINAIUYDIIIN TWILFYIVUAITAIVAN N1TLRTEYAUL

a o Ia

TDZ ANUNTU 3 Aaansumeans (A) NNSNAAUlRaINLARad WIBWIZLE8IUY mT

[

ANMUNTY 3 Tadnsusedns (uszeziigl 12 dUa
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0.5 an./a.

JUM 4.4 MISINNZIREINIENIRIVUBMITAUATIZYIEAT MS (n-A) BA AILNTY 0.5 1 wag 3
Hadnsusodans (1-2) mT ANUTUTY 0.5 1 wag 3 Jadnsunodns (v-q) waz TDZ
AMUTUTN 0.5 1 kag 3 Hadnsuradny WAz m1sdLATIENNUIIAIINAITAIUAY

a a o v = & & U L4
nstaseydule () maudiu Wewnsieadussesiia 8 dUav
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4.2 nsAnngasansivanzanlunisdniisn
4.2.1 daviwszalala CIAT 184
MnmamziassiuseudiedninliAnsnuuemsdunseigns MS fivsznaudae
a13MIVANMTIRSYIAULANGURBNTUAD IAA IBA Wag NAA AAdudu 0.1 0.3 uaz 0.5 fadniu
sodns nuinflemsdsaiuszesioa 8 dann o IMIdUATIZAgAs MS TUsznaufeas
AIUANNISLATYAULR IAA IBA %138 NAA nnAududuaiunsadndiliinsnlavnansemis
(157991 4.5) ansaruaunsasyEule 1A avmdudy 0.3 fadnsudedns Fniisinenid
Snvardvnivutina (GU 4.5 2) annsadmirsnldesar 40 Suaunniedelduniian 6.5
ndef warANLEMIINGEAY 1.18 wuAiuas Tuyhueafefiu Barik et.al. (2006) léinstn
ihsnludagnld wnsidssuuemsdaassiais MS fiusznaudisarsauaunisiaauivle
IAA anadindu 0.5 fadniudedns annmsmeassnuhaansadmiliiAasniade 3.6 s1nde
fu mueNTINedY 3.90 WwuRlung a1nauAunITayAule 1BA Audidy 0.5 fadniuse
803 annsadmisinildnvugendnn aunsadnienldfesay 36.67 duusnedgld 5.5
snsiefuLAZANNENITINGAE 1,12 WwuRles (JUT 4.5 @) tazansmuaunIsLasiuln NAA
arandudu 0.3 fadndurodng annsndninnifdnuurdudinasunsatnihnldfesas
33.33 $1ausINLALLY 4.40 TnsefulazAINENTINLEE 0.80 Llwuflns (U7 4.5 )
Graves et.al. (1978) 51891ui11uruTINanas oa1sAIUAILANNTISQLAUTA NAA fady
dududstuduidesnnanuduiureseeniugeiinasudinisaigiviavenieosn &
5789711539889 Norton and Skiruin (2001) WU11ANTUTUYBIAITATUAIUANNAS

Y Ia

WIgkAule NAA fiwnndt 1 Tadnsusiedns vinldsinvesejuansiug Norton LAnsIndiudu
Wepindie Wadiaugnatiu 8nvivaisnuaiuauntsiasyiivla NAA Wusanduid
Usgandangeanuisandeudenelufivlifuazaaredadrfanliduiivdotudiuii
(Zaerrand Mapes, 1982) ka¢ Hansen and Grossmann (2000) A81711AHTNY LD BN TUGIRE
N siRTeesINTIaasTTsNane AULINTY

44' & & Y ¢ o A 1% '

deaimneiasadussegiian 4 dUa1v nnsneaesdunadnfivaiuisaaiieeent
! (% 14 (% IS ! ! ! a = (% Y ¥ a0 IS
Sawfunsaiesn Tuni (2542) nd1vi ansnqueenduidleldluszAuanutudunaiaziing
nszAuliiileigefiviinsudsgadiuiniu Hglvlinsasisinvsesenlvaduniniouiy geiing

Prunlglunisnziasaidaidaisladsa
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M1319% 4.5 nanstniigenvesdimsealala CIAT 184 THAATINUUIMMTEUATIZAGAT MS

Wamnzidgaduial 8 dUani

NUTENOUMIEAITAIVANNITIATYLAULA IAA IBA LAy NAA NIANLUNTUs199

IAA IBA NAA U U Aade ALade
wn/a)  @wn/a)  (uns/a) i uaziouay 14U AU
WNZEBY  A1stAngaN SIN/AU SIN/AU
(a.)
0.1 0 0 30 4(13.33)  0.60°+0.84  0.47°+0.20
0.3 0 0 30 12 (40.00)  6.50°+6.38  1.18%+0.21
0.5 0 0 30 12(40.00) 2.80°%+2.20 0.88°+0.05
0 0.1 0 30 11 (36.67) 4.80°°+0.38  1.12%°+0.14
0 0.3 0 30 13 (43.33)  3.70°9+0.59  1.33%°+0.21
0 0.5 0 30 13(36.67)  550%+0.70  1.12%+0.12
0 0 0.1 30 14 (46.67)  2.70°°+0.57  1.54°+0.32
0 0 0.3 30 10 (33.33)  4.40%°°+0.45 0.89°°+0.09
0 0 0.5 30 13 (43.33)  4.00°°°°+0.81 1.10%°+0.05

*pneeie Monwsviounulursduilifeatuiansitaeaenlaliinnuuandnesiunsedu

v o w

PEGRGEY

0.05 @FalnannslSeuieunIe3s Duncan's



JUN 4.5 uansdnuaienisiasyiivlavessinawimsealala CIAT 184 NinelaesuuemMsdaATIzrigns MS (n-a) IAA Aadudy 0.1 0.3 uay

[ 1A

0.5 Haansusedns (9-2) IBA ANULINTU 0.1 0.3 kaz 0.5 Nadniumeans (U-1y) waz NAA ANt 0.1 0.3 way 0.5 Jaansusiodng

€

<

Watwziasaduseaziian 8 dUn

09
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4.2.2 fagnandn

MnmamzissfuseudiedniliiAanuuewnsdunszsigns MS fivsznaudae
#13A7UANNISLATEYAULA IAA IBA way NAA Auiudu 0.1 0.3 way 0.5 Jadnsudedng wuin
Somneidsnduszezinan 8 #Uav emnsdansizsigns MS Avsznaudisarsmiuaunis
W3nuAule 1BA Aty 0.3 fiadndudedns awnsadninliiAnsinfosas 90 snnfianinde
7.5 INRAU ANENTINRAY 1.20 WURMATABIIN (317 4.6 TUT 4.6 9) 1Tloean 1BA 1Ty
asfiuannaveseanduasuiiam indsudelddmnn uiaaredalisings dadudnvasd
winganlunistninliiingn @sey, 2537) wasralululumafeaiu Ahmad et.al. (2012)
vmstniliinsnlui (Cyamapsis tetragonoloba) Inevinsimnzidedlusmsdaunsize
an3 MS fiszneushoansmugumsiasauduls 1BA aadidu 0.62 fadn3usiedns awnsadh
inlmAnsnldunnamado 3 sindesiu uazAwENIINLAY 2.5 WURALATHETIN WULFEIRy
Sheikh et.al. (2015) vmsdntliAnsnlumlashmswnsdeduemsdaaseigns MS 7
U5¥NaUAILaISAIVANNISIISIAULA IBA NNty 3 Tadnsusiedns sauiu BA Anududy
2 fafnTusiedns way GAs annsadniililinsInTesas 72 duasAIUANNISIRTYAULA NAA
Nnnsneassannsatnihlifiinniesay 70 S1nuTINLAY 6.80 SINARULALAIINLIITIN
128y 1.12 Wwufities fnnuldudu 0.3 fadnfudedns (3U9 4.6 @) wazdiuansniuaunis
WIAUle 1AA arunsadnidldiAnsnFesay 40 Sautusnadeld 3.1 sindefunayauen?

51Nade 1.01 WwuRues Nsgauanududy 0.5 fadniunedng (U7 4.6 A) e1dlsiniu A

Y v a A i Y] a A v 1 a Y v aa
L%MTUT@Q@@ﬂ%UWLWmW%ﬁNQSLL@ﬂfﬂ'Nﬂu‘l'ﬂ@]’]uslju@‘wsﬁiﬂE’JG\@QI@JQ\TLﬂu‘lU L‘Wiﬂzmi“dmi‘wu

SN

Auuduguiulyardudnisiasyveant ilvlumades $1¢ uazaglunan Wewely
LagAly, 2555)

Bhojwani and Razdan (1996) wagssanug] (2540) 4ugi131n15:An51n91ngenNvn
ldluiivnareyinainsafndulafidomiziigauuemisduasieiigns MS Nanaduidudu
YBIFINBINITAIATINLL 1138 1/4 V03AUN T 99T 099NN TANAINTNTUYDISIHDINNT

I v v o = A Yo a a
aadunisananududuveslulasiauniiegluansemis damsiivlasululasiauinnifuly aed
NLATEYNNAIUAIAUNN TurENSININ1TL95Ues (Hopkin and Huner, 2004) @21A23877
il oRtensiniidu danuendldiiu 0.5 wudwng ialilleinsnieruiulienania
seninnsérevgnuazyiibinunielalunievds (Bhojwani and Razdan, 1996) #331Msnaaes

a X a a P P a T =
gOATINIZLEYIUUDIMNTILAN IBA Hanuensiniiies 1-2 wufuag azldddgymsndsisuie

Mealatreanuan
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A15199 4.6 Han13TNU18eANI8 1IN IAANIINUUDIMITAUATIENGAT MS UsENOUAIY
A13AIUANNISLASULAULA IAA IBA waz NAA firaududusiingg Wiamzideady

a1 8 dUan

IAA IBA NAA U U Alads  Anadeay  nIsia
wn/a) (n/a) (n/a)  dudl uaziovaz U P15IN/AU  LAAAE
WNZEEe  AnsAasN SIN/AU (24.)

0.1 0 0 10 6 (60.00)  2.70°°+1.39  0.96°+3.32 -
0.3 0 0 10 5(50.00)  3.00°+2.22 1.28%43.07 +
0.5 0 0 10 4.(40.00) — 3.10°+1.79  1.01°42.33 +
0 0.1 0 10 8(80.00) 6.00%+1.36 2.02°+3.38 +
0 0.3 0 10 9(90.00)  7.50°%+1.3¢  1.20°+2.15 -
0 0.5 0 10 5(50.00)  4.50°°°+0.54 0.93%+3.25 -
0 0 0.1 10 5(50.00)  6.10%+1.08 1.56°°+1.05 +
0 0 0.3 10 7(70.00)  6.80°°+0.78 ~ 1.12°41.77 +
0 0 0.5 10 7(70.00)  1.10°40.97  0.46°+2.03 +

“Nueg !/ - lifiaunada

+ NOLARRE

v v

2/ Gronwsivilauiulunduulf g ULEAIIIALRREN ke LT AN UWANA1IAUNTZU

Y

HedAy 0.05 ZeleainnisiUieuLiisuseds Duncan s



0.1 un./a. 0:3-40./8. 0.5 un./a.

[ 1 a

JUT 4.6 uanIiNYEN1SRTYLAULATEITINMIENUIANINZIALIUUDMNTHUATIE VGRS MS (n-A) IAA AMLTNTY 0.1 0.3 uag 0.5 Tadnusedng

(3-2) IBA ALY 0.1 0.3 way 0.5 Naansuradns (W-ay) waz NAA A 3dudu 0.1 0.3 wag 0.5 Jaansusredns Weomizideadu

sraziIan 12 dUan

€S
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4.3 nsAnwngasansiuaniivuzaulunsimideliiaunadauazen
4.3.1 daviwszalala CIAT 184

MnMamzdsusiniiinseaunds thudazduindaanizdiude e11UseNm 1
wuRng (3U7 4.7 n) dethiududonimgidssuuemsduaneigns MS fidsenaude
#13A7UANNITTLAULA IBA Aududu 0.5 fadnsusedns saufu TDZ Anududy 1 3
uay 5 fadndudedng nuiduddoausoiauiiaduuradawasinuinndudiuln
Iimnszduanuituiu annsseaunuiideasmuaunisiaiapiula BA lswiu TDZ
wuaunsatmilfiAngeavarssenaindeludainiing (Cicer arietinum L) ¢dninnnsld
415AUANNISISLAULA TDZ tie9eg13@ed (Sharma and Amla, 1998) 21NN15NAABY
n¥snnneidsaiuszesina 8 #Uad nuideausadnilifn uradauazeen eans
AIUANNISLATEYLAULA IBA A uLUNTY 0.5 Badnsudadng saudu TDZ Ad1uiudu
3 fladn3udiedns d¥ovaznisifingeniesar 100 SuiugeAUaTAINEILDARABINTIGN
fie 6.67 vansiote uayAINLITEAIRAY 0.52 lwuRLAs (131971 4.7) (JUT 4.7 A ) ddy
fdnvasiile lnavnfinuenvowenanastiiasiaiin 102 lnsedunisiiaues
lelnlafiuluduidoBenniuluaudmanenisdudsainueivessen 9 TDZ fuasie
wANATLY8Y cytokinin Tulwadity Tasnuiiasruaumsiasaivla TDZ wWaguanmues
dodeiideinis cytokinin uufiuaniisfiadne cytokinin tiaaefLes (Huetteman and
Preece, 1993) waznaddlulumadisatu 231030l (2552) msmzidosuaadaasdidun
(Phaseoluslunatus) waLgawummiﬁﬂizﬂauﬁwaﬁmuqumiw‘%@y@uim TDZ nwuin
#13AUALNSLATYLAULR TDZ annsndudanisaatesies cytokinin wasyiliuaadaasa
dunasaiulaluamisiilidl cytokinin LazdenadasfusIBued Bui van Le (1999)
ynshanw TDZ inaaindsarstusunnmsdluiadenudt ToZ annsnogluanin
v 48 Falus winuelaiidfnyues TDZ huwadfivfe eyiusuesnglada (slucosyl)
Fawanainnisyieiufingae cytokinin ves TDZ tu hﬂﬁgmﬂ?ﬂ'auwlﬂu cytokinin vy
oyWusyetesAtiu Lagmsieaildannsdnihues T0Z dnlided Fadululsin Tz 1
lUsumummuedfuvesiuiueisadudae (Murthy et.al., 1998) Wudeatunsnaassiies
drudevemavuuusmsdunszigns MS fUszneuseasmuaNnsasyiuln TDZ
mnududiu 0.2 fadn3udedns anunsadniliiAngenndsldgean 3.8 von nuguads
3.96 WUALLAT uazoaniliannisiniwesarsaiuaumsasgivln T0Z Snlidas

(lws5ml, 2555)
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A13197 4.7 wanstnididevesniviansealala CIAT 184 IiiinuAadauazyenuueInig
duATIErgns MS MUTENBUMEAITAIUANNISIITYAULR IBA AU 0.5

fiadnsureans souiu TDZ Arnudaudusies Wemnzideadunan 8 dUam

IBA TDZ 31w U 1UIUYDA ARy
(un/a) wn/a) 49 waziovay \ie/de A2UYNILDA
asiiauAagE (sa1.)
0.5 1 40 40 (100) 4.00°+0.19 0.55%+0.36
0.5 3 40 40 (100) 6.67°+0.55 0.52°+0.33
0.5 5 40 40 (100) 3.06°+0.24 0.49°+0.29

e Mdnysmieuiuluroduilineiiusaniitanafeilalidanuwandaiuiisgau

v o w

deodAty 0.05 Felaarnnisidseuliieuaieds Duncans.

'
[

JUN 4.7 Jedavinszalala CIAT 184 1n1glA8UUDIMITAUATIZNEAT MS 71 UT1AR1N

d152UAUN1SLaSLAULe (n) Weolwizldss 1 dUa 9 (1) IBAAMLTUTY 0.5

q

(3

I a ! Y a o

AANSUABAMNS SIUNU TDZ ANUINTUY 1 TadnSusaans (A) IBA ALINTU 0.5

)}
on

>

a o I a ]

1a8nSUABAMS 57UNU TDZ ANUIUTU 3 Dadn5usaans (1) IBA Auudu 0.5
NadnSuMANT 59UNU TDZ AULINTU 5 TaanSUADARNT ANUAIAU LiaMNLLA8a

Wuszezinan 4 dUani
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4.3.2 9287418
NNITNIZLRSUUAATANLDAKAD UIFAZAULFARNIZAIUTD 81UTE 1
LA (JUT 4.8 N) W FuadIuToN N EIUNMNTANATIZVEAT MS TUsEnaume
#13A7UANNITRTLAULA IBA Aududu 0.5 fadnsusedns sauiu TDZ Adududuy 1 3
way 5 Jaanduredns wuindudlruteauisanmunindulradavazimuinisidudulnle
[ £ % [ dy <3 [ f v A (v I~ [ a
NNIEAUANNTNTY nananmzdsnlussezian 2 §Uae delinsimunluueada &
o a v & v ! s o & o vy ¢ & &2 a
anwaugkde ingiulunguieu nquwadaiidlen wasilluunadaldauysalviady e
wnzidsnduszeziiagn ¢ dUav anssd (2532) naniwadnuszneuiuluwpadayia
= - = & al o P v v P ¢ '
\Wu compact callus 4 dnagiluwaanilalanaradududu waziioosunluanuiuuy uaz
(v a lejq./ v I~ ¥ M Y q.'/ % % a a
whanaytailinaganunsanmududulmlaiy Tnemlugldasauaunisasyduls TDZ
Auutusaglalaaaanuiy Hileq Inslusiunues Hong (1995) Wisldansaiuaunis
W3AUle TDZ Anuidutugeaslauaadaniiades ueilatAnduuslavenveuduusleasdl
< a o | gol A Q’ll I~ [y s
YIRLaNkaEIdnw Ul 3NN Ineaeiazdesluszeznal 8 §Uav uueImis
duAs1ERgas MS NUsENBUAILAITAIVANNITIRSLAULA IBA A13uTY 0.5 HadnSusie
ans 570AU TDZ ANty 3 Jaansuneans aunsadninliiswaasasseas 100 Wngon
waglauiniian Ae 13.5 goaseve ANNEIILOALRRY 1.03 LWURWAT (113197 4.8) (5UT 4.8
M) danAdINU Lata et al. (2013) IMNISNILAETUA BV TUULDINNTIRT MS
fUsgnaumeeaIAIuANNSasRule TDZ Annududu 1.3 57 uaz 9 fadnsusiedns 1Ju
1981 ¢ dUat wud1ansmIvANNISRSAUe TDZ anudutudiastnilninsealvdle
FIUIUNINNIIANUTNTUE LA 8RNI DY NEIEITAIVANNISIITYAULA TDZ A1HTUTUA
a & A a o 1 a o o Y a ° al a 2
fianma 1 Tadnsusednsainisatnirliiineandiuiuniniianse 60.31 gondadu uay
NUITeVRY Knyazev et al. (2018) laanwinisimurduduludainuaadanwauiunainlu
Y84 Parasponia andersoniiplanch IAgINIZIaguLIMNTHUATIENANT MS TUsENOUAIY
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A15AIUANMTASYLAULA IBA A aludy 0.05 ladnfusiedns $iufiu TDZ auidudu 0.2
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A157199 4.8 NANISTNUIT0UDIFINIAIALAALARA A LALEDAUUDINITHUATILRANT MS

Y

PN v a a [ Y] A a o 1 a
‘V]‘Uigﬂ@‘Uﬂ'lEJﬁWﬁﬂ'JUﬂNﬂ'ﬁLQiQJ}LWUIG] IBA AMULQULYU 0.5 UadNIURDanNT

520U TDZ fimnudndunnee Wewmnzideadunal 8 dUai

IBA TDZ U U I1UIUYDN ARy
(wn/a.)  (un/a.) 49 uaziowaz \ie/de A2UYNILDA
asiiauAagE (w1.)
0.5 1 40 40 (100) 2.25°¢0.19 0.585¢+0.04
0.5 3 40 40 (100) 13.5°+0.14 1.03°+0.40
0.5 5 40 24.(60.00)  6.50°+0.06 0.71°+0.04

e ddnwsnilowiulursduilifedtuianyiAnaientaiianuwanseiunsgiu

1Y

WAty 0.05 Fslarnnsiuisuiisudieds Duncan:s

'
[

JUN 4.8 T u1A I nIlAgIUNRIMTAUATIENEAT MS NUIIARINAITATUANAITNIS

a o 1

Ww3gAUle (n) Wotwzlass 1 dUani (1) IBA AuLdutuy 0.5 fadnsusodng

[ a o 1 a a o 1 a

94U TDZ ANUUTY 1 Tadnsumedns (A) IBA AUWNYU 0.5 TadnSusadns
590U TDZ AMUINTY 3 Jaansusedns (1) IBA AUNTY 0.5 Aaansusaans
J7uAU TDZ Auudu 5 Sadnsusedns audisu wWamizaeaduszeziian

4 U
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4.4 N3ANYINISIIYHUINVDILYARLYIUADY
4.4.1 daviwszalala CIAT 184

MnmstaEavesiavimszalala CIAT 184 firuntsnlongndenmsdosun
p1nsduATIZIgRs MS Usmanansmugunsiaiauiule wulomnzdsaduseznan
7 1u L;Jﬁ@mmamﬁzyLﬁué’uéauuasmuLgawj deludsanmnzidssuuemsdunsss
an3 MS fiuszneusneansmugumsaiapiuln 2,4-D amnsidudu 0.5 1 3 uag 5 Jadn3usie
303 (U7l 4.9 n) Tudssanansoimuninduunadalimnsssunududy lnsanseuaunis
WwiAule 2,4-D anunsadniinaaaaniesiuiulelalaiiule (Castillo. et.al., 1998) uasg
Evan et.al. (1981) 1891u 2,6-D umsmuaunsiasyiulalunguesndudiddnlunis
wngiasaiodofinielilunisiniliAnunada g agnsedunszuaunsudaeadyinli
wadverevunauiaduieuLnadd

ndnsdssfussesiat 2 dav ludeainswaunduweada Mnziu
e NguIadiAndes a1 (Friable callus) waziduunadaauysellavieiuiiommzifos
Huszezinan 8 dUami (SU7 4.10 n-) gnsemnsusznausieaisnuaunisiaigivla
2,4-0 avandudu 1 fadnfudedng f¥osavn1ainunada 96.67 uartmiinanuiniian 0.63
n§u wararusetniiiAnupaddlisenay 97 (113719714.9) (3U% 10 %) Fsapnndosiiy
NIV (SAuInsal, 2554) "Léfﬁﬂmmsm%ayumL%aéLLmuaasmmmaa‘”aﬁwamﬁyaﬂmﬂ
druvedluidiesvesiarnszalala CIAT 184 Wmfwqmawmiﬁaﬂmmi{ﬂﬁﬂﬁ,ﬁmLmaé’alﬁa
flgnrouuansduanesigns MS ivsenausieansmuaumsasyiuln 2,4-D Anududy
1 fadnfusedns uazuideuss Yuan etal, (2011) vnsdniiludesliiiounadaves
Stylosanthes guianensissw.cv. 'Reyan 2" Uummiﬁ'ﬂmiwﬁqjm MS fidsznausiuans
AIUANNITIRTAULA 2,4-D ANty 3 fadnsusedns dSevavmsiinuaada 74 upada
fanvazduteudingas (yellow granule) Lay Godwin et. al. (1987) anunsatniliiin
wAadaveada (Stylosanthes scabra Vog) fmﬂdauiuimULWWSLgawummiﬁqmeﬁqm MS

MUsENaUMEAITAIVANNITASAULR 2,4-D Aududu 0.5-28adnSusedns
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A1519% 4.9 wan1sTnunlAnwAadaaInluldssvesnvinnsealala CIAT 184 UUBINNST

duAT1evigns MS NUsENaUAlIgaIsAIuANNISIaSRUle 2,4-D NiseAuaIy

Y v d' & <, Y] ¢
bUHVURNNE Watnzlasaduszeziian 8 @unv

2,4-D U Swunazderar uinanvaAasd
(un./a.) Tuides nsiauAadE (n3w)
0.5 30 27 (90.00) 0.55%+0.04
1 30 29 (96.67) 0.63°+0.05
3 30 28 (93.33) 0.62°+0.18
5 30 28 (93.33) 0.43°4+0.06

3
Y]

e monwsmdeuiulunsduilifedtuiansiraientaliianuwanseiuisyau

v o w

dedAty 0.05 FelaannisiTeuiisuaieis Ducan s

U 4.9 n1stndinaadaaindiuvesiusdes (n) Tuldeesdvinnsealala CIAT 184 1ile

wizdsafuszerinat 7 S vuownsduasieigas MS fiusimaInasaaunung
S3yivle () Snvarvewaadaduinala d1ui uuomnsdansiesigns MS 7
Usgneusmoansmunumsiaiaivle 2,4-D anududu 1 dadndusiodns 1e
wnsidsaduszesinn 8 §Unii (A) Snuuzresuaadaduina weadatiniedy

wUY Wawnzidsadussozal 12 da
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JUT 4.10 Tuidesniviansealala CIAT 184 818 7 Ju InelgsuuaIMsduATIEVgAS MS

Y

U5¥NaumMeansRIuANNITATYRUla 2,4-D (0) ANULYY 0.5 TadnTudedng

(1) MULLTY 1 TaAnTUsaans (A) ANUINTY 3 HadnSumADans (1) ANUINTU

5 fadnsureans Wamizidgaduial 4 fUan
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thuaadannduluvesdaviinsealala CAT 184 :1nnsvnaes 4.4.1 ieimeides
Husveziian 4 dawi Yadniinan 0.4 nfu vnsusnueadalaeszunsaung 1 Sadiuns
wadazngaeenidunduisadiding mzdedusmamadaunsizigas MS usznaudie
asmuAuNISaSyiAuTe 2,4-D arundudu 1 Sadnusiodng tanaglasa 30 nusodns
U3un501M3 20 Tadans ingidssuuaionveiidanuiasey 120 seusoundi fgaumgdl
25+2 pamnwalla WeAnwiszezn1siaTyAulnreasaduyIuaeeuesda (115197 4.10)
uay (3U7 4.1 n) wadasnedudunguanadn wsdomzideelusnuusveead
wruaesazinziudunguunalvgty weneenanfuldie wazannismeaininan
(5U# 4.12 n) wagAtiminui (5U7 4.12 %) YouBAdLINNITIEIABT sEa A
WUINgadLUINaesaidainIsiyesesaniilugag 9-21 Tu dvtinameadifinunndu
Faluszesiifudae log phase Felinaldluvadeatuanuisaves Poeaim et al. (1996)
Menuinsfnmsrezmsaiyivlaveseadiviuassresinmeiusynaenuzad 105 7
wzdeduenmnsgns N6 fiussneusae 2,4-D ety 2 fadniusedng tas3Bumiindn
an waztminuis wud1seey log phase agfitaanan 6-16 Ju Fadudsfieaduviuass
Wsiulmegendmnvdnsuiwesiudsadusulnivaznsueninsinnana 910073
MAAeIxINg stationary phase 21-24 U uay death phase 27-30 11 Tufuil 21 St
amazﬁmﬁﬂuﬁqgaq@ 1.0691 n3usie 20 108aNTYPI8IUIT WAy 0.1148 niusie 20
fiadansu09e19M13 ANAITU ausnY (2550) nandinwadiegluszey log phase 1uraed
wadwsaiulaldegneing wangdmsuiluldlufanssusne wu wWasuemslng wie
inldniviiamundusilu Wednwvwaduriuassiiony 21 Yu feondesanssaiuuy
Bright-field microscope azifiulgaguvauaesizusianay’s waziluriousieguziuiu
dnwardauazdla eamnnsiiunasveawaduviuaseiisaungudeusiuiu (Ul 4.11 )
waduvuassiiulianunsavenlddaaudidiamielimsaaeumsidinveaad

Yy o = a I o ¢ Aada o [N
uﬂ?u@@ﬂ@?ﬁawaainia%UIWQS%UWW WU?WQWUUI&%aaum?u@@ﬂmm%?mUQWUI@@%IU@qwqi

faaaa =

wadwaduviuaseimeliegUruuluems WewinUnfwaaniddinvziiouledioanas
\séi(esterase) pgneluigad detuilodnwasuIIuaendeumedvigeaisadulaosiing &l
gyuiseiuleuleiioamesisanognelulwadueinasy INTUTINYATLYIUADYIN

nagnelandesganssmindunaeniidauamgoeaisawud WaduuuaseNinsisouadde

(%
£ v aaa

fidwdeiTen uanaiwanuudlidined (UM 4.11 a) uidwadurivasslifinduansindu

Y

I aM raaa
L%aaumaua@ﬂmlumﬁjm
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A157199 4.10 ANNNUNER LazUNMUNLALRALVBLYAARIINARY I UNYITNSYElnLla CIAT 184

= & o ¢ PN v
VlL'W']SLaﬂﬂluaqwqiLﬁﬁﬁﬁﬂLﬂﬁqgﬁqmﬁ MS Vl‘iJiBﬂE]UMEJﬁ’limumm’]i

WSeuiule 2,4-D Ansdudu 1 dadnsudedns [Wusveziian 30 u

U dwinaniade dwinuaaie
(0.4 nFu/ 20 Waddns)  (NFU/ 20 UadanT)
0 0.40000°+0.00 0.0349°+0.01
3 0.4494%+0.17 0.0358°+0.00
6 0.4604%+0.08 0.0366°+0.02
9 0.59359+0.07 0.0593+0.02
12 0.6099+0.03 0.0599°+0.03
15 0.7786+0.09 0.0934%°+0.01
18 0.8927°¢+0.37 0.0949%°+0.03
21 1.0691°+0.14 0.1148%+0.01
24 0.9944°°+0.81 0.09972°+0.04
27 0.5642°€+0.00 0.0475%+0.02
30 0.5341%€+0.01 0.04449+0.01

g ddnwvilouiulureduilifedtuiansirnaienialifinnuwansnesiunsgiu

Y 1Y

deydAty 0.05 FelaannisiUTeuiisuaieds Duncan's
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JUM 4.11 msasgiavlaveseaduviuasyvesivimszalala CIAT 184 Tugnsevisiviad

o

WATIENENT MS TUTENaUAIBaIsAIUANNISRSILAULA 2,4-D Auudu 1

o a

AANSUFDANS (N) ANWAULITARLYIUABE TUVIALNILLALY (V) ANYUSVDUNIAA

pid)

Y v ca o o 1 fal v [ |
LLmuaaamaimaamamimwmawma 400 W1 Waadanye 817 LUUE‘U‘V]E]L!

(A) lgaauvIuarEMelinaeganssAunglosawuanfidae1y 400 win leaaid
TIfnddeisesuaiiofoursdngoasadulnosding

mnliminaawasiavimssalala CIAT 184
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06 4

04

uvidnan (n3u/ 20 daanng)
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S
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S
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o

V0 5=
nanddnuvisvosnwvianszalala CIAT 184
0.14
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01
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(n3u/ 20 danans)
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Wviuvia
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JUN 4.12 Mmaasgivlnvessaduyiuasgvesivinsealala CIAT 184 lugnsemisivian

fups1Engas MS NUsEnaumeaIsnIuANNIsasLaule 2,4-D Aadudy 1

1 a

Tadnsumedns (n) Wmtnas (1) UIrtnwiAg
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4.4.2 fagwdn
thueadanndaudevesdienundianmanaaes 4.3.2 ieineidisnduszesnan
4 &Uai Faimiinan 0.5 nfu shnsusnuaadalaeszunseuia 1 aduns iwadaegn
oonidunduiradidng imeidiedluomsvaidaessigns MS fiusznaudisansniununis

a o I a

W3gYLAULA IBA AUINdU 0.5 Hadniunedns sauAu TDZ A1uNdY 3 Jaansudoans
5161'16‘@?15?1 30 nuredns Uunsemns 25 fadans inzdssuaioundifidannmg
59U 120 sUsDUNT Tigunadl 2552 ssmwaldoa ioAnwiszoznisiaTyivlnveusad
LYILADEYBIT NUTIENMEYLYaduYINaRsIiUAsuuasndndeaduiiTen wadd
Snwaiznan inzfuundulve) (U 4.13 n) uasinmsmAnian (a9 4.11) uaz (gU

Y

1 4.14 n) uagAMTNLL (U 4.14 1) Y049adINNITNIBIAEINT veELIa9199 Tt

]
=

0-9 Ju waduviuaseegluszey lag phase dlonaduluwaduviuaseinissyaiios
wardnisiasaegiasaasalutae 15-18 Yu Tuszesildutag log phase ﬁ]’mﬁ?uﬁ]zl,%’wéizag
stationary phase 18-21 Ju uae death phase 27-30 u lufufl 18 fndnanuazuiiun
WEedn 2.9469 nSusie 25 UAaansU8I81MT Wag 0.2742 NFure 25 1adanTU8391913
ANENAU IINNIANBINTTNTINVRUTaARYIUARY Iasthigasuuiuaesaty 18 Ju dosgmme
NABITANTIAUKUU bright-field microscope auiiuwaduuIuasiisusanay naus wasidu
vieugMaguzluiu dnwairdd (U7 4.13 v) wadilTinAndilensewaniiedonsed
vigeasatulanydian (3UF 4.13 A) Steward. et al. (1999) ¥ sAnwinisidinveavad
nevlelieanaisaluwad wuitludadaftana (Medicago sativa L) FAanssuiouleyd

wawmasanislulglanaaduisganusogesdngensadulnosBnnrinliindilenseauas
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A15199 4.11 AUIVUNEAR WASUINTNLANRAYVDUTAALVYIUABYTUNITINIA

Yoaaafidedlu I sivaIduaTeians MS NUsenaumeansAIuny
N13L93QYLAULR IBA AUty 0.5 Jadnsusodns $audu TDZ AnuguTu

3 faansusedns Wuszezian 30 Yu

U dwinaniade dwinudande
(0.5 n3u/ 25 Ladans) (n3Y/ 25 dagaans)
0 0.5000%+0.000 0.0544%+0.00
3 0.559"%+0.25 0.0553%+0.00
6 0.7193%+0.34 0.0758'+0.00
9 0.84557+0.08 0.0948°+0.00
12 1.6329°+0.16 0.1798°+0.00
15 2.4107°°+0.84 0.2592°°+0.00
18 2.9469°+0.13 0.2742%40.00
21 2.5525°40.13 0.2635°°+0.00
24 2.1457°40.20 0.2524°40.00
27 2.13434+0.13 0.2491°40.01
30 1.9400%+0.04 0.216040.00

e dadnysmilouiuluneautiagiiukansnAafe il lidanuwandaiunseau

[

WAty 0.05 Felaannsilseuliisuseds Duncan:s
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JUN 4.13 M3A3UAUlaveraiirIuaegveiieflugnIo M smalduaTeigns Ms

MUsNauAIganIAIuANNITATAULR 1BA Auidudy 0.5 Jadnfusiedns sumu

12

TDZ 3 fiadnsumeans (N) aNWMLLYaaILasslurInWIZLa89 (V) aNYUEIDY
3 U 2 o‘d‘ o w 1 fal o
LHAARYIUARENUIANADI9ANTIAUNAIA WYY 400 11 lwadllanwaznay 812
o‘d‘ o U

Juguviou (p) waduaiuasanigldndesganssainglasawudiindens 400

Wi WwadniTdnnadleusesuanledaumedngestsatdulaasdinn

E o & v
NNUIULNAAVDINITNIN
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ananng

25 [
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: 03 ASUIVUN VY4008
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z 005
Ja;
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v (3u) U
JUN 4.14 M595eiulnveuYaduYINaee e am lugn I SIaIduATIZEAs MS
= % a a D a a v 1 a ' Y
NUsEnaUMEaISAIUANNSIESIAULR IBA anuidudy 0.5 fadniusedng Saufu

TDZ AULTY 3 Tadnsuseans (n) dtnan () Unnrinwitg
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4.5 madnwwngasannsfimunzaslunsiniiuaadaannaisasaduuiuaeasliaie
Judulu
4.5.1 fagwdn

Mnmsuaadaienidldainnismaaes 4.4.2 Iimundusuuueims
duns1zvigns MS fiuszneuseansamuaunsaigduls mT uaz TDZ anududu 0.5 1
way 3 Jaaniuredns NuENEAENISRSYRULITREEnINLARAE 2 dUAILTN LABAHD]
nsvgnefuarivnalvg (GU 4.15 n) deomneidsnduna 4 #Unn ueedadiviesseul
maauiadueddides (gﬂﬁ 4.15 ) Wownsdendussozine 8 Ui (31J‘17i 4.15 @)
wudnsldansmivaunisiasyduls mT wpadaausaiamuidudulivuemsmngnsing
waadadufinsimuniadusesdiiunndornsdendusserna 12 §Unns (U7 4.15
1) gnsemsfianunsadniliiAngealduniigade enmsdunsesigns MS 7 Uszneuse
a13A7uANNISAsAULe mT AUty 3 dadndusiedns aunsadnilviiingensesay
100 \ingentadsligean 5.35 sonraunada ANNBILEARAY 0.85 LeuRASHOEDA (AN51S
7l 4.12 waw 3U7 4.16 A) wovsordilénmsidsagaduiuaes thinedosewsudgns
MS AiusznauseasmuauMIasaiduln 1IBA amdudu 0.3 fadnfiudedns nuinanunsn
FnahlAasnld (U 4.17 n-1) Sslisreaudeunthidwsumsdniueaduriuasslud
sundlvinaefugen vhnsmzissuuomsdiasiges MS fiusznaudeaseugy
n1393eule BA Auiiudy 1 Jadnsudeans aunsatndliifavenls 7.33 saane
LAAdE BoniiAgaade 0.49 lwuRmssesen (Saunnsal, 2556) wazuiug (2547) Fmi
waduriuassludasnndnaroilugen Mnisimigieswuemnsdauaszsigns MS
fszneumeasmuaumiaigiduln BA Avwidudu 5 fadnsudedns amisadniiliifa
vonlisouay 96 Ing mT {Wuldlnladurdelmifinuautfviedniiiiasenlilasiuiuunn
wazaunsansEuNIRins ey (Mala. etal., 2013) Tnedslaisneanulud

dugnsemsiinedisuesdunnesigns MS fiusznaudeasaununis
WTYHAULR TDZ Nu@ITAuUANNISSILAUL TDZ Auuty 1 Iadnsusedns waaqd
ansadniilviAngenlsfenay 85 invenads 0.50 sensiouAada wazAINLILOARAY
0.06 WURUAT ATNUIIAITAIVANNITATYLAULN TDZ Auuduy 3 Hadnsudedng

wradalianusatniilmineanls
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M15197 4.12 #an15¥nAAngengauINLARRAIINTRYDINIBUIRIUUDIMTAUATIEN
gns MS NUsEN0UMEENITAIUANNISIASYRULR mT wag TDZ NTgAuAIY

Y v 44' & < Y] ¢
bUHVURNNE Watnzlasaduszeziian 8 @unv

mT TDZ WU FwIuMAT  31WuEER  AREBAINY
(un./a.) (un./a.) uAaage fovaz wdesia 817820
AsNAYaA uAaAE (ss31.)
0.5 0 20 16 (80.00)  1.70°+1.01 0.15°+0.72
1 0 20 13 (65.00)  0.45°+0.35 0.10°+0.06
3 0 20 20 (100)  5.35%+0.94 0.85°+0.05
0 0.5 20 6 (30.00)  0.10°+0.10 0.03%+0.03
0 1 20 15(85.00)  0.50°0.31 0.06°+0.03
0 3 20 0 0.00°+0.00 ~ 0.00+0.00

*nume daonysmilauiulursdulifgiunaneindnafeilaliianuwansiunseau

o

HodAny 0.05 FelaanmsiuSouieumeds Duncans

JUN 4.15 UARGAYINIENNFNINZIALIVUDWMTHUATIIVANT MS NUTENBUMIEA1IAIUAY
nMsasgAvln mT anududu 3 Tadnsunedns (n) Weimnsideaduszezinan 2
dUnii (@) Weannziaesluszezngt 4 dUnii (p) Weomnzidsadusseziian 8

FUo9i way () Wamnzasadusyeziian 12 dUa
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0.5 un./a. 1 an./a. 3unJ/a.

JUM 4.16 LARRAYBINITININLNIZLLIUUNDIMITHUATIENGAT MS (N-A) mT ATUTY
0.51 hag 3 AatinFuredng (3-2) kay TDZ AAUuTU 0.5 1 uag 3 dadniuse

a o o = =1 < [y s
8919 MIUAIAU LIRS UUISEZIA 8 dUMY

FUN 4.17 9381010 NNEIEEIUUBIMITHUATIENGAT MS NUTENDUAIEAITAIUAY
NISL3QYLAULR IBA AILILTY 0.3 Hadnsudedng anwuysInddv1 5108717 wan

wuLd Wamizasadussezing 12 dUann
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4.6 nM3AneNavasUsIusErnuIRENITRIY YR LLAN
4.6.1 dvinszalala CIAT 184

i sdsdaniesedunuuuuidsunduluusuiasieg fe 0 5 10 15 20 30
way 50 Alause zidssuuosduaTgigns MS fusaanasauaunInaiaivla
wdnzdsadusyezian 30 Su WUIUSISERlUann 93 AUTRYeRiY GReysg)
LALAINBYTEN LDsos0) HAWYNAU 44.38 Alawsn uay 38.06 Alausa (M1571971 4.13) (gﬂﬁ
4.18) Fsnawwalinlulumafioatu gz (2547) vinisanefsdunuuwdadndeaiug
FuNaLAY 1 910 10 20 30 40 50 60 70 80 uag 100 Alausn wuUsumSadluannis
RIYLAULAYRINY GRsys) HaZAINNBETEA LDsos0) HANWNAU 46 Alausa uay 45 Alause
Fefuuimadsdtmmngasdmsullunsuiul siugdndiusiunuay 1 aaseglugag

T3y 45-46 Alawse LaZIINNITNARDITINUINUSLIUSIE 20 Alawse JARAsAILEILDA

=

gaanfe 12,67 wufung Femaluniufednuiuiddeves Beyaz etal. (2016) NN

Y

'
(v}

87 Lathyrus chrysanthus Tagdia@aaess@unuun 0 5 10 15 20 wag 25 Alawsa wuin
dlovaminuly 14 Yu 98 15 Alawsa fi¥evazn1sion mstingen LLazmsLﬁmmﬁﬁqm Hawa
yosUFinniAmenatienseduianssunsdans1eilusiu (Abdel-Hady et.al., 2008)
dlossezransivly 30 Ju Usunsed 30 Alause fnnssendesas 71.67 fauade
AINYIEDALALAINNEIIIN B 10.50 LAy 10.27 WUALLAT A1Na19U taaUSunased 50
Alausn $n1398n508a% 46.67 ANAEAINEIIRLRATAIINEIITIN AD 6.29 LAY 8.46

v aa

WURIAT ANNAINY (gﬂﬁ 4.19) §4 Chaomei and Yanlin (1993) 5189197 USunau$eda
Futunnasyivinvesfizaranas Soenudinisais fedwiaivumgs Sfunuaas
sunaumIdanszilusiu (Xiuzher, 1994) n1sendsailuity n1WdsunUatasnis
Funszaiiaulesl (Rabie et.al, 1996) n1suanseiluuiildlunisasaiiuls waznsnosdnn
dulnanss IAA (Chandorkar and Clark, 1986)
devhnsiliouifisudaiiansSealulSunaneg wnghewnemsdunszd
n3 MS fiusimnnansmuaunsiasquivinuazemsduasizigns MS fiuseneusieans
muaunnaiaiuln TDZ Aridudu 3 fednsudedns (m3efl 4.14) nududemzdes
Husveziaan 30 Tu wiaiiusuaded 30 Alawse fwdesdy 10z (3U1 4.20 uaz JU7
4.21) annsnsendisldinnnitemsiivnAmnasmusunsaiaduls uay TDZ Sl
Ansaavaisgenuinmsn eiduwey TDZ Wuasauaunaidulnifivszansamly
miﬁ?j’ﬂﬁﬂﬁtﬁmamhﬁwmwﬁmamﬁ%ﬁwasgaﬁa (Wang et.al., 2008) waz TDZ gygaelu
UTunused 50 ﬁiaLLimﬁLWWLgawummié’qmezﬁqmi MS anansasendinldunndy (U7

= Y

4.22) N¥i508aLN15I0nTIRAD 92.45



A15197 4.13 HaUR9IIIUIUTEATINYLART NS Ealala CIAT 184 $08a2N1599N $08a2N15LANEALAYIIN LAZ ANRAIAINLEIIUDALAZSINNEIRINANY

FeAunuNIUTNSdine nzdesuuemsdunsizians MS NUTAInaIsAIuaNNsasRuln Wemsdsaduszesiian 30 Tu

USHNEUSIE  97UU IUIUMAT  IUIUMAT  FIUIULAZ ALY IIUIULAY ALRAY
(Krad) AN Soway fowaznns Soway ANEIIYDA Sovaz A2IUY1ITIN
N1399N 59ATIN N15NALan (a531.) A3AATIN (431.)
O(control) 60 60 (100) 60 (100) 60 (100) 11.32°+0.17 60 (100) 11.09°+0.12
5 60 60 (100) 60 (100) 54 (90.00) 11.15+0.14 60 (100) 10.81%°+0.07
10 60 60 (100) 60 (100) 50(83.33)  11.10°+0.19 60 (100)  10.54°+0.14
15 60 57 (95.00) 54 (94.73) 47 (82.45) 11.04°°£0.11 55(96.49)  10.53°+0.25
20 60 57 (95.00) 47 (82.45) 44 (77.19) 12.673+0.22 55(96.49)  10.40°°+0.05
30 60 43 (71.67) 27 (62.79) 30 (69.76) 10.509+0.14 25 (58.13) 10.27°+0.07
50 60 28 (46.67) 9(32.14) 13 (46.42) 6.29°+0.26 12 (42.85) 8.469+0.18

“Mnewn !/ Aade + SE uandnnsiu 10 9

2/dsnwamilounulursduiifeniunansinaliaasila lianuuenasiunseauteddny 0.05 Felaannisiuseuiisusmeds Duncan's
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USuased (lause)

JUN 4.18 Anuduiudszninedediumsten uazanuegsenvetudadavinszalala CIAT
184 161UN15R18TIFUNUUIUTUIUAI INIBABIVUDIMITHUATIZNGAT MS

MUsFmInansAIuANNSRsaALle Wawnsbesduszezian 30 Ju

Control

JUN 4.19 masglusuainuinvesiivimnszalala CAT 184 ndsananeSadunuunly
UTUaui199 InElAEIuNeIMITEUATIERERS MS 1US1AIINEITAIUAN

a a d' & & LY
ﬂ']iL"UiiyJLG]‘UIM WaziagUussezan 30 U



A15197 4.14 HaURIIIUIUTEATINYRILAATIINSEELala CIAT 184 $08a2N1599N $08a2N15ANEALAYIIN LAZ ANRAIAINNEIIUDALAZSINNEIRINANY
SHARNULMUTUUTIEA9 INBEIUNeIMSALATIERENT MS NUTENBUMIBENSAIUANNITATIAULN TDZ ANUTNTY 3 HadnTusiodns

Wamnziasaduszezinagn 60 Ju

U3uneused AU DWIURAT AI1UIY IUIULAY Alaae FUIULAL Al
(Krad) AR Savaz hav3o8ay Savaz AINE128BA Sovay AINY125N
A1599N 11559A NISNAYDA (%1.) N15LNASIN (%.)
FIR

TDZ3 (control) 60 60 (100) 60 (100) 60 (100) 3.66°+0.75 60 (100) 1.78%+0.05
5 60 60 (100) 60 (100) 60 (100) 3.74°+0.92 60 (100) 1.74°+0.41

10 60 60 (100) 60 (100) 60 (100) 3.71°+1.01 60 (100) 1.72°+1.40

15 60 60 (100) 60 (100) 60 (100) 4.49°+1.42 60 (100) 1.63%°+0.50

20 60 57 (95.00) 60 (100) 57 (100) 3.58%°+0.81 57 (100) 1.47°°+1.05

30 60 57 (95.00) 60 (100) 57 (100) 3.28+1.64 57 (100) 1.35°+0.45

50 60 53 (88.33) 49 (92.45) 53 (100) 2.75941.23 53 (100) 1.28“+0.29

“Mnewne !/ Aade + SE uannn1siu 10 9

]
a LY Y o w

2, 2 IS (% (% ¢ a v 1 1 a PN 1 1 [ d! 14 a ) 14 aa
/C‘I'J’Elﬂ‘l‘fﬁLMZLIE’JL!ﬂuGLUﬂ@alIULﬂEJ’JﬂULLﬂ@Q’JWﬂ']Lﬂﬁﬁlﬂimﬂﬁ\lﬂ’ﬂmLLG]ﬂGl’]\‘iﬂUV]i%ﬂUUEJﬁ’]ﬂiy 0.05 @slaarnnisiUSeuliiauaeis

Duncan’s

¢l



74

14 -

10
HMS
4 - B MS+TDZ
5
0 -
4] il 10 MU 20 30 50

Y3unewdad (Aausn)

ca
| |

AUYUIA (2BU.)
(=]
|

JUN 4.20 uwansnueMeeaInEnveswimsydlala CIAT 184 waninanesedununly

a v a

USunausedidneg ingldeauuemisduasigigas MS N1UT1ANA1TAIUANNTT

a

ATAULA WaNUsENBUAIEAITAIUANNITIAS LALLM TDZ Adnadudy 3

o

—

a =

a o ' e [ LY
AANIUABANT LIBIW LA UUTE AN 60 U

)

45 -

3.574

3 4
2.5

S W MS

1.5 1 B MS+TDZ
1
0.5,

0

0 5 10 15 20 30 a0

J3unewded (Mauwsn)

AUY13IN ([A.)

UM 4.21 UannNesINAINWAAveInvInsedlala CIAT 184 naanaiesadwnuunly

a v

USunaudednneg mgldesuue msdunsizians MS 1Us1A1Na15AIUANNTT

a
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=

Control (TDZ3)

£ [

JUT 4.22 s duduanudnuesiavinszalala CIAT 184 ndsainaiessdunuunly

6

UTUN0USadan9e) InZiagesuneIvsdunsieigns MS 9 Usenaunigasniuny

o I a P

AsLaseLAvle TDZ anududu 3 fadnfudedns Wewmiziasadusyeziaan

60 JU

4.6.2 81318
nmsiuedeaesEunuwuudsuwauluUsuIase @ 05 10 15 20
25 30 wag 45 Alawsa waLgswummié’qmiwﬁqm MS ﬁﬂimmﬂmimwumi
Lﬁaglﬁuiwé'qmmwwmﬁymﬁfluﬁxwnm 30 Ju nudnudadilasulsunnssd 34.95 Alausadl
nM598nanad 50 LUaSIHUR (GRs) (15797 4.15) (gﬂﬁ 4.23) Fadonrdoafyu Kimno and
Chepkoech (2014) lavimsusuugeiugdamag (Sorghum bicolar L) lneuudnanasad

WANLIT 0 20 40 waz 60 Alawse wuidlonaiiuly 2 a1 wast1ineanlesuusuia

v a

$9d@ 40 Alausa n159enanad 50 WasiEud uagann1sANE1v8e Beyaz et.al. (2016)
vn1sAne (Lathyrus chrysanthus) lagsiadaanasediunuun 0 5 10 15 20 wag 25 fla
wsa nudndlenansuly 2 dUan waanlnsused 25 Alause vilisesazniseen ALY

AU hAYAINNYIISINANAILALEIdNalTUSUNUARBLSTadanaIne Chaomei and Yanlin

'
a =

(1993) na1virfesaznistenvedudnvzanaaiieyunasdiutu nemlaiesaznisey

¥
o v = v ¢ 1

sonanaudlelasuunasdindy aruvuniuseUsinasiddusdivaeiug wuluwde

alenlasusadunuuUsunn 6 Alawse nuldundiluwlatony 16 Weuvesiugnanaziug

(%
(% ¢ A

YuyiiTesazn1segsentaunitiugukaziugiiendes (Usenns, 2538) Aundainilen

Wug nwa 1 T¥ewarn1segsongendnAuna1iug una 1 wasiugdowm 1 diowinldsused

wWNULUSHI 60 Alawse (Ungia, 2545)
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demngiasadusyezinat 30 Yu A L Dsozoy AAM¥nAU 28.38 Alausa (U
7l 4.23 uay 3U 4.20) wuiilevsinasdidiutufe 4@ 30 war 45 Alausn ANLELDALAY
mnueMInanaseaiiulidn damadululunafeadu Cheema and Atta (2003) ¥ihn1s
Wz\B899 3 aneWus A Basmati 370 Basmati Pak waw Super Basmati 21853Audn 15
20 25 wag 30 Alawsn WUIIAIWBEYTEA LDy LAy 24 23 uar 22 Alawsn A1uaIny
wuIUTuased 20 uaz 25 Alausa Tuduviniaedngeililvdinateiiuigean
Rt guun uaza (2555) Usuuadndeniuddoum 84-1 fiunsanedsdunin
Uina$ed 50 Alawse vilvdndenliiinanangs vwmmdalnguanzdmiunisudssuidy
furduuazdneen uaz Rajarajanc et.al. (2016) vinsuuussiuginlaonsiiudadnans
%98 0 15 20 25 30 waz 35 Alausm MaIInZEsNTUTEEzIIan 2 §UAY LDsyy) A
Wity 30 Alausn

dovninuieuifisuindafiatefedluuTuamdae nzdesuy
913 LATIEIEAT MS TiUTImIINansAIuauMIsIaiAulauare1MIsdeAIILigns MS
fiusgneufemsnuaums S yiln mT arududy 3 fadniudedns wuiidlownsdes
Huszerinan 60 Fu wialuyTunnsed 25 30 way 50 Alausa fmnzidasly mT (@199
4.16) anansaidiaiulalddnitemsfivsannaisaivaumsiasyiuln way oy
ApsuuemsdunTIzigns MS iusgneufeasniuauninasgiuln mT aududu 3

o

fadnsusiedns Widafemuengen (3UN 4.25) Lazdnadeni1ug1isin (5UN 4.26) i

Y

% £
= o

WnFu bilviganuniaseatinlaunndududiveasgnaieSadluyianssidngs (Un 4.27)



A15197 4.15 HATDITIUIUTOATINVDUUAANITINIAT $98aYN15I0N TPYALNITAAYDALAZIINDAY LAY ANRALAIINYNEALAZIINUEIIINAUTIFLNLNN

6

VTSN inzidesunesduATIZRgRs MS NUTIRaNaIsAIUANnIsRsyAule Wewnzideulussezoa 30 Ju

USHNEUSIE 97090 9IWIUMAT  FUIUNAT IIUIUNES ALRAe Jwuua:  Analendy
(Krad) AN Soway Sovaz Sovasz A2IUY1IYOA Sovaz 919570
N1399N N1559A%N  NISLNAYDNA (931.) N13AATIN (531.)
O(control) 60 60 (100) 60 (100) 60 (100) 6.80%+0.70 60 (100) 5.46°+0.10
5 60 60 (100) 60 (100) 55 (91.67) 6.25°+0.66 38 (63.33) 3.44°+0.35
10 60 59 (98.33) 56 (93.91) 37 (62.71) 4.23°+0.40 37 (62.71) 3.48°+0.15
15 60 58 (96.67) 48 (82.75)  31(53.44)  3.679+0.52  33(56.89)  3.11°+0.75
20 60 54 (90.00) 44 (81.48) 28 (51.85) 3.53%40.50 25 (46.29) 2.57+1.27
25 60 51 (85.00) 34 (66.67) 23 (45.09) 3.10°+1.10 11 (21.56) 1.14°+0.65
30 60 40 (66.67) 17 (42.50) 13 (32.50) 2.14'+1.45 8 (20.00) 1.129+0.64
45 60 17 (28.33) 4 (23.52) 3(17.64) 1.14%+0.57 2(11.76) 0.50°+0.56

e fsnusiviisuiuluneduilifeiuwansindefenlaliianuuansiesiunssautedidgy 0.05 Falaannmsilsauiisy
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U3unused (Alausa)

JUN 4.23 Auduiussendnegidiunisten wazANegsanveuantiENIRINIuN1TR e 5eE
wnUEUSINUSeER1 InEidesuueMsENATIENEAS MS 1UTIAIRNNAIIAIUANNIT

sauiule Wewnzdeaduszeziat 30 Tu

Il
i B

AL 1S Y

Control

] ~ < [

JUN 4.24 NS dusunnudavesiignundndminanesdunuunluuiunssdine meides

o

a

[ (3 d' a a d' <
UUDIMNIEIATIEVFRT MS ‘VI‘UT]WU’Wﬂﬁ?iﬂ’lU@Nﬂ’]iL%ii‘gLﬁUImLN@LW’WL&‘ENL“UU?SE‘JSL’J&’]
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A151991 4.16. NATDITIUIUTOATIAVDILLAADITIUIAT $D8AZNNTIBN $08aLN1TANYDALALIINREAY LAZ ANLALAINNENIEDALAYIINNEIINANYSIE
WUV SR INZIREIUERIMNTEUATIZVERT MS NUSENoUMEANTAUANNTISISAULR mT Aududy 3 dadnusedns e

LW’]BL%ENL%U?SEJBL’J@’] 30 U

Gna$id  31u0u  $9U0uMeT SIUIUMAZ  SIWIUMAS  ANAABATIN  AIUIUMAT  ALaGY
(Krad) LWan Soway  3owaznns Sovay ¥17890 foway A2UY1D
n13499N 300%IN  AsineEn (a431.) N15AATIN 370
(wu.)
mT3(control) 60 60 (100) 60 (100) 60 (100) 8.80°+1.44 60 (100) 3.51°+1.15
5 60 60 (100) 60 (100) 56 (93.33) 8.29°+0.05 35(58.33)  2.06"+0.35
10 60 59 (98.33) 59 (98) 46 (77.96) 6.95°+0.60 38 (64.40) 2.25P+1.12
15 60 58 (96.67) 51 (85) 37 (63.79) 5.55%+1.27 40 (68.96)  2.43°+0.75
20 60 59 (98.33) 43 (80) 28 (47.45) 4.149+1.25 40 (67.79)  2.36+1.52
25 60 57 (95.00) 47 (78) 30 (52.63)  4.64°+0.70 = 38(66.67) 2.32°+0.11
30 60 49 (81.66) 31 (52) 28 (57.14) 5.95°+0.50 45(91.83) 3.26°+0.30
45 60 34 (56.67) 30 (50) 21 (61.72) 5.52°£0.26° 22 (64.40)  3.21°+0.35

“Meng [/ Anade + SD uanaannsiu 10 9

a (% o

2,9 @ & Y} v ¢ a Y} o a A = ] v o Y] = vy = a Y aa
/G]’J@ﬂ@ﬁLVﬂJ@‘LIﬂusLuﬂ@aNuL@EJ']ﬂULLﬁﬂﬂﬁqﬂqLQaﬁmlmﬂuﬁT‘lmLLMﬂ@WQﬂumigﬂ‘Uu‘ﬂaq Y 0.05 “Zf@i@"ﬂ’]ﬂﬂ']iL‘UiEJ‘UWlEJU@'JEJ'Jﬁ
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4.7 NMSANYINAYIIUIUIUSIHUNUNABNITLIIYVBILARAF
4.7.1 faviwszalala CIAT 184
nsiuAadaa e sELnuNILUUIREUNAUTUUSUIMA9Y A 0 2 4 6 8 Way 10
Alawsn wdrrsunwizidssuuemisdunsizigns MS fiusenoudisaiznIugung

WTYAULe IBA Adadudu 0.5 fadnsusadng sauduansaiuaunisasyaula TDZ Ay

¥
o I a v a =

WUty 3 Naansuredns ndsannnzideadusseziigt 4 8 uay 12 &Uav nuiueaad
TasuUsunaised 8.0 6.91 uax 6.12 Alausa 1n1550ATINanae 50 Wasidud (LDs,) auasu
(M157991 4.17) ua ('gm?i 4.29) SopaznssenTinvenaddezananieuSinasdiuty 3
aonAdosfiy Sniinsal (2556) ldAnwinsusudseiusiemsdnilnemamzidsaiode
$rufun1sanefadunus YuaadadiananaieSadluusuiudieg fe 024 6 8 10
Alawsn nusn dlawnzidsalussesioa 4 8 way 12 §Uav uaadaiinissendinanas 50
Wosidud fivduiwmsed 8 6 waz 5 Alausn lngsosarnisseniinveswaaddazanaile
Uinnusedidfiutu anmemnaesuandailianuiseegsenldasdsududsuagmeluiian
(gﬂﬁ 4.28 9) A1 LDs, ﬁlﬁmﬂﬂﬁimmaaaﬁﬁﬁﬂﬁau%ﬂaqq dlaflsuiunavesnsenedsdnnuu
LU UNduLasEeYei ol otz dsaen den LDsgeoy b7190U 4.1 Alawse (83uss,
2556) wagngi1du wu waadavemawuilesunss (Pennisetum purpureum) A1 LD,
Wi 1.06 Alawsa Gunniud, 2544) nioluunadavamaoznssy (Aspalum atratum.

L3

Swallen) #lAn LDs, Winriu 2.2 Alause (5ufng, 2545) Miduiuil e19uiiosannuSuaseds

o YA AY aa ¢ @ 6 = (Y [ 1 1 a =
navlvineiiSesagni1ssendin 50 Wesiius Jussnuladeviangeg gy Junveslinded

Y
[

Sunuazaunvedlasiulay USunuidulerianvoawas Wudu (Sparrow et.al., 1963)
Tnouaadadlesussduiuim 10 Alause azldansavaundusuls denndoeiu
Gaul (1977) finuiuaadadilssusedluuunmigs wadsvgansiadyivln :innsvnaes
Lradailasudidusina 6 Alause Womsidsalusyesnat 12 #ansi unadaazanunse
W@umlﬁﬂaama?{amﬂﬁqﬂ 7.60 soARaLAASE (A157197 4.17) ('gﬂﬁ 4.30 1) goATiNAmUIL
MnuAaSATIsEnTInaINNIRI SeawnLID aunsanuauwlsUTIUluaN v dugIuINg
Tdun fuiouaseunsy (g‘dﬁ 4.30 9-n) WazEARlEIINNNTANESIEUALLN TN ABIUY
9 M15HUATIEVGAT MS TUsznoufeasaugunsaTyLdule 1AA anududy 0.3
fiadnSusodns nusenfiiauanwAasafiae @ iusasd 2 4 uas 6 Alausn a@wnse
i ldiAns e dnvarsiniidun sindu (g‘th’?i 4.31) ¥ Kovalchuk et.al. (2007) na1337

Sedfinadionisasgiiulanaznisiaun dlisedludsnusinaznszdunisasyfivlanas

MsRawuinlasuTinausidguasiinanudemela



A15197 4.17 NaYDIIIUIUTINTINVDILARAAVDIDIVINNSEalala CIAT 184 $98azN1SIANLDR INUIUYDALAY LAY ANRAYAINUYIIYDANTIINNANYSIALNNLIN

USuausednngy Weamnzideaduszezinan 12 dai

USuneused ANUIUBATS DAY ANUIUALSBYAY SuLBenRAL/LARSE ANLRAIANEN28DA
(Krad) N1550AYIN AISINNYan (23.)
0 12 8 12 8 12 8 12
FUana &Uai &Upni #Uani &Uanni FUa GGRY GGRY
0 30 30 (100) 30 (100) 30 (100) 6.40°+0.87 7.80°+0.83 0.41°+0.06 1.14°+0.05
2 30 28 (93.33) 18 (64.28) 26 (92.85) 3.20°+0.58  1.20°+0.20 0.462+0.49  0.85°+0.13
aq 30 27 (90.00) 16 (59.25)  25(92.59) 4.20°+0.73  5.80°+0.48 0.51°+0.49  0.65+0.05
6 30 16 (53.33) 3 (18.78) 10 (62.50) 0.40°+0.40  7.60°+0.50 0.10°+0.10  0.84°+0.08
8 30 4 (13.33) 0 1 (25.00) 0.0°40.00  0.40°+0.40 0.00°+0.00  0.10°+0.10
10 30 2 (6.67) 0 1 (50.00) 0.0°¢0.00  0.80°+0.80 0.00°+0.00  0.11°+0.11
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U 4.28 (N) ANWULHLAATANTOATINNGIDINNIUNITANYSIE (V) ANYULLAARANIHNYNAIAN
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120
= 4 G
100 = F1n

e 12 Flad
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DYATAIUDYUIDA
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D

Doy, = 6.12 filawin
0 | . | . |
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coi = 6.91 filausn
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sUTl 4.30 maifrsaranuandavasiimsyalala CIAT 184 fimwifesuuewnsdanse
gns MS fiusynaufeansmuaunisiasqiuln 1BA Aty 0.5 fadniusie
dn3 T TDZ Annandidiu 3 fadnsuredns ndsanniiunisaissaduTunnsd
fisneiu dewnzideadunan 12 &Unst (n) bikumsate$ad Guauaw) () 13
e$ed 2 Alawsn (@) NIaesed 4 Alaksa (1) MIesed 6 Alausa 3) n1sany

598 8 Nlawsa way (@) HIUN1TRI8SIE 10 Alawkse

JUN 4.31 dudvinsealala CAT 184 Nmuiuainuaaga (n) n1sa1e5ed 2 Alause ()
N15219593 4 Alawse wag (A) NM3a1e59Ed 6 Alawsa dandnilminsnmizdes
UUBIMITAUATIENEAT MS NUTENOUAILAITAIUANNITIRTYLAULA IAA AL

WUty 0.3 Tadndusadns anwuesIndiay 570 du wamizasaduszezinan
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[ (%

HaN13RsIFRUAETNNABURAIBATRINUTElIanaR SRR viInsalala

CIAT 184 a1nnsAnideng nsiwesimunzaud mivldlunisnisdndenlaauaudivionge
dlola CIAT 184 Meunisanesd@nddnwaziandsndun liiunisatesdniesuniugy
(Control) 311 1 Ay AeiUIINSE 6 Alause WewlaaunlanvazunnA19INAUAIUAY

£% v a & § o ! s o [
uwagsuaruAuinaindwe Tlnswesdnuiu 30 dlnsiwes (15199 3.1) ndnsnsiaaey
anwazLaufduemeITasnilsamadianinglisda wuirdrwuwauiiweunnsigluain
AumIUANllngesdIuIu 2 ¥lla Ao OPCO2 war OPDO2 (115197 4.18) udazdlnsiies
anunsadinUSinafweld Usnguaufiduenanednuae 1wy glnsiues OPA0Y uanIuauy
Adueluunna1e (monomorphic bands) s¥Winedunliniun1satssdiazaufniunis
28598 (UM 4.32) glnsiued OPCO2 uaninuunnA1avednaufdwelufmisuunadus
Wueuszuna 400 fua lnedunldlasunisanesdliusnnguaubue Tunaueidunis
2 A ! oA Y Ay vy o o a < ! s
YUINTUALDUDUTEU 900 Aud Hiesruiilasusedusinguouidue wazeglnswes
OPD02 WaRIANLANA1YBIMAUALD WU LTI ATURAB B USZM 700 Auud Lag
suildldsunsane$idlivsnguouidue Tuvaeidumimuniudidueysyuia 2000 g
wa fdfleerunlasusidusnguariiduie deiudad 2 glwswes lawn OPCO2 uag OPDO2
likauiutedau duaufitduenlinudy auisesenuasdudiuiukaudiouiele
& 1 ] .::l' 1 3 1 o I ¥ o a &

FANARDUAL WO NLANAIS (polymorphic bands) Tunaazaiinus TiiiuinuauaLoue
VMR 19 W waewiiu 6.3 wauseglnsies 1Wuuauiuanaaduunne1eduag 9 way
Amdusesazainuuanaisauiduesesas 3 lnaglnsiuas OPCO2 uag OPDO2 W
FIIUROUALIULENINTIGARD 5 uav dzwuldanlnsiwesdiuiu 2 ¥da fle OPCO2 waz
OPDO02 @11130%8NAURANATITENINRUNIUNI TR 85T9ERNNNT dazhiiiunisaiused

wnunle waglnswesdn 27 gliaunsadinvinamoweld Jslivsnguaufiduetu
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A13519% 4.18 wan1siNUTUIAOUe03E T WBsTINI 3 ¢ daglaTesuisluang

a15lein
Alwsies uLAUABWE  Iwduuaufdwe  Jozazvasuaufou
havn fugnsauuandne  eiluansany
WANATY
OPAO09 4 0 0
OPCO02 9 5 55.55
OPDO02 6 4 66.67
33 19 9 122.22
Furuade 6.3 3 40.74
1000 bp 1000 Bp
500 bp 500 bp
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o
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o

JoJuco

pes 9

JoJjuc>

peni 9
JesueD
pent 9
dq oot

U 4.32 nansiU3suiiisulnsiues 3 Twsiwes OPAO9 OPCO2 wag OPDO2 91nfaE

¥ v al
AUAIUANLLATRIYIIE 6 Alawsn
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4.7.2 fagnandn

nianiueadatennmiiunisaefedununuuudsu nduluuionm
5199 A9 0 2 4 6 8 war 10 Alawsn ynIRwIzABIVLEIMITHIIATIERgRT MS
fuszneuieansaiununInaTyAule IBA avmidudu 0.5 fadniusedng saufu TDZ
aududu 3 fadnfudedng ndwinnismizdenduszeriian 4 8 uay 12 dUans
WuUsusEYldunadaseniiniesas 50 (LDs) WNAU 6.71 5.8 waz 2.8 Alausn
(3Uf 4. 30) Wefiasandnvazveauaadanuiiwaadadliiunisaiefedfinnududugs
wnadadimaasuduiiing wemeadufian (1519 4.19) uag (3U7 4 33 1) mafifed
unundsnalis i yiuledr wadinmsasuulandunguueunada vioinemu
wandsnduildldsusadunun Wesndadunuunviliesneusiag aeluwadiinnis
wondudulessufiliseufiten AoliAnnsiddsuudamiaeiinglumad vlvinssuau
nsa$19 RNA waglusfuansias esduseneumelulaslamaiaduinnindeme wagdwaln
laslulzuiinanuiaunfdsilvieaainnsuesiaegea1tn wialifinnskueas wazne
Tuiign @y, 2500;8%100, 2550) vnldUsanusdnguiuluonalinunsnaieiug uses
ldanduenannadydivle wezdwmalidodomeatdufian annimaassiudiimuain
uradafinnessdunann 6 Alausa Tmanatevudifstu Tnedumsnaneiusandnuuesiugs
Judnwarduie luidnvuznindu demividsauszeziaat 12 a1 unadass
aansaRAL ANy oMaABd AL 430 DoRRBUARGH HAXAINLBNIBBNALAAY 0.43 LYUALINT
(3U1 4. 33 9) msanessdununiinasinlianugeanauilowssuiisuunadadilalatiunns

U aaa %

218393 (control) HavesTdnildedug1uingiaTulaiusUT Ny YNy B1aRATuAY

o v

adu Tu sinuazaenenarhlinulasznsu (dwarf) wiediluniaund wu luldnuseluning
P HesnSidlurnansesendudulusesluuiseinisiasydiuln (a3dl, 2530) wiassdluiina
Tunsdudenseuaunsassduiuaisaai (GA biosynthesis) F99siNanoN158AL1IVDIGIAU

nsnaneiugludnuaiznsaguLYassdng vinglat ey wu Sdvnseauldvitling

v
o a o

Indraysnne nunsdsultasdnuaensdugiineinnisdntnldfunisane i
TeuA Tusng Aulunes sUsrdluiiaund armevesiafalusl Asdndfiiiunisanesdn
seifu 2 Alausaufissedufior wuifiszeznainiseenaonaningnaiuey 11 Fu (wednal
uaz SoyTan,2558) 91nn1snAantBendlldainnisateadunu tamigdsiuue s
duns1zvigns MS fiusznaufeansmugumsiiqidule 1BA anududu 0.3 fadnsus

dns wuligenfifwunuaadaniatsfeENUsNwsd 2 way 4 awnsadnilfiAnsnls
Snvursniidvnsindu (Uil 4. 36) wiseaitldainmsateSedunumniiuiinnuged 6 Alause

Tlanunsatniliinsints



A19°97 4.19 HATDITIUIUTIATINVDILAAAATVDINIZINIA F088¥NITNALDA TIUIUDALRAY LAZAIRAYAIINENILDANEININAILTIFLNUNINUTUIUTIFA1

Wamnziasaduszezinal 12 a1

USuneused $28aTN15500TIN Sagazn1sinngan SuuBenRdL/LARaE ALRRBANE12800
(Alawsn ) (31.)
0 12 8 12 8 12 8 12
#Uanni FUanni gUan &Uan &Upnii #Uani FUanni GGRY
0 120 118 (98.33) 120 (100) 120 (100) 3.80°+0.37  6.00°+0.66 0.43°+0.05 0.61°+0.04
2 120 72 (60.00) 69 (90.78) 70 (97.22) 2.60%°+0.60 3.20°+0.32 0.35%+0.13  0.42°+0.03
q 120 48 (40.00) 35(72.91) 38 (791.6) 2.40%°+0.40  3.70°+0.70 0.41°+0.08 0.59%+0.04
6 120 26 (21.67) 17 (65.38) 18 (69.23) 2.20%°+0.80 4.30°°+1.08 0.38%+0.06  0.43°+0.08
8 120 18 (15.00) 2(11.11) 4(22.22) 1.20°40.58 0.50°+0.34 0.04°+0.11  0.80°+0.05
10 120 6 (5.00) 0 0 0.00°+0.00  0.00°+0.00 0.00°+0.00  0.00°+0.00

“newme Msnwvileuiuluredulifetuwansidnadenlalifiauueniisnunssautsd1Any 0.05 BelannisiIeuiisudes Duncan's
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JUN 4.33 (n) dnuaizupadanseninnaanndiunisaieded (¥) dnvusiaadannenain

ANSHNURNYSIE
120
| —.—4;&’0‘1“’
100 F =3 Silawt
& -
w12 dilam
= 80
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e\ sdd
B0 - -
= il
& sy = 6.71 iTARAN
S 40 -
8

= 5 = ] ﬂ l §|u !ﬂ
20

LDsqyz) = 2.88 ilasn
0 2 4 6 8 10 12

Puawdid (Alausa)

JUN 4.34 M3500TINT0IMAGAANIENLAMEI bR SUSIEUTINS AR Wawnsdeady

SeeEan 4 8 wag 12 dUau
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JUN 4.35 N151AEBANUAREATDINIFIUIAIMNIZLAYIUURINITAUATIZNGAT MS

fiuszneusgasmuaNnstasivln BA ety 0.5 fadnsusiodng samiu
TDZ Arundaudu 3 fadnsusiedng ndaandinunsanefedusasadiiai e
wngidsaungl 12 §Uast (n) laliunisaieded (uaiuey) (@) Asane$ed 2
Alawsa (A) N5R1859E 4 Alausa (1) 13R85 6 Alawsa (2) A15a1859F 8

Alanse waz (@) H1uN1sa18sId 10lawsa

v

JUN 4.36 Aumandniauiuianuaadaiiiunse1eseg 4 Alawse InunliAnsn

WNELEEIUNDMITALATIEVERT MS TUTENaUMEAITAIVANNITIASLAULA IBA
Aududy 0.3 Tadnfunedns dnwauesinddun sandu ez ndy

sreza1 12 dUan
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nnmstdlnswesiniduiu 6 vila fie OPV02 OPVO3 OPHO5 OPN15 OPY15 uas
OPZ04 (137471 3.2) Anidenlaaudufianundiiiiunsanefadnidnvasunnesnduill
runnsANeaEnIesfuAIUAN (Control) §117u 1 #u AefiUTunaissd 6 Alause ilevilnaud
&N BALUANANIINAUAIUANLALAUAIUANNNANARLOULE NERINNITATIVABUANYAZLAUR
BulefeiFognlsanadidnlnslnida wuirdruuuauiiduefunnsrdluainduaiunus
Iwsiessuu 2 wila Ae OPVO3 uay OPY15 (3Ui 4.37) wuinglwswesfisuuuuvesuaud
Butefisnaiu Usinguuiauaufidulengsening 300 fs 2500 diua I urunnufidule
o 35 unu Ladsii 5.8 wousoglnsues Wuuoufuansauuandad g 7 uoy
AnlufovazAnuwanaaveswaumduewiiv 23.61 Tnealnsiues OPHOS wag OPN15 1o
Fuunnuidulesniigane 8 uau uazglnsweslidmnuuauiiduedidnaiumniian fe
OPV03 fd1uau 4 uou Aniludosas 66.67 waz OPY 15 §d1uau 1 uau Andusesas 50
(571971 4.20) Tneglnsuiesiuanaasidusimnuianiswemiduegs uansliiuinaiunsa
1Flun1309398UANUUTUIIVLAEUBNANULANATIMIITUENTTULAR denndeiy

(% L

Saunnsal (2556) Anwinisuiudsaiusaemsdnilagnisiniziassilodesiuiunisaiy

]

v

FeduwnuuNsrauUSUIuSE@NY i A1aAAR1E 50 Wasidus (LDsy,) Ao 8.3 Alausn
(% Q’{I 3 [ 3 (Y a ad a a v )
nasanaszidendunal 12 §Uni nuanvasinunffe seaasgyulag wannellu
n3gaN AsvdeuANwlsUTIUNITIUgnIsulaeldmalia RAPD nu31 lnsiwesdiuiu 6 via
A OPV02 OPV03 OPHO5 OPN15 OPY15 wag OPZ04 @13150L8nAULANAINTENI1AUN
HUNNTRIESELANLN wagluinunsaiessdnnuunle wagluaienuann LDy, Aa 5.89 flause
nUIlNsSILesIUIN 6 via Ae OPVO2 OPV03 OPHO5 OPN15 OPY15 tay OPZ04 @11158

LUNAILLANAINTEAINAUNNIUNITAIOSIFLNNLN ez hirun1saneSaZLnuunla
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A135199 4.20 nan1sNUTUIAOULe03E T wBsTINI 6 ¢ daglaTesuisluang

a15lein
Alwsies uLAUABWE  Iwduuaufdwe  Jopazvasuauflau
havn fugnsauuandne  eiluansany
WANRAY
OPV02 5 0 0
OPV03 6 4 66.67
OPHO5 8 2 25
OPN15 8 0 0
OPY15 2 1 50
OPZ04 6 0 0
3734 35 7 141.67
fmauede 538 1.17 23.61
e, PSEAERD W e r o J
1000 bp— —1000 bp
500 bp — — 500bp
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Ul 4.37 nanswSsuiiisunsiues 6 Twswes OPV02 OPVO3 OPHO5 OPN15 OPY15 aw

hlafkiilan]
pesy 9
jlefuti[an]
pesny 9
1Q43u0D
pesy 9
10JJUc>
pesy 9
jlefuiilan]
pesy 9
1Q4UCD
pesy 9
dq oot
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4.8 nsAnwAauaRnalunIsuLEva e
4.8.1 dawiwszalala CIAT 184
Mnmsnwanuannslunmusdmenuda Tnsvniamizdestuuemis
daaevigns MS Alsifnanseuaumsiasasivln Yseneuluse PEG Assdumnuidudu o
510 15 uay 20 Wosidus 13flmasg1ma 30 n3usiodns eidunisufuussdueealufn

(osmotic potential) vate1m15lianas vliwaaniuidadensgluanimuiaun &9

a A

Bressan et.al. (1981) na1791 PEG uanslungu eealufruviailivandanduleou vin

i fianussiueealuda vosasavansiiogdeusouisad wadwegaduiliosanhlieg
anmaaiin Tnedeuh PEG wldlunssrassluaninvasavaasaiiedndonwadns o
NURPEN1IUAILE 21ANSMARBINUTIN SeRznnssenvsaLdnuanaiiesERuAITITY
PEG qﬂ?ﬁu wéateniadudugouionanshuly 1 v arnnisveasuilemviasaiy

a1 2 FUAM wuaafwiziasslu PEG 17.73 Weasidus fn1siananad 50 Wasidus

=

(GRso) (A37991 4.21) uae (3UN 4.38 uaz 3U 4.39) waziiioimnziaduszeriaan 4 dUami
WU WNTALATIEAERT MS TiUsEneuiie PEG 5 wag 10 Wesidus H¥enaznnssengaan
96 WA 94 MUY LAYANRAEAINNETIBONEIAR 5.31 LAy 3.67 loufluas uazA LAy
AN1B1257N 3.61 Way 1.71 lwufns auadu was famiduduaes PEG 20 wesidud
wud1 ANENILRALAaEAINENITINARaeE 1 Tuldde nuitdaAsalBeaLazsIn
Ao 0.94 uay 0.63 LYUAINT LazdAoAASBINU Bheemesh et.al. (2018) USuugaiugtnaving
MmN (Setaria italic) 6 anaviug Fadufivlunszganalfegluaninaiunioniin
Mnurandslnomnzapaudna lu PEG Anuidudy 0 15 20 25 waz 30 Wedidud nui
PEG 25 Wz 30 Wedidud drashats 6 anewusiifasasnssen antemeen wazAue
ﬂﬂsi"wﬁqm loszezinatsiiuly 4 was12 §Ua% A1 LDy, Avvanaudionududy PEG
99y lnedugouiildannsnsendinazldsuufivdouasmeluiian aannmnass
nuiusdnfinzidesuemaiiu PEG anududuinnndt 15 Wesifud Sevagnissen
Finazanas wazazaenunidennududuves PEG Wy 20 Wesidud (Ul 4.40 uaz
Ul 4.41) Tnsanududuves PEG Mvinlidosaznssendinvosudaanas 50 wWosldus
semnzidsaiiuszezing 4 §Uanii way 12 §Uanide Ao M LDy VAU 14.86 lag 11.83
Wosidud auddu denadesiiu Sani and Boureima (2014) Anw1n1susudgaiugnen
lsin (Pennisetumglaucum) egluan mmuuds viansimgidsaudnlu PEG 0 10 20 30
32.5 35 37.5 Lazd0 Wosidus nuinAn LDs, Wiy 26.2 1Wosidus uag (GRy) iy 24.2

Wosidus



=] 1 < Y] 1 I I aAa 1 a
M197194N 4.21 Na‘Uaﬂﬂ'ﬁLW’]%L@EJQLEJ@G]E]’JV]’]W?%ﬁIWIa CIAT 184 5288¥N1599N I9YATNITIBDAYIN LAY ANLRFYAINNYIILUDA AITUYIITINUUBINIT

daumsnziigns MS Msznausie PEG pnududulussausing Weamzidealusseziiat 12 dUans

ALY MUY Sowazn1sdan Sovay AR ARy
PEG Wan N135500Y20 ANYIIDN AINETIIIIN
(%) (31.) (31.)
2 4 12 4 12 4 12
dUam fUavi dUan danni dUnmt dUani dUani

0 50 50 (100) 50 (100) 50 (100) 6.81°+0.11  13.93°+0.13  5.09°+0.42 11.09°+0.95
5 50 48 (96.00) 48 (96.00) 48 (100) 5.31°+0.14  9.77°+031 3.61°+0.15  8.33°+2.37
10 50 47 (94.00) 32 (68.08) 32 (68.08) 3.67°40.10  6.89°+0.14  1.71°40.09  2.74°+0.17
15 50 36 (72.00) 19 (52.77) AR 1.57940.59  4.699+0.16  1.33°+0.81  1.92°+0.28
20 50 13 (26.00) 4 (30.76) 3(23.07) 0.94°40.01  2.44°+0.07  0.63°+0.06  0.66°+0.11

“meme fgnyivileuiuluredutifenuiansitauadeilakifinnuunndeiunsgduleddy 0.05 deldannisiseuifisumeds Duncan s
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120 =—0—Spuazma99n AU
100 2 ) =l D50 (4dua)
S LD50 (12dUnai)
-8, 80
@
g 60
& GRs,, = 17.73%
33
G
= 40 LD, = 14.86%
A
20 LDy, = 11.83%
0
0 10 20 30

AUIUYW PEG (%)

JUT 4.38 Anuduiiussendng PEG funseen wazanuagsenvosuiindvimsydlala CIAT
184 Nvziagalu PEG AnuidutuluseAumnge linslaequuemsdunsengn s

MS TiusiaatnanseruaunIsiesiule Wewnzidenluszeziia 30 Ju

| f

Control PEG 5% PEG 10% PEG 15%  PEG 20%

JUT 4.39 nsunzideawdndivimsydlala CIAT 184 uwemsduasevigns MS 7

Usenaume PEG ansduduluseaunie Wewmnzideadunan 2 dUai
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Control PEG 5% PEG 10% PEG 15% PEG 20%

JUN 4.40 nsiizidsnudnaaiinszalala CIAT 184 YWD IMITAUATIZNEAT MS 9

Usznaume PEG arsidadulussaudieg Womizideadunan 4 §Ua

PEG 5% PEG 10% PEG 15% PEG 20%

JUN 4.41 nasimnzideundndaviinszalala CAT 184 UuDIMITAUATILRGAT MS N

Usznaumig PEG anududuluseiuaie domnzideadunan 12 dUani
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4.8.2 §78148

INAIANBIAUANNITOIUNITNULAIVDILAR IA8VINNITINILI AL IUAAUUDIMNT
duamenigns MS Allidnansaruaunsyduln Useneulume PEG fissAuanududu 0
510 15 wag 20 Wasidua Unaglasa 30 NTUFADAAT 21NNTNAGBINUTT FREALAITIEN

¢ & o 'Y v v X < a < ¥ | =~ '
YOUNGAUUANALLBTEAUANNTNTY PEG g9ty wansenifiadudugauiionasuly 10
U 31nn1snaasiomiziasnduial 2 §Uanv nuludanmnziaeslu PEG 17.88
Weasidud dn1ssenanas 50 Wasifud (GRs) (15197 4.22) wazilawmnzideadusyeziian
4 §Uavi nuIeMNTRAATIZENT MS NIUsEnausiY PEG 5 uag 10 wWesidud fifosaznis
18NN 94 uar 80 MUANU (FUN 4.42 uay JUN 4.43) Aaduaugenne 3.75 uay 2.84
WURLLAT AINAITU hAZNAUTUTUYDY PEG 20 Wasidus wuin AnNeeaakasang
1 =3 Y v 1 1 QA' = a

8175180 a99 81 WAULATA WUITANRAYANULBAKALIINAD 0.90 WAL 0.38 LWURLUAST

Weszeziawiull 4 way 12 §Uas A1 LD, Nazanasillannuidudy PEG

¥
=

g0 lngsudeuiildannsnsentinsudsulasuludiviewasmelufian annsvnaes
! @ o & A a Y v ' s @& & v

NULAANNIZLAYIVUDIUTNLAY PEG AULINYULINNIT 10 LUBILIURA T988ZN1TTION

Finazanad (3UN 4.40) uazazmenundon udutuves PEG i 20 wWasidud (3U7

4.45) Taganuiuduves PEG Nvinlisesaznissendinvaauananad 50 wWesidudiiie

wzlasaduszeziia 4 dUan wag 12 dUnNAe Aa AN LDy WU 15.28 way 14.73
6 @ 13 o

WosIHuUR ANaINU

Hadas (1977) $1841U31A159A@0UN1590n0anT1%1s (Sorghum bicolor L.)

'
(%

0381w (Pea) 93anla (Chickpea) waw Vetch tilauniziaesldaisagangves PEG 6000
AIUAL water potential LLazLﬁaLWWﬂULLUaﬂwﬂaaﬂﬁﬂ’mﬂmzﬁu water potential JEAU
1 1 r-ﬂl ¥ d' = o £ 6 v
A9 numssenlloszlaeldaisazats PEG wasillomizluudasmasssianuduiusiu
AetuaNsanasnaaeuauseniagldiniz luaisazaly PEG AauAw water potential
wnunisnagevlulsunls wazeisazlanafniinismesevluliuilaenss mszlulsune

mvandadeineiuanuduluiulaeinnitnmmeseuluesufiminis



A151497 4.22 NATBINITNIZEBUNEANIEINET FouaznITeon $a8azn1370ATI0 KATARREAIINEIBEN AIINEIITINUUDIMITAUATISRENT MS 7

Usznaume PEG anududuluseauaies Wowmngiaeadussoginan 12 dUa

AULTUUY 14U fovaznsean Souay ALade Aade
PEG L&Igﬂ ﬂﬂiiﬂﬂ‘?ﬁﬂ ATUYIYBN A1UY1IIN
(%) (a.) (a.)
2 i 2 4 12 4 12
U9 U dUmna dUm9n dUm9 dUmi dUmi

0 50 50 (100) 50 (100) 50 (100)  5.89°+0.15 13.14°+0.40 6.30°+0.17  13.72°+2.16
5 50 47 (94.00) 47 (100) 43 (91.48)  3.75°+0.20 10.78°+0.31 5.20°+0.20 5.60°+0.47
10 50 40 (80.00) 30 (75.00) 29 (72.50) = 2.84°4¢0.18 = 4.18°4¢0.11  2.36°+0.27  3.88°+0.48
15 50 29 (58.00) 15(51.72) 14 (48.27) = 21494029 3.28%40.16 1.579+0.08 2.63°+0.09
20 50 23 (46.00) 3 (13.04) 1(4.30) 0.90°+0.08  2.51°40.60  0.38°+0.06 1.88+0.12
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Fadonsumenuuds Tnoviuaadaunzia suueimsiiy PEG aududu 0 89 35
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(Muhammad et.al., 2007)
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4.9.2 g6
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Ammonium Nitrate

Boric Acid

Calcium Chloride, Anhydrous
Cobalt Chloride Hexahydrate
EDTA, Disodium Salt

Ferrous Sulfate, Heptahydrate
Magnesium Sulfate, Anhydrous
Manganese Sulfate

Potassium lodide

Potassium Nitrate

Potassium Phosphate, Monobasic, Anhydrous
Sodium Molybdate (VI), Dihydrate
Zinc Sulfate, Heptahydrate
Glycine

Myo-Inositol

Nicotinic Acid

Phridoxine HCI

Thiamine HCI

1,650
6.2
332.2
0.025
37.26
27.8
180.7
16.9
0.83
1,900
170
0.25
8.6
2.0
100
0.5
0.5
0.1
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AMANUIN U

ASENSUUEISEAN

1. NSA3EUATITAZANY

1.1 2X CTAB U3u1ns 100 Nadans

F1 CTAB 2 n%u PVP 1 n$al NaCl 0.4 n$a 91niudis EDTA Amnudiady 0.5 Tuans
$1u9u 4 Tadans war 1 luand Tris-HCL S1uau 10 fadans navarsnomalufnines
3w 500 fiaaans Inearaldanudeuiiotneliaisazaeldnuniu udrusuusuins
Frethnduauasy 100 dadans
1.2 10% CTAB (lu 0.7M NaCl) Usuas 50 fadans

UUn Nacl aadadu 5 Tuans (90 stock) USanms 7 iaaans whuin 43 Jadans
Faas CTAB 5 n$a wawaswamualiiindulaeld Magnetic bar ausuasazaraluiie
Pty il iTigumgiivios

a

1.3 0.5M EDTA (pH8) U3u1n35 500 Naaans

9 EDTA 93.06 nSu adlunioue Wuthnduudunng 300 fadans wadlddiulneld
Magnetic bar auansavareduiiowioaiu Mn1sUsu pH Wiy 8 udhdaduusinns
anvinelviidu 500 fiaddns Mnduilusdesemtetauduleth arudulofigumad
121 esrwadoa Wunal 15 wif
1.4 10X Tris-borate EDTA buffer (TBE buffer) Y31195 1000 diadans

%4 Tris base 108 n¥u 49 Boric acid 61.83 n3u Wazdis EDTA 9.305 A3y thansiids
unaraenduUsIng 500 Haaans USu pH Whwinfu 8 wiusuusumsdetindy
UATY 1000 fiaddns Mntutilusdode Autoclave euduleitguvgdli 121 s
waidua 1wl 15 il uagdndasniswides 1X TBE buffer U331¢s 500 fiaddns iite
4910 Tigaansazans 10X TBE 1 50 fiaddns uwdliinduuiunslild 500 iaddns
1.5 1M Tris-HCl (pH8) U3u1035 1000 fiadang

F1 Tris 121 n3u adludnined Wndindy 500 fadans waausu pH iy 8 e
1 Tluan$ HO Mntud$udiinasaaiinefetindulsivhiy 1000 Sadans tilshideds

wiloflsmnudiuloun nuduleaamall 121 ssrwadea WJuan 15 wii



127

1.6 10 mM TE buffer Y3u1as5 100 daddns

A0 1 118135 Tris-HCL (pH8) 11US1Rs 10 Haddns uavaa 0.5 Wans EDTA (pH8) 1
U3inng 2 Taddns wavlidifu Uuuiiassetindu 100 fadans diludndese
nifodanuiulet anudulefiguvgf 121 esaiwaidoa Wunan 15 wiit uagd
Roanswsey 0.1 Tadluans TE Buffer USuns 40 fadans fawgaansann 10 dadluans

TE Buffer Usunes 400 Tulasans wandutnnduiiausuusuinsidu 40 faddns
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AANUIN UV (71)

1.7 20 mg/ml RNase A U3u1ns 1 Uaaans

%9 RNase A la@vaanaun 1.5 Nadans naunu DI water (deionized water) Usues

1 f1ad3ns 91Nt Vortex auansazaeidulilomeniu

2. mawssuaslumalinujisenanlewadiuasisa (PCR)

2.1 20 pmol/ul lwswues (lwswwes RAPD) Usunas 20 lulasans
pausazlnsesifianududu 100 lulasTuasedns Usuns 4 lulasans UuuSunsse
DI water 10u 20 lulasdns

2.2 1.25 mM Deoxynucleotide Triphosphate (dNTP) Y3u1as 100 lulasans

970 stock twalsaziuaUsznounie dATP, dCTP, dGTP wag dTTP AL UNTY 100 Had
luans destiun dNTPs (JATP, CTP, dGTP uay dTTP) usaziua 1.25 lulasans saudu 5
lulasans 91ntiudisl DI water (deionized water) Usums 95 lalasans 22l¢ mix dNTPs 71

firnududu 1.25 Tadluans Usunng 100 lulasdas iiufionmgl 4 esralded

3. MsueuasTUAS AN NSNS T4
3.1 MswIeuznlsalIa AAUTY 2 Wahidud (w/iv)
Fa0zn1lsa 0.8 nu aslunanan iy 1X TBE buffer Usuins 40 Jadans naulwidnny

° v Y P v 4 & o ) ] ! ° o a Aa a Y] &
uqiﬂiwﬂjqui@utwaﬁlﬁagaqEJLUULU@L@Ujﬂu LLa'JLV]Iﬂﬂ'WIa']VTTULWﬁU@JL?]ﬁ'i/]ll'ﬁ'ﬂ Nad9INUU

[ (%
v a

fs Aaligaumniiveiiolvinainnisudesin
3.2 N151038Y 3X Gel loading dye Usu1as 200 lulasans
AR 6X Gel loading dye USu1ns 100 lulasdng uaiifuy DI water (deionized water)

U3u1ms 100 lulasans

4. n1swwseesineulustua (EtBr)
aneSReuluslun Aududu 10 fadnsudeliading Usung 0.5 faddns vse 500

lulasans aslunsuziwseuld ¥y 1X TBE Buffer USunns 499.5 Hadans wanaulianiuy
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AANUIN U (71)

5.1156n0a DNA 1ag35 CTAB anuuasan Doyle and Doyle (1987)

afnmsuleandudalaeds CTAB FedimuUadunain Aldrich and Cullis (Aldrich and
Cullis, 1993) 15ua1nuaguseudelulnsaumairlulnssiiduliazidombuns Td 2X CTAB
buffer U3uns 700 lulasdng undeliaziden §1adregrsiiunudildlunasnauin 2.0
fiaddns 1A -mercaptoethanol U3uns 2 lulasans Tuggaatu wiluvuiigumgd 65
psrnaidoa 1unad 2 alue Tnsndunaealan 2-3 Ass WA 15 U9l 1iu chloroform :
isoamyalcohol lugnsn 24:1 Usuns 700 Tulasans waalmbuiodoasulendunaonly
11 56 ads lugnaatu diludumdesiinnuiiseu 14,000 seusiowd Wunan 5 udt vy
Wiuingnaukazdlagnueneenniueg il gransazatediula (300 lulasdng) Td
aslunasalusivun 1.5 fadans 1hin RAase A USans 2 lalasans Uuitgangfl 37 aeen
waded Wwaal 30 uadl iu 10 Wesidus CTAB Usunns 50 lulasans naunasnluun
119 1 chloroform : isoamyalcohol Tusnsa 24:1 Usuans 700 lulasanslusnsy 24:1
U303 700 lilashns nanlifudodortulnenduvaealiin 5:6 afe villuganatu iy
Juiasfinaiuidasey 14,000 seudeund Wuar 5 wai analsazatedula (300
lulnsans) Aasseisedhlnasnoudauadae Tdadlurasslmlouin 1.5 Gadans nduidy
isopropanol 300 lulasans Unilgaungfl -20 ssmeaudes d1ufu wasaamiuthlthuries
ArN5I50U 14,000 s0URBUNT U1 30 Ui dlais dremvneufiBuiedieon
wea 70% Usues 1 faaans udahludumiesfiannuiéaseu 14,000 s9UMU Huian
30 w7t widlaits AunzneuRiduesnasiiie absolute ethanol Usinas 1 fadans vy
Husissiinuaseu 16,000 sousewrit Wuan 30 wiit dwlafis mnavneudsuelsl
wislaguniiguug 37 esmwalea Wuan 30 Uil (Wuaunimgneuaziia) azane

[ i

gnouRduLesig TE buffer Usuins 20 Tulasdns (MUngaumgil 65 asrngai@ea) drluuy

3

- a = & o A 9 v a3
Mgaungil 37 asrwaidea WWuszerian 1 93lue ielvingnauflduleazaneviun
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AANUIN U (M)

6. MINATIZRAUN KA UIUIUVDIRLDWBAIYIT spectrophotometry
gaansazanefduleideinisnsavasunUiuns 3 lilasans ldlunasanaasswuin
1.5 fadans Adundulasaide 297 lulashns (dilution factor = 100) uagtiluind1ns
pAnduuas (absorbance) finme1AdY 260 waz 280 wilumns Inefuindudu blank
91nHutiA absorbance filFlUMuILMIAIId T UTRsaTazAefIB LD YAl
AU TIEINTENIIAINTgANAULAITIAIINE1IAAY 260 sio 280 urluluns e

4

AAT1$NAINNUTANDVRIAOUE W IAT Ratio O.D. 260/280 = 1.8-2.0 LaAI3ALIULE

o,

v
a A 1

Usans alaenIintkansandinisuuilauvadlusiuunn

9

ANUNTUTRIENTATANEABWE (ue/ml) = Ay x 50 pg/ml x dilution factor

7.11589ud Fluorescein Diacetate (FDA) Stock 5mg/ml

'
[

949 FDA 5 §aansu avanamgesalay 1 Jaaans 91ndumssu FDA Solution 1 fadnsy

a a [ 1

neliaddns lnagn FDA 310 Stock 5 fiadnsudeiiaddng 200 lulasdns Asesdlau 800

Tulasans wulurieduildan -20 ssmwaldya
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Abstract Pasture legumes was developed by tissue culture technique using gamma
irradiation. Seeds of Stylosanthes hamata cv. Verano were received 7 doses of radiation (5,
10, 15, 20, 25, 30 and 45 Krad) and control (without irradiation) cultured on MS medium.
Free Plant Growth Regulators (PGRs) and 30 g/L sucrose treatment found that 30 Krad
decreased the percentage of shoot and root length of 31.7% and 20.51% respectively in 30
days. While seeds without irradiation were 100% germination. The radiation doses was
reduced the growth rate by half in 7 days GRsg3) at 39.82 Krad. The lethal dose (LDsj) of
Stylosanthes hamata cv. Verano was 26.14 Krad and the higher irradiation level increased
death rate. Seeds on MS medium with 3 mg/L of meta-Topolin (mT) resulted at 60 days
after irradiation which higher than 50 % in all treatments. Moreover, every dose of gamma
rays stimulated shoots and roots after 60 days.

Keywords: gamma irradiation, lethal dose (LDs), Stylosanthes hamata cv. Verano

Introduction

The most of livestock animals in Thailand are beef cattle and dairy
cattle, fed by concentrate and rough food. Rough foods are grasses and
beans. Dairy are fed cows by rough food up to 15% of their total daily
intake. When the dairy cow receives lower coarse feed than 15%, the milk
fat content will decrease, and it effects on digestion system in the rumen and
animal health (Thadsri, 1997). Nowadays, Department of Livestock,
Thailand has introduced 285 species of beans for study. However, there are
only 4 species that produce seed as well are Centrosema pascuorum cv.
Cavalcade, Desmanthus virgatus, Stylosanthes hamata cv. Verano and
Stylosanthes guianensis, CIAT 184, which has a seed yield are 67.2, 39.0,
39.7 and 33.0 tons, respectively.

* Corresponding Author: Poeaim, A., Email: anurug@hotmail.com



Hamata beans (Stylosanthes hamata cv. Verano), a native bean from
Venezuela in South America, was been stuide by Khonkhean University
since 1970 by Dr. H.M. Shelton and Dr. L.R. Humphreys, Queenlands
University, Australia. (Boonruang et al., 2012). Hamata beans can be grown
in a generally general, most cultivated in the Northeast, Thailand, protein
content and seed yield are quite high, resistant to animals grazing and it is
no report of cattle bloating (Bureau of Animal Nutrition Development,
1982). Khon Kaen university reported the comparative test found that
Hamata beans produced higher productivity more than. Another bean in
Stylosanthes type. This report is similar to (Topark-Ngarm, 1979) reported
the various methods to develop the maximum product of seed. For example,
the study of appropriate time to release sheep or goat for grazing before
seeds harvesting (Wilaipon and Humphreys 1976; Wilaipon and Humphreys,
1981) or period to truncate the bean before seeds harvesting (Wilaipon and
Humphreys, 1979).

The feeding beans was done by tissue culture technique with gamma
irradiation. Makthong (2013) reported that induction to mutate in (Medicago
sativa L.) beans by gamma ray. Seed were received doses of radiation of
100, 200, 300, 400, 500, 600, 700, 800, and 900 Gy, the result showed that
seeds with 100 Gy of gamma rays decreased the percentage of shoot at 39.2%
while seed without gamma irradiation was percentage of shoot at 94.4%,
and LDsy was 100 Gy of gamma rays which suitable for mutation.
Benslimani and Khelif (2009) reported that induction of mutation in Arachis
hypogaea L. by ®Coirradiation with doses were 50, 100, 150, 200, 300 and
500 Gay. Seeds with 450 Gay of cobalt rays decreased percentage of shoot
and root length about 46.5% and 59.0% respectively. Mba et al. (2010)
suggested doses of gamma irradiation from 0 to 600 Gy should be using for
genotype test to choose the optimal treatment condition. Horn and Shimelis.
(2013) reported on the various doses of radiation at 0, 100, 200, 300, 400,
500 and 600 Gy in Cowpea (Vigna unguiculata) by ®°Co irradiation. The
result showed that genotype of Nakard tolerated at 200 Gy, and provided
percentage of germination at 43.33%. The optimum dose of 150 Gy made
LDsg of Nakard. Tissue culture technology play a huge role to improve plant
variety and combination with gamma irradiation to induce mutation. The
aim of experiment was to study the effect of gamma irradiation and plant
growth regulators of Hamata beans to induce drought tolerant and salt
tolerant.

Materials and methods
Plant material

Seeds of Hamata beans (Stylosanthes hamata cv.Verano) were
supported by Feed and Forage Analysis Section, Animal Nautrition
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Division, Department of Livestock Development, Pathumthani Province,
Thailand.

Gamma Radiation

The gamma radiation was carried out at the Gamma Irradiation
Service and Nuclear Technology Research Center, Kasetsart University,
Bangkok, Thailand. In acute irradiation, seeds were irradiated with gamma
radiation from Cs-137 using a research irradiator (Mark I) at doses of 0
(control) 5, 10, 15, 20, 25, 30, and 45 Krad. The 0 Gy using as a
comparative control. The explants were surface sterilized by using 70%
(v/v) ethanol for 2 min, 15%(w/v) sodium hypochlorite solution with 2 to 3
drops of Tween 20 for 15 min, three times rinse in distilled water for 5 min
per times. MS medium (Murashike and Skoog, 1962) is used as basal
medium with salts and vitamins, added 30 g/L sucrose, 2.6 g/L phytagel,
adjusted pH of the medium to 5.8 using 0.5 N NaCl, autoclaved at 121°C for
15 min. The cultures were incubated at 25 £ 2 'C under cool white
fluorescent light (27 pmol m™s™) with 16 h light/8 h dark photoperiod. GRso
(50% growth reduction), a dose can decrease 50% of seeding height. It was
determined for all treatments by measuring the seedling height, shoots and
root length after 30 days GRso;30). After 30 days, data were calculated the
germination percentage (GP) using formula 1 (Dezfuli et al., 2008), the
lethal dose 50 percentage (LDso) was used by the following formula 2
(Bashir, 2012).

__ No. of seeds germinated at 30 days after germination

GP = x 100

No. of seed control

NO. of seedlings survived

x 100

Survival % =
° " NO. of seeds germinated

Effect of growth regulators on the growth of bean seeds after irradiation

Seeds with eight doses of radiation, 0 (control) 5, 10, 15, 20, 25, 30,
and 45 Krad, were cultured on MS medium added 30 g/L sucrose, 2.6 g/L
phytagel and 3 mg/L meta-Topolin (mT). The pH of the medium was
adjusted to 5.8 using 0.5 N NaCl, autoclaved at 121°C for 15 min. The
cultures were incubated at 25 + 1 "C under cool white fluorescent light (27
umol m™s™") with a 16 h light, 8 h dark photoperiod, and measured LDs and
GRs after 30 days.

Data analyses

All treatments were repeated three times. ANOVA was computed
using SPSS v17. The data for each stage of the experiment was analyzed
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using one-way ANOVA and followed by Duncan’s multiple range test
(DMRT) for mean comparison at p-values 0.05.

Results

Effects of gamma irradiation on germination

The effect of gamma irradiation on Hamata seeds were irradiated
with 0, 5, 10, 15, 20, 25, 30 and 40 Krad, surface sterilized seeds were
cultured on MS agar without plant growth regulators. In general, increasing
the gamma dose caused negative effect on plant development as it was
indicated by the reduction height, shoot and root lengths at 30 days. The
germination response of Hamata beans against irradiation doses were given
the linear equations: y = -1.5723x + 112.61 (Fig 1). The highest of GRs¢:0)
values based on the height of Hamata was 39.82 Krad.

120
" y=-1.5723x+ 112.61
_ 100 1 @——@—x “ -0 _ R2=0.8487
\c %a, "' J
< 80 AL
é \ T ‘.,\ GR50(30) =39-82
= 60 Ry
r= e
= v\ K
5 40 \
&)
20
0
0 10 20 30 40 50
Dose (Krad)

Figure 1. GRsy at 30 days of Stylosanthes hamata cv. Verano plants treated
with different dose of gamma rays

Seed germination, percentage of shoot initiation, percentage of survival,
shoot and root lengths of 30 days seedings was shown in Table 1. The
percentage of seed germination gradually decreased as gamma doses
increased to 45 Krad in 30 days. The highest percentage of seed germination
was 60% at 5 Krad. The highest percentage of shoot initiation shoot and root
length at 5 Krad gamma dose of 100%, which were 0.625 cm and 0.344 cm,
respectively. The 45 Krad was lowest of 28 %, which shoot and root lengths
were 0.114 cm and 0.050 cm, respectively. Roots were stopped growing and

cotyledon wilted (Table 1, Fig 2).
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Table 1. Total number of initial seeds, germination rate, survival rate, shoot and root lengths acutely exposed to different doses
of gamma radiation on MS medium at 30 days

Gamma Dose = The number of Germination Survival Shoot length shoot response Root length Root response

(Krad) initial seeds (%)" (%) (cm) % (cm) %
Control 60 60(100) 60(100) 0.680+0.70 * 100 0.546+0.10" 100

5 60 60(100) 60(100) 0.625+0.66" 91.91 0.344+0.35° 63.00

10 60 59(98) 56(93) 0.423+0.40° 62.21 0.348+0.15° 63.73

15 60 58(97) 48(80) 0.367+0.52° 53.97 0.311+0.75° 56.95

20 60 54(90) 44(73) 0.353+0.50% 51.91 0.257+1.27° 47.07

25 60 51(85) 34(57) 0.310£1.10° 45.58 0.114+0.65° 20.88

30 60 40(67) 17(28) 0.214+1.45" 31.47 0.112+0.64° 20.51

45 60 17(28) 4(6) 0.114+0.578 16.76 0.050+0.56° 9.15

Table 2. Total number of initial seeds, germination rate, survival rate, shoot and root lengths acutely exposed to different doses
of gamma radiation on MS medium with 3 mg/L of mT. The effects were investigated for 60 days

Dose The number Germination Survival Shoot length shoot response Root length Root response
(Krad) of initial seeds (%)" (%) (cm) (%) (cm) (%)
mT3(control) 60 60(100) 60 (100) 0.880+1.44" 100 0.351+1.15" 100
5 60 60(100) 60(100) 0.829:+0.05" 94.20 0.206+0.35° 58.68
10 60 59(98) 59(98) 0.695+0.60" 78.97 0.225+1.12° 64.10
15 60 58(97) 51(85) 0.555£1.27° 63.06 0.243+0.75° 69.23
20 60 59(98) 48(80) 0.414+1.25¢ 47.04 0.236+1.52° 67.23
25 60 55(92) 47(78) 0.464+0.70" 52.72 0.232+0.11° 66.09
30 60 49(81) 31(52) 0.595 +0.50° 57.38 0.326+0.30" 92.87
45 60 34(57) 30(50) 0.552+0.26° 62.72 0.321+0.35° 65.81

*IMeans in same column with different letters are significantly different at P < 0.5 according to DMRT using one-way ANOVA
""Seed germination means germinated seeds out of total seed number.
?Shoot growth initiation means developed shoots out of total seed number
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Figure 2. In vitro seed germination, shoot and root length of Stylosanthes
hamata cv. Verano seeds irradiated with 0, 5, 10, 15, 20, 25, 30 and 40 Krad
on MS medium at 30 days

The apical meristems were yellow, observed at 26 days death. The
leaves cannot grow due to severe physical damage. The survival response of
Hamata against irradiation doses was given the linear equations:

y=-2.3151x+ 110.53 (Fig 3),

while LDsy30) was obtained at 26.14 Krad.

120 y=-23151x + 110.53

100 o~ R® = 0.949
S e
3 <2<
z R LDy, =26.14
5 40 o
7} . ~4

20 SN

0 -
0 10 20 30 40 50

Doses (Krad)

Figure 3. LDs, at 30 days of Stylosanthes hamata cv. Verano plants treated
with different dose of gamma rays

Effect of gamma irradiation on meta-Topolin (mT)

The irradiation activated in the MS medium added 3 mg/L meta-
Topolin (mT) for 60 days. Hamata showed a growth rate over 50 percent in
all treatments (Table 2). The treatments of 0, 5, 10, 15, 20, 25, 30 and 45
Krad were germinated at 100, 100, 98, 85, 80, 78, 52 and 50 percentage,
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respectively. Seeds obtained gamma rays at 30 and 40 Krad with an average
shoot length were 0.595 and 0.552 cm, respectively. The mean length was
higher than seeds without hormone which cultured on same medium.
Average root length of the control plants and the 30 Krad were 0.351 and
0.326 cm, respectively. All treatments caused calli around the roots (Fig 4).
The results showed the survival percentages at 60 days after irradiation were
higher than 50 % in all treatments.
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Figure 4. In vitro of seed germination shoot and root length of Stylosanthes

hamata cv. Verano seeds irradiated with 0, 5, 10, 15, 20, 25, 30 and 40 Krad

on MS medium added 3 mg/l of mT at 30 days
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Figure 5. Effects on the length of shoots of Stylosanthes hamata cv. Verano
by gamma irradiation
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Figure 6. Effects on the liengithioffiri)b’t'si(i)fi Sz);losc;nthes hamata cv. Verano
by gamma irradiation

A morphological investigation was conducted for 30 days to
compare the heights of seeds on MS medium with 3 mg/L of mT and free
PGRs. In general, the results enhanced the degree of seeds on MS medium
with 3 mg/L of mT from 0 to 45 Krad with increased in seedling height
when compared with those culture on MS medium without hormone (Fig 5).
The root length of the plantlets significantly increased in the second week of
culture. Plantlets irradiated at 30 and 45 Krad changed in height in all doses
when compared with those culture on MS media without hormone (Fig 6).

Discussion

The effect of gamma irradiation on Hamata seeds were irradiated
with 0, 5, 10, 15, 20, 25, 30 and 40 Krad .The higher of GR (5030 values
based on the plant height of Hamata were 39.82 Krad or around 400 Gy.
These results are similar to Kimno and Chepkoech (2014) studied on the
induction of mutation using gamma rays on Sorghum bicolar L. Seed beans
were treated 200, 400 and 600 Gy. Dose of gamma rays at 406 Gy (40 Krad)
decreased rate of germination. Ramazan et al. (2016) varied doses of ®°Co
irradiation at 0, 50 100 150 200 and 250 Gy on Lathyrus chrysanthus Boiss.
After 14 days, 250 Gy (Krad) affected to seed germination of 14.3%, shoot
and root length were 0.5 and 1.3 cm, respectively. Seed of Hamata beans
irradiated at 45 Krad (450 Gy), seed germination was 28.0%, shoot and root
length were 0.114 and 0.05 cm. From the result showed that low dose of
irradiation had no effect on germination rate (IAEA, 1979). Survival,
sprouting ability, height and the number of plant organs were affected by
higher dose of gamma rays (Nwachukwu et al., 2009; Devi and
Mullainathan, 2012). In high dose of gamma irradiation, the growth of root
was stopped, cotyledon was wilted, characteristics of seed changed both in
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morphology and genetic. Survival plant can repair itself after irradiated with
gamma rays and survive depending on dose of irradiation (Ahloowalia,
1998). These changes are the result of genetic was destroyed. It also creates
free radicals that can change the structure of the plant cells, physiological
and biochemical processes of the plant (Marcu ef al., 2013). Hamata beans
after 26 days cultivated, apical meristems were changed green to yellow and
eventually die. The Leaf stop growing caused by physical damage, which
usually resulted in halting of apical meristem or root. The changes in
external genes of the nucleus, it can not transfer to next generation (Vos et
al., 1995; Lee et al., 2002).

The LDsy value of Hamata beans with gamma irradiation on MS
basal agar medium without PGRs at 26.14 Krad (260 Gy) was created.
Rajarajan ef al. (2016) reported on varied radiation doses of gamma rays at
150, 200, 250, 300 and 350 Gy in rice cultivar ADT (R) 47. The result
showed LDsg value after irradiated at 229 Gy. Gang et al. (2007) studied on
Narcissus tazetta received the highest dose of radiation, survival rate of the
plants was significantly reduced.

Seeds of Stylosanthes hamata cv. Verano were received 8 doses of
radiation on MS medium with 3 mg/L, meta-topolin (mT). The results
showed the percentages of survival after 60 days with radiation higher than
50 % in all treatments and GRso0) higher than 50 %, while can not get the
data of LDs, The reason for explaining that it was PRGs in medium, mT
was a high performance for seed germination on Stylosanthes hamata cv.
Verano. The other studies were supported in high performance of mT
which can help the seed growing although there were got the high radiation
doses. Pdungsil et al. (2015) reported the various radiation doses of 0, 50,
100, 100 and 200 Gy. The results showed that the survival percentages for
30 days after irradiation were higher than 50 % in all treatments. Letham
(1971) reported to promote radish cotyledons using cytokinin and explained
by the promotion of cell enlargement, mT as a most active aromatic
cytokinin as reported by Strnad et al. (1997) and Chiancone ef al. (2016)
studied of the effect on caulogenesis by mT and BA, micro-cuttings were
cultured with 3 concentrations of each types of cytokinin on Citrus tristeza
virus. The mT showed the result better than BA, use a low concentration can
be giving a comparable multiplication rate. Structure of mT is similar to
BA, it has not been associated with hyperhydricity, heterogeneity of plant
growth or rooting suppression (Amoo et al., 2011; Bairu et al., 2007). In
future should study this part to find the answer of LDsy using the media
without PGRs, taken the higher radiation doses and culture.

It concluded that seeds of Stylosanthes hamata cv. Verano after 30
days cultivation found that 30 Krad decreased the percentage of shoot and
root length of 31.7% and 20.51% respectively. The radiation dose was
reduced GRso30) at 39.82 Krad. LDsozg) at 26.14 Krad. The higher
irradiation level increased the death rate. Seeds with irradiation on MS
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medium with 3 mg/L of mT after 60 days cultivation, the LDs, was higher
than 50 % in all treatments and GRso higher than 50 %. In the future, the
improvement of Hamata bean would possible encounter the new
characteristic by gamma irradiation in combination with PGRs to improve
the growth rate.
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Abstract The plant regeneration from seed of Hamata (Stylosanthes hamata cv. Verano) was
found. Seeds were induced on MS medium (Murashige and Skoog, 1962) with different
concentration of cytokinin were used 0.5, 1 and 3 mg/L 6-benzyladenine (BAP) meta-Topolin
(mT) or Thidizuron (TDZ), respectively. The result showed that the highest percentage of seed
induction was 65% and average shoots 8.66 shoots per seed on MS medium with 3 mg/L mT
for 12 weeks cultivation. For node of hamata were study on callus and shoot induction on MS
medium with 0.5 mg/L IBA combined with 0.5, 1 and 3 mg/L. TDZ. The highest percentage of
callus and shoot induction was 100% gave average areas of callus at 11192.84 mm’ and the
number of shoots per callus was 13.50 shoots on MS medium with 0.5 mg/L IBA combined 3
mg/L TDZ for 8 weeks cultivation Cell suspension culture of callus that developed from node
of hamata. The friable callus was transferred to liquid MS medium with 0.5 mg/L IBA
combined with 3 mg/L TDZ for 4 weeks cultivation After that transferred to MS medium with
3 mg/L mT for shoots regeneration. The percentage of shoots generation from callus was shown
on 90% and the number of shoots per callus was 14.00 shoots for 12 weeks cultivation.
Transferred shoot to root medium containing of MS medium with Indole-3-butyric acid (IBA)
Naphthaleneacetic acid (NAA) or Indole-3-acetic acid (IAA) at 0.1, 0.3 and 0.5 mg/L. The
result showed that the highest percentage of root induction was 100% and gave averaged roots
at 11.001.87 roots per shoot on MS medium with 0.3 mg/L NAA for 12 weeks cultivation.

Keywords: Node, Plant Growth Regulators suspension, Stylosanthes hamata cv. Verano

Introduction

Legumes a large family of plants from the grass. It is important for
human and animal food. The plants are high nutritious and protein. In addition

* Corresponding Author: Poeaim, A., Email: anurug@hotmail.com



to food, Fabaceae plant has significant to economic because Fabaceae plant are
special from other crops. It can use nitrogen in the air to growth. Rhizobium
causes root-knot obtain food and energy from plant. while Fabaceae plant
obtain compounds product from rhizobium use to growth. So, legume plants
are important role in maintaining soil fertility decrease soil erosion. In addition,
legume used in "ley-farming" to increase the soil abundance. Some legume
species play a role in forest and used in biofuel (Jones et al., 1997).

Hamata (Stylosanthes hamata cv. Verano), a native bean from
Venezuela in South America, was been studied by Khonkaen University since
1970 by Dr. Shelton and Dr. Humphreys, Queenlands University, Australia.
Hamata can be growth on normal weather in Northeast. High protein content
and resistant to grazing animals. There are no reports that make beef cattle and
dairy cattle flatulence like some beans. And high seed yield (Bureau of Animal
Nutrition Development, 1982). In tests comparing varieties at KhonKaen
University. Hamata produced the higher yield than forage variety. According to
(Topark-Ngarm et al. (1979). Seed production has been tested to find the
maximum yield of seed. For example, the optimal time which would release the
beef cattle and dairy cattle before harvesting the seeds or harvest the seeds
before cutting the bean (Wilaipon and Humphreys, 1976; Wilaipon et al., 1979;
Wilaipon and Humphreys, 1981).

The report is available on tissue culture of Stylosanthes spp. using
cotyledon and hypocotyl induction callus on MS medium with BAP and NAA
in different concentrations were used for callus induction and shoots
regeneration. The percentage of cotyledon left and hypocotyl from callus of
Stylosanthes spp. were 90.33% and 81.33%, respectively. on MS medium with
3.0 mg/L BAP and 1 mg/LNAA (Kumar and Chandra (2010) According to,
(Boonrung et al., 2012) studied of cell suspension of Stylobates guianesis
CIAT 184 by using the callus derived from cotyledon callus induction on MS
medium with 1 mg/L 2,4-D. The results showed fresh weight and dry weight of
cell suspension with the best growth for 15 days of 0.6304 g/25mL and 0.0360
g/25mL, respectively.

The aims of this study were to investigated in vitro callus induction and
cell suspension regeneration from node with optimum and concentration of
plant growth regulators for Stylosanthes hamata cv. Verano.

Materials and Methods
Plant material and plant regeneration

The used seeds of hamata (Stylosanthes hamata cv. Verano) were
supported by Feed and Forage Analysis Section, Animal Nautrition Division,
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Department of Livestock Development, Pathumthani Province, Thailand. Seeds
of hamata were surface sterilized by 70% ethanol for 2 min and 15% sodium
hypochlorite solution with few drops of tween 20 for 15 min and washed 3
times in sterilized water. The seeds were placed on 3 different Murashige and
Skoog (1962) media with various concentrations at 0.5, 1, and 3 mg/L, 6-
benzlyaminopurine (BAP), Thiazine (TDZ) and meta-Topolin (mT) Medium
containing 30 g/L sucrose and 2.6 g/L phytagel (pH 5.8). The culture was
incubated at 25 +1 ‘C under fluorescent light (27 pmol m™s™) for 16hrs and
dark condition for 8 hrs.

Callus induction

Callus was derived from hamata node and obtained regeneration on MS
medium containing combinations of 0.5 mg/L Indole-3-butyric acid (IBA) and
TDZ (0.5, 1 and 5 mg/L). Callus was subculture on a new medium every 4
weeks cultivation. Callus composition and structure was observed under Field
Emission Scanning Electron Microscope and Energy Dispersive X-ray
Spectrometer (FESEM-EDS (7610F)).

Suspension culture
The friable callus was transferred into liquid MS medium of 0.5 mg/L
IBA combined with 3 mg/L TDZ for 12 weeks cultivation. The culture was

maintained at 120 rpm 25+1°C. After suspension culture made shoots were on
MS medium with 3 mg/L mT.

Roots induction
The shoots from 12 weeks cultivation regenerating callus were taken to

the MS medium with Indole-3-butyric acid (IBA) Naphthaleneacetic acid
(NAA) or Indole-3-acetic acid (IAA) at 0.1, 0.3 and 0.5 mg/L.
Data analyses

All treatments were repeated three replicates. ANOVA was involved
using SPSS v25.The data was analyzed by one-way ANOVA followed by
Duncan’s Multiple Range Test (DMRT) for mean comparison at p-values 0.05

Results
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Plant regeneration

The seeds were regenerated to multiple shoots culture with 0.5, 1, and 3
mg/L BAP, TDZ and mT, respectively. The percentage of germination was
65%. The results for multiple shoots from cultured seeds with 3 mg/L mT were
8.66 shoots per seed. After 8§ weeks cultured, shoots length was 4.28+0.10 cm.
(Figure 1A) The lowest of shoots regenerated was 1.00 shoots per seed and
shoots length was 0.47 cm was recorded in 0.5 mg/L BA (Table 1).

Callus induction from node

The formatted callus could be observed from the node after 4 weeks
cultivation seeding responded with 0.5 mg/L IBA combined with 1, 3 and 5
mg/ml TDZ (Table 2). The formatted callus was compact, green (Figure 1B)
and friable callus were yellow. (Figure 2A) However, the callus was friable on
with 0.5 mg/L IBA combined with 3 mg/L TDZ. The maximum percentage of
callus was 77% observed in 0.5 mg/L IBA combined with 3 mg/L were
13.5+0.14 shoots per callus and shoots length was 1.30°0.14 cm for 8 weeks
cultivation. However, the callus percentage was 55% on 0.5 mg/L IBA
combined with 5 mg/LL TDZ. The highest compact callus per callus was
19712.08 mm® (Tablel). The callus structure from hamata node by SEM
resolution 500 mm at 15 kv and magnification x15 (Figure 1C).

Shoot regeneration from suspension

The friable callus was transferred to liquid MS medium with 0.5 mg/L
IBA combined with 3 mg/L. TDZ. The callus was changed from yellow to green
after 4 weeks cultivation (Figure 2B) The embryogenic callus initiated to
multiple shoots for 8 weeks cultivation. (Figure 2C). After that transferred to
MS medium with 3 mg/L mT for shoots regeneration. The percentage of shoots
generation from callus was 90%. The shoots per callus was 14.00 shoots and
shoots length were 1.2440.08 cm for 8 weeks cultivation. (Figure 2D).

Root induction from the regenerated shoots

The roots were cultured with 0.1, 0.3, and 0.5 mg/L IBA, IAA and
NAA, respectively (Table 3). The roots were initiated after 2 weeks cultivation.
The roots per shoot, roots length was measured after 12 weeks cultivation. The
maximum of roots formation in 0.3 mg/L NAA were 11.00+1.87 roots per root
and roots length was 2.84+1.63 cm after 8 weeks cultivation (Figure 2E). The
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lowest of regenerated roots were 2.5070.64 roots and roots length was 0.1370.26
cm with 0.1 mg/L IBA.

Figure 1. Induction of shoots in Hamata (Stylosanthes hamata cv. Verano)
culture (A) Multiple shoot induced from seed with 3 mg/L mT for 8 weeks (B)
Compact callus induction from node with 0.5 mg/L IBA and combined with 5
mg/mL TDZ for 8 weeks (C) The callus structure from hamata node by SEM
resolution 500 mm at 15 kv and magnification x15

Figure 2. Callus and suspension cultures of S. hamata cv. Verano (A) Friable
callus induction from node with 0.5 mg/L IBA and combined with 3 mg/mL
TDZ for 8 weeks (B-C) Cell suspension induction with 0.5 mg/L IBA and
combined with 3 mg/mL for 4 and 8 weeks, respectively (D) Multiple shoots
regenerated from suspension culture with 3 mg/L mT for 12 weeks (E) The
roots induction with 0.3 mg/L NAA for 12 weeks
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Figure 3. Step for shoots and roots induction of S. hamata cv. Verano (A)
Multiple shoot induced from seed on MS medium with 3 mg/L mT for 8 weeks
(B) The node with 2-3 cm (C) Callus induction from node with 0.5 mg/L IBA
combined with 3 mg/mL TDZ for 8§ weeks. (D-F) Cell suspension induction
with 0.5 mg/L IBA and combined with 3 mg/mL for 4, 8 and 12 weeks,
respectively. (G) Multiple shoots regenerated from suspension culture with 3
mg/L mT for 12 weeks (H) The roots induction with 0.3 mg/LL NAA for 12

weeks

Table 1. Effects of different concentrations of BAP, TDZ and mT in MS
medium on multiple shoots induction from seed of Stylosanthes hamata cv.

Verano
Plant growth regulators The number Shoot Shoot/seed Shoots
(mg/L) of initial seeds formation explants” length
(%)" (cm)
BAP  TDZ mT
control 80 0 0 0]
0.5 0 0 80 60.00 1.00£0.0° ~ 0.0+47.23°
1 0 0 80 57.50 44500.23°  0.0£71.40°
3 0 0 80 45.50 1.4530.01°  0.0+47.06
0 0.5 0 80 56.25 1.33+0.01°  0.0+31.01°
0 1 0 80 60.00 1.4140.26°  0.0+48.15"
0 3 0 80 51.25 44330.01°  1.0+45.06
0 0 0.5 80 55.00 2.00+£0.00°  0.0£26.35"
0 0 1 80 63.75 4.00+£0.00°  5.1+03.35°
0 0 3 80 65.00 8.+£660.04  4.0+28.10°

*FMeans in same column with different letters are significantly different at P < 0.5 depending

on DMRT using one-way ANOVA

""Seeds germination means germinated seeds out of total seeds number
*Shoots growth initiation means developed shoots out of total seeds number
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Table 2. Effects of different concentrations of IBA in combination with
optimized concentrations of TDZ in MS medium on callus induction from node
of Stylosanthes hamata cv. Verano

Plant growth The number Callus Average Shoot/node Average
regulators of initial formation callus explants” length
(mg/L) nodes (%)" number per of shoot (cm)
node mm’

IBA TDZ

0.5 1 40 e 8111.99 2.4£250.19° 0.610+.19¢

0.5 3 40 100 11192.84 13.5+0.14" 1.300+.14°

0.5 5 40 55 19712.08 6.50+0.06" 0.0+£76.06"

*® Means in same column with different letters are significantly different at P < 0.5 depending
on DMRT using one-way ANOVA

" Callus germination means germinated node out of total node number.

?Shoot growth initiation means developed shoots out of total node number

Table 3. Effects of different concentrations of IBA, IAA and NAA in MS
medium on roots induction from shoots of Stylosanthes hamata cv. Verano

Plant growth The number ~ Root formation Roots/ Roots length
regulators (mg L™) of initial developed explants” (cm)
seeds (%)"
IBA IAA NAA
control 0 0 10 0 0 08

0.1 0 0 10 40 2.50+0.64% 0.13+0.26d°

0.3 0 0 10 50 4.25+0.25% 0.15+0.33¢

0.5 0 0 10 80 10.25+2.13° 2.26+0.50°
0 0.1 0 10 50 6.50+£0.86™ 1.35+0.24%
0 0.3 0 10 70 5.50+0.86 2.1640.59"
0 0.5 0 10 30 2.75+1.18% 1.30:£0.34%
0 0 0.1 10 100 9.00+0.70% 1.15+0.90°"
0 0 0.3 10 100 11.00+1.87° 2.84+1.63
0 0 0.5 10 100 2.75+0.85% 1.07+0.29"

“T'Means in same column with different letters are significantly different at P < 0.5 depending
on DMRT using one-way ANOVA

" Roots germination means germinated shoots out of total node number.

¥ Roots growth initiation means developed shoots out of total node number

Discussion

Hamata seeds were induced with different concentration of cytokinin
were 0.5, 1 and 3 mg/L BAP, mT and TDZ, respectively. The result showed the
highest percentage of seed induction was 65% and shoots were 8.66 shoots per
shoots with 3 mg/L mT after 12 weeks cultivation. The previous report of
micropropagation from seeds (Boonruang et al., 2011) explained that 1 mg/L
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BAP shoots were 5.06 shoots per seed with 1 mg/L BAP for 8 weeks
cultivation. In the present study, the best growth regulator was 3 mg/L. mT
made seeds multiple induction were 8.66 shoots per seed and shoots length was
4.28 cm after 8 weeks cultivation. mT was a high performance for seeds
germination on Stylosanthes. hamata Amoo et al. (2010) reported that high
concentration of mT had less toxic than higher concentrations of BA.

The callus was regenerated from node with 0.5 mg/L IBA combined with
3 mg/mL TDZ was the best regeneration. Similar to Movahedi et al. (2015)
studied on plant growth regulators, cotyledon and epicotyl cultured with 0.5
mg/L IBA combined with 3 mg/L TDZ. The highest callus had fresh weight
3.15 g and TDZ combined with IBA was the best treatment for callus induction,
the results are like Mustafa ez al. (2017) callus induction of Phaseolus vulgaris
L. with 2.5 mg/L 2,4-D combined with 0.5 mg/L BAP. The shoots per callus
was 3.00 shoots and shoots length were 16 cm. In the other hand, Hussaini et al,
(2015) suggested that the callus induction and plant regeneration in potato
(Arnova) with 0.22 mg/L. TDZ combined with 0.49 mg/L. NAA The Shoot
formation completely failed after second and third subculture The TDZ and
NAA were better response for cell division when higher concentration of auxin
and cytokinin applied together.

Cell suspension culture was friable callus and developed to compact
callus. The result was agreed with Gruel ef al. (2001) in resulted that TDZ
stimulated a compact-green callus from node. Al-Juboory et al. (1998) and
Murthy et al. (1998) suggested MS medium with 2.20 mg/L TDZ combined
with 0.44 mg/L TAA was more effective for callus production from gardenia.
The efficacy of TDZ was strongly supported callus induction from shrub plant.
More recently, TDZ induced shoots regeneration better than BAP in Arachis
hypogaea because TDZ had the morpho-regulatory potential of the chemical
that led to tissue and organ culture application (Victor et al., 1999).

For roots induction use auxin (IBA, IAA and NAA) in MS medium. The
result showed the highest percentage of roots induction was 100% and roots
formation at 11.00+1.87 roots per shoot with 0.3 mg/L NAA for 12 weeks
cultivation. Similar to Rey et al. (2000) studied on microshoots of Arachis
pintoi. The best roots induction used with 0.01 mg/L NAA. Morever, Dolce et
al. (2017) suggested that the root induction with 1 g/L. of activated carbon
(AC). In the field, Arachis pintoi was acclimatized and made 90% of roots
induction. In the future of this study cell suspension of hamata can be new
mutation by gamma irradiation for salt tolerant and drought tolerant.

It concluded that seeds of Stylosanthes hamata cv. Verano were induced
3 mg/L mT. The result showed the highest percentage of seed induction was 65%
and average shoots 8.66 shoots per shoots at 12 weeks cultivation. The callus
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induction with 0.5 mg/L IBA combined with 3 mg/L TDZ. The highest
percentage of callus induction was 100% gave average areas of callus as
11192.84 mm’. The percentage of shoots generation by cell suspension from
callus was 90% and the shoots per callus was 14.00 shoots at 12 weeks
cultivation. The roots induction with NAA 0.3 mg/L. The result showed the
highest percentage of root induction was 100% and average of roots were
11.00+1.87 roots per shoot.
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