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ABSTRACT

The purpose of the research was to investigate the long-term effect of
difference levels of air temperature during growing season on vyield production,
nutrition value and genetic characteristic in soybean (Glycine max (L.) Merrill)
Chiang Mai 60 cultivar. The experiment was carried out at the Agricultural
Research field, Naresuan University in Phitsanulok for 3 years to produced 2
generations during 2009-2011. Soybean plants were exposed to 3 levels of air
temperature; Lower Ambient Air Temperature (LT), Ambient Air
Temperature(AT), Higher ~ Ambient Air Temperature(HT) under open top
chamber system, from V1 through maturing stage. It was found that higher

| ambient air temperature condition induced significant positive responses in
height, LAI, Chlorophyll a (Chl @ ), 100 seed weight , ash and fiber.  We found
sufficient evidence comparing between HT and AT treatments in height and 100
seed weight parameters. =~ At the i generation, the results showed the
significantly increase in height by 11.41%, 7.8% and 13.33% at V3, R1 and R3
growth stage, respectively. While, the significant increase by 18.72 % of 100
seed weight was found at the g generation. The significant results were found
in LAl and pigment content when compared between LT and HT treatment.
The significant increased in Leaf Area Index(LAl) by 23.17 % appeared at R1 stage
in HT treatment. In addition, Chl @ content were increased by 47.39 %,
36.35 % and 55.28 % at R1, R6 and R8 stage, respectively. Although, the similar
results were not found in the 2™ generation. Although, we found the
significant  increase by 14.22% and 8.3% in fiber at both the 1" and the
2" generations, and the increase by 23.67% in ash at the 5 generations.
In contrast, the negative results under high air temperature condition were
shown in protein and lipid. At the 1" Generation, protein loss by 68.42 %
(compared between LT-HT) while lipid loss by 64.86% was found at
the 2™ Generation (compared between AT-HT). Finally, we analyzed phenotypic
changes by the Amplified Fragment Length Polymorphisms (AFLPs) technique to
investigated the effects of temperature variability on phenotype characteristic
changes of soybeans for 2 cropping periods. Six primer sequences of DNA
indicated that soybeans under 3 levels of temperature in the growing season
could be categorized into 2 groups; AT and LT treatments were separated at

the 17 cropping period and the g cropping period, respectively.
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3) mimqaﬁauNans:wumnamwnﬁ'lu'izﬁuﬁshaﬁ'uﬁﬁﬁiadaNanﬁﬂﬁ"'smﬁaa
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CTAB 15 ¢

IM Tris-Cl pH 8.0 75 ml
0.5 M EDTA pH 8.0 30 ml
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& d H20 Tviasu 500 ml

10 % CTAB (200 mU)
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AUANTRGINIITEAUgNU TS T5NYIRnI8uBNgNAADITENININT15T Tl
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dnguil 2 veamsugniulinumuuanssresdiituilu(Leave Area Index) gl
Urdhdnlundszezveinsiniyiiulngewing 3 gansvmaasausetisln
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1. unin

o = = o a oo
AuaAsy uveslgmiivinnnside

m'mJaEJuLLﬂaqﬁmeunummﬂIanImmwwvamamﬂrgmn'mwuamwm‘ﬂu
vssmavedlan  (global warming)  Tudulnsadesdaiudussduussenniaves
Indeifidd@amniinndvegldnaeduaymilussilannifunadeiiemansd
ialagtiu ynmsAnvivesngunindnetmans uay earnsszaulanldsyyegnadaiay
o mafistuvesgamniilaniy frnudiusiidaeuiumsiisiurendguinuon
nszanvedlaneit i fwanfusuleeenled (CO) TunSavenladin,o) sy (CH,)
was aaalivigealiamiuau (CF,CL,) ( Horel and Geisler, 1997; IPCC, 2001; Keeling
and Whorf, 2003; IPCC, 2006; IPCC, 2007) Tuilaqtiunuhanmniivedanldifiudu
udszanm 0.6 Tutin Amssuiiduani (Stott et at, 2006) Tng nautindInanmans
ygsseAnsszaulan fe IPCC (Intergovernmental Panel on Climate Change) la
AINNIIAIIN ammmaﬂaﬂlidau']ﬂmml,l,u'aiuum”meuamamamm Taevinunein
azu'vmm..,waawumwmnaammm 4.5 °C waziloinsAneuiiviyluandernwuiy
qmmgumaa‘ianmmemmizmm 1.1-6.4 °C meluAnssui 21 Sulurnuduiug
ﬁuﬂ%mmﬂmﬁuﬁummﬁwﬁa‘tmizmnﬁﬁflﬁ’@ﬁa CO, uaz CH, Tuussene (PCC,
2006; IPCC, 2007)

Tymitddunnussnsnil@afannuanssnureinnslanioufie  nsanas
mawawﬁmmamamwm‘iuﬁuﬁeﬁqﬁ]ﬁ"’ﬂaﬂ (Fuhrer, 2003; Stangeland, 2007)
wans3veluvansussmanuindymlandoulinnuduiusedailtfodAyrenvanases
AANAVNINTINYAT Yasstyivesndnvedlanatesiia uiuiluusnunte W
e 4 dader WessgamaiiifiiuluussenmadsademsBeuutas
ludeeSsimeluiivinhlugnswanuaduiaudenalnnsudnasens  Useaeu
ﬁ'uﬂzumi'qumnﬁuﬁﬁﬂmsmwwmnﬁ'ia’lamnnnuawﬂﬁamniaﬂ"s'au AMILUTUTIU
YDIANA msmmuwammaaﬂmww miLUaauLLUmmmamaﬁuaaU“ UUFINRIMIT LY
Ay ﬂ'l'iL“dﬁEJ‘LJLL‘lJas‘l‘lJEN‘eJEU‘ﬂmJLﬂ‘uiuﬂU’JﬂQﬂ‘UmW‘ﬁ suvaUSinaniwWuiianasdesdma
AemsanNaranvaIIINeNIsInYasadesaLlios (Jacobson, 2002; Fuhrer, 2003;
Prasad et al, 2006) way mquuﬂ“aaﬂamﬁ‘uuamamaLuaﬂuamﬂmmﬂammmm‘[aﬂ
aqmaa‘uumal‘u anunsaidamiintuil m'lwumwmmamﬂwmaG]ﬂiumﬂ S
Uiumﬂ‘lmmumﬂmma IgvimsAnuidaitelivauaaunsel Weusziiunanssny
‘umamfaviaﬂ'iau‘muNamawwwmim‘tymsm'luanﬂvﬂmuuLt.a.,'luamﬂm [GERVRTY
ﬂ']‘i’J‘-ﬁEI‘lJ‘lJﬂJVNm'ﬂ‘ULL‘U‘U?]’lﬁﬂﬁﬂﬂiﬂmﬁﬂﬂﬁﬂﬂwaﬂ’m’]EJLLﬂu‘U'i“’LMUNEI waz  jUuuy
mAdeluamassailedassaniumsalaiduiuil Jacobson, 2002; Fuhrer, 2003;



Prasad et al, 2006) Wiinguiininermansinaniligausvasdlumsvinsivedely
mudeyefimiudiifatulsvsuasielilidayatugusinilugnamimaniuiu
lumshuna@ndnemanssuazshlugnmsdamstgmilielluemanthues

nndeyatlymvesanninmiellanisunasnansznunondnnanisiny
nanuasdananudandidy  Suduivsdedinsananuisdewesanunisalves
Jomilluvszmdlnevis 2 Uszdiu udssdiuiinilsie Ussmalnadussmanunsnssy
fddylussduadonadlussilan  Ussidiuilaes dloussdivanumsainsiiadues
gamgfiludsemelnedanuidymiifatudlulsawdlne - Fuasifnuhdndoves
samgilluvsawalvegatuninfludissswie 0512 CluthmeneDisnani
(aanail egauis, 2550) FedimusudustaBanassiiuiivedessuiumsinuive
Welmruradiiiatuldasweatgwilandeuiiiinenanamenisinunslulsemelng W
lullsgiuuasluowan — Tnemsadelunseiinaedidelifaduladoninsusaiiua
ﬂizwumﬂmaﬂaﬂ%'auﬁﬁ&iaf{’amﬁaaﬁ’uﬁ:ﬁﬁmﬁaLﬁuﬁﬁauﬂgjﬂLgasﬁwﬁmﬂuudﬁjuﬁ‘a
isughaidryveding ilowhoimasaduiindiughiomensnunsidioues
Uszwpuazinlan  Tudvesmsduesvdnuasemaauluzuuuusquestszenns
Tanuszneufudwinftvajlanfuiuiigniamdonnniuiuiu 7 vewsuma  uay
HenguuuunmaAdelasnisaianumseiaiwasaniizlanfeuisluanmnetgiuas
faewanumsalszivgmpiiienainiulisiduouan  Tuiuigndumdeduimia
fivalanuagAnwransevuilintuiseannmansomsuasmsiasuwadlussdu
Wugnssuveswmdaduiiuiifing  dnfumsdnuluadiifesduysloniednedsenis
afugwloyastaluglsss semssessulsuiuansliymssfulaniiintusenamn
Yeusmnelneniuusammilsdifesldfuranssnumndymileguieuiilutigiu
LagauIAn FedeyaivelivmanAdeluiui snilugnsvuumsdaniminenns
msinuasvessemalnesziulssmasia sullafuliymannsaliidsuaduues
TanfliAntuadansaszisustely

2. WQUszaIAlATINGINY

vielilddeyamiaesuulaifinTuiudnsmanan Auameanseuay s

o @ A - v oo {

ABVAUBIUEY genotype TBsMIMABIIINMIUgNdImiesssasefielilagui 2 e
=y L2 2/ ‘\‘J 1 s -y
Ugnuazkdniugnmeliannygamgiiiganitsedusssuni



3. YBULIAVDILASINITINY
3.1 Wugdawdeddunside

1 lumsiinuldmmdemansameiugitiouugnisdudsamdlnalasiamns
aadaluituiiniamiie wu Wugiestmi 60

2 Anwnsasuulad eenotype 'Lumaﬂmmaawﬂanma'l.@mmavammn
3 i”ﬂ‘UEJEI’1~‘1ﬂ€]LUENMﬁﬂﬂ£]ﬂﬂ'lﬁ‘lJﬁﬂ Tu 2 Jufte Wugiminnugn Wuguwiows iinvitg
#ldanngunsvnaasnail 1 ssdumdaiugituguil 1 was hudiafugui 110
Ugnliwanamiunidaiugud 2

3 sgaugnmiilunmaaed

lunsfinwimususziugamgiiiuanmeiu 3 seiulutuggmalgn wail

- ¥avaaes LT (Lower Air Temperature) Aunuliininsedu
uulsssuYIRN1BUBNANAADITENIN1N13TVY

- gannaas AT (Ambient Air Temperature)adufulvlndidsedusedu
gunpliniguanguaasiszninehide

- Yaveaed HT (Higher  Air Temperature)nauauliganinszau
qUNYATITUYIAN1BUBNGNARDITENININISITE

4. Uszlaminandnazldsunazniagauinuonanisiseluldusslaad

wam3dell ssfudunilsvssgutoyalutszmalng Aifeatostunansenumes
fisughivmsinunsiiide anmInivesnawdsunvasesdnizlaniou fivianu
suusetluouAn sumamamsideianiuiuesdanudmiunaimsadeludu
reld lumsAfeiitednidenaeiugimumusieaniunisellanieulueunan



5. NMINUNIUITIUNTIAU

5.1 amunq'snim'sm?%ﬂml:tjaanﬁa':mﬂianu,as daaunsallandouluszaulan

Usngmisafanizomaiiudsunas suidlsanmnanislandoulfiatun
szogvioud  uasdllunltinsfinumuusanniuluewan  Sudsanmnnsiiy
yosfwidounsyaniiddayiie CO,, N,O, CH, N,O, HFCs, PFCs, ( (Mall et al, 2004;
IPCC, 2007) uaziinmsaanisallag IPCC 31 sedufeniiusulaenlesaziuduii 2
whluamssull  Sedendwamansinsdenisifutuvesgamailanuazannuudsusan
YesanMzilennAegawiveu (IPCC, 2001)

nautininemanslussdulaniifiauaulaludlamanislanfouldiionided
anladuegsbdlaswuiilugas amsseiisnianmgiivesdanifiugedundszana
0.6°C Faduungmiaiithitasusngandeulugisszegina 900 Jikman (Stott et
al, 2006) LLamamiﬁﬂwmzqmnmiﬂszma%uua'lumiLﬁwﬁ’qashmazﬂ'ﬁﬁ'm'sm’[,u
JULUUM ST NANAATEATHUT QmwgﬁmaaiaﬂﬁLLuQIﬁuLﬁmﬁuaﬁmﬁatﬁmlu
auAn usnantugildiinisinu Tng IPCC seilull o 2050 tugamgiilaniag
waveedssduiiniu 1.1-17  °C (Anonymous, 1992)  uasilemaifuduiiy
1.1-6.4 °C lughauaeanasseil 21 (PCC, 2007) mnuwnliiwesnsiiuturesig CO,
waz CH, fuunlthwesmsiiuduedwreiiieanisetaududa (PCC 2006; IPCC, 2007)
athalsiony failamnuariiadoduqiiannsadwasionmzlandoulddnidu nsfuwys
yoaFunary aruduluussene AuRuUsTenalasaslan  n1ssuilne
voaul ALy TYe AR by T fundsuasURinaisEounseaniiddoysh
wilsAe Agansuaulneenledluduussoanas (IPCC, 2001; IPCC, 2007: Tiwug mssy,
2549)

gnun1salvesanIzlanseu (Global Warmmg) fladn1I¥18UTTIINIATNTINS
ﬂﬁmaammmamwmmmﬂwmmmmnm'nwmwaqmmmmufum NELTOUNIZAN
’quumsmmﬂlusumﬂm‘[ﬂawiai dlefamaiiinmsazaumnnaiuluguusseaniaazsi
wihiindnedeunszan Aeseulissdnseindaaudu dudanluduussendld wiile
Sdshnanmnnszuiviulanudasieunduiuidnduen wusdsurhisa liaunsn
nszvweenueniuusssmald SuiliAenisaraummiouinafiilan fduanail
ﬁﬁﬁﬂﬂaﬂﬁqmm‘]ﬁqﬁ’u (Horel and Geisler, 1997, Jacobson, 2002) ?&;aﬂfju
UNINFMIENTV989ANT IPCC (Intergovernmental Panel on Climate Change) lﬁ‘isq
Agl3auUnNszINKan? 6mﬁﬂﬁtﬂummﬁ;ﬁﬂﬁan%’auﬁa CO,, N,O, CH, N,O, HFC,
PFC,, SF %femjuﬂ'n‘ié’alﬁgﬁuwaﬂfﬁﬁﬂmﬁszqdm'mﬁu%wm Co, Li‘]ummaﬁﬁqﬁﬁg
waqmiLﬁu%}umaqqmwnﬂﬁ‘Lan(chc, 2006; IPCC, 2007) %‘q%’a;‘;amsﬁﬂm&,awwﬁw
arfuaulnsanledifissrdafier wuii seduitgarsusulasenledndsluszdu



0‘) ¥ l:\' E’; ot ‘1 i 1
ussanmaviluvadanlafindudszana 35 % 91nszau 275 tmol mol ~ Tutiensu

grgmamnssulanifisduszdu 372 mol mol ' Tud 2002 (Keeling and Whorf,
2003) Faiimsmamsailag IPCC 31 seiufmenifuaulaeanledasiiivdudu 2 wihlu
AnTIYil (IPCC, 2001) ?idsiaufiqwamqmamwfammﬁu*‘ﬁ’wammmﬂﬁimaﬁwu,ﬂuau

nguiinineimansluszdulaniifmuaulsluliymannglanfeuldfianiss
fhiraulaifuagredalnenuinludag amssuitiuni sumgiiveslanifiugstuuda
Uszanm 0.6 °C Faduusngmissifiliweusngunneulutaaszezinan 900 Tk
(Stott et al, 2006) wagnamsAnwIINMTUsTINaTayalumsIiufeEuaznIs
Fmnalugdiuunssiasmisadamaninuin guvpiveslaniiuualtndistuadng
sarflasluowan venniudsldfins@inu Tas IPCC szudalud a.e. 2050 tugamgd
Tanlmeadsazilssiuiiniu 1.1-1.7 °C ( Anonymous, 1992) uasillenaifiadu
Wu 1.1-6.4 °C Tudisuangamssudl 21 (PCC, 2007 mnunlthmaamsiisduesiig
CO, way CH, fluunltiuvesnsifisdustsialiiessieegaduda (PCC 2006; IPCC,
2007) eglsfinn dallamuaziadodusiaunsndmatennslanfoulddngu a3
funUsvasUiinary pnaduluussenmea anufuidsvesiddasaslan msszidaves
gl A sveandsdos i fulsvesSinafusounsyaniiddydanil
Ao fireansuaulneenledluduusssma (IPCC, 2001; fiwus Rasss, 2549)

nsAnuiedsziuaniunisainiiglanfoulasnislduvusiasanag
adlaenansiitovhuisnmegampiiveslanedwseillealdinufivinegweiioadunan
wened Ineindnenmansvinlan Sanadilduiidiavilddamunndaiuudideyalded
Wludirmaideriu de gamgilandsaafisgaiuluawanediaiuey Fwamsinuil
afutisostufuiiadesnililumsfnuniues fedefondniildsnilunmsinm fo
USinmanududusesiwanivenldeanlamidutadivantduies ( IPCC, 2006) iy
nslguuudnass HadCM, Model Taa  Johns et al.(2003) wani1sAnyIUsEdiugn
gampiiedsvesiilanaziiintu 2933 °C Tuamsswuiuaziawglulssng
avsgeuisnenmginasIzintui 4-8 °C Fwatildmuuanarsainmsdnulagld
wuusassneadinaans HadGEM, Model Ta Stott et al.(2006) Faszynanisanyin
aumgiindsvesiolanasiiiatu i1 3.4-3.8 °C luamsewii uasnan1svhuegangd
lussaanizouinssyigumgiindsssiutui 3-5 °C deSsuiisudoyann
wuuianaia 2 wuih HadGEM, Model 1ag Stott et al.(2006) LanIHaNITHUIBNT
Winsziugumaiigadusziuiigang



5.2 HansznuvanzlanoudaszuuliafAlas HaNEANIINISNEAs

ﬁQ'\u%’ﬂa‘hu'zumnﬁaqﬂmaniswu’lumfﬁﬁmqﬁﬁm*‘z’?umnamaﬂaﬂ%’au N
mddevszana 1l 5 funiuilssifuresanssmuiliadenandanisnisinuasiaiy
Gosiidndiyluszdulan (Tan and  Shinasaki, 2003) n1sasUveINITUsEYNGY IPCC
(8alne Twus Ressau, 2569) wavmsmuTadeyauas Tan and Shinasaki (2003) 1
aylussiuiihaulavemansenuvedlandeufie mafituvesgamgiiiiiaainfedeu
nsvan vziinadenisidsuutasaniazerniansludiuntsamuardanan nns
Wasuwdasienszuiumsnegnninen lagiawzeddanisdwmanszvuludsausely
ssuuiinanunslulszimaluinsses 10 ikuanidnenwlumslinandnvesiivly
Reunnuszmaluleiivanasisguiiouanintunnmafistuuesgumgil Sso1aduwasie
mMsvAkAaUT BN TuLaaTY uasdsmarialfiianissvuiavedsaiiranndy s
qamadiaauitouly nsdesinsuvesiu. maialiifaanizduialufuitnsinuas
wangeuiivialan dnvihameilvzia e masnanvenidudtlluumdni feanada
nardnluerdeldmninavanadluszanm 4-10% Tudumnssy

INNTTANTTIVEVBNININSIFNANTLALNUIBNUANE) TZA VIR Lanttu
IPCC etoyaiaenndoaiu uazdeyamaniulivadymandlanioulutlogtuuas
avudululdesevsannusuuswesymilueuian il mansnguilaiian
aszmindaranseviuues nmiglanfeuilfoszuuiinsssuwi i Seamdiayivinlis
majlsviaufnsranszmuresdanmzlaniounerandaniansinunsnenan lngdu
wilwamsAnldfinsinnelaglfuuudasmendamansitelildToyadaiuily
wsiazglinia (Tan, 2003) - %Q'Lﬁﬁﬂfjuﬁ'ﬂﬁ‘mmmac&é’lﬁﬁmiUwLﬁum'}mﬁamﬁlu
Gamswgiannmsgadeiivnsaluwaiuiisyindrasaninidusnouiuia 74.5
aumeaasansy Wl 2100 laglsuuvdnasmendameans lunisussiliune  wasdadl
msaamsluTl a.6.2065 yamanidemeszganiiimnn ( Velarde et al, 2005)

finivenenannaumikiniuAnwsansenuresanmegamailaniigeluiie
fuwssamansinunstaduuvaseisiddiyiiuysevidlan uasldlinsfnuetis
weduazsiiiosauniaiiag it I¢fnansAnuiiwuindnsmandnvasiivlsly
Tanilmudiiudiiuedhadeivanmznsiasuulagamgiivedan uazdwasdoany
iwsvgiaveslan wazenuiidiiwandavesiivlslunarsiuiivedanlutiagi
anaslfgegaldanmsiiussemaiigungiigetu 93 Foiliresiidlddaiutulunis
dimardafisnisnisinuasvnand Saluvszmaldniu Issgndlduuudianima
adinmansileAnynanssnuraamsdsunasannzniioiniAuazan1izaamgiiaady
fifliofinls 60 wialnsduiudiutoyamaasugaianslunisdiuam (Chang, 2002)
wununmngmiallanfeusuivamuwlsusiuvesgiionmdutiidesudulunisiions
NIENUABM TAANANENUBIRYVINTNYAT



nslguusrasmeagina@ns EPIC(Erosion Productivity Impact Calculator)
AU syUUEsAUIWMANNYIAERT (GIS) uay IE( Inference Engine) laenguidsves
Tan and Shinasaki (2003) flevhwisransznuvesnizlanfeudiddenandani
nsenuns Wl A.A.2010 2020 2030 was 2040 HaTLARBNUINAKAAVINITNENT
vaneUszmedulngvesituiilulanszanatethailssiaransenuveinnslandou
I luUsymeaue ( Mariara and Karanja, 2007) Tagnslaguuudnasmng
adlarEns Seasonal Ricardian mode Anwmansznuveannzlanieuiinednsnanan
Al slulsemanuin dnnuduiussenininmelaniounazdwmansenuludaunesnsa
nandnvasivls uag %'s’imaashwiaLﬁa\ﬂuL“Baawiahﬂuamﬂm'luﬁmazqquﬁLﬁwﬁ’u
way fuananaitraladuegieiei navesnslduuuhasmaadamansnuiinaan
amlandouiinansenusodnswananvesittlsinniwannusunani sz
Uszinreaamsidelavsvdiunansenuaaslaniouiitsonandnrastinanalagly
wuudramsadiand1ans CSIRO’s Global atmosphere model  Wiunganzms
Wnduresgamadiiduiusiunininsziuineasueulaesnledluusssrniawuia
NananT1IE1a9zanas 29 % malﬁamwgmwgﬁﬁLﬁuga“ﬁu‘luamﬂm'luﬁaul*u sl
Wnssauigmiveulaeenlad uimnogmeldanzmaiiusziugumgll Saufunis
Wuseauiing arsuenlasenledrandndnadesanas 25%  ( Anwar et al,, 2007)
nMsAnwmansenuvasdnrlaniauranandanamsinuns tunaauna
MmtednUszhuniiadaldtinsAnwneddaionduienty sfidy n1sideves
Wheeler et al.(1993) lfinisnaansninaun Tndldipdasmiuninuovdsiuvolndie
w%%'u‘luuu'a'ﬁ'mﬁ'j@ﬂ'm@jﬁ"umSU'%'UizﬁUﬁ”Wﬂﬁuaulﬁaaﬂ'lﬁdﬁlﬁaﬁﬂmmaﬂ‘iwwiaﬁn
wilasnag aun Newton (1994) g vantosassamunisaigamgigdulnensi
amafauluuvamaaestnalsd wazmuimandnldanasluanioglurisoungdligeuy
ABUINISANYITD wurr et al. (1996) dninenaanslulsemasingy ladnwn
wamzwwaﬁzﬁuqnmQﬁﬁmmmiﬁmamwazian%u FONENIINEAT 3 TinAD
KnnIavieu (lceberg lettuce (Lactuca sativa L.) nigivisal ( Leek (Allium
ampeloprasum L.)) kay nsenanen (Roscoff cauliflower(Brassica oleracea var.
botrytis L)) Insmssiassaniumsaiussenmeaniissiugamaiiiuandnaiu Tngldssiu
gamgiidaudsziuussemamiiluganuauuas Tiviedsmmdouluwuma fifiaom
N9 87 m wms MmN 31.9 m duhugamgl Tuituitnaasaitoysussiugamy
Iastuniiseduade 4 °C lugannaeayiouiiieu msinwimuin nduvaaesiilisediy
pamgfigeiuiusiszernatiafvralfvesinmanenliduiy uiBnsveznaivesnis
Aukaldvaansevaineniiu 49 Ju wardafiusnnuluresnszudinenagraiifeddy
Fuhrer (2003) lﬁizqﬁdNaﬂSBWU‘U@Qﬂ’]‘SLﬁ&J%‘u‘UﬁNQNMQﬁ nswaeuuda
anauluiy Sy msinduves CO, Uaz O, fidsansznurasszuuiuanuas 49
pansfnyamziadsnmaisturesgnmil wuhgamgfifigeiudwmanentasisses



faasvezmsiiulavesiioUssian €3 Wismnudean s us annarAnTesdn st
andnanmnsihisnsemnshuity Ussamiudazdmadefivdsznan €3 annnda Ca
msAnwiteIdoransenuvesgamgiiifistudenandnues 1lsedaiiudivls
wswgiafiddnlng Nijs (1996) luginweiuaust Wnansanuihaulafiuetebs
Tnglun1side Anzdive Wadnannsiasdanioulasnsly edowvharudousuiu
ueaduWsUIA (1500 w IR lamp) Tngldszuudianlnsiiamuaunmsiauiisnuny
gamgil Wigandrniivszana 2.5 “ClasiSeuliisuiugamunndslasugamgiiung wa
msFnsluwlamaaoamuigamaaesdsldsugungifgaduhlinatinmdnnien
Foinlnenminuisanasie 52% uazandnsmanAnasta 48% WewSsuiiivuiiugn
ATUAX
n5UsEndld Open Top Chamber (iofnuransenuveanmzlandousiiy
atauwsviaw Wy mfinwlnanguamddevel Norby et al. (1997) Uszandld Open
Top Chamber LileAnynansynuvasaniisgungiifigadusaniunsiiivsiuig
afusulaeenludiiiveliEudu  nduinidelfeunugumgiilu Open Top Chamber
mupplagliviedmmidouiiousulioumaigdy uay WaamdiileySuansedu
gamall wazmsiinwilussuuiinaluayuas Tne Hollister taz Webber (2000) &
wuhiivssavsamlunismurugamgillinduednd wu n1sfinymansenuvessziy
ammwawﬂuauuuumauﬂ Im&lm'ﬁﬂi gnaly Open Top Chamber maﬂiuamwnu
Tuituitviandsalmiitednumansy wwammwmumaqammwmamamimmmuim
wazmsuwsiugvasivnssalinsagluszuuiivavivauoudalmd Tunisnm
Kudernatsch et al.(2007) #amsAmnuinguitwilldogluanizaamgiigeiuiianiz.
madulauazunsiudisdundbildinmnatasmomeiluiivuasluduusedila
wunnaudninemansuauglsuazaniinunilelalinnuaulalunside
NaNsEMUYBINSLigamgiiReranAsNsNYA SRy 917ty msdneily
419119 (Sorghum bicolor (L)) 1ae Chowdhury and Wardlaw (1978) 1i@nwlu
megulaelgniuy Chamber AAdus LUUAWNGE @W3g0IIENT WU NEREAYES
wiandvheanasts 50 % meldanmzenmail 33/28 °C  dleSeuiiivuiungumaaes
Faugnneld annnzaamgl 30/25 °C  Feilfeynaiiuanmadenadasiu fominaana
w84 Prasad et al(2006) WnAdonguil Anvmansynuvesanmzgumgiifiiiuiely
usstmeiiiiienandnvesining (Sorghum bicolor (L) Tnsn1sugnlu Chamber
diienaasdlumaauuRuReIty Tnsmsmuaugamgl Wianuwandeiulasns wa
nsAnmuimsUgnaeldannzgamgiiigandn 36/26 °C dswarenisaanisudnings
otiitfdheiy uay anmsndnmdndainegs 10 9%  dWewSsuiungumuguidsugn
mel@annzaamail 32/22 °C
nsfnuUszdiutgmilusemdlneldiiunsinssoswiads Tnensann
femsaianmnsaisaesdaumsalmulsusuvesssiugamaiiniidvinadedn



loy ndien sudnuana uazlesd snod  ( 2551) Tnasuuudiassaninsallan
fouluituiunin ievgndmnammenuzd 105 TungmavgnaFdluituitimiafivelan
Tneszgnifld Open Top Chamber dnvmzlusdla uiemunussiugnmaiigean 3
swiude 30°C  35°C uaw 40°C manmsAnuwuiiiisedu 35 °C ugamaiidinseduls
fudnlnduaziiinafinmiigiigretsdifvddymeddadianisudioutuin 2 1a
nsfnw - uindunuiniiviinalysilusdatnanasnniign Weiisudisuiuszdu
gampll 30°Cuaz 40°C  wanmsAnwiluledednsmandanudn gansnaasanels
anmraamyiigigni 40°C fesidudidniilinanng / 19 anasegaiifodidms
afn lnowSouitouiuyanaaediilissivgamgll 30 °C way  35°C lnanas 9.7 %
ez 123 % wamsAnudnuasmaiusnssuesiulngds RAPDWUIIMSUgNTTY
melapmuunnsevessziugumniigen 3 seiu luszezendwadonisyuunuaubu
lfluansnaeanidu 3 ngupenadaLay

5.3 unag

Ussmelneifudnussmmisiilddurnansenuannmavdeuuuasanne
gliemevedlan dayasinnsugnieivenlivensaiwunlifiwesssunsifinsedu
gamgiiuussemdluanmamiislusuanlaswuiiiuuludsdy 45 °C wasl
essufl 2100 (A.A.2091-2100) ietiisuiulugmemsswil 2000 (A.A.1991-2000)
sammmmammawmnmmﬂmmiﬂmumamuamamumﬂwrﬂuﬂwaauﬂmmmﬂuu
wUsUTnn iy Eninvianngaiiouinen, 2552) mamaumsamﬁmamsm
awumam’gﬂ15mqmuguwgaiauﬂuﬂaaaﬂfmumﬁﬂsmfumm'm%u uazAULUIUII
vesgampidsdaruddnuazasinwegnuswnlusumalng ielilddeyaiuaiug
yasuansznuInanInsalgliemeaulsusuiiiadenandntayaanwasemslud
wies  saiinismamsnideaeiusimmuednsAngading  msfinwiluadall
nauiseidenAnuludmies Lﬁaamnmimvwﬂ’ﬂﬁammﬁwﬁm‘LuUsuLﬁumiﬁJuﬁﬂ
isugia  uasunumvesumdlneiinensnantmdedlussiulanaglutsna 39
fuduandeyaves MnesinmsemskazinunswianUsznd lassauinsemalng
dunsdasuduliiuissmaindniuvasalidusuduil 17 vedlan TnsRersanan
ileiiituiien wandn uwaskandndals vosumagraniiddny U 25452547  Taewdn
leita 260,000 duAl  Tull we 2545 231,000 dwA Tl we. 2506 waz
240,000 A Tl wei. 2547 aadidu waswuhmamiladuituiigndandeann
figaluvszmdlng (naAvimsinums, 2552)

wamsAnyazannsmhlgnisseseamsinyiuasmsidoiuduimilugns
5893 LLauﬂ']‘iﬁ]ﬂm‘iLLﬂ‘ﬂﬂJW‘l dananluiuilunmamilevensanedlnessly
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s

6. szlaulsIvY

= = s 5 4:? o = UJ i Ls { i
MsAnYMIBUATITANTIUNNTH LV ULIAYDINS ITNUT gunsal LATedile
wazdR UMl

6.1 aa1ufiave

nsAnu3delunfeildfuiivgndindeslunvamaasinianisinens
G anmmﬂm% w%’wmﬂiﬁﬁumﬁu,au?imuﬂﬁan UNNINYIFEULTAIT B.15199
1.Awylan 3 mmaa‘maumm 16 aqmmua 44.003 dUa1 wazasfiya 100 a3an
nziuean 11.810 dUan mmaammvmummm 48 wng Ima‘Lummaaﬂsaulmmms
AnTEMaN TN usgns & vesdfuRnisniadnvinenssssusias
Aawande ANLNYATAENTNTNEINTEITUTRUAL AN 0N UM Inandy
usens daiafivadlan wagdiaswiasilsznaumaaiilunda  issfildnisanain
QREMNITUAYAT  AMEINWATANENTVSNEINTETTUTALATAILIAGEN U Inendy
wses daiafiuaglan

6.2 Wugnavdesitldluniside

fandieslng (Glycine max (L) Meril) fufinlsiidenlddmiunsdnuidely
Asail Wewniluituasznadiilinaudmilasuinsgann uazdIdulddnaudenda
wiasiugidsdwi 60 (Duiugidordmiumsinunidelunied iosmndandentug
Wealnd 60 LUUWUﬁﬂ’JL‘MﬁENVﬂ%NﬁNﬁGJLLﬁuﬂﬂJﬂ’Wﬂdﬂ’ma’lia’]W]‘iaﬂ fo fusiiy
43.8 Wedldud iy 20 Wadiiud Winardnguade 280350 flansustals dnvausisy
voEeugae umuselsanaiu Tsaludw wavladaluane uazionlgnlumewniie
nousnanniign Tanewsdmiaivalan (MnRwmsinuns, 2555)

6.3 SLELLIAINTIVY

mIfnyransznUTTIvEvesTTugamgiiiuandafilutiaggung Ugnitie
NawﬁmLLasﬂmﬂWWﬁ']iamwﬂuﬁ"amﬁaq (Glycine max (L.) Merrill) Wugigeslui 60 Tae
ﬂfmﬂmmuammuwmwum 3 sweivlu 3 AnIaaes (3 #1) Tuusdtazgnaans 5 Falug
dedu Kaug 10, 00-15.00 u. lagvihnsugn 2sugtail

Ugn Juil 1 dausifeusnsian 2552 - funau 2552

1hrandnaniuil 1 insetiledlugud 2 dusdifousnsia 2554 - §hunay 2554

Wedlaszinanvaisingunasyms leud nmssydvlacmuanugs duil
il wazysua sndngluly (raslsilad 1o mAaslsWlad T wazualsfused)
Pniuihmsiessiesiusznoumaaiiluade wazdiaTeianyaemaiugnssy lu
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' H = P ) oA = a
MIUgNIun 1 iweullquiey 2552 - §uanAu 2552 uasguil 2 Weuliguisu 2554 —
5UMALN 2554

6.4 gunsaililuns3de

1. gainseivsinalusiu (Keldatech digestion unit wag distillation unit)
yaaszivFinaluiu (Extraction System Model B-811)
‘Qﬂatﬂ‘i’lzﬁtéﬂﬁr (Fiber Analyzer)
‘gﬂaLﬂiﬂsﬁtﬁﬂ (Futname Thermolyne sybron Tye 48000 Furnace)
1A304 Spectrophotometer W39y cuvette 1 4 Model DR 4000
AauauTou
Hot plate
S oaeun3Tae
R399 Evaporator
dnaunsal
wiantmdoniugidedu 60
Chamber 11AR39 1.5 a5 g9 1.7 931 9 9
Inssuadeengludiv
iseeuia Usznoudae
4.1 gaiAdeanindinszvinaslsilad

N S T

AW N =

4.2 yairzaaindinseilusiy

4.3 yauaeuidiaTeriludiv

4.4 yarpTeaumiinTeibely

4.5 Tngaaraidu

4.6 ynihe moisture can AATIVAIAITL

4.7 gadhensuiadinsiesian

N3EAYNTB Whatman LUa3 1 IURUALENA 70 Haaiung
N5£A18NT84 Whatman (et 6 idwsugudnane 110 Taduns

d15iad

dsazanensadayInidudy

asavanensadaysn Wudy 0.128 lua
asavanensadayin Wudu 0.1 uesuedd
arsazansanlufoulansenlen Wudu 32 Wesidud
asazarennlnunadeulonsenlen Wty 0.223 lua
@sazansuesaludy 2 wWesidud

GERTT

A R R
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8. Budlames (methyl red waz methylene blue)
9. WDu-88NNULA

10. ozqlau WU

11. PasiBoudwmas

12. lWvuoa

13. Boron Trifluoride

14, Tgippumaslse (NaCl)

15. Hexane

6.5 msm'uquamfaza‘haaqLﬁamvauqmwgﬁ’luﬁuﬁﬂgnﬁqmﬁm
(1) Open Top Chamber

msfnuIdelunsiiazyszendld Open top chamber (Fasszuudaghuuw)
Fudugunsaifidauuasnain Drake et al(1989) Favawil Imhunuszgnalalunisive
o1 msUszilunansyuvassyauialelsuiiiisiiluusin dsednsnanEnuas
AunmvBsansamElufImdewugiuiioswesUsmmalnedadulasinmsideeuustana
weiuAvd 2550 (nwdt 1) InelusAdsifsianngusuunsldminenms@nguulas]
i delifamieddfuiHulazau@unisssuni way dnunses Open top
chamber luamAdsilaznquinenaainlaguvsanszuen Wurugugnan 1.5 was g
1.7 Wandsn iy uasinszuunyudeueinia Insfansinausiumiues AVAand
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A7 1 Open Top Chamber ﬁﬂﬁanm"ﬁﬂuﬂnﬂﬁh

s

(2) mImuAuTEAugamgiiluiemaaed

£ ﬂﬁiﬁ%1dﬁﬂﬂﬂﬂﬂﬂUﬂLﬂﬁ@UEﬂﬂLﬂ m'ﬁﬁnwnﬂﬂ'lwmmamwa'lamnlaiﬂ
wsanszuen Wurgqudnany 1.51wes g 1.7 Waszuigeinianiuul wasiivdenn
waadnlasuuuiitoftuidy - duaaesiagliileruaamgilussiuiicmualy was
UgnuazauRuszaugamgiliglisnugnanemian 9 ¢

1.2 mimuaueniduazanguugiludvaaes dullumslaenisin  Winauga
oAU namuaveIunidnaasaiiegaemad o1nafignaaditanazsiuusy
nsoafnauafivdug Tnensldauiuiug Wufnsewaziusiunsosudn 194

1.3 nimunussaugungilugnasasldszuunismvaudisdiaalnsiialaed
Lﬂ%aﬁ’uﬁnqqua‘]éf'sm‘zuvﬁLaﬂimﬁﬂ'luﬁawmaasﬁaﬁaﬁmmwmﬁav‘ffauﬁ’msun
mugunsUdestihdaluilasdain Jahmumesnasnusdraemaans Tnaszuy
ﬁaumsﬂ'mﬂu'lwnamaaﬂmmaamemmm’tunsmmm'vmuquﬁwumﬁvmwmmma
saspeafussuuaznsmuaindtnsruunsUdesiniagamaianasieseiui
Amuald mmiﬂ’mﬂmuuuuhmimuﬂﬂqmwn‘,umaLﬂsaauuwnqmuﬂ“mmsmn

dlaalvsiiawasdeidaluudes-vaauaesi tues (Fanwi 2)
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6.6 NIINUNUNITNAGDY
lesslunisdnwidmualifinisaiuquyanaassiianin 3 ganaass (3

Treatments) Ssimunganaassiasfmundedail

1) gannaes LT (Lower Air Temperature) mauguilisninsziugamni
SIINYANBUBNGNAGBITENINNTIY

2yanaaes AT (Ambient  Air Temperature)arumsilvlnalAeaiuszau
guniMeuengvaasdsEnineinide

3) ganmaos HT (Higher Air Temperature)munauligninssnugamgil

U

FTTHUIANBUBNGNARBITENINNITINY

] i3 k24
WanAassuunsiiinanuiafiiuinual

wraatiuiinguuniifonstundiaalnsiia

wazdadla-tlmin

- = @ a & '
AINN 2 lENuNﬁﬂ'ﬁﬂﬂﬁﬂiﬁUUﬂ?Uﬂumqq‘] 1ulkﬂa\3'ﬂﬂﬁﬂﬁ
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mmwummumsmaad WUy Random Completed Block Design (RCBD) Rigivoly
3 91 %4 3 YANITNARDY AINET ot mmum Open Top Chamber azilianun 9 m
VRGBS

6.7 M3¥anisUgnimdenaznisnauauassianansznuaNgungiily
szufsnaiy

1) nsfinwezinmseuaussdugamgiifidinua 3 sedulu 3 yan1vaaes
(3 1) Tuusiazdvnaes 5 delaastoTu faud 10.00-15.00 .

2) msAnuimdesiugiBedmi 60 Tnsnsugnlutasgn ni 17 wes o
20 AT TEEEMNTENIIMGN 20 IWURINS ASNARBIIEURILANSINZEBIRUNEN
nflaugs 3 wufms mn‘fmiﬂﬁmammﬂiaUIuLLanUQn LazSuRIUALgAMYI]
nasauihaiuifel Fuiuszerussnana 3 ou

3) myUgnldusunisnaasuuy Randomize Completed Block Design (RCBD)
$u 3 51 daldesuneluiate 6.6

4) SmnugureamsUgniausunsAnynisugnauniesesugniieildua Tu
uit 3 Tnefivuninguil 1 Aewdaiugildnuiiugivgnndliannizsund @sluns

o

Waasrilldvennueyinnziiudaiugiiningudideivls Twmes o Fmes v.fvelan)
diedanugnnmeldanzenmugiiiuansdiaiu luseunisugnasan 1 wlanandn fe
< w ¢1 o i o =3 o ¢1 d‘ s
WanWUGIUN 2 uazillauaaiugiumn 2 1nugn lusoun 2 meldane
o -] s Y a & - T ar = =
gaumniinuandsiubnasy sgldnandnasagavinafegun 3 fanwd 3 Fslunng
= s 5 Y = o = Al ras L s a o 1 s
Weaesiudnunimdesitlasunanssnunmelinmalgnluszdveumgliiunnsiei
daiwsdunisnaaeuduiliianiieg Tudeedsine nandn uazanuazmawugnysy lu

) wadl

MsUgnueIsaun 1 uasseun 2 windu
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1 P as o
Fundvug ——

nmsdgnavlaantizund

AMWH 3 uEAIdTN19IUHUNITUGNINBANBINANTINUSTELE1IUDINANRBY 2
Feugn1sUan

6.8 Uadumuninnanluussennie
Satlodesunionmluusseiniadail
1. susiuamuunll
2. ARG
3. sgauaiuoulnesniun

6.9 n1Insrvdeunviivinniidennndesluniunigeg
1) MMIATIVFBU WANTENUI NN luszava1snuninan1s3RuTnuas
QPIIEEN

15
Qs s

Tunmsitefmuansifiufieghaiielinssina Tnsiithieduiiuduildiana
nsgvulutnesvezvesongiamiedluszeving q il
1.1 mMsasiulaniedniu (aanug)
ATwnINMIRIYAUINIERY Inednaiugs anuitvetdunne ygy
sy, 2563 Tasmsamasuanuigaiissos V3, R1, R3R6uaE RS Jafiutasensdl 26,
36, 75 waw 89 U muanu
1.2 fuiiiuiilu (Leaf area index : LAI)
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Leaf area index 5v8 R1, R3, R6 uay R8 duiuthvegdl 36, 47, 75
wag 89 Tu  enudwiu  adSves Jones et al (1991)  TsAmnnnilaaingns
LA = fuitlusaionin / ﬁuﬁﬁuﬁﬁmﬁwfuag

2) M3A529F0U NansTnuMNguMgiilussRuiidaiuiifideusuusiadingues
Aandeq
wWusheenaluiiszes V3, R1, R3, R6 uay R8 Fufiutasensdl 26, 36, 47, 75,
uaz 89 Jummidwiu mu3tues Yoshida (1976) wedisziusinussaingliluvia
aaelsiladie  aaelsWladl uavualsfivesd

3) nsmsavdeunansznuangampiilussiuiiseiuitiivedenanandamaes
ifushagadnaimans fisves R8 (Full maturity Stage) Fudiutrsengil 89
Fu amidsues giing Junesrn (2533) lasdonasduszneuiitTanandnilddn 1iun
Snuiindlad Snsdadeiin wasimidn 100 wie
4) nsasaedeunanszuIngamgiilussiuidnsiuiiddennniwarsams
vaaanAnlulEanIw#BY 2 s9UN1TUgN
iufethandnimdesainsgey RS uasihuiiansiesdussnauniand
Tasnisiimsizilusiu Loty 1 el wazarudu anuiSues AOAC, 1995

6.10 ATV MIANHIANWUTVINWUGNTTY
Wnssidnunisniiugnssy [mailladaeds AFLP (Amplified Fragment
Length Polymorphism) Tulusou 2 ads Tu 2 T0UN15UgN fumﬁl”amﬁamgqaaaﬁuéﬁa
Tun1sugnadadt 1 uagnisugnadeil 2 Femeauiden

1) dnvasnaduguinel (Phenotype) Mn1sAnudnuaenwdugninen
yawiugimass vlilunsveasslneiivausaieyaieaiudnumsmedngine
yoausazaefuglnadoniivanndathilussenfiuiiel $1umu 2 generations
2) Fnmsatamduenndetsludundes
2.1 mswieugunsal : U1lnss (mortar) wazann (pestle) wailugiiiu -80 oC (Hutam
athaties 2 dalus
2.2 thansazany 1.5X CTAB (dilute 910 3X CTAB) sailuiuiien 10 wil
2.3 hdhetsludundeundaduiudng Tdlulndeiwdonld liquid nitrogen au
viwdet udualfazidon dnldvasn 1.5 ml Uszanuedaaen

2.4\ 1.5X CTAB 700 JL thluuiigamgdl 65 oC Uszana 1 dalas

2.5 1 Chloroform : Isoamyl (24 : 1) adlunaeadietng lusasidiu 1: 1 wauung
Tmanuuu 20 1
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2.6 1hlutlughenmudaseu 12,000 rpm w10 Wit fsdladuuildwasn 1.5
ml vaonlmi

2.7 10% CTAB 1710 Wi (wesUSinasvesansiimaunld) uaz Chloroform :
soamyl (24 : 1) 1 wh (vestBumsvesasiioanld)  waulddnduung 20 wnil
ilududennu$asey 12,000 rpm 15 wail

2.8 hwdvildluvaen 1.5 ml (egldansazaneUszanas 400 W) 1Ay CTAB
precipitation (dilute 990 4X CTAB 1 1X CTAB) 2 wih masilviidniy iiluilugae
AMAIEITEU 12,000 rpm WU 20 1T ndnsazareAuULiY weneneglinzney
ANAININIY

2.9 @y 1M NaCl 500 LU azangmzneuiigamnil 37 o€ um 2 - 3 Hala

210 i1 95% EtOH Autiéiuda Useana 2 winwesasazany  wawlidhiuegnaiung
auitiu DNA Fudaududou ilutlugeanubaseu 14,000 rpm w10 widl 1le
anaznay ndlaiia

211 fu 70% EtOH 500 MU nduvasatu-ad 2-3 ase ihludushenmugisey
14,000 rpm 5 Wit (g 2 ad)

212w FtOH senlivin vilvinneuuriilnensliionmgiivies vieldlugrmun
qmw{}ﬁﬁ 65 oC Iilenzneufiduauisnud Wavanensnaudie dH20 Uszanm
100 Pt ilutaiigamgil 65 oC w1 Halin viorunzneuazatevun

uRdueiiatallugitu sunseisiiananiiesdantda
213 asniiildlunisatnmisue
asweiildlunisaindiibue

4X CTAB 500 ml
CTAB 20 g
1M Tris-Cl pH 8.0 20 ml
0.5 M EDTA pH 8.0 8 ml

@3 d H20 Trasu 500 ml

3X CTAB (500 ml)

CTAB 15 g

1M Tris-Cl pH 8.0 75 ml
0.5 M EDTA pH 8.0 30 ml
5M NaCl 210 ml

Wy d H20 Tsiasu 500 ml
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10 % CTAB (200 ml)

CTAB 20 g
5M NaCl 28 ml
W d H20 Twasu 200 ml

6.11  ANSIATIZANINEDA
thdayaiilinmsnsniaduiilufudin 9 indnseinieadi Taodenld
aﬁﬁLﬁamﬁl.ﬂswzﬁ‘il’agaixwm 3 AmMAADY WUU F-Test muddunazidonnsitasg
Joaduiienuu One Way ANOVA waztdends Duncan’s New Multiple Range Test
(DMRT) nagaullIsuiiisuanuduiusuamnngunaas
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7. Wan1sANE

nsAnYITETHANTENUTE BT EIYBITE AV NLAnaiuluYege

wnzUgniilidenaninuaznuamarsomsiudivides (Glycine max (L) Merrill) Wug
Wedlni 60 gidavariauenanTIemuaduiIte fail

7.1 Uaduarmunmmmamluussene
1. szAvgmngil
2. G
3. saumsvaulasenlon
7.2 Uaduiinnanszmuangamgilussiuiideiuiiiidenisisagdvlavesds
LA
1. AMEIUBIEINY
2. saiiituily .
73 ﬁﬁ}%’ﬁl'ﬁi’ﬂwanimumﬂqquﬁluixﬁuﬁﬁ’mﬁ’uﬁﬁﬁiaﬂ%mmﬂﬂi’mq’lﬂu
RGN
1. AaslsWadnte
2. Aaolsadd
3. ualsfivesn
7.4 Jadeiiananszmuaingamailussduilinfuiiidorandaveqndads
VRRN
1. wauinneny
2. Sunuwanseiln
3. st 100 s
75 i‘]mfi‘fa‘ﬁ”i’mmanssfmua1ﬂqmmﬂﬁlua%’uﬁeﬁaﬁuﬁﬁﬁaﬂmmwa'rsmmwaq
nanAaluiSadimdes
1. Uswaulusau
Usunaulusiu
USunauan
Usinaudiele
A

s b RO

14 Qs s
7.6 nstlasulasanuasnIINugN Iy
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1NN5IURLUNTITBAnwIRansznuYeIneamaiilussAuiisatuvead
widesiugiFedmi 60 Taednwilugamgiifiunndnaiy 3 seduiis 3 ganisvaaes

IgkamsAnunudifudail
7.1 Jademeneawluusseanie

1. geungil

NnransAnutmaeniugidedlui 60 Anansznuvesnngumgiluszdui
dafuitiisedy Tumsidendaiildvimsugndundesneldgamaiunndeiu 3 sesy
W 3 gansvaass \Wuian 5 Falustetu (10.00 - 15.00 u) Tastuiinuadaudifon
unsIAN 2552 - Suna 2552 uasUgniuil 2 Rusideunsiau 2554-fhuen 2554 T
Yufinnasziuaampiitndoduanslunwil 3 dawudn fiduadovesgamgilutie
sEEEANITVIAABITUR 1 Y9N TUgRIIAY 33.1540. 8 34.23+1.07 uay 34.52+0. 4
sernaliod luyan1smaaes LT AT wag HT auddyu dauriedsvesgumgiiludie
SEEEIMNNSNABITUT 2 YBINSUGAINTU 30.60£0.85 32.22:0.99 Wag 33.16+2.19
ssrnwaloa luganisvaaes LT AT uag HT anuddu (awil 4)

38| £ — 15t

37 1 generation
36

39 I

32 4 - f;»:" -
31 - | /,,‘;‘:y

Temperature ( ° C)

29 -
28

LT AT HT
Treatment

AR 4 szavauvgiliagevasnisugnudasiuludaesseznisaans
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2. araduduving

msdufinuadaudifousnsing 2552 —  fiuna 2552 uay ieuunsiny
2554-fune 2554 Tnetufinuassduauiudinivdiededuandunmil 4 Sswuda §
Anadsvesnuiuduinslugasszeziiainimaassiuil 1 vesnisugniviaiu
70.41% 0.5 71.77+0. 7 uag 70.27+0. 6 wWoasidud lugan1snaaes LT AT uag HT
piddy dauanadsvasaiudiinglutiszesiansvaassiud 2 vean1sUgn
WU 61.05+4.04 63.32+4.78 way 61.39+1.21 wWasiwud luganivaass LT AT way
HT suidndu (nmil 5)

80 -
~ Y
=2 ;
f_, 75 generation
= . =5
270 4 = <
O
(WS I
I —— xS e, S — :E
A A |
©
® 55
'

50

LT AT Pl
Treatment

= ar d’(’ o o = [ [ 1
MuA 5 sEAvanaTuduinsinfsvenisugnuiaziuludaeszeznimaass

3. srauadnduduvasinvaisuaulasanlyd

NnransAnuiavdosiudidednl 60 Ainansznuvesngamgiiluseiui
safuifiszay lumaAdeaduiiliviinsugndamiesmeldgamgiiiuandreiu 3 sedu
Wi 3 ganmavaast e 5 Falaedetu (10.00 - 15.00 1) Tnstufinuadaudifen
unsIan 2552 - funas 2552 wazUgniudl 2 AaudiAeunnsiau 2553-5uay 2553 Tag
Suiinuaszduamutudiivdiadedauandunmi 6 dowudn fidnedsvessziunm
dudurasfreaiiveulasenladludinssoznansmaassiuil 1 vesnsugniviiiy
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326.03+15.35 374.45+22.63 uag 394.71+7.05 ppb r[,u‘qﬂm‘mmaaa LT AT uag HT
audIy duaedsvasssiuaudidureseaivaulaesnlodlutiessezinainis
wmaaqiuﬁ 2 98aMUgnviniu 299.72412.32 358.5217.90 way 375.04+12.51 ppb
lugan1sneaed LT AT uaz HT anuddu

450 -
400 -
E
oy
—. 350
Q |
&) Vd - st
-‘-,"ﬁ
30047 generation
250
I AT HT
Treatment

nuil 6 ssduamuitugasitgaisusulneenludmasvanisuan
uwiazulugeszEznI ARl

nuan1sanwItatmanenmluussennialugsisszeznaassiutansliiugg
as =Y H 1 1 A = as ] {
seavgmgilindaludiessesiiainimaaesiui 1 vesnsugnaziissduAnaisves

]
= 1

N IINgINIINITMARBITURA 2 Yaan1sugnadadnlaudenIvg 3 druszduainuiy

Y Y
v & o U = o v o v (3 ! =
Unnolagd LLﬁSﬁ’]Lﬂﬁﬂ‘UBﬂ'ﬁSﬂ‘UﬂTmL‘UiJ‘iJU‘?JﬂGﬂ’l"Hﬂ']%UE]uLﬂ’é]’é]ﬂl‘iiﬂ NUNMUTUIVDY

1 = o = ' o e v
ﬂ"ll;ﬂﬂﬂ‘ﬂﬁﬁ‘qﬂ%ﬂﬁﬂﬁ HT Nﬂ’]tﬂﬁﬁfﬁjﬁﬂ?'\‘léﬁﬂﬂﬂﬁ]\‘iﬁ]u‘]ﬂEI'l\iﬁ\?Lﬂﬁﬂﬂ‘UﬂL"ﬂU

Die L0
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7.2 {]mf{'fa%"3’61:4anizwumnqmwgﬁ"l‘msﬁuﬁﬁiﬁaﬁuﬁﬁﬁiamnﬁ%ﬁﬂm
Y29RANED
1 wansznuvasanmpiilussiuiidneiuiiidenrugevesiamiasiug
Waslnd 60

Tno@nuilusziuguundiiuansnaiy 3 sedulurdsggniatgnlasnisiamei
AMgUBsEiU (shoot height) Ing¥nainamigeanlaufislanefisses V3, R1, R3, R6,
uaz R8 Futlutnaengil 26,3647, 75 was 89 Fu MRy

1.1 arugi(Height) mnmsﬂqn:ﬁuﬁ 1 (1™ Generation) uas'afuﬁ 2
(2" Generation) Tuszes V3

wan13Anwlunisuaniud 1 (1" Generation) uaggudl 2 (2™Generation) 1u
ssog V3 Guiluszesdod 3 (thid node) finanisAnudanmiinandunvil 7 uass
TwasiBondiil

Tumsugniuil 1 maigalasindevesiamdaaiugiTudmi 60 wihfu 25.88£0.05
27.96+0.06 Wax 31.15+0.20 cm. Tugamisvaaes LT AT wag HT aaddu illadinses
MIAUERANUANULANANYBITEAUAINGIRE19iTad AN 19EdA (P<0.05) sEMINagn
msvaassiiniuAnliganinssAveuNgicTININANIBUENENARBITENT
n13338(HD diewSsuiiisuiuganaasifiatuqulilndidssfussduguugd
a1guandnaasiszninenitenazyanaasiiinivauliainiissfugungd
FITUVIRNIGUDNANABBITENTNN1TITO(ATUASLT)

35 -

i o

= a

5 I

g LT

.o

(]

T QAT
OHT

| i
{ui 1 12amnlgn Jui 2 saamnlgn

Chiang Mai 60 cultivar - V3 stage

= = o s '
AW 7 anagaaiieem.) vasnandasiugideddvl 60 Tuszer v3 lunasuan
[ t:. [ ﬂf t‘-‘id ] =X al ci [ as
Juil 1 uae Juil 2 flinsneuauasieanmaiilusziuiiaiy
ar  as 1 54 EJ 1 o 1 = o o o Qe
*idnus a-c AnedeiiinuwaniaiueglidedAyneaia P<0.05
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009

£ 25
8

Q46

mummmm

‘ZNLME]L‘IJ'iEf‘ULVIEJ‘UL'UE)SL‘d‘lJGl‘U@ﬁLWN“U‘MWU‘]’]S NINYANITNARBY AT AU
HT wudnfiwefidudfiniuiafu 11.41% a1udidy |, 06409 15 §A, 2555
TumsUgniuit 2 auigalasinasvesiimasaiugidosimi 60 iy 20.33+0.35
19.6+1.00 Uag 19.87+1.00 cm. Tugan1svnass LT AT wag HT anuedeu iledinsei
mamnuadalinuanuuendvassziuaugedeilivddgudatidle
1.2 a1ug9(Height) mnmsﬂgng’uﬁ 1 (1% Generation) u,a:riuﬁ 2
(2" Generation) Tustue R1 _
wansAnulunsugniuil 1 (1 Generation) waz{uil 2 (2™ Generation) lu
szey R1 daduszezisuesnaan(besinning bloom) inanisAnwidaniwinaaslunn
718 LLasﬁiwsJazLﬁamﬁaﬁ’lumiﬂgnjuﬁ 1 ewgslnamasveaiimdssiudifiad 60
WINAU 58.03+1.43 60.25+0.32 waz 64.95+1.46 cm. Iu‘qmmwmaad LT AT uaz HT
audfy ol TzimisiuaiAnuaanivesssfuamgIeswiited Ay
@i (P<0.05) 'iw’i'm'qmﬂ'rawmamﬁﬂ:mﬂu'lﬁ’qqmf’nsﬁ'uqquﬁﬁﬁumﬁ
AeuBngnaaesEninmisITaHD dewSouiioutuganaaes HT-AT wu3n
ArmgaLdindu 7.80 % - Tumsugniudl 2 mugilnsladsvasiivdesiugidedi
60 WU 26.8340.91 25.643.76 uay 24.49+0.72 cm. Wladeszdmeiuainliny
AMILANANYBITEAUAMNgNeE i@ Aot 1dln

o

BLT

Height(cm.)

= dAT

OHT

el 4
fui 1 189nsilan Juil 2 smannailan

Chiang Mai 60 cultivar - R1 stage

AW 8 mmmmaﬂ(cm ) waqmmaaawuswaﬂm 60 Tuszey R1 Tun1suan
'suw 1 u,a" 'susﬂ 2 mnn'rmauauawaamwnu’tusmuwmanu
*G1ONYT a-C :mLﬂaﬂwummLmnmqnuamﬁuuamﬂmmaanm P<0.05



26

1.3 ad1uga(Height) ‘-a'mn']i‘tlgn‘i:uﬁ 1 (15t Generation) LLass"uﬁ 2
(2"'Generation) Tuszez R3

wansanwilun1sugniudl 1 (1" Generation) waggudl 2 (2" Generation) lu
svoy R3 duduszezidufniin (beginning pod) Sikanisdnudanmituanslunind 9
wazilswazBoadsil

Tun1sugniuil 1 augelagasvesdamisiugidoalmi 60 iy
63.32+0.38 67.42+0.23 Uaz 76.41+1.14 cm. Tuyan1vaaes LT AT uag HT auasiu
ilemsinsiuaiinuanuuansiisuesssiuaget il fyneedia (P<0.05)
sewihsganmsnaaasiiniuaulvganinssdugaugiisssusiinisuangnaass
s¥n719n15398(HT) WewIsuiilsufuganaass sewine HT-At wudaiiaanuge
Lﬁ'u%’uﬁwmaa@ HT wi1nu 13.33 %

Tunsugniuil 2 arugelasadsveadavdesiugideclni 60 1Ay
48.02+2.58 5049633 WAz 50.64+0.72 cm Uiehasizvinmisduaddluinuni

waneYesszRUAUgIeEsitsdAusatniln

90

80 A a

70" C
60 A

50
BLT

OAT
OHT

40 A

Height(cm.)

30 A

20 A

4 d
{ufi 1 9aanslgn juii 2 spamsilgn

Chiang Mai 60 cultivar - R3 stage

{ o o ar '
AW 9 AMELRAL(cm.) vasnImassugidadlni 60 Tuszez R3 Tunasugn
1 d [} d ‘; 1 ) ar d 1 ar
Juil 1 uag Juil 2 Nin1snavdussdeguungiilusziuiidiaiy
o ot 1 EJ ‘J 1 at 1 = Qs o @ aa
*fdns a-c AnadgilnuanANtuesiifuddyneEia P<0.05



27

1 d.

1.4 @a2uga(Height) ann1sUgngum 1 (1" Generation) Lsaziuﬁ 2
(2" Generation) luszns R6

wansAnuilunisugniuil 1 (1 Generation) uazguil 2 (2™ Generation) lu
sv8y R6 Budusvesudaiamdiui (full seed) fnanis@nudsnwinandduniwd 10
waziiswasiBeadil _

Tunisugniudl 1 arugelaoiadovesdundesiugidosmi 60 iy
71.16+10.95 82.95+12.06 wag 92.63+13.79 cm. 'lu‘qmm'mﬂaaq LT AT uwag HT
paddy ledtaeimeiuadalinuauuanavessefuaugegaiidedfyu
aeln

lun1sUgniui 2 anugelasiadsvesdimdesiugidesdni 60 iy
572741598 57.63:9.95 Uay 55.0042.43 cm. Wlodaszsimefiuadilainuaig
WANENYBITEAUAGIRENTa A RRywsatln

120 4

100

80
£
S BLT
£60 fll_
% L OAT
T
OHT

=Y
o

20

i‘uﬁ 1 gnamlan iu# 2 saennalgn
Chiang Mai 60 cultivar - R6 stage

i t:] n!l ar 1
AN 10 ANugaRie(cm.) vasrundaswugidelnsi 60 Tuszez R6 Tunisugn
i { 1 ool =f 1 =y o o ar
Juf 1 uay Jui 2 fillnsneuauawiegumniilusziunneiu
Qs as ' o s 1 ar 1 @ o Qs aa
*ienys a-c :AnRagRilauuAnAiuegwiluddyeaia P<0.05
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1.5  auge(Height) mnmsﬂgns‘uﬁ 1 (1" Generation) Ltass:u'ﬁ 2

3
(2" Generation) Tuszey R8

uantsAnwlunisugniuil 1 (1% Generation) waggudl 2 (2™ Generation) Tu
szo R8 Faduszozanuniud (full maturity) SansAnudanmiliandunnil 11
wasiineazdoadil

Tunasugniuil 1 augalnoladevesdnndesiugidolmi 60 tindy
90.24+14.65 87.96+5.26 uay 100.10+1.23 cm. 'Lu‘ijﬂﬂ’l‘i‘ﬂﬂﬁﬂ\‘} LT AT uwag HT
MUFIRY LfiaﬁLﬂiwﬁmqéfmaﬁﬁlﬁwummLLmﬂﬁi'iwaa'sw'f‘umﬂuqqaéﬂaﬁﬁﬂﬁﬂﬁmLLm’
9t

Tumsugniuil 2 mugdlasinfevesiamdesiugidedmi 60 Wity 65.17+8.79
62.47+9.50 Waz 61.10+7.88 cm. lileAAsgyin1efiuatnlinuauLaneveTEiy
AnugeeaiiiisdAnyusiatnaln

120 -
]
a
100 + a- E
80 -
= a
§ I
£ 0 | CThs
u
T OAT
40 +
aHT
20 -
0 T 1
;'uﬁ 1 3aannlgn ;‘uﬁ 2 saanalan

Chiang Mai 60 cultivar - R8 stage

o o : & e g
AMA 11 ansgaedelcm.) vesnavdasiugidesiug 60 Tuszee R8 Tunisugn
1 ﬂl I i ci ] =t s { 1 s
Uil 1 uaz JuM 2 Nlinsneudusisaamaiiluszauiidnny
Qs L 1 C; { 1 s 1 = o o L7 -
*{19nuys a-c :ARAINIANULANANAUBENTITEE A EtA P<0.05
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MnMsAnymansEusatgmgilussAuTimeiuniinenugwe s I mde aug
el 60 sywinensmaasaguil 1 veenisugnuas Juil 2 ¥8annsugn sfiarsanan
szazvaansiyiulaiiszer V3, R1, R3, Reuay R8 duiiutreenadl 26, 36,47, 75 uas
89 Yu uddu wuiarugalunsnaaeaguil 1 veanisugniisses V3, R1, R3 fins
nouausudiunlugansveasaiinduauligendisedvgungiisssudnisuen
dMAa0ITENI19n153 58 (HT) fidnsinaiuturesnnugiodieiifed Agymnaada
(P<0.05) iilowFauiiisuszninsyavmansitaruaulilndidssdusedugungd
nsusngnaaessznitsihidsnazyanaassiinruaulininiiseivamumngi
5550 1An18UBNgNABaITENI1en15I8(ATuasLT) sgrlsiniulinunis
navauasuiilumaraniuil 2 udetile

o
|

2. wansenuvasguunillusauiireiuiiiideduiituinlu(Leave Area Index)
vasdawmdeiugidedlni 60
TneAnwluszdugumgiinuaniaiu 3 seavlutiiggniaUgnlasfimnsananduil
fuiluleave Area Index) ypstmasaiusdedlui 60 fisvey R1, R3,R6,uae RS S‘z’far’ﬂu_
m"s\smqﬁ 36, 47, 75 Waz 891 MINEIRY
2.1 ﬁﬂﬁﬁuﬁ%(Leave Area Index) f\]’mmiﬂgﬂéuﬁ 1 (1" Generation) wag
‘iuﬁ 2 (2"Generation) Tuszes R1
wansAnulunTUgniudl 1 (1" Generation) uazun 2 (2" Generation) Tu
suez Rl dailussezSueannan(beginning  bloom)  fikanisdnudaniniluans
Tunwdt 12 wagiiswavidundail
Tunisdgniuil 1 duiiiuilulleave Area Index) Tneladsvasiamdnaiug
Wealnal 60 winfu 1.51+0.13 1.74+0.17 uag 1.86+0.17 luganimaass LT AT uas
HT iy iediassimeiuadfinunnuanswasduiifuiilu(eave Area Index)
pdniifoddymeaiin (P<0.05)  sewingamsnaassiiaiuauligandseiv
g IsITUTIRABUBNEVAABIIENI1NN153T8(HT) WelUiouiisuiuya
naaasfinrugulidnitsdugungiisssueiAnisusngnaasisewinenis
3¥0(LT) Fuilewdsuiiisunuinit HT fiesidudveafinduviafu 23.17
Tunsugniudl 2 fuiliuiiluleave Area Index) lmslpdsvesiuvdesiiug
Feoslmi 60 Wiy 2.670.08 2.53+0.53 waz 2.79+0.10 WoTinmgimesmaialiiny
AuLansuassaiiiuiilu(leave Area Index)odsiifuddnyusotile
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35 -
3 .
25 A
2 - i
g 1 mLT
15
mAT
1 OHT
05 |
O i - T 1

y o . o
fufl 1 s8anasilgn {ui 2 saannalgn

Chiang Mai 60 cultivar - R1 stage

ait 12 duilituiilu(Leave Area Index)inBisvasiandasiudiudlual 60
Tuseee R1 Tunasugniudl 1 waz ufl 2 Alinsnavaussie
gnumniilussiufisinay

*fadnus a-c Anadefinuuanaeiuegiitodfynieata P<0.05

2.2 Fuilfiufilu(Leave Area Index) 9ann13Ugniudl 1 (1™ Generation) uaz
juﬁ 2 (2"°Generation) lusvae R3

Naﬂﬁﬁmﬁﬂum'ﬁﬂgﬂﬁuﬁ' 1 (1" Generation) LLax“éuﬁ 2 (2" Generation) 1u
vz R3 GuilusvoSufaiin (beginning pod) finansiinudinmiiuanduninil 13
wasilswazdoasail

lumsugniuil 1 dvilifuitluleave Area Index) lnsiadsvesdaindesiiug
Werlval 60 Wiy 3.96+0.82 3.80+0.56 uay 4.40+0.70 luyaniivaaas LT AT uag
HT anudndiu dedasimeiuadalinuanuandvesiviiituiiluleave  Area
Index)otinsiiipdidgunatinala

Tumsugniuil 2 dviifiufiluleave Area Index) Tnsindpvasdaindasiug
Foalvad 60 Wiy 4.5140.40 4.20£0.24 waz 4.49+0.40 ieTasrzvinisduadfliny
anuunnssasiiifiuiilueave Area Index)agnailieddyusednila
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5_‘
4 A
I 3 - mLT
7 mAT
OHT
1ﬁ
0 - ,

g ol ; ol
fuit 1 3a3mialgn {uil 2 aannlgn

Chiang Mai 60 cultivar - R3 stage

Al 13 duiifuiilu(Leave Area Index)infisvasiaumdosiugiFadlmsi 60
Tuszes R3 Tunisugniuil 1 waz ufl 2 Alinsnevauasse
aaungiiluseiuiidraiy

*fdnus a-c Aundeiiiinnuuandeiuedsiitedidamnisadn P<0.05

2.3 ﬁ?ﬁﬁﬁumv(Leave Area Index) mnmsﬂgniuﬁ 1 (1" Generation) waz
‘iuﬁ 2 (2"'Generation) Tuszas R6

wan1sAnuilun1sugniudl 1 (17 Generation) wazguil 2 (2" Generation) lu
sve R6 Guluszoziudaiauiui (full seed) finanisdnwissnwivaaslunwit 14
waziisazdondail

Tumsugniudl 1 daiifuilulleave  Area Index) Tneiadsvesfuniesiug
Welw 60 Wi 4.37:1.08 4.40:0.61 uay 4.88:0.73 Tuyan1svaass LT AT was
HT snudisy dlodasisimeiuadabinuauuanansesisiiiuilulleave  Area
Index)aginaiitisdrAnyusodila

Tunnsugniuit 2 duitiuiiluleave Area Index) lasadsvesdaumiasiiug
Foalwi 60 Wity 4.08+0.77 3.69+0.17 uay 4.51+0.24 iodnszviniesduadnliny
muuAnesesiaiituiilulleave Area Index)otsiitoddnyudetsla
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5.<
4
< 3 |LT
2 - QAT
OHT
1 4
0 -

sid ;o
{ui 1 10amstlan {uil 2 .84n1nilan

Chiang Mai 60 cultivar - R6 stage

= ar X e i o o 1
A 14 avlinuilu(Leave Area Index)ingauaadndasiugidaclni 60
Tuszez R6 Tun1sugniui 1 uas Jun 2 Alinnsnavauase
aamaiiluseauneaiy

=l os

*{18nus a-c ARaENIAMULANANNUatTTEdAYsEia P<0.05

2.4 ﬁwﬁﬁumu(Leave Area Index) mnmiﬂgn‘éuﬁ 1 (1™ Generation) uag
‘éuﬁl 2 (2"Generation) Tuszes R8

Naﬂ'l‘iﬁﬂ‘t}ﬂuﬂ'l‘éﬂ@ﬂi:iﬁ 1 (1" Generation) LLa:ﬁ:uﬁ 2 (2" Generation) Tu
szoz R8 Faduszoganumdui (full maturity) fHanasAnudanmiiuandunmwil 15
wasiiswaz done il

‘lumiﬂqniuﬁ 1 fyidituiilu(eave Area Index) TﬂﬂLaﬁﬂmaaﬁaLwﬁaqﬁué
Wealumal 60 iy 3.54+0.85 3.42+0.52 way 3.98+0.73 lugan1iveaes LT AT uas
HT saudasu dledinsesinnaduainldnummauananavesiuiiuiluleave Area
Index)agnaiitpaAtyunoenla

lunsugniuit 2 duiiituiiluleave Area Index) lasindevesiaindesiug
Boalval 60 Wiy 3.50:0.85 3.41+0.52 way 3.98+0.73 idaszvimeduaiinliny
auuansevessilituiilulleave Area Index)otisiiipdftuaatgla



33

a5 -
4 -
a5 A
3 .
3 A8 |LT
1; OAT
i 4 OHT
0.5 -
0 : ]

o y. of
{ui 1 yaannlgn jui 2 spamailan

Chiang Mai 60 cultivar - R8 stage

At 15 fuiifuitlu(Leave Area Index)iafsvasiamaasiugifoslyi 60
Tusgws R8 Tunisugniuil 1 uaz uil 2 Alinnsnevaussde
gamgiluszAuiinnaiy

*Fadnws a-c ALadsTinuLanaaiuetiiteddymeati P<0.05

Mnmsdnudnuaznssdyiulavesiivdoniugidedni 60 lngfiarsanain
filfuiluLeave Area Index) fiinanszuudossdugnmgiifiunnsaiu 3 sedulutas
qamavgnlumsvaaesiuil 1 vaansugnuay Juil 2 vesmsUgn wuiiszes R1 Juil 1
gpamsgnluganisnasssiiniuauliganinszdvamngiiossuuifintaueng
NAABITENII1I0153 THHDIS s M3 RN ueeiiTeddmeaia (P<0.05) 1ile
Wisuifsuiugannaeaialvaulimniissdvgungiisssuvifinioveng
naao5eni19n 19998l ludniuil 2 vasntsugmitlinuaumnsnaveadail
fuilu(Leave Area Index) aenafitfeddnlunsdszozvasmsissyiivlnsening 3 gams
(QGLENIELERRIEY

7.3 Jadelianansenuamgamgiiluszduiidnafuiiideyusunausadngluluves
Amdaa

Tnemsdnwanuiumeaslsitad 1o aaslsiiad U uasualsiiuoss vasimdios
Fugidedlni 60 Aiinsnevaussiesziuguugiiianseiu 3 seiulugisggmialgn
flsves V3, R1, R3, R6 uaz RS Fudhiiasengdl 26,3647, 75 uas 89 u amddy
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1. Analsvlad 1
a T | t 5 oAl
1.1 aaelsWad 1o 91An15Ugn{udl 1 (17 Generation)  wazgudl 2

1

d
(2" Generation) luszes V3
a8 ' { t . | d E
nan1sAnuilunisugniuil 1 (17 Generation) waz3ufl 2 (2" Generation) Tu

sy V3 dadusvozdei 3 (third node) finanisdinudaniwdianslunmi 16 uazdl
wasiBondil

Tunsugniudl 1 Usunumaslsilad 1o Tnaedsvasdumdeniugiludmi 60
Wiy 5.18+1.49 6.29+0.75 way 8.65:2.45 mg/e.fw Tuganisvaass LT AT wag HT
auddu iedasvsinemuaialinuaruunnsnsvesinaeaalsilad 1o abiail
Hoddnusatle '

Tunsugniuil 2 Usunuaaslsilaa we Insladsvedviesiudidaslmi 60
Winfiu 9.79+0.92 10.89+2.12 Waz 10.06+1.00 me/e.fw lugan1snaasy LT AT uag HT
AudY ladnsieiniesuainladwuaruunninuesliinunaslsiad 1o agned

HedAgusioeiale
14 1
128 a a
~ 10 [
z 1
AW AVLE
5 8
E mLT
© 6
= OAT
o 4 4
OHT
2 -
0 T i

. il
{47 1s83mailgn fufi 2 sanadgn

Chiang Mai 60 cultivar - V3 stage

‘:i =% ﬂll as 1
nuil 16 Aaalsilag 1@ (me/g.fw) vasnwdasiugideslu 60 lusses v3
3 { 1 e{ c{cﬂ 3 = s d 1 s
Tunsugniud 1 uae Jui 2 Nlinsneuduasieguugiiluszauiiaaiu
es  as ' o e 1 s ' o o W aa
*f8nuT a-c :ANadeRlnuLAnANiuedslitsd Ay eana P<0.05
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a i o t 5 = |
1.2 aaals@ad 18 91nn15Ugn{uR 1 (17 Generation)  uazjudl 2

q

d
(2" Generation) luszas R1
- 1 i t . (| d .
nan1sAnulunisugniudi 1 (1 Generation) wazqui 2 (2" Generation) lu
voy R1 falluszeziSueannan(beginning bloom) finanisdnwisen wiinanluniui

17 waziseazidensiail

Tun1sugniuil 1 UTinaaaelsilad e Taoadsvestimdaniudidoslmi 60
Winfiu 5.55+1.37 6.78+0.79 way 8.18+1.16 mg/g.fw luganisnaaes LT AT wag HT
pudrRu ediaTzinuduaianuanuandiavesUiuunaslsilad 1o agiadl
oAty 19add (P<0.05) seninsyanaass HT uag LT lagwuszaunaslsianie
dindluganaaes HT iy 47.39 %

Tun1sugniuil 2 Usinunaslsilad te Tnoladsvesdimdssiugidedmi 60
WU 10.65+1.06 11.61+2.35 Way 10.84+0.87 me/efw Wlednmziniadnadliny

AaMuuAnEsvesSunatnaelsilad 1o edriliduddgudotnle

16 -
14 -
12 ¥ 2
- I
é 10 a !
th
> [
E 1 |LT
(1]
S OAT
OHT
fuil 1 soamnlgn §uit 2 sananlan

Chiang Mai 60 cultivar - R1 stage

Awil 17 aaslsWad 1@ (mg/g.fw) vasnumaasugdesini 60 Tusses R1
1 l:l' 1 f.‘l dd ] o s l:‘l
Tunsugniui 1 uae Juil 2 Nlinsneusuasdeanmaiiluszdui
@19NU
o Qs i 44 c:}d 1 s ] = o o e -
*f8nus a-c AnadsifinuuanaiuedeiitsdAynana P<0.05
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1.3  aaelsilad 18 9nn15Ugniuil 1 (17 Generation)  waziuil 2
(2ndGeneration) Tuszez R3
uansAnwilumsugniuil 1 (1 Generation) wagfuil 2 (2™ Generation) lu
vz R3 JaduszaeSudniln (beginning pod) fnamsAnwidnmituansluniwil 18
wasiiswanidonsail |
lun1sugnsudl 1 Usinmnaslsilad 1o Tnsindsvssdundeniugidesln 60
WinAU 6.53+1.18 7.3120.92 uae 8.50+1.09 mg/g.fw luganimaaes LT AT uas HT
auddu lediasziinisduadalinuauwnnasvesuiuinnaslsilad w gl
HpdAgusoedle
Tunsugniuil 2 Ysinwuaaslsilad 1o Inowasvesdundesiugiedlmi 60
WU 12.2761.58 13.27+2.62 uaw 12.79+0.78 me/e.fw Lilodaszivnaduadlainy
ANULANESTaIUSINUARBlIad 18 edsiitiudAtisietale
18 ~
16 +
14 -

3 12-
b a
5 10 - ;
£ 5. i mLT
(1]
1| @AT
4/F OHT
2 -
0 T )
™ | -
ui 1 s2annnlgn Uil 2 ypamianlgn

Chiang Mai 60 cultivar - R3 stage

AN 18 aaalsWad 1 (me/e.fw) vasnaaswugilesivi 60 Tussey R3
1 e e ey ' = - |
lunsugnium 1 uaz uil 2 Adlnsmevauasiaanmalilusziui
A9y
@) ar 1 4 Ad 1 s ¥ = w o o Qe
*enws a-c AndenliauuanAiegniituddynEia P<0.05
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a - t . vl
1.4  aaslsiad 1o 97nn1sUgniudl 1 (17 Generation)  uagiuil 2

!
(2"'Generation) Tuszss R6

nan1sdnulunisugniudl 1 (1% Generation) uagiuil 2 (2" Generation) Tu
svvg R6 daluszozadaiandudl (full seed) finanmsAnudanimituanslunmil 19
wailswaziSundail

lun1sugniuil 1 Uhinanaslsilad o lasiadevesfamdeaiugidedlmi 60
Wiy 6.08+1.19 6.96+0.85 waz 8.29+1.08 me/e.fw luganimaaes LT AT uay HT
audadu elisgindmuaiinuanuuandieesdiunuaaslsilad o agaadl
TodAtyneadid (P<0.05) Tnedianzisening ganaaed HT uag LT lnewuszdunaals
Hladio idvlugavaass HT Wiy 36.35 %

Tunsugniuit 2 mwgalasiadsvesimaeniugiBedl 60 Wiy 11.30+1.56
12.11+2.63ua% 12.17+0.80 me/e.fw tilodiassinnduaialinuauunnsiaves
Ysnuraelsiiaa ta aghsditudngunedidle

16 4
14 ~

17 I
£ 10 1
1]
B |
E mLT
m -
e OAT
O
OHT

o N B (=2} o]
! 1

. ¥ ¢ <
Ui 1 589malgn fuil 2 snen7silan

Chiang Mai 60 cultivar - R6 stage

AMd 19 Aaelsilas o (me/e.fw) Yasnamaawiuglasni 60 Tuszes R6
lumsugnium 1 waz Jun 2 NinIneUsUawagnmnilluseiui
A9AU
L2 i d‘ Ac{ i or i = et c o aa
*Mdnys a-c AnRdenlauLandaivediiudAyneEia P<0.05

L]

=y 1 | t . ] P
1.5 aaelsWad 1o 31nn15Ugn3udl 1 (17 Generation)  uazjudl 2

4 L]
(2" Generation) Tuszez R8
| t . 1A d .
wan1sanulunisugniud 1 (17 Generation) wazgudl 2 (2" Generation) Tu
zoy R8 Fulusvuzanuadud (full maturity) finan1sdnwidaniniuansluami 20

< = s ‘!{
hazdlingasiaganiu
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lunsUgniudl 1 Usinueaslsilad 1o Tnsiaduvesdaindesiugiesinl 60
Winfiu 4.92+1.44 6.03+0.79 uag 7.64+1.19 me/e.fw lugan1svnaaes LT AT way HT
audd edtamezinfuaiAnuanuuandaesuaaslsilad 1o egn4dl
Tedfvneada (P<0.05) Tnsdnsizisening ganaasd HT way LT laenwuszdunasls
Hade Waduluganaass HT wihiu 55.28 % lussszmsidadaadiuie Saluindu

seezilivTnuaaslsiladifiudugegn

1 ] L= = al e‘) ~ o g 1
Tunsugniui 2 Ysunamaelsilad 1o lasndsvasiimdssiudidoslmi 60
1 e cﬁ‘ = L3 v = a)l 1
Wiy 10.79+1.66 11.47+2.45 wag 11.4420.71 mg/e.fw Wlpdiasizvinnamuataliny
anuaniawesiinueaelsilad 1o edhsdidsdAyudedale
16 4

14 -
a
. 12 A I
€ 10 4
bh
&
E B8 mLT
1]
E 6 - OAT
(=}
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24
0 T ]
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fui 1 s8¢n751gn {ui 2 spamnlgn

Chiang Mai 60 cultivar - R8 stage

awil 20 aaalsTiad (8 (me/e.fw) vasnamasniusidosini 60 luszuz RS
Tunasugniud 1 uay fuil 2 fifinnsnauaussdegumgiluszaui
@19nu
*fenus a-c emdsfiinuusndstuesdifeddynieaia P<0.05

2. aaals¥lad U

21 npaelsilad - ennisugniuil 1 (1" Generation)  wazjuil 2
(2" Generation) luszes V3

nansinulunisugniuil 1 (1% Generation) uazgudl 2 (2" Generation) lu
svoy V3 Juiuszerdeil 3 (third node) fuanisfnwidsnwiiuandlunmd 21 waedl
Twavdundail

lunsugniudl 1 Uhinwunaslsitad U Tnsedevestamdesiugiedlmi 60
iU 1.86+1.37 1.6540.46 uaz 4.00+1.39 me/g.fw luganismaaes LT AT uag HT
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¢ =

MUFIFU LDTLATIERNIAuaD A hinuanuwanAsesUSuuaaslsilad O edadl
dpdAnunaeiala -
lunsugniui 2 Yunueaelsilad U lnsdevesdaundeaiusifoslmi 60

WU 3.66+0.97 3.1740.49 Uay 4.05£0.57 me/e.fw Tuganisvnaes LT AT wag HT
AUAINU LHDTIATIEINIIANaD A LinuauLana e IUS U araslsas T egrail

usdAnusegnsla
6 A
5
3
3
E 37 mLT
N o]
g 2 OAT
QHT
1 -
0 ]

4 1 gaImalgn U 2 smannlan

Chiang Mai 60 cultivar - V3 stage

A 21 aaelsitad U (mg/g.fw) vasnundasiudidedmi 60 Tuszes v3
TunsUgniuit 1 uag fun 2 Alimsmasusiegamgiiluszaud
A9y

s

*Mdnus a-c AnRReNiiauLanasiusdlivedAmeaif P<0.05

]
' 3

= = t # LS {
2.2 aaelsilaa O 91nn19UgRiull 1 (17 Generation)  wazufl 2
d .
(2™ Generation) luszes R1
i i t ‘ | { d .
Namiﬁﬂwﬂun'ﬁﬂqﬂquﬁ 1 (1" Generation) Lms’:;uﬁ 2 (2™ Generation) Tu
voy R1  JulusveziSueennen(beginning bloom)  ilnan1sAnwisanniliana
= = =l @ 5
Tumwi 22 wasiiswazidennail
1o a a ~t = ) = v & oA i
lumalgniun 1 Ysunaeaelsilad U lnswdsvesdundesiugideddmi 60

q

WU 2.001.58 2.40+0.53 Uay 3.97+1.41 me/gfw Tuganisnaaes LT AT way HT
aaddu lodiaszinmeduadalinuauueninawesUSinanaslsitad 9 aged]
WedAgueogala

lunsugniuit 2 Uinweaslsilad § Tasiadovesdaumiesiugideslml 60
WU 4.2350.89 3.24+0.18 ua 4.40+0.57 me/efw LiodATIzvinieduadfliny

- ANULANANTRIUTINuAaalslad U sdniiduddnyunedndda
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Chiang Mai 60 cultivar - R1 stage

il 22 aaslsian U (me/s.fw) vasnamaaswugiiodlus 60 luszay R1
Tunsugniun 1 uaz fuil 2 Alinsmavauasioaamgiiluseéu

]
=i

fi19NU
*19NY3 a-c :AnRfslnNuLanAsiustaditsdAymeati P<0.05

23 naglsvaa U mnmiﬂgnféuﬁ 1 (1" Generation) LLasfg'uﬁ 2
' (2ndGeneration) Tuszez R3 '

wan1sanwalunnsugniuil 1 (1% Generation) wazjudl 2 (2" Generation) Tu
svey R3 Judusvesiuinin (becinning pod) inanisAnundanmituanduniwil 23
waziiswaziSoasail

lunsugniuil 1 Viinamaslsitad 9 Tnsladevosdaumdasingidesimi 60
WU 2.562:1.98 3.10+0.49 uar 4.62+1.73 me/s.fw luganisvaaes LT AT wag HT
puddy WellasgsimeiuadalinuauanaiwesUSinanaslsitad T egail
teddgunegle

lunsugniuil 2 Uiuunaslsitad § lnswadsvesdamdesiugidodmi 60
WU 4.55£0.50 4.50+0.3¢ Way 5.04+0.91 me/efw Wiohameinemuannliny

ANULANANYBIUSINAIRaeLsTlad U egniitddyudetnala
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Chiang Mai 60 cultivar - R3 stage

mwi 23 aaelslad U (me/s.fw) vasdumdosiugiosdumi 60 luszas R3
1 C; L} ‘ﬂl | I A s ‘i
Tunsugniui 1 uay Juil 2 Alinsmevauesoanmgiiluszaud
Fiany

v o

*onys a-c AnRdendaNLanaRiueEiilod R Eia P<0.05

' = = ) :i t . L] ci
24  paslsWlad U 9nn1sUgniuil 1 (17 Generation)  wazjudl 2

(2"'Generation) luszez R6

wantsAnualun1sugniudl 1 (17 Generation) wasgudl 2 (2" Generation) Tu
szug R6 Fadusvosudaianndui (full seed) fnamsanudanwiluandunwil 24
wazilswas Sondil

lun1sugniuil 1 Vsinaspaelsitad 4 Tnstadsvesiandesiufifuslmi 60
Wity 2.1541.80 2.71+0.49 uar 4.17+1.48 me/g.fw luganisvaaea LT AT uag HT
A lediassimeduainlinuauuandisesinueaslsilad O adnad]
WdAgunogala

lun1sugniui 2 Usununaelsilad 9 Tasiadevesdaimiesiusidesim 60
Wiy 3.9940.24 4.15£0.29ua2 4.55+1.05 me/e.fw LitedAsizimaduanalinuainu
wanAvesIinanaelsilad U edrditduddnyunedieln
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Chiang Mai 60 cultivar - R6 stage

il 24 aalsilad O (me/e.fw) ﬁjaaﬁ""smﬁaqﬁufjﬁm’tmj 60 luszez R6
Tunsugniui 1 uaz fuil 2 iimsnevausisgamgiilussaui
finan
*Fadnws a-c Aadeiiinauanaiuetiitedfuneada P<0.05

1 ‘=i

2.5 aaalsilad U  91nn1sUgniudl 1 (1° Generation)  waz{udl 2
(2™'Generation) luszuz R8 ‘

wan1sAnulumsugniuil 1 (1% Generation) wazjuil 2 (2"Generation) lu
svey R8 FuduszezanuAliun (full matuity) finanisanwdanwiiuandlunmil 25
wasiiswasiBoadail

‘luﬂﬁﬂqﬂﬁ:uﬁ 1 Ysunwmaslsilaa U Iﬂam?ﬁ'wmﬁ"amﬁaaﬁuﬁ:rﬁaﬂﬁﬂ 60
Wiy 1.65+1.26 1.48+0.45 waz 3.12+1.62 mg/g.fw luganimaass LT AT uag HT
aady Wiedesziniaduadalinuanuunnaveslununaelsitas O egaedl
HedAgusoela

Tun1sUgniuil 2 Yinmeaslsilad 9 Tnsindsvesdmdosiugidelumi 60
WU 3.46+0.08 3.72+0.20 uaz 4.05+0.96 me/efw oAz IeAIuADA LWy
AMULANETIUsUNaAaslsilas U agnslitsdAyunagnla
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Chiang Mai 60 cultivar - R8 stage

AWl 25 Aaalsitad O (me/a.fw) maaﬁ"'smﬁmﬁuég%ﬂﬂwﬂ 60 Tuszez RS
Tunsugniuil 1 uas Juil 2 Aiinseevaussiagampiluseuil
fn9nu

*Fadnus a-c AeBeifinuuanssivagaiided AUNNEDNR P<0.05

3. uAlsfiuoun

31 unlsfuesd 91nnisugniuil 1 (17 Generation)  uazfudl 2
(anGeneration) Tuszez v3

pantsinuilunisugniuil 1 (1° Generation) wazjuil 2 (2"'Generation) u
seor V3 duluszesder 3 (third node) Slwanisinundsnmitwanslunwil 26 uass
seasSendiil

Tumsugniudl 1 Uimauelsiuesdlngiadevasdindesiudioslnl 60 whiu
1.59+0.27 2.24+0.68 uay 1.94+0.88 me/e.fw qumn'ﬁmaa@ LT AT uag HT
Ay Welinneinsduadalinuanuuandieves Sunaualsiuesd gl
Weddgyudotnla

Tunsugniuil 2 Uanauelsivesdlasiadsvestundesiugifesinl 60 wiriy
1.17+0.84 0.96+0.32 uaz 0.59+0.17 me/g.fw lugan1smaass LT AT wag HT awasu
diodmmineduadnlinuauuandrsesuSinaualsiuess pdaillud A uRagig

[
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Chiang Mai 60 cultivar - V3 stage

a il 26 ualsiuses (me/s.fw) vasRawmdasugTuslmi 60 Tussus V3
Tunnsugniuil 1 waz Juil 2 diimsmevaussiegumgiluszaud
fiany

*F8Nws a-c ARAsTiinLuanaiusEeiiTed inasain P<0.05

'
] ={

3.2 walsfiusad 3nnnasugniufl 1 (17 Generation) waz3udl 2
(2" Generation) luszes R1

warsAnyilunsugniuil 1 (1% Generation) wag§uil 2 (2 Generation) Tu
ssey R1 GudlussasSuosnnan(besinning bloom) iinanisAnwsanndluandluniwi
27 el waviSunsail

lumsugniui 1 Vinnuelsiusedlasindsvesiindasiugifedini 60 vy
1.67+0.48 2.13+0.58 uay 1.67£0.08 me/g.fw luyanmnass LT AT uaz HT aud1iu
dledaTginsiuaialinuanuuaninsvesUinaualsiivess sensifsdfyusedng
n

Tumsugniuil 2 Usinaalsiussdlnsindsvasiaveaiugifesiml 60 iy
1.21+0.93 1.18:0.39 uar 0.65+0.39 me/efw Llodaseiviaduaanlinuaay
wanevaIUTInauAlsivess agneiiiaddgusediln
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Chiang Mai 60 cultivar - R1 stage

awit 27 ualsitueed (me/e.fw) vosdamdosiugiesiv 60 Tuszee R1
Tunsugniuil 1 uay fuil 2 Adin1smevsauesdoanmgiilusziud
ANy
*fdnws a-c AwAsiidinnuuaneeiuesadidudifyaeta P<0.05

¥
1 =

33 ualsfiueed aannisugniudl 1 (17 Generation)  wazjudl 2
(anGeneration) Tuszes R3 '

wan1sanulunsugniui 1 (17 Generation) wavudl 2 (2™ Generation) lu
ssoy R3 JaduszeeBufniin (beginning pod) SnansAnusanmiinansluniwi 28
waziseaz Soneail

Tumsugniui 1 Ynaualsiuesalagtadsvesiavdesiugifeddmi 60 whiu
1.66+0.69 2.04+0.62 uag 1.49+0.56 mg/g.fw lugan1avaaes LT AT uag HT audsiu
FodmszimasuaialinumiuunniesUTinaualsivend ethailfoddusodie
a ”

Tunsugniuit 2 Viinaalsiuesdlasiadovesdamdesiudidedmi 60 wiriy
1.66+1.11 1.07+0.22 uag 0.83+0.12 me/efw (fiodAszinaeduaan lainuaa
wanAsaslTInauAlsiuess odsditsdAnunagdls
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Chiang Mai 60 cultivar - R3 stage

A 28 ualsiiuaed (me/g.fw) vasaawmsaanusiloding 60 Tuszes R3
= —_ =P ] = Y|
Tun1sugniuil 1 uas fuin 2 Adnmmevauewissamgiilusziui
A9y

ar o

*dNYs a-c :AnRRsNAMULANANAUeg T AUNERR P<0.05

34 uwalsfiueed 91nn1sUgniuil 1 (1% Generation)  wazuil 2
(2ndGeneration) Tuszez R6

Namiﬁﬂwﬂumaﬂqﬂéuﬁ 1 (1" Generation) LLﬂB‘i;'u'*?i 2 (2"Generation) Tu
seoy R6 Fuiusvonudaiaunfud (full seed) finansansdenmilanddunind 29
wazslseazidonsiail

lunsugniuil 1 Vinauslsiuesdlagiadvestaimdesiugifedlml 60 iy
1.66+0.58 2.08+0.64 Uay 1.65+0.42 mg/g.fw luganiivaaas LT AT waz HT auaiu
FodieszimaiuainlinumiuandsvesUSinuualsituess sthalioddyusodg
n

lun1sugniuit 2 Viinauelsiuesdlaoindevesdamissiudidesiml 60 whitu
1.67+1.01 1.11+0.18 W@z 0.84+0.21 me/efv Halasizvinmesuadalinuniny
uanAvasUTIauaAlsiuees atnsiidedAyudediala
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Chiang Mai 60 cultivar - R6 stage

il 29 ualsiuesd (me/g.fw) %aeﬁthﬁaqﬁuéL%HaTwﬂ 60 luszes R6
Tun1sugniuil 1 uar uit 2 fillnsnevsussiogaumgiilusedudl
A9
*fadnws a-c AwAsTiiaMuwansaiuet1sitoddvneaia P<0.05

<

¥
1 =5

3.5  ualsiiueed 9ann1sUgniudl 1 (17 Generation)  uazfudl 2
(2"'Generation) Tuszez RS |

wan1sAnulun1sugniui 1 (1" Generation) kazgudl 2 (2" Generation) Tu
szey R8 Juduszazanunifud (full maturity) Suan1sAnundanmituanslunmit 30
waziiseazdondil

Tumsugniuit 1 Viinauelsiesdlaeiadovesdandasiugifadmi 60 wirfu
1.58+0.28 2.24+0.65 Uz 1.84:+0.73 mg/g.fw Tuyan1smaaas LT AT uas HT auddu
dieinsigimeduadilinuanuuansswesUSinauelsiuesd agnsliviadAgusogig
Tn

Tunsugniuit 2 Uhinaualsiuesrlneiodevesdamiosiugidodmi 60 wihiu
1.7041.01 1142021 uway 0.88+0.15 me/efw (iodnsizvimednuadalinuaiy
waneinavasUInaualsivess edniideddyudedsla
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Chiang Mai 60 cultivar - R8 stage

At 30 ualsiiuesn (me/g.fw) vasnamassiugideslu 60 Tusses RS
o | o =1 ] = w o
Tun1sugniud 1 uag Jum 2 Alinsnevdussioaamgiilussiui
614

= as

*FH9NWYs a-c ARALTNIAMULANA1INUBETaE

ot

UNNEDRRA P<0.05

nnnsnwianansemunnaamgilusyRuiiiesiuiisideuSuasadagluly
veswmdeviugiudui 60 lumsvaaesiudl 1 veenisUgn wumsiiszduressendag
agnfifudAyneadi (P<0.05) awglunasTsiladtowiniu ngliwluseninguila
aaolsTlast U wazualsiivesdunodnela danuirdiammunnindng n Weidsudie
sewheyansvages LT uay HT iniy waewuilszey R, R6 uas RS

dounamsanulugud 2 ?Ja\m’ﬁﬂ@,mfuhjwm’mumemwmﬂ%mmaﬂﬁmqﬁga
3 ylaluluvesimdoniugidedimi 60 edaiiiddnluudszozvosmseiyivia
IENIN 3 YANTVIAaBIusadsla

[]
=

Y A s LY P o a
7.4 ’Uﬁmmi'aﬂwan'iam*umnqmwgﬂmmuwmmuwmaamﬂiznawamam
YBINUNEDY
P H v o P % a o =
Tums@neiszeziiunenldimunveunlunis@nusunandnvestinass
Wugipalw 60 17 3 Uade fie Srunuiindesiu Srunuwdadeiin was Win 100 wida
. | - a3 .
Tusyey R8 (full maturity) Tmerfiuiiealuiud 89 veen1sugn Fudusvesidundes
o £ o 1 Vs a el 1 s ] = = — i
ugideslui 60 1ﬂ'i‘uqmmuuwLLmﬂmwanu'Lufauanﬂﬂaﬂgﬂ NanN1sANWIIs1easIdYnnall
1. uubndadl (Pod/Plant)
NN5ANIUITEAIUBIAUTENaUNANERN TagRIITINRnT Ui nsady
Y] [y = I % P 1
(Pod/Plant) Y@enmasaiugidedlni 60 Tuszez RS (full maturity) Alin1snevausse
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1 as

gaunpiiunndaiulutheggmiadgn  finanisdnwdsnminanslunini 31 wazil

L4
= @ =

UadYARIl
i =i o I kg = o < ar & =l ! [
lunsignium 1 Snnuiindedulneaisvssdundosiugifecdl 60 wiriu

14.27+3.75 17.63+3.88 uay 19.33+3.35 dn/du luyanisvaaes LT AT uwag HT
puEU ledinTeiniesiiuaidlinuanuuansvessuaiindedu sgraiitudde
woingnla

fsamamsinuilunsugniui 2 ldnansAnuaenndesiumstgniudl 1 Ae il
AaseinenuEialinuauuendeesiunuindedy edradituddyudedala Tne
wui Snauiindedulaadsveadundesiusifodmi 60 wifu  23.67:353
22.77+1.55 uag 23.73+4.78 iln Tugan1snaaes LT AT wag HT sudau

€

2

o

> mLT

Q

= CAT
OHT

‘.fuﬁ' 1 saans1an iui{ 2 3pamndan
Chiang Mai 60 cultivar
il 31 3uuilndedu vesnamassiugudlud 60 Tuszes RS
oA o=l ci J = o
1‘Uﬂ’1‘5‘ﬂgﬂ‘§u‘ﬂ 1 uag qun 2 wﬁn'ﬁﬂauaummaqmwgu’luizﬂv

o w
Adnenu
*MoNYs a-c :ANaasnlinMuLanaiusgsitedduvneada P<0.05
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2. Pwumandeiin (Seed/Pod)

nnsAnwIladeaiussaUszneunanan lasfiarsanaindruiuudadeiln
(Seed/Pod)vasiumdaaiusidosimi 60 Tuszey RS (full maturity) filn1sneuausde
gamgiifiunnarsiuludiaggniaUgn iwanisdnudsniminanslunmit 32 uavil
eazBeadail

namsAnwaInMsUgniuil 1 Swumdadeiinlasindsvesdindesiugifaslmi
60 11U 1.74+0.10 1.69+0.19 waz 1.62+0.13 wwén luganisnaass
LT AT uag HT suddu idledinmsimeinuainlinuemunansiavessuiuadn
poin agndivudRyusatsle

Tumsugniud 2 Sauwdnaseiinlnsindevestavdeoniugifosimi 60 whiu
1.93+0.01 1.69+0.25 uaz 1.85:0.04 wén Wiadns1zviniaduadalinuauuandie
e udanein ageildddgusedisla

2.5 =

H

|LT
OAT
OHT

Seed/Pod

o 4
Uil 1 ¥aamalan FuN 2 snaminlgn

Chiang Mai 60 cultivar

Al 32 Surudanioiin vesiamBesiudidedln 60 Tusses R8
Tunnsugniuit 1 uas Juil 2 iinsnevaussioamgiilussau
fisinafiy

*fdnus a-c :AnaAsTiiauuansiusgwiltuddymeEni P<0.05

3. viwitin 100 1én

nnnsAneniladedussduszneunandn Tnsfinnsanamimin 100 wiaves
fwdeiugiFiedmi 60 Tussey RS (Full maturity) fifinsnevauasegamgiviuansig
fuludreggniadgn dnamsdnudanmiluanddunini 33 wasilseasBoadsil

Tumsugniudl 1 dwidn 100 wénlaoiadevesiundesiugidedml 60 wiriu
15.38+0.62 14.20+0.33 waw 15.39+1.57 n¥u lugan1snaaes LT AT uag HT muddu
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dedmmeimeiuadilinumuuendrseaimin 100 wia et Tyunatng
In

Tumsugniuit 2 dhwiin 100 wialasinfevesiamiesiugiFedimni 60 i
15.54+0.64 13.89+0.38 Waz 16.49+0.97 n3u oTinmgivnadmuadinuamnuanes
voniwiin 100 willa advihludiynada (P<0.05) sswinganaassfiniunuli
Indidsaduseduganglinisuengnaassszniieiide(AT) dewieuisuiu
gamsvaaasiinauAulfgandtsedugungisssuriinisuengnasesssndi
N153T8HT) wudniwdn 100 widainty 18.72 luganaaes HT

20 -

18 - a a
16 - 2 [ - I
a g b

E 14 B J~
=
) 12
2

10 -
® mLT
A 8 -
“ QAT
S 6 - OHT

Ml ]
Ui 1 9mannsilan fui 2 sa¢nanlan

Chiang Mai 60 cultivar

| 4 o I Y] = 1
21WA 33 1udn 100 WA Yo unsawugBeslni 60 Tuszes R8
1 SJ [} l:i :id ] =X s
Tun1sugniui 1 uaz Jun 2 Wlinnsmevauasrieamungillussiu
= ar
AR
*AeNYs a-c ANRaENImMINLaNANUagiTedAuNn19adR P<0.05

@

nnmsAnvmansynunngamaiilusefuiimsiuiiiidenandnvesdadunios
wugidsdhmi 60 wudrdnuilndedu Swumdaseiln visuil 1 veanisugn way Jud
2 yaansugn tulimurmuandveguiitoddymeaifuseilaszmin 3 A3
voaes wsiludadeimiin 100 wén Tujuil 2 vesmsugnwuiriinevauesldeauedng
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iedAyneadi(P<0.05) Ayanaassfinrvagulilndifeeduseduaunyi
ANYUBNENARBITENTITTB(AT)

7.5 ﬂaiﬂﬁﬁﬂnaﬂ'szwumnqmﬁqi‘l‘lus:ﬁuﬁﬁmﬁ’uﬁﬁsiaqmmwmsmmwamawﬁm
Twadadmda

nnnfnwasivszneumaaiivesndnimdsniudidedn 60 etz
A manse i Tasfnsantiedeiuuiimalusiu Vsinadlass Uinadh v
dele wag Ay fiinmsnevausieguugiiiuandrafuludrsggniadgn iua
msfny wasilswasiBendail

1. Ysuulusiu

MnnsAnwtitenuesdUssneumatail IneRansananUinamesdimies
Wugdeslui 60 Tusvez R8 (full maturity) Mlinsaeuaussdesnmgiifumnsnaiuluta
ganalgn dnamsfnwisanmitnaaslunmii 34 uasilsivasdundal

lunsugniuit 1 Yhnalusiulasiadevasdindosiugifosimi 60 wiaiu
0.64+0.04 0.43+0.004 way 0.38+0.04 Wasidud Tuganiamaaes LT AT uag HT
AU Lfia‘%Lm'}zﬁm'mﬁ’huﬁﬁﬁwummu.mmfiwuam%?uwmlﬂsﬁuaa'naﬁﬁaéﬂﬁ’muma
#f(P<0.05) wuhilmnuuandnfiussninganages LT way  HT Iaawuinuefidus
vaalusiuluiwmdedlugnnsnass HT anasnnisesu 68.42 %

lunsugniudl 2 Vsinalusiulasiadsvasiundasiugifosinl 60 wiriy
0.22+0.04 0.24+0.005 way 0.31x0.01 Wefidud 1ladiaswimneduadalinuaiy
uanAvasUSInalusau etdldudrnudedila
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Chiang Mai 60 cultivar

nwil 34 YsunauTusan%) vasfawmdaswudidedl 60 Tussez RS
Tunnsugniuit 1 uaz fuil 2 Ailnnsaevaussioaumgiiluszau
fidnaniu
*fdnus a-c AnRBefifinuuAnaiuedElTuddTeEaR P<0.05

2. Usuaulusiv

ynnsiinyifadasiuesiusznoumaail TnsfiansanandFunuweaiamies
WugiBodl 60 lusvez RS (full maturity) ifimsnauaussiesnmgiinunnaaiulusis
ggmaugn Tnansdnwidanmitiandlunwil 35 wasiiseandeanil

Tunasugniuil 1 Vsinaluiulaoeasvesiamdesiugifednl 60 winfu
22.97+1.42 20.21£3.76 Wag 22.6+1.45 Wosidua Tuganisveass LT AT uag HT
AuEdy ledeszimnaduadiflinuauuaniisgeaiinaluiy edehloddayus
atiila

Tunisugnsuit 2 Ysnalauiiulasndevesdundesiugidedln 60 widu
20.89+1.37 21.91+1.54 uay 13.29+6.44 Wasldud elnreineduadfnuaii
uansavesUFuailuivegneiifoddignieadin (P<0.05) ssudeganisvaaesiiniun
ldgendnszdvguugiisssuvifatsusngnaaesssninanisivae(HT) fuyn
naaesiinauaulilndidssdusedvaumgiintsusngvaanssendiaise
(ADFuileuTsuiiiouivasiduduesnisanasiafu 64.86
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30 -

g
:g_ ELT
3
OAT
OHT

, 4
Uil 1 1aannalgn {uh 2 5aan19gn

Chiang Mai 60 cultivar

Anf 35 Yanauluiiu(%) vasnamassusifeslu 60 Tuszes R8
L] ] T | e ' = as
Tunsugnium 1 uay Jui 2 Alnsnevduanaamgiilusziy
AfeiY

ar

*0NYT a-c ARasNANLANANNRURENNITIA AN NEDRA P<0.05

3. USnaudn

nnsanwdadeduesdusznaunaai Tnefiarsuiainlsinavesdanaes
wuamm‘lm 60 Tuszaz R8 (full maturity) mmsmauaua@maammwLmﬂmanu‘lwm
gamavgn dnansAndanmikandunnd 36 uasiiseandondsil

Tunsugniuit 1 Yanaileemdsvasdamdesiudidecinl 60 tiafu
4.94£0.13 4.89+0.15 Uaz 4.68+0.10 Woildus lugamsneass LT AT uwag HT
pdd adinginieiuadlimuanuandisveaUSinand sdnditedidayud
GREN )

Tun1sugniudl 2 Vandilneadsveadmdssiudidesinl 60 iafu
4.69+0.08 5.24+0.10 War 5.28+0.005 Wasidud Hedamsinisduadninuaiy
LLG]ﬂW]\i‘?JEN‘U‘iM‘mJLﬂ’Ye}EJ’N&J‘[JEIﬁ’}ﬂﬂJWNE‘iﬂﬂ (P<0.05) dlewFeuiiiausy VEPREET)
naass LT waz HT wumammwaummﬂmaaq HT 11U 23.67 %
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BLT
OAT
OHT

Ash(%)

4.8 -

4.6 -

4.4

4.2

Ui 1 5manandan Ui 2 pannilan

Chiang Mai 60 cultivar

A il 36 USanandn(%) vesdawdasiugidedlus 60 Tuszes R8
Tunsugniuil 1 uaz juil 2 Aifinsnevaussiogumgiilussdu
fisinarfy
*f9NYT a-c :ﬂ"]La?{aﬁﬁmmmﬂﬁhqﬁuadwﬁﬁaﬁﬁmm@ﬂaﬁ P<0.05

4. Vnnuiele

ynmsAnvdadeiuesduszneumaail Tasfiarsanaindmuvesiundes
Wugidedlnl 60 luszoy RS (full maturity) iinseevaussigamgiiuandeiulugas
ggnavgn mamsinuluuinandelewuiiimsiiniuesnadideddgmainluganis
ynaes HT vilunardniuil 1 waziuii 2 Jauandunmit 37 uarlineavdeadad

wansAnulunisugniudl 1 Vinandelelneladevesdamiesingidednl 60
Wiy 7.80+0.14 6.82+0.14 Way 7.79+0.10 Wadidud Tuganisvaaes LT AT uag HT
AUAINY Lﬁa"iLﬂi']3'm'w’Nﬁwua?}ﬁwummumm’wuaaﬂ%mméa‘l,aashaﬁﬁaﬁ']ﬁ’fgma
AR (P<0.05) sewinaganmaes AT way HT wuindissiuidelewiiutuiiyananes HT
Wiy 14.22%

wanisAnlumsugniudl 2 Ynandelslasiadovestumdesiugidedmi 60
Wiy 7.87+0.01 5.78+0.17 Wae 6.26+0.06 Wefidud lednsevimedueadinuai
unnsiresUSinaidsloegaitiodiaynieali (P<0.05) sywieyaviaaes AT waz HT
udiriunamanaasslugadl 1 wuih wuidssiuideledivtuiiyannaes HT i
83 %
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c TAT
5 OHT
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Y | oo
uii 1 s8amntlan U 2 9samnlgn

Chiang Mai 60 cultivar

= = & o ) = :
A 37 Yianandale(%) vesiumaasiugidesini 60 Tuszez rR8 Tunisugn
- 1 i = ' = o o L
Ui 1 uag Jui 2 RilnsneuauaiaanugiluszAuTseiY
*anys a-c AnRfeNIAuLAAANAYetlitedANEaA P<0.05

5. Ay

nnmsanstadeiussdusznaumanail Tnsfinnsananndinaresdamdes
wuggealval 60 Tuszes RS (Full maturity) mmimauaummaammmumﬂmmﬂu‘m
gamavgn finansAnudsnmiiuanslunnii 38 uazilsiazdendail

lunisugniuil 1 Usinmmanudulasiadevesiamdasiugifedval 60 wiru
10.86+0.43 8.50+1.16 Uag 8.41+1.51 Wodigud luganisnaass LT AT waz HT
muddy WodiaszimeiusdilinuanuandnvesUSinannuty egniideddy
wsiogala

Tunsugniuil 2 hinumudulasindsvesiaimdasiugifesinl 60 wiri
13.02+1.63 13.40+0.58 wag 14.55+0.89 wWasidud lofnmevineiuadflinuain
uanAseIFinan Ty sthailoddudedaala
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18 -
B a
16 " ; -
14 - _ I
g 12 -
¥ 10 -
3
£ g4 @mLT
o
2 5 OAT
4 OHT
2 -
0 )

- o
{uil 1 9aannlgn {uil 2 smannlgn

Chiang Mai 60 cultivar

= i as - s = ' 1
A7 38 USnanutin%) vasiamassiugileddul 60 Tuszey R8 Tunasugniu
1 1 wae jui 2 Nln1TnevauBdsagMuillusEAUNA19NY

*dNws a-c :ARagNNMILANANUBNEdAYNEDR P<0.05

7.6 naUasuLUasanyMEnIeRuEN s

lunsfinwasslidnmiisioinsmiuranmsasuwdamnanuiugnssy el
) =4 oM Vs LT Y A [=1 o & i - U4 20 -~ 1 [ I
nwnesilniunmsdudalelsuluduiudugnaaielalasun =~ 2 nevddwasions
= v ) B v o = = Rhe e - 5
Waguwasmmiugnssuedatls  dadu Tunisnuiaenlditeenueait  (amplified
fragment length polymorphism, AFLP) FaluIsnsiaintulae Zebean uag Vos
(1993) m3snsvdsuatefunaduelasIsnsitlunissmiewvatinonsienuoaiuazens
AR Wiy FadinsfivSiaisuenlaannnsinaniseulsdlneldineinfidens
lnemsan20 fduemelduladdadime 2 via Ao wulwiiliimuwiendl 6 g
' ) caisd o 1 ° ' v oA ' v
(EcoRl) sauteuleinilsiunisand 4 giua (Msel) wiiousie adapter Whiivate
& i o ) ¢ ) o
rasFuABuesenmuisiadunzveaeulesl adapter Wuddueaanduduy o il
¢ oo as = di o = = o v fw o
Uanewmilyy Tnsuaenildidwuivanaunsadeniuiduengndameeuluifndiniz
1 v o 3.’1 o/ A" oo o < o = )
n36i9 adapter WNUaeMsdeevesualduamailudmumiduradlwsweslums
Wigens wefiuUSinadudiduelwsmesidnweiu adapter Wy 9 AuauTRnd ey
fia  awnsanTvdeuanuuananlags  Snviadulaviscodominant way  dominant
marker
MMIYINTO5El 2 Tunaulauntuneu preselective amplification Taalws
L3 4 1 ) o ar s 1 s 1 ‘J a ) ar
wasnldaulats 5’ JaMuuansanuauves adapter SIUAUEILTBAUANFUNUIAR
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Funzvenauleyd fnsiuvadiedadendiiivans 3 1 wa WeviliAansiy
inaduiiueuduiiidwuaivaeiaeriiivagauiulnsme  Humsiu
Uhinasiduesuuuliinniy  washisliiAnmsAndenfiuuinaduiisueiigndes
nMavhiienstunsuiigeaionit selective amplification Iwsiedildidhilnswesiiy
\wa (selective nucleotide) 2-3 wafidulans 3’ iedmdenduiiSulouisdiumiiig
msvhiideninfiiaelduiugumgiluin. annealing Hiilaumgiigsluseuusn udaan
gungiladluseuda 9 IWitedendiniinamemsAdueiiidiuivagauiulnswes
ddfesmafinuaitedmdandus 3 watuludedidimafivviamdue 2 afilne
adasnldlwsesiiiuaiodndondus 12 wa wasadiitadddinsweiifiuiug
fadendennlnsweildifuSmamidueluadusndn 1-2 wa suvaiidiudions
fnidan 3-4 wa nuiidoamstuneugaeiREueiiiiuzinaldnuenoun Tnsms
TE8nsBianlnsW3Tauu denaturing polyacrylamide gel waznsI9daURBUBIINANS
ArRanlwsa e nuiun i warnuvheelasilonsiy wiaRnaanlwsiesme
asiFeauas (fluorescent dye) udfnnulnaiaIsmaifuluanuusalusi® (automate
sequencer videlauslawiulaglilnsuiifnnaindneasusanseduazyn
chemiluminescence 3sianuLAUALIUEMENTTRIRAMIETANDS AT LauRLldy
LaﬁLﬁﬂ‘ﬁuL‘fJuLLﬂ“UﬁLguLaﬁLﬁﬂ‘ﬁ}u%ﬁﬂﬂ’l‘iﬁﬂﬁ%m%IWEJIFB‘LVJSLME)%@:WEI& 9 @nnsalauen
AmRnFesAdiTInutareiin wiowstarsetsld Tnafeisananuunn wagsiua
Fuiidueiiuandaty  Sunduisueiifniuiiswnenndesiufy  wunvesiiuy
anudlunsinveseulaiiad e uassuuudRisLIivaw 3 vedlnsiued
wiunaiulddamuiunliwessiuoamgiuaneiufoginiszduunily

§IIUNIA wagindszauUndlusssund TdlunsvssesiudmaliAnauuansieiy
Tusefulinanaveadaiaz su lesfinsanasduiusvdmaiugnssumnam
Phylogenetic tree (N1l 38-39') Wag ¢ Simitarity Index (5799 1-2) &g
S1avden

wamsAneilunsUgniuil 1 vinnsAnyiransenuveansasuwasgamgilusening
msmzlgn semswasuwadussilnanavesiuvdesemeaiianisin AFLP (Amplified
Fragment Length Polymorphism)laguusanazgnumgiilugasnisiwizgniluanungu
k)
AT: dnmzgaunniiund

1

LT: dn12zgaingiian

HT: d@n1azguugiigs

Uy oy
=1

wdunahildidamuiwninemamgiinuasuadulunmaasniudwalfiin
amuansinaiilussiulianavesduvdesililunmsmaaadasfinsanmudiriudmei
WUGNI519NAM Phytogenetic tree (AW 39 ) wag A1 Similarity Index (9797 1) 7
aiuliimniegiinsnssnesiudeuthasudalasannsowdddidug ndumdnaldwe
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Gerpudaiiudaiaui nqumisnaaes AT gnudsesnifiunguitiiondnuizuandnaainngs LT
wag HT

dnuaEmaiugnssuInanIsUgniuil 1
wisramsuonldifu 4 ngudsil

nauil 1 AT1, AT2, AT3, HT2, LT1
nANT 2 HT3

nguil 3 LT2, LT3

nauil 4 HT1

Y om

AT3

a
i 2

05653 =

HI3

0431¢ 09314

3

- t 11

SN T B A e B SN SN B R S e T e B e S G e o e e i me e T rrrr T 3
L33 A L2 L L T
Coalfirwes facsrd

A7 39 Phylogenetic Tree wasruwang Jui 1
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AsIA 1 A1 similarity ¥90WEDY JUR 1

Sample AT1 AT2 AT3 HT1 HT2 HT3 LT1 LT2 LT3

AT1 1.0000

AT2 1.0000 | 1.0000

AT3 1.0000 | 1.0000 | 1.0000

HT1 0.9836 | 0.9836 | 0.9836 | 1.0000

HT2 1.0000 | 1.0000 | 1.0000 | 0.9836 | 1.0000

HT3 0.9917 | 0.9917 | 0.9917 | 0.9756 | 0.9917 | 1.0000

LT1 1.0000 | 1.0000 | 1.0000 | 0.9836 | 1.0000 | 0.9917 | 1.0000

LT2 0.9836 | 0.9836 | 0.9836 | 0.9837 | 0.9836 | 0.9756 | 0.9836 | 1.0000

LT3 0.9917 | 0.9917 | 0.9917 | 0.9756 | 0.9917 | 0.9836 | 0.9917 | 0.9918 | 1.0000

wen1sAnwannsUgnluiuil 2 :nmsldvaiia AFLP Tumisfinuananeneedi
sefuugnIsueaImdssosziugamiiiuansetunuiwavemumgdausouwtuenls
Wuangamanqegdanufenauiilfaamgiin samaiiund uavasmgiigusnunfinng
nszefthavesnduildgamniigs ddunmdl 40 wazasneil 2 uanditiiuededamuin
ngufignuenaanImsdnvaEaiusnIsuTiTalauInAe ngunIMAaes LT

yilemidunaideanaan seznamiaiumisemvnzlgn msduiatua
SUPWETIITR YIEIUNMNANIZLINABL HAYaUMYITRLTUAINENIZN1TYIAAB DS
madendasenguedly Wieszeznariiulusaulivuiuludiesenisiassing
Fowlfiins visoweniumalumsdensiinvadwiuesily wilunsmaasaiiuuuomad
mm'm'uan‘l,m”lmﬁyawﬁ'uﬁqr«ia%qqmwgﬁﬁlﬁuqﬁm'm55GTU‘Uﬂ@iﬁﬂﬁ,ﬁﬂﬂ';'amt,mnﬁhﬁusxﬁu
Fusnssunasiuualiiurandaiiusivgnluseuseqly dehwdatuganiuusnuugnlugun
doudrinwmasziulddnudaiugiiinaniedildgumgligedinamumsnszsaneinedns
oy uddmivilssdugnmgiundnazgumaiidmuiiniswasuwashus fnseglungy
WAl '

dnungnaiugnIsuRInransUgniuil 2
wamamsuenldidu 4 nquddl

neu?l 1 LT1, LT2, LT3, HT2, AT

nauf 2 AT2

nau? 3 HT1

NauA 4 AT3, HT3
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LTL

LT2

LT3

AT

AT2

HTI

AT3

Coafficeat : acead

T
053

T T ¥

L[ S S B B S |

1
1m

AN 40 Phylogenetic Tree UYDINANAD juﬁ 2

MR 2 e similarity vesiamEes Juil 2

sample LT1 L12 LT3 HT1 HT2 HT3 AT1 AT2 AT3
LT1 | 1.0000

Lt2 | 1.0000 | 1.0000

LT3 | 1.0000 | 1.0000 | 1.0000

HT1 | 0.9964 | 0.9964 | 0.9964 | 1.0000

Hr2 | 1.0000 | 1.0000 | 1.0000 | 0.9964 | 1.0000

HT3 | 0.9964 | 0.9964 | 0.9964 | 0.9929 | 0.9964 | 1.0000

AT1 | 1.0000 | 1.0000 | 1.0000 | 0.9964 | 1.0000 | 0.9964 | 1.0000

AT2 | 09964 | 0.9964 | 0.9964 | 0.9929 | 0.9964 | 0.9929 | 0.9964 | 1.0000

AT3 | 09929 | 0.9929 | 0.9929 | 0.9893 | 0.9929 | 0.9964 | 0.9929 | 0.9893 | 1.0000
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8. dyUuazanuinena

SNV IHANTENUTEELENTBINTUGN 2 U YeaiumdnaGlycine max (L) Menil)
wusideslni 60 meldanmsssfugmgiiiuandneiu 3 seiu - Fadunsimun 3 gans
naaes (3 1) luudazinaass 5 Falusiodu faug 10.00-15.00 1. Taevinsugngud 1 daus
[Feuunsan 2552 - ihunau 2552 wazlgniuil 2 faudiFeunnsey 2554-Tuen2ss4  Tae
ﬁﬁ'mqﬂisﬂdﬁtﬁaﬁnmwanwmmmwﬁuqiuwﬂuﬁlwﬁfmqgm'u:‘uqnﬁumm&haﬁuﬁﬁﬁiami
Wwigiuln saduszneunandn awiuszneumaaiiludauaeiin dnvugmaiugnssy Tu
widadwdewiugidedni 60 wanisAnuamnsoagUlii

v
|

1. wan1sAnurluladodnvaznisadagdula dn anuge uavaedl iuluresd
wasaiusidedivi 60
HansAnwInUIIHaRdndwEesguil 1 insnevausudiuanluganisnaasi
rauRuldgindisedugungisssueIdn1euengnaaniseninan1sive
(gomeaesHTUlaw3ouifieusywing HT-AT)  lussus V3, RL, R3 Tuduguil 2 vsnsugn
f:fuhjwum"mLmﬂ@iwuaq‘aw‘fummqqaai’mﬁﬁaﬁﬁﬁgmaﬁﬁa (P < 005 luusszozueanis
Wigdulasening 3 gansanasdudadiile
defimsandwiinuilunudiszes R1 fuil 1 veamsugnlugamsnaaasitinauaulsl
qm'i'risﬁ'uqquﬁﬁswmﬁmauaﬂﬁjwmaaaiwi’lamﬁifs(HT)ﬁé’mﬂﬂWiLﬁuﬁu
athadiifuddmaaia (P<0.05) (ifeuSsuiisusewing LT-HDudwgudl 2 vaamsugniulai
wuANLAnEDsdaiiiuilu(eave  Area  Index)  sdnsiitodifalundsrasaeinis
Wwigiulaszwing 3 gamvnaswsiadale
s Teduseduaamgifgsudmanonatanmlugunisguasioiiuilulusses
msUgnsaui 1 Wi
2. wansdnwlutladayiinusninglulu sianaslsilad 1o AaslsWad U uas
walsiuesdveasUssadnqueiazaindail
2.1 wilapaslstiad 1o TunisUgnsoudl 1 wudiiisses R1 R6 waz RS Fafu
sveviiueanaan-sroy WanKAULHN — warszergnuiliei auddu sefunaslsilad
o intuesaiiteddymneadi (b < 0.05) WelSouiilousswinsyavaaes LT-HT
dunamsinwrarasiunsvgniuit 2 hiwuanuuanivesiinasseinghluresdinies
Wugidodlmi 60 egalitedrdgluwiszezvaimsiaiyiulassning 3 yansnaasudodla
2.2 siinpaelsitad T liwumadsuwaseiiitoddymaeadalag lunnssasms
widule alunsugniflelildinananseuil 1 uassaud 2

2.3 giaualsiusse lananisAanudutfelnu aaalsWand As Luwunas

= - A ) aa a a t4 o 2 a
Wasuwlasedaiideddymeatalng lunnssezniaaigdule nilunsugninelvlanande
= =
50Uf 1 WarsauT 2
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3 mamsanwlutedvesAusznaunandn dkansanuadail
wutseRugMTiTigaiu (HT) fnasemafisduetaiifddymeadn (P

<0.05) tawSsuifisussninagamaass AT-HT luiladeduimin 100 wdawiniu Taglin
luesdvsznaunandaduiug uazwulunandnguil 2 windy Fauansliiudmansenusvoy
gidwalidiuluui 2 edhedaiay

4. fuguamasemsvemandnluwdadimdssiiinnsnevausdeguuniii
uanshefilugnaggmatgn fuamsine wasiiswasBundail

4.1 msnevauswwasUinalusiy WewSsuiisuseninaganaass LT-HT wudiseiu
guugiiTigeiu (HT)  dwald Wiiiuanaunnilgaegnaiifoddygmedda (P < 0.05) wawil
whenlafie wuisziulusiunduisdugsaaiiseiuguugisgnl wmaaea LT usilaivuanu
uansiagiiiddymeada (P < 0.05) TunanEnsui 2 utoehdla

4.2 msnavaussvasimaluiy wuiwamsAnuilunandniui 2 sefuguuniii
49t (HT) uazitssdus (LT) damalﬁ‘szﬁuhﬁmﬁuqaﬁu agailpd1AyN9ana (P < 0.05)

y
v

W 2 sgsivguupiiiiowssuiiiguivgnauni (AT) luianasnignedaiidedfgynneadi
L} -l L 1 1 = o o s =S = 1 A
(P < 0.05) agulsinuilivumuuandisedaiifodrdymaadd (P < 0.05) Tunandngud 1
weingala
a 2 17 : = a a1 o )
4.3 NINBUANDIYBIUTINUTBLAYYRIN WuiHan1sAnulukandniun 2 sy
a ::a’ 1 L4 ar s a a’?’ 1 = e o e aa e
gaun)iingsdu (HT) dewalviszauidniingau egredivoddgviada (P < 0.05) L®
Wisuidisuduga LT egalsioulinuanuunnsedrsiidodwameadn ¢ < 0.05) Ty
HaudnFuyl 1 ugoeale
4.4 msnavaupIvasiinmsasazusalslowuindinanssnued wiivad Ry eEtAng
rnandnia 2 3u ludnuazimiioudufs WallSsudisusswinyavaaaeHT waz LT dewalw
o o o & ' = s o w aa @ o o o =1 = g
gaubelowfiugadu agihlvddyneadi (P < 0.05) M9 2 szdvgamgiidisFeuiisuiu
YARIUAL (AT)

5.anWnyN1sHugNI Iy
nIATIERaNYMEN1aiugnssY laeinalla Amplified  Fragment  Length
Polymorphisms (AFLPs)wu sefuammaiiiunnsnsiudanadanisuisnguiugnssueanidy
2 ngu Ao nguves AT waz LT Juendnuwaismaiugnssuegisdniay Tugunsugnil 1 uazil
2 AUARY

5.a5unanmsAnelunnsay
mianuluasslagunmsuild ¢ Ussidusdnsdniou
L aal c:” ] = £ J = = u A-}i) U
5.1 navessvsivgumgiingaiudwadauan Tiun madydvla fuifuily seu
= g 5 @ 1=} 2/ L | a < [ | 1
paslsladie Wwtln 100 wia 1 Sumabely maamamammmaamuqmm’lm 60
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5.2 navassziugungiinigedudwmaiday Tiud seauluimaslusivedreihfod oy
MaaAnif

5.4 nansAnvmsUgniamdssneldseiugumgll Aunndatu 3 seduiiu wuda v
Iidnumsiugnssuvesngu AT Jadunguitgumgiishnivsedudnilumsugniiu wennga
penunagadatau lunisugniud 1 dungu LT wendnuyaen1eaiugnIsueanined
Faulumstgniui 2

53  msveaesUgniusioju  ielinsukansynuvssdaiusideundasitoy

dwastslssenandnudesniiu wu dilaidiuadaauluiuil 2 Weiesandanniined
vhelunmsmmedunmsinn - enukamsiussdussnaurandauiassnsida dmin
100 wiin uay dnvaznsudngumaiugnssuiireuthaiunadaiay

anUsiena

Ugymnsiaguuwdasannegiemandmanssnuilisausienaninng
ANSINEASAINFNINATULLD97N aﬂnxgﬁa’mmﬁlﬂmmxam (Imamwwashaﬁqmiﬂauﬂ

meleanizeamgiigamian) nneliinanuATeA(stress)yaigliudwasnons
Waguwas @B #57Inen Ndudan NNMIANYIIIAIANNTUAUS
sywnsanmegflonilasdiinewesiivnui samgiinoanganduilefend ey

Susudusonisiadyiviatasnssenuesiiuilasiegumpiifmnyaludefofivie
qungiififiuiuanddnnoiindviannansundenlunsdidug  uasnelWiinanme
aumandaruvansilulilunalamiseisivenuasmsdiviiludledefietmnanns
dwasemsvinuvasaumuedduliilulvediaiysal Wbilusaudvinaldedsinga
fvunlaednilinjuesssuniinalan ssfimmnamudessivonmad dud 0-40 °C 3
ANULANANSUBIMAUABRMTIAnaTuTuas TRy aneiug  Yaesvezms
Wule LLasamwmﬂé’auﬁueﬂuﬁﬁsuuﬁnﬂﬂ%nmﬁuﬁaﬂ (Jones, 1992) nmsAnwidelu
Uizmuwﬂmaﬂaqnuﬁiﬂuasmtmwmﬂ'lwmaﬂiumﬁ Ineiinguisnideladnuideya
fddywunn  dsldwuiszdugumgiiviganinssduingaiy dunalnoasaionts
wWatuwasnssuumsnaaisEinewesiiy ety Sasinislih Sasugennslasg
9115 USTANSNNYDINTZUIUNITHANEITOINIS %éaeiamasiamil.ﬁmuLﬁuim“luszasﬁu
fuge svezesnua vise spemsAuiug Jevrdwaaudensudnnandnluszeraaing
Fodmavilinandnsiuanas  wasiioyaiildvhnsAnwufuvesininemansuane
nquitszylidalnuinsiseamnivesiuiinsinunsiudmansenuludeauseioms
NMINERslUna1eqUsEnT 1wy annsainenalnnv ansnsHandn anussansnmes
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nsuanwanlaasaaznamsinuidonndeaiu  (Wheeler et al,, 1993; Newton et
al., 1994; Wurr et al., 1996; Nijs et al., 1996 ; Hollister and Webber, 2000)

msfinwransenuvesannvaamaiigiluiy  Tussduaisinenfunuh nsdl
vasfiwiduTanelianzgungilsimnya ﬁgqizﬁuﬁqqw%aa‘i’nﬁulﬂﬁﬂﬁﬁvm,ﬁm
annude augandsnuluiede ilimasyiulnvesiivanas waslasiluudmnn
E]m%ﬂﬁl,ﬁi,l‘ﬁuﬂ’j’l‘iuﬁ'ﬂﬂﬂa 10-15 °C a4y gaunnigideanunsanangsaduay
ilaidevesituilesninns wWumsiAnanny ieideme (necrosis) (Jones, 1992) vsa
nmsiinnsfeansenAIenNgUnail ( temperature stress) (Jones, 1992;
mﬂnﬁ wizUIslaiy, 2550) wazddamasrunmudenisinnuvsaeulwisuiinasenisien
mwunmaemammw LAz a3 IUILAR (ANl wisUseledy, 2550)

yanIINTUSINUT  fiwes anmmwgumsmammmmmm‘smﬂmuLuaamwﬂu
awu wnzidunafiudasnnsmelatiues widgamgilaaiuszdu 40 °C  dsins
ANSINDNIINAUANAT Faamﬁ]mﬂmﬂqmquamuLanmamm'immmaulfzmw
Lﬁim‘z’faaﬁ’umsmmmma']mwﬁuﬁu (R unsatah,  2544) warnuItagynnsiiy
3vmwmamwnﬂumsmmﬂmwamwwuamamﬂmamﬂmaanﬁmﬂan‘tu{]awu B4
wansenuiulduAnsasuasdneas NGO ! NIZUIUNIINNEAITINGD
WaguwUanszuun s niisududen ‘sfmmaamaammimmuavmu‘lm oR
wanszvvegrelilesiidmasienmgiasusinlusziulanlusveven (Wahid et al,,
2007 ; Hall, 2001)

KaNsEIUNNAUTBISTIUdNIzgamMnigaiiran sABuasgUIUNTEe
Tusthiluily daidhanufinyiiddyuasiinsinunidosnedideiies nduniniduves
oM (Irmak et al, 2008) ladnwmuinnsugndnienanmeldanmzanmaiivog
nawiuluszduieds 40 °C daasienisanasedsitodduneanves Glutenin Fudy
Tusiuilanilwasluifatmad  mnnsdnudeyanudraivmngdiiieeioades
vnsziugampiinguiulUazdmadenmmianelassavedusilmedlel  waswuds
Iuﬂﬁa‘iﬁnﬁﬁ%’wLau‘lﬁjﬁfuaqﬁmaﬂaaégaLm”lu'ixazL%'nﬁu‘uaamiLﬁ]‘%ﬁuul,amzﬁqwaﬁian'ﬁaﬂ
msuan Wsiuluwda Weiulueulsl raslsiiad uaz RNA (waufie uasadan, 2544)
wazldfimsinumuissdugamaiingaiudmmaremsidsuadassaiavedusiulu
qUuuusheg  Swfumsiinsefumsaina ROS (reactive oxygen species) uaw
sarUsznaulsuinnsnsliufivddnenmsnendunadodefiveduroiiiowine (Wahid
et al,, 2007; Schoffl et al,, 1999; Howarth, 2005) agslshinumuiniiwiinalnuniles
fesnanmzgamgifigtu Inewuihiissiusamgiifussiingilufivstindy G
uszdu 40 °0) ilifiwiemmuassnilssnamudou wazasnssiilieadduasei
TusfAiufii3enda heat shock proteins (HSPs) 1w 15-18 kDa Iifisduedhasniaite
Untloawadlailvldzunnudemeduileunananuiou wasuSina HSPs Afintuilss
Suiusiuiintuedrennies erdiuetihswa ( mRNA ) meluanfies 3-5 wil @
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mRNA Ty RNA fivmiiiitasTunsadelusi edoidunalomidunsuntlonsad
Mnazgamgigednuszmsuils  (Ho and Sachs, 1989)

nssvumMsdiaTideuadlufiny Wuuisedifieulsimunuuaznig
mmumaaLau”l,eﬁmuaaﬂuamwnwmmvﬁumumﬂm Poyan1sANYINUIINTZUIUNS
Juaneiudevasiivdsuan C; lWudumdes 91audh szfinnailidenisneuausdumaay
AsnmsAmAiEATINgAmMgligunandity G, Wuinand tagnszuiummauaueses
fiusionnsieSenvesgampiiiuardmaienisivasuuuameimsadnadausy
ilewnmnmsasuwasnalnfanssumshemesedls@idetesiunisihmiven
wildlunszuuntsaiieemns Wy dewasensivAsunuas rubisco dafeadosiunaln
n3ase CO, W RuBp lunszuiunisduanevivasdsdamanlvanissdnsnimueenis
duamesinas  uavdwasthedailsmmilugnisanmandn ( Salvucci and  crafts-
Brandner, 2004)

_ Ium'ﬁﬂmﬂ%ﬁ}dawﬁw’fmmsmmmamiLU%"&JuLLUaamdﬁwuﬁ’u§ﬂﬁu 1l
thiwesillddumsauialelouluuiuiugniedelildsul 2 dvdwadonis
Wasuwasuiugnssuedidls  dau  lunisdnuidenldiBiatenueafl  (amplified
fragment length polymorphism, AFLP) Fuiuisnsfiwauntulag Zebean Wa¥ Vos
(1993) nMsasieuasiaiAduelae s dunssunewnalinenseviueafinazens
WA [eeny

wailaeeruead Wumadiafigen wasdudeu winailldannsavindildnans
W warannsadenguavalvsweslivanswuy aefarimduedlddadinnuunnsig
M4 (polymorphism) 911313190 Fufinannsidsunaseaua (point mutation) st
wiadweseulsiinliiiamsidemes  viawlml  wienisideuuUawesuaii
wmisiafushumissndweseule Wasnsovdoliaunsadiinatumdueld wia
prfamsituiiduedu 9 viemel wleasaunsninnluss ey
yaueuluifld naiiAndufenisiiuouiiue wishifiouiiueiiuminiy QiSeTun
Bueidfusinaildsinnauasull  msseneadnuazvssuauAEwennasyiteten
waadl Failviadnuaizau (dominant) lngunnglumsifewseldifauaufiduie wasiuy
fluansdnuaszdus iy (codominant) Inausngiuuauidutefitiounasmaiilneily
wwuAmBlaleLeail (AFLP marker) wuuiifugnuazdinnnndy (@3umns3,2543)
Yagtueienueaiidumeiiafiandnvifsfuiugmansuszans WATISIAY
dufudmaiugnssy msdnduwunaiiauasiug  viseunnlflunsiinmnenuvainuans
NNRUGNTTUAUBENN I

nnnsldvaila AFLP lumsfinwimnunnsiissduiugnssuvesiaviiose
szugomafiiuaniaty Tnefiersaunliudilie 2 gu wudiimnawandeiily
Snwamaiugnssu sisluguil 1 was fuil 2 thifle fie nquves AT wa LT fusnnguan
HT eehadaou Wefinrsanwuiniugnssuveandu AT Fadunquitgumgiishnirsediuunily
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nsugniiu wonngueeninegtetiniay Tumsigniui 1 Fauanalviisiuin seiugnmgiinli
Unﬁﬁ‘:uLtaﬂqﬁﬂwmsmw‘fuﬁ‘nﬁué’né’nwmzwﬁq (ﬁaqmwgﬁqmamﬁniwﬂnﬁ) dwungu LT
usndnuasmaiugnssussninegdanulumsUgniuil 2 Fuaadliiiuin naussiu
gamgiigaazsniinnauandnaiiludnuuemeiusnssalussezenegndany
mngdein wansveaestfuumeiiannsavenidludesiufiavessyiugamnii
WisgaiuanszRuUng wierndrszduindluggniavgn Sailiiianauensly
seiuiugnssuLariluuurewdniugivgnluseuiicessely
Usanalnedudndsamemilaiildisunansenuannmsidsuuasanmegiieniaes
Tan feyannnsuggileainenldnennselunliwesssivmsiinssiugamgiiluussomely
wamawislusuanlpenuidiunlindivdu 45 °C  waslunmssuil 2100 (A.A.2091-
2100) Wertsuiuludimmssuil 2000 (A.A.1991-2000) FaaMTIAAEEREINTIAI

v = o o oot Y & 1 s 9w a
wsusiumanuanmegilonalutladeduq ilivnliuudsusnnduduiy - (dnindaun

anileainen, 2552) shawmninan13AnyaNMsassan NS wenmImMsainy
wsusruvesgungiielinnudAnuazasinwognssinlulsundlney Saannsady

I 1 < ¢ = =i oy 1
sudeyaiidiiieinllg nMIAANMIAiRaNsENUIINEN1INMIainTioMALlsUTLAlinase

= Iy = 0 | av & w o« o ga
HarAnuazAAENTeIMTIuNMERY wazannInilugnmsideimiedadenareiugiviumy
dednMeingadinan luiuilwnmamiavesdszmalnenaly

9. YaldUaLUY

9.1 Namiﬁﬂmm%Lmmms'siamhamuﬁLﬁ'm‘ﬁ’aar“f'um‘sﬁ’enmmaﬁuafﬁ"mﬁawiélﬂ
'lutﬁm’mmmza:;m'aUg]m?imm3631114m‘5%’uﬁaﬁ’uaﬂ'\uﬂmﬂuamﬂm

9.2 miresenssiANNzluNMTITIeRnFenaeTuiAinuuseaatunsallandou
Tuauian

10. 1@N&1591989

ndlan suwSeyuanna uay Tosa fnond. 2551, MerumsATeatuayiniiemsiaes
anmmsallanfeuluiiuitugninilevssdiunansenuiiiivesnsuanan
auamEseIMs  wasmsiasuwadusziuiugnssuvesinmennisale.
dINNUANENTTINTITURNA

ndlan sueiguana way Tosa SnvnA. 2552, WANSEMUYEIENIZRUMYIN sl
gmavgniiiisienandauas syniadiautisvasitvenlne (Oryza sativa L)
Wuguanenuzd 105. L?aqtﬁumiﬂszsqﬁmm'iﬂ%‘:aﬁ' a7
wTnenduinuasenand dui 9 avminenssrsmAkarAunde,
uil 17-20 Tunea 2552, amAnendeinynsaeans. wih 282-290.
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wnail agauis, 2550, wnasUsEnaunIsUssene lumsussdanng 3o uaiiy
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fiwug dasssy, 2549. 1enA1sUTENBUNITUTTEERLAY lunisusegadvnnasnas
Wasuwasanmgiionnavedlanuaznansenuiliiniuluvszindlve Jufi 24
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Whaswinaall
asdUsznauntall Usinaasamnshuudio uasdiunauseadngluluvesily

1. Asrzviosausznauniaad
AATIYINIATIYEYINgAU (AOAC 1995)
Wsiu Tustu dele 1B Ay
1.1 msweidsunalusiu
2935083 AOAC 40.1.06, 1995
1.1.1 gunsal
YAATIUTINALUSHY
(Kjeldatherm digestion unit wag distillation unit)
1.1.2 @asial .
1) asazangnsadansaiuty
2) asazaneniadaya WUty 0.1 woila
3) asazaealuifeslansanlen Wudu 32 Wasidud
4) @sazaiensauesAludl 2 wWesidud
5) FaLles
6) Budtames dududiunauves methyl red waz methylene
blue
1.1.3 Aamnasy
1) -Faaete 1 n3u ldlunateswnia
2) wndaden 3 ndu
3) ilensasangnIadansaliutu 25 mL
4) dausoganiies Kieldatherm mungumgiilunistos
Ju 3 909 Ao
F2ai1 Tdgaumgil 250 °C 1unan 15-20 wii
929112 14gamgdl 380 °C urian 30-45 un
929713 Tgaumagil 380 °C WWuiaan 20-30 il

5) devietsaunsevisiesnlfmsaraeladiden

6) nduseeafidesudieiades distillation unit gt
A&u 100 mL wazansavaesnaluifeslansenles iudu 32 Wosidud 90 mL udwil
nduldluansavansueiadindu 2 wWesidud Viunes 60 mL AiflBuiawmesuaneg e
wauludouiiAndugnamuivaunualdvuasasazarslunsavesa saudsvanm
200 mL
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7) lamsedunnduldssaisasarensadayia Wudu 0.1 uss
@ =i - I L A o & ;A i v v
ifa uansazanedsunndvdeatuddy dalugegd TuiinUsuasilansala

8) vinasararswuanlagldaisazaisnieg luuSunavigiu
wuRenudegn us Tilddeeng

USnaulusiy = (A-B) x C x 6.25 x 1400
D
A = USinasnsadar3aildlamsndiogng
B = ViinasnsadanfSeiiltlamsnansasanouuasd
C = uaSifadfveansndayGadililamn (0.1 N)
D = ditindhets @eaniu)

1.2 MyIAsIERUSUnalviy
9135999 AOAC 40.1.05, 1995
1.2.1 gunsnl
1) nunauauIn 250 ml
2) Iaammm%u
3) Soxhlet extraction apparatus
4) Condenser
8) Thimble
1.2.2 @siad
Unsideudmes
1.2.3 350 15nnaas
1) sunaiunasludoudiaamali 100 °C Wunan 1 Falas ¥iili
Lﬁu'luin@mm'm%u uddaimin
2) Fafegraiasuunszaunsas thfagldadly Thimble
gagduu Thimble Wetestulilidhazanevengniashalasnse
3) ld Thimble aslu extraction tube WwagsoiiU condenser
4) wutlasideudmes asluvannunauysyana 200 mL
5) Wawnlianuiou MWaatlumsadaluiuszanm 16 $alua
6) leasunadnimialusuiigumgi 100 Wuan 1 9l
dordunsvinlitlasidessmesluraiunaussve sntuhlmiululngaaui
7) Fahwmhvn wasdunaiminveslusufildanduesdud
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(huinwansaulusiu — dmtinvaaan)
x100

YSunauluziu (%)

v
o

Umineag19

1.3 msinszildnandols
9135989 AOAC 40.1.07, 1995
1.3.1 gunsad
1) ®
2) fevauieu
3) Fibertec system
4) Crucible (Fritted crucible-porosity;coarse 40-60 pm)
5) Hot plate
6) nuzldnsadicale
1.3.2 a1siail
1) msazarenIndansaiuy 0.128 luans
2) lansulaasanlonuty 0.223 luais
3) n-Octanol
) axglau
1.3.3 Jamvinges
1) @aududmiuszuu reflux Wisnsinavenissann: 1-2
ansaauny
2) Weadindaio
3) daiminfinuususesiegeiiunasisensiui 1 niu ldas
lu crucible
4) wwnegivTnluiugniisesay 5 iviinsanaladiueen
NFDYNABUNINIIATIEN
5) 279 crucible aslutdosdmiuag crucible Tupiasiiduans
dremuieu Tondudenlimdni
6) \Aunsadayiaioududu 0.128 luans 31 150 mL huas
lumeduiniesniuu
7) i n-Octanol $1uau 2-3 vem ietesiunsiianas
8) UnrluasadiEaudos udsulimmdouauion dufiunan
30 WU
9) nyaslasideuulonuniisiumia vacuum dansaslalaimloils

pressure 43¢
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10) A19M1815DU 3 AT ASIazUIZINN 30 mL NIDIAULIAY
11) Wwulapsylaasanlemdudu 0.223 Tuas Usuna 150 ml ¥
WulRegiunsaganin
& . = = v 2 v
12)17  cucible a8nanATaIndLdnanleausau Taeld
crucible holder
13) A19M8E LAUBE1TDE 3 AY ATIAE 25 mL

14)1)1 crucible Uauuwiilugauausou figumgil 100 ¢ 1u
a3 il viesuiigamgivszana 130 °C uw 2 Hlu fdidululogaaiai
Fadmintudindhuindldidu wi

15)1h crucble Wenlumeuiigamaiivssunn 550 °C uy

u

Ussanm 3 1alus wiidbidulilagannnudu sadmiln wasduiinimindilaidu w2

Ysunaudiale (%) = (W1-W2) x 100

W
Wi Wi = US310u994 crude fiber AU
w2 = US1NaIUa a0 iiae a9 NNITLEN
W= YIMUNAIBES

1.4 msiesendSuann
MDY AOAC 40.1.03, 1995
1.4.1 gunsal
1) W
2) Hot plate
3) fensziomiouh
4) Tngamruiy
5) favauiou
1.4.2 F/nsveas
1) Faimdndenszideandoudt duirunisiunluaiimn
flgamail 5500 *c Wuasvana 2 dalis unseiahwinesiiudatudinthmin
2) dndhegldadlutensuiocszann 3-5 nu Uadh Tudin
vt
3) weanduUiinandntesasuuietslifetnaiidunauisd
Aty wazinziuiiotiostunisflinsznedielianudou
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4) MimeMpgauunl Hot plate Waraen Aegiiuszsiu
anuFaulunsienlusifneds (Tussuildesinlugaaaii) aunsenuwilviivunaiu
5) ihmeilddedranUadildlunimn widediiigamgi

u

550 °C aunIaglandrIviamn

6) 1hinufetissnunldlugevauiou 1 4alus udnieenia
Tulagaamudunsdidu ileresq angumpiivesinedaviniugumgiviae

7) daimiindregramdoush Tuiiniwiin

8) AU

LOINILA (%) = 1winm x 100
UNMUNAI984

15 msnzrUinaniuidy
91135989 AOAC 40.1.04, 1995
1.5.1 gunsal
1) feovayiou
2) myegililsaniourh
3) Iﬂ@ﬁ]ﬂ?’lﬂ%ﬂ
1.5.2 35n15vaaes
1) %ﬁmﬁhé’waaﬂﬁLﬁamu%’amhﬁﬁhumsauLLﬁwuﬁﬁmﬂnmﬁ
w& Tuiinimsiniuuen
2) dnsedldadufieegililfnszana 2 n3u indelvfed
wigBaELEse Uar Tudintimin
3) nehedwlugeusudeulaailianivegiilionuiediu sud
gaungil 130 °C U 3 Flaa

4) ddleasunan Ynrhiae wénivhegldlulaffiasgaady
faialaunsisgamgianainfugamgiives Aduaszana 45 uil)
| 5) 1hdhedrseoninds Tufinimin
6) thdesadneudnadisann 30 it ndndudeialil
fu daludadatin dnimdnivasuwasunnadasnesndt 0.003 nfu Idiiniseu
Suiindutingaig |
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7) AnnanUsinamiuduaniniuigly

AMUTU (%) = (UNUNAI8ENSULSN — YINA98191a19U) x 100

UMINAIBENSULSA

2. Jpszidsunansamnsluan laun USunansaaziluladu
2.1 MIIATIAUTIIUNIARLAILY Lysine
91M5vae AOAC 40.1.03, 2005

2.1.1

212

gunsal

1) Amino acid analyzer

2) Analytical balance Readability to + 0.1 mg
3) Balance Top loading

Polyethylene Bottle 50 mL

Digestion tubes Boiling flasks

)
)
6) Digestion block Heating mantle
) Filter units 0.22 pm (Millex GS, Millipore are suitable)
) Magnetic stirring plate
9) pH meter Muasgmsasazarglvlines
pH 2.0, 4.0 and 7.0
10) Reflux condensers
11) Rotary. evaporator
12) Vacuum flask 250 mL
13) Glassware Glass beakers, 250 and 1000 mL; Erlenmeyer
flask, 150 mL; Round-bottom evaporating flask, 1000 mL;
Graduated cylinders, 100, 500 and 1000 mL; Volumetric
flask, 1000 mol/LL; Volumetric pipets, 10 and 20 mL
14) Sintered ¢lass filter Porosity 10-15 pm
15) grariuda
16) Syringes
asiail
1) niaWeslin 88 Wasidusd
2) lalasiau wWedeenlea 30 Wedldud
3) lodey waludalva
4) filea- ueadidu
5) nialalasnaasnidudu
6) lmavulansonlon
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7) ¥luea
8) 'lslelandrea- 98 wWedidud
9) los-lumendinsy lalawmn
10) pH buffer. pH 2.0, 4.0 and 7.0
11) Amino acid standard kit. &wiuvinunsgu
2.1.3 W|nmandguasiad
1) Sodium citrate buffer pH 2.20 Tneda Sodium citrate
dehydrate U3 19.60 ¢ luiintnesaunn 1000 mL wazazaeluth 800 mL wdhidld
Wnite vdsenthudin 10 mL 98 wWefidus ves thiodislycol solution wazt@y HCL 15
mL udnvdsutheUinaasaiidinanluldlumniauiuins auim 1000 mL uas 1§e
e udnharsazarefandialunsesiuuinseriinfinusenisinnioures
a131Adl YuA 10-15 um wazusu pH windu 2.20 Iealy HCL w39 2M NaOH
2) d@1vavans Hydrochloric acid-phenol 1udu 6 M Tned
wanadadal ¢ aslutnesunna 1000 mL viildkdnazatedaeti 500 mL #sl3 10 whil
wAnARELAN HCL Y3ums 500 mL
3) Hydrochleric acid solution
3.1) Hydrochloric acid - 1 M Wi 800 mL asluvine
U311 AuIn 1000 mlL waLin HCL U5uas 83.3 mlL lngld pipet wazvinlwiananssine
1 wagvhnsuaslid iy
3.2) Hydrochloric acid — 0.1 M (i 800 mLasluwnin
Y3103 1119 1000 mi wazndenrniindin HCL a1 M U3inag 100 miL Tngld
pipet wagyiliEaa1edaen1 uasvinnsuaulvidniu
4)  Sodium hydroxide solution
4.1) Sodium hydroxide -7.5 M Taeda NaOH 300.0 g avlu
Jnnasuuin 1000 mL
4.2) Sodium hydroxide -2 M lneds NaOH 80.0 ¢ asluin
WNBTUIM 1000 mL
foe 9 ilieunamdngues NaOH avanslimuagaei 600
mL udseliasaraeifuias udnvdsudeUiamsazaredananldviniauiunng
Jun 1000 mlL wazyhliiFonedeth wasvinsuelidmy
5) Norleucine standard solution ‘Ei"aﬁ”mﬁﬂﬁtmuau%wﬁ’ﬂ
Uszana 195-200 mg v84 DL-norleucine crystals aslu Erlenmeyer flask 911 150
mL waziilvindnazanesie 1 M HCL US1nas 100 mL udadsudauSunaeansazans
fandnld Volumetric flask, auan 1000 mL wasyiliidoatedmi1 uazynswasls
Wi
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2) 1lU Hydrolyze meldszuunislvaveni Wunan 24 $lu
7l gamgil 110 - 120 sswaldea Wavinnisdes (A msUFTRluganaTuTadl
IMAYURBULTiBIHe)

3) maeafiHuNsERsLdIPenIINTEULTSeu Lo iU
gaungiivies udfin 20 mL v8a norleucine standard solution aslunnqyaaaiitnng
Hydrolysate 1a8l% volumetric pipet wiividmnaudiiudisntsmyuvasanaass
wddiumslude a, b anudhsanadl

(Note:  f1dieenslH Sodium  Tarududusi weldlunis
JipswhiuiAdes chromatography TWszime HCL aghsszsiassTa IWeidiunsanude 1)
wazdnlaifeanisti Sodium frnadudusa dwiunisdiiunisiv neutralization 1%
ALtuMIALe 2))

1) N3998108797HIUNT Hydrolysates  udalnsnsassiay
Sintered glass filter aalu evaporating flasks YU 100 mL fivinisAnaanideuses
ud deideunu rotary  evaporators wazyihnsszmewfansldssuugaania 7
aamdl 40 asmwaLdea dmiu 50 mL (Note: limsvhlvarsazaeuteaumun)
Wi flasks PENAINIATEITEVEIAS WEIRAY 50 ML vesd1sazars Sodium citrate aq
Tuensasaneitiiunissunenia wdrhmsuadlidniuudyihnsdiedsuasaivi
m3sRnaanliudr Fail polyethylene 50 mL wédnilusdiunisvasaeusall wisud
wenudeliauninvihluldlunisnaasssaly

2). nsaad081eiitauns Hydrolysates aslunaengyyinie
250 mL lnongassu Sintered glass filter Nt gEnsfodeiiiumsnsesasly
dninesvun 250 mL Taeseardnnesliludininds wdihunsduluilimdunans
laans Hydrolysates Ane NaOH 7.5 M Usuas 40 mL uaawenlidniu (Note: 1ainas
Tgaumgiiiiu 40 asmealdua) Uiuan pH windu 2.20 Taetiin 2 M NaOH il
antiun1snageusaly

2.1.6 nmsiweszwmiUsinm lag Amino acid analyzer
vnadernasfithunssymeuisdasauiuns Hydrolysates
(@) ¢ Sodium citrate wazU¥u pH wirdu 2.20 Teedn 2 M NaOH Tuveszit
neutralized hydrolysates (b) Ti3eansgeiinsuyiinautusuudinsesinu Filter
unit aslu autosampler tube uagdnadhua3odiaszi (Note: Unasiinsuwiuauly
N15199999dlNasaNTIASIEA)
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2.1.7 n1sAuIn
ANNINEUALDIBIUNe (RF,,) dmsunisitasiznninezll
Tunnen
BE, = P,®% W,
P.ax W,

\gle P,, = peak area of amol/Lino acid
P, = peak area of norleucine
W,,= weight of amol/Lino acid, mg
W, = weight of norleucine, mg
A1UIal internal standard (IS)

5= W x2x10"

dio  mg norleucine = U3u10A113v83 norleucine Tu 20

mL
AU Amino acid (AA) Tughedrefinageu
AA, % = P,, x RF,; x IS % 100

P W

We P, = peak area of amino acid

P, = peak area of norleucine
W, = weight of test portion, mg
RF,, = amino acid response factor

IS internal standard factor

3. Aiaszivsunusaing uly
3.1 USinumaslsilad uaz ualsivewa
Ausotdluiiniledinsesinaluszeay V3, RL, R3 way RS veadaindes
fuges.1 .60 uay @9.5 Seszeded 3 : v, Fadussezdowiulelou eng 21, 26 uas
27 u awdndu, seeziSusenaen : R, 91y 29, 36 uaz 38 Fu AuEwY, sy8ziTUAn
in : Ry @18 47, 57 wag 59 Ju muawu uay srozSURALER : R 818 55, 70 Uag 73
$u anudsu maieeilagldiiuns Yoshida (1976) fail
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N1531A512RAIAN BALNIRUGN T TUABFT

AFLP (Amplified Fragment Length Polymorphism)

nMsAsIRFIUANATHIAT USRI U vasieEnsluAamERs
AFLP (Amplified Fragment Length Polymorphism)

nsnsdauAuNmuasUSInafbuevasiegsluiumaes
asIvdsUAMMNLazUSINMYeBue  TnemsiUSeuiisuiuAlBuesnnsgiuiingu

Aty Taeld 1% Agarose Gel Electrophoresis uagdauunuanigaisazaiy ethidium
bromide aquavBueUULHY agarose gel Tngdssneuasdansililonn Tuitnuasiae

ANSONBATY

1000 ng
500 ng
300 ng
100 ng
ATI1
AT2
AT3
HTI
HT2
HT3
LTI
LT2
LT3

u@u'—"f = | \I Py iea 1f \.?§,:;,

= a a d & - o as !
AN 1 Zﬂrﬁﬁﬁ'ﬁla@‘UﬂﬂJﬂ’]WLLagﬂiqu‘UﬂﬁﬂLéutaﬂﬂQﬂqL‘Wa@@ UIU 9 MBS

=i a8 24
ALY ALDULDAULUY
1. Digestion : 19 genomic DNA 8snawmaes Uszanu 100 ne thundametauleifndimig

2 wtiafa EcoRl waz Msel lawldoulmisiaay 10 unit lutwiwes A (Borhringer

Mannheim: Roche) (33 mM Tris-HCl pH 7.5, 10 mM KCl, 0.5mM DTT) Tudsums 25
ul shluunfigumgil 37 °C uw 3 dalue wis DNA Firiunisdiauds $1uau 10 ul W

| w o .
argIlinsdanauysainielilaeld 1% agarose gel electrophoresis

Kb Ladder
Kb Ladder

AT1
AT2
AT3
HT1
HT2
HT3
LT1
LT2
LT3
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o ) v =l & = v o
AN 2 : ﬂ"l‘iﬂ'S’J'i]ﬁE]Uﬂﬂ'ﬁ’iﬂ'ﬁﬂﬂﬂtgutaﬂﬂﬂﬂ'lmﬁﬂﬂﬁ']ﬂ Lﬂu‘lﬁiﬁmﬂ"ﬂ’]LW'l:,‘

2. Ligation : 1 DNA Aifinanysaiuén (mdevines 15 ul) andase Adapter Migadulua
anfuavuATaTsareeulaiinsnsisasia Taonsiiy 10 ul vesensi
Uszneugng 7.5 pmol EcoRl-adapter, 75 pmol Msel-adapter, 1.2 mM ATP, 1X ligase
buffer, 1.2 mM ATPuay taulgsl T4- DNA ligase 2 unit mﬂﬁ:uﬁﬁﬁﬂﬂﬁ’ﬂﬂﬁuﬁqmﬁﬂuﬁ
37 °C uu 3 dalus dleasudmuaan 11 DNA fsnanaatiensas 100 wh ée dH,0
wiel#idu Aduefuuuy (ONA template) lumsdfisuSinabudniiBueiifesmsiagldy
fl primer 1739 | '
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nsifaUSINaudau DNA fidasns
1. Preselective : yhmsfadendududNA Taold primer fiiluadadans oy 1-1 base
f® ER-A : MS-A uag ER-A : MS-C
th DNA template avimsifisns3inn Tnsii PCR condition fail : luufisennisiiia
Uhinadudiidueidomsfierussneuluds DNA - Adenadr 3 ul, primer
(forward&reward) @way 0.25 uM, 1X Taq buffer, 1.5 mM MgCl,, 200 uM dNTPs, uag
toulsgsl Tag DNA polymerase 0.3 unit TuUSinassianun 10 ul
dlonanosiusznaumaqdndeiuudy  Juhluldluadesmuauoumgl (GeneAmp® PCR
System 9700 (Applied Bfosystem)ﬁqﬁqquﬁﬁwﬂﬁ'&ﬁ’ﬁa

50 °C 511

94 °C 3wl

94 °C 30 Junii

56 °C 1wl 24 50U
72°C 1w

72°C 5w

diewadsduufiisen PCR i PCR product fildiinidoassing dH,0 100 wih wdSafuly
\Uu DNA template dwsudunausialy

2. Selective : vhnseaidanuson DNA Tagld primer fifwadadend o 3-3 base Tng
TS primer ann 6 Al primer il
AAC-ACT
AGG-AAA
AGG-AAC
AAC-CAA
AAC-CTT
AGG-CAC

A AR o
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TwFfsemaianiinaduduiidueifesnstuezsznauluds DNATLIo9 U
(mn‘t‘fumauﬁ 1) Y3ua3 2 ul, primer (forward&reward) a@wag 0.25 uM, 1X Taq buffer, 1.5
mM MgCl,, 200 uM dNTPs, wazieulasl Taq DNA polymerase 0.3 unit TuUSiasnavun

= ¢ ' [ ) v = o o a R
10 ul danauasvszneuangimeiuay Jahluldluaiosmuguanmgll (GeneAmp
PCR System 9700 (Applied Biosystem)) @aiigaumaiinnageiaiiae

94 °C 30 Jui

65 °C**30 Ui 9 50U latan Annealing Temperature a4
72°C 1w 1 °C nnsav

94 °C 30 Junil

56 °C 30 Funf 20 59U

72°C 1w

4°C  hold

Mé’%ﬁ%’«uguuﬁﬁ%m weaUfisa1dae 5 ul Loading buffer (10 mM EDTA (pH 8.0), 98%

formamide, Bromophenol Blue & Xylenecyanol)

nsvaauNanIsvin PCR 1ngld 4.5 9% Polyacrylamide Gel Electrophoresis : silver staining

NN IATIZANA
vnslinzuunauidueiusngluwiumawSeudeuiussnindietna

fdavdes 9 egludmindendu Susnguouiidue Tiazuuu 1 Slivsnguey @

e Tazuuu 0 Teoesdentineuuianzuaviidueivudaa
vhramsirzuuuuaviduesina i iiemsimanudniussenihesny &

wides W 9 saatha Tneld program NTSYSpc for Windows Version 2.01e sigamumaidi

Phylogenetic tree Yaaiagnaimaes
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Simulation of Climate Variability for Assessing -Impactéi'

on Yield and Genetic Change of Thai Soybean

Kauita Thanacharoenchanaphas and Orose Rugchati

Abstract—This study assessed the effects of climale change on
Thai soybeans under simulation situations. Our study is focused on
temperature variability and effects on growth, yield, and genetic
changes in 2 penerztions of Chiang Mai 60 cullivars.  In the
experiment, soybeans were exposed to 3 levels of air temperature for
8 h day! in an open top chamber for 2 cropping periods. Air
temperature levels in each treatment were controlled at 30-33°C (+
273) for LT-treatment, 33-36°C (£ 2.4) for AT-treatment, and 3640
°C (£ 3.2) for HT-treatment, respectively. Positive cffects of high
temperature became obvious 2t the mstuing staige whea yield
significantly increased in both cropping periods. Resulls in growth
indicated that shoot length at the pre-mahuaing - stage
(V3.R3) was more positively affected by high temperature than at the
maturing stage. However, the positive effect on growth under high
temperature was not found in the 2™ cropping period. Finalty, genetic
changes were examined in phenotype charecteristics by the AFLPs
technique. The results showed that the high temperature factor clearly
caused genetic change in the soybezns and showed more alteretion in
the 2% cropping pesiod.

Keywords—simulation, air
Thai soybean, yield, genstic change

temperature, vanability,

1. INTRODUCTION

LIMATE is the primary factor for agricultural production.

Agriculture is one sector which is important to consider in
terms of climate change. The changes in global climate related
parameters such as lemperature, precipitation, soil moisture,
and sca level [1] are expected to alter crop productivity due
changes in climate, weather events, and pattems of pests and
discases. Many  research studies have shown the impacts of
climate variability on yield loss or the alleration of
physiological mechanisms on cereal crops [2). Increased air
temperature is one of important climate change indicator that
causes heat stress on plants. Heat stress is a serious threat 1o
crop production worldwide. There is a strong scientific
consensus (such as 1PCC) that global mean surface
temperatures will increase from the present by1°Crw35°C
by the year 2100 [3). Hence, the climate change conditions
duc 1o global warming are likely to affect future global
agricultural production through changes in nutrition and
genetics [4] -[5].

"Depatment of Mawral Resources and Enviroament. Feculy of
Agricolture  Naturzl Resources and Envirameat. Naresuan University.
Phitsanulok Thailand, 65000. E-mail 2ddress: kanitai@no.ec.th

"Depanment of Ago-Industry. Faculty of Agriculure Nawral Resources
and Envionmenl Meresuan  University.  Phitsanulok  Thailaad.
65000** Corresponding auther: . E-mail eddress: oroser@nuacth

Soybeans [Glycine max (L.) Merrill] rank as one of the most
important agricultural crops of the world. A recent study
revealed that  unfavorable 1

ditions

(temperature  variability, rainfall variability, aod relative
humidity varability) during seed growth and development in
the field can reduce germination and vigor of soybean seeds
[6]. Therefore, the climate change condition is likely to have a
substantial impact on biomass, production, or nutritional value
of soybeans in Asian countries such as Japan, India, and
Thailand [5], (7).

Considerable future temperature changes in Thailand, will
b high enough to cause adverse effects on soybeans.
However, the possible adverse effects of temperature change
on soybean production in the growing scason or genetic
change is not well understood in Thailand. Thus, in this study
we carmried ot an experiment to assess the impacts of air
temperature  variability to understand how increased and
decreased air temperature in the growing season affect growth
yield and genetic change of Thai soybeans.

11. MATERIALS AND METHOD

A.Field study

The study area was a suburban area located at coordinates
16 degrees and 44.003 minutes north of the equator, and 100
degrees and 11.810 minutes east of Prime Meridian (Fig.1).
The field study was camried out at the agricultural crops field
in Naresuan University, Phitsanulok, Thailand. The total study
area covered about 200 m’.

B. Soybean planting end experimental design

Thai soybeans (Glycine max (L:) Mermr.) Chiang Mai 60
cultivar were used in this experiment. They were planted for
2 cropping perieds (2 generations) during 2009 to 2010.
Three replications of a Randomized Complete Block Design
(RCBD) were used in three treatments with different levels of
air temperature. Soybean seeds were obtzined from the
Agricultural Research and Development Center in Phitsanulok,
Thailand. The soybean seeds were planted with a 20 x 50 cm
spacing. At the vepetative growth stage (V-satge), the
soybeans in all three treatments were exposed to lemperature
variability for 8 hr exposure (9.00 am — 5 pm) in open top
chambers until harvesL In the experiment, the 1* generation
seeds were planted 1o yield the 2 generation Therefore,
here were 2 cropping periods under air lemperature
variability.
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Simulation of Climate Variability for Assessing-Impacts?

on Yield and Genetic Change of Thai Soybean

Kanita Thanacharoenchanaphas and Orose Rugchati

Abstract—This study asscssed the effects of climate change on
Thai soybeans under simulation situations. Our study is focused on
temperature variability and effects on growth, yield, and genetic
changes in 2 generations of Chiang Mai 60 cultivars.  In the
experiment, soybeans were exposed to 3 levels of air temperature for
8 b day' in an open top chamber for 2 cropping periods. Air
temperature levels in cach treatment were controlled 2t 30-33°C (=
2.3) for LT-treatment, 33-36°C (£ 2.4) for AT-treamment, and 3640
°C (£ 3.2) for HT-treatment, respectively. Positive effects of high

ture became obvious al the maturing stage when yield
significantly increased in both cropping periods. Results in growth
indicated that shoot length at the pre-matusing - stage
(V3-R3) was more positively affected by high temperature than at the
maturing stage. However, the positive effect on growth under high
temperature was not found in the 2™ cropping period. Finally, genetic
changes were examined in phenotype charecteristics by the AFLPs
technique. The results showed that the high temperature factor clearly
caused genetic change in the soybeans and showed more alteretion in
the 2™ cropping peried.

Keywords—simulation, air
Thai soybean, yield, penetic change

1emperature, variability,

1. INTRODUCTION

LIMATE is the primary factor for agricultural production.

Agriculture is one sector which is important to consider in
terms of climate change. The chanpes in global climate related
parameters such as temperature, precipitation, soil moisture,
and sea level [1) are expected 10 alter crop productivity due
changes in climate, weather evenls, and pattems of pests and
diseases. Many  research studies have shown the impacts of
climate variability on yield loss or the alieration of
physiological mechanisms on cereal crops [2]. Increased air
temperature is one of important climate change indicator that
causes heat stress on plants. Heat stress is a serious threat to
crop production worldwide. There is 2 strong scientific
consensus  (such as IPCC) that global mean surface
temperatures will increase from the present by 1 *C10.3.5°C
by the year 2100 [3]. Hence, the climate change conditions
due to global warming are likely to affect future global
agricultural production through changes in nutrition and
genetics [4] -[5].
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Soybeans [Glycine max (L.) Memill] rank as one of the most

important agricultural crops of the world. A recent study-

revealed that unfavorable covironmental conditions
(temperature  variability, rainfall variability, and relative
humidity variability) during seed growth and development in
the field can reduce germination and vigor of soybean seeds
[6). Therefore, the climate change condition is likely to have a
substantial impact on biomass, production, or nutritional valuc
of soybeans in Asian countries such as Japan, India, and
Thailand {5], [7].

Considerable future temperature changes in Thailand, will
be high enough to cause adverse effects on soybeans.
However, the possible adverse effects of temperature change
on soybean production in the growing season or genctic
change is not well understood in Thailand. Thus, in this study
we camied out an experiment to assess the impacts of air
temperature variability to understand how increased and
decreased air temperature in the growing season affect growth
yield and genetic change of Thai soybeans.

1[. MATERIALS AND METHOD

A. Field study
The study area was a suburban area located at coordinates
16 degrees and 44.003 minutes north of the equator, and 100

degrees and 11.810 minutes east of Prime Meridian (Fig.1).

The field study was carried out at the agricultural crops field
in Naresuan University, Phitsanulok, Thailand. The total study
area covered about 200 m’.

B. Sovbean planting and experimental design

Thai soybeans (Glycine max (L) Mermr.) Chiang Mai 60
cultivar were used in this experiment. They were planted for
2 cropping periods (2 generations) during 2009 to 2010.
Three replications of a Randomized Complete Block Design
(RCBD) were used in three treatroents with different levels of
air temperaure. Soybean sceds were obtzined from the
Agricultural Research and Development Center in Phitsanulok,
Thailand. The soybean seeds were planted with a 20 x 50 cm
spacing. At the vegeutive growth stage (V-satge), the
soybzans in all three treatments were exposed (o temperature
variability for 8 hr exposure (9.00 am — 5 pm) in open top
chambers until harvest. In the experiment, the ® gencm'ﬁon
seeds were planted 1o yield the 2 generation  Therefore,
there were 2 cropping periods under air temperature
variability.
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Fig. 1 Field study area in Phitsanulok, Thailand Cited from Google
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C.. Temperature control

The cylindrical opea top chamber {(intemal volume = 6.3
m') was constructed out of transparent plastic (Fig:2).
Ventilation fans were equipped on the front of the chamber 10
facilitate air circulation and to equilibrate the temperature
difference between inside and outside of the chamber. Three
levels of air temperature; ambient level (AT-treatment), lower
than ambient level (LT-treatment), and higher than ambient
level (HT-treatment) were set up, Water was released via an
electrical control system (opening-closing) to conuol air
temperature in the open lop chamber. Mean air temperature
levels ( + 5.D) for 8 hr for each treatment were 30-33 °C (&
2.3) for the LT-wreatment, 33-36 °C ( + 2.4) for the AT-
treatment, and 3640 °C (£ 3.2) for the HT-treatment,
respectively.

D.Growth and yield determination

During the experimental period, soybean planis were
sampled to determine shoot length (height) at 7 different
growth stages for the prowth and reproductive siages:

Growih stage

VI( first node)
V2{second node)
V3(third node)
Reproductive siage
RI(beginning bloom)
R3(beginning pod)
Ré{full seed)

R8{full maturity)

Soybean seeds were harvested and the No. of total
seed/plant from the experimental field were determined at the
harvest stage (95 days). The shoot length (height) of the
soybean plant samples were determined for the total No. of
seed/plant.
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Fig. 2 Ope

n top chamber in experiment  with electrical control

system
E. Genetic change
The genelic changes were examined in  phenotype

characteristics. Soybean leaves at the end of the V3 stage in
both cropping periods were sampled and analyzed. The
AFLPs technique (Amplified fragment Length Polymorphism)
with 6 primers was used in the experiment.

F. Statistical analysis

The growth parameters and grain yield data were analyzed
statistically with analysis of variance (ANOVA). Significant
differences of parameters were reported at p<0.05 by DMRT.

1IIl. RESULTS AND DISCUSSION

A.Shoot length at different growth stages

Exposure of soybeans to different air temperature levels was
carried out in an open top chamber. Inthe 1* cropping period,
we observed that the high temperature in the HT-treatment
resulted in a significant increase in shoot length at the V1, V2,
V3, R], and R3 stage. In conuast, & significant decrease in
shoot length was observed in the LT-treatment (low-
temperature). Further increase or decrease in air temperature
variability in the growth stage did not result at the full seed
stage (R6) and the full mawring stage (R8) (Fig. 3). However,
we did not find any correlation between temperature levels and
shoot length of soybeans for all growth stages in the 2nd
cropping period (Figd). Fig. 5 and Fig. 6 compare the
percentage of height (em) increase at different growth siages
between the HT-treatment and the LT-treatment, and the HT-
treatment and the AT-reatment, respectively.

High temperamre evidently induced an increase in shoot
length at initial growth (by approximately 27%), especially at
the V2 siage in the 17 cropping stage (by approximately 80%).
While in the reproductive stages, the percentage of height (cm)
increase was approximately 20% less.
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C. Temperalure conirol

The cylindrical open top chamber (intemal volume = 6.3
m’) was constructed out of transparent plastic (Fig2).
Ventilation fans were equipped on the front of the chamber 10
facilitate air circulation and to equilibrate the temperature
difference between inside and outside of the chamber. Thres
levels of air temperatuse: ambient level (AT-treatment), lower
than ambient level (LT-treatment), and bigher than ambient
level (HT-treatment) were set up. Water was released via an
electrical control system (opening-closing) to conuol air
temperature in the open top chamber. Mean air temperature
levels ( + S.D) for 8 hr for each treatment were 30-33 °C ( &
2.3) for the LT-wreatment, 33-36 °C ( &+ 2.4) for the AT-
treatment, and 36-40 °C (+ 3.2) for the HT-treatment,
respectively.

D.Growth and yield determination
. During the experimental peried, soybean plants were
sampled to determine shoot length (height) at 7 different
growth stages for the growth and reproductive stages:

Growth stage

VI{ first node)
V2(second node)
V3(third node)
Reproductive stage
RI(beginning bloom)
R3(beginning pod)
R6(full seed)

R8(full maturity)

Soybean seeds were harvested and the No. of 1otal
seed/plant from the experimental field were determined at the
harvest stage (95 days). The shoot length (height) of the
soybean plant samples were determined for the total No, of
seed/plant.
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Fig. 2 Open top chamber in experiment  with electrical control
system

E. Genetic change

The penetic chaoges were examined in  phenotype
characteristics. Soybean leaves at the end of the V3 stage in
both cropping periods were sampled and analyzed. The
AFLPs technique (Amplified fragment Length Polymorphism)
with 6 primers was used in the experiment.

F. Statistical analysis

The growth parameters and grain yield data were analyzed
statistically with analysis of variance (ANOVA). Significant
differences of paramelers were reported a1 p<0.05 by DMRT.

I1I. RESULTS AND DISCUSSION

A. Shoot length ai different growth stages

Exposure of soybeans to different air temperature levels was
carried out in an open top chamber. In the 1™ cropping period,
we observed that the high temperature in the HT-treatment
resulted in a significant increase in shoot length at the V1, V2,
V3, R1, and R3 stage. In contrast, a sipnificant decrease in
shoot length was observed in the LT-treament (low-
temperature). Further increase or decrease in air temperature
variability in the growth stage did not result at the full seed
stage (R6) and the full maturing stage (R8) (Fig. 3). However,
we did not find any correlation between temperature levels and
shoot length of soybeans for all growth stages in the Znd
cropping period (Fig4). Fig. 5 and Fig. 6 compare the
perceniage of height (cm) increase at different prowth siages
between the HT-wreatment and the LT-treatment, and the HT-
treatment and the AT-reatment, respectively. -

High temperature evidently induced an increase in shoot
length at initial growth (by approximately 27%), especially at
the V2 stage in the 1" cropping stage (by approximately 80%).
While in the reproductive stages, the percentage of height (cm)
increase was approximately 20% less.
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Fig. 3 Height (cm) of Thai soybeans (Chiang Mai 60 Cultivar) under
3 airtemperature varizbility treatmeuts at differeat growth stages
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Fig. 4 Height (em) of Thai soybeans (Chiang Mai 60 Cultivar) under
3 sir temperaturt variability treatments at different growth stages (2
crop)
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Fig. 5 Percentage of height (cm) increase at different growth
stapes of Thai soybzans, compared between HT-treatment and
LT-treatment, 2nd HT-treatment end AT-treatment in the 1*
cropping period.
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Fig- 6 Percentage of height (cm) increase at different growth stages
of Thai soybeans, compared between HT-treatment and LT-treatment,
and HT-treatment and AT-treatment in the 2™ cropping period.

B. Soybeon yield

In the experiment, grain yields of Chiang Mai 60 cultivars
in 3 treatments were examined for No.of total seed /plant at
the maturity stage. The results revealed that high temperature
(HT-treatment) strongly increased the No. of total seed/plant
in both cropping periods (by 28.9 %and 30.62%, respectively)
(Fig.7). While, exposure to low temperature did not.
significantly affect seed yield in soybeans in either cropping
periods.
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Fig. 5 Percentage of height (cm) increase at different growth
stages of Thai soybtans, compared between HT-treatment and
LT-treatment, and HT-treatment and AT-treatment in the |®
cropping period.
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Fig- 6 Percentage of height (cm) increase at different growth stages
of Thai soybeans, compared between HT-treatment and LT-treatment,
and HT-treatment and AT-treatment in the 2™ cropping period.

B.Soybean yield

In the experiment, grain yields of Chiang Mai 60 cultivars
in 3 treatments were examined for No.of total seed /plant at
the maturity stage. The results revealed that high temperature
(HT-ireatment) strongly increased the No. of tota] seed/plant
in both cropping periods (by 28.9 %and 30.62%, respectively)

(Fig.7). While, exposwre to low temperature did not.

significantly affect seed yield in soybeans in either cropping
periods.
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The grain growth of cereal crops depends on the production
of carbohydreates and the ranslocation of assimilates from the
source organs to the grains. If the source activity exceeds the
sink activity (grain filling) of the grains, excess carbohydrate is
stored in the stem or leaves [8]. The support of photosynthetic
activity under high temperature may be one of the important
mechanisms that induced a increased seed yield in Chiang Mai
60 cultivar [B). Similar results were found in wheat [9]. High

temperatures increased the rate of grain growth and promoted

grain size but decreased the duration of grain filling. .

However, the tesults of the experiment are not consistent
with some data conceming temperature stress during the crop
period. Many reports suggest that temperature extremes during
seed development affect soybean seed quality. Freeze injury
before physiological maturity caused large reductions in
germination and vigor [6]. Many seeds produced by soybean
plants exposed to excessively high temperatures during seed
filling are shriveled or abnormal (flattened and wrinkled with
depressions in the seed coat), and the quality of these seeds is
often much lower than seeds with no visible imperfections [6].
Hence, further monitering on the effects of temperature
extremes on yield and nutritional value in Thai soybean seeds
isneeded.

C.Phenotype characteristics

We analyzed phenotypic changes by the Amplified
Fragment Length Polymorphisms (AFLPs) technique. The
effects of temperature variability on phenotype characleristic
changes of soybeans for 2 cropping periods are shown in
Fig8-Fg9. Six primer sequences of DNA indicated that
soybeans under 3 levels of temperature in the growing season
could be categorized into 2 groups: AT treatment and the LT
wreatment. The results indicated that the high temperature
factor clearly caused genelic changes in soybeans. Moreover,

we found that the continuous high temperature exposure
through 2 cropping periods caused more aliération in
phenotype characteristics in the HT-treaument (Fig.9).
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Fig. B Phylogenelic trec of soybsans in 3 treatments in the 1%
cropping period
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Fig. 9 Phylogenztic ree of soybeans in 3 treatments in the "o
cropping period

The genetic change in the high temperature treatment may
be caused by alterations in mechanisms, such as inhibition of
protein synthesis which led to DNA changes. Direct injuries
due to high temperatures include protein denaturation and
aggregation, and increased fluidity of membrane lipids.
Indirect or slower heat injuries include inactivation of enzymes
in chloroplast and mitochondria, protein degradation, and loss
of membrane integrity [10]. Heat suess also affects the
organization of microtubules by splitting and/or elongation of
spindles and the formation of microtubule asters in miofic cells
[11]. Moreover, afier exposure to high temperatures changes
occur at the molecular level aliering the expression of genes

.and accumulation of transcripts, thercby leading to the

synthesis of stress related proteins as a siress-lolerance siralegy
[12]. These may be the reasons why the genetics were altered
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The grain growth of cereal crops depends on the production
of carbohydreates and the translocation of assimilates from the
source organs to the grains. If the source activity exceeds the
sink activity (grain filling) of the grains, excess carbohydrate is
stored in the stem or leaves [8]. The support of photosynthetic
activity under high temperature may be one of the impertant
mechanisms that induced a increased seed yield in Chiang Mai
60 cultivar [8). Similar results were found in wheat [9). High
temperatures increased the rate of grain prowthand promoted
grain size but decreased the duration of grain filling. .

However, the results of the experiment are not consislent
with some dala concemning temperature stress during the crop
period. Many reports suggest that temperature extremes during
seed development affect soybean seed quality. Freeze injury
before physiological maturity caused large reductions in
germination and vigor [6]. Many seeds produced by soybean
plants exposed to excessively high lemperatures during seed
filling are shriveled or abnormal (flattened and wrinkled with
depressions in the seed coat), and the quality of these seeds is
often much lower than seeds with no visible imperfections [6).
Hence, further monitoring on the effects of temperature
extremes on yield and nutritional value in Thai soybean seeds
is needed.

C.Phenotype characieristics

We analyzed phepotypic changes by the Amplified
Fragment Length Polymorphisms (AFLPs) technique. The
effects of 1emperature variability on phenotype characteristic
changes of soybeans for 2 cropping periods are  shown in
Fig.8-F.g9. Six primer sequences of DNA indicated that
soybeans under 3 levels of temperature in the growing season
could be categorized into 2 groups: AT treatment and the LT
treatment. The rtesults indicated that the high temperamre
factor clearly caused genelic changes in soybeans. Moreover,

through 2 cropping periods caused more alleration in
phenotype characteristics in the HT-treatment (Fig.9).
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Fig. 9 Phylogenetic tree of soybzans in 3 treamments in the a4
cropping period

The genetic change in the high temperature treatment may
be caused by alterstions in mechanisms, such as inhibition of
protein synthesis which led 10 DNA changes. Direct injuries
due to high temperatures include protein denaturation and
apgregation, and increased fluidity of membrane lipids.
Indirect or slower heat injuries include inactivation of enzymes
in chlosoplast and mitochondria, protein degradation, and loss
of membrane integrity [10]. Heat stress also affecis the
organization of microubules by splitting and/or elongation of
spindles and the formation of microtubule asters in miotic cells
[11]. Moreover, after exposure 10 high temperatures changes
occur at the molecular level altering the expression of genes

.and accumulaton of transcripts, thereby leading to the

synthesis of suress related proteios as a stress-tolerance stralegy
[12). These may be the reasons why the genetics were altered
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by the high temperature. The characteristics of responses
varied according to temperature levels, growth stages, and
parameters. The results suggest that the high temperature in the
growing season in this experiment (3640 °C), which could
appear in future in Thailand, causes a significant alteration in
physiological mechanisms and genetics of Thai soybeans.

However, more ficld studies to assess impacts on nutritional
values need monitoring to quantitatively estimate-the-effects of
climate variability on crop productivity in Thailand.

IV. CONCLUSION

The results of this study demonstrated that exposure to air
teruperature  variability under a climate change situation
(simulation) led to alteration in growth, yield, and genetics of
Thai soybeans, Chiang Mai 60, cultivars. High temperature
caused obvious genetic changes but induced an increase in
shoot length and seed yield.
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by the high perature. The ct istics of responses
varied sccording to temperature levels, growth stages, and
parameters. The results suggest that the high temperature in the -
growing season in this experiment (3640 °C), which could
appear in future in Thailand, causes a significant alteration in
physiological mechanisms and genetics of Thai soybeans.
However, more ficld studies to assess impacts on nutritional
values need monitoring to quantitatively estimate- the-effects of
climate variability on crop productivity in Thailand.

IV. CONCLUSION
The results of this study demonstrated that exposure lo air
termperature  variability under a climate change situation
(simulation) led to alteration in growth, yicld, and genetics of

5

Thai soybeans, Chiang Mai 60, cultivars. High temperature i
caused obvious genelic changes but induced an increase in s
shoot length and seed yield. i
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Effect of Elevated Air Temperature at Different Growth Stages on Soybean
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ABSTRACT

The purpose of the research was to investigate the effects of elevated air temperature at
different growth stages on growth and yield of soybean cv.Chiang Mai60. Soybean plants were
exposed to 3 levels of air temperature; 30-33 °C, 33-36 °C and 37-40 °C; under open top chamber
system, from V1 through maturing stage. It was found that higher air temperature than ambient level
at R1 stage significantly increased both Leaf Area Index(LAl) and Chlorophyll a (Chl a ) by 34% and
47%, respectlively. We also found the significant increase in height from V1 to R3 stage and the
highest increase was shown at V2 stage by 87%. Although, the significant negative effects was
observed for vield (total seed/plant) at full maturing stage (R8). Thus, the experimental resulls

revealed that elevated air temperature increase LAl , Chl a and height . However, these increases

did not increase yield, but caused yield loss at harvest.
Keywords : growth stage, elevated air temperature, soybean, open top chamber
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Figure 4 Chlorophyll a at different growth stages of soybean cv.CM60 as affected by 3 levels of air
temperature in (LT, AT and HT). Means that followed by the same letter are not significant at P<0.05
by DMRT. Error bars above each histograms indicated standard deviations (5.D.) observed from 10

plant of each treatment.
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Figure 5 Chlorophyll b at different growth stages of soybean cv.CM60 as affected by 3 levels of air
temperature in (LT, AT and HT). Means that followed by the same letter are not significant at P<X0.05
by DMRT. Error bars above each histograms indicated standard deviations (S.D.) observed fr(_)m 10

plant of each treatment.
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Figure 6 Soybean plant carotenoid at different growth stages of soybean cv.CMBO0 as affected by 3

levels of air temperature in (LT, AT and HT). Means that followed by the same lefter are not

significant at P<0.05 by DMRT. Error bars above each histograms indicated standard.deviations
(8.D.) observed from 10 plant of each treatment.
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Figure 7 Soybean plant yield at maturing growth stages of soybean cv.CM60 as affected by 3 levels
of air temperature in (LT, AT and HT).Means that followed by the same letter are not significant at

P<00.05 by DMRT. Error bars above each histograms indicated standard deviations (S.D.) obseived

from 10 plant of each treatment.
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