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wanmva (onion) dahufindesng (biennial crop) @o lunguinaziaieyaIn
adaudiimssteluasi Folsznausandaudu quazmuly Yhwhidzanenmns 7
Tananvasniflugaasyvisgalvifiullianan mmiuluggdnanieimsadymanenuas
HAMAANUELA (Knott and Deamon, 1967) fnsa%’wﬁ'mawauﬁ'ﬂmﬁuaf‘jﬁumm
#177993U (day length) Wuﬁ:‘i’uﬁguﬁ'mmsﬁaqLLaﬁuazﬂsxmm 12 il Fuunas
wneivanagimlulutszndlng duiugiueiudamsiufifidiusnsan 14-
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ANHUINNINNBAITAS

wauﬁ'ﬂmjﬂuﬂﬁﬁagﬁum:ga Amaryllidaceae  SiFaMININAMNINTI Allium
cepa Linn. dansondaidulalaludnuazsasduununnsiae Ltdﬁﬂumzﬁﬁaumﬂﬁqm
Ao Gupudiimsssinmbuaramed anudunsafiusuesdulszan 6.0 i 6.8
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Tu (leaf)

wownlvgiludvludes  (monocotyledon) Aenndiuvasdeuiiseni
crown stem %32 stem plate wormusilufiudvdaluilagiuaniilugouag lussd
snvaniuluSmnauvdouuuivegiuiovoniug  luwemewmhlngmaluaznas
(hollow tubular leaf of onion) (Esau, 1976) mulumiuainuin wazianwuziiluns

1] \J as <l <l J 9
AITUDNDYITNINMINAN navluSeninaaviay (neck) (a'ﬂ,ﬂ, 2537)

3570 (root)

szuunnvaven lnaillusinees (fibrous root system) 3IMNEABENNIRN
deu sansaudmamsagludulaanUszanm 15-40 wudwns unianazuensdn
av W ludulate 90 wufas ?jyuagiﬁ’nmmu.ﬁuﬂmﬁu uadiulvejazungaanmemu
aanan(@ly, 2537;80%, 2531) PwuNnaadudilszana 20-200 I 90
UNYENBDANMNULUIUDUIINTIUIUTZIN 12-18 i uarBnUszinn 18-3 i
(Jones and Mann, 1963)



AU (stem)

Seuuamaauh ingfisusuuu(flaten stem) MIRSAUlaTaIdAUITESY
:3’ ¥ 1 13 v nl v u:y \J
Tudreuy wazduvugauImu(shoot apex) (Wugafiadnlulmiiuan usiazluazgn

dvtulagsaudau wariianwaziulauwiu(Jones and Mann, 1963)

daman (inflorescence)

Penanuasvienm IngiUsznaudiy  Aguaandasdinuannanglszana 200~
300 aantday IadueanlugunsenanEundt umbel IMugdenan(stak) nUszanm
100-130 Fuftuns fndenenid@imudsn Tanadednlunan asnanuinn

1 Tu 3 vaemnuguuasmuazugngwataan(§le,2537; Cumrah and Ockendon,1978)

aan (flower)

aanusazaaniindunandunn 6 Adu  Nidunanean(veins) FABINANNAU
aan (tepals) NFSHI(stamen)i 6 BU AugATIGazEMIUsTANN 1 NaAAS
ilamanusmnudedalindaniaziumsuaunssisugaangn ladszana 5
fadues dulsy (anthers) NdvdaIvisaudien MInsEngYaNaraaunasaElgIa lums
nuanNaUszana 2-3 dlanivasnani Tu 1 eenarfinaseadis 1 du N 3
vaeFali(locules) Tuudazvipssaldaziili(ovule) ag 2 8w Mugndsiudia(style) 3
ANNETUNE 1-2 TaALUAT L:ﬁaﬂaﬂmuvﬁaﬁq3:azauysnﬁﬁuﬁﬁmmmmszmm
4-7 fadwesvisaannninly 3-6 Judald saandsaafia(stigma) U 1 du vaed
Judng 3w wiiWawnmaisdudn derugmnasddinndyduladaio:d
stigmatric  TNBBNNIANARIUBIWAAAFIAIY huhuwilen %m:aausné(pouen)
FansoimzAnle(ély, 2537; Currah and Ockendon,1978; Waller and Martin,1978)

. .
HAUALLNAR (fruit and seed) _
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V& o [~ Al 0 o o o
ULALANNLNAALNTMNHIUFUTE gﬂmqmumaﬂu (&le, 2537)
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Wugvamanm lnaifinswannwasulunnd  Wudgnumsinazliizelizwng
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wazdahiananwugian wugilgnluanigawsnudaiu 2 lialve) 9 e Wudiuem
(long-day) #n@uuazIanu(pungent) I.La:ﬁ/uﬁ:’?uﬁu(short—day) ﬁﬂauLLaziﬁlﬁgusﬂ
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wazrdnnuwudananazutniiu 3 55 de wme 1 wemvdss  Wudlusmamdu
Snwnldadnimiugiudu

yida(2538) Nenuh Wugiliugndnlwaithniugivdes wanduiugiu
fu Aadpamstheudulumswiadiule fsadfiades Wadim wWienmiuiidvdadah
ia 1y Wugiwala naundlau3a(Yellow Granex hybrid) Wwaztaa3nu(Eary Grano)

ey

unaaudnwan lvai ludssind lng
o < a a as Vet & ¥ s
wallumsduaSuuazmuqumsnianaum lng IMiiviinunsanaaseiuany
v o v v o a LR =t
FNMIUBIAMA PaanIuMsivuaLuINNLAdymidaansadmiiumslaadned
UszAnsmw waziielviiaanusiumiuazitivauraissaunmvanm lval S5U1a3edn
Titimstunzdsuggnvenilvg  Tasardadnnaauanaluines 10(3) ww
WIENDUAALATUSAINMIAEAT  W.A.2522  ANATINMIULHUNUUAZUNUNHUINST
U4 [ Y v £ u:y ] L) < v
tuasuazavnsal  aandszmafimua Ugnvenm lngdunzdsuudshawdugUan
as v A as 1 dv
vauh naflurissnassa Uil
meawila laun sunaduthaas Snarhe Javiadeslnsl
manan laua Snadiss sinavniag dunadawasy WNIANMYIUYS

gamaudavain vl ludsumealng

agmalumsudavewilvlundosiuil  fenauuanddusenlumaaniw
ANNRNzANTaIEMWALTha A Gail

1uvaanan luatasugiadivsuveam lva) ﬁ%’wi’ﬂmnﬁuq‘%a:ﬁ'uﬂgn
Usnnunauidauinnauieiumey  uanfuinwasdnUsanunandausunei
unavuasanly
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W Aedwneduthaeswzlgnmissnmudeufumeudmman dudmludeu

o o aQ Q' <4 J <~ <4 -
Qumwuﬁ’m WY 2N Dh\?ﬂ@'ﬂ@ﬂ Sudszanoua aunIAN Lﬁ‘ULﬂEI'J LODUNUIANEN

WHHNIAN

anwarmMatiaiiraivanii lvai
a v ar (a’d =t <4 1 as o a'
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ulmiuaass  S-propyl-cysteine  sulfoxide duFvawanmlve  enndied
o . o] < as ' < v
anthocyanin WL8¢ anthoxanthin 3@ flavonol quecetin Advaaq WaNWQ'lﬁmuLﬂuW‘ﬂmﬂ

2 - dao o . o
AAULATIFIA MNFITUIZAUNUMULAUNIN allyl propyldisulfide(AUY,2534)

2T Inuaivania vl (The life cycle of the onion)

1ﬁ'ﬁg¢j'a‘ﬁmﬂLﬁ'mﬁ'mﬁ’?mawanﬁ’ﬂmjmué’wmaﬂuv&u Hayward(1938);
Jones and Mann(1963) {udu  wHnvswenilvgminsadeadaulaa e
m?\mlaqwauﬁ'ﬂmjﬁﬁ'ua'au(embryo)ﬁﬂﬂﬁ'am"ﬂmqazuimﬂ‘lumﬁmLLa:ﬁmmiazaﬂu
endosperm(endosperm) Li‘jaﬁwLuﬁmlﬂmwz'luﬁuﬁtﬂﬂﬂ%umﬁm@ﬂﬁmﬁhﬂumaﬁ M
TurugauRazSuaufansumaasadiula  finsldamnsanendosperm Tiuadafu
Tasaafuiinde haustorium MaBuae cotyledon W38 seed-leaf dlawdasandausnd
Unngdenneau(radicle) Fadaludu N cotyledon AI3aanuazaSuiintmann
mnlaseadniiiy loop FwhldRuihduwnnusnaan  Tuwnsiwdadasaglifiafu
cotyledon (@3ayfaematsaiilas quﬂszﬁ"qgﬂﬁ'u‘ﬁumﬁaszﬁuﬁaﬁu 'lunmzﬁa;ma‘%mu
‘uaqLf'za(z’i'am%:yﬁaﬁ'uné’wé’mmg"lﬁ'ﬁu

msanvaman lngifiumsienuuudtiFes Fifadunfitawi ‘special type
of epigeal germination’(399UNS, 2529)  Hayward(1983) War Jones and Mann
(1963) 85N#91  USIUA cotyledon @afy radicle ﬂgmﬂuﬁuﬁwaﬂﬁqmwagisam
ARaATINUBIVIBNW Iney msm%iymﬂqﬂﬁﬁﬂﬁ'ﬁuﬂé’wﬁﬁ'mmmsmqd’m'lu Faadean
MAULUY ) (flatten stem) W38 base plate mhiadlusau URGIRERY waazludiada
?Tm:ﬁé'ﬂﬁmuﬂugﬂmqﬁﬁﬁm HulunldFaaeiuaa(photosynthetic blade) waziilu
sUnsnszuandaduguraslu Fafudhuiudigeuasudazrludadulms  uazdud
a'auﬁqmﬁaa’mymwamdu‘lu(leaf sheath) Tuudarluazadiuly leaf sheath wasly
i wazazasadulafiuluun defunaneck)vda psudostem (HuduREINN leaf
sheath (dgdu Tulmindazluazadyrumquidnriazidn aMiihgedandiauad blade
waz sheath yasludunau Tu blade aztlugnanuazaay qaaasnnlaulutadaralu ms
SaGueasluiadiu 2 umagasdwiu Pnadeandugn nnlwiaeiueilal
Wuszdisuagmeluiswnu wazagsau anam  Tuwdazawnudinninning wazasn

q‘y 1 \J J o ) o o Q” 1] \ J J
Juannan Wedanssumsisuiulafnluegnaaiias (Mwi 1)
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a’ as v s a a a Cd )
AMAN 1 aﬂﬁmziﬂiiHTNlLﬂ:ﬁﬂmﬁ'\u‘J’ﬂﬂ'}ﬂ'ﬁL‘ﬁmLGIUIGH!?NWBJJW'J'IMEQ

J
Y141 : Jones and Mann(1963)

| Tudmnunafisheiuammgaainluiigalos leaf sheath dauuuuazmniu
Fnunsutiiumsaauaen(bulb sheath) dauﬁa;js’iwniw leaf sheath 283 luwAR
YYYWBNAIBBN mmsﬁ’lﬁmﬂmsﬁqLﬂiﬂzﬁumq:gﬂm%’aué’mmmzjdauﬁ'z wazluthe
ULASUMITWEIYDY leaf sheath wazadluin@atuanlua (bladeless freshy scales)

duravasvenaznauiiungu ({19991nM5339 leaf blade ety wazdiu
HOAUDTUATIANAY  (HENIIMNMIINYEY leaf blade TUTazAay quALazW  UA
sewingrnminnemsnnlufiauaisudediludainesedadeaiofuaza
213 uazn.ﬁansxmumsia‘%n§uﬂugscﬁ ﬁmammqmmsm‘%mLLazw%'auﬁq:Lﬁu
fien ﬁ'ﬁﬁmaué'qmag’luﬁuswﬂmma%mulﬁuimﬁﬂﬂ%gq Tasiawzadnidaudoniu

Lancaster and Gander(1986) Wu ﬁwauﬁm‘%mtﬁu‘lmLﬁuﬁ'(mamre bulb)
Wug Sparlan Sleeper Uanluuszmathduaud frumuluraai(scale) 9-12 5u waz
A meiaheiunannmsani Tagdudleszesiily 8 lu msadnlufaiveta

+odae ¢a' v v o a & w4 v
i'JﬂL%’Jﬂﬂu'ﬂ’ﬁ')‘]:ﬁllﬂﬂﬁﬂﬂu']ﬂ ﬂ'\iﬂi'NIUEIﬂ'Ynil‘ﬂﬁ'lulﬁLﬂﬂﬂuﬁ']ﬂ'ﬂﬂ']ittﬂﬂﬂEN scale
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uangauaein  adngadnEalauAe mswlaiulneanmesutaifelusswieda
21MN3U8 leaf sheath (e Lhmasumnsrinaauldvnaiege Tuwasiiguludiada
dauay

FHMNITEWIRMINATINEUBA(external dormancy) SIANIATITIRSEUNNAIUIN
saluathath q woerdusinadudlsznaude blade leaves waryaWwSaasiuganan
(Abdalla and Mann, 1963) Lﬁawauﬁ'ﬂmj\mﬂﬁﬂﬂ% S'mL‘%'maﬂmﬂ'«gﬂm%mdﬁu'ludau
u uwasiilwenatunad 1 vwia 2 Tu  mumsmswiyrasdueen luusazeiy
NnsaFTNiunenlavmssulssanumng 6 tananvidaannadn (Pike, 1986) My
aaniddmuazulivuse Tasaiadulwsawazadauianes vsow 1 Ty 3 sasanug
fudanen  Wemwnaseuds  wiuduladadiazil stigmatc Fweeninaniues
sigma Wuhwiinnq azeausaminsamziald dhusenndesuusiengs
283591 (ovary) Lz‘jaaaﬂLnaiéﬁLﬁﬂag’[uszﬂzﬁmu”nm%'ua:aaqLﬂaﬂﬁ'(receptive stage)
nauAanvzlaning ﬁ'\iﬁguﬁﬁmm(nectar) Jutusmhavesvndsmgiinginaseiiie
viaalumnanngs FuhvmuiiazGeualy UV spectrum flunanaiiuld(perceive)
(Waller and Martin,1978) veswlvgjiflufizfisansondunaslalosuna wazusas
aaniilu protandrous Wude aanUseazasindsioun stigma aranansosule Snu
@an 100 @8n d3NIM 1 umbel lwinNm 3 dlayl sneedidnsdiuues self-
pollination melusuilasnsuaanas(pollinators) iy fe wasughaszwinaanly
Fuliisnfiu Smswsnndsuasmamgazeaunaslszruanudii TayssBuiannms
Wiyeiule wdeezdadvlaegnanysally  2-3 §lavd wazuanaantitaUsasly
wiawinihddlunedmaaade duwionesiadizinaglassionmiiuvnndu
Twasdiy Fuzashonlmiiy 1 Wviennni udsinarmedlesnmsnifisdu
NIGW (Jones and Mann, 1963) |

s

ﬁmmmmazmsqnuﬁﬂaamﬁmﬁ'uq
. I~ < a a " P a a Y o a a > ¥
Wwianasiiaaaldifinsufauduarfimssaduladsuwdaanedu
s a o a P [ ) & ' o a a
FuPANG &35 LarasAUITNaUdY PUATUMIY  SEEzIAeIUaINUIUS Au
o < a a < o ’ a o ) o g o
asznuadaRsuduladan  zuandnlumusiiafsuszdamwiinaay tagtutun
as as G'J A 4 3’ as n, \J o
ﬂamunﬂmﬂmlﬂmmamﬁﬂﬁmwuﬂuﬁ'\agaqﬂ L{IuszﬂzmuﬁﬂzjﬂLLﬂmqa%'S'mm waz
d’l P dnJ \J <t <l <y TN
sxa:umﬁm:uqmmwmwgm AENIAD  NAMINDNYSEANNNTIALATAINNUINWLIUD
WaAge (3293uUN$, 2529)
- & v o & a o &
UABIANITUIUYBNADNVDNAILA (SHUIUIUNSLINAALNA ALz A Ut

Shinohara (1989) laaduen SaumsuuveInanvien i umbel (Wuasiida Tuszey
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WSAAADAYBY umbel TFFTTIaMNG Mstnuananardainduuuiidae Ty
aanLEn 1921T0aanINAIULULEY umbel MINUTIMAIALGHIAVUMENYDY umbel
wazldtanlumsuauaaanysalussnn 25 Tu Wannmsvaundafazaiaduly
nalndidseiy  uaziimsgnunsasadadedudasluini  naufudmivanzasde
astihe (capsules) vaundaflasumsaanudludiuuuras umbel Suuanuszans 10
wWasifud  Globerson, Sharir and Eliasi (1981) it msiiuidmadEasanse
nszrhlaiile umbel SuFd 1-3 wWefiud Fuirnomidigalumsfuinwie
f81A3093n3 Steiner and Akintobi (1986) TN AN L Wug spanish %
dhuiugilinandauazanuiiiavaadageiu AN IFALAMNETIINE (seed
physiological maturity) ﬁmq 35-43 Yundmnaamnu fuudaasdiaadu 16 8 52
Wosidue mu'ﬁmﬁmﬁ'mLuﬁﬂlﬂ“{mﬂlﬁﬁﬂﬁluﬁﬂgmL?{ﬂmmﬁ%ﬁ‘m Shinohara(1989)
senuh mstgaveslutszmadiu  Uszann 20 Fundimnaeninu 50 wesdud
Funarfimnzanlumsifiuiwde  wlulssmadaniea Globerson et al. (1981)
wuh dunamasmafuinadaiuiverilafousana 45-60 Tundtaanuiu
warluussnasmizanismannsafiuiiiswialatreanlUBnnasniiwuiy umbel i3
fuszanar 20-30 1WasiBus (Neal and Ellerbrook,1986) M8 MAIINNEAFAULA
medsHnmaudaniiuie  dumsfivihvisdal3Tuues (feld storage) luszay
famwinedauiinadamadanamnwrasadamnn  SuduadalSlunlannuadediss
Fouamumwas viisamuuiauswaundaanas (Delouche, 1986 naalu gax, 2530)

sreznmmstaisenauduadagnudmnsafiuinld asssauimsing
msmavieanaaity msuuths msussaiiuve mMIngaastail wazmsuiaw
AtasiuauudsiuazaaiiEinuaade Togluszwihamsgnunuaunda  Anw
wiuseenaaesiatiuGes qnaennasusanasusun ﬁ'aﬁgu‘z‘;ﬂﬂé'izﬂzqﬂu,ﬁl,vh
To wdawusisdamuudusiuanniu wndmnmsanuimedisinnuds anuud
u.iwaqm?mﬂ'uﬁ:am%'mﬂm (3399uUnNs, 2529)

MSWAILYBNAUBaU(embryo) TuNAawIndayRnwumsazauiinlusAu(protein
body), amyloplasts, endoplasmic recticulum, mitochondria Wa¥ ribosome INUIUNIN UG
Tifimsazanuihanniin Tu rape seed MINAUNVBIRNUBBUTZHLUTA 79T MTWULLAS
arfugamelutsana 2 fanivdsufous  windursdluimsusnsnnaesad
Fariuszer 2 Slavimadustasingd LﬁmmﬂwaN§mz-?7uazjﬁ'uﬁwmumaéﬁauﬁazﬁq

LU AYLNYG '

ANIRIYUAZNANUINITYNendospermAAIINASUUNTIUAFES (nuclear division)

Tufmmanssie Taowmwzwaniil cotyledon {iudiuszanams endospermazannly
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Weaszazvihiu Tusdefmwanludeadsn endospermazwann ifudiufvaza
s ewdaunihindsayatendospermazamelunaefuiradi liiFie anruBy
284 aleurone layer ‘7;\1Lﬂﬂ%ﬁﬂﬂﬂendospemﬁﬂéﬂﬂﬂﬁﬂ Tuszwinmswanngaduas
aleurone layer utdinludrndialsiu Taemly aleurone layer Fhwmififiuazdamay
UaaUdas hydrolytic enzymes 88n3NlUSEWINMNOATBUNAA WiB lEluMSHadaY
msm‘msﬁnﬁuazauag'luendospennLﬁamsm‘%zyLﬁﬂmwaqﬁuéau

msdzananseadafimaiann  fuszefiimsszanensluaimsivh
whifuazaaens 1dur cotyledons Widendosperm Musrazimihminuwiiuaa@nay
Rl upteTI013) JUNTNENYATNTR (maximum dry weight) W3DYAFALANAAGTING
(physiological maturity) —UarAaNWiNgsrazmaaun (ripenning stage) Fhiszozfida
AugamIdzaNE S ihwinuwiieaaeiivieanaudnios  wazdaimsaoanuty
ptTING  IunsTamAaey 15-20 wWaddud msszanamsvawEafiniume
wasnausauRugamIwlnged st luazandlug Tdnannmsduansiua
nailadeniinaalsied mmsﬁ'nﬂmmdwaqmé’uauﬁ'au‘lwqhzag’lugﬂuaqﬁywma
#lASd (sucrose) lagrIUNNYiaaA89@IMNS (phloem) Lﬁaﬁwmagﬂma (sucrose) gn
fananazgnioules invertase dasaay (hydrolysis) (Hunglad(glucose) nuWgalad
(fructose) dioila nglaa AU Wialad Wigendospermuds Femmihuglasadnainil
(resynthesis) fwmaﬂ,ma‘iﬁ}uﬁuﬁwLﬁﬂﬂmmﬂulamswu.az‘l‘uﬁ'uﬁﬁzﬂnag‘[.umﬁﬂ
dmdunseazilufifuwnaslulnsmuiidad luluadennduusiiu dluejazgndanh
wanlugy asparagine Uaz glutamine Faudlususifiavasmsaauararanioulmiuay
Tusduluda

'luszwiwﬁmﬁmﬁwé’qm‘%cgl,auTmLa:a:aumms wm’wﬁmmﬂﬁ'auuﬂamm
WGinngaslauiidd Wy eendu(auxin)  Suiuaisadu(gibberellins)  lulnlaily
(cytokinins) wazuaulzdauada(abscisic acid) Wia ABA 2gAAaAITHrA@MUING
gashuuinmaniiiunumadglumsmuasmsdadulawsswannmseadaiy
(Futfy,2537)

sondunuluidasoulusuuas indoleacetic acid (IAA) Hehseuruilada
tryptophan Ban3umEnsEULAzMIUANTIAMIMSIAABUTIIasaMNSAzaNdFEe

Jutuatsaduiviany form ﬁmqﬁ'uwuhisi’wm’w 70 forms WaztiNd GA conjugates
snvmariia wuluaiedidhdsiann wnzadadaudiuumaedil A aggann (Bewley

and Black, 1978) Juiuaisadulitunaumsaaiasiziaail
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acetyl coenzyme A ---> mevalonate ———> isopentenyl pyrophosphate —--> chain

elongation and ring closure ---> ent-Kaurene ---> Kaurenoic acid ---> GAjg

aldehyde —--> gibberellins
a ar a < ::n o e n' a” ] <

Tolalafiy  szdvvaslalaladuluadanimaswannasiadivad o e

) a' a} ‘g/ 41' =l a a as a J I~ v
wwrateiwaeidiadafimsasudule ssavraslslalaiivavanaudiaw@aun

=1 U < a =3 =

waulzdauada (ABA) wuluwdesawrasiiovanssile leswmwzluabans

Q-'/ l:s' A;’ A J o s a -l <4
A5zt ABA RNTussMINTIEaMaWa 919aziitfainugedn (peak) 1 visa 2
:.3 L] s Q'I ] J 4:\' \ ) dr
ASITEMINMINAHUINE wazlaam lUazanatat A IilawaaSuwn Lasinnudy
aaa  Tufuvdaswui ABA  fumnmlumsaszqumsazanlusfiuluade  (Fud,

]

2538)

ANMUTIUTIVAIRANUT (seed vigor)

lafimslianuminguazdrdrnaanueasnnuudusesnd anugiunea?
NINY 1 Tsley (1957) AN aNNuinsuaundanug Ae naninuasauanld
G TUBIUNER Frazuaaoandrsmnanladmelaamwwandand laimanzay
Delouche and Caldwell (1960); Ching (1973); Perry (1973); 3393uns$ (2529) uas
W33 (2536) 851187 ANAULTNUTILBUNAANUS AD NATINYBIANBIZAN T2BILNER
Foinahiadasenldmuerlidundinimldnaduazahaee  meldanmmwalas
Ugn @u International Seed Testing Association 1@ IMANNMINEANNUIUIYDINEAT
yanefe  anumansorassienugisendudundunild  uarlinandagemele
amwmmﬁ'auﬁm]ﬂshqlﬂ

AMNENULSUBUNEANUEE 2 Anvmr AB ANUINULSITNWUGNSTY (genetic
vigor) UAAMNUWINLTINNTITING (physical vigor) ANMNUIUSIMNAUATIN Nz
anuuiusdioruqulasiugnssy  wieRashmewugiuiivugn s afufiasd
ANNLELSIEeA Y dAunE3eATn heterosis W38 hybrid vigor Tugn naausniuana
wiausemeiugnssathanih  dauamaudausmeaisineiu mnede anuuios
FliRrdasiuiugnsnmanade widlmadennnndunedause g aaudSanign
Taududn aeeaaumsae msmn mszuths MsussaAua Mg uazms
WS (193UNs, 2529)

Slu(2523 dradalu qilsml2532) lasguamuudsuswenndawud Tuuduas
FuaAd (biochemical) 1 ATEUIUMITIATUDITLUUFTAND IS LUNGR LAUA enzyme,
protein synthesis components, mitochondria, ribosome (L3¢ membrane Lﬁﬂ?ﬁaﬁﬁUﬂﬂiﬁaﬂ

ar Vv 1 J v ¥ <
YN Luﬁmmzmswmmmuaaumﬁwamammuﬂq LNYDN LQJ’EG\ MNWNUNITFNY (Henszuiu
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~ -~ o v P N & X d - a &
mstaiaiiariinarh liindaianuudawses MBINNATELIUMSINET TININA
wanadunavasmsyausiniuluszuudiad
WANIINATOUAIINBANINITIULNENDENLA L8 Ll REawa MUWTIZNS
& o v d ) s o
NAFDUANMNBAULUUNIAITTIULUN ST ludmMwinadaaivianzd undafdauiafion
v e Y g e oda Y 4 v d
sandudulndld wennnilu@anugniianmengluvnasuiioUgalusamwinadand
wususvarlviemnasenluudassin (Moor and Smith, 1957; Delouche, 1973 aNaalu
1 a [~1 Vas PUpn | < v I [~ q s
903, 2530) lagawzadniasiiulatalunsdinudaiugianuudiusein Tutlkgiy
= & a3 P o o a g w g
anuuiusrasdatuiduasdusznauiididglumsRarsanqumwususdanug
(WSIENNAA DL BTN HAKAR
mInTadauaNNwivuNeunda Mansaglannanauiiluasean (speed of
N o ) ¥ | ¥
germination) ANMNFNLFNBUBIMTBNULAEMINANMEIAFMNIAFaNTLUSUTIN 81
WAANANNUTILTEN (low vigor) awhlvifianansznusne wfindu 1wy widaecgads
anmaninundlugumsfuian  wieeentuazmsiasadulavassundidiu
1] v T4 A 1 o a 1) <o
Tegnth wialidensusanselumsizsencuidulalugmwilaivanzay wWie
wanlivenas  wardauasdundufalsalahe  Fasdiulaananuuandeues
wWasifudmseenluvisenassuazluanwls (wssan, 2536)
UBNMNUVUIAUAZANINRUIWUUYBIUNAR (seed size and seed density) HIFKA
1 v Vv a s Vv ] < AJ‘S
faANNLiNLTINAUATLazNanAnasa ualagyedan namfe  waaniung
v <l 1 1 L] - Ad
ngazfiviinausnaemsinnahu@annadn  ussmawns  sndeemsdseiisl
nnludarnalnafdeslududSumaenuauade  warenuadansalnawuiureeny
ndnhlifinlefiudmuenvassdagdu wu wieveahlvaWus Granex 33 #
wWasiudmwaniiugedute 98 1Wasifud Wug Behairy 89 (asifud (Gamiely et al.,
1 as Ad .lu ol
1990) uAz Gorbet (1977) Meu wianugnivnalnadsfianuudausauazms
engenhudennadn windannadnidandilumsenginhadennaly e
nadannadniisnnmsmelauaziansaneeulmiginhudennalvy uazade
8 o g & a a v & & = v A - H P
nnadndinuadanimsadadulalaidiug  wdamdiasiiuienhmaaglua@a
& < v < i a a < o YV ol as t < ;v
1 lhurnznadenna g duadenndyduladeiud Tluiuge weiulvdathma
TuSanueh Hill, Talor and Min (1989) meah msUuupqumwrsundawug
vauilng  lasmswdinsnduuaennaumunuiuade (separating seed density) U
& A ' ~ P I < P 4 d o g e
wdanlammnuiunaiina iandaengedic 96 Wadidud  WafisudiuaEani
aamnuinies S bilvesiudnsendiss 43 wWadifud Supak(dnddlu aaw
1] a Jd 1]
2530) MU WAAWUSENY Tamcot SP 37 hllanumnuiuhunaeuazg azean
S v oy = Y a ' g o sy e v a o
Wuduthgnfienuuisusiwazinandnganhudawugthenfionumnuivea  Tagm
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TdanumnuiuzawdafansananasddsenaurmataiiswnuilhuazTusou 8n
as ) v = J f =3 n' 4?' ) == n' 4" v
matgnluinad  Wadsinalusauluwdamiandy  anuvnwiuaudafnaiuals
- o s o :’ . . ) v g a as
Luaqmﬂ‘[ﬂsmmﬂumsmusnwgﬂm (protein  hydration)  YhlWNAALAAMIWEIAN
Ad 1 ) =t <t :’
(swell) Tunszunumsean WwAsNTANIMILULINA (uﬂ%uwmiﬂsmuga) WAMIPAU
as 1 4:! 1] v o =4 o' \J
wazWaNAIINNA TN ANNIWNYBY  (HUSNalUsAud) ANNLanANYBEINIS

WauaNdnTiuagiuaedlsznauyeaada (Taylor and Kenny, 1985)

MNBMRUMANHUS

ﬁqué (2537) a5wu muenvasudaliunstiumsasaivlanszuiuns
wikifAanssumemelanasmsnennawszulienzadqarida  ssmsldiag
suidushazmmhmauazansuszaauau g saufueulmisiase ameluada Fevh
Ugfsenvsamsdaaned ﬁﬂﬁlﬁﬂmsﬂszﬂamfﬁﬂﬁlﬁazmﬂﬁwﬁazauagmﬂ'lumf“mgﬂ
whaaninld wu Tusdunuauled protiase wax peptidase lusiuny lipase uthAy amylase
maltase ¥138 phosphorylase '

Bewley and Black (1985 88Ny Jude, 2538) asugdn msanuauxaaidy
nszwuMsTIGuduRudmsgatuaaaia  (imbibition) warAugATiMsEnfITaILAY
dwnz (Tagundlusin) lusswinmssenfivamsaleng daty laun msgeaiueg
TUs@u (protein hydration) msiasuwaslaseadesa ameluad msvmela as
Juaszinsluanalvel uarmstiadivassas wamsslmaisinasaniy daliidans
Lﬂ‘é'ﬂuamwmﬂﬁ’wmu,ﬁ'\iﬁag"luma:ﬁﬂu (resting or quiescent embryo) lUg@wnzidl
wnludduge sudnngiimsadadulaseninliifiu  wasdmnesinluiaiunaums
wiydulmasiugauiaulnunsenaiudundiauysal Rililasnnmsicundan
Tusnmilafuiuiienuvanyateisramnunsns

wiaRrundfianadush wardilaifinsuumseeniintiu Jahagluamzday
(quiescent  stage) 'lu.ﬂ'nzé’qna’nﬁu%‘mmmsns‘hﬂmmﬁ%"?magﬂﬁlﬂunmmuﬂ'u‘ﬂ
vauiidl Tosunvazhififanssummluaddufoiuas wazluilgafaansonduand
wonludtuldatunisnasudleldsuthdtfinzan thivfihfiudemaenuaanda
Undftlaifinmainga fidail

1.1 (water) wiannadadasmaiviaamdulumsen Fdwlnadaims
amdulusziugs uwalindafimnasiawuhmslihmadulianhlidanmsenas
a0 lemnadagaoaniauldiaras @y beet root (Beta vulgaris) wazihoina
(spinach) (Spinacea oleracea) (AUfy, 2538) lumsnadauAMMNBNLNEAZlASU
AmidunnTagon: dnluisaunsasdasiamdulussduiimnza Wnanhites
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duldaziinalagasisaanuean midasimsentia viieausausauus winlibi
7 wamamadauieldivasidudanmandaheaiies dutBinanhinndulull
fiualagandonszIumNen wiinamesasda dawdaldsusendauliiiaewasily
sansavanlamuund aswusugaufiaundiann uenaniUSmnanihinnadulasily
WwaaLh LLazL?;aqﬁun‘s'z‘hﬂ'wﬁwmﬂlﬁ'\hﬂ (5707 Waz dNIAT, 2536)

2. QUWOH (temperature) mﬁmﬁmmawﬁﬂﬁﬁuqmw{]ﬁﬁmm:am{amﬂaﬂ
wazmsdiiulaluszazusnuanaanuly ﬁ’wqmwgﬁﬁﬂﬂiﬁzﬁuﬁmm:am Wane1R
amildustazlaisan Twneigamgiiguiuliudaiangmblduiy wiliimsiasy
wWulovasawn: Tuunnsdwdaenazendudundle wilismansoasnnaalsiladle
wlusamzgumnfigaiy plastid ribosome lalaansavauldathand 3elaifims
Faanzdluséiu ﬁszﬁuqmwgﬁ‘iﬂqﬁiﬂiﬁuﬁa%ﬁ\n"jyu'lulﬂmﬂma%mﬂﬂazauag’lu
plastid e laidimsase photosynthetic membranes a2 pigments 5zﬁuqmwgﬁﬁﬁma@ia
MS¥NUYBA plastid ribosome Tty lUlszann 34 svradaa  dhuluvey
vlngiugamgiishye uazgeaaiiudacenld A 0.0 uaz 35 asmumaFua aaumgdii
wanzaulumseenfea 10.0-35.0 avFwaLded dauqmwgﬁﬁmmzauﬁqﬂluﬂman
aaNdanusvenilvalde 26.7 avmwalded (auaw, 2534) Lwiqmwgﬁ?ﬂﬁ'lumi
NAFDUAMINBNINATTIUYIMaN Il @B 20 war 15 avewalded (ISTA, 1985)
atnlsimudaiudinmmeriafnnnuesuguwazuamm FaanIsgauvg iy
alumsen aaldud mﬁmﬁﬂngaﬂzwé’n Anmavan 82U qmwgﬁﬁmmxﬁu’[u
MINAFBUANINGN AD 20 aaAmITadad (5308 WAz dNINNT, 2536)

3. aanTdau (oxygen) ?NLLﬁ"iwﬂs:mumsgmfwaqmﬁmlﬁs‘i’mmaaaﬂ%muﬁﬁa
uwsdanmmn ludaemsaanaulunssuumsean aandluiiuaisudianasauly
assumsmela  dlaifisandiauvidesantuliisewe fazdinszunumsmelawuy
lldeandauiioiu uazfamsazaumsivivlua@Ee wu acetaldehyde ethanol Waz
lactate (WUt 2538) lasunfudindairaslroanfauiaslumsen msunzsndaly
ﬂa'mmew%aﬂ"mns:mﬂuﬂéaqw%aquawaﬁﬂ wanazdimlaFusanaulutned
Weawasamaan  mousmainsiwhuingy  wimswanidsurasiesaiaiule
f]:g'mﬁaqmsmﬂaaﬂ%mm:Lﬁﬂi’ivul,awwz'lunsiﬁﬁi'aqwazﬁmm?;ugqLﬁth WAz
Funaiuldhwiaiulwseemmusamsneg sandruldanaEefigeune (5795
e dNNIns, 2536)

wenmnthiaiisuium 3 dedudaiinanud ua (light) amidludniladawiled
waaRmunrdadnudaaldlunnen widaRndulnglidasmsuaaluniseen
waanaam lug/laddaemsuaslumnen (nduns, 2529 swdelu yaudl, 2537)
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< ang <
MssanuauNanuuualilga (epigeal germination)
Tutfy (2538) laadunedn MNENIBIUNRANTAITLYANT (BU DIWaABe (Glycine
& . a -4 od v <
max) WArdIWAIVNaI (Phaseolus vulgaris) MZNUIA JUaAMIaM  1HBVNNEAL
o ] s o ' < o ) o
PinsuaniinIty AwazSunadle MnsauazUnngliifiudiaUstann 48 v 72 Hln
. EE z r .
¥A9NWIE hypocotyl azlawadualuidssliuginiy wazluldzaazadneanatme
J 1 n:l v 1 43’ 4’ k ad v
51 lusseriiduderiuade  (seed coa) axwgainly luldzadlialdiuumazain
- 4 N 2 g v g X 2
aaalsiaduazifsuiiudidioy fszozil epicotyl Tegnunilasdraludsasunngiuly
nasesn wazduladuluaeluusa (unifoliolate leaf) (Hasanamssanwuutisinsylu
Boduanviiady  uSennINBnNanunEilll  epigeal  germination (S A Ll
v 5 < s v . [l ] =
endosperm a8 wadlutdzaluasdUsznaunan(non endospermic seed) daulvaazd
ANV NBNLUU
as A v \] s 1 \
dmiummenuwazmswdsuwlatasdusauluvewilvy wsuansluanms
& - 8 o ¢ o ' & g o sda < 1 I
senuaemIulszas  da  waawudvanmh ngiiludawugndendospermiUudiufiv
. oo a < s . '
AraNDINT (endospermic seed) NANWMEATNOANLAYAD MUNAMNNFIUYINNDDUY
. v dv 4 ol < \ 'V < as Q'
(radicle) vanuad Tuidea (cotyledon) Failwealudeazaa lwaluin daaaiuanu
tmanntu uazlAwedunzadulivan  Auardiugeauazdaiuananiafu Tuldeed
a Vs P ° S0 )
mIRABYAY endosperm (Uuszeziamile  lag endosperm vhwihfidaenaemsazaaly
(] J . v o v &
uusnansan ainuszanlignldluaunue @aduudafazvaaly luidsawenan
o A 1 ¥ as o v AN IQ'J
LMNgaLIsIAaIMIIN - endosperm MHUaY dohmhndanziusegiiszes
‘J \ 1 " o o Vv 1 v ‘d‘l 1
il uahdwravgensavazsuiuladiudurendell  dauluideeiazAes qrua

v o s v A Y v o
wumuazmmtmﬂﬂ(mwm 2)(193unNs, 2529; J7une, 2538)

A a as 1
i 2 mwenuauNdanugven g

i
NN Jones and Mann(1963)
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- < - -
LAUBATN IUATEUIUNITIANYBILNARN (metabolism of seed germination )
P 1  a ay ] ' o < o S - v
asrnumswasuwasie aniiaduatwradiadlunde Wawdaiimsen 1a
wh msga%’uﬁmaqLnﬁﬂ(imbibition W38 rehydration)  msdezdamsuazmImala
(digestion and respiration) MsAdBUINEULATMIAILAINDIMNI(food mobilization and
transportation)MIFUATIEHAI5BUNIH Lvial (biosynthesis) WazMIR3LHULH (resumption

of growth, germination and morphogenesis) (qsyﬁ, 2537)

o & < < -~
1. MIQATUUIYDINAA (imbibition ¥133 rehydration ¥3a water absorbtion)
) o - & 3 PR d g & o
waanslagm lulanutumuszans 8-10 wWasiBud mMsNuaaantiuaany
v kR as J El o \ 1) Ll as 3 A G‘ a’,
aadlasutaduae islludamienatuwaiias aatufsTLIUMSLSATAaTUAa Ms
H o & o & pa | ~ ' a
gamhueuadaieMenatuuessaauiaty wazagludBnunwaiiesianisia
1 s s ar a \ J g :/ < g
AEUIUMIAN JTVTUMNBD Jute (2538) adwe Wawdalasuihwiaanuduly
Y o y d. 2
zozusn luanaveniuhgwdalosmsuns (diffusion) usgahuavadaifiaduly
zo¢ili38n71 imbibitional force A NAAMIAUIAEATTUIUMTBRALINTS WA
& J . & d o -4 s o J H ]
wuuii3endn osmotic force LHaldadnAzazgaihla ludanninhmsgaiuasdiuiu
:’ a’dda 1] Vv as 4’!’
draues Magaminaundaioniiiouteeanlaiu 3 svur Geil
szagil 1 sxor@ai) (imbibition) TUNEAUMY water potential UBLYAS ULNER
0 o o v ¥ & < ¥ ' < | o
2736 -1,000 bar Hawdalasuihwdadegaibatnnad maldsuwladusie
TuszezilaviimsanSead WAL M ST NI NN LUN MU T U D AN e lulTad
. . 4 4 2
(reorganization and repair of cell membrane) WarnUasszazn 1 mzumsnsz@fums
ynouvasaulmiifindy
- ) ar J [ alal ac a
seuzh 2 sruzdu (lag phase) svavtilluszazpiinszviumsmaanludzuia
Ju diulvuanllumsdauased nucleic acid WAz enzyme 699 AMstosaaEas
1] s \ a?l J . <t J
Tuanalve) wazdazd organell a1 Twia@ionmaen Yanaszazazimsiadou
theansluinasey
4 . = o o 4 a
svarl 3 srarmaliyiiulavesdwns (embryo growth) UImNyasy low
WWETINBaY (radicle) wdMsutnmadwaziinsinmueraaioly msRsuduls
as v P < . o & &
ravAnnzazUIngeanin i Aa ImMsum radicle aanan MIRITUYBIANNTUYDA
wan luszariliinnnuNgaiuuy osmotic force lagmnaaududiulve
FNIUGALIZE (phase) TUAY species ilauITagWIr ANNEINTD UM TN
o - < o
17 (permeability) YALNAR LAZTYUIALNAA
' e < o as v
wihgUuuuraamsgamh luwndafimvassiaazadeadeiy wasyzomueIms
:’ ¥ 1/ o <4 :’ . ey J
amhazlivegivyiiovasiy  wazanuudsrlomivanh (water availability) T
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tavgaanlunsim priming lagazlivagiumadenliviauazanuduiuwes osmotica
Vv ) . . < ad a’ L] v =1 v sl :’ a, 9 )
Tianzay mMeh priming {hddmsiradaduginmesgamiluszaei 1 uaz 2 ualal
< a’ < J v a v &S o =
faszash 3 legasaszaznavasszesd 2 Tiemuwiuaanld Mlvwdeinanasawalu
Qs 1 s = Qs < A 1
MIAAMITONULY  UAZANSNAIVBUTAFLNIUTY  MI2MSUNUNYBIFTAN e Ty
ZAd NS ENNWSaNEMSUMTEN  Wwansianatulszann 40-50 adiFusvag

NWInENEY (Bray, 1995)

2. MstagdasuazmImula (digestion and respiration)

dehgngedudrginde hanhluSenn cytoplasm  Iifleanandutinionas
warthelaanduduin ltTuwde ianszuiums oxidative break down a3 9
Tdud wanuflewdoiena fatty acid wde lipids WhiluTuenadnq udaiedeuthudaly
it uupesugal (embryonic axis) (yaydl, 2537) 'Luwmzﬁm?mﬁmsgmﬁﬁgu
duen quesndaiimsmala *T;\az?uﬁugwm’wﬁnsxmumsmﬂhﬁtﬁmﬂma;j 3 3%
(pathway) @38l @8 glycolysis pathway, pentose phosphate pathway (PPP) (L@ citric
acid cycle (Krebs %138 tricarboxylic acid cycle)

nSELIUMS glycolysis gnnszulasauluilululawanady Badulaveludan
ffuazlifloandiau uafllada pyruvic acid 318U organic acid Hiieuau 3 axaax lu
anwifeandiay pruvate sxgnlidalumelululnneueds Tasnszuaums oxidative
decarboxylation 11 acetyl CoA ‘fﬁ%gﬂ oxidise @alUlu citic acid cycle 1
msuaulasenladiuth wazl ATP 30 Tuianadtenglad 1 Tuiana ATP axgnasiu
WNTENTNATEUIUNS oxidative phosphorylation Tatifl electrons axgnaculugluana
28909NTAU 1OEENUYN cytochrome ‘fﬁa;jnumﬂ'ﬁu’[mmlﬂmnaum‘%’a wasshmirm
1w electron carrier daumsmelanvulildoaniauaclifinssuiuns decarboxylation
fntu uiazfimsEs ethanol AIALANEN (lactic acid) uazaiuaulasanludiun
msmalawuulaildeandiauasli ATP 2 Taana

.auqty(zsss) asuIEN Tutuﬁmﬁﬁﬁﬁﬁwanszv:ﬁluu.snmmﬂ%mhmﬁ'ﬂmﬁm
Iifes eausTevsvwdafisieiimemelawuuldldoenduuluisaewilaneu nasn
Waenwdauanaan  vieaunszmsIngey  (radicle) wwuaenundnaanan
aaﬂ%muu,wétﬂ'wg‘m?m'ld'mﬂ%u lienudlavavadaimuasunnmemalawuulails
sandlauinidumsmelawuuldeandiau

ASEUIUATAENY electron FINADIANAY cytochrome usiAnlululnnauiade
A8 pentose phosphate pathway (PPP) ﬂizmumiﬁvl,ﬂuLma'qﬁwﬁ'sywm NADPH fiazlw

H* uaz e” lUASTUIUMIALATIZWLULSANTY (reductive biosynthesis) latiawizatng
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femanelaildnsalusiy intermediate vae PPP  fumsusznaududunainszuiums
Fuanzivans 9asEuIums Wy MIFATIEY nucleotides WA nucleic acid Uuau
(Aute, 2538)

rnaszrumamelawuuleendulasGumiinanglas 1 Tuana Uassl
UiRstAndalarluauldmsveulasenladuani asldwdsnuhdu 38 ATP

(suysy, 2536)

3. mIedauiy  wArMIAaNFEaE13a7Ms  (food  mobilization  and
transportation)

Tuszwienszrumseniiniy a‘mmsazauﬁag'luendospermaxgﬂ/ﬂ'aﬂamﬂ'lﬁ'
Hulianaidn q e lwaglustiashsozmemitld (soluble form) udadeiinmsindouthe
TUsfadhuuaq embronic axis e lFlunsEIUMS@ARE U (yeydl, 2537)

Tumseanuaadamstenuthliiiu gluclose tu  feuladithaniizdas Ao
c-amylase, B-amylase oz maltase &9 o-amylase (HuaulmiTagludawi udgn
sheiuluduweuilada epithelial layer Togmsnsziuuagasluy  gibberellin (GA)
o-amylase ﬁﬂNWiaﬁaﬂlﬁ%ﬁ amylose LA amylopectin ﬁg\‘lf}li‘iaﬂmﬂ a-amylase L
breakdown “hgﬂ a-1,4 linkage War o -1,6 linkage wafﬂﬁﬁa maltose 8aAINNaz 1
Tutana d1u B-amylase ansotiaslalamz amylopectin TudIuwas o -1,4 linkage (W
1y TasSaanmstias maltose aananiinz 1 Tuana ud maltose lafldthmaguiada
sansohllflunszriumswanlvadalaganld daufudeiimstos maltose dolay
oulysl maltase %30 a-glucosides e glucose 2 Tmaqa glucose ﬁlﬁ'mﬂﬂ‘l’iil'aﬂﬁmtj
wileil azgnaiandIuas endosperm TutdadnithddudiGant scutellum luiada
vauhTve/Aaduaes cotyledon 1ML glucose pnivfAnuamwliagluziuas sucrose
warde lU8adIuLes embryonic axis ludUrBIUMBBEAULAZIN ﬁqmﬁnﬂammﬂﬂaﬂ
WAzsINTiL sucrose azgniAsuliaglugiuas ghcose Fudlumsassulunszuaums
wanluddn Waswdu pyruvic acid Tagnszuiums glycolysis WAL citric  acid
cycle falu

mstiosTsfiu  (protein  metabolism)  tiggasfiumauasauleinan
proteinase FgatlUsiulWilunsaasiluduilad waztauledwin peptidase Fadon
aanaUlndidlunsaesdily vdiuanamunszuiums deamination lawanluisnu
wstsznaumsveu uananinseesiluftaandsuludy keto acid waziing citric
acid cycle Wazgn breakdown nmmiumsvaulasanladuanh wasldwdsmilugues

ATP (Yaydl, 2537; ute, 2538)
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msgasdaalysiu (lipid metabolism) luindafnazazanludiulily endosperm
vaaludee Sl dyesnislumnensesada  msdesluiuil 3
Fuaau as msdasluiu(lipid) MIdas glycerol wazmsdasnsaludiy (fatty acid) R
Tusfuazgndanee lipase wan1stoaazle glycerol AU fatty acid 108 glycerol ﬁgm:gn
phosphorylate ez UNGNILUIUNNT glycolysis WA citric acid cycle drunsaluaiu
daszashUiseniu CoasH lu glyoxysome u&Ign oxidise lagnIzuIums

B-oxidation o acetyl CoA waaLn glyoxylate cycle 16 sucrose fiu COq nsa ludu
dasrUNEINNAYN oxidise 1ABNTLLIUMST o-oxidation Tomilu Cog iU HgOg TN

1#lUlumsa$ propionic acid (3, 2538) |

4.MIFIATILHAITIUNIG INai (biosynthesis)

Pnmstasaasasamsazanlundafuar msmmsméwﬁv'uqxgﬂm?\'aué'm
et Wl#lunmswsadiulawes embryonic axis daldlunssnumsmela Seldwds
Nulvldlumsdaenziarsan f]'lw;h"ru WU MIETNENATAE  MSETN  protoplasm
Flusu msdasgasasemsluiisudazsfintiuiasusivdetuandaiumnn luda
AR WUIIMAIIINAANSZUIUMS imbibition LWeN 5 WIN 24i@  oc-amino butylic
acid Fedy luEagmadwuhiuu rbosome WxAude 7 whedlawdaians
imbibition (fluaa 90 17 warluiEaihevaaaIniins imbibition e 16 Hala

aUslaazimsaielusiy waz ribosome tANTUMNA (Yaydl, 2537)

5.m3sdule u.azm‘sujﬁzﬂuuﬂaagﬂs’wmﬂuan (resumtion of growth,
germination and morphogenesis) |

nanmstargmaamsamslundaliiiandany wasmsadeansluituy i
Wanswsydivlaveesad A MIutawad (cell division) wazmsvensuaEed (cell
expansion) (Hawadasydule lihasfumswiwadvdaveounaveagad sl
duuea hypocotyl fiadean radicle AunmzaulaaniudaasnanmN micropyle WU
Wasniuadesenindudatuduiogah indausan iarmmh  WldiRamsady
ulauasdumn (shoot) fzeanmuan Snsrnumnanihlahmuveulassasla
Wediald kinetin (cytokinin) Auadadnmavay  wuhwidadnmavanszeenlosil
'lm?avmumn:qaaﬂmdau @8N hypocotyl NINBIEEATaEMI LG 0 w8 radicle
FJazRdyummzauidaniuudnasninmena  uamIINTA3YYad  hypocotyle 138
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- ) J ) ] ..
plumule A 29LA3U hormone signal NdINIATIA (radicle) Fonaluarswan cytokinin

(ysydl, 2537)

< as
MMATAUANMIDNYDUNAANUT
\Jps s P ) a’ =1 M | < AJ"LV (v <
fndanudagnnngaegnviaraandanug As msnwaanladmsulgnvse
) Pu ) R v &
wneRugiionumansalumnenia  anudaguasmuenhuadawusintiuazing
=4 : 1as < v g ac =3 v g & act <
wWesle Juagiunawdanuguaziivgn Tuadawuiinmanlagisveaawbalasns
a | \ as 1 <
Tuwlasdgn wazpllandugnaaunaume anmanuasa@aiudedhangann adwlsh
s I~ a o a, [ s 'é a o n’
muanudhaguasanenazanasludanuganiiduiuinaude wazsianUgnlas
¥ v v I~ s o ar [~ =1 s (44 !
mstwnzasuaitalgn  waawusvenh v dudaiudniinmuwe - enussanm
audaz 750 UM (Ma9qu,2531) AINUANMNBAYBNNEARUGILATAMNEINTAlUNS
aam lavasaunadautludeddmann
< v s a waad ¥ s I as v S
anwanuavdanugiliuausniindewivday  waziludnvnzdidtenn
L dcl L d =l aa
mwrsnadanuglaangaanvuzvil mamadauaneniivanyds lagnsnagauany
. . $ acd v a & as P
99M3NA35 (Standard germination test) FulludsNzansuumil mﬁlﬁmzwmﬂ
we WU AsTwWE AU waznse  msusuifiusmaninenuazstaznaitlalums
nadgouaMnanazuananiulumuridayaundanugiy ManwentauNdaatawlsy
uldld Wasmniaguwizuaziimsiwne Escoar (1983) wudh mislanszmuiuiag
wnzlaglaimuquanssuduinsuazgamgi wrhlviaanueanuastmnaiianu
' v a M v o
wususiumnanmsiwnzlunne  anmeninassiuarliUsadiuanaenlulslaines
l:" = A ¥ = o A( " v ]
asuiawdasugniiamwimanzas (saula, 2526 awdely g3dnd, 2533) usdnhly
Ao 1% 1 v ' v
wnzluwlasniidgnmwinadanlaivansauna) azlimansaldmaiineninassiu
a Vv s a"‘
Uszdiule (g3dnd, 2533)
lumsasadauquawndowus  gafimhfisdasmsianugazanuila
MINIoATIRNTaUANMBNYBNNAARUTHN ldatugndas e waziiulalunems
nagou milldanudinunriadvnadn Wuisluwesudy wariinswnaizesde
FmsiwznadauannanduanannndanugRslswasauinluunnsd  wandaly
wanmstamnulummaday msunzvagauananlosn ldanhiwaawuggns (pure
Q a v =t ‘J s a 1] d‘l
seed) 3MMsnZ MInadauaNNanyauNdanuinaeiisggunsalnddyasdaluil
A
< o & & o ¢d e v gy <
LINAOWUT (seed)  LWAAWUFIMDINMaFaUANMBnGBLTuMUIUYBINGS
v gay g @ ¢ a = g @ ¢ a £ d M v
WUSNFUININNRAN LGNS YSaINAAWUTUIANS (pure seed) Fldanmsmsiaday
a & < as s [~ s :’ as ar
anuuIEnSasndanud veaum ngldndanugnasauimin 80 n3u (ISTA, 1985)
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Famemadauamaanudaiugweainngfldmeimdadnnu 200 wasdanssads
naass Tnzwdaily 4 41 $1ax 50 wida

2. 3aawE AuENURYeNdgIWNzAD Fassansagasuihlad  uazgaduinly
AENWALNENAADATEULNIAUYBIMINATAUANNIDA I:J'?Jﬂﬁv'umsgﬂaaﬂ%muﬁaqLu?m
Sagitualifuinnia nne nzaunsas nszmwiunnadn nszmwiuninalue
Tothe Weuh werdd dudy Feasnzadeivansdd Tasaznsniuam=3smsne
m?muui’aq U Top of paper, Between paper Wazn918 (sand)

Top of paper (TP) @8 msmwﬂm‘mmz‘iﬂawuﬂszmuﬁﬁmmﬁu%yu ALY
Aldonaniuiudovdavasiutousy nelummueAiidhla Wy petridish 3andas
wanddin SFimnzdmiundaniinnadnviawiafinasmsusainelumsden

Between paper (BP) A8 mawzlaeuNinssieTuueInsEme Saniadiias
Tude nzieasuunszmuastuudlaumenstmuantunie udshunszay
NS EavaIN iUasanil mdanelily rack wiema wethlulglud
ﬁqmwgﬁﬁmm:auuﬁmﬂaﬂm'alﬂ 58m3ti3und) Rolled paper (RP) uazdnisuiiaie
wunszaumnzduiu - (pleated) whwnzadaluszwindurasdu  udnslundes
wnddin iveth linadaulugumniivanzay 5315913007 pleated paper (PP)

n518 (sand) mwﬁ'[*ﬁn.ﬂuﬁ'ﬁmwwz ISTA l@fvuannaimsnzay de nsod
mmms’aumumuﬂﬂﬁﬁ,gﬂmﬂ 0.8 fAWAT UAANANUUATUNFTTUNG  0.05

{0803 pH 189 8agsEnin 6-7.5 ynailfiwnzmsldsunmsidadeuld

Maiusudau

TumsUssifiunamsnasauananan  daslimsamasauaansiadanusy
WmsnadauieNENUNA  Anurie uansdanuitvd s nTin iR useuvia
GuUna (seedling) (393UNS, 2529)

Luﬁﬂﬁusﬁﬁﬂmm?}mmaﬂsamL‘%’Jmﬂ 1nrfieaansatunausn (first count)
Tamelu 3 fu mseniududeuruiiflefeimumivaiiusn mnddesdusaulinudau
aweantm Seuun dudnnlumends mlimsussdunadudeudenn Waeann
wazendawmald Tuadawusnauilnahmsiududeuniiusn 6 Tumdsanmnz
wde  lumeesduhuiumstuefiusn mmesauaananaudadmualiiuas
gy (final count) wBvAAWUFANMNTiauuSY 10-14 Fu wu dneszganzwi
nzdama unaly wnds uarwin duwdawugvamialvapimsiuafgahadla 12
Junaamsiwie (ISTA, 1985) wintuasausnudmanuhildusausananawaaziiu
¢ msvududaudn 1-2 afinaudsdmuanmsiuaiigars detlasfumssanaues
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Fam 'lumiﬁ'mwiazﬂ%gqmmmﬁ'w’i’udauﬁmﬂnﬁuazmﬁﬂﬁt%'mmué'aﬁwaanmnﬂa'm
Wnzafle (51788 waz dNINRs, 2536) FamsuszEiunanINATaUANNNDAL
"3m'swxﬁqzmnﬁfuLLa:ﬂmwuuaﬁ'wialﬂﬁ

Audaund (normal seedling) V3NN ausauilaninsansudulase ludiugu
ﬁ'nﬁaugsnhﬁmJgn'luamwu:mé’auﬁmmxan'luuﬂmﬂgn ilahmsmadauuuiag
nrRusaumsasiinunzaraluil

1. ﬁsxuvswnﬁta)‘%nujazhmugsni UsznaueIY primary root %3881 secondary
root Ungagieiy sAriuwWIn Graminae Un@zdl seminal roots wimsamdusniuda
WSIUAzANYSENANTY 2 5N

2. 3l hypocotyl W39 epicotyl Fudoudnrulaslifisassasyasanuidsmeyas
i iaans uazi’maﬂdau‘flaugst\f

3. fludse 1 W lunsaifduiiglu@sadin zhuﬁﬂmﬁmejéfmﬁ'lmgm 2
Tu Tudseasidide suswadeluiiy lalunsneaanlumin epigeal germination #9
ﬂmmgazgﬂéqul,mnoiwﬁ'ulﬂmmﬁﬂﬁv snvarludslusundnfvaiauinlva)
(awd 3) duluRswan hypogeal germination Tuidnasinaziisushanasvazula wazsin

v A =) v
WHNDYNADALIA iiasnnazaglun/deniuie

\

——

A o Y ¥ 1) a ¥ [N a t% '
Wi 3 Wltudinudnuazaundunfuazdundiaunfvamanm v
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fusauiioUn?d (abnormal seedling) sy  susaudlaiuaalifiuirey
mnsawdaduladhudulndld Walgnluwlaiifamwinadanmanzay dusauilsl
augsniﬁé'ﬂvm:ﬁqfiﬁa

1. damaged seedlings vi3adusaugnihme lasdniladumilsiiddamelvde
gnthaiy qunszmlisansassianndalule Wy embryo gnhay Lﬁaqmﬂmmqmﬂ
48N 17U mechanical handling, AINIAU AMUU WIBUNAITIAY 2WUIT hypocotyl
epicotyl %38 cotyledon 3zisa8USUAN coleoptile AspBUINNATIUYEA TINUANLINYID
nald

2. deformed seedlings Audaud laiudause viaduddnea sadiulaliauga
fu milidasnndnuuznslugnsumu Tesdannamwinadenluwlaanvassuwl
Taianzan widaldaaysel (Jaw) anvvufiannnidairfiavdamehuauss msmnany
Aronaudalignds vIauluanwiliomnzay uanmniionasiimmaanandnus
Mewugnssy ieenuiianade dnvariiwulunsdiduseuliuieuse Taud snls
winy (n9) vdadadhunde Mndaududiums (loop) hypocotyl Ta epicotyl Tataauaz
fafaund Tunsdifidusauvenilngiinung fe ludeaSe cotyledon fimsiasay
Wulaldasysel laiudnune knee’ fausa (mwi 3)

3. decayed seedlings susaufidud s (fuTsavtanihann warliaanse
wiuduTadusuiisundle snduwiniisansadivlddaindelsalaldidnnnudady

wanuda (hard seeds) vanada widafifizinudlsiven iiaannudanyudalsl
mmsng}ﬂ%’u{uﬂ'ﬂﬂmﬂ'[umﬁﬂlﬁ' wumwwz‘luﬁ%m:ga&n (Leguminoseae) WA
(Convolvulaceae) Mszauad  mszganzviandnme  wazwanda the  wazasuidou
(Malvaceae) ‘

LMAAWNGN (fresh ungerminated seed %38 dormant seeds) WaNZa4 Luﬁmﬁgﬂfw
Wwoiligeaean (imbibed non-germinated seed) naLiiavaNATINEBUADn BNl
anduuhud lumeluade  viemadanndhuusssudauiimswni  Fuwde
aansosanldmandsnniuismahmemsindwensdouds  dulvaszwuluie
AIENANAN |

WEAMY (dead seeds) Manefie wdaflienuaznhidlas wiaidislseialuan
Wy Wwaswunhe: ’lumﬁﬂs:tﬁumamqﬂ%gqm%:ﬁaqmet.anﬂﬁaﬂv:{mu?maan waz

X 4 . o A4 &
ugnluideaiansiag plumule Tuun species wazaIsazladuganmsnagau
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s [~ s <~
matfnleanueanuaaudanugig
o as ! ceia P~ < =t a &
Wosnwdawugiiugidia fnszumanely Saiimsdasanasenifiniu
L a 74 s 1] s < Q J = <t
Tusswinmaduinn  adevugwaai lngluadanudiednnilemagaFaaad
o ey eqe . Y <
719 (viability) gaann (Ellis and Roberts, 1981) Tasawclugmwanmeasau TNIFRY
< Aoy A Vv s J s . .
\WeanuidInfmTpIT UM I ToNAMMWYBUNGAWYT  (seed  deterioration) UATANS
o 1 d a e%’ [ 4 [~ s U o o o é o "L v
wWaguudasing iieduiuedaiudlussniniwdedimsidonqumn ldenu
MansalumNenansy aaNASIRSYLATNARNMSIIRUNAIana AnNeanluliana
a' v v 1 ] ) v s < P P &
anuainauezasdunm lulsunaasy Wy sanaenlainsaniu widaniaunwiuaiy
Ju | v a va ' v < YV o s K4 <
sanfinsadaulaluasufidms wazanawanlulsazhiunialndifeseiu undade
{ 4” A v <~ Il 1 ! = YV Y a
Fauqaumwannu wailnnglithude wisasfianwanlulsanas wazlidundia
UndiNannliy (INIuUnNd, 2529) uanaldnwiiasaneN qluldasuzyhmsiwne
Ugniiy iidndwanalviinannidinisadamsenyauadanugiisuazmsaimuasduna
v v o aad al A' a o ) ¥
Juathenn (indas, 2530) Famsiazfiunaninuazamumwaandnyh lanmemn
<~ v < v & . 3’ < o S
da lasmsldadanuggnuan (hybrid seed) msmauauUSnanhasluwdanugi
e ¥ 1 - ' . . . o o a
(osmotic conditioning) MFLEMIWMUNIMIRY (U gibberellic acid W lUUTUUTIms
s <o A o <l ¥
sanvasdanusiBlah lwzUgnluanmziasae usy
Wheeler and Ellis (1992) 91zuhn muenvassunaiulasudniwannan
as v 4 ] vV ¥
MWNEARUSUAAMWINAFaNTAEAT  FITNNMUBIMTBNUDITUNTT  (emergence
o v v IJ =) 1 a < o 4' Q'
time) WALANIUYNAUNTTNDNANARDNANAANY AN5YN seed treatment (WBLAWN
[~ v g [ L) < v Y a s s | 1 an
Aumwrasdawug  umnhadewudinldiifedsslombnaiige wu mnia
< ' v g o ¢ & W " < - s & &
widalagmsdiensziumaenaundonug Wiy udsgilsimumsmIawdatiuiiu
agivIngUszad lumah 1y (@le, 2537)
Currah and Proctor (1990) afwgd1  mavdawdanaudgnainasazas
. ¥ v ™~ s ° ) X a oo vy as ™ 1
osmotic tUNTUWBLNENTRzTh IMindasanlauu meilaninldhudy da msuddalu
o a . ¥ o v v as P -
szl anBlaugeauan osmolarity uanhlWadawiias wasanninwdaly
' v & o o o o AR v ' o 411 M v
Msazmoudiiy  nhwde lonzudaumsniufazaansaenld$inhwdenlild
<l as =Y a \J <4 o < 1 A v ]
n30 waz windAns (2530) adneh MvIaudanugionaumUgnienszdu uazs
v as < v n' ¥ \J q‘/’ a'
Wadewugimanladacahasalugmwnadandn i Mansaananudoely
o g v v S & a sy Y ao s
msgninumsdld msmupnfFinanhmsluwdaiugivrsumaigndeismsi
(38A77 osmoconditioning %38 osmotic conditioning EL) osmopriming %30 priming i
& o g v a3 aa Alw a « a
\umaminudaiuganaumsugniinianlauanademnn  wediulnaiwen
< - | & v a o
YBUNFANUTNY M luiasufudmsuarluwta
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Priming  (HuiSmsmuanlidefisgaibanmsazagwan  osmotica 17U
< P . pa P
polyethylene glycol (PEG) wiadsazanuinaad N ) (Klein and Hebbe, 1994) naax
v ¥ 1 4 &J =i 1 o
WU Tugheszaznamilzaisawasan ssuIUMsINa lUaTNyeewaa lu
nax T o Vv 1 ¥ a’ 5 vV
aMWaMNNNmINzaN Tl iadaen willanunwioniivzean MntudeIds
arazeanlivye  uarhliadawiiassaunie  Tesdulvaianuduresuinazivie
] s < I'd v e’ 'y < < a U < a' o . .
8t 30-40 wWafidus Aeufanhlulgnviafiuinwnsaludnseaznila 13 priming
Vo s le < L v 1] s 1] a’ L 0'
Tifuadanugnivnadnmnfivinuazlinen wu vewilvy Audhy uasan neva
Ud nzvdaen nevdiam Nediamd WSnYu 97 1M IWeVIU 8lRRN Taly warlu
Arl3 17U 0naee MUALIU (Basu, 1994; Bray, 1995)
da v . < ¥ a o P / 3’
ansnienlfidu osmotica vidalddwmiuhamsaranaiamiuaudSinanhmely
WAAWUERTENNTNYIN @D (nda (salt) WAz polymer U84 polyethylene glycol (PEG)
=Y L4 v 1 v o Ve, A dl' k% 1
Tagiawz PEG 6000 fauldadnuwsvansluvesufidms wazansnidudalwhati
89U 12U 1WA mannitol ¥MA sucrose (HuAY (Heydecker and Coolbear, 1977) 19
3’ < o g ac . . < [] v < a ¢ Vg
raamsmuguUsnanhmelundaiuiinlatds priming Aa Hrellndanugeanlai
Y 4 : , N o
U denudmiENelumsNen  gaasTernluMNen LAzt E@INITONANALIN
amwﬂgﬂﬁhjmm:aulﬁ' \BU chilling injury (Bedi and Basra, 1993) wisazhaunlam
& [ P o .. v a o
soaking injury WILe (Basu, 1994) (wAANEIUAS priming waanansanauluvh
v v ¥ = ' .d vad a & ° L. ] <
Tiwkale Tagwaa laigadsqaeniinieiulumsh piming Wy waauzdamay
14 1 U =Y <l n’ o as '} v YV o 3 as
TafianuuanaesenindSinunsaiheidareasdaminaulumbiwidnasenuada
AlalavTusks (Bray, 1995)
. v e s < <
Austin et al.(1969 swdaly dugnd, 2537) AnmnsnaudussralNiALATEN
gamahwan liilunuazwhadunuly ssmsiiadagaihuhlihau 30 wWasidud,
I'd < ;‘ L4 . £ Q Vv v A o
70 wWasldud v3e 100 wWaildudanhwinwda wanhwaallauliiingumgdl 20
- o o, v o o v v P a °
avmwaded Wuna 24 7l lumaueitadhld diavhlindawiawmiiaudn ;s
Tndauiad plluna 2 U wfeenudsmetasnnmsmiudauivagnsmet
o v P s & My 1w g s P
e 1 Tu wisnamnhBuhnu 70 Wadidusdvanihminidenuiunszuiums
¥ < JVL v -t a & < .nl v A: < < I'd
AU 3 NAUAT LdenlauuasiivszAnimwgeiige wianiunszuIumsinesidud
B Vo =1 Jc[v P vy P < &
AMNONTNVNALINAUNEANIFUSaUiay waznanNen 50 wWasidusdyauniad
At ] U as -J v 1 ) Vo s U nx
Ninvagszning 3-4 Ju Fatasnwdanlildhunszuriumsaanan wasluvoed
] o 'Un-:lv o a ld‘y J 1)
iumsufuaigeduievessdaarumsrna vyl fawnanmswduzad Tuwdas
vy ' ar as ¥ U as ' < P a wva
NaaIM3lddnaUgnaaiy 5 Ju dugauay 3-8 dlainnw@aniumsujifiaz
al ;’ as v v v v < J‘l M v & ar v < ¢ < I'd <
fhvinuwiannnnausawreusdanlilaiutunauainante 50 wWesidud laaiu
e lud@anin 15 uaz 19 nasmnUgnaslinandamasiadudszana 10 wasidud
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9 ' o a & a a vg &
wazlagguimsiiarandniuiisnmeaananmsfiwiaseanlaizaiv WAZLNAYBNYA
fullavensvunaluaiiu

P %) & 8
NMUNAAIM I LA laSUANNBUABUMIAUSAY  Bennett and  Waters
(1987 sty wsnd, 2538) lammsAnwnlasihwasininauiidua 16 Falw
| a - o < < 1) < & ' = o
il 25 avmwadsd wazthwaa ldiulugautune 8 1l wuhw@aazd
wasiBudanmangedu uasdundilldfinnalanhdundmnwdedlitummia wu
Wernununaaare  wanusal (2533)  laAnnmsiiiNeNNLiLNrINaalae3s
mawhhudhlduds Tuwadawugisdn 4 oie Ao uasly ueamd Angs wazazdome
U & ] 3’ - a & s [~ Vs
wunwiafuihisanchlumwendiady  sansaanaiuas@udanianlain
' My 14 @ & ¥ a ¥ v v av ! y v
aadadilaldugiidiunm 2 Su wannnnlvtnuisrassundUnfdeganinaay
Krishnasamy (1991) la¥hmsnaassnsziuindanzszwug ‘MDU 1° Tenday
Femsudadaluthszezong 4 Hlae wdnhlvavlidaduna 5 54 Waiuaniwen
v v :J' o a Jni ﬁy U Qs
ravdauazanuuiausesiung  nniuhadalvugaluiuifinnuduuandaiu
a s =) v [ of I~ ‘J [ :’ a < v a,”l ) Vo
wazUgnluduszauanudnadn i Wbsufisuadaiuibiuadewinldlaiums
= v act 1 J 1 1) :’ k% o v Vv WHA
30m8IZNsla ) NamMINeaaINUTINEaNEUMILRNLEIYH IR ansaean laan
SEAUANNTUYDIAUGY (1009 Field capacity) W3neind1 (30% Field capacity) wazugn
L - a =Y 4 4:’ \J A o 1) ;I < v <4 1]
laluszauanudndu 2 wufwes HaunTwdamhlludhih viawdawiiieed
e
H as ] < ° .. & o o
msmuanUGinanhluwiavaumivg vSemsm priming MnauLazvdsfing
MMANNYNIANUG (Accelerated Aging Treatment = AAT) WUPREIBATIMNANG
nhuadaiugalaildh priming Mansaszaamsgyisanuiidiovesndanusle uela
fiwasamezaamadaserguaundaing  lunsdiudewugwsnyu msi priming
1 ') s J o Vas c.' a? ] 4:
Aavanhllifivinm  wuhashlidanmsenfiadiy - horaamsidenanguaia
1 P ) a Y o ° . . 1 1ad 1 <
dudandunsiiuiivianuanhnh  priming  wuhladfinadamssaamsgade

ol e Qs A\ s o s JU dcle 1
anuiiFiovaundaonus  uiaansaimhdanmssenvendafiiedidineg (Dell and
Taranto, 1986) Flunannzuanani lvinaludanunsidenny (Fujikura et al., 1993)

Peterson (1976 awilu 2igdns, 2530) lanmsninu@avanilvadieis
. o . k a o L4 M v .. pu ] a
osmotic conditioning u.msmLLaxLﬁusﬂmlﬂumﬁuwmmﬂunhﬂ,ﬂ(alrtlght) NnauUnnu
< - s r'd J =4 o o <o as Aol 1) yd o
5-7 NAUTATHE  UIUDN 4 FUMH Tmﬂmuamwqu-mmmmummaglﬂmamhl
1l V¥V o 41 < v a s I'd < o I~ e |
wz wadiadede Waiulivwdy 2 dadd ariidgmiZeundaiuginudiuen
wdaiviatalaifisunnmmiadaiudiu@eisns osmotic conditioning Aa a4
<l v L4 k%4 J v s 1] - as
NnansadaumnInsaiuinnliszasniiud fmanuasnselumsendudony

A <l v Qs ) v Vv a dy <4 Vv as 1

waaIviaudUgniiud  deldiUSeuduinulalufisvmsanadisiu  wu  Tuuasan
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. < - v vy o o al = v
parsley, parsnip NziZiamea Aszdigay (leek) wazt¥he Tagmlundnninmanud
: 2N . o 1 4 o a o v v
MRS (surface dried) tWBdzaInlumIwiu wiamdlumsau qaaldla
) < A | = as J U & o ¥ < @ L 4 '
S wnzadanugishideny wawunlurnesaimsi biluaanugisuvislasaaysol
. v 4 : D
whlriladiFudanueen naWaTTIINen  Lazanud@hanalumsean AN
< v 4’ M Yy = o 3 :?a?' 1 Qs a < a' ar
wiawis (Fbilarunszuiumamsn) Fedn WNiluadiusilauesiy TeNAUTIENUY
1 é <y v v Q'J <4 2’ a 1 =\ ) =4 1
289 Heydecker (1977) 11 msitudafgiwdiauasemdivhwinuonida Taifsausaz
as a A 1 =) v 1] s <o a‘ L
aﬂamwmsqafmaqm?mwus:ﬁwmuﬂﬁzmumsmmmLLé'a'lm“mﬂumammwmﬁﬂu,ﬁ'q
[ :3 o ar 3 7 < I'd 910' = Vv ) < a’ < as o M
Wiy faduiadesiBudaninenlidhasludnme  adnlshanumsiudanugngas
aauausdamsh Wadawimamniunssuviumaninanuaivialainy Tuadivrila
(species ) UBINY Lmﬁﬂﬁﬁmwﬁﬂﬁ’uﬁaLLﬁtL@iﬂaqmﬁﬂﬁuﬁ:ﬁﬁ (seed lot) LABINUATADU
FUNLAENIY ‘
§MSumsi  priming ﬁwaﬁw’lﬁﬁaamsgmLﬁﬂmmﬁ%‘imaqmﬁmﬁuﬂd’ﬂ’u
P LY = ° .. = v = o
HaNNNNAANUSNHIUNSY  priming ALAANUNTDNUATANNLEDETUD L ATNETIUAE
1 o v A =% < J
asdusznauan ameluwad Fhlvmswasuwasmuanweasgumnaiiviaanuzuuuy
Ausnwiialaaniiadaund Jesnmnsersensgauduanadiiialadni weluanw
P P a ar ° v = & o .. & s < a ' v
ARMINNAAN AU ILAIBAATININYBY priming WU mﬁﬂmﬁfWﬁth;mﬂmuma
MAAATNEUESEAUANNTUGILSN RNA Tudwasiaziimsidon anwuaansalums
Fuaseilusiufanas Tagaziianuhnndansanaszavty  wananilaseasaneluy
Y LA LNNLUSUN AT EINNTY v‘h'lﬁ’mﬁﬂﬁuﬂﬁaﬂuwsnwudaﬂﬁsaﬂamaqﬁﬂrﬁ

H < ) [ LY '
nawaﬂmimuquﬁ%mmmma’lumam*mnumi’hfﬁaﬂizquaumamsﬂaﬂmmmﬁm
Wug \

Parera and Cantliffe (1992) l@ARMIMNIIN seed priming NUINAAASETIBNAY
. @ . o as Y
(leek : Allium porrum L.) Wug Verina Lwaﬂiuﬂ';qmsqaﬂﬂaqm?muaxmsqaﬂmamu
£% [ o a as a
na lguziada luasazaneniieandiau (aerate) (-1.5 MPa, 3x821381 10 U, JUNHA
15 aaeoalded) Fasazanelaun D-mannitol (mannitol), polyethylene glycol 8000
(PEGa) Lard13azant polyethylene glycol 8000 ﬁlsjﬁaaﬂ%tqu (non-aerated) (PEGna)
' & X i P a P ° v
waz KNO, wuinndafiugly mannitol, PEGa uaz PEGna luiifigouvgiign fisavly
¢S @ P ) - | a -
WadiuanNaniaduEULReINU KNO, %38 control N9ungll 30 andAuaaLbad Tog
| . Iy v o & a 1 =
N1d15aa8 mannitol PEGa Waz PEGna W ¥mMeanuauadaiaiufiayu 10 i wazdl
v o s < . . o ey o o LY
MANUBIaRTIIN  (coefficient of velocity) wBNMINBANNINATUNBLSHUWBUNY

v Jd o as v L <4
KNO, waz control  ugiwzniaNlgamaidausswinnanTuuaznaNay (300
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/22" C vi3a 320/22" C) szuziian 10 AU 14 1lan mudey wuiadeiivhasnda
Aau Mwasdamwangand WariAmisnnEiannnd control wazasEnwluGau
neassmelaanmmilmnsaudamsen  wuhmsensaandaiiviauaslilendalua
willaunu unetNlsAANE15aza18 mannitol, PEGa Waz PEGna 1#@1 COV @
control W38 KNO, Fanansaagulensih seed priming vausdansuiivudu Tasms
1# mannitol, PEGa WAz PEGna anaduainlidundanldiSiufionmaiiae woarihlilea
Usrnnsuasrundashiaas (uniform) anndu

Furutani et al. (1986) laAnwimsenvasndavanilualagldmnsazay
osmotic IagmnsAladidaiiia NaCl, KNO, + K3PO,, mannitol uaz PEG 6000 (-1.1

MPa, -1.3 MPa Waz -1.7 MPa) ¥&an priming Wditanudnaanannvaaanaass an
ethndu 3 a5 maldiokifigungdl 22 ssmuwades 1y 24 T Pnnhlung
VY CasO, flgamgi 22 avewaiied v 5 Su e liueted 0 Tildanaiy 7
wWasiBus mﬂﬁuﬁwL:u?;ﬂlﬂmaaummaaﬂ'[,u@ftwmu?mluﬁﬁﬂQmw{)ﬁ 10 83/
waded wamsmaasewud msusidauny 24 5l via 48 Faln figunpdl 10
aamaded Ty mannitol, NaCl 38 KNO, + K,PO, usazv3nuuuely -1.1 MPa lalfl

Na@BaNan 50 Wasifud (T,) YIDNINDAMNUA (total germination) LUYMLLALINY

PEG 6000 inasamwenuaawda laslulvmsnensasdundianasdszann 10
P, P a o J»l .vlw - ' o L. < & a
wWasius wWssudisunuRanlilanin wazwulimeh priming wlafigaumgdl 10
avFalded Tuansazans mannitol 138 NaCl ANNINTY -1.1 MPa 11U 2 U §11050

o v g < 4 g < o <
imsean 50 wWesifud anas 46 Wasidud msnszsmsenvesninanas 32
< < I'd U (=1 ] U ]
Wasizud uamsanuaunia lianadudatela
vey o .. = ¥ o
Bray (1995) l@Anwnsi priming wEanseiisnsu (leek) NiaNNUTus
gy lashudadusluudlumsazars PEG 6000 anuudiady -1.0 8¢ -1.5 MPa
v o A =Y 4 a \J " J as
wanhluifiuigamad 8 uaz 15 asmwaded dunar 14 Ju wuhdwagvesiuly
< & 4 . . . < ] J s & s
MTNaNATU 50 WadiBus (Mean time of germination) 2aINAA LNUANANAY N9 INnau
° L. s P P o s q v
M3 priming waandanuuiungazismanlumnenasu 50 wWasifud s
& Y v d o . & N -
wdaiutausniay werwuhaidafishumah priming MAifeMNLisIgaLaze 98
1 P g v M Yo ..
aadglumseanasu 50 wWadidud shnidanlallevh priming uaz Szafirowska et al.
¥V J s a’ ) o . . v
(1981 énilu Bray, 1995) MeNuN WAARUGLATANIFILATN priming W&
ansanuMuUAaANNLRILIBIIMIWMTUgn ldanTindaund
. a ' aw o . ..
Hardegree and Emmerich (1994) 83u1871 MUI8LNEINY osmotic seed priming
¥ g}’ Vv a Jd a J s
laamslamnsazag PEG Wy azaavhludmwiiieandiau Lwa‘UaQﬂumSLéanqmmw
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ravndmunzudaglumsazans  uazmsldnsazans  PEG Tamaneiarlfudadaly
petridish (flasnanaiioandiauluisawa

Akers et al. (1987) l@ANNINITADUAUDIWBIMNTBNUBINAA parsley FDFT
avantiidl osmotic ¢ 1UA8 PEG 8000 HamsvaasewuhmNanuasadaiiaiu e
psnehiimsUsuany osmotic intulusEiNmMsh priming Felurlvinisenuas
AR UMElATWATIIMN  (water stress) (@WLABIAU  Yaklich and Orzolek
(1977) TavnasAnsNauay PEG 6000 @amanladiNaansnniu (sweet pepper)
WU Msudndanwsavuluasazars PEG 6000 (240 asunh 1 ans) ﬁqi\mgﬁ 15
parnEaded W 15 YU lifuenuudusweiadeiy wasaansainsanmsen
20LNAR (radicle emergence) WALAUAR (seedling emergence) 'luamwf%a{mmaaq )
lifinasamssenvaua@aludawls

msmuquﬂ‘%mmﬁwma’lum?mﬁ'u'q’ ToamslElwdnesyas polyethylene glycol
v Khan et al, (1974) 831189 lu PEG Sefiuavlimsianuasdaiiuh wia
Fofimsaie RNA TUsiu  wanthdeswnariiauia@n iy  esterase waw  acid
phosphatase tiaannihdasiiazlumliansiugamsiasaiule wu abscisic acid ualy
waziimaedeudeamsdsasmelundanugie WarhIiadawugmanseaa
Tutanalvgy diniu wadaenuazadadvlinatnah

Rivas et al.(1984) ﬁﬂmms\iaﬂu,a:msm%tyLﬁUvaaqtnﬁﬂﬁ’uﬁ:w%ﬂ ‘Jalapeno
M’ jalapeno pepper (Capsicum annuum L.) War ‘Mcllhenny Select’ tabasco pepper
(Capsicum frutescens L.) lagvhmsuzialu 3% KNO, szaziaan 144 Falas wazurly
#5928 polyethylene glycol 6000 ANMNTNTY -4 bar WY 120 Falan wuhaansa
dlisanmseniiniy nedeufigamgdl 5 8 35 asmwadsd MM priming AU
INAAEIIONIZAUMNONYDUNAANUTWIN tabasco ﬂ’qmwgﬁ 15 avFnraded dau
wdafiuglumsazany 3% KNO, mM38n hypocotyl wadindaldinmlumsiantszan
1-3 Ju Fadnadaiinindis PEG 6000 vidawdaililaninmarmliadawiinds
M priming azlinuednnmuanreundaiuguion 2 s lunnaampdl e
Wiruidisuiuadai priming wolalleWuian1evas (surface dried) msnaaaily
Gaunaaswud wiafugly kNo, Tinalumseniiiu Tasausemsiasaydulaes
sund lWEiu dumsudndaly PEG 6000 Usingiludaummsasadiulnvasdu
Gy

Haigh et al. (1986) a3 primed wanlussazanuinda (salt solution)

o @ ) v ™ - . .
Lwaﬂsuﬂs_qms\:aﬂﬂamuﬂm Tagnsawanuzidiama (Lycopersicon esculentum Mill)
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wasan (Daucus carota L.) waris@avauwnlve (Allium cepa L.) lagudia@aluds
azany K,PO, + KNO, Uaz K,HPO, + KNO, luamwviaadfudimsuazluamnls
namsnaasswuTieudadnlumsazany K,PO, + KNO, (-1.6 MPa) sztizlia 7, 14
v3n 21 Yu figungdl 15, 20 vide 25 svmwadud Lihliedfudmsenvenmie
wadsuudas uiluuasenediFudmssaniiaiu daulunenm vaesiudms
senanasuiloiSaudisuiuadailaildnin uilunn priming treatment ¥limsean 50
Wesidusiuasiundanas wasiadnnmasmsanasund Neazdsaueamslems
avay priming Manzdalunaaanaasiiioanduuuaszdame ( K,HPO, + KNO, ,
-1.0 MPa) WAXUBNLNAALATEN (K,PO, + KNO, , -1.5 MPa) WUNTLULIAINITNIG
wie 18 Ju aansahldanszaznmlumsenann 73 Haln wdadiss 12 Falwlu
wAsaN MIutedawu 16 u LuﬁﬂﬁmsmamummﬂﬁqﬂLﬁﬂ?ruﬁszﬂmm 16 U
veamsndn  dumaniaudanauilngiinadanadFudmsianmuaueaialy
anmls TasfimsanUsanuasmiuasadedlllonia Fauadogegavaadifud
mwenith 32 Wesidud dundeilildniafilesifudmsangega 60 wWasifud
Haigh and Barlow (1987) l@a3unafan1saauauainadnIsenuaiNaangae
5arAY osmotic INNAANBUARLBTA (species) MDUAUBNGD osmotica WANGNAY 4
fhumsnnilasdanssarany osmotic AianuTuRMINTung  (universal)
SMFUMIM seed priming MNAMsARNUNEIEsdla 1wy vzdawnd vaumlva 4
e fenuudsusiuraemInausuaessINnandawug (seed lot) wazWudwmiy
ANUUNTULITTazatY  LWUSHUTEUNSINMS priming  WAeNz@amALazuasanly
MIaraYNGD K,HPO, + KNO, Waza13azant polyethylene glycol IAUNARBIDN
Brocklehurst and Dearman (1984); Bursell and Gray (1976) war Gray and Steckel
(1977) TWuauuideIfuaunaaswes Bussell and Gray (1984) @ladAnwans
priming Wannzidama lagldmsazaneinda wer PEG wuhmsazmeinda K,HPO, +
KNO, Iinasemsenuaundadni PEG usatwlsimutowuiansazmendad
wanzanlalafioisarhiiy uideilansazane K,PO, + KNO, 3678 UaraInuUnaaad
989 Brockehurst and Dearman (1984) Wud ssazaiuinaa KNO, (Hufiudawiadm
W drdelingiasnhasarnunda KNO, ¥ priming Autu@atiuhs
HAYEIMSTN priming nsawzatiemsldmsaransinda Feenaiinaannni
msldhassum msgﬂﬁ'maqL:Jffm'luﬂ"lsqaﬂawﬁm'w agnlshmugsbifianutamuly
nsdimsldadanannunaeiilinaamseeiu Fohlimsgamsazasindavaada
uaneeiumY wariiiidauanaesswinlananaundafiuanaeiy W ions Tums
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armwomazt Wludusey ves@aRswindyirlaiiiwazdenihluadanzdamea
(Bray,1995)

NunaasansadaNzd@iomauazuasanlumsazans KNO, hldszoziasims
samasidaduasniadaililinis  endeunmamayhvuradluasnszrinms
ambh Fuadeanldluasmidy substrate Tumsansaasiilunazlusiu iaiiuns
qafmmLuﬁﬂlﬁ'g\iﬁuhﬁaqnmms priming  UBAINEMS I sAEMATA TN
wanzduNsdntssnumdausiliamanazuasen  savhimsiaSudulazesdund
MhiduednaI8  war Puls and Lambeth (1974) adwwh msld KNO, finadomsiiu
AQN3931W89 cytochrome oxidase Tuznna 24 Mlausnuesmnanuavadnusiama
fifieny 10 U waidonehaadediiey 1 1 Frmmsudmsnauausaeudad
annfigalutnlinusnuasmsen Resnfuuiiinnuhdaludnnai war KNO, audly
sleanduielflunszuiumsmelavenadn  ldiimsademnswaenu  (ATP)
\RaannTu

uananiiudadaimsuiulsenwensasadalanldzasluuiiy Wy gibberellic
acid (GA;) RansziumNanuasadanuinin Tasvhmmeasaslunwdnifiadnmang
WaDY GA, 6aMNONUBUNGALAY Sundstrom et al.(1987) ANMIANSLE GA, fuwda
ﬁuﬁjw%ﬂ tabasco pepper (Capsicum frutescens L.) lagldansavans GA, AMNLTNTY O,
200, 400, 600, 800 WAz 1,000 ppm USU pH #aN@TALAIENNAMNLNIUAIY 0.5 M
Na,HPO, Tiiflu pH 6.8 sntwhudasiu 10 nf ldlunsssnaassmne 300
fiadans Amsazans GA, 8y Mvasanaaasluiiiin Snwgampiiliasi 20°c Tasud
waoanAaedlu water bath ghauEnanMNmsarMY GA, fan 12, 24, 36 UAz 48
#lw warfeliiviuunszavivlugdinaadeluiie gamgdl 25°C anafumsien
niumelduaesin wamsassswuhmsudalumsasmy  GA, Rflaaddy
1,000 ppm. SrEzIM 48 2l Tinalumsnszqumsienveandalddnign da Tidh
GPI (Germination Performance Index) g9g@ @9 18.2 He GPI gugaifludadacan
NNAIEA BULFIIAUNUNAABIEY Watkins and Cantliffe (1983) uay Watkins et al.
(1985) ladAnwnumunmuas GA, demwanzaandandn wul GA, a@nsanszqums
senvanadawinldviinnuiagaiunh wasdefanssuse dumely venandidawy
INBDY (radicle) Tnanaananilanuemsshianadne flguvnfl 15 uax 25 asm
waded wasnamsdnwdiwuh ca, funumlumsiinfanssuwes wulysl Feilna
dafanssumsilanuwlanasszuuiiaie endosperm anNA2Y

Puls and Lambeth (1974) AMNUNUNMIAN GA GOMINTTHUNINDNUBUNAR
Wugnzidama wuh Ga fumumlumsiinmsduased hydrolase daiumsiisnhana
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dnluluthlnusnuasmsien  winenldthmaiduiadslumsduanudlumsen
wastaldAnnmsiafanssnaseulsd protease Wuih GA, whiv Wiy hydrolysis
vavwuszllad Tasfanssuwasoulesl protease wazarlansnaziludaszifiniuann
g Fansaoriiluiiarluifiudningidss embryo Hdaune wenmniifeimsiiaduue
Aanssanaulz ribonuclease FadanAABIRUMSIRNTUNDINTA nucleic WALMIUUIRIVEY
iadAumMsiasIuasandae

Saxena et al. (1992) 1ﬁ'ﬁﬂmmmu§\1Lmuazmmﬁ%'imaqLuﬁﬂﬁuﬁfﬁ'ﬂﬂwm
Wug African Tall uazweahlnaiiug Nasik Red Fufiusnmlinn 12 @oumuddy
Tutn3asay (incubator) Mgamadl 25 ssmuaded WAzEAMANWUE T-L-24, whn
fdlen (chickpea) WG Dahod Peela uaztu@amuaziu (sunflower) ﬂ’uﬁfl BSH-1
Wusnwnliwu 8, 16 waz 13 ey mudau ﬁqmwgﬁﬁ'aq (25 N 38 avAwTaded)
Tugawanadin  shudamaiianuslumsaras GA, v3a kinetin Aty 107 vido
107 M w6 Falae (wdaddnug 4 Fln) wazutwdaluninauiadiug
W3tuisu (control) ntiumamdaliuiaihmindusy waswnzadalaslihnsy
w120 Hl wuhasWanmsig GA, uay kinetin sansauiinadiBusmsean
WATANNGUIAUNAT uazianimiinuiasdundile GA, NNAGDNTNDNYDUNAANN
A7 kinetin snculuadasdnivuslumanduiu

Gibberellic acid Tasiawizatngs Ga, fealdlumsmhasmainduede
Wughovawile  Nagao, Kenegawa and Sakai (1980) laanwnmsisemseanyaada
haulagld GA anudndu 1,000 ppm wazn3afwdn (scarfication) TanfuMsly
GA WuIIMsld GA 3uAUMSW scarification Yhlanszazanlumssenvaswathdy
aade 6 dUond Wlatmnzluuargangdl 27:1 avrwaded wazldlidedndhiade
thdauiiinswne  a1vazilosnnd endocarp AV WiaRestAfiEude  (chemical
inhibitors) agluda Waudndalu Ga wdrhlinsedumsianvendaiineldd

mawzdalenld GA, (10-20 ppm) ﬁqnm{}ﬁ 10 89 20 2yFTALTed
mmmﬂsw‘fumsqaﬂﬂaqﬁ'ﬂﬂﬁqﬁqmﬂgﬁé{ﬂﬁ' (10 avf@alBed) (Yen and Carter,
1972) WaAAMlASUSUATINNITIUNMSIRES Wy wEe  Bea (Chetram and
Heydecker, 1967) waztn@n Lupin (Lupinus sp.) (Mierzwinska, 1975) 1hanvm3naae
GA, wuhuw@ammnsoauanmmmsianlalaefimsfin  dehydrogenase wazLia
hydrolase Tntanzatai ribonuclease WAy Shewry et al. (1974) la@@nWINaYaNS
N30 GA, AU@a Corylus avellana L. Wuh GaA, usnan vidailudevasmssindu
Y83 DL-mevalonic acid m”ng embionic sterol lAENN MV- kinase WumsdaaSums

NUDILNER
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1.ANUTYNIUALNITTANUWTNITAFLNILUTY (membrane damage and repair)

Tawahevandauealuanwlnd efilusdunazwaslwlatladuasd
Usznau fimsdaiduamathaiiusadou Tasasuinveswaslwlallas iy hydrophobic
ety warudy  hydrophillic  anduuen Wadimsifiufiuarananadues
wdowug avilimatadninssssdisnaumailiduing  ewdaldduhui
aanUsuraseimzshe amelumadiasiimssadadiabidiganwung  wiluuusd
ndalduhdlumely  wazmsdnGoeiuaumsusuialiGeusaniy ?ztﬁmms%"a
Inavasssene qnnmelugadoansn Wy thaa nsaelily aunsyiemsdnieadanes
BusuESaAuaY danudadaldiuhetuna® wuy msﬁwmﬁﬂﬁuq’lﬂw&ﬁwﬁau
Ugn  fashbifimsinerenhdhguederuna®  sumsdenssndsanwlunsdey
WHNFIUEN ) (Coolbear et al. 1980)

msmuaaBinuhmeluade wu mswde@alumnsazans PEG ashlviade
IdSuamudsmailasnnmsgmlaes  ilasmnmsasmamailasdenududud
wanzay wazaziaunlilihdduadinnuaniaudull dhidhlumelumediaswe
ieasafanssuse ameTusde Fuhliiinmsilwavessseaninuanizadlaasas /h
TvRanssuan amaluwradsniiuldednund  wanninstaNuTNTad INIUTULA)
WUNLNEALF R IWINAIREN UM SN priming aunazﬁqﬁnmu%uag’luﬁw 32-46
Wesidud ariimstenunumsidumevaslasiulandlssuny (Sivritepe and Dourado,
1995)

2. MIFUATITHUATTINUWTNNIAIIAAEN (nucleic acid synthesis and repair)

2.1 Y3ste DNA (DNA content)

namsannidiine DNA luwdanugnsuidion lurazudwdaluihvdass
' [ U ' r| g v Ve & &
e luna 14 4 wuhluasiwaduteiiU3anna DNA axliiiadu waludiuues
AwnzuaziiialaszaneIms wasnudnuadnduidlundouzdome (Bray, 1995)

2.2 11991889 DNA uazn3danusy DNA (DNA replication and repair)

msdenuzNezmsasiires DNA  ludladadwazuendansadivadu
(teek) Tumazgmb wuiSine DNA wasmsuwtadliviaduudatle wilias
nnludusaidaldsnhesimsdonuey  DNA  (fiedureufiesiinsianidua
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DNA udlugiamsianyaaudasanmsduazd DNA ssdiniudu 5 uh ndanga
1l 6-12 $l Tedanmsdaansd DNA sasdaisianuuisusgeaziinonh
widanfiamuudeussiudlifimsdsuudanannin wezlumsdanmzd DNA

wuhmsiasdzes DNA (figrdaeduaulsd DNA polymerase  laswuiaulad
weiviadudu 2 oh luhe 3 Fuusnusemsgaibusaade uasvdnnuwdasanly
udr 12-24 1l ulmifedssdaduiu 3 vh vennidiinsinfanssnee
tauleal hydrolytic 19y amylase, proteinase Faiiutauleififmdadlunssnumsioe
sangansluanalugane qlunmsienyaaa@a (Coolbear et al., 1980) wazdawu

InTanawadsfuiluundedainmsd DNA duilUSinauasianssuiisdiy  (Heydecker

!

and Coolbear, 1977)

2.3 YSunamsdaansiuazanuadasyas RNA (RNA content, synthesis
and integrity)

ANNETETYEY RNA (RNA integrity) Tudawugiiviadianuuieusazan
N Famsgdaanuadiosmw RNA sasfivansriadutiidsacanihinliaen
myenvanNdaugans washliadawusgydeenuiiiomnniu (Robert et al,
1973) uae ribosome MaUszAnSMwlumsdianzlusiuas (aean mNA (Flu
89fI5znau ribosome agUldhmaidandnwuas RNA wazAMaEamEYee ribosome
lugadmbisanmsduanzilusiuluszazusnrasmanenans  uanmsmuqulnm
imeluadaviomsldgumgisivadatamhliven  wuhdhefinenuaioses
RNA  wasiiinanainsolumsdiansilusivld  Waudanugimsenaswuii
U3anae RNA Lﬁh?jvuﬁgﬂudwwENﬁ'wnzuazt,ﬁat?;aazaumms (Coolbear et al., 1980)
waznmsanm ludansuiisndulas  Bray (1995) wumh Li‘]am?m@‘ﬂfnzﬁﬁwmu
TularauadsuazUSinaiinndlaIndufing1e 9 13y ATP UTP war UDP-glucose Fatiiu
ssassunazlindenulumsdansilusaudalihiuimsisiuetadivlasa  du
GTP uaz CTP waduiieadnios withadlalndmailuisiunnwianniudald
nagauAnengs 6 Mlaiull Fildnwasrudnfumsdiens DNA luwde

ﬁaaqﬂ'naqmﬂﬂﬁ'ﬂuuﬂawENnsm‘nﬂﬁﬁﬂ'lu'sznﬁqﬁ'mﬁm@mﬁvmaums\aanﬁgu
fimsduansyd RNA  warldsiumslundestanad  lusasiimsheasdne
DNA azdufiulvatheildnamarstilin damniinszinumsdenumumeluiody

Tugusn qrasmsiantaunisziimsdadulavasiannmsaaly



34

‘3. M3F9LATIEHLUSHY (protein biosynthesis)
AJ o a s 1] Vv 1] ] a ol o :
Turnznwdamaaiaunaguuaunizinsduanuillsfufoiuinnng  was
o a ' & ’ ' @ P
NYAHUNDNAASUUALAZANANNTUN  wiaedUsznausn qlumsdeneiluseiu
15U ribosome, tRNA, nsaaziludading  yhlvimsduanzilusivuanadaiugainse
a q? v as e, < :’ IA i s f =3 ar .{a’ 1]
darulaninniiudagaihlalinnd msdaaneilsivyaandawugnrums
o4 o o & ' ) a o o
priming ({2113NNAFBUANINANILUNITUFINA UazannIINGaNUFUNG Tearadias
nnudalasumanszuldinegse RNA  assqumsiousanaulsd  waziinns

nusaslulaneuaeanniu (Bray, 1995)

" @ < < L !

4. miu,mmmaqmaﬂwmsﬁwam@mm (cell division during seed
imbibition)

mMNanuan@any  lasdnfwunmswiunaduazmsuesrnaysuradaziia
¥y A :’ 1 =Y 1 d 1 d 1 e
Buluszas?l 3 waamsgaih wawdefmuende Wy wasen Ause earhumsih
.. U 1 v 1 o S ] ] o &
priming  Wuhaansauvsmadlanuaszezi 2 veamsgah lasiimsuiwadiiatiu

& I'd =l a (ay [+ 1 ¥ N
70 Waiidud wazimaWnrwnavavrastuly 2 v dwalidaisnnNenuay

q = ' ) P [y o
anudnENe lumsean wazdiaamumusadmwinadauilahlUdgnlaniu e

ot s [~ a
WituigunumMNanuauNaaUnd

s a 4 U \ 1 v ,

Tuwdawuginmanan wzdame wazdusy wuhmsudadafoumwizastis
as o Vv o <~ a d‘l 41 o v s
tmhlinlsaduasdmenniom  uwssmiusadueiiadoszanomnsudnnlad adu
Umznnazdaudman  Wasnnifanssuvesioule B-mannanase wdimsdaasei

4. o K .
galactomannan hydrolyzing MWWnaaAiady wanantiioulysl acid phosphatase waw
. . o g ¢ & ¥ s as P o
isocitrate lyase Ztuaulminiimipeiumsazanwinlyduwazioulnl ATPase Fawu
A d‘ Vv < J v ol Q' ¥ J

nnfidavuvaslulanauniy wazdaumaiazitanssuiuanniuluszwinmnsga
:’ 1] 1) Q' J Q
thawnde uarlutiusnsasmsen laswwreatniina ATP Fgmbluldlums

duaneilusiiunaznsaiiinida (Bourgeois and Malek, 1991)



