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Gtudies on the thystelogy of permination in the penun Avens,

L e mmﬁzﬁmﬁianmquimmts of pmainsy of am- 10 s.?,ﬁiga, Ayora Datun

“and Avena ugogici Imfe beon dnvestigated, anf* gead f?uz.u_.ﬁ(:;’f showe o
'ﬁwalaggx udth ‘bha at:tm'immi: of :éﬁ.zatatm 33 dn 'L_chm apechess  Who e—mwna af
doyrancy wan found to be transitory in A, gativa, and wore intence ond oz

porolotent in the other two spseien,

Promotion of the subsegent gernivation was obadrved vhon _Q:x*s-mzs_ o
As.gativa weve allowed to jmbibe for severol hourss sabjoeted to o Jebyiey

trentient and o pordofl of dry wvtorage before ‘betit;gz; returned to pernination

-gonditiong, /- Thid w;ixt; 's}fxé;:*n 10 ’be«,_,ﬂ.zu*g&& éixe- to the ratention of mm«i o3

the phyeical aud physiclogical chanpes vhich norcally occur within the eax

stapes of pernination. Inbsye davase rmlﬁ:&é éﬁmn”fthé'a:mm‘ treats mt Wt

gdven to gmms: with 5wwixz~* arbyyos, the s,mver:; ty af the davage beinf;,

- relxat@d %:x the c‘lﬁma m; morgghclariml 6evampment Qf" “bzm mbryc; at the

time of treatmmi:. zt was conclided th:.zt thera ia no inibml perdod of
irbidition shieh mn bha eomzl&ﬁaly roversed by t}ms treatﬁmm and. that

“thepe 46 no dmt:imst ag betsseen the canmncment of imbibition ond of the

chmgan leading to the onoet of prowthy

‘ éﬁm Sevelopment of arylolytd WG em,;mez:; in ;,:avminatim, praing

A gative bos aloo been studieds Only beltylooe ung presont dn tho dey

gradn hui:‘ concurvently with, or shortly after the éammmeﬂzmi: of cnbryo

prowth asfrylose begsn $6 be developed.  General pded Lopd 6460 vove observe

in the patbern of imylase developmont in germinating padns of all three

gpecion investigated, but dermand ’;r;xmm of Je_fatus ané A dudoviclann |
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ghowed no Inereassd w@l&né developnent, - The Aévelopmant of a~duylase
1
would appear to tabke place in the mﬁaaperm, but the gmwiw eubrye aﬁ;mm

8
$o play an cosentinl volo dn dbs Jdevelopment,

Malyses @Eﬁr&ing of As gativg after 2% hours In povnination
condivions showed thab a~¢mﬁ;€am¥:ﬁia utilisation of sesd fats, ond of
gome soluble carbohydeaten has ocourred, - Oharch hydrolysls was hob
avident watil 2440 hours dn germiniadtion conditions.

Proteolytic activity of dry gealns of A, pativy was found to be mainly
lecated dn the emhryo tiosuss, and o undergo o severslefold inersase duriy
the ﬂreﬁ.{femmtmm pariod of mbihiﬁim.  Thio devalopment took place
mainly in the embrya tisaue.,;, with ﬂxi‘iusim to the endosporn oocurring
lators  Cerminating grainn of [ fakua dnd /

pattern of dnereucing proteclytic activity, bub dommont praing ghowed no
capacity Loy inereased agtivity« Oince thin increased acsivity dca
proaspevaioation choppey and in poltenbially copable of restricting enbeya
growth it saot He consldered as o posslible wechandsm by which ceed doraancy

is endforced.

The presence of gevnination intdbiting materia&a in whole graing, and
skn of W hag boon confirted, and tzhair activity shown apainet

2B fopdewy vulgares Leitlown aegtivum, Iinun usital e
Hragpien olgvaces ond Zeifolluws pratengs,  Frevious inveammgc}x‘rs cloimed

goed of !

that the action of these materials was due to ti:@:l;r Anhihitlon of tho

amylace engymes of the graing, zm'bi.c&iarly aéﬁmim; Tosts with ooyiooe
preparations {rom germisabted grains of [, " gativa, and. Barleys end fungal on
tacterdal aefmylages folloed to confim this finding.  The pousibility of
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retarding gmdaatian by imhlbitimg Mylacoa #o#ld appmr to bo doubtful 1
tbe 11~ t of our flmdlmg# cn amylmmo devolopmemt mé standi m tlllsatlos.

CoBsldsvabls inhlbltioB of tho aetisitj of protoolytio saaysoa fUom graiaa
of Ansaiita and ass howowwr oboarvsd la the extraot of A. aatiaa

bosks#  The same vater extrosts of liio&e graiu of ithtJBttS1 end A*M k"
sere fosad to be eapable of inhibiting the gersiaatiom of A# sativa graina
and psopotiag the gosaiaatloa of A# fhtaa gvaiao#  The presamoe, and the
aaosats of these gsndaation inhibitiag and pgonoting materials la A. fhta

eoald not be correlated eith the degree of dormancy la the graims osed

for extmotion#
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In roeoend years pony reviews on Gorminobion

and Poroasnvy have beon publisgheds.  Foll uae
will he made ﬁf'ﬁhia in the General Introduotiong
moxe pertinent reforvences will be confined to
dipoonsaion in the relevant secblons of the

thesis,



a

A soed is defiped sg a riponed ovule {(Crouker & Rerton 1G6B7)
and consiszts of an ewbyye with ite ﬂﬁbrnunding coatass in mony sceds,
an additional strooture, the ecdosperi, is present, doveloped from
the double fusion nucleus. The dispoersal uwnit of the Graminoce is
tochnieally o fruit -~ & earyopsis = in which the covoriang layers
are developed from the fumed pericarp snd testae (Drown 1868). .

The cubryonic axis, of radicle enclosed in the coleorhiza and
plusule protected by the coleoptiley 1s medianly attached to the
seutolium, which is gonerslly regzaerded as the single eotyledon.

the grain of Avena Fatua (L) is a structure of this type. 1In

addition, the whole earyopsis is enclosed at meturity ie the hardened
and peraistent pules.
This unitescedod fruit, including the pales, will he yeferred

Y

t0 a8 the seed in this plhysielogioesl investigation.

O Yok W O o W e i B e e N e

The development of the msced on the sarent plant can be divided
into two phasmcs. Inmedistely after fertilisation, the eubrye
undergoes o peried of very active growih with the elaboration of
new tiseucs apd the accumslation of food mmtarials.' . Fngyne activity
{see bDrensan 1866) and growih asubatence coptent {(Carr & Shene 1963;‘
Stoddart 1965) are high dering this phase. The moisture content

of barley ovaries deeresses daily from 804 to 42% (Herlan & laepe 1923).

- 4t this polnt, seed develogment enters its sccond phase during whieh

dry matter accumnlation ig interrupted, wespiratery asotivity declines

{(Wager 1087} and the seceds dry out rapidly to alr dyyness.



It dwwature aeédﬁ &rﬂ'ra$0?eﬁ from Lhe parent plant and set
in f&vnar&ﬁxé‘uﬂnﬁiﬁiénﬁ fn§ grawﬁﬁg-ﬂévalngmanﬁ will freqnéntiy
sontinue withoub inﬁ&rrayti#n fyom ovule to né@dling (GiLl lﬁaﬁf
Pucha 19413 Darten 10062 ﬁeghi & Yomari 19&3)‘ This appearance
of gexoainability befﬁre rigané&s,'is probably related to a éiaﬁincﬁ
developnental stage when moisture content levels off {(fiyde 1959) . af.
In @ereaim,-the #ﬁ@ﬁ&ﬁ&nce qi geruinability has also heen correlated
with the degree of ﬁéaiua&ﬁi§ﬁfﬁha seed has vadergone {%&11in§£an~
106603 1864). . - |

Purther deaiccation of the meed an it matures on the plaent
rosulis in a halt in meed ontogeny« VWhen sil grawﬁh-an&-ﬁaﬁeloﬁﬁeﬁﬁ
hag thuase ueaaéﬁg the seed %é aaia w ﬁava rﬁ&ahé& fullwriﬁenaga and
in this state e#n'ramain yiabié for some yosrs (?&rtaa,l@ﬁl). The
term *Guiescent' has been wpplied t0 this state {Brown 19G65).  The
Qﬁi@ﬁgﬁﬁt seed 18 uﬁaraetariawﬁlby #& low w&t&§ ééutent, susponded
'nmhrya_@ev&iagmani, pnd g'high‘gahteaﬁ.af‘gétential cnergy in the
forn of scemmulated protein, carbebydrate and fabts. It slse
diaplays & %ark&& resistance ta'lﬁtgﬁl factors in the environwent,

eaile Oxlromes ol fenporaturo.

S o W Oy b

&armiuatian van be considersd to Bﬁ:thﬂ procespos landing bo
the resamption of awbrye development (Woole et al. 165663 Evenari
1687) #nd is to be distgngﬁiahﬁﬁ fr&m.ﬁha subssquoent seedling growth,
dependent ﬁﬁ the uwtilisation of the faéﬁ raaer%@a. {n oat, bremnan

(1060) ohonorved gormination to be the extension of the vadiele calle,



‘,‘;santrnl muaheﬂiam (, ez

'ijeriétematzh aﬁﬁzvitv bs*tnniaﬂ Rowe ﬁqur;‘géﬁgg. i;ﬁéil@? é§ﬁ4
_:Naghi (1%ﬁﬁ) emﬂeiﬁev tﬁan ;ermiﬁmﬁian is the aianwétiaa of

.;T@xi%binu ﬂ@llﬁ, whila Wraﬁﬁh invalVeg the diffeveniiation of
?anwiysfgrmwu ﬂﬁllh i %iﬁh laﬁ%usa sead, eviéaﬁﬂa has been

B graﬁﬁaﬁ&&Aéu gem&ing hnab waymin&tJQn imuspaaaxipmlly eonneabad

S 1%& eall ean&ﬂaion {ﬁ&hﬁ? 19@%5 Hebor & Luigﬁaid lﬁn&a, b)

a vaa&ivaly litﬁla is hﬁﬂﬂﬁ &bnuu vh? nrﬁars a? ﬁhe ?Pﬂﬁﬁmﬁed

Bt

"prucaﬁiﬁy tg& SﬁMMbﬁﬁﬂmﬁﬂt of coll cleawaticﬁ.t? Erawu (1965 )'

”rgyiewg Hg oouUrse of ovents antil the seedling 45 ne lomger

e

‘&g?éhﬂant on zaa& rﬁﬁarves.

A_Frimmry r@qﬁxrﬂMLﬁt fox weamin&taﬁﬂ mu&t hﬁ’wgﬁaw f- Thﬁ

ugtshe oﬁ wakor - hy%& ﬂuaﬁ in ﬁzghﬁaim. thara gs &H ahatim? rayiu I

B

| npma&a by 1mbihittanwl m@reuﬁ; thﬁ aaﬂan& phago ol r&pid ugt&ka ~'

_ eceurring &t lm heurs b G ¢ in eut (ﬁxena&ﬂ 13&&) - éavriﬁpg a8

.v-

ﬁtka t&i3$ bQBEma vaa&alaﬁﬂd and 3 phy&iq@ﬁgge&lly\ﬁdh%rallaé

*“an & ﬂurhaﬂilﬁbl}.

sn ;uuru&ﬁc iﬂ;ﬁg?ﬁiﬁlﬂg&@&l mmﬁiv;ﬁy gnr&liﬁiz th@ inera&dﬁ

e

éiﬁ durg%iuﬁ &ceardin tﬁ tzo ag@aie@,‘:n&

K

a hmﬁﬁ auggnmtmu Lhﬁt ax%hlﬁ orncaal baﬂﬁhﬁﬂﬁbul $VLntr Qoeury

' :@$ L&iﬁ gaimﬁ {?&yvr & feijmkuf &yber lﬁﬁ%&}..' In lﬁhukﬂﬁ ﬁhﬁ&g

a3 e

,ﬂ'”antry iﬁte aha &acand ri&m xa antwalled by the. radffarnred Righﬁ

G$ &i. lﬁqa}¢A Thm gaﬁhw¢y o§

. RS

*;ffﬂ&gif@tion saaa@ux durlng the geuwac of . g@y&inatians “the sarly

e




_m%mgea oﬁﬁg rmtnatiﬂn in poas imvalvn-au an&ermhia respivation
.un%il tﬁe aeﬁd eoats ore runtuf»d ( pR&F§ & ienm 1969) 3 in aat,
& fatebanod QV&ﬁiuﬁwBGnH1t3VG ros W?x&ﬁiﬂﬁuﬁyﬁrﬁﬁﬂﬁIﬁﬁf.the xirst
48 hoara héfqra‘ahaugiﬁﬁ g 71 aarhnhyﬁf&ta‘reayiré§i§h'(ﬁrenm&n 1@%0);
inltaaily, lttnﬂﬂe ﬁvedﬂ axre reﬁpiriuﬁ viu tha yﬁntﬂ u pannw&y unﬁil
:&1ycalysia and ﬁh@ trie&rhaxylit aeid eycle {T Ca) hakb uvar o8- the
_mmin;yat&w&yg (ﬁ&yﬁfilﬁﬁl)ﬁ - The geu&ration ol the TCA raqﬁiras
synthests ol the eﬁgyméafinvalvad in_the‘aystem, suaainéxi&asﬁa
belng one of ﬁhe £irat tu"av§§m§ (?élj&kaﬁf-ﬁﬁyberseﬂ ale 1858},
{aspixatary anymaa Found iu,garminatinﬂ gecds axe’ YGViLHGﬂ by
”&rown (1965} &nd dayer (1060) . Gxiaaan aysbems regarted te he
_ Gyﬂfﬂting.iﬁ CTV od gﬁrmxmaﬁion ipclgﬁc {Toolo Qt &;‘ 10563 Mayer
Idﬁﬁ)zu ” | | B BT
| ovﬁochrnm& oxidasey
&ﬁgﬁxhié'&éié'ﬂxi&aée

and he phonaia&eﬁ;

Fﬂil mbtﬂhﬂliﬁm of scods daeﬁ ﬂaﬁ davalap amlsaon ﬂ@.uatér
is t&hun uye ymﬂaﬁ anaymp sysﬂem& are in&ctivu and nniy Lpp@ﬂ? an
&erminutxeﬂ pragrasmu&. mtndiua af th& autivvticn of thﬁ&ﬂ syateus
;iﬁ gélutisn E the %iaihle.ﬁighs'qugarmin&tiﬁﬁ?indiuata vhad tho
lattor ?rﬁcéﬂe.ﬁhangea in enzﬁm@ aetivitv (wﬁﬁuing’IQGS).f Koiler
veé al.“(lﬁﬁ%} aién venclude ﬁhat aryanic nuﬁriaut relesse is ﬁéli&ely
%a he ‘eoncorned in iha 3arn;nﬂtzau proooaa._';ﬁggnn&n and»ﬁarrie-
{1963) @bsﬁrvédrnell elopgation haéora there woa a mussurahle rise’
in‘afamyxasﬁ aéﬁivifﬁf&ﬂ”tha ﬁgd@&ﬁ@%m. In wild oo Ln, %ha inecreose

-

in a=asuwylase acbivity depends ﬁﬁ_thqxunity ot tha,ﬁmhryu and -



endosperm, suggerting that sueh iﬂﬂf&&ﬁﬁ‘iﬁ aobdvi by fe;iaﬁs
gompletion of praliﬁin&ry growbh proceases in the embryeo {prennan
1960). . Brown (1068) points oub thab, -in barley, little wee is
yﬁ&da of the ondosperm reserves duving the Pirst 48 hourse
Although it is dowbiful whethey é%&fﬁh hy&xalyaiﬁ hynmxylégﬁ
&e%iv&ﬁy-is eritical Loy germinsiion, ﬁﬁ%re ig eﬂn&iﬂar&hie
ntilisatisn of fobds and some solublo earbahyﬁr&teﬁ beiara the
onzet of merinstematic sctivity in oad {brennan 1060)y alsa,
probeclybie aetivity af.tha ambrye unﬂefgaﬁs & soveral=fold
increose during the yragermxnwtxau yeriad of imhihi%ian.h In
iotiuee soed, sucrose is the firet ﬁ“ﬁﬁﬁf&ﬁh utiliaaﬂ i
germination, lipid oxidetion Dbeing o r@latiﬁﬁiy late graeeéa
(Feljﬂkaﬁfnmuyber 19568 quoted in Meyey 18860 ).
ﬁv%&xla& aceounts of %he ba@chomxcal em&ngaa d&riﬁﬁ this
ﬁeriud of develepment are givoa in the eamp?akﬂaﬁxvg raviewa by
Crocker and Bartor {195%)5 Meyewr (1%&6; 1&&1);,ﬁ;ﬁ§n&ﬁ {19606) 5
Keller et al. (1062); Mayer aﬁﬁ‘%alj&égifnﬁﬁyﬁér‘(iﬁﬁaa,.b);_
Brown (1065). | B DU
This brﬁaédqwﬁ.ﬂf feoﬁﬂra&sf&%a iﬂ“&ﬂéﬂmﬁ&%i@& h& & movenend
af'&ﬁgara, @minuAmﬁida ebes o %ﬁe grnwihéiregioﬁs‘&nd'tha
aypearmﬁee of sgypthoesising activity in the scatellaﬁ rogioen
{Edelimen, Shibke and Koys 1050; fidelman. and b Abyu lﬁ;i)
Thus the establishuent of o aeediihg rosulis fram the
regunption of activitg of the quiedacnt eahryﬁ angl ita
sontinuadion ﬁhraugh te growdh, L&ilising Iood reserven ﬁﬂbil

o photosynthetie syetem is established.



“ {}

Tha geed of meny spodies will gorsinote ra#&ily when providod
wi%ﬁ éﬂnﬁitiéns &é temperature, seration and moisiure Lavowrable
fox grewih. That is, Revelopnent from the owvale Lo the new
Cplomd cnn continue without ipterruptiens This ig distinet from
the situation where n secd has atieined fulleripeness oy hea bheen
sﬁhgéateﬂ %@,&g unfeveurableo enviyan&ent ond will pnoi gerulnate
wpon reburn to faﬁﬁurabla condd tlona wiiﬁaﬁt » specitiec pro=
- broatuent. ﬁaeﬁ seed are said to be derwent. Toealo (1039:
guoted in Evenayi 1956) conaiders dovmauney to be “eny eonditien
aof wviable seééa which malkes thow yrealstant o g@rmina%ién uRdey
ﬁﬁvirﬂngﬁat&; coenditions ordinsrily fevourable for quich
gornindtion,” Thirston {(1960) revievs the use of the derm,

podnting out that there are three main statosgs

Innate dermaneys a genetic propordy of the ripenoed
seod;

Indueced dormanoys persisting after o period of
| anfavournble cordidtionsy
Eaforeed d@rm@mﬁy: imposed by nceessarily centinuing
- upfaveurable conditionse.
Kﬁl;er,{léﬁﬁ reptriets the term to cwses where the embrye dees
not gorsinate wh@n oxeisod from the aurrauﬁﬁiﬁg tissues, deseribing
athgr ﬁﬁ?@ﬁﬁﬁfﬂéﬁﬂﬁﬁﬂﬁfgﬂﬁ in tho hleek a4’ co~Tactors.
| ’<$§§i£ﬂg$§nﬁéi factors invelved in bhe breaking of devmangy
NS %é ﬁﬂﬁ@i&?rea andor the genevel hesdings of light, boenmperature,

gases and chemival offects. Lach of these factoers influcncen in



'one o§.m0§a wu§3 tho ﬁa;n ﬁuahauiam& rusyansible for the inposition
*nS ﬁbw do ymanh canuiﬁxan on the 1iving ambryo,,vims_:
| inhxhiuiﬂg cavaring lavvrs; |
ua&arievvloyaa phyaiaiagioal sbuta;

JPGﬂﬁﬂ?ﬁ or absence af aubbtanoea afiecﬁxng gcrm;natiou.

gaed Cuvorlngﬁ

ihe lnhlhibiun ﬁausad.by covering &ﬁruﬂinres é&g arise in‘ii
\éevérai waya._ The testn q£ By sFaoia$ of-1uguminqns secd is
"?ﬁﬁﬁéwﬁwéhla ig wator (ﬁ&ﬁe-l@ﬁé). Mechanienl fﬁ&brictian of
',expunsion of the ambrye has been &htrihntaﬁ tn the meedpeont of

&m&ruﬁﬁhuﬁ B (craekarnlﬁlﬁ)a : ﬁa&eeu& exehange betwean the

."1ivinﬁ ﬁiqsues Bnd ﬁhﬁ axtornsl atmnﬂphvra a"y*b@;iniefrupﬁed,
*phy%ically (Atweod 1%14: ﬂré”n 1&49; Thornbon 1949; Raberts 19@1 )_
“Qr ehemiu&lly (10119ak 19588 ). The eavwr;nrﬁ J&y ai 10 exert |

‘thoir eantrot by &ffactznﬂ inhibitor ru1m$10nahi§ﬁ, aibuer by
carryin@ an inhibitﬁr (Elaek & Woereing 13&9; miyﬁuotm 8% nl. 1901,
'_uvenari 1957) or hy. prevvnting lunehing or cxxdﬂtian nf tho
.inhibiﬁpry $ubst&no§ (Bl&ﬁP 1069; hareing & Fode 1967)
! | Tbm éubjeét Qé aeed govering ﬁﬁfects is r&viuwwﬂ by Celdwell
ﬁ~5(19h9}, Kollor’ ct &i. (lfu*), Vogols (lBh&), vn? (kﬂub) and
‘bartnn (iﬁﬁﬁb)- ‘ oy

-‘r?hyaioiuﬂieal Unﬁurdevalapment

?hu typa% o£ dnrmancy cﬂnaid@rad under the hn¢41ng {xe

o aquivalﬁnb, in mam? Gasea, b0 ﬁ&xtﬁn'a (lﬂb&u) S darmaueg.-

Th@ blaula te garain&ﬁion, moniient by apeeiixe anirannvubwl



requiraméﬁﬁﬁ, heeone 1&39 sbrich as the seed apes in sterage,
Sﬁgwﬂﬁﬁld a physialﬁgicdl waturlng of the seed. - Although the
presense of tﬁ@véﬁﬁﬁ QQ&% in on iﬂtaqt-canﬁition i esnolly
nu9033£ty fur thia stute to b@himyaged (cege Evonari & Newnonn
dn) the ‘ehange which ocenrs in thm seed in ennhi;ng it to
| nverncmé shc-h}ﬁck o ge minatxnn has not yaﬁ boon shown o
inwolvc a ch&n e in the seed coatl.

- nndiation is an envivonmental factoy caﬁcerneé in the
;mgdéiﬁiéﬁ oy romoval of Eﬁéh-& bléc@ ﬁdﬂgawminatian. Rovieus
:féﬁﬁthu]éffeeﬁa o0f 1ight on pl&nta{gge_ﬁraﬁidcd by Borthwick and
K&ﬁdfié%ﬂ (1960, 1061}, Hé&tk4gn&.Vine@ (1962) and Hﬂp? (1§G£;

964) und, wiih &pcc ic regar? ta sood permination, by-hvﬁn%ri

(1966, iﬂ&ﬁ) ‘nod Meyer {1958) The offects of light on soed

fPBrmiHAMIOﬂ are var:ous. The wiinvlatory effeoet saﬁma ﬁﬂ‘be

n atrei;&d by the phytaehroma meehanian, red ligh& greﬁotinn
erminabian &né forerod light ravergxng thoege eixeetﬁ (Borthwick
‘_@tﬁﬁl* ;Qéﬁ). Tﬁa»imhiﬁitafy ¢ifects of lighﬁ'aﬁ‘garminaﬁién

T are not &0 @1&ar1y uuﬁerJtaad; thc redtbsﬁ'activity~liea in vhe
Blua &nutf&réréﬁ vegions of Eh Qpectrum and o high onorgy
rﬁ&hbiﬁﬂ &cﬁxV&ﬁed hy thepe wuvelan o has &a&nﬁpxnyosed {noe
>ﬁ6hfjiﬁﬁﬁ)w' ﬁIsik&wa'(lﬂﬁE) roviows various types ob Qe§§ﬁnme
Bf‘ﬁeed& to. Light, iﬁdiﬂdbiﬁ“ Shat the Ll&ﬂ&iﬁ&l ?ﬁ”%@ﬂhrﬂML
 gontrol Gf lotbude need reyreﬁunts n Yo aamplax ayatems A
yheteygniu&ig_afﬁ@ct is elso found in aﬁa& g@rminmtian*(ﬁﬁ?eiug

_lgﬁgb); y:Th0 rospones oFf ceods to light do markedly ind luenced



by teupevatuwre (Toole eb al, 10BB; Dluek & Weroing 10053 Siegel
1800y Sﬁuaru§ & Qleon 10583 Pudi & Isikowe 1001) suggesting dhat
in-aeﬂﬁ‘garmiga&iau, an in\flovmring,»ghvtaﬁanﬁrml‘aummenly
intoracts with ﬁhermoeauﬁrnl.

The dompevabdbures sh whiah‘aeed will QQXmin&ﬁQ grovide snother
paramater wbieh in&iﬁ&%ﬁﬁ‘ﬁﬂ& ﬂgeaifieity~mﬁ the reqguived
poernination aﬁvirunmﬁﬂﬂg .'Edwardmiilﬁaa} reviéws and discusses
the conoepd of £ha ngtimu@ ﬁnmy@r&tﬂre. Leng LLULH) reviows
the nore regvend lidoraturo, ﬁéximdi'an@ minimal tewperaiures .
o g@rwinatiaa vawylfrﬂm spacios to gﬁesicm, &ﬁﬁ sdso widhin &
apecies depending on the &ge of ﬁhq soed from hnrvéaﬁ (Harrington
i923¢) . Thg temyerdtaré range lor the germinatioh ef cercal
sueds narvews durdng maﬁuwaﬁiﬁé of the goeds (Fgeha‘lg%l)g and
froshly-harvosted scadn ofben bave o low momimum ﬁémparature
whie§ ripes witﬁ inoressing uge'frqm harvest {Abtevhery 1007).
Vegle (1063, 198&)-&@& developed this concepd aad deseribos how
the tempersbure raige in ofton negabively cawréia%ﬁd.wimh tho
depth of dnrﬁannyf The effeets of diurnel alberanating
benporatures in shimuniating garminu%i&n (n&rring%mn 1983a) ow
_auhéﬁiﬁutimg fox & right &aqﬁirmmﬁnt (Efcmariulﬁﬁﬁ) and Sor which
various menhaniﬁma'qf action bave been propesed (eeo Holloer ob al.
10G62) aleo bucome loas maried wiih' inerecsing age of tho weeds

Lxom hoyvosda
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Growth Subntantos

AR iﬁkaganﬁ.failﬁrn of isolated cmbryos 40 gerainstc has

- heen a&&rihﬁﬁ&é:by WY authors to ﬁﬁ&:gréséﬁae of an inhibitory
subsiance iﬁ‘ﬁh& dovment tissues @he anhjngé is adegusately
Afﬂ?i@#&ﬁ h? Ev*nnri (19&?) and by ?aéeing (1965) Among
mmturmilyaﬁgﬁnrring &ﬁbatumaua which h&?ﬁ bean found to have
jinhibitory Qregarﬂias ares awmbni&, ey&nide,:uga&tﬁr&ﬁ&ﬁ
hydroesrhons, eﬁa&mﬁi&l oila, mné%&férnils; ﬁik&i&i&ﬁ, whgaturated
lagtones, §hanalie aeldg anﬁ Y i&rgn number of uni@@ﬁtifica
COBPOURGS e “ha correlation Letw&an inbihiﬁnr Laﬁtﬁﬂt and depth

of dorsancy $ha$ exiate for hud &ﬁrmancy in woody ayneiaa

(vareing 1988aj Libbert 19503 Vogis 1964) has not boen definitely
eatahliaheﬁ?ipr?ﬁaﬁm&nay in seods. o eome cuses thove he
woxvelstion between the losu ef de raancy &ﬂ§§§&hibﬁ@ﬁr ﬁis&pyearﬁnca—
(Black 1588; belouche 1834§ Joviane a% eke 1@%&)'e§ tha mp?a&§ane& |
of inhibitors under unfevoursble conditions foy germinstion

(Raiiia i666a; ”aahenv‘iﬁagﬁg other subhors ﬁéve been unable to
domonstrate sueh covrelnbiony { brennan lééﬁg toy L1968).

Although iwm&%ﬁ?ﬁ;gaﬁéé bave proved to be o wrich source of
stimulatovy aéwyaands {ﬁﬂféﬁran & Fhinney 19583 5@&&5, Muacdillan
& Radley 19&3}, investigations iﬁﬁ@ eﬁﬁh@&& iﬁ loevelo of such
sunbabonecs durdng yﬂrmxnat;ﬁn have wob with limited suecens in
lettuce soody {Blmmanth&i~ﬁald#¢hmidﬁ & Loang 180603 lkuna &

 Thimoan 1900).  Dbub thoro ape ropowvis of the notivity of



w i w

gtimalotory conpounds lnereasing during astratification (Franiland
& Uaroing 1862).  Recent work on this éﬂﬁaet has developed the
aanéapt of the state uf dormancy belng determined by interaction
botween inhibibors and atimunlators {(Allen 190603 Bagles & Wareing
1062 Hamherg 19685 Naylor & Bimpson 1046lj Villiera,-ﬁranklund
& Wareing 1963). N

With the introduction of theas concents of chewmical control
of dormaney, effoctm of the application of chemieala to dormant
seed are of interest. Gibherellic acid has heen f£ound to
substitute for o light requirensnt {Lona 18663 Kohn, Goms & Smith
16567), for » cold treatment (&f#y 1868y Hﬁrton et el. 1057
Reilin 1058k) and to roverse high temperstare inhidbition of
germination (Tools & Cathey 1961)s It has heen shown that
gibberellin can aifect organic nutrient release via increased
amylose aeﬁivityl(ruleg 1968, 1608; Macleod & Miller 10GE).
Kinetin haa been found to mensitise lettuce ssods to light
(Miller 1068) and to reduce hoat demage (Porto & Siegel 1060).
two other naturally-ovcurving compounds wﬁihh h&%@ haoen
investigated hy exngennusiaggliqgﬁiun are the atiauletory
aubataﬁcé, thiource, and the inhibivor, coumarin, Reviows on
their eifocts will he found in Meyer (1040, 1861) snd in
Fol jakolf-Haybor & ﬂﬁyerlilgﬂﬁ)s covnarin gscens to inhibit
liyid hreoakdowns thisures con substitute for a cold troantment nnd
seems b0 bring the T0A into eporation at an carly sbtane of lettuce
gseed goerainabion. Uther anbstanses found to affoet fersination,

for esauple, wmannitol, dindbtrophonol, G=(substituted) sminopurines,

-



1

lni%rmina, &?ﬁ ﬁiﬁcugaed in tha revi&w b? %tilas (1&&95}.;”
From 2 nonaxdmr&h;aa uE this warki anﬁ is 1@& S ﬁha
»:Lenelusian thaa ﬁﬂﬁé mab&heglsm is not fixed and mhﬁ&vﬁﬁeaﬁf;ﬁ
“bhb@ﬁﬁﬂ”- ffect r@ruanabaaﬁ nhrau Hovarious pat&ygyé'ééd

kfaug& V““iﬂuﬁ iﬂteraﬂtgaus wibh sndegentns Subslencas.

‘di,y &Lﬁ&ﬁ;ﬂi )
ilbhaﬂah the gr@gugge iem&iﬁy ﬁa thoe. xasa of ﬁﬂrmaney are

ﬂmﬁﬁuﬁawuh or f“?ﬁrﬁﬁd bv bhe ﬁﬁ erl@ud %reﬂﬁmvntn, &armpnm? also

ﬁvmrﬂ&ueu migh,aﬁusn ¢he'amvd in dvy hi%fa&e, af An ma&iﬁﬁgt,

ﬁ“~ﬁhé gr*dusi xaimw iﬂﬁ @f %ha rb??atmﬁaﬁ af The riﬂﬁﬁ?ﬁﬁ.

any ona anarﬂhmaﬂtm Th@ &Gfm"“aﬁaﬁr-ripvning“ wis iirst uged

Ry B

b@,&rackar.izglﬁ %n gesoribe ﬁﬂ?%&ﬂfyﬂﬁ?@%hﬁﬂ choangoes duving
ma#ééistggaya-aﬁ low tamﬁgraﬁg%@é; buﬁ is uow &lﬁé ﬁaeé tn refern
%Qfﬁatﬁkﬁliy%gaeurrénﬁ %rﬁaggﬁéﬁ which ﬁak@’y 280 @ﬁtﬁﬁ hnyvemt
&nﬁ remﬁvn &a:mamcy. © the ﬁﬁﬁjﬁ@v ia revﬁmwa& hy ﬁbﬁkﬁﬂ (?hﬁa}

: Fiﬂﬁiﬁﬁ (1@33) h&ﬁ *amex}bad mha effee %b af uﬁ&h
”sﬁr&tific&tiﬁnﬂ, or meﬁs% low tﬁmgarnture aterageg Qﬁ darmwnﬁ
'Raﬁaaaa ' aaudﬁ,?whiﬁh giva riﬁﬁ‘tgjéwarf ﬁi&ﬁﬁ%?bﬁ.iﬁhgﬁymiﬂﬁbﬁﬁ
:withoui ﬁha cold ﬁraeﬁmeyb- | ﬁaehia faguiramémt i$J&1$6 G&m%ﬂﬂ‘

3

'1n“uam§ar&ta ur&@snﬁg nXbhongh, iﬁ %hia VESE nny geymxua&ian

'whivh dqcﬂ aacur in.ﬁhe &bﬂaﬁve af tha tre&tmeﬁt ix narmaio
Bosia @kaﬁ&es which oo during thc ﬁr&atmar& h&ve hoen dn%erih@&:

bhe “qrnwﬁh potaaﬁi&l" ol éhu amhgyﬁ innreasea {Lvavgar & ﬁértanA

A



1087)3 £04 digession oceurs {(Vogis 10064); the respivotowy
guotient decyopses (Havrington 31983L); phoaphate acceplors
inerotse (Pelloek & Olney 100H); end changes ogeuy in phosphates,
sueleetidens ond T0A inteyaediates (Bradboer % Coluan J088).
gldoy wvorkers wopsideroed the ohanges wlhich cecuyr to invoelve
oxidetion {(Eckorson 3193183 Uurringien 1028b). Hove recont
voporbs ove ¢oncorned with the increase in activity of stduunlatory
faaﬁers~{vrauk1and & Wareing 1002).

Pha chorges whiceh teke place in soeds in dry ptovrege, for
oxtmple, dissppesraxac of light and {esperaturoc soasitivity,
have been guggestoed bo e dwe to chenges in coat pormcoebility
{Atvoed 19143 Johnson 1085). fobevts (1968) suggests thet the
recetion{s) mey invelve o noneuebabelie exidation and Kollex et al.
(1082) also heliove that innctivation of inkibitory subatsnces
may be invelvoed.

I4 is pogsible thet ehonges securring during the aftere
vipening ef dovmend secds are oguivelond o ¢hanges which ceeur

in von=-dermant soeds during viponing en the mother plant.

Soeondory Dornancy,

If seeds which have the ceppeaciby for eanteripg the dormant
sbate axe aget to goveinate fn snfovourablo condiiions, unoil
only is gewsination inhibidted, Tmi thoe seed fail te gormdnatoe

upen roburn 0 optimuy conditiong. Thia -stoto hon been bterned
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seeondary’ dormancy {Crocker 19103 Yoller ot al. 1963)1 Huoh

o state can bo induced byi=

Light < din Nigolla sativa (ﬁiﬁzeiyk'gaoﬁed%in Graqgar 1916) s

Darkness = din Chloris eiliots (Gessner - quoted in Crochex
1018} 3

figh tenperatore - din letéﬁea”(Barthwqu;&?%ahhinﬂ 1588);

Low oxygen - in Ambrosie trifolis {bDavis 1030);

Carbon dioxide = in Sinapis_odbe (Kidd 191%);-

Anaerahiqéia - in Avena faﬁﬁa:imaylar & Christie 1986);
In 2ll theae eaéaﬁ, iﬁviﬂ Lo embryo-whiéh is affected, anlthough
- other atruatmraﬁ mwy hawve eﬂntrihutory roles. Nechanisns
prapﬁm@d 1o axphuin sueh phenomens are b&sad on the yrauacuion
-and accumml&tiﬂu'of inhibitory inﬁer'udiaﬁas by vuyiauﬂ pmﬁhw&ya

(Thm"ntmz 18453 v\e is 10B86s Xi‘n:y 1%2)

Thuay thove are wéll«ﬁaiaﬂcﬁﬂ, gﬁquent;a};patt&rns of
pﬂigiulugie&l‘and m@ﬁmﬁelic.ﬁhﬂngeﬁ by which an @d%fﬁ@ devolops
inep an.me%iva glanﬁ,'défm&ﬁey“féﬁr&ééﬂﬁing & block ié, or»ehange
i1, ﬁﬁaae pattornge | | | |

Tho seed habit of highar’?lanﬁa'ausnres'ﬁhe szt tiplication
nad diapevsal of thu syacxeg; the unlquﬁ moryﬁola&ieul and
physiologieal Ld&pﬁ&%lﬂna operating -during ix:a ;h 50 nf
ﬁ@vulﬁymﬁnﬁ anaew tha &ldﬁ&rﬁﬁl und b thﬁ rﬁaiat@ﬁca Lo . advcrae
cuvironments.  The coﬂﬁltiun af dﬁrmanay aliows sced 4o be

digpersed in fime, au well as in sphece Xn nabuye, %he moind
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spod aay he é%ﬁéaeﬁ ﬁa'ﬁavaﬁéahiafa@mﬁitiuéa for gorymination

i@llswgé by an umfgvaar%hlﬁ peries fufvgrnwéﬁa“l FTherefora, this
éhiiity 0 yﬁmai&.im&ihﬂd and viah%ug‘ﬁnﬁ ungerainated, Gon bo
regarded as an adapdive fosture {Amem 18633 Beoller 1904);

.ﬁafﬁﬁﬂylﬁﬁﬁﬁ) and is ae douwbd sﬁh&aaﬁ to selecbions Geographivally
doraaney 18 mére fragﬁﬁﬁﬁig found in;apeaieg of the tempevate

KON (ﬁx@ekér 1816) whers it affords the plant a means of
controlling §é§minﬁ£iﬁn nnder a-véii&hié(euvirﬁﬁmenﬁQ' it ie

alée mﬁw@ sommon in wild spevies (lorten léﬁﬂ) than in spevially=
selecbod caltivated yldﬁﬁﬁu

B Xa“arﬁnﬁ_saﬁgig, the symtem of voselonta involved in

gornination i complaete and b@iaﬂﬂ&aﬁ regquiving only waber to

. promedto the change, under o wide variety of covironmenks, from &

ﬁﬁiﬁﬂﬂ@nﬁ‘ﬁmﬁr§ﬂfﬁﬂjﬁ ﬁ&?ﬁiﬁﬁﬁﬁvﬁﬁﬂﬁliﬂﬁﬁ But jfyvena fobua,
npder &ﬁ§&y§atiy:£éﬁﬁufﬁbie sanditiéhsgaéoas:ﬁaﬁ gorminate iﬂ
the gume oxtonts This dormancy is'ﬁﬁgAaf iha nain foeters
vespensible for the auccoss of this ssouel ?1&3% a8 o weod ﬂ@éeiag,
repdering ineffoctive ggiﬂural methods uﬁ;ﬂ#atr@lq

Lindsey (1958) has ﬂ&ac;ihad'ﬁ%ﬂ eriging ond varicties of the
Aﬁﬁﬁeiﬁﬁfi @hﬁéﬁiétribﬁﬁiﬂn.ﬁfvwild sats in Brltein hes been
&urvayeﬁihy %hﬁrﬂ%éﬁ'(lﬁ&ﬁ, 1963) and its severity os o weed
ﬁﬁﬁeies in ﬁﬁrﬁkvﬁﬁaﬁie& by Selieek (18561), Aﬁwoéd (1614) and
Bariton {1&&&}; - |
ﬁéylﬁaaﬁ ﬁ§§§r63~programmﬂ west hg;haaaé wpon dnowledge of

the dormoncy nechonisms operating in the speciess  Aleo, the
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behaviour of poeds invelves x*ﬂ&xmzme}ét m}é&mﬁﬁ b obher plond
provessess A atudy of thoso precesses, mwsing a naterisl
egnveniﬁﬁﬁ‘éa*%andi;s suoh a8 seeds, muy lead do o hebber
anderotunding of the fuﬁﬁ&m&ﬁ@&l>m3@h&niﬁmﬁ aontE iiing
mnrﬁh@g&aﬁsi§¢

Thovefora, %ﬁia'iﬂveaﬂigatiag iawménaaxme& wiith the
ah&raeﬁarisaﬁié# and atudy ef glaﬁké %a\ﬁha gorminution progocees

0f Avens Pabude




Targ 13 A Preliwinavy Survey of the Germination

Bebuyviour of Avens fatua
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¥R o study of dermaney, @éﬁ-&ﬁ@ﬁéﬁéhéé: axe | gﬂﬁﬁl%l@; the
;”iiﬁﬁviﬁﬁﬂmeﬁtﬂ in whioh the stote of darmﬂnsy &Tiﬁeﬁ can bhe
.dﬂﬁé?miﬂﬁﬁ}ﬁ$ﬁﬁ thﬁAfﬁﬁﬁﬂrﬂ régﬁirad o raaqv& ﬁba bleek can
.hﬁvamamiaeﬁ.” Infﬁreneea ﬁay then be made reg@rdigg the noature
51 ﬁﬁa biﬁvh- | . | |

Jiacﬁ temyeratﬂre and 1ivbﬁ sy anvﬁfuﬂmenﬁalzaganciﬁs which
maxk@diy aifaut sevﬂ murmanﬁy, NS anrvey of the gﬁruia&tiaﬁ

'“ihehaviuar of Avens fatus undex. VQriaﬁa regines of these Zactors

‘}iwas carried owbe  In Part I, %ha remelts of suech work -are

S5 deseribed and. presented a8 & &taﬁamﬁnt of the prahlem*

: “vahrnaghaua this'wark; ﬁhﬂ - “ﬁgfm““ﬁ" f“ferﬂ to the sced

'“ﬁéﬁﬁ&ﬂi&tiun' Tha &e ree 6£ &erm&ncy in the papul&ﬁi@n is
,fﬁescr#b@d by ﬁhﬂ yereenbmna y&fminmtiaa @c@urriﬁr under 6

ipyayﬂieular envivomuont.  Inhoient in auﬁh o Viﬁw-will bo the

T taet that, due bo- the notural v&riahi?iﬁy AROR - ﬁﬁﬁ seods 02 o

*iﬁayagmtgqa, sone gﬂrminaﬁian wili socur wnder anssﬁﬁfirﬂﬂmﬁﬂﬁ*

itﬁgwav&r, this- pereanﬁava may be nltered by. verious treatmentsg

‘ﬂ-that is, tnﬁ ?ﬁ?ul&tiﬁﬂ.i& changed and dermansy is aaid to hgvo

:bﬁﬁﬁ inareasua or decreased. | This view is, in rpality,

'fiegnﬁidering Bhe phyaiuiagieai hehavwiour of tho yuﬂulméivm andey

,l&iff@rent suvironuents.

BT
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Hatorials and Mothods

Beed ma%eiial £rom ﬁw§ sourees was used:  comsereisl samples,
ebiained through Healer & Coe Lide, ﬁuamgwg ﬁ&ﬂ@x, from the
threshings af‘aersai.erapag and seed grown uander nadural conditions
ol Glasgows .‘Samplaﬂ were stored in cloged containera atb EQ°€ or
at =18 anbil required., ALl populations were composad of at
leant three Variﬁﬁias, aceording td the cla&sifiaaﬁiga u£ Hubbard
(1054) 1 | |

brown pales e~ var. pilesissime & . Grayj

grq& paloa = var. plloss Sywe;

yelliow pales -~ vare glabtabs Petorn.

It was found that thers waa variatian in the germination
ﬁarneﬁtﬁgéa within samplos. In ﬁﬁdiﬁicﬁ to the mixture of
genotypes in wild oat ﬁﬂ?ﬁl&@iﬁﬁ$ (Immﬁ% % Allard 1985}, the degrec
eﬁ‘darm&acy is vorreloted with the stage of ripeaning (Prennen 168660)
and the position of the mesds in the paniele (Jobnson 1830); and,
in ywaiimiﬁawy*ﬂxge:iﬁents at Glasgow, it has been found that the
environmend unééi which tho meeds axe ripened influences the depth
of dormanoy in the populaition. Allowance has heewn made for such
variation hy raygating ﬁaeh‘nxyﬁrimént at leasstd three dinmos and
ohaerving reproducible differences bhetween spceific btreatuente.

The kaaulté reported $n this thesis refer to germination percentages
of re§rﬁéantmtiV@ trials. Seed fragﬁbﬁth ﬁéurcﬁs behaved similarly,
but were nover wixed within anﬂ'axﬁérimeﬂt.

Htandard geradnetion tests were carried out in 9 em. podri
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@iah&s o ?h&tmgn'ﬁﬁﬁﬁ Taat papor, %iemg x-&;éammﬁn lﬁeinmisgé
w&ﬁ@r waa‘gagﬁiiaﬁ at tha yates cflé ml.'yer‘aaféaad, or & ml.igér
Ho aﬁﬁd; eara was btaken b0 koep the peger moist tkrcugﬁgut an
ﬂxyarxmaﬂt. |
?ﬁg 1igh% gonree uged was a Lb $, 240V tungstien buld &iﬁéatad'
B-18 im&hﬁa from the poterd dishea. The radiant angﬁéglwa&.
pmﬁagmrééihy & K;yp & Zonen couponsabed thérmayila,?aeﬁ-égéiné;
éﬁffeéﬁﬁ@; irradiation, ©° £rom ﬁha &iiamanﬁ and‘aﬁﬁer ﬁa&ﬁiﬁg
ﬁhiémgﬁtﬁﬂﬁ ﬁaﬁii dish 1id, was ﬁxlﬂamrésfaeafﬁmg. Théfrﬁtia of
‘ rﬁd/f&rQr@ﬁ = 1f1 12 garhﬂeaa was achieved by ﬂuﬁlﬁﬁinﬂ tha
ﬂiﬁheéJiu”uar&%afrd Loxes, praviaualy teated for liﬁht-ﬁighﬁnaa&’l‘
Seadﬁ Hero- Gﬁ?ﬂﬁﬁd to the siated tvmgﬁr&&urea ke f;“igJ'
thermast&ﬁi:&11y-a&atrai&ed inauhat&ra« ‘ |
ﬁmrmin&tiﬁn wad eounied as h&?iag securred when whe ra&ielei
was firsd ahsarv&ﬁ, wsiﬂg o xi4d biancuxar miﬁraacapna.rsﬁuéh
garﬂin&ta& aﬁedﬁ %are ropoved frem &ack dish¢ : Lﬁuntxﬁn of. |
dariinesa=~trontod saa&ﬁ was oarried aut under a grean 3mfc-lighﬁ,
gréﬁiaaﬁly teatgﬁ foy its lock of Fh§$iﬁlﬂgi§&1 efﬁacﬁ anwaagd of
tBrand ﬁaﬁid& lu§%&ée and wild oatss 1% ﬁ&é found th&%znﬁzfuy*kéé
armin&ﬁi@a acamr v& Aftar give a&yﬁ frem the saart of imhihzﬁian
‘¢ix &i?; herafﬁra, tha %u%ai garmznﬁbmnn ﬁﬁﬁdfrin? mitkla & waek‘
is aanaiﬁﬁrﬁﬁ ta hﬁ & meﬁﬁnrg @f th& germinatian undﬁr & yartieul&r“
‘ exwlrmmemt. | | ' | |
| @ﬁﬁ%i&ﬁl&ﬁl Si%ﬁi&iﬁ&ﬂﬁﬁ af the dixﬁﬁrmnnaa betua@ ir aﬁmea&ﬁ -

mwas éaﬁermineﬁ h} the  contingenoy aﬂaquu&raﬁ tvﬁt, uaiag %ha



ol

nwgbers of gevuizated and ungeralnated seed iu tho belulied
replicatos for éach treatuonts Interactions were deteyuinced by
analyses of variance on tho suznlax. trensfovmations of the

individual germination yﬁrﬂ@mﬁa@ea# X

nqm&on#m*n%m*unﬂ-nn'
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aj'wxpnfimgnﬁ 1 = The gerpinatior nﬁ?@iifercnﬁ samples of aeed

over o range of temperatures,

Tﬁa‘gaﬁylas of.aaéd;'a) 4 months dry stersge at 20°¢, v) 60 "

ﬂﬁ,ﬁo#tha éry afoiaye‘at aﬁaei4w&rélt§§tah un&sr*ktagdsrd conditions

in darknens, ﬂvar & range of temgar&ture:. \“aaulta'of B t&gicai

| ktrialg'ﬁninﬁ»aeed cf ?ar Ew}ﬂﬂlg nre thuwn in Table 1 the |
fﬁergantagﬁa in aaah tréa&meﬁt ura from three replia&tes ot 58 Séedk-

The other twe ?ariatiea xhoueﬁ ximilmr gattﬂrna of hohaviour

1n baing inhibit&& by ‘high tvmpﬁrﬁhhren during the eariy atagea orA‘A

after~riﬁaning., _ .
o . able L
nmi pereauta g germxnn&;cn o£ Var, gzlaan
S oat thc_ptgtad teagpr&tut&s» L ‘44_* 1 o
. “ieméar#tqra : I

gSeed type S - ,
1% | oao%c 1 oes% | a0

- 4 months £rofn horvest T T S I T R
:ﬁﬁfﬁbﬁth&'fﬁam‘h&QV$aﬁ 88 . | o4 08 a0

R
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22a

Figure 1: Patterns of germination after

high temperature pretreatments.
Abscissa = hours germination.
Orciinate= % germination.

* : 0 hours at 300C.

X: 2 hours

o; 2 hours

m: 36 hours

A2 148 hours

0 hours
. 2 & 24 hours

36 hours
48 hours

60 80

Hours
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E#pnrimqnt £ = The ger@ination 0f-ﬁarman£.n¢eﬁ1é£ter o high

temperature pretreatments

%ﬂgd whiuh h&d been ntured fnr 4 montha a#t roou. tempera&ﬁre
wore 1mbih&q in darkaasﬁ at 39 6 Iar vmrioua lengths of tine before
.being yluceﬁ to cﬁntiuuavgerminniion.nt 20 G, in dorknoss. |
T&mﬁminatiua-was'recér&ad 3t time 1g£erv§13 ffamithé start of
Ambibition, N ”

The pattarna of germination ﬂar var. pilos& are recorded 1n |

foahle a an& graahad in Figure 1
Pable 2
&er@fﬁ&tiﬂn at warious times after high

,.tgmperature>yratraatmantst

Poried ‘fh‘ ‘ ""‘?énceataga éérmina§i0n~ate
&g € 48 huxrs 60 hours Gé:hénrﬁ‘ 96 hours 16‘&&53
o l 6. a 26;, ;'- g . 33 34 |
Shours | 6 | 16 Cgs o 88 R
penowrs | 4 | a7 . f 2 | =25 | =
8¢ hours | 2 2 BTN BT
a8howra |- 0 | L2 | 12 | 1 | aw

- x% (4af) for final count = 14,044
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@xparimant 3 = The @ff@ets af & high tamyaratnre phook at

various. Btﬂ@ﬁﬁ of imbihitiﬂn;

The. poseibility &f there being & 3yeei£ia st&;e d&riﬁg
gerwination that is ascnsitive to high temperatures was inveatizated.
Seag, 4 mnnthé fra& harveat, were set to gerninate in darkness at
ﬁﬁﬂﬁgAat gpecific times from the atai% éf imhiﬂiticn,~§ﬁe samplea
were §1acad.aé au’c fdr_ﬁ;haara or for 0 houra apd then returned
to 20°¢.

No efﬁeata of such high ta&yarature ‘shocks wors m&nifnat in the

final gazﬁinﬁﬁiun percontagos, o ranar&a& in Table Se

“mbls“
Final yarﬁentﬁgﬁs of @urain&tinn &f%er )

high tomperatuxre shocks,

‘gaﬁa at which ﬂ9?§%ian f?-gﬂnc shoek
30°C shoek given 2 hours o hours
No 80°C trestuent 44 24
§ hours | | " 38 L -
8 hours 36 o 40
" 24 hours 42 ] 38
36.&5&;3 42 : 36
é& h{@m 46 -
kY (Baf) = 5.96 | X° (8df) = 2.87
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- HNousreversal of high tempersture inhibitlon by

low temporaturess

ﬁ&@ag-were subjectod o t§e¥ﬁigh ﬁamgefatﬁr& inhibition by
jwbibing them for 1 or 2 days at Eﬁ?ﬁ, iﬁi&&fkﬁﬁsga They were
then placed at_&“ﬁ for warying pér;pd}_hafar& being put into 2%
o complets their germination.a;lﬁ&'gérmiéﬁﬁiah was apparent in a&y‘
sauple whaﬁ-it went inte 3&“3;“‘?h¢ fina1 counts recorded in Table 4
wore mn&e_?hﬁn t%ﬁraAha§ haan_pﬁ,ﬁgrﬁheﬁ geraination for 6 éqya&
Both traaﬁmenﬁg carn gé #ean to Eﬁ-inhibiﬁnry. |

Fable 4

Finnl germinapion
percentages at 20°C after
varipus tenporature

Analysis of Veriance
on the Angular

trontments. Trannfarg&tinﬁs
reriga _”Férioé§tlaa°ﬁ ;"“ 'gégfag’ ;ag_‘.ﬁ;s,'. ﬁ,ﬁ.»f v§g.rtl
e D3 dey B deya | | popiionten| 2| 00.54| 15.27| N5 |
.9 ol L R 8| 808.70 | 102,9. | 8.3%%
Sduye G0 ) B0 | I8 g% 2| 214,16 | 107008 | B.7%
| ddoye|d5| 20 | M 1|4 x 30| 6|156.09| 26.18| t.s,
Gdoya | 20| 20 |2 | |vestanar |22 2miaan| 1s.sa| -
‘Doted |45 | 98L.T0| = | =




Lxperiment B - Bffects of low temperature pretrontuent on

geraination in darkness.

"Stratification” in careals.gehafally regquires 57 days atb
5&“6. Homplos of wild oats were iﬁbiha&’f&r G;days at 5°¢ before H
‘being germinated a£ $9°B in darkness. Tni#:trcatment was earried
oud on twa‘saa&.tygénzu |
A} - less than 4 nonthe Lrom harﬁaét;

b} *mdfa then 6 m@hthﬁ fron harvests -

The affact Qf #ﬁch ﬁtr&tiiinaticn in raiﬁing tha garminu%iun'
of the 4 month sauple and lowering the germination of the 0 mounth

sample iy shown by Toble B

doble 5.

Final gervnination percentages after stratification.

| ﬁeaé ?arigd"ﬁgg 9# u§a§ £?nm hurfaétulﬁﬂf}dffﬁ° %Jﬁfd&?s
Variety &t 4°C 4 mﬁnﬁhﬁ ﬂ,ﬁ months I 4 uenthe G wmonths
0 om0 40
glabyata 6 d@yﬁ | 30 | 20 d o G 1o 26%%
o | 1., | o 4e |
pilosn | ﬂ_ﬁaya | %8 - | 306 | lé.oﬁ* Sa1H%%
| o ' 49 -
pilogiassima | § déya A 48 . 24 0 Sla&** l&aﬁgﬁﬁ _
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ﬁiﬁcuasiﬂn

.ﬁmxm&n%-$*\f&ta&~aeﬁés veppond to temperature in the typicul
mmﬁnerfﬁf ﬁ@éahlg h&r%ﬁstgd carenl aeeds, #a damaribéd'hy Attéxherg-
, gl?&?)w&aﬁ Eueﬁé (1041}, im-@h&t the initial lﬁw mﬁximum tamﬁé?&tur&
Q@?'gérmiu&%iéé rﬁa@a oB bhe seeds ﬁga in dyy aiaraga (ex?uriﬁaat 1),
Qra&ﬁer inﬁihi%ien aﬂ g?rﬁjau$$en rﬁaulha fram Eﬁ@fﬂdﬁlﬁﬁ‘lﬂn“ths
éﬁf Gﬁﬁaﬁﬂfﬁ ﬁa hagk tamuﬁrutnrea (axgﬁrimen% E}(&n& Bhiw BROHE to
.h& a.aumulutiv& ai?aca of high temnarutwra on ﬁha metahatism of th&
seod rvthpr th@n aensitivity tn hlyh ﬁeM§PP&uﬂr& ex @ q?@ﬁi&i@

na&e ef bhﬁ g;aee@w (ﬁx@ﬁrimzﬁt 8)e. The ﬁxgh ueﬁper'&are

&nhihi&iﬂu rﬁathﬁ in a ghonge of ﬂ%ﬂta in %he &ﬁad, irrpvarﬁihla
'ahy & raﬁﬁrn te aguxmal or lowey t?mp@raﬁurea af tn& e &eaﬁ tvﬂﬁvﬁ

in*&mverimenﬁ T PR fhis is in eaatyﬁﬁt ma tﬁa hohaviaur nf

de 1&&0?&&3&&% {Thuyﬂﬁou 1954 ﬁranﬁ&ﬂ lﬁﬁﬁ) ﬁﬂd aa }Qétuﬁe seﬁa

(Barthzgeh & ﬁabhina 1828). The anhi%i%ﬁ#y afﬁeeﬁé of supras - |
@Qtim&& ﬁemﬁﬂgﬁturig-Qm‘gayminnﬁiﬂﬁ Qrﬁ¥€éiioﬁeﬁﬁﬁﬁﬁééﬁ (ﬁ;g, ﬁ&"ia
AlQaQ; Koller & Raﬁh 1@*&) and 46 hog Doon du“@@&ua& Lhat high
4»9n§9yﬁtur& iy €0aﬁuni€a %0 the formation of wn xnhmbxm@ry
gataatiﬁn {Vogig i&ﬁﬁ) or subsbance (Borvie 1%&6} wiﬁhxn the seod,

- Al though absarv&ﬁgﬂm& have heen made h;th Yh&&ﬁﬁ Lo ‘hg v
ﬁ\henwﬁieiai effe&ta ok mvwr«waa%wring on gr&minﬂmeeua amaﬁ {ﬁibhey
"lﬁéﬁ)i o mﬁrimaﬂb&l work on the 'ffhﬂﬁﬁ Qf“aﬁmalﬁ treatmoend hos
auvh baan 9ﬁaeluaive (Eriaaan & “hehesha 1J@1)‘~. Th&frﬂmﬁiﬁm‘éfii'

a

empaxﬁmanm indieata ahwﬂ the affecty ei & emla L?ﬁ&hmaﬁ% uwsa

guvminﬁijﬂn in dark%eﬁﬁ vory with the ugr@e of &aj ﬁ%ay&ga whieh
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tho peeda have undeprgepet  with ineressing after-viponing
atratification becones inhibitefys. Theso resulds ave in good
agreement with Kivkwood (1968) for A, sabive and Kyoogew (1B41)

for Impations balosning. b may bhe that the apparently boneficinl

effects of a cold bresitmont npon rolatively fresh sced, as ghown
in Table U, remuls ﬁar@iy from bhe provision of o period dnpring
whieh rorotions inhiblted by high ftenperature -con ogour, rathor
than from the inidistion of stlwmalotory voaetions by low
Gemporatures '

S A o S e Y S M G o

Summpyy of Beobion 4

1) ¥he leow maxinum temperabure for germination of dormant secd
riges with atorage.

£)  BRigh bemporature inhibition dg the manifestation of o change
of atate in the sced, ievevorsible by roeturn to low
tomperaturos. |

a) Stratification will yalae the @armination‘&f freghly-harveated
geedy bud bas noe effced on, oy ﬁﬁgraﬁaea,'the germination of

partially aftersripened sced.

iy e oo e I N s 4 o
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Section § - BEFHCTS OF BAM ATIGN

s Xnhihition af Gurmination by Liahb

Bxpavimond 6 « The gersinsdion response undey dif fevrent

photoperioda.

Saﬁ@%a& af_f&r*‘pilasﬁ ~ 4 wmentho end (0 wonths frem hevvest
- Wore mﬁbjeﬁtaﬂ %a.#awiﬂus ph&t@yﬁrioéi@,txéﬁtmuntanﬁt Eﬂéﬂg
?he.reﬁulﬁa ot ﬁ tyyi@&i tri&l nre yveportod in Toable G, as
: the final pprasnﬁ&gea ot germinatiaa in § veplientes of 50 seodn
yer trastmend.
| Fhe athaf two yorieties ﬁahavwd similayly dn sbhowing .
incrensing inhihgtipnvwiﬁh lengbhening phaﬁﬂgeri@ﬁs in the eexly

stages of slftovsvipening.

fable G

Pinal gewaination gerﬁéﬁ%agaa undey 4if ferent photoperiods

paily heurs of Lighta

BoRd Bype prr-—esbemimpar s - :
0w {v4he | 8he | 12Zh. | R6he | 20h. | 24h,
4 monthe | 41 |89 | 28 | 18 | w | 17 [ 10
G0 wouths | 94 | . | 96 | 89 8o -~ o
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ﬁiﬁarimaﬁt_ﬁ\ ~ﬁﬂ@hﬁ ge:miumtiﬁn‘rﬁagumsé‘ta~inura¢&ing periods

af ‘Lrraddations

oyunand namﬁlna of war, ﬁi;gg&'warn exgn&eﬁ tﬁ Yheht fﬁr varying .
yarinﬁs of time fram tha at&rt of fmbibition ut gnQ&. They were |
thes @3&3&& in dar&nana_&% the sauc tnmparutur& to cnnﬁinuﬁ.théi¥'J
gefmiﬁatian.- jééﬁer‘?nﬁaya in &arknakﬁ all éér&inuﬁiau hnd éénﬁéé#"

The finax @uunta rﬁﬁﬁrﬁﬁﬂ in T&hla 7 1ndieaﬁa an inermasiﬁg
1nnihitiﬁa with incre&sing fime in tighﬁ - axeaat £ar ‘the
garminat&ﬂn ueﬁurring aitar B haanx-&ight which in nigﬁitiﬂantly

higher than thw &arkwgermina$iunu\ :

ahlﬁ i

Eiual permin&tinu pﬁrcun%sgea after uingla expaaurca

to light fﬁr aief ﬂrant yariada,

Hours of 1ighﬁ 0 | Ghe ‘1Eh§f[24hw “4Bhe Gl 'cbnﬁinnounly

Final 3 garm* loales| 40 | 44| 12| 20| 26
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Figure 2:

30a

Germination after exposure to
light under nitrogen.
Abscissa = hours germination.

Urdinate = )v germination.

X : standard germination;
# : 2 days darkness under

o : 2 days light under

bU

Hours



Lasperineat 8 . The effccts of exposure to irradistion undex

Y nii¥egene

?ﬁrtiailyséurm&gt sawaples of §are pileze (10 wonths from harveat)
wgfe imbihaﬂviﬁ‘light or darlmess under &n_atmnsyhera of nitregen £§£
2 dayo &ﬁxgﬁqﬁ. {(Pull detsils of the mebhod veed fﬂr-ﬁfaating geods
_%ith gag mixbures wilikﬁa féﬁnﬁ in Fagh $I%,) Aftey such treatment

ﬁha‘&aeda were gﬂrminatﬁ& ;n ﬁetri.ﬁi&hea in derkness at 20°C,

?ﬁe potterns of gerwination in o vepresentetive trial of thres
rapiie&t&s of 2B seede per treatment are regorded 4n Table 8 and
‘grapha& iﬁlﬁig&re de ?he tiéﬂ intorvals wnrﬁ menpurad from the
pbin% vhen the scods were ploced din sir. |

T con be peen that 3ight has no inhibitory effect vhen anods
care iwmbibing under nitrogeni and tha sipgeificonce of the x® indioatos

that ivvradiation under thesd sonditions way hagten gerndnsbdion.

mbgﬁ &

Gexminotion afber ivrediatien under nitvoegen

Fexcenbape perninstion abse

Protreatnond T 1 -

' 38he| 4lhe| 48he | Glhe| TZhe| OOh.| 120k
_Bone ST . 8 ¢ | 3o 28 48 48
2 days Light iﬁ T, “ﬁ b g6 | 44 45 5O 8B
_2 days Dark in}ﬁgiw' ﬁJ 6 |16 |28 |30 |4 28

8 V '
ES{1df) between N, = Do3%| 4.8%1- 1.0 | 0.08) 0.96




Qiﬁcusﬁiag

The perminction of & g&wﬁi&llyndormant §ﬁpﬁ£atiuﬁ of ﬁild
pats ig dphibitod by white light {Cumasing & Hey l_.i'}&ﬁ) « fhere
does not soem t6 be ony phetna&fﬁﬁdiauakfécﬁ ot 720°C {expovinont G)3
the lomgexr the period of oxpoesure to liwht, hhn grontor io the
gﬁogarﬁinn af the populotbion iﬁhibihed {nxgﬁrimdnﬁ-T). Phe
r&ﬂultﬂ alee indieate dthot the pre%enﬁaan ol gumainatia& Ly ilighy
is not reversed by roturning thoe seeds to dwr(nenm. - It can be
domonatroted thot such seod are notb dead since tn?y can he canaed
o germinote by remeving thelr pales end priakimg thﬁ'G&rVG§H8ﬂ.
-mharafﬁre, the doegreoe nf dermency in the pepulstion has been
inoraossed by Iight. Lighy doea not incvesse tho gvﬁmancy of
fully~ofter-riponed geed (axﬁarimeéﬁ 6)e

The light imshibition of goerwinetion in Lanxun.nnp}a iﬁ&ulﬁ

(Baxter-Jones & Bailey 1956) and Nemophil& incianis (ﬁlagk &

wareing 1807) hos been shown to be duc fo the f&rmrﬂdv@nd blue
vegions of bthe speetrum, suggesting nﬁﬁ%rel by ﬁh@lhighfﬂnﬁrgyf
resotion (mohr 1068). In wild eots, nlibough & high ﬁvurve of
inhibltion is indueed by 2 deys esposure o iiuhb in siy (Omyﬁylﬂ“nt
7), no soeh inhibition is induced by 2 dave irvradiation nnd.er
nitrogen {exporiment 8). Therelore, the light inhibitien
m@ﬁﬁ&niém.in;wiid oatn does nob goon 4 be controllod by phy tochirome,
pinee Ykuma & Yhimenn (1064) rvepoert ihat the change to the active

form of phyvochreme ¢an cceuy under nitrogon.

A U T T e A R W SR R W AU
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Figure 3: Short irradiations of varying periods at
different stages of imbibition.

Abscissa = hours germination.

Ordinate /6 germination.

Standard dark germination;
o light during 0-12 hours;
X 1light during 12-24 hours;

light during 24-76 hours;

—0

Irradiation
period of
4 hours.

Irradiation
oeriod of
h hours.

Irradiation
period of
12 hours.

120
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2# of Qerala&tion |y Light
Emperimeni 9 - Th# e((#@t of ohort period# ef irradiation at

variom# otage# ef imbibition»

6#ed were #et te germinate at 20*C im darkne##.At different
otage# ef germination# meaeured a# time from tne startefimbibition,
tbej were ezpeaed te light for Tarieu# length# of time, then
returned te darknen#»

A eomplete trial, uoing war. pileoa 8 menth# from harweot, in
reported im fable 9# a# final pereemtage# of germination. Figure

a ohow# the pattern# ef germination obtained after nmeh treatment#.
thble 9
Final gemination peroentage# after different period#
of irradiation at warieu# stage# of imbibition

Duration of Stage of Imbibition

irradiation

0-12 hr#. 12-24 hr#. 24-39 hr#.
p (dark) 24 38 37
4 hour# 48 89 48
8 hour# 50 34 42

12 hour# 4b 32 40
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Voriance analysia of Angular iransxermatioua

Source . | a4t |  S.8. |  H.5. Volte
Replicates .| 2 2453 | 1,86 | HeS.
Stage 8 | 167.64| 83,82 | paTwx
jmount 8 | 100,70 | 38,57 | 3.9%
1nterae$i$n 6 104861 | 174458 HaSe
o sd duid 22 | 190.04 | B8.04 -

o tal e 565452 . -
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?he rﬁwulta af ezperimenn'_ ,dieatn thaﬁ uhite light

‘"ﬁQ*iﬂ%imulvtea ths yvxa‘ " &ﬁﬁr iﬁ they 3*” 1r”&di“‘Ld “t L

'"5Fugffthe nwpraﬁriﬁte aﬁa30 ox 1ﬁhibitiun,ﬁvim daring the £irs% 1“ houval

iy

‘Tiﬁ;&t 06 Co Ehal timu1&tnry eﬁfact gg li ht ﬂ&y alﬁo be maa:@cdt

N jwhau seuda are irra&iatﬁd nndor"ﬁitrﬁﬁ&n (¢f~ N3 tr*“tg’ntﬁ’inﬁ'

r

é??-iun;‘exy@rimant 8).:-;-4‘0:?J ”N 'ﬁ,;$g“f§- fj ”g"%" D

. ”hus, liﬁht se&ma ts avaxa twq raaynﬁnas in wild aat se&da-'v

;uﬁaaes araj

recarde& where whita»lifht axerﬁa nayoaiﬁe e?ieﬁtstun

the ermin%tﬁon af otber ageci¢a~( nriuna lﬁﬁﬁ; Isihﬂwa 16&?,

i f?ﬁﬂe Sﬂb ; Veghi S &allar lﬂﬁd); iettuce aﬁpa *eruinftinniia

Qiinhihtteé by cantinuoug red lighb (Heheibe & L&ng 1985) an& by

thue li;ht ab agncifie ﬁtayeﬁ atximhibiﬁian (Leﬁgaﬁt 1?&&; vvﬁurx e

*fet al. 1&6?; @raing & Hlaek’19&9)¢ T exnlsin these rﬁaulta,'

?;;iﬁtﬂrae&ion of tha pkytoshroma mach&nxsm ﬂith;thﬂ high aner y

Tl (.

rﬂaction has henn muﬁgastﬂa.f g;neaa twe phatauenﬁunians are @1sa

%1=tnoaght ¢¢ lntﬂragt in the agliznlnngatinn invaiveﬁ iﬁ 1e$fnc
| _ hypaegtyl grawth (Ev&na et an luaa) &nd in dndder nook ngemmn‘
‘~:(L&na & h&ﬁﬂerb&ue iﬁﬁb).s | | ‘ | |

Hc iaailiﬁiaa were avnxlublg iﬁr inva%tigatxng Lhu aumi@n

~3§ﬁcﬁrun nr %h@ enur&y relatianﬁhiya nf tin light rﬂﬁmeﬂﬁﬁd inif
rdar th&t thgy m&y hava b&mn aknwu %a bhe eﬁntrullud hy ona o
,%y Lwo ghctomgekaaisma. ' uhe 1ighi usad in tne r0§nrbud QAPﬂrim“ﬁﬁé
W'had mare ﬂnerg} in uhﬂ far-ra& than in.tha red rngiens.A’ The Asbe

 {;0£ Gummin s ﬁay (19&6) inai&&te that red light h&s no. iﬁhihltory

-+ «



aetion on wild oatd germination uwnder their conditious. Further
experinentation with Bed light mayfaﬁéw that phytochrome is sctive
in theo garmiﬂaéian»di thdo spoeles, togpethor with on intibitery

photonechanisn.

A W AT U O TR P s A N

ovaary of Seetion B

1}  The germination of dorment wild oabs iy inkibited by white
Iights this inhibition disappears duxing aftereriponing.

2) Th&‘inhibitor? mechanims does not seem to he controlled by
-ﬁhytaéﬁfamé;-sﬁﬁﬁ‘metaﬁ@lism {4 blocked,; =uch blockoge
rosoltdng in socondary doxmaneye.

8} Whitg'light may &lso stimulate the goraination of wild oatas.
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Figure 4: Final germination in light and darkness

over a range of temperatures.

Abscissa = temperature.
Ordinate = % germination.
e : dark germination;

O: light germination.

var. glabrata

9% var. Dilosa
% var. pilosissima
25

20
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doechion € = LIGHT AND TEMERRATY] 3wwbaacf§uz$

YEpoiment 19 - Gersination in light and darkaecss over a range

GE Conperalures.

Aftoy & months ﬁ%ﬁ?&@ﬁfﬂg:rﬁﬁm %@mﬁaraﬁﬁra§ aosl wero
gar&im&tﬁ&viﬂ stapdard %esﬁé uﬂé&r-iﬁghﬁ_gw davkbess ot four
%ﬁmyﬁ?aﬁarﬁsa Hhe Pinal gormination peveentagos ere inddeative

of thae raagauaéa ﬁu aucel treatments. A tial of 4 replicates of
R seeds per. traaﬁw@n% is repovted in Table 103 significent
ﬂiiﬁayemeag bawwean ii&ht and aar&mm&a'&ﬁ a paybionlay tonperaiturs

pie donoted by astovisita. Phe reaullbs are graphed in Fgure 4.

Table 10

mmm

Final gernination parc#ntagas in light and darkness

over & vange ax“ﬁamyaraﬁuraa.

Vavtety | ldght ia“gf“ 2% | as% | a0%

| | L | s | oas | 4 | o
glabrate Con | ase | om 1wex |
IR T YRR Y 2% | 13
gﬁi&a& S A ﬁﬁ%ﬁ C R4 i4
b e fae e |as | s
pilasissing Cop | e [oames |15 | 4
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Uxperinont 21~ The effcvta of temporaturo on tho reaponse 4o

) shoxt irrodintions.

Gomplos of vare pllosa were exposed to light during the fivet
8 heours of iwﬂihibiaﬁa The 1ight: exposures woye carrded out at
80°¢, 36% or $§a§ whih nﬁéwnpri&ta gontrels of § heoers iwbibition
at 30%¢ ox 5% inséﬁrkﬁﬁaa« Aftér tr@ﬁtm&gﬁ, 01l dhe samples
wore veburned t§4dafknass~at 20°%¢ f@r'&ﬁhmiﬂ%tiﬂﬂc

Thusg, darkoaoss ab 20%¢ 18 ths stonderd gerntnstiony & hours
inbibition in davkuoess ét 30%¢ or 5%C shows sny temperoture effecd
| ﬁ£ gﬁxmiﬁ&%iaﬁf aod 8 Bﬂﬁ?& axposure td‘light &t 30% or 5% are
the traaﬁm;hiaibaiag teated, compared to these controls and 8§ hours
Hight ot 20%. |

Sismples warg?&ﬁéd which bad undergone diffevent periods of
after-ripening and it wilil be seen that the aystem chunges during
after-riyeﬁigg‘fxﬁm & marked inhibition by 1nw-$emﬂer&tura—light
at §-13 mauﬁhé af&ernfiganingg to & stinvlation of gorvmination by
‘hignhtemﬁeratnrawligkt &#'iﬁu&ﬂ months of after-%igening,

Tables lla and b show th;-final germiuaﬁiah percentsges aftey

&

sueh troatmentas ﬁhé'x'iare calculated from contingenoy tests of the

totalled replicaten ?‘8 r@yiiﬂﬁtes of B0 seeds pa# treatuent.



a)

Table 1)

Pinnl gerndnetion percentages al ﬁﬁﬁﬁ, after a short

&rré&iati@n ot 3&03ﬁ

Freatwent

- dge. Srom hayvestie

6 woniths | 12 monthe | 20 monthw
Continuous daxk 26%C a6 s 50
8 hrws dark 30°C a7 42 - 50
8 hrs. light 26%C 48 48 55
6 tws, 1ight 86°%C S o2 68
x* (sag) 6udl 10..08% 10.65%

b)

Final gorminstion gﬁraentagas at EG“G, aftoer a short

irrediation ut‘$“ﬂ.:

Praatuont

¢ months

71& %@ntﬁa. AL mﬂntha
Continuous &&rk‘éégﬂ iﬁv | 50 GO
& hre. derk 5°C 48 44 49
QAhrﬁ. ldght zﬁaﬁ \ 48 véa BH |
o nws, light 5% 30 36 14
%2 (sat) 11gsas* 7.8 0498
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Digoussion

Seeds of the threo variecties respond differenitly to light
(experiment 10): pilosissima sbows the greatest inhibition by
1ight, and glabrate the least, Coftman & Stantoen (1988), under
unapecified light conditions, found the grestest dormancy in
derkecoloured secds. VWhen gerwmination is graphed sgainst
temperature, as in Figure 4, the behaviour of the three varicties
can be scen to follow & similar pattern, indicating that the
systems being studled may vot ba qualitatively different.

| The changing response of the seads towards iight under
diffevont temperatures ig further demonstrated in experiment 11:
the stimulation by shart irradiations is enhmﬁcad by hizh
teapersbures; and at an garlier stsge of alter-viponing, the
shoxt irradistions at low itouporaturas are 1nnibitﬂry; the
Gemperature shocks thenscelves, in darkneas, do not affect the
gorpination Yespono.

Thervefora, it c¢ould be argued that in o povticlly-dormant

populaiion of wild eat 3&5& thexe is a systen operciing which
canscs light o hove o sbimuiatory effect 4% high ﬁﬁmyuratureﬂ
and an iuhibitery effcet ab low tewmpervaturcas It 1s clear that
the light responses ere net indireci tespoerature elfcpds ceused
by the radletion bedng absorbed in the form of heat; if thls were
g0, and 18°C-207C taken as oplimel tewperstures for gormination,
then at higher temperatures light would e expected (o be much

wore inhibitory than darkposis.




h Li%ht nna aam@ﬂraiﬁra iutoruettana ara‘kn wn t& aﬁay&ﬁefin

; t he poyminaﬁzon of many ayﬁeiﬁsq -;& liqh% requirenenu €0r. |

@rminmtion h&ﬂ gé?ﬂ rcpﬁrhed 0 in#reaae with temyaritarc 'J |
:‘(ﬁollnr & Ee@bi 1959; fagl & Iaikawa 1901; ﬁqller & ath 19&&;

- Mayer & @nlaahaxfuﬁmybﬁr 1O630) . | Luﬁmxmg\{19u3) podnha out, that

“hhe - aytimum ghatngorieﬁ fov Qb?miﬁ&olﬂﬁ in ﬁheﬁbﬁﬁﬁiumlagy; |
.iﬂ&f&ﬁﬁﬁ& wxah tomperature, ﬂuah sy%bams Mmy:§e~aﬁa1§§oﬁa to the
aaw ﬁf Eﬂttnnc acod, wbera su@ra-ortinal tempﬁrat&rea diverd

net&bulism inta a marniﬁatian pathw&y whieh reﬁuirea to be
ﬁiv&tﬁd by ghytﬁaﬂrnma. anvaruoly, Huﬁchiﬂga {158 ) fnunﬁ

~ﬁha lighﬁ ruqnirément aﬂ Mimalua qy. to daerean# uiﬁh tﬁmperature

x&n& Black g,gtrﬁin (1855) aug gastea that tho deerensod 1iwht
'raﬁuirehent of h&reh was due o high tem9arature ﬁ¢vaurmhly
afﬁestimy ﬁhﬁ'ﬁfﬂtﬁﬁ&ﬁﬁ ini%iataﬁ~hy lights  Toole el al e (19%0)
rsgorted aligh temyer hure o weanlt in innrﬁaana samaitivxﬁy oﬁ
-tho nbotcmaahaniam tu red lig ht, &nﬂ doeroased sonsitivity to
| far~r94: ; |

The pre&iment& xagartad in thls a&QLion doe not aitaw
diaminwtimn %u-he wade hetw&aﬁ %hasa hhrea situ&tiags thh resgact::
;tn the 1aght X teﬂﬁar{tnra intar&etians in wild ent saeda, vizs
a8y diveraion of meb&halaam iran & ? thway iﬂﬁzbiﬁﬁﬁ by 1light ﬁﬁ
- one a@imulutaﬁlhy Light with inerﬁaaiﬂw tenmporaturas
 b) ‘ twe mimultanaeus iight r&aﬁauﬁas, thﬁir aawavimtaﬁ resedions
hav;ug ditierent temperaturh canffiﬁiwmta; | o
‘e} _one lighd venétion with a ehange” in smuaitﬁkiﬁﬁgng‘%hc

Yesponse with tempa IR ALY 2
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Po resolve those poussidilitlos, gz’m*&w gontrol of ithe guansily
and guality of the radiatioen will be notomsarys

Lxperiment 11 also indicates that thi&Aaamylax ayatem changes
with progressive aftereripenings {resh seed seon to have the
inhibitory syatem predoninstingi with ineresped after-ripening,

the sthmulation by light becomes more shvious,



Baperiment 12 ~ Phe efdect of aveaslification on the light

PERGUDHS .

Seeds of vare glabrats woere subjected te 4 sibratification
period of O days b QOG in derkuess belore bedng sed 1o germinato
in 1ighﬁ_or darkness at 20°C ox 3ﬂ¢§¢ Hiecause of the difference
in the derk responge o glratification with age frow harvend,
ehown in sxpeximent O, seods of differont sges wers tested.

The rosults of & typical Veat invelving 8 replicates of
B0 maeeda sre shown in Table 1&; the babhaviour 0f non-stratified
#ced is also shown {or couparisons

It cun be meen that stratidication enhances the high

temperatore light atimuledbien aftor T woenths aterago.
Eable 18
Finel gorwinaiien poyeentages atb ﬂs“c and 3e%

afber strvavification

" Age from harvastse-
Temnerature ’ \ : ,
of Lighd 3 montha T wonthe
germipation —— - , :
Strate | NHon=abrot. st Nen—sﬁf&ta

i 28 & 18 36

ap®e n 30 0 20 40

1 aa G B 30

30% D 26 9 15 B
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Expoviment 18 «  Yhoe el faat of stratification undew aiﬁfﬂrent

gasoous gaviromaends.

Seeds wa?a éigﬂaﬁ R m¢§3ﬁ £i1tﬁr papex in atoppered conical
fiasks and » xquanﬂginf &vaa@atinn and flvahing eaxvied oul unéil
&tmaa§ﬁarma of oxyigen, csrbon ﬁi@xiﬁa or adirogon were obtainode
After § deys in darkness. at 5“@, the Avcdy ﬁmreA?emuved from the .
»iggshs and germinated in light or darkucss at 20%¢ or 80%c.

Three replicates of 60 seeds of var. pllesicsime sfter 4

monthe dey sﬁnraga WOrQ needs
In table 13, & comparison of the germination perccntages
indicntes that air or oxygen are not necessary Tor the effecis of

girabtification on the high tnmger&ﬁurﬁziighﬁ stimulation to be .

No stratificdtion

‘ L 4
(4]

26°¢ D 20
‘ T, 5
30°¢C B

manifests
| ’l'am.e 13
riaal p&rmin&%xan @exctntagas at 20°C & 90%C after
;tratifie&%icn unaar diftar@nt gasag,
Germinabion ﬁtr&tifxemtion &ﬁﬂ#&ﬁhﬁrﬁt | w-€3ﬁg)
e&§éiti§ng' "‘vair Qg i“ﬁﬁ‘ vhég | between gagcg
L | 10| 10 | 14| 20 BuGBW
20% B 28 £0 5T 45 10 o T4¥
L | 28 | 10 | 5o | 20 44,0%%
a0’ | ‘20 | we | 20 | s 2410
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. Digcussion

kTEm“aﬁfﬂata of stratification on subsequend garminatian'in
the light differ fvom its effodts on dark gaﬁmigﬁtian {expexriment
3&): e gold tyeetment enhoncep the light ptizulation ot high
temperadures, wlthaurn thiw cgfaeﬁ is @a&y waﬁxﬁesm in qbbé which
have nudergone wome 7 m&aﬁhg dry storage, aeilxﬂ & %&1tin (lﬁ%l)

nete bhod lov tamgeratﬁre hrin g tha phytochrome system fnto speration

in fhocelia tanamatifalia* Bl&ﬁk & Wareiog (19656) found that
~ohilling roweves the light reguirement cf biveh seed.

In this ros g@%t of Uroadying® thﬂ gead foxr high temperaturae
ligh stinulation, stratification in wild oats can be seen to
vesult in a mx&il@r physiological state within the seod ok does
& yeriad of BOWE twaaty months éry atoraga (ﬁ?. experiment i1)e
ﬁaﬁa%er; the ﬁiffaring responses to stratification, deopending on
the atage of after-ripening and subpoguent germipation eenﬁiiiana
of the treated ségés§-&uggaﬁt that no one aingle resetion can
explain the yrueeéausaé may adeount fﬁr the confligting atatements
£ the‘iiﬁﬂr&tﬁra regarding the etfacts of stratification on wild
onta (of. ﬁaff&un & Stanton 19@8; Fricmon & ﬁhabaﬂki 19&1)

The abrabizxnation efiect éees net seenm to ho operating via
an TaxyEon vtnrage“ maeﬁaniam, as pugpested for socds of &gplﬂ
(ﬁarringﬁaﬂ Iﬂ &h), rice (ﬁehcrts 1962) and rneﬁ CONATY HYaRS
(Vose 196%}. &xgﬁrimﬁnt 13 shows that the offoct can eporete in
an atmesphere in which oxygen is é&aqnt; |

-
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i

LY OF 5aeﬁian i

1)

2)

Variebtion of wild oot behove difforently with vespeed te
suwaelfic ﬁ@ﬁdi%iﬂnﬂ, but follow o slmilar basie poatioern

of responae to light and topporaiture.

Teomporature modifiepr dthe posponse to 1ighd in thod high
bewperatures favour Lipght stimulation and lovw tomperaduros
incroado light inbibition of gerainabion.

Stratification gnhopess the hipgh temperefure lighd
stimulation of govnsinotion ot the appropricte stapge of
aftoreripening ié dry stoevage.

Stratificntion does not depend on oxyzen for 1%s effvetaa
Tho ight responsc ¢hanges during dry storage from o light

inhibition towards & light stimulotion.

e b W S T e W o D A N B
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gonoral Conclusions frem Povt X

"Aﬁ ohvious faatu?aiaﬁ tﬁehyreﬂwﬁing worlk iﬁ}thQ 1&ﬂR of a
gompleds brosking of doxmeney ox inhibition of gefmin&tion by -
dny onvivemnentas ﬁriﬁi@ism‘e@m alse be made of bthe drawiug of
' cﬁﬁclusxen% from o semebimes slight diffevence bhetwoen o tresbmont
&ﬁﬁ its contxol. dhese features ave belioved to result from the
multiplicity of dorunney meehand sma operating in thin sgaﬂiés and
from ﬁhu‘i£h@régﬁ ganuﬁygiu»au& ghenaﬁ&gig vafiahi}iﬁyviu the

pgpﬁl&tiau$>usad. HQHO?@P, &11 the repnrt&d etfectn are
‘iaﬁgﬁié%iaally 8Ly snificant ani voprodueibles as degeribed in
,%&térihﬁa~aﬁ& Mathéda, the reparné 0f1ﬁcﬁﬁ heve appoaiod in
-regeatmd trinla. |
The sysﬁe$s hove d@&eribaﬁ‘by‘tﬁeir.&esyansﬁa Tty 1§gh% and

tonperaturs éhvionaly form o n#;w&rkibf praﬁaaﬁésy

|  ?&& responae te tesporature is typical of iQeéhlywh&rvem$n&
geraal ﬂeégg with & rising waxdaum &uriag ﬁtﬁrage¢ fﬂﬂ complex
?veeeaa of ‘avtratd fionbion is eimilor in its onhancemcnd of light
stinalation ot high ﬁemyeraturﬁa to aftex~vipening in diy storages
i% in natl&h Hozygenation® afféaﬁ.‘ |

ﬁwa 1ighu eﬁfaata can he showa Dy dnxm&ne wzid ont good, Lhe
-b?fﬁ&tﬂ d exing.in'ﬁhu-&mouﬂt& of irvadinvion required do indtiaie
ﬁhe responae, the tamyar&tux& rqlmtians o ﬁhﬂw&ﬂﬂﬂeiﬁﬁﬁd veasiionsg

amé tﬁglmﬁagﬁ of afiov-riponing ab which éﬁgh ié nost apparente

L4 is probable that thoe slight stimulation by light vesulds



-a}{; -
fram'&aéivaﬁiﬁa of & ghy%ﬁehréﬁe méehaaisﬁi' 'T§a prevenbion of
gcrmiﬁntiam by Light sy be an eﬁfnﬁﬁ of the higﬁ SRCLLY keactiog.
Tﬁié black ¢o mat&haliﬁm is im@caﬁa‘gﬁdn.acea égtiwﬁlg'gﬁrmin&ting
in iy and wesulbs in the ontry oF the seed into the sbate of
segondary dornancy. | |

The mechenisms affected by irr#&@&%iﬁn and reaponsible for
the inbibition o germination axeﬁinvmitigntﬁd farther in the

fallowing scotionse.
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Thove are Htwo aiétinut covering atructures around the wild
oat grains  the pales, made wp of cbllayae&} kignified cells; and

the earyopsis wall; vhich, in Svens sppe. (Henneht 1961) consimts

| of the lignified vemoiins of the evary and ovule epidermsl laynrs;
interapersed hy fatly noterial (Thuwﬁtcnuiﬁﬁa).vp |

Germipotion in wmany #ﬁeﬁa i proweited by romoval mﬁ rapture
of the étruﬁtnreé encloming the eubryo and the response ia light
is oftnn‘medif?a&_hy avch ﬁremtmenha (nev Dvonarvi 1365), The‘

cifects of disrupting the sitructurel assosiastion botwoen the

coveringr of tha'wild egt graiﬁ oxe demeribed in Faprd IY.

Materials and Methods

Beed treatmentis cenaihﬁe@ of “pricking” or of “da&uaking"
the grain: priciing involves yiéruigg the dorssl gar@aen of the
grain with a mounted necdle, such that both the pales and the
caryepaia are“ﬁuléd; removal of the ﬁaleu'ia terned dehusking -
only undamagod caryopses ﬁiing useds  Unless aﬁh&ywine-#taﬁa&,
these troatmonts were carried oﬁﬁ on sgvd in the unimbibed atoate.

stnnduré‘gerain&tinn ients were rﬁﬁ undey bhoe dosoribed
envirvonwents,  Hecording and.prenantatian af bthe veosults ave os

in Fart ¥.
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Figure 52 Final germination under
light X temperature of

pricked and normal seed.

Abaci ssa=temparature

Ordinate=?S germ.
-0 # : dark;

o : light;

Pricked seeds.

75*

S0

25

Normal seeds,

20
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Section A =  GFFRCIS OF FRICKING

Experiment 14 - The effects of priecking on the vespense to

ight and temperstura. .

Bead of ver. globrein, Y nonths from harvest, wers pricked
Cend st te germinate in Yight and daykness ab four tenperatures.
The final gorminntlon ﬁgxaaaﬁ@g@a of o tyviesl trial ars
veporbed in Table 14 and ilia&ﬁr@ta& in Pimiwe b5, Conparisen
with the figures for non-priciked ssed dndieatesn that, although
pricking voaiges She porcantage geraination, it does noi radically
‘altey the pattern of respongn fo light ond temperature at thias

stage of affter-rvipening.

Jonle 14
Gormination of pricked seed under various

Light/fonporeture veglmes

Sood typo | Light | 1s%e | aﬁ“a 1 s 30%¢
| Lol e | w e | 1
Prickod p | e | e | a0 | 2
7% (a2)Lvs.d | 648w Bt | Buda | 71w
Non=pricked 'ﬂ | dé 40 O W b '

2 g | , | ) [
X {1af) iused G888 | 0.8 & o Best Ge8
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gggérimqgg 16 = The effects of pricking om &eod at different

stapos of nitereviponing.

Sanples of vara. plloss wore stored at «15%¢ or 26°¢ tor
8 months fyom harveat.  (hey were then pricked and set teo
poxaminate in Iight or darkness at 20%¢.
| in Table 18, the effects of priching on the final‘gareenﬁagas
of gornination in such populations are shoun: thesc mcods which
have bheen in dyy storage at 39“&, and which have presumably
andgrzone n4gréu$er degree of &fte}eripﬁning, have thedw light

inhibition négated by.yrickingg

Table 10

Pinal percentagaes of gepmination after priching in seed

at differont atages éf nfisr-riponing

x%(1a8) N *2(1a)
Seed ﬁype. nLight Fricked LwseD .Ronnyriekad _Lvm.b
9 montho L 5 - | | .20 | 1
at 20% » ‘$i | ‘l.éﬁ ﬁa ‘ 29, 8%%
9 xnaﬁ%gzﬂ N ;L- 5}; | 4 | |
at ~167C b | 1448%# 25 .Gw
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Hxperisent 16 - Invegtigetion of a pessible mode of §¢tiﬁ#iﬂt»

the ﬁ?icking-gbimulatian.“

The affeet af pricking may Le related io an &ueraasad aar&tion
nﬁ the darmaﬁt tisxuea. ' This was Lested 33 &aunaring ths f%
farninutinn af pricked aasd with that of &eods in which the hole .
caunsed by pwiehing wan auvered with lsnolin. o |
V&rzety]gﬂ;osa, ¥ monxhs Ixom harv«;t, was uaad: &i cuch
égaﬁ WhE pricked lanolin WA E immedi&tely umanrcd aver - tha hale,
teking care uet to apren& the Lnnaiin over the whnla dursnl tuxtaca.“
. fhe *1na1 pmrtentagas of garmmnation in fable 16 = from 8
slinatus of 28 nsvds per treatment indinabe thaﬁ while 1&ncl;n .
doas not affect th& germxnation of non=prickoed aeed, 1t doen reduce

~tha warminatxan uf prickpd ‘Becd.

table 16
¥inal yergaht&geafaflgermiumﬁion of aegﬁ-prické&

and swearad with ianolin

R
1T (1af) :
: "?ri cke' . vE,
peich+lans”

Germe |nonepricked) ﬁun«yriakau Fricked| Pricked
conditions| aseed L + lanelin.| seed | +lavolim

i

night | . X6 | a4 66 | . a5 Gugwx

- car | 45 | 80 | o8 | 12.axs
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Pricking hiéaha the - dormancy of ﬁild dat%'fb-a'éaftaih'éxtent,
euniixmﬁagfﬁha renulés of Atwood (1ﬁ14)‘. Gew&inauian in. bot¢
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Flgiure 71 Apparatus used to prepare gas mixtures.

A,B,C,D,e,!'*’, = screw clipa.
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