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AESTlìilc.!

SeeC" o.or:ma:rcy 1n Prunr¿q qela-Sqs seeC is prinarily

d"ue io embryo d-orman-cyo 'Ïhe emrbr.vo will- produce a normal

seedf ing r^;hen girren I0 i,rreeks of after-ri;uening. llahe seed.

coa.t tend-s to prevent or dela-y gerninaiion of a. consid-erabl-e

number of ti':.ese non-i-orila.ot enbryos. Because of ph¡,-siolog-

ical- differences, meta.l¡olic changes in coi;'f edons a:td.

en:bryor:ic axes !\rere stuo.ied seile.rately"

Du.ring aiter'-r'i;oening the llpid l-evel of enibryonic

axes oecreased. rrihereas the dry weight, total suga.r a.nd ra-te

of respiration incr'eased". There itas also a, change in the

pÐ-ïlway of El-ucose oxiúation as indicaten by a. d.ecreasia-g

C6/C! ratio. 'Ihe incr'eased i.;articip¿:.bio¡.l of the pentose

phos.cha.te irl the total- respiraiion is believed No be due

io an incr'ease in ihe ava|Ie-T:tltt¡- of ÌiÀDP. In cotyledor:s

simil-a.r bu.i ]ess .oronourrced changes were observed in
resllire.tion a-nd substrate breakdov¡n. 'r'heir d-r¡' tç"1*nt

decreased a.nd- ihe activity of the pentose pho-<,ohe.te path-

way rcìne.ined urrche.nged-"



firrl'E:ODUCTIOi'l

A viabl-e seed- v¡irich fails to germina"te uncter suita.ble

errvir.onm enl.;a.! condiiions is coi'Lsld.erecl to be dorrrra.nt " De-

la¡red" germinaltlon is a.ð-va{Lte,Seous to nany plants 1n naluret

as it ei:ables i;he reproducilve str.ucture io v;ithsna.:ad"

unfe.vou.rable environnenial- cond-iÙions, a.nõ. in adciiLion pro-

vld-es tne necessary time interval for the d-isseminaiion of

the seed D,rrð" s.oread. of the species.

Dormancy at the Se.ae time causes incontrenience to

m¿.n 1n the tesùing of viabitity of seects" Dormant seeds

of hor.ticu-'l-turally sigirifice.ni ;;lants are problens to

nu.rser]'nen a-nd- ;cropa¿:t tors. Fl¿lnÙ breeder"s and- geneticists t

anxious io grow aS rna.ny genera.tiorrs of a species or vaT-

iety in as short a. fiine aS possi-o]e, Íìre also fa.ced l';ith

the .oroblern of dorrnancy in seedso

The general problen of do¡raancy has 'oeen. extensively

siud,ied- with such organs aS buo.s, seeds and tubers, Dry

seed- is -r,he most fatrou.ta'ble maieri-a} because it contairrs

an embryonic pla"nt ln an arrested- cond-ition, fully ecr.uipped

with its store of organic rítaterialsr 'rnlnerals ã-nc1 grolv-th

îactoxs and de.oendent upon the externa] enviror:raent orLl¡r

for waier, o)rygen, a. iavourÐ.ble ternperaiu.re a-nd- l-ight"

iihil-e 'L-ne seed. may be coilsid,eredt functiona-Ilj' ¡o be a

n.-l oserl svsiem i + ññT nni. lf e tf eaùed a.S a hOmOgelleOUSJl/ \JdJl r¿vv L

system slnce it is s'cructurally conplex i^¡iih PhJ'siological

special j.zai-ion closely associated wiih tiiis siru'ctulral
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conplexitl-. Genera.Ily speakine the potential for active

syniiresis and growih 1s resi;ricted. to the embryonic axis,

i'rhile the cot-r¡ledorrs are .orinia.rily corlcerned- v;ith the

stor.age a.nd subsequent nobiliza-tion of reserve naterial-s,

,+or e real u.nders'¿a-nding of dormanc¡', tirerefore, the

;chyslology of l-,hese two organs should be stud"ied selca.rately,

i,vhil-e their interactions can subsequ.ently be d-etermined-.

The chanses from the d.orma:rrc' to ihe non-dorrûa.ni sta.te

i:nr¡olves najor alùerauions in the :netabolism of' enbryonic

tlssues. Shif'ts irr the pa"ttern of i:ietabolisn ( chemical

d"ifferentia.tion) nna.y be lirrked to the nucleic a.cid-s and"

mâ1r 7ìâ r¡f ç oir,ril_a,f ne.ture tO that fOUnö. irr Lhe lnd.u.CüiOn

of flowering where nuclelc a-cid-s a.p.oear to be an important

con¡rolling factor' (7) " The data in Lhe literature concern-

ing the influence of after-riirening 'Lreatment on such neta.-

oolic shiÍis, ¿nõ- their functional value, âre very scanty"

The preserlt work, therefore, r^Ias iniiiateo. to cla.rify fhis

important a.s¡-rect a.nd io seek evioence 'Lo explain necha.nisms

resporisl'ole íor ctornaricy t erniination"

Cherry seed- (Prgnus cerasus L") wa.s chosen as a

suitai:Ie exper=iroental n¿:.ieri¿.J- since it contains a. v¡efl-

d-eveloped- eriibryonic e.xis, has a. definite resi ,oerioct- a.nd.

is readil]' a"ve.ilabl-e 
"



L T1]ËFiAT_i.]Rtr .qEVTE.¡¡

'Ihe phenoneÍLot of seed ¿ormancy nas -oeen a. problem

fer:ed hv rna.n fr.om his earlie si aiì;emcts to cultivate 'O1ants.

''Jithin the l-ast f ifty years concerted" attenpts ha.ve been

rnad-e 'Lo d-eterrni:r:e 'ûhe sÐecific factor's involved in this

plernt growth nechanism. Dornancy can be ¿.itrlbuted- to a

zrr¡nrnel. oí' nhvSical ano- Oiocher¡ical faciors v¡hich ind-ivi.¿u.a1lyrl4u¡ v u¡

or in cor¡bination act as blocks to ¿5ermina,tlon" Ðuring

a,fter-ripenirlE the eltb4yo u.nd-ergoes certain rretabol-ic

cha.nges Ð.t ihe contplebion of r''rhich germin.ation will occur"

Eciierson (20) oefineo after'-ripening: in the follol^ring

sta-:te¡nent:

A few seed-s have been s¡u.died v¡hlch do not grolv
i,ilr.en a.Il- coais irave be-on. removed and the enbryo
put in t.'ooo. g.ernina.tin¿ co:roitions. Some change
l,¡1ih1n i;he eiibryo is necessary -oefore gerrninailon,
tha.t is, lengthenizrg of the hypocotyl, ca:n -cake

pIa.ce. This :crocess is w'nat we nea.n 'oy rafter-
-a'ì -rrô?1 i -/ì c' I

ê

Ihis i;'pe of seed dorilancy ma.y be referrecl to as enbryo

.ì 
^-¿ñ -- ^\1u: v I ru d..rivJ ó

I'actors such ¿is seeo coa.t ef fects t 8às exchange,

1 i oht .J;am-n,^r-pf rrr,c rnni qir¡r"o a.{- n c1¡fonf Nhe Ofdef and.J¡Él¿Ut Vç¡¡¡VV¡LrUV.r 9, ¡:¡v¡ç v7¿v uuv.

the sp.eed" of such ineta.bolic changes, In son'ìe ce.ses the

presence of en.Cogenou.s grov'rbh inhibiting compound.s has þeen

,i.etecbed r^¡hich have oeen sh.ovuzr to preveni or delay germina-

üion, The blocks io gernination due to ti'lese facfors a.Te
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el-ilr.ina.ted" u.nd-er na.iurra,I concii¡ ions by r1-me, tenpe ra.t\J.Te

chein¿'es, leaching, decay of surround,ing fruit tissue, a.nd_

1ighi" The physiological effects of ihese factors, ind,l-

vidua.lly or' in conbination, he.ve been srud.led extensi.¡ely"

tt bas been ,;roposed ihat the seed coa,t dela.ys

ger',ninaiion bece-use ir offers nechanical- resistance to

the e,{pa:r.sion of the embryo a:rd other bissnes (17), resists

gaseous exchange (JL+) , and- may corrtain grot{th lnhibitors

ßL+). Crocker (1ó) reported tnzi one of' the rnost complete

blocks ïo seed ge.rrnina,tiorr in a number" of pla:rt fa.mif ies

i nn'l rr,4 i:r r; l\Tç'ì r"ó ,,-.-raceae' Ca-nna.ceae a.nd- Sol-enaççAs is seed- coat

impermei'rbility to water. Crocke:: et a.l- (I?) shor¡eö- ihat

ltalnui embr=yos must exert enornou-s pilessu-r'e to overcorße

the nechanice.L resisiance of fered i:¡r its sriell io ihe

expallsion oi' the gro'r,iing embr¡ro. l¡eIIingìion (6?.) arrived

at simila.r co'i:rc1u-sions arrd. reported ùiia.t co-rering la.yers

ofwheat gtrairrs if not dlsrupted ourir^rg a.fter-r1penlng iuill

prevent ez,pÐ-nsion of the embryo unti] the r,'¡aùer ebsorblng

eÐ.Tra.city ne.s been in.creased b¡r tne tra.nsfer of reserves

from 'biie end-os;cern' I''ii¡ra-¡¡6¿u' et al- (14) eo-ncl-u-d-ed- t'nat

v;neat seed d-ornianc¡' is ou.e to seed- coa-þ impermeabilify to

oxlf-'€Ð e,nd l'¡ater a.no to iheir ccntent of irrhibitors"

Coni¡entiorLa.l ger:ninabion resu.lis could- be obr.eined in a

few oa.¡'s, Ê.reatli/ reo.uci::g the rine required for ziter-

ripening if the end-oce"rp a,nf. other seed coverings I'fere

renoved-" the I'uor.k of Corns and. Sc|¡re,a (14) ind.eed shol^¡ed.



tirai the renoval- oí' eridoca.rp of silve::,berry seed.s increa.sed.

geri::inaiion four-fold" .rilton et a.I (25) al_so reported-

r'na.t scarifica.tion of ùhe seed cover.iüg-s of ,pru-nus ¡iennsyl-

va.nica. L, ,r*lel-e.nchier laevis i.ieig and Sorbus a.ucuparia.

i,;ith concenira.ted- sulohuric acid for 10-20 minutes ::esu.lied

in early and hi¿.he.i: ¿errnina.tion 1:ercenta.ges.

Thornton (51) atr,ribu.ted bhe beneficial effects of

removi:-,g the seed- coa-is to in5rrsy66 üÐ.s excha.nge conOitions"

¡he used control-l-ed gas inixtu.;.es of oxygen, cai.bon dioxide,

nitrogen ano iryorogen and. reported NY:a.t in cocklebur (;,a.n-

'chium) secondary o-o.r:ma.ncy was in.ouced 1n ihe iäoist seed-s

o:rly ,,'inen oliygen fla.s a'oseni froni the ¿-imositirere" 'Ihe se.ne

irorker (52) in e. si,:.bsequ-ent i)a¡Jer a.ovaJ}ceo the io"ee. :-nai

secondary d"ornar:cy may have its inception in ihe accumula-

tlon of interineoia.ie proo,u.cts tirat e.r'e forrcecr by ;;artial
a.naerobic respiration" l¡iarein-g a.nõ" -ond.a (ó0) iia.ve inciica-

teoL tnet supplied- oxygen r'\ra-s uiilized for the removal of

tire inhiicitors present 1il tìre embryos of coclclebur" Bl-ack

/ l. \(4) had- sinila.r f inCirigs ',tith seeds of ¡rvena. fatu-a. Vegis

(58) and Poll-ock (40) su.gg;ested ti:a.t restrjcted supply of

^</1tctô. i-n rr n-an19.11N,, j:u.ciS tend_S tO limit ihe oxiOaùiVe bfeair-v^j õv:r

c-ov¡n of ;¡r¡ç'v¿.¡' in the TCA cycle" The eleva.tec. levels
nf :r¡¡-nrrrrric '-.e then Util_iZed- i¡ ihe fOf.maiiOn Of COfnpOU.nd-Svr ¿v.t L 4

such as eti:yI alcohol e,nô- acetald-ehJ¡de "¿¡nrcn act a.s groutth
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inhibiiors (40 ) " Besid"es tire elfoecied a.Iieration in chemi-

c¿.L rea.ctions l'¡hen seeds are hetd in coäo-iì;ions of '¡:artial

oxyteil deficienc.l', Steiniiz (4e¡ has reporbed an influence

oÍ' aÍ'ter'-ripenllrg etnos;chere uporl chromosome reprod.uction

a-nd. consecìueni cell d.ivision necessary f or '¿ernina.f ion.

'.fhese effects l^tere observed- in ba.rl-ey and- no re-port is

knol,rn lvhere ii'iis var'1abIe ira.s been stud-ied on dicotyledonous

seed s 
"

B1a.ck (4) ind-icated bi:at in é,r¡ena" fa-tua t'he l-oss of

rlo7r¡r'¡cw hv ov'\r.êyì po1-.1 nr, and- the OnSet Of SeCOi.Ld.af¡r d,Of-u vI !¡@ItvJ uJ vÀJ Éur: a.v w Lvt¿ t

nency by ana.erobiosis a,re correlaieC with changes ii: the

conient of an endogencu-s inkiJ--oiior, '¡hich bl-ocks the

accumul-aiion of SûÍ.;eT' and- j-is uiilt.za.Lion in ¿rowth" i'iay-

l-or end- Sinpson (37) reversed tile aciion of ihis inhi'oltor

i'lith g;ibbereiiic acid. treatinenb. Thus a bal-ance betlr¡een

ình-i iri i.o-r.v z'nõ ci-inr:'l ,:f n-nr¡ SUbSianCeS Seems iO be inVOl-VedJJ.lIl,i IJI t/\JI J o.,Lttl Þ L, IllrL{Ic:. U\,¿ J

1n t'rre conirol of gerrnination" ì..,areing and- Villiers (61)

sucported iliis vie-w e.nC. reporied, t'rp.N dornancy breaking

effects o-f cirilling on -!:re;xinus. excelsior seed are not corre-

lateÖ tibh any r'ed-uction in ihe inhibitor, but r^;iih the

àp'aeàîance cf .oronoters v¡hich cou-nteract its a.ctlon, LaCroix

ß7) reporied. ùir¿it in i'oI]¡Êçngm ,censylva.nicum ihere is D.rr

intricate 1;c;itern of intera.ction between g-ermina.iion inhibi-

ùor.s anct enbryo d-o¡me.ncy ¡-na.t C.eterinines 'bhe overe.ll Seed.

dorrnancy. i\iaylor and Chrisiie (36) a.nd l(ornrned.ha-] et a.f (i1)
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re.corted -tr¡ei ¿-qu.eou.S extra.cts of r¡ifd- o¿:is ¿ìT'e inhibi-

tory to seedl-iÍ8: ûroI,lth. I'rrowl-es and Za'lii< (29) 4ave

sllown -vha't ernbryo d-orma'nc¡' in seed-s of Viburnun irilobum

Iia-rsh is cai;.sed by one oc nore grol'rth lnhi-Oiting cherni-

cal_s and- the ¡-;rofr€ss of geri*lii:ation vrill continue to be

slug¿1ish until the Ínhi'oitor is le¿rched- a.wa.y or decorn-

posed. or. otherv¡ise inactivatecL" This norma"lly is a'

fu.nction of iine, ';enpera.iu.re, hunid-ityo and' ga'seous

excha.nges a.no- the tinae nay roe shoriened- b y seed, coa.t

scerifica.iion to l:errni't' Élnir¡r of t''ia'ter a'no the egress of

leach¿rie fron r¡iithin the lLroiective seed covering. l:ilton

et aL (25) reported tnaÙ extta.cts from resting Ån-elanchie-L

la.evis ',:,reig and- Sorbqs a.ucupa.fla L seed's reveÐ'l-ed the

})resence of u.nic,entified. growth lnhibitors |,.rhich v,Tere

presumec. to be pr.iura.r.y reasons for irrolonged seed dor-

naricy" :iheeler {63) showeo, 'v'¿P.E aqu.ecus exLra-ct frac-

tions froin seed.s of s v.Ee.r -oee t Yla.ve a groi'lth promoting

effi:ct v¡nen applied-, in sruall qu-a.ntities, a¡rc. r''¡i11 inhibit

groi'',rihuhenlargeamountsofextraci-sårea''o;olied"

i'iiya,¡notaeta'I(r?4)isolated'a'nd'cryste;ll1zeca:rinhlbifor

frorn the lYlr.eai seed coa-i l'''hich in concenirations of 50

ppminhibitecLY'eEernin¿iiionoív¡hea,ten.br5rg5"Anunber

of natLlra.ll-y occur.i'ing inhibitors nave been ldent if ied:

arnrnonia. I,irodLrced- by beet seeds, h;idrogen cya'nide from the

seed. co.cstiiueni amygdali:4, ethylene from ripe f ru'its'
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I

e Ssent 1¿LI oils, Ltnsaturated. lactones, couina.rln, perascor_
bic a.cid, phthalic.s etc. of these, unsa.üura-ted racioîres
aTe amoag the nosi active. The rltera.tu.re on gerilinaii-on
inhibitors has recentry been revieired by ìrverra.ri (zL)
and Toole et al (541 

"

certain seed-s ha.ve sjlecif ic ri¿:.hb requ.ireinents r,¡hich
in a.ll ;croba.birity ar.e linkec to chemical rea.ctions" r,risiì:le
light may inhibit or favour germlna.blon cf certain dcrmant

seed.s " i{inzel (zT) re,corted- tnaù oui of g6u species of
seeðs he studi-ecr, 672 were right siiliurated. e.no" z5a !^rere

inhlbited l¡y Ii¿-lirt" Seeds sucir a"s cor.n, bean a.nd el_over

gerli:na.te equally welr in 1iE,ht a.¡.rc, d-¿irkness. irlavez (35)

obiained evicj.eïlce that ligiit had. a stinula.iory effect on

the .orodu.ction of 8roirth subsiances" skoog and rhimenn
(l+5) concl-ud-ed tha.b light favours the formavion of groi,,rth

su-bsiances in =ola.nfs ano. darlcness favour iheir phJrsiologi-
car a-ctivity" Iia.hn t26) i:adicaied- that light sel.r.si biviiy
af fects h'ater u;ctake" jiorihrçick et al- (g) stud_ied the
aciion of light on le;tuce seed, gerinination a.nd found 1t
fo Ðe influ.enced. in e. reversible 'iìa,rner by re.dj.e..'ion in
'bhe red a.nd far red" 'rhe nain rnechanism involr¡ed" is the
rrow werl- esi;abtisheo lor¡ energy, r.eversible red/fa.r red_

nechanism (5u¡ in which ihe ,iignrent phytochrcne ,ce.rtic1-
p¿"tes" 'llhe subject of l-ight effects on dormancy has þeen

reviewed- in great d.etail by several auti:ors {3or53r5u) "
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iìailure oí seed- gerrrination ruay a-lso be o.ue to

ineia'oo1ic blocks to embryo Er.o,,^itir, oriÙinabing in the enbryo

itself or in iissue S erternal io the einbryo" In seed's of

most deciCLuous tree fruits tiiese meta'oolic changes occu'r

1n ihe m¿.j:yt e.t, tenpera.rures above freezirE, rangln¿: from

.O^ *a -rrOn I.|v r,u L) v \2Qr5t+r55). The indu.ction Or llelression of

enzyme activity or the conpetition of diffe::ent enzymes

for tire SÐ.ne substrate or coellzyne are a^mong the lmporta'nt

îac?ors govel'ning the olleraiion of leia.bolism. 'l-'he ne'baþo-

lic changes taking pia.ce d-u.ring ¿.fter'-ripening, therefore,

must bring a.ì¡out or be due io alter¿itions in r,ire levels of

the above iilentioned fa.ctors. Eckerson (20) r'eported- tne't

in several species of Craia.egus see{.s, àfl eârly clna'nge

:noied. v+as an increa"se in acid.ity, i¡n1ch '¡as co:'rel-ated- ruith

a grea.ter waber þotoing por,',:ero Ca.ia-Le'se a.nd perosif.ase

ze.l.iv'iir¡ increa,seC-. trrhetirer the acid-ity increase is of
vlvvàYlv¿

si-nific¿illce to Oor'ma1Lcy or is lterely correla.tive iS not

Itnol'rrr. L:reen (23) has Shown thai it rna.y }ea'c. to ihe libera-

tion of enzy-,ûes. The increase in ca.talase a.nd peroxidase

a.cLiviiy-. ou.rin6 after-rilrenin¿, rua.s al-so l'eiiorfeo írom

I'Ie miont s (22) worli ui i,h s e eas of Sor"irus M"
La.slieen and l:ilackhurstiS3) íound. i-'r.a.t Sia.rch d,ecz'eased i^rhile

Slr.cï.o5e and- r'educing S u¿:ez'S incz.easeo during after-ripeniTLg

Ðeríod- of blackberry. This carbohyf.rate transforn:a-iion
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i;ook i¡l-ace very slor¡Iy i'¡hen the seed-s v'Iere ef-cex-ripened-

e.i room temperacure, bu.t '¡¡as ¡rea-'r,l¡r a"cceLera-ted- e"t

1or,,,; ternijertture. The enzymat-ic activii;y of ú.e-nl'- f u^y-

lase responsible íor siarch breakC.oi¡n a.Iso sliol'¡ed- the

sane treno" Srivastava end- i\iered-ith (4ó) suå8e-qted- inet

gib'r,.e::ellic acid- trea,tnent ira.d. no effect on 'Ûhe levels of

a.n:yla.se, ascorbic a.cicr and glutathione, bu-t increased-

proc.uciion of arnyla-se" Ìùa¡r1er ano Sfunpson (37) reported'

Lrla.t naiura! innibiiors oÍ gerninabion in +{l¡eâa fatua'-

involved" restrictio.n of both accuinula.iion a^nd u'Úi-iizabion

of su.Eå.r in gr.ottth. In a. subsequ.ent Þ.e.lrer they (44) corÌ-

clud-ed t'.tà-v gib'oerell-1c ac1d. couid oVercone NneSe ne ta-

r¡ol1c -b'l ocks by ind.ucin( the S)'ntLiesis of na.l-ua-Se or in

soae l,,jay ectivatin¿-' tire lirefortled enz¡tt11ç. rile in (28)

reporteö- an inclease in solu'oIe nitrogen only in those

let'cuce seed.s t¿,;i:iich gernina-ted. e:rd not in ihose t'lliich

renia.ineO d-orn¿:rit. é.fsO tne content of a.rnino a.cids i.ncreaSed'

-nlzr ier"rili'ne.i,'ìo'r'r l"'cnl,or--q -"^t' r ;-'1^ì-,t¡hich rromote. Je(v ÞL{UII ¿r-È IIETIU

l-ei'¡u.ce Seed. gernina-iion d-ecr"easeo iile 1::rotein/soluble

nitrogen ratio lvhil-e inhibitors su.ch a-s coumarin preveirted"

changes in this r.e.|io" äerich (2t+) reported- q.u.ali.bative

e.nd- clu,a-Lriiative ciranges in anino a.cid conteni l'.Ihen Seed-S

ì,'iere treated. irith gibberellic eicio.. fn soybeans, a rise

in uroteâse activity in co'Û¡'ledo:ls in the early sre'3-es of

ger:rinaiion has been reported by Taza:tta a.ttö, l,iroka.wa {50¡"
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A. o-ecr.ea.Se in I i1lid" zna e. simu.Ita.neou-S increaSe in Su'gars

'',,ias relrorteCI- by Eckerson (20)" ft, hoitever, is not clea'r

if ihe lipid is convertec. to sr.rge.rs via the glyoxylafe

cycl-e in i'ne a-fter-ripening seeds, âS iias been íound in

ô.âFTì'r¡i ir.,rc' nns j:nr 'np::ir errriOspefm (l-2) ,
¿1ÇI -r¡J.l.f?- u ¿JlÉ vo.u vvr

olney ¿rnd Pol-l-ock (38) ha.ve shorr¡n iirat during after-

rilrening a-t 5oC, iota.l nitrogen and phosphorus increased

¿..nd. ltere transloca.ted. from bhe storage orgaÏL to ihe poten-

tie.II¡' groi^ting orge.ns of the cherr'y Seed. 'Ii1e translocation

of phosphates, if] exceSs oÍ' ¿r'oritth requir.eaients, l,'laS found'

i;o be esllecially irnportant a.nd ihis e.ccumulaiion increa'sed

Itiih afi;er-r'ipenlng tirne" the a.ccunulai;ion of phoSpha'ire

anrnn.rrrilrls 'ìn e.,nhr"voni c o:rpe-ns aff er-ri;oened- at 50C skiov¡eC.vvr!t/ve.*u

a- pa.i;üeri1 cons:istenf with the noveneni of inorganic phos-

phate and- ïtucleotid.es into more Sia.'ole *crotoplasmic com-

;courrds such aS nucleic a.cids. fn seeO-s kept at 25o|r a3.rd

not progressing Ùov;ards gernina.-bion, the de-ca SugSeSted- a

breakd.or'¡n of compoullqg of .Ûi-ris ty;c.e a.rld. accurnul-a.ùion of

inorSa.nic phosphate. The sâme r,"rorkers (+2) suELested- ti:at

one of tne e.fL€j:-rilreni¡g effects .r¡hich {il'onoied- termina-

tiOn of dcrrnancy vias Ð.n incr'ease in phospha.ie âcce,otoÍS

tc neiniâin or incz'ease the closeness of coupling betv;een

ï'esllii.eiion a.nd. synÙnesis. 1-hey fr-rriì:er opined Lnat C.or-

'rrì-ric.\¡ 
,nic,"¡t r.eSuIt f rOn a. -Olock in ihe Sj¡Sten oí elLergy

r¡¡c¿vÚ

netabo]is¡0. Pollock (41) o'bta.ined sinilar resulÙs in leaf



t2

primordia of na.cle buds"

The d.ata. sriol.ling ùhe cira,nges in ler¡e1s of coenzy!ßes

in afier-ripening seed., r,;nich al_so play a.n icaporiant role
in conûrolling ihe rnode and speed. of letabol_isn is very
sezz¡ì:v The S I rr"niî't e.A-nee of ihc nìnâr,ropq iz-l nñêyìv\rmêÞv4¿vijr o !r¡v L rõrrÁr ¿vq¡rv9 vr v¡¡v v¡¿LrrrÉuË ¿Ir vvErf¿Jltu

levels, iroi,'rsvs¡, has been siu.oied_ in gerninating seedl_ings

a.nd- various other ¡;1ant organs. yamamoto (64) re,oorted_ tnat
the t^a>io of endogenous i,läD-r-r,i;+.DH ùo l,tÀDP+i'l/rl)¡'Fi l_evels was

a r¿.te liiniting factor f or tlie rrietabolism of r¡a.rious plant

tissu.es. fn iire coij¡ledons cf Vigna sesqu.irredal_is, d-uring

germinaticn, nost of i,l,A'D ua.s preseni in the o;ridised. form

and- lil¿ÐP in ihe reduced forrn, i{e conc}ud-ed- ihat the irirDP+

i'li'LrPilÁ'r¡lD+lrltDFi ouotient is low in siorage orgens (coiyled-ons

a.nd e:nd-ospern) and- high in grcl.ring pe.rbso Br.oinln (10)

a.lso reporteo- ihai in ihe seeds of Pisun sa.tivum i, o-uri.ng

the last i:hase oí ger.nine.tlon (after- 40 hr)¡ leading to

the energ-ence of rad.icle, i"lril,P+i:;iDPä/riAÐ+il-jrDli ra¡io incz"ea.sed-

while ,{i,iP, .{DP and ÄTP con|e.n'ûs decreased.

Siuoies on the neehanism o:' res,oiretion nave sholrnr

that 1n seeds, 3.s in other oy'gans, gl¡'coly-sis, ihe TCÀ

cycle and. tne.,:entose,ohosphate c¡'cle a.ll- Seem io be operat-

inf¿ (30) " However, ri:ese pa.thwa.ys do not seen to be equatly

im,oorian'b e.t all- siages. Pi"ior to seed gerninaiion the d.ir-

ect oxicta.tion of glucose phosphate ha.s been shown to ire the

ínajor oxidative 1-afhltay e.nd. its relative imporfance d.ecreased-



t3

Ã,rr+'i-n¡. '-nnt.;{-1¡ c- ã Äar¡a'r ^- ñênt of ihe seedl inc-'- .=ir/inâ'uu¡ r¡¡ó ¡¿ vrr v!¿ c\I¡V qg vç¿vlrtt¡çflU v¡ Urlç ÈçCusrrr¿-, Cì* | LlLó

xrÐ.y to glycolysis ¿:nd the iìC:t cycle (13). Glycolysis

and" f ernentetion r,,ias l:e:oorted. (39) in rrea coiyled.ons

d.ue to the existence of 'aÐ.rtia.l ana.erobic cond-iiions in

ihis or'g-'an" Erad.beer and Colnr.zn (9) repolrieC. tha.t iiCA

cr¡cìe ae..i;ìvitv d'iô not seern to be critica.l_ in ihe e-fter-

ripening of CorLlus a.vell¿r.na seed-s" IIovtever, the resulËs

i,,¡ith acetate-}-CI+ indice.ted tnat ì;he actlve synùiresis

of e-spartate and, glu.tamete via tne .IC;t e¡rs1e ila.y be a

necessary ç;art of bhe ijrogress of afier-:'ipening" Beevers

and. Gibbs (3) examined- va.rious ;ola.ni rna"terials a"n.d in a

great nany of the¡n showed ciear evidence fo:: the partlci-
'r''-,'l- i n-n nf ì-ì¡a I ii qêñrrên^ê -f-n î-êriê-/âl:l ^ldef a.e:.iaI OaftSÍr,r-vLvLt vL v:¡u ¿¿ uçYqç¡¿vuo +rf ðçr¿gÅs¡ v

snowed an increased iraffic of glu.cose tirrough the PP

sequence; ineristema.tic tissues v,rere the only orres u¡here

glur.cose breakdolvn r¡as ¡redomi:aa.niI¡r by the Ei'iP sequenceo

The functlonal iiuporta.nce of these alternate patht^la.ys

in respiraiion, so far, is o*u.ite obscure.



}1ATERI¡iLS ..lfi-D ]'ETäODS

Seed- of sour cherry, Frvnus ceras'.ls L" of the fanily

iìosaceae v'ras o'otained- from ihe l-962, British Columbia.

coroilercial crop. The material- l',¡aS dried and. stored" a.t

6oc rhe sâ-rne lot of seed- was used in al-l the e>11:eri-
) vo ¡!Åv

nents re;oorted. 'Ihe Soul" cLie'rry fru-it coniains a Single

seed_ enclosed by a ihin seed. coat a.nd a hard endocarp

-"4-l mn ihick. The enbryo is composed of a very large pai-t

of cot¡rJed-ons and a- snp."Il we]l d-eveloped embr=yonic axiS"

The v¡eighi; ratlo of cotyledons to enbryonic axis is approxi-

ma-te]y I00:]. .!he portion reíerreci to as einbryonic axis

includeS root ltrirnorcLiul-n, hyi:ocoi¡rl- a.nd s¡toot ¿-.oe¡,

@

Enbryos ¡¡íere isolaied., at vu-eekly intervals, from

seeOs af¡er-ripening a.t loÇ in a noist, sand-peat nixture

(1:t). These em.Oryos rfere sei:a.¡3-¡u¿ into ea'oryonic exes

nr,ã nol-.r¡l e dorrs v;Ìrlch h'ere u-sed. for respita.tion stitd-ies.u'¡ru vv vtÌ +vev¿f v

Dupllcate lots of ?.5 em-oryonic a.xes ¿.nd l0 cotyledons were

used. 1n each experiment, Oxygen u.ptake at 25oC vtas used

as a neasl¿re of resìoi::ation a-nd v¡as determined by a itiarbu.rg

respirometer. ll'he use of the a;oi:aratus is ba.sed on the

princit::Ie tiiai al constant iemper-a|u.re ald constant gas

vol_urne eny cha:iges in the a.mouni of a E5as ca.n be ieeasured"

by cha,:rges in its pressure" The procef'ure a,nC" ihe d"eiails

for oxygeïi Lrptake calculations r¡íere ta.ken from Umbreit

r Ir.LA
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et al (56) " 'i'he ¡i5sy.s lves incu.ba.ted in I ml of poùa-sslurn

plrosphate bu.ffer¡ Þi'i 5"5" Carbon cl.io.-'.id-e i'ua.s absorJ:ed in

0.2m]ZAix,potassiumhl,'droxideintheceniralwellofthe

*arburg flask.

Carbon d-ioxid,e deterrainations -,/^iere carcied oui by the

.caired flask neihod. of Dixon (tB). The re s;oiratory ctruotienÙ

(li"Q,") of the tissue ruas calcul€,,ied a.s a. raiio of carbon

dioxld.e evolved io oxirgen consumed.. These data gaYe a

roi,igh ind.ication of the substrate respired-"

DFjT.lilitrI_i\tATIOI'[ OF P]+iiÎICJrrATiOj,[_-0!:PENÏOqE ?t'ios3HÀtrå (PP)

PJ:,TH|,¡AY AI\]J E}.fP PÀTHi{Ag

To deter.miyre PF andt EI'IF 12e,thvay ccnirlbutions, the

C6/CA ratlo u:as determined., bo'bh in enbryonic axes and-

cobyledons , àt weekly intervals of the e"fLer-ripening

period-. The seeds being a.fier-ripened- v'Íere washed. lçith

rururir:g viater, their end-ocarp amd seed coets l"iere reinoveÖ,

a,nd-embr¡,onicaxesse.cel'atedfroncoLyled-ons"Thesepe'ra-r'ed-

tissues ,/rere stored in i,'¡aÙer 1:rior io the initiatlon of the

erçerinent" All d-eterrninations Were rnade in O-uirlicate'

The generel proced"u.re l'IaS the Same eì.S lndicated for resliira-

tlon si;uciies except tkrat J unoles (0"L uc) g1u-cose-i-C14

or glucose-ó-C14 tías ad,d-ed. io the incubation mixtureo

COL],ECTIO i'l Ot" ll¡lDI OjtCTIVli- 
-CtiR 

EQiiI DIOXf DE

Potass iu.m hi'o.roxid.e conf'aj-'ni-ng Y¿'a-ioactive carbort
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dioxid-e was renoved, from the center well at lrTtl+ a]ld' I hr

a.f'cec l-ne start of' the e ,':.oer'iment. The a-osorl:ed" carbon

d-ioxid-e was colrverted to bariun carbonate bl' tlie roethoö'

ciescri-oed. by Steele and" Sfortuina.to {L+7} rthich in brief

consisis oI 'tyÐ:nsi'erring potassluut hycroxid-e to a 15 rc1

ce:rtriÍ'uge tuþe contalning I ml of a lOld barium chlorioe

e.nd lf a.r¡monium chl-orioe solutiort" The center t'¡elI vuas

washed. t-vrlice with carþon d-io:ricl-e free v;aier and' the v¡ash

added io the total sol'urtion in ine centrifuge iu.þe"

Tne ba.rium carbonaie preclpitaie was sed-imenteö by

iow speed. centrifugation. e,t approxlnately I500 rpm for

tr,,¡o minuies a.nd- the su.pernaiani disca.rded" The ¡''recipi-

tate i,uas resuspend-ed in carþon dioxide free water, plated.

on neighed. micro*ooroüS porcelain discs a.nd dried. for ]¿ hrs

e.i l_0OoC" ,I.he sanples r,\ere re¡,ieiÊihed a"nd- 'bhe ra.d,ioa,ctlvity

d"eler¡nined- b¡' 'à coniinuous gi,-s f low Lreiger Countez"' Counts

ll,rer'Ê corrected- for background and- self absorption.

Ð(1-;LIC'I'IOI'í 0.F'II SS!E+

'I'he ine-terla.l used for C6/CL ratio d.eierminal,ions, I'Ia's

¡emove6 at the encl of i;he ellperiroenu e"nd. r,çashed v¡iih l';a'ter

io rerûove adsorbeO label-led g:Iu.cose. The tissLiç WâS then

killed. b), ihe ad.C.ltion of 20 m] of boiling 807å etha'nol"

QllnnassirreexLrecvionsoíthetissu'evlerenadeonasteamugvvvv

bath i,riùh 2C ml 80;ã eiþanol , 20 nl 40;'" sihanol e-no 2Q mI of
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l,rater ícllolred- by an ad.d-iiional 20 nl 80;; ei;i:anol. 'rhe

tissue r"enaining a.fter these exire.ctions constltuted' tne

el cohol- insoluble resid-u-e"

The conbined. al-cohol- extre.cts 1,'ieI'e evaporatect to

dr"vnêss rrnôer red-uced pressure at 4ooC. The residue v;a's
v¡J¡¡vvp

taken up in 20 ml vuater and- ex'bracteo r';iih an eoua'l volume

of ethy] ether" fhe eiher phase coniained- the llpid- îrac-

iion and_ the v¡ater phase tne amino acic-, organic acio and-

sugar 'lre.ctions. '!nese v¡aier soJuble comporrenrs $Iere

-lractionatedbyineansofion-erc}lÐ-11gereslns"

P;IEPAäÉ',rIÜi'{ gF I0Ì\i,tctilii$G$ co],.u}l$s

Dowex 50-XB (iI+) ca.tion erche,nge resin (200-400 ¡neshi

l^;as placed- in a beaker and- suspend-ed in three times its

volume of waier" The suspension v¡a.s a]lowed to stand- u'ntil

the rnajority of the resin beads ]naÕ- settled; 'bhe upper

liqu.ic1 con'baining the fine resin .carticles a31d- floating

iror¡riz.i l.l es l¡as deea.n1;ed. ThlS step v'las repea-ted- ti'ree to
IUI i!; u¿

four tines or until no fine 1:articles were observed" in

ihe d.ecanted- !-ic1u1d-. 'Ihe resin lvas tnen Su-Spend-ed in

ii'¡ice iis volune of 2 iii hyd-rochloric acid' This sLlspenslon

r^;a.S heated- to logoç l,;ith col:'r,inuous stirring to prerrent

buro,oing, and then a.llov¡ed to cool for= one hour. The resin

.r.^ias aI-towed to setile e,nd. the yellow superna'tani liquid'

d-ecaniecì.. this proceo-ure v¡Ð.s regeated' un'til- 'uhe su'cernaiant
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Ìvas clear. the resin i^ias then poured irrto the column a.nd

el-u.ted. l"¡ith tvrice its volume of 2i'l hyorochl-oric acid. The

resin lvas then l'Íe.sheÖ r,¡ith d-iscilled. wa.ier untll- ihe

effluent was neutral- in reaction.

Dor,¡ex 1-,ç-0 (CI-) anion excha"nge resin (200-400 mesh)

was pu.rified- in the same aallíLer in.dicateo for cation

excha.nge resin. IÈ wa.s inen poureC. into a glass column l

cm in diameter' and" converted to the for;late forn by eluû-
!, ^iirg lrith 40 nl of 11,1 soC.ium forma.te lcer j m1 resin, 'llhe

conversion ls comnlete r',rherl the efflu.ent does not form a

;or"ecipita.ie v¡iih silver nitc'ate solution" To remove rrthrowrr

ihe ¡-'esin in¡as oou.r'ei into a i:ea.icer, suspended in 2N fornic
acio ¿',nd- heated io 6O-?OoC, On cocling tire sulrernz:.tant was

elL¿ted" l^¡ith 10 rnl of 0,J i',t forrnic acld per 5 nl resin a.nd

then irashed until- the efflueni water r¡¡as neu.tral.

Glass cclumns l- cn in internal oianeier l'rere u.sed to

receive the pur'ified resin. ¿r srsall- piece of glass tt'ool

I,'ras co'¡ered- by a l cm layer of fine ¿lIa.ss bead.s" The resln

t,r¡as tra.nsferred to the column a.s a ihick slurry via a 10 mI

r,'olul:etric pipe|te with ihe tip removed" It r,i¡Ð.S OâCked. lvith

sl i o ìrt zi r. ::r.essn7ìF r¡ri l:h aZTe beine ialCen tO maintp.invv 4¿¿Þ

licluia at alt times a-þove rhe resin" ì,;hen ihe resin reached-

the c,esireo deprh, the air pressure was ¡'emoved and- gla.ss

beaos l crn d-eep i¡iere placed on top of the resln.
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I'tii,CTIOi\iÀ?IOli Oc :'IÅTER SOLIJBI,E COI{FOI;IEI\ÎS

The wa.ter solu-ble exçracrs r,"rer€ pa.ssed- thror-rgh a óxl

cm col-umn of Dor$ex 50-X8 (¡l*) ano Dor.n¡ex 1-X10 (fornaÙe),

the col-umn effluent (neutra.l fra.ction) contained. nainly

su.gars and. is her.e-after c¿illed ¡he Sug.a.r fraction" The

a¡nino acid- fraction v¡as eluteO frorn the ca.tion exchange

resln i,,:ith 50 rnl Li'l- ammonium hydroliide¡ !'rhereas the frac-

i;ion conposedr nainly of organic aciC,s ríag elu.ted- from

ine aniop resin i¡,rith 40 nL 4Id ío¡rnic acid. followed by

ZO inl B l',1 -forir:ic acid.

'I'he ¡adioaciiviiy of each fraction was rneasu.red on

e- Iiciuid scintillation counber bJ' oissolr¡ing -ã n} of the

rad.ioactive fraci.ion in 5 ¡nl of d.loxane sclntill-¿ltion

1ic1u.1d- prepa.red as follot'¡s:

Dioxa.ne eooooooooô oooooocooÞoôoôô@ô 833 ml
Eùh¡rfsTis glycol nonomethyl ether

(äei:hy1-cê1losori¡e).,.. ". o o o o o o åo o ooso 166 wI
Naphthalen€" o" oô oþô oo oôoo o oo o oqooeGoô oo . 50 g/,titer
z;5 rsipnenyloxazole (PPO)..,.ôoo óê oé ooô . 4 g/lj.ier
1:4-¡i s ( 2-( 5-phenyl ) oxazof )'l

(PcPoP)...,ô 6oo â c ô o o o6a ô ôo c ôo o o o êo oo e o 100 n'/liter

Àfier deterrnina.iion of ioÙa1 radioaciivity, the

sugar fraciion v;as red-uced to approximately * aI; spotted

on ilhatma:n iil- paper and- Se.ilers¿ted by oescending chro¡nato-

graphy using ethyl acetate, acetic ecicl p.nd wa.ter (6:Zz4) 
"

Eac,ioactlve area.S túere deternined- by exposing a. Strip of

ihe chr"oina|og1.aa to Kod-ak (l'[o Screen) X-ray safety film

f oy a peri oo of tvro and- one VLe.Lf nonths " 'Ihe Ti-ray filn

l^tv
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I,\raS Separaied fron bhe cþrornaiogra.n lJaper e-nd ¡;rocesSed'

Lising r'?ioc-a.k Ð 11il o-eveloper end. trEd-v¡a1 .lapicl" fixa.tive.

the raciloactir¡e spots i¡a"rked on ihe ehl:'o¡na.toSram

pepeilr,.tere reinovecl and. ra.d.ica.ctir¡e su.ga.rs extra.cted -oy

rnrashing then in irot -r,;ater" rlhe relative rac.ioa'ctir¡iiÍ of

ind-i.¡idua.l- suga.rs lta.s determinea by dissolving a -¿ nl a-lio'uot

in d.ioxane-na.pbtiialene sol-vent and. counting bJ' the }iquid'

sc int ill-a-tion meihod" o

'Ihe anirro acid-s and- organic a'cid-s v"ere se'L'a-râted by

pr.per cþ"roíilz.tography using n-bu'ta'aol, ¿'ceiic a'cid- and"

vriater (tzt3til Eis ihe solveni. The rad:-oacti¡¡it]' of the

ind-ividual acios v,las c-etermined- in a menner simil-a-r to the

one described f'or su-E,arsa

r Jr-

COIII,3USTIOT'I OF' C-- fut-BËLLED J\ÌAIEB'IAI,

Tire a.lcohol ii:soluble íra.ction wa-s conbusted to carbon

c.ioxide , trapped- as barium carbonate and. âssalred for rad-io-

a.ctivity. Com-irusllon r,vas by the reaglent of vãnslyke a"nd-

¡,olch (5?) in 'b].le apaa-ratus of siu.tz arrÖ Burris (49). fn

the 1:rocedure 5 ml of the a.cio mi;.;Nu-re (equal pa'rts by

vol-u_rne of concentrated- sulphurls ,ä.nd phosphoric aclc. con-

taining l"5ib vt/v pote.ssiu.m iod.e.te) was ad'ded to 1-2:ng of

tissue in i;he presence of 5A mg of ory rea.gent (potassium

iooaie enC- pota.ssium d-ichrorne'te, 2t! vt/w) ' The mixfure

wasnea.ted'!nd.niirogena,imosl:her-ea,nd-theevo].r¡ed.ca,rbon
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ctloxid.e ccllecteO in 0.25 N pa.riun ni'dro:;iCe. The bariun

car-Dona.be preci.iitaÙe VüeS pla'Led a.nd counted in ¡he rcanner

-¡rcrri ou s'ì v ì rrd.icated-" I¡or Oeiermin-aÙions -Oy the licluid-

sclntilla"tion neihoci, ihe evolvea ca.r-Oon dioriC.e vras i;ra;oped

in 5 ¡nI ethanola"rnine and- ethylene SIJ'coI roonorqethyl eiher

(l-zz) and- raciioa.cti'¡it}' cou-nted in tolu-ene solvent prepared'

?¡r¡ ni vi-¡.- rh a i'nr 'l nr^ri rr. i ¡ One ]_1tef Of iOIUene :uJ Ll!J--Á-L.L!é U!!s : v-Lr\rvr Jllé rrr

225 atphenyloxazoJe (PPO) "",6ooroooeôôo6o 4 8m
1:4 bis (z-(5opnenyl-)oxazol¡'1)

o o ô 6 c "..50 ag

I'IICCT]i{A1,IIDE-ADEI'IIi.,IE DItùUCL,-iiOIIDE Pi{OSPIürr.'iE (}jAJP) E;"F'ECT
Oirl C-liOllTlI

The I1-..üP Solutions e.1: conceniraiions of 0"J mir', 1.0 uiri,

l,J ml'l and 2,5 ryY! Ìrere vacuua in'fil-irated into 11 i^¡eek after-

ri;oened, einbryos" The etnbryos servi-lt as control I'Tere

1nf il-trated lvith water. The treateO, einbr"yoS i'rere ;olaced- on

utoist f ilter pa;oer in autocla'ved l-retri o"isi,es and kept at

room "bem;cera.iure for seven da;r.q, afier ',';hicir the tota,]
c-rar"r+'1l nf irz'{1¡.1¡'y fOOtS afrd hypOCOtyl WaS r,:easUf,ed""õ¿ viu vtr vr !¡ ¡!¡¡er J ¡ vv vu ?r¡v

QUiiir-TI TATI yH DETrfiil'iI itÀTIOi\l S O ¡:,JU GAHS

Tota.I sut¿.rs riiere estimated. by the pkrenol netirod" of

Dubois e't a! (19)" The nethocl- thou-gh non-specif ic is

extreniely sensiiive and ca.n be used- uo d-etermlne quantitatively

a.s tiiile e.s l- ut suga.r in a vol-ume of ihree m}*

sar¡pl-es of 500 mg of cotyl-ed,ons a.nd 30 mg oí embryonic
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axes i,'iere C.ried for l-6 hrs at 80oC a:nd- u.seC. for sutar o.eter-

n:inatiorts. 'l'he hyarolysis was ca.rr.ied. out by bci11n.g ihe

iissu.e for 16 hrs trr J',b nitric acid- (30 nI acid. per IOO ing

:;^^"^\ "å sha nnm-nìaiin¡ Of Jf-¿Ci fnlVSic flna nii-r,ìr, A.Ciet-l,¿ùÞt(çi, o -qru UIig Lr\JUrlvJ-C t/-LLrlI *J --Þ, UIJ,C -!r-LU¿ ¿L/

wa-s neutra.lized ;¡ith barium carbona.te anö- f he solu.tion

eva.pore.ted- to d.ryness. Suga-;'s 'viere re-ke1L u.p in absolute

al-cohol e-nd- b}:e bariu.m nitre.ie renoved. by filtratlon.

The filtra-te vle.s taken to dryness a.nd. the suga.rs red.issol-ved

in i,'rater" llhree nl- of'this solutj.on e.nd- 0.12 ml- of 80;ó

phenol nere placeo- in a tesi tube i J rt1- oí concentreted, sul-

,chu.ric acio was raçiC.I¡r ¿¿6"d and- the Lube contents thoroughly

inixed-" *lfier cooling the optical- deirsity vias o.eternrined a.t

490 mu a"nd ioLa.l sugars câl-cula.ied-. 'Ihe r'ea.ction followed

Seerts la,.w in ihe conceni;raiion rarrte of 1-IE0 ug sugar"

,¿Ulir('Iï TÀTIVË DË1r:¡iì:iïi'rÀillOiiiS O¡ LIF.IDS

Deternina-tions of total lipid-s ir'rere carried ouf on

both cotyled-ons and- enbryonic axes" The cot¡-Iedolts rrere

ground. a.nd a ttso gra.m sa.m,cle err,racted. for four hou.rs v¡ith

skellysolve E (n-hexane) in a Soxhlet e-pj)Ð.ratus" The sol-

vent v,rÐ.s thefl :.'¡¿.rtia.lly evapore.ted" unC.er va.cu.um a.t ZQoC

a.nö- iùs le-st tr¿.ces reuoved- by heating for I hr aE 1OO-1Oso}"

Cn cooling the ','leight of iire lipid tlas determined-"

Saroples of enbryonic âxes, 2AA-250 mg useo for such

extractions l/Jere not pìrounc1 because of iheir sna}l sizeu
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This proceO-ur.e vras founC. io be Superior to inai of Bligh

ano Dyer (5) in that 2O-25i1, higher ]'iel-ds were obia.ined."

TU.TTY /"CID DCTEIïiI i{À'IjLO\S-

i'atty aclds were de|erioinec, accordlng to the .:r'oced-ure

of C4aig ând i':u.rty (I5)" A sanple of 50 mg oil -inias dissoived.

in five rn} skellysolve ]i' (petrol-eun etl:.er b.-o"30-60oC) a-nd-

refl-uxed. for 20 rainuies r'¡ith 5 ml of 0"02 i'l sod-iu'm nethoxide"

.*fier ccoling to room temperaiure, 0"5 n} of 0.2 i\- glacial

a.cetic acid- was ad.d.ed to lnactivate tne cer,zilyst a'-nð- Lh.e

Sol\¡ent r¡as taken i;o dryness. The ¡sgio-¿s T^iaS iierou-g?r]}i

d-issol-ved- in a 10 ml ¡iixture of eq.uâ1 quantities of lt'aier

and skellysolve !-o The ether iayer l,tas Separa.ted- a'nd. traces

of i,¡ater ¡'emor¡ed by a.iO"ing I Sranl of a.nhyd-rcus :aaâ-fresium

sulphate. Af'ter tv'lo hours tire su;rernaterri i,,Ias d-ecanted- and-

i;he Solveni removed. -oy erra-po-caijo¡¡ and- I hour of 6rying at

/,no r-

Jì'e.tty acid- es.ters i'iere se1:ara.ted- on en Àerograph

GaS Chroinatograph .na.vr-n¿ a. ihernal conductivity oefector"

A cojiper column 4; fcot x i; inch was pa.cked.'¡ith 4O-óO nesh

firebricN coated v;ith bui;aned-io1-Ir4-su.ccinate (,1+/l v¡/w) .

In tire analysis the column, injector and detecior teropera-

tures i'iere ke.ot a.t 196o, 21Oo and 23OoC resiie ctively and

neliuin flov'¡ raie et lCO n},/ninute" The qua'ntit¿'tion oí the

reccrr.i.ed- peaks itas obiainea by area neaÊU.remenls u-sing a'

d.isc cltar-u i:ntegraior"
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Ernbryo aorma.ncy, rrhich ls preva.l-ent in seed.s of Pllr4us

ceraFus, th.e cii.osen e:.-perirqe.nial naie:.1ai , can be overcome

by l-6 r,¡eeks of after-rlpening treatnent" In tiiis stu.C,y,

netabol-ic cha.nges occur.i:ing during ¿,Í'ter-ripening treatnent

ilere foll-oned.. Cha.nges in pattern of res,c ira.Licn rates and_

in '.-¿.thways oi' glucose breakd-ou;n rÂrerie studied" The incor-
pore.ïion of Ia.belled glucose into the al-coho] solu.cle fraction

re-l-a¡ive io ihe insol-uble resld.ue irä.s d.eternined " 'lhe effecrls

of iÍriDF on grov;th and on the pathtvay of o:cliation were

stud.i-^d." 'Ihe quantita.tive and qual-itative cha.nges in }l.cid

and" su.gar levels were al-so exanined-"

E-I'IBIiYO VIJIE!-I'TY TESTS

Seeds i\ere ùested- for r¡iabllity io establ-ish iheir

s ultabiliiy as er'r. experi-ine:ai¿'"1 nat erial . vJLrÐ.drup} icate loi s ,

each of 25 seed.s rdere used- for ihis tesi. Àfter removing the

end"ocarp a.nd seed" coat ùhe enbryos v,Iere placed in sterlle

petri dishes and incubated- at roon temperature for seven

Ca.ys. So,'ne enbryos sÌ:ov¡ed- elo:lgaiion oí the hy-oocoiyl, cut

in rnost activity wa.s erhibited, as a greening e.nd spread-ing

a.pa.rt of tire cotyled.ons" idon-.¡ia.ble e,tbryos d-iscolou-red.

ni- ñ po..prrod nr rrrinp' this i;ime -ihp o-trser-rred sl uesish c-rOv¡thv: uuv-+J uq va¡ Ä,rrt:, v¡¡4p o :r:v vvpv¿ v.t:Þ*

indica.ted- enbryo dorna.nc¡r ln ihe Frunus ce_råjillq seed.s" The

verv hioh viahi l'ì iv of Q2',À ¡+^Ã *"^t the natef ial cou.Id.. -*¿ /a!' ÞLt;<EgÞt/CU VLLê'

be nsed îor a.fr,er-ri=oenlng stuoies ('Ia'ole 1),
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TABLE l. Viability test
9erêEllq "

of dormant seeds of Prunus

Sample
Nrrnber

llypocotyl Cotyledonary
elongation greening

Cotyledonary
spreading Total

1

2

)
I

Ifean

lL̂¿,

¿+

a1

20

J-O

68

4B

48

to

5o

_LO

2A

3z

26

9)

92

tìR

9)
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E¡'j¡ijCT Oi+ ÀFTEjï-RIFXI{Ii{G Oi\i .1¡l1É C'EritrlIüjl:ifOi\l Oir SEEDS

Seeos r{ere a.fter-ri,cened- a.i loc Ln a. nnoist sand-peat

nixture (]:I) and. the ¿ernina.tio:a re suiis record"ed.. Dupli-

cate lois of 5O e,n'oryos rsol-ated" fron Nhe after-rlpeneÖ

seed"s vlere placed- on moisi filter peper aE room tenpera-tu-r'eo

Em-oryos v;hicn d,id not f orn seed.l-ings if ithin seven dAyS lvere

corrsid.ereC. as -OeinA d-orirra"ni. ås shown in rable 2 ihe

¿ernineiion percenta.ges were ¡¡trY }ow i.uring the initial

six weeks of after-r'i¡'ening. '1'he number of seed"lings o-Ctained

írom the seven io :aine I"reek ¿.fier-ripened. naierial was co1L-

sidera-ol-e, though tne actua.l ¿:roi,^;th o'cserved i'{as s}iShtly

s]u.g;gish" The pa'bÙern of 6er:nination in the 10 io L6 week

aftec-ripened ila.terial r¡;a.s cui'be similar lnC.ica"ting alnaL the

opiimun length of a.fcer-r'ipe:ning had been reached- at aprlrox-

lnately I0 lleeks"

In a separate ez;perinent, d-u.piica.te lots of 50 seeÕs

r,r,ere placed in nois| soil a.t room tempera.tu-re and, ihe per-

ceni gernination calcu.lated- from ühe emerged- seed-Iings"

The seed.s which did noi form seed.lings n'ithln three r¡¡eeks

ï/rere consid-ere d. a,s d.ornrantn Jls shcvne 1n iable 2 no seed,lings

r,,iej:e oþiained- fs'on the ta.ie;'ial after'-ripened up to eight

v;eeks. 'l-'he rîaximu.rq percent ¿ermilta-Ûion oi¡tained -o¡r tliis

¡esi was f ar iess than rhe iC-enticaf iests conducted" on

isoleied en-Dr¡ros; ihe a.ciua.! val-ues being 32i!' and 837å tes-
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ÎABLE 2. GrowLh condition and
after-ripening seeds

percent germi-nation of
of Prunus cerasus.

After-
ripening
(weeks)

Ðnbryos on moist
fil-ter ,Daþer

Percent Condition
germin- of growbh
ation

Seeds in moist
soil

Percent Condition
gennin- of growbh
ation

0to3
4

)
o

Õt

I

-LU

Lt-

L2

l?

1t,

t6

t-o

sluggi-sh
tl

il

tl

tl

lt

normal

ll

lt

lt

ll

ql rrooi qh

normal
|l

tl

It

I

n

tl

ll

,+

IO

t$
59

61+

68

76
112
l)

79

82

77

ó)

6

20

18

IO

28

26

28

3z
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1'rêrìïir¡e'lv Tlj is collsid"ered, tnat ihe seed. coat a;nö hard

end,ocar:o, irr Sone i,,lay, are restrictinE ihe groi''rih of the

no11-d-ornant emb::yos l^ihich account fo¡ rela-tir¡ely lolv per-

cent gerrnlnatlon observec" in the seed.s'

r.¿U¿1ü1l'i'iilljÆ uE'IEllI'iIÌ'Þ'LI0l,iS O¡' IOt'¿l'L S-uGERS

Embryonic lx-es ã.nd. cotyleC"ons, isolated from 0, 7, 11

and. 16 week after-ripened. seed.s, were hyC.ro1ysed. r,'¡ith nitrlc

acj,d anci total su-€;ars d-eternined- ('la¡te 3)" The results

inciicated ihat in ernbryonic aXeS tne iotal- Su.gal1 l-evels

i:acreased- from L2.5::,6 when d,ormant to 18"Iió r'then fr-rlly a.fter-

ri,cenefl. the increase, however, i'üas very small dur"ing ihe

initial six i,lteeks a.nd- became coilsld"erable du.ring the last

stages of e.fter'-ripening" Cotyledo:as a.lso sirovled a'n id'en-

ùical trend- though the actu.al increase v¡hen fuJ-Iy aîter-

ri"oened. t,.as ZZ"\tl as compared. to +L,,8í'J in ernbryonic axeso

These changes in su.gar levels in cot¡rfs¿stt a'nö enbr¡'onic

axes along witþr the changes in lipia conteni (r,'¡hich vtill

be d-iscussed- later) inÔica,ted. tnat J-i;oid. is proba"bly ccnver-

ted- to sugars in tÌie coiyled.ons a.nd. tra.nsl-oca.teõ- in this
f nnm i ¡ o'r'n-a:rr¡-ni o. Ê 1¡â (:v!4 uv u:v¿Jv¡¡4v lzrlvpe

CIJ*IIGEIJ Ii[ DË.Y I,IEIGHT

The dry vieigi.ri;s of the dornant and- fully after-ri-pened.

eaþryonic a.xes and. cotyled.ons were d.eiernined to estime.te
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TABLE 3. Total sugars in embryonic axes and
cotyledons isolated from dormant
and after-ripened seeds.

Eirbr.yos Cotyledons

Af'ber-
ripening
(weeks)

Sugars
percent
rl r.r¡-
weight

Sugars as
percent of
dormant

Sugars
percent
rì rrr-
r,veight

Sugars as
percenl, of
dormani

r7
I

1t_

IO

L2.5

L2"g

L5.2

18.1

100

7o3"2

LILoO

144.8

4.9

Ãaì

6"0

l_00

I02.0

108"2

L22.1+
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the changes in the total sol-id-s, To avold- ca:'amelizaiion

crí sirÊ'alrs - drr¡i -t^,')t vÍ2s e.zrt igfl gçf in a vaclf,u"m oven e-t 70oC.vJ puüG¿pt v-¿J!r¡É

iis shoürn in'I'able 4 uhe d-ry r¡61t¡¡ of fully afier-ripened

cot.:¡lecLons C.ecrea-sed- ay 9,Ji" 3nd tnai of enbr;'onic axes

iriôrôÞqôrl nrr ?L 2'¡e'r.o.c'n|r¡r¿urçqvvu v.l J'øa v¡*vo

QUÄl,,iTI'iiiTI VF Ài{D'dUiiLITriTIVE IIETEIIÎ'111\I'¿$IONS 0¡' LIPIDS

The qLla-ntitative cteterninations of lipids tr\rere made

on isola,ied. embri'onic a.xe s and- co¡yled.ons vlhich hao und.er-

gone 0, 7, 11 ànð- L6 weeks afte¡'-ripening" The percent

11pid- obtained- 1s given in Ta'o]e 5" The results ind"icated-

t.,nçr. in o.otvl edons ihe lipid levels C-ecreased- v'lith the
v L!v. v

increase of after-ripening iime. The ¿.ctuaL amoLlnf s l'rere

L+4.4;,,)'r,,{hen d-ormant a.nd. 40"4;á vlhen ful1y a.fter-ripened o

ThevÐ.teofd-is-appearanceralthoughcontlnuousrl'íaSm¿'xirnum

after 11 v¡eeks after-ripening" irt eúbryonic axes ihe lipid'

l-er,,el-s remalned. uneha.rrg-ed- during ihe lnitial- six r^,'eeks aiLd-

then d.ropped. from l-4.1 to B.f oT¡er the remairrirrg 10 weeks

of after-ripelling,
Iire lipid.s ex|racted fron oc¡rna.nt a^nd- Ió r"¡eek after-

ripened- ootyled-ons 1{ere hyoro}¡rsed' ano fa'i.ty acid-s I¡iere

d-e'bermineo, (as methyl esters) by ga.s }ic{u1d- chirona"tography"

As sho,¡:n in Table 6 oleic and linol-eic fatty acid-s are ihe

m¿iin co!1po]1ents of the }i.oid-s extracted at variou-S siages

of after-ripening, On the completion oî a 16 v¡eek e'fter-
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TABLE 4" Chatrges in dry wei-ght of dormant and
16 week after-ripened cotyledons and
embryonlc â.x€so

Number Wuieht_per_1Qg(gql) Percent
Ti-ssue used @ change

Cotyledons Z60 2"63 2"39 9,5

fubryonic* L95 0"040 0"054 + 34.2
6gÞ
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TABI,E 5. Quantitative determinati-ons of lipids
in the embryon-ic a;<es and cotyledons
isolated from dorrnant and after-ripened
seeds of Prunus c€faslrs "

Coì,.yledons Enbr.yoni-c Axes
Percent Percent

Âf'ber- Iipid Lipids as lipid Lipids as

ripening dry- percent of dry- percent of
(weeks), weight dormant weight dormant

ry
I

A,l+.4 100

t4 / 
^(i 

44) .o '/ö o1

f 
^ 

d õL 442.ö Yon)

l+O.l+ 9A.9

t-4.]. ro0

l3.g 98.6

10"4 73.8

8.7 61.8
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ripening period lhe 1:ercent utiliz¿.tion of stearic acid-

r'ras maximum, anð.tha.t of llnoleic ninimum, ihe values being

2),2i,á end 3.5io respeci;ive1y. The quantity of lipiÖs ex'br'ac-

ted, from enbryonic axes was tco saall to be used- íor fatty

a.cid- determinat ions 
"

;tjSPIIÌA'II0i'[ A]"rD ri"8" SfUDIES

ileekly changes in respira'tion and Bor";" were d-eternined-

at 25oC v,¡lbh boi;h coi¡risalsnt and. enbr}¡onic axes. ReSÞira'

tory dii'ferences a(e expressed. aS percer:tages of the res,or,ra'

'i;ion retes for ôorma-nt tissues (ta-¡le 7j " The respiration

rate of i;he enbryonic axes, during the first six weeks of

a.fter-rLpening, lremained. almosi unchanged from the initial-

level of A.zEl+ u} per hour i:er enb::¡rsn1c axis" The sha-rp

increase O.uring 'bhe ser¡enth tc teirtÌr. v¡eeks v¡as followed, by

a rel-aiivel-y constani rate untl] the end of 'bhe fifteenth

r,reek a.nÕ. a futrther mooerate incr.ease cturing tire sixteenth

l'¡eek. The baslc valu-es of d-orrnani and 16 r¡¡eek a-fter

'r.'lnened enhnvonic axes were observed" to be 0"28 u] a"nd" I"1

u.} per hour per embryonic axis respectively" 'I'hus the

enbryonic axes of ful}¡r after-ri;cened- seed"s showed' a'

39Zil increa.se in res,ciration ra-ie, Celculated. ofÌ a fresh

r¡¡p'ì c.ht hes'i s the respiz.e.tion rate increased- by 305;¡" TheYtV¡.'-!¡

cotyled-ons shov¡ed. a pera.ll3! increa.se of 226ii, in respira-

iion vate"



TABLE 7" Rates of o4ygen upbake of embryonic
axes and cotyledons from after-ripening
seeds of Prunus cerasu.s "

After-
ripening
nari nÄyv¿ ¿vq

(weeks)
t:J/hr/enbryonì c
a.xis

fresh weight
of axes

fresh weight
of cotyledons

ullhrllOO ng aL/hr/Loo ns,

l

),

I

6
q

"t^

tl

1)

1?

lq

o.284

o,292

0.309

0.284

0.268

0.280

alLz
0.640

o.652

o.756

0.836

0.844

o.852

0"8óg

o.832

o"832

l"ll2

lroo¡x
(ro3)
(ros)
(1oo)

( e5)
( se)
(Ioe)
(zzt)
(zzo)
(zoo1

(zgt+)

(zst)
(:oo¡
(305)

(2e3)

(2e3)

eez)

32.3 (r0o)

33 "6 (rol)
35 "7 (1]0)

32"3 (100)

32.8 (101)

3h,o (105)

35.6 (110)

69.6 (zL5)

69.4 (zr&)

75.o (zlz)
86.0 (zOO¡

85.6 (zo5¡

83.9 (eoo¡

84.8 (zoz)

84,1 (z0o¡

8?.1 (27O)

98.6 (3o5)

8.3 (100)

8.5 (ro2)
8"3 (1oo)

8"9 (107)

8./+ (101)

9.3 (112)

9"5 (rt4)
rl+"2 (1?1)

13 "8 (to6)
15"8 (rgo)

16"9 Qoz)
17"0 (zo5'¡

16"0 (zo3'¡

16,6 (zoo)

L7,5 (zn1
18"7 (zz5)

18.8 (zzO¡

7Í.
l'igures in brackebs are rates expressed as
The incu-bation mi:<ture consisted of l.O ml-
phate buffer pH 5.5 a¡td 25 enbryonic åxsso
0.2 mJ 20% K)II to absorb COr"

percenbages of dormant.
"05 lvi potassium phos-
Central welj- contained
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the hourly rate of respiration of 100 mg sample of

oormani embr"y-onic a.xes v;as 32.3 ul_ as compared- io 8.3 u-l_ for
the sane vreight of cotyl-ed.ons, In fulfy after-ripened.

tissues these figures rose to 98"ó u} and 18"B u} respec-

iivel¡'. 1'his ra'úe of resprrarion of ernbryonic a:;es (4 to

5"5 folC- higher ¡iian that of colyleöons) indicated- that

thls stru.cture was the maln slte of nete.bollc aciivity
ì¡ +-h^rlt ulrç çr!u¿ ùv v o

R",¿" 0.eiernlinations r"rere utilized to o'otaln z-tr ind-ica-

fion of the r,-spiratory slibsiraùe" 'i'he d,ata of FiQ, d.eter'-

mina.tions which vrere nade a.t weekly iniervals of after-

ripening are given in Table B" the results ere averages

of o"uplicate lots" fn einbryonic exes a¡r F.u" of higher tha"n

u-niLy lva.s observed- du-ring the first six v¿eek period- r.ihich

laier declineC and rena.ined- in the range of 0"93:bo A"96

u-ntiI rhe compl-etion of ihe 16 week after-rlpening period-"

Tn cotyled.ons the trQ remained- unchanged- anð. varied" in ihe

'raTrge of 0,82 to 0"90"

DE'IERl,ifi'[4!L'IOi\i OF P$.F.TICIP¿TION ü¿ PF_Ait]l EiiiF_?_¡'1.'Il;lv].Yå

Determina.tions of C6/Cl raiios were used to estime.te

the rel¿itive contribuiions of the PP and" EltP ;cathl^ray of

glucose oxida.tiorl in the isoiai;ed tissues of both embryonlc

e.xes ancl- cotyledons" C-l- is the firs,tcarbon to be released.

as carbon d-ioxide from glucose entering the Pi) seguencee
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TABLE 8. Respiratory quotients of isol-ated
embryonic axes and cotyledons of
Prunus cerasqs seeds.

After-
ripening
(rnreeks)

^^vv2
O2 uptake evolu'bion RQRQ

ri^+.r-'l ^rvu u.yreqons
u1/hrll-00 ms

coz
02 uptake evol-utj-on

U

I

)

)
o

ry
T

o

o

10
-tl
I¿

l^L¿

ìl

16

32.3

)J.O
2E 11
)).1

)¿")
)1oÓ

34"O

)) oO

69.6

oY.4
rytr^

96"0

ti)oO

83.9

84.8

84.r
87.L
odA

40"7

{UoO

4Ô.1

38.f
40.0

4t.f
ltL.L

o).4
62.5

oy.u

È5U ¡U

gL.3

80.5
Êl ).

80.7

Bl_.0

02 r7

r.26
L.2L

L.2g

l.l-8
L.22

r..2]-

Lc14

O.9lv

0.90

o.92

o"93

o.95

Uo)O

0.96

0.96

o"93

o'95

a?

8"5

8.9
8.4

9"3

9.5
L4.2
l? o

15.8
tA o

f7'o
JOe )

17 "5
l.Ì D
IOe /

18.B

7"4

7.5
17ñ

7"7

l.)

LZcQ

L2.3

L3.g

7l+.9

7L"g

15.o

f4.8
r4.7
L5 "3
J-)oO

o.8g

0,gg

0.85

o.87

o.8g

0"96

0"87

V ct1)

0.89

0.88

VoÕÕ

0.88

0.89

0.89

0.84

Uoól

0.83
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Ihe ra.te of coilversion of C-6 to carbon dioxide i'rould. be

d-epencLenb on whether ihe triose 1;rod.uced in PP pathway

r/iere converted 'üo pyruvate or recJrcled-; in eiNher evenf

its appearance, relatlve to ihat of C-I v;ou.l-d" be consid--

erabl),' dela.yeO. If the glucoSe molecu.le v'rere broken d'o¡rn

by the Ei'iP pa.thwa.{ z which inciud-es equiliþ¡a.bion ai the

ùriose }evel, C-} a"no- C-6 of glucose t'¡ould appee.r a.s the

methyl carbon of the pyru-Vate" In the su.bsequent oxid-ative

breakdorqn of .oyruvaie C-} a.nd- C-6 roiitl- be evo}¡ed^ a.s carbon

d-ioxid-e, irid.isting-u.ishably in tl:e third- cycle of TCA c]¡cle"

.ùa.ir.ed f'Iask resp Lra.i.ion experirnents were cond.ucted"

i;.slru; grucose-1-c}¿l a.nd" glu-cose-6-cI4 ln ihe incubation

¡redium" Evolved ce"rbon d-ioxicie v,ias coll-ected in 0,2 mL of

2Olà pota.ssium h¡'oroxide, i'lhlch'¿;as chang'ed at iniervals

of 1, 2u4 and- B hours. Ðetermina-tions oí the r¿.dioactirrity

of the carbon d-ioxioe col-lected during ea.ch time interval

1/iere made and the C6/Cl ratio calcul-ated., .A.s none of the

ratios va.ried- significantly o.u.ring ihe eight hour loeriod

fhe cllmuJ-a.tive racioactivity for tÌ:e eiSht hour period"

is plesented- in Tabl-e 9"

In enbryonic a.xes the C/o/CL vaLues d.uring the initlal-

six weeks after-rt;oening perioo geinained- unchanged and in

ilie orc,.er of A "95. In lhe seventh tr"eek this velu.e d-ropped.

a.bnuBtly to 0 "65 ane,. th'en gradu"ally cieclineo- to 0 "53 aþ

i,he end- of tlie 16 week after-ripening period-" !-rt cot¡tfç-



TABLE 9, Trieekly changes
embryonic axes
after-ripening
e:qpressed on a

in C6/CL ratj.os of
and cotyledons during
at 5oC" The d.ata are
fresh weight basis"

frnbr.yonic Axes Cot.yl-edons
After*
ripeni-ng
(weeks)

glucose glucose
-1-c]4 -ó*cr 

Cowrts/urin/lOO nng,
- corrnts/minl3ôO mg-

Srucose gJ-ucose
c6/cr -1-C14 -6-c14 c6/cL

0

I

l+

6

7

B

I
10

11

t2
13

th
L5

Iô

3ro6

2867

2933

2834

3o84

3568

3324

3r7o

3t&3

33L8

3707

38r.4

hrg3
tßo4

8832

9Oso

8995

2859

2669

2818

263o

2989

3386

JJ.OU

2062

2339

*90
2338

2325

265t+

2621+

l+9|+L

tßog

t+769

o"92

o"g3

o"96

o,93

o"g7

o.95

O"95

o"65

0,69

o"66

o"63

U"OT

o,59

0"61

o.56

o.53

o,53

170

182

r85

181

L57

240

2L5

2L3

252

227

¿4ö

238

233

2l+2

244

230

3L5

l-08

tJ3
l-25

ILz
LO2

r58

Il+5

L39

LO'

L57

L59

L53

L5z
thl

IOJ

148

L95

o.63

o"63

o"66

o"63

o"65

o"67

o.67

o"66

UeOO

o"óg

O.6l+

o"65

Uo O)

o"62

o"67

o"64

o"62

values are expressed on a per hour
C02 collection times of duph-cate
donary pairs or 25 embryonic â-ïeso

basis and are the means
sanples consisting of 10

of four
cotyJ-e-
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d"ons from clorinant and. after'-ri.oened" seeds these raiios

rema.ined. r'elaiively ccnsiani 1n the r'anb-e of 0 "62 io 0 "67.

E¡'!JBC'T OF GLUCOSE L¿BELLIÏ'IG ?OST'i'TON Oi'[ iilJ INCORPORATION

COflT.ËDOÌ'lS

Dorna.nt and 16 lveek after-ripeneo enbryos vJere u.sed.

to d.etermine tÌie Cistributlon of C14 d-erived from Cl errd

c6 taoetred- glucoseq ftnmedlatel¡' after Ç'6/eL d-eternina-

iions, the iissue ',\Íes kill-ed in a"lcohol e.:rci fractionated-

into the alcohol- solu-b]e and, insol-uþ]e compone:r.ts " Dis-

tri'ouiion of re.iioactive coÉponeTlts d-erirred" from glucose-
I Jr a lr

1-çt+ and_ glu-cose-6-CLq are presented in Tables 10 and. fl,

In d.ormant emor¡¡orric eïes LO.5/; of su.pplied- glu.cose

vÍas retained- in the amino acid-, orga:n|c ac10 a"nd sugar

fr¿.cflons of the tissLle; this \ralue iripled- vlhen the¡'

fiere í'u}ly aftey-ripeneo" The t14 '¡hich was incorl:orated

in the insoluþl-e fraction increased- from approximaiely

0 "úl; io nearly 9,çrt when fu.ll¡r a"fter-ripened,; â.n increase

in ihe range of 2?O to 3OO fold. (ii'aole f0)"

¿\ similar trend of glucose utiliza"tion'¡aS recorded

for cot;iled-ons (Ta.ble fl), the iotal reteniion rnlas 31"?iä

io 35.6i1 when cj.ormant and 65"5ii to ?3"zib T¡Ji1en futly after-

ripened". '.Ihe lrrcrep-Se in the ra6-ioactive corn'rconents of

the insoluble frection vtas L5 io 17 íoId., ,¡¡hich uas far l-ess

t]nan that oror.alned r''¡iüh embryonic a'xesê
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There llías a quant üative varlatlon in the rad'loac-

tlvity of the varlous îraciuions of enbr;;onic axes, i'ihich

was de.oend.ent on the posi-,,ion of the glu.cose labelling"

In general there was a- ,¿Teàr,eT d.iversion of carbon six

of g;lurcose than of carbon one ('I'able l-2)" This iend"ency

r^,iaS nuch aore prOnounced in non-dorina.nt enbryonlc axes'

The ainino acid- fraction of a.fter-rlpened embr'yonic axest

for exanple containeð ¿f3 
"J7à more raCioactivity t'vhen glLi-

a l,

cose-6-C14 o¡a, ti:e substrate ï'ather rhan glu.cose-I-CI4

(Ta.ble l'Z). 'Ihe pa.-utern of labelling of coi;rfsgsfiary

fra-cbions, aS d.eperid.ent on substrai-.e label positionr was

slnilar io tha.t of ei:iìcryonic exes ('r'able l-2) 
"

The ,oercent rad.loactivity in the sugars exiracted"

from 12 r¡¡eek after-r'j_peneo cot;iled.ons is given in Table

L3. The results lndlcated a much hlgher ra.clioactivity of

sLrcrose Tr-hen glu.cose-6-C14 ,*u's f ed. raNher L]na-n glu-cose-

1-Cf4"

EFF,¡jCT .O!' 2-4t DIi\iITROPHrji'iO.L lD¡fPl OI\ IlljSPItsATIoÌt

3n embryonic âxes fron d,ornant ànd six v¡eek e.fter'

ripened- seed. the Ei'iP pathvia¡r of oxidation is predoninaTlï"

*iS afier-ripening continues, the participaiion of ihe PP

pa.thway of o:r-.id-ation increa.SeS" }Iiih Lliese rela.tronships

oi' oxidation fiafhwe"XS, one would. e,';pect e greaier resprre'

iion i¡syçase cturing ihe first six t¡eek oî efter-ri;oening
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TABLE l-3" The percentage distributi-on of radioactivity
of the sugar fraction ainong the various sugars
isolated fron 12 week after-ripened cotyledons
incubated with glucose-l-Cr4 and glucose*G0r4"

Position
of glucose
l-abel Samp1e Sucrose Glucose Frucüose Unidentified"

c-1

Mean

U-O

Mean

I
2

4) øA

l+5.2

45 "l+

60"2

65.2

62"7

f3.o
l-3"8

1l-"9

12.6

JOoO

15 "8
L6"2

L) øQ

11"0

L2,3

24"9

25,2

1) "u

L2"9

]f "9
L2"l+

4
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ií the su.pply of ¡i.Ji'(a. necessa.ry and- often limitiil¿-'íacior

irr Ei'IP a-ciivity) ï{-ere ir:cr'eased" i'iore ADP ca.n be inade ava.ll-

able bJ' u:r.couCling tlie phosrrhor'¡r1¿¡1ott step of iernina'1

oxid-e.Ùion -,,rith Dbi?. Ernbr¡ies from dorinani ano a-fter-rlpened-

seed- of Frunus cerasus i/Íere ireated" vrith DlùP and- respiration

insreases determinecr. The l-eve} of DI{P acldition r¡las l-O-¿+i\i;

a concentration whiclt gave naxi-¡nun stinul-ation as oetermined

h¡¡ nv-ol i rr'i na -nir ê r.-''rêïr i mcrri: s .vJ yrvr r, vrr,vv*

The rate of respira.tion of each l-ot of 50 embryonic

axes isola.ted from 0o 6, 1I a"nd- l6 l,¡eek aíter-rlpened- seed-s

lvas i¡easured- fot'two hours; DIri¡- r,vas then ad.ded to -oring

ihe final ccncentra.tion in t|re system to 10-4 -'1" iresp ire-

iion v;a.s measured for an ad.düional tr¡o h.ourrs in Ûhe pre:ss11ss

of Di'iP" The d-ata erpresseO- a.s neans of C"u¡rlicate lots e,Te

presented- in 'Ia.bles 14 anfl l-5, l',/ith cior.nani and- six v¡eek

after-r:i.pened- ernbryonic a,tçes increase 1n respiration d-ue

to Di\F adoition nas id.entica.l" The response io Di'[!'r hol'r-

ever, decreased witn ad-ve.nce of after-r-ipening tine (Ta.ble

lÀt) " ?he resulis of a sinilar study with 0, B and. 16 week

after-ripened- co'ûyledons are given in rabl-e 15. The i-'er-

cent respiratory increase Í'or o-ormant and non-d.orraant coty-

fçfl6ns t'râs approxima-tely equal" unlike €inbr¡renic axes,

p';'l.et"-t" i nczri rt¡' ^i 
Ä rrnl- <r:11n1. eSS the DirP i.eslf OnSe ô(/.- v9¿ r ¿,vç¿rr:.rÕ

.ji!'ijEC'I- Ci: fiiirILTË;+'l'jiD ìl*tDP Oi\ G.P,O!'JTIj

The enzi¡me glucose-6-phosphate deh;,'fl¡etenage, responsible
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TABLE 1/+" Effect of DlriP (fO-+ M) on olggen
uptake of embryonic axes isolated from
donnaht and after-ripened seeds of
Prunus cerasus"

After*
ripening

Orygen uptake u{hr/sanpte JSDNP

- DNP + DNP stimu]ation
(weeks) 0-2 hours 2*4 hours l*d hours (percent)

19,0 20"0

L9 "2 38,2 94.2

L9 "5 2L"3

lg"3 )o n) 90,8

Ll ór"r 61"0

62"3 96"7 39,t+

1A A,t ,t AA .tv, o I vve f

79 "O 20"5

DNP stj¡aul-ation percent :

DNP respiratory incre,gge_ninus change irl- regLqgl x 100
lrr.itial rate of respiration

The incuba.tion mixbure consisüed of 2 mJ- "05 M, potassii:n phosphate
buffer pH 5"5, After two hours "5 ml- of 5d0-qM DNP was tipped into
ihe main compartment to yield a final concentration of 10*4M DNP" An
equal a¡nount of water was added to control fLasks,
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TABLE 15, Effect of DNP f10-4M) on olçrgen uptake
of cotyledons isolated from do¡mant and
after-ripened seeds of Prunus cerasus"

+ DNP stimu]-ationTiP"FS 
-- 

,.-\weeKs., "-Þ-hãurs- 
- 

2-4 hours à-4 nours qpercent)

After* O>qrgen uptake ul/hr/sample

37 "4 38 "3

1+8"2

-)iDNP

29 "5

I

I6

57 "O

)) "o

59 "2

7L"9 25 "8

79 "9

78.6

83 "3

l-06"0 30"7

DNP stimul-ation percent :

DNP respiraboly jficreÉrse ni-nuÞ, change in control x 100
I-rritial rate of respi-ration

The ineubation mj:cbure consisted of 2 ml- "05 M,potassium phosphate
buffer pH 5"5, After two hours "5 n'ù of 5)*0-4 M DNP was tipped
into the main compartmeni to yield a final concentration of 10*4 M

DNP" An equal anount of water was added to control flasks,
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for o>lidation of 6lucose-ó-phospilale co 6-phosphogluconate

is I'I-ADP specif ic" I'ili)P arra"liability is frequently l-imited.

errd th cr"af or-c i'í. s I evel s írâr¡ o.ontr"ol ine rele of FP?-Irut UI¡VJU¡v!ç, ¿UÈ ¡Uvv¿L' .!e.)

pî,in¡ay of o:;j-da.tion {Z) " Experinents r,!'€r€ iniiia:tect to

d-eterrnine if r,:ADP is actually Iirntting to gro'r^;th of enbryos

from r-rzï.|.'i al lrr çri.e'r.-r-ìncned- seecr. ï'rom the seventh to theI ¿ VU çu,L V+ULLJ' s¿ vV¿

tenth iqeek of afùer-rlpening, the oz:icaiive aciiviiy of

the FP .oathnay increaseC, in embryonic axeg. This change

could- have been d.ue to incr"ea"sed- Ievel-s of ir:ir.DÏ'* Emirryos

snov¡ed- a ne,rked increase in capacity fo:: grow"vh zftet this

saiße perlod" of ¿.fi.ex-r1=ceni.,:i6 treatnent. This sug¿ested.

a relationship between Erov;th and, ¡!"tDP concenttation' To

confirn 'ûi:is a.spect, NADP at concentra"iions of 0"J mlui,

I"O niri, 1"5 nit{ ¿:rö 2.5 mlii -vuas vacuum infiltrated for one

hour in tI week after-ripened embryos and the embi'yos were

€rouirt olt a. noisr filter p¿._oer. Äíter Seven o.a¡rs the length

of the primary root and. hypocoùyl was neasurecl and" conpared

"',riih the control to detez'nrlne i;he l'.*rDP effect orr g-roïrth"

Iuiean val-ues of o.uirlicate lots of 20 seed.s are given in

Iabl-e 16, The trea.teo enbryos not only shov¡ed, an ea.rly

a.nd. vigorous gror,;th but a.]so exhibiteð- a- substarltlal

groi{üh increment over the coni;roI. The rnaximum response

i,,,,-as obser¡¡eo in tlie einbryos infiltrated i'¡itb 1. j n'i{ iüjr.DF

sn-l irtiorr itìhe confirma.'Lion of il,iDl'inÍ'iltration and ifSvv+hu¿v:¡ê
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TABLE l-6. Effect of infil-trated NAIP on growbh of
radicles of Il week after-ripened embryos
isolated from Prunus cerasus seeds'

NADP Mean l-eneth of radicles (mM)

sol-ution rncrease
(*lf) Sanple 1 Sampte 2 Mea^n over control-

0"o

0"5

f"0

1.5

2,5

20,1

22"9

23 "6

29.g

22"3

L7 "7 fB,9

2o"3 2L"6

25 "6 2l+.6

32"O 3O"9

2h.7 23 "5

o

2"7

5"7

L2"O

l+"6

Nurober of embryos per sample : 20"

Volume of NADP sol-ution used : 10 mJ. for each sample"

L'S.D" (5%) : l+"37 nmo
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pa.rùicipa-tio¿r in neiaoolism !'üas ilr.dicated" by a si5niflcant

orop in C6/CL ratio in the Lreated. seeo.s (Ta"ble 17).
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TABI,E 17, Effect of infiltrated NADP (l-"5 nM) on
C6/ü ratio of four week after*ripened
embryos isolated from lrq¡¡rs ceraÞuÞ
seeds "

Enbryos Control
CountsÁninÆOO me"

*t-c14 -6-c14 c6/cl

Bnbryos (Treated)

323

408

380

495

ht/,

h83

Mean

259

298

256

??A

3L9

252

0,80

v" í)

o"67

o"76

o"62

o.52

0"68

i.n?

t87

6oo

5zo

524

2L3

3?3

324

236

290

268

o.53

O.6l+

o"5h

o.45

o"52

0,51

o"53

11,
C**0^ was collected at one hour intervals from each sample of')

five embryos l¡hich were vacuum infiltrated with l-0 tù of l-.5 mM

NADP, l:cubation medir.¡m consi-sted of 0,7 ml of 0"05 M potassium

phosphate buffer pH 5"5 and 0,3 mieromoles ("075 uc) of l-abellect

glucose dissol-ved in 0"3 ml- watero

Analysis of variance for dj-fferences between groups of C6/Ct
ratios,

F (calcuJ-ated) : 6"34

F (o5) : l+,96



DISçuSSIOil

Seed d.ormancy in Prunus- cerasfis is prinarily d'ue to

ernbryo d-ormanc¡'. Jlhe ei'irbryo i'¡ill prod-uce a' normaL seed--

lin¿' v,:heft 6iven' J0 weeks of afier-r'lpening' The seed- coa't

tend-siopreventorCLelayger:'¡inaiionofaccnsio-era'blenum-
ber of ihese nor--ciorna'nt enbl'yos' The role of the enbrycnic

exes and. ih.e cotyled.ons d.if fers grea'tly in processes lead-ing

io .bhe ternination of oormancy. physiologica.lly ihe embr¡r-

onic aXeS s.Te more aciive and p}a¡. a"n inporia'nt ,oart in

syn'r,nesis ã.nd, $roT,"iih, '¡;Liile the cotyleoons a7e comlìeratively

ineri and a.r'e res,oonsible for tire supply of f=eserve rna'ieria-ls

to bhe after-ripening €mbr¡r6s" Because of these ;ohysiological

oif'íerences, üete.Dolic chan¿;es in these organs l"iere studiec'

se5:a-ratel¡'.

During e.fter'-ripening, the embryonic exes increa'sed-

their r¿'te of respiraùion, ð.cy v.reight and' Suga.r levels a,nc-

a.lso changed- their patirways of ¿;tucoÊe oxid'aiion" 'fhe

inc¡:ease in ÏP jjatirway of oxiaa-tlon may þ'ave þeen d-ue to

increase in Ìi¿DP levels during ihe cold treatrnent. i{*iDP,

l^¡hich is a coenzyme of glucose-ó-phosplia.te end isocii;rate

ciehydrogellases, ;hen could have ¿.ccel-erated ihe PP a'nc' tne

,ICii cycles tO Sup;o]y growth su.bstances " stru-ctu-ral coa-

ponents and. eriergy requi::ed for the ernbryo to break 0"or-

mÐ.Ttcli" In cotyleó-ons sinila.r but less lrronounced Changes

were observed. in respiration anC Supstra-te breakd-c1¡'Ir1ø



5t+

'r'heir rìrv i.'eis,i'Lt Cecreaseo and ihe acÙivicy of ùhe PF"-*r/''"-t-

;ca.clrr,'ia¡r rcmained" unc?:anged" ai a"IL staF:es of e-f'¿er-ripen-

ing" Indirect evii.ence of' the ope-r'ation of rhe g-l¡'oxy-

l-a,ie cJ,¡cle tra.s a.l so obtained"

On ¡he basis oí +relimina-ry ie sts (.Jâ"bIe I) em.bryos

of the test itater'lal i/rere íourrd- to be high in viability,

This r¡iaoility v,:as exirressed. by cotJ¡le doi'ra.ri¡ 8-reenl-ng or

by very srial-1 hypocotyl elongaiion. Sinailar beha.viour was

obserr¡eô in erlbryos isol-a.ted Í-rom seed.s a-fter-ripened- u.p

to eight weeks. This inO-ica.Leci biia.t enbryo dor'rnancy v,'as

-,^,r.p¡re.l e¡t 'ìn ihe Fr"unus cerasus seeds" Srnbr'¡'sg frora 10-16
ìJ+ u v v,4 v-¡ v

week after-ripened- seeds sioinic'd. normal seed-Iing; 5^rolvth

on noist fiiter paJreri t.ne laximu¡a g:ernination attained

was B3ì;i, (taote 2). 'lihen 'ütre seed.s from the seae lots were

allowed. io g-ror^; in a inoisi sand -':eat nixture, the percen-r,age

energence was only j//i'nnen tne seed-s i{ere given a L6 ¡¡eek

after-ripening treatment" The d.ecreased. emergence could

ha.ve been d-ue to fhe action of seed- coverings in offering

nechanical resistance to tire expansion of the ernbryo; ihelr

a"ctlng. a-s à ba.rrie¡' to Ee.seous exchange or supplying gro'r;th

inhrbij.ors io the enbryo"

In enbryonic exes, i t ihe conpletion of ¿- L6 t'¡eek

after-::i.oening periocl, ihe Ievel-s oí sLlga'rs (Iacle 3) e-nd

d.ry neighi (I'aþIe 4) increa.sed a-nC. t,!"'aL of lipid"s d-ec¡ea.sed-
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(Table 5) " iihen tne anount of Elucose r,r'h1ch ha.d- been res-

pired. is raL<en inio co.lsideration together wiih increa'sed

srìr<;'.âr. l,-rrel s it seerns Ërobe.bl-e tne-t lipics in the cotyl-e-ev,.¿,v.L ruvvÅut

d-ons Trtere being conrrerted into Sugars and. tr.anslocated- to

1:l,¡c e'r-nl-rr"vozrìc AXeS. *id,d-ed. SUppOft tO tt': iS aSSUrnpfiOn CA-me
v r:v v

íron ùhe siraul¡a.neou.S C.eclease in li.oi$" a-,nd. Ory weight

levels of cot)¡l-edons d-r-trirr¿, iha-t tine ('r'a'oles 4 a'nd- 5).

The rate of respiration oí enbryonic axes reaained-

almost unchanged- du-ring the inÍtial six weeks of after-

r''inenins^ 1t sharo increase in rescira.tion d-uring ihe

seventh to tenih t¡eeks was follor;ed- by a relatirrely con-

sta,rt rate u-ntil the end" of ihe flfüeenÙh t,ieeko A íu.rther

noderate increase occu.rred" ourrlag the sixteenth vreek

(Tacle ?). On a.n average, en'oryonic axes from fully z-fiet-

rlpened- seeds sì:.owed- a. rate oÍ' res;oiraiion fou.r tines higher

i-}:a.n tne.r of dornant embryonic a.xes"

CotyleÖonary resptra'tlon also followed a sinilar

tren6. The rate after 16 weeks of a.îtet-rlpening, however,

l..res only slightly more tha.n tr,¡ice the initial leve1, The

rete of resjrira.zion oi' enbr¡renic exes lrer unit fresh weight

T,,¡eS i'ourr tirnes hlgher irran cot¡rfs6-.TìS Wherr d-ormant aJr.d,

Seven tines hig;hez" tthen fully a.ftei:-ri-cened-. llhis lndica'ted-

i'rpt tine embryonie axes i/ùere a mol:e aciive tisSue ihan ihe

coiyled.ons and tne najor site of metabol-ic changes. Polloci<

and Ol:ney &2) also lrorking on Frqn-PS cerasLis, shov'red- a ?Oiá in-

crease in ¡espi::ation in enbr¡'os a-nd- aliiost 6O07, increase in



in oouh eiibryonic axls and" leaf priißol:d_ia ö.uring a 16 '¡;eek

aÍier-ripeneo treati-reni a-c 50Ç, 1.he respi¡atory increaSeS

in enbr;'onic a.xes and leaf .rr'iinord"ia. ','jere r.eported. to be

linear with a.fier-ri.oen.i:n¿-' iime. Il, hcl,,rgvs¡, mu.st be

nenüioneo. ti:a,t the recorted. resplraiory re.te, roea.sured"

ei ?.5oC, shou-l-d actually be colisioered as ihe respiratory

ca-pacity of ihe tissue a.nd. tna.t the reål ra.ie of respira-

tion at the usLr.el- a.fter-rtÐeninp tenperatu::e of IoC itould.

-pe collSide::ab}¡' Io','¡er rn¿:-vt ihe one 1:resented. ('IaOle 7) "
liln.¡ rrrr-1 ¡¡ ¡,riil I thc vi cl d .,i ,-14a,^ 'na 'ì occ ¿.i ]-OC i\lan e-tIiUU UIJI9V i\JII u¡rç qvrç-Lu vr U VZ LJC IEÈÞ

25oC ''ov.r, ihe C6/Ç,1 ratlo (Table 9) mi3-ht a-Iso be d-ifferent

beca.use it is nrobable t-J:ai oTie or both of ihe aliernate
-nçilrrnrar¡c r¡çt-nal: i-ra nnoì.-¡¡ïi'nr" c'i- î mâr.irntrm fi27\rni trr :t 'lOí-t
;vaL'LLr"JCaJ Ð tlro-J rJ-\J L, (/Ë Lrj/E.L aU-L-l.j-ë ¿.V ¿' 1l!c:.:\IllILt!U ça\Jc,çL ÚJ o.v J u o

Since ihe usue.l teuperature at which tire after-ripened-

seed.s a.re -norírra"l}y grov,in is e.Dout 25oC, Ène resul-ig v,'ouId"

depict tire changes which have ial{en place in seeds that

zre ready to gerninaien

The observed. res1iiratory increase cou.l-d- have been d.ue

to the increa.sed ier¡els of enzymes, coenzynes and- oùher

rate limiiing fa.ctors" The increased coniribution of PP

oxicia.tion e.nõ, a simulfaneoÌr.s respiratory increase d.uring

the seventh fi'eek indicateo ì;hat 1tr-o'oably t"i¿:DP was a. linit-

ing =le.c-uor prior to this period"" Inc¡:eased- activíiy of

ihe TC.A cycle requ.lres a. continuous supply of pyruve-Ne t

rhus ihe rabe of gl]rso]¡rs1s must be accelêrated " This



<r7

rnr.v h:i¡e nesulied from arr inc::eased l-evel of l+DP if theÆç¿- J

resulis of Dll? experinents ere collsidereÕ" Di{P t¡¡i}l-

iacr.ease ;iDP l-evelS by uncou:oling oïidetive r:hosphoryla.Ùion.

ulycolytic ree.cfions r,rhich are 'llot d"i::ectly affected" by

Ði'lF reslfonse strii<ingly io the *DP increa-se and- a.re greatly

Siiinulated-" The DiriF respollse in d-ornant a.nO non-crormant

coiyledons B¡as the Same, inOicating that fac'bors other tilan

ai;P night be responslble íor ti:is r"esplrafoYy increase"

;J1tÌr enbryonic axes, on lhe othe¡ ha.no", a grea.ter respira-

r.lïr\r irrn-nease in non-after-ripened. than in fu.l 1"v- after-vvt J rrrvr v*pv

ripened. s eed-s''/Jas obia.ineô""

It is su.gsested_ ¡fla.t the eífect of l-ot'; üen;oera-rure

r,ja.S to increase ihe I\'ADP ¿ìnd- Al-.rP l-evels in enbryonic exes

anð/or the svnihesis a.nO ir.anslocation of these ía,ciorsL,rrq/ v+ "J "

fron the cotyled.ons" The cìo¡n;:¿.¡,cy termlnatlon nay, ihe-r'e-

ínr-a he assôclated. l'vith tÌ:e e.l-e vated- ievels of ilgDP a"r:o
rv¡çt tJv

AÐF lthich Siresumably stimulafe :netabolic cycles to supply

inrernediaÙes a.nd. energy íor the breaking of d.ormancy.

drQ, va.lues higher than urriiy observed- in einbryo::ic

axes C-u.r'ing the initial six week after-ripening period-

ruay hâve been d-u,e to a. ';;ac|ial anaero-oic metaboiism (Ta'-Ole

8), l.he produ.cts of a:ne,erobic ìletaìlolism c,ra.y nave -Oeen

acting as ¿,rovlth inhibitors aÊ rias been su.ggesteo, by

Se-reral- au.ihors t34r59) " rrhe liQ \¡alLres in:hich were siighrly



Ior¡er rhan u.niiy d-uring 7 Ëc 16 week indicated that the

sui:S'írate for respLra[ion in ei:rbr¡'o:nic exes d-u.ring inis

siage wa.s i:rainly SuÊ.ars ilith some contribution of îat"

This conclusion is fu.rther s|rengihened b;r tire resulfs

obrained, from the changes in tire lipid ]evels" IÙo cha.nge

in I i-nifl I e:rels wes obsei'veC our:-ng the firsù seven weeks

(Table 5) ind.icaiitLg -v'{Lat }ipid" was belng spareC. as a su'o-

strete for res.qiratlon d-u.rin$ ti:is iime" The lipict levels

dropped- a,fr,er seven weeks ino.icatitL'¿'-úheir pa.rticipation

in respir.ation a,s snown Ìry an -Ìi'li o-r'op from I.2 No A"95"

In coi¡r1ç¿6;ot, however, the it6l, was a'Iways belo'¡ one

{Iab}e S) sulitgestlng tirai Îat at a:-l- si;a.ges of ä.fter-ripening

r.^ras a pai:tia.l Su-bstrate íor respi;ation. t'his caused' the

observed- continuous decline in lipid ]er¡elS in this
'bissu.e (ra"ble 5) "

Use was na.d.e of C6/CL râ.tios, as su.ggeste¿ by Bloorn

errd- S|etten (6), io d-eterinine the relative contributions

of EI;IF ancl, PP lraihi,'lays of oxicla.tion' If glucose is broken

d-ov¡n by glycol}'sis r,uhich includ.es eq'¿ilibraüion e.t the

triose level-, pyru.vate would. be prooueed- in tuhichr carbon

atoms C-} and C-6 of the glu.cose r¡ould' epoeer as Ûhe meih¡rf

carbons of ihe Ð.clC-, C-2 and" C-5 as ihe carÌ:onyl carbons"

Carbons l-, 2 and 3 oÍ' ihe origlnal SlLlcose would", tnerre-

Í'ore, be indistinguishabl-e í'rom 6r5 and- 4 respectively a:rd"

in the subsequ.ent oxioabive breakd-own cf -t,he lryT"Livete e eàct'L



meaber of D" peir i'{ou}d âPpear

sarûe rate as its Partner.

123456
c---c---c---c---c---c

in carþon o-ioxid.e a.t the

Gluco se

Triose

'ärr ær r rrt l- aL J L v Y v. vv

123
c---c---c

456
c---c---c

116 2r5 3,4
CH3-----C0 ------CooH

The pa.ir C-3 a"nd, C-1ü luould e..opee.t Í'irsi as ca'bon o-io:cid"e

foiloweC. by C-2 and ç-J anÔ. then C-i and- C-6' Thus, if

compa-rable sanples of iissue i,'lere respiring on eir.ogeTlously

supplied- Alu.cose-t-Cl4 and- glucose-6-C14 lrespectively, the

contribuiion of C14 to the carbon Aioxid,e given of f woulcr

be the Same in each casen ff, or! the other handr tlucose

is neiabolised. by way of ihe PP .oa"thinray, carbon O.ioxid"e

froin glucose-1-C]4 r'¡oul-d- 'Ce e¡ç=oected to 'oe iniiially higirer

in C14 TrrarL i;hat fron the glu.cos e-6-CI4 sirÌce t-l of glu"-

cose is ine firsi to be converted No ca.rborr dioxid"e" Pro-

vided- .c'nat l'Lo assimilation of ca.rbon reSiC.ues conta"ining

ci,ifferent anounts of C-l e.nd- C-6 occu.rred., Ùhe tota! iriel-d,

of the r'ao.ioactlve ce.rborl O,ioxid-e frorn tne tv;o SIu.ccse

sampleg r/¡ou]d be the SaAe when oxid.e.tion -r^rag compleie

rege-rd-Ie5s of the i?ath of brea.kd.own, In shogt term e)rpe-,'i-

nenis, hovrever, a C6/Ct ratio of r.iear unity 'øou'ld ind'icate

that -oaihways other |.nan the Elii!' are ;¡laying a," very minor
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pa,rt in glu-Cose breakd"own, tnrhereas a" railo of IesS -vb'a;a

uniùy v¡ou.}C. inpllcaie .oarticipa-t1on of the PP pathway.

In ihis stuoy tire c6/cL xaiuios oþta.ined at 1, 2, 4

anci 8 hours were aimost the saae and-, iirerefore, thelr

neens l.¡ere taken for presenta.tion (Tab}e 9) " ln ernbr¡ronic

axes the d.rain oí glu-cose through the PP pathway apceared"

io be srnalt during the iniiia.l six v¡eek perlod' of a'fter-

ripening. observed c6/CI val-u'es, rrl:ich ¡'.rere very close to

rr.niJ:r¡ir,rðin'a.Nçd-iheEI4F¡obetheirrajors;.-sternof'iietabo}ism4¿r¡ vJ t Ár¿s*vv'

c-uring this time. Jn the sevenih v'ieek ihe signiíicant d'rop

of tnis ratio þo A "65 ind.icated- a rapid. chanEe of EI'IP Sreak-

d-ov¡n io FF oxiCation" 'Ihis ratio further d.roppea gra'd-ually

to 0"53 b¡. ihe end, of the l- 6 week after-ripening tirae" The

C/CI/CI valu.es of oormani es r,rie]} as fr-rlli¡ afì;er-ripened-

co-byled.o.ûs were founa to be ihe same. These values varied.

from o ,65 io o .69, ind_l cating that the ra"te of glucose

breakd-own through the PP paihivay l:ema.ined. essenrla'lly

una.ltered- (raþ]e 9) "

Àlthough currentlY

stu"dy neta-Dolic PafhwaYs

C6/il nei;nod" is r''iidely u'sed- to

g:lucose breakdo-vr¡n, the method'

has been criticized- in several aspectS. Of pariicular

im;oorùance is ihe loss of certaln intermeÖiaÈes inio cellu-

lar constituents i,¡hich .oreclud-es the 'àppeara:nce of certain

carbons as carbon d.ioxide" This ctiff erenbial- eff ecf on

the ea.rbon of glu.cose may under or over esLime''ce the PF

!l^ ^

nf
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coniríbu-tion. The retention of Có woutct also lead to an

over estiroation of iire FP pathway since Nhe C-6 unit aay

eiiher accu¡nulate as interned.iates or be incorporateo

lnto cellular constiÙuents such a.s ,oentosans" ¡lS a result

Ç-6 of glucose 1s incompleiely collverted. into carbcn dj oxid-e"

These consid-erations ere d.irectly invol-ved- in the ilresent

Stud-y, since tnere wa.s a sli3'hi;Iy greater incorporaiion of

C-6 than C-l- into ihe aroino a-cids, sugars ano insol-uble

íraction ('¡la,o1e IO and- 11) " Tnis may have resLl]ted- in a

sligh'b over estina.tion of ihe PP contribution both in

coty-Iecions and- ernbryonlc axes (ta¡le 9).

other nethoos of estimating preclsely the contribu-

tions of the pathlvays to total gl-u'cose utilizablon have

been ;croposed. anO evaluated- (1, 43) " Each of these invoLves

assumptions, and. none Seems to be Senera.lly a.cceptabl-e or

eæplica'oleo IrI Soae of 'bhese nethocrs the fa-te of' Ùhe five

carbon unit is not corlsidered- and it is assuned tb'a't ihe

only carbon O-ioxide to Ð-ppear from t}re penrose phosphate

pa:.thr^iay is the original C-} of the gtu.cose, v'rhereas 1t is

qLlite cl-ear tha.t a.ny glucose resynthesized" by tire pentose

chosphate i:a:thway ivould, now ha.ve a ct-ifferent carborl aLom in

.^^^.l¡'i¡-¡ ^"^^ anc] this wou].d' be re]-ea,sed. as ce,rbon d-1oxid.eU(JÞ J iJ ILlli uI¿(,

when the tlucose nolecule re-eniered. the sequenceu å fur-

ther comolica.ilon is t'net pyru.vate, which may be d"rained'
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through iriose from preceed.ing cycles of ihe P? sequence,

r,,¡ould- 'í:.a.ve 3. changlng conplenent of the origlnal glucose

npr.i-ro'ns 'irhiS inirod-uoeS f'Urthey' nAZz.YÕ.S intO ihe caloU-
e * r¡* I

]atlons of the alternare seqìlencee

Because of Nhese conslderatlons oiher er¡idence t',r-a-S

sought 'to stz.engtiten ihe ,aeia'Oolic irend- as d.epicted- by

C6/Ci ratio, Supporting er/idence caae from the observed.

res-oira.tory increase du.e i;o DN? ad.d-iilon to ihe einbryonic

a.xes and. coLJ.Ied"ons given d-ifferent after-ripening 'Ûrea|-

¡nents. Two noles cf ¿ÐP a.Ye rêquired f or each nole of pyru-

vate prod.uced. írom supplieÔ 811ìcose if it is neta-polised.

through the .,sl'íP pathway; the breakd.own through the PF pa"th-

!,ray is ind-epend"ent of ihis requil'enent. This indica"tes

tlL¿.,t ËirIF is more d"ependent on ADP and" thus v'¡ifl be accel-e*

rated. striklngrly 1f' addiiional- ADP is rnad-e ava-ila.ble to ihe

s;'sten" On ikre contrary if bhe PF pa.thway is the major

r-nui,o the iner.ease itr resnira.iioll wolrl-d- not be a.s greafM- VU , U lrv rf:v! Vv-Þv

and. the systea will be accel-eraied. to a. degree depend-ing

on the extent No l'"hich Ùhe EltiP pai'n*ui.ay is contribuiing io

tbe over a.l-} nretabolj-sm. In the aciu.el proceoure, there-

f'ore, ÀDP ler¡els of eilbryonic a.xes i"rhich ha.d und.ergone

0, 6, l-1 and. 16 weeks of a.fter-ripening were râised by

treating the enbr,'¡os vüith DiriP and the i.:ercent increa.se in

res¡;iration calcuiated, 'Ilre ð-a.ta' as shov,ri'i in l'abfe 14

indicated tne.t d.uring the initi¿¡.l SiX lnreek '¿.f-ver'ripening
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raâri ^Ä i1",a Fô^-^^:^ã^ 'ã''^ 'r Di'JP v¡as fliree to four- times,UçI¿LJ\l-, ullÇ rÇÞI]U:lùg lrLtç UL

higheru,;ith zero and- six v¡eek after-ripened enbryonic axes

ik.an',{íith ti:ose tbLàt had- been ¿-:fter-ripened- f'or }1 to l-6

v,'eeks" It is concluded from tilese results tnB.E the Ei'ÏIr

-nrJ-;rr¡;ârr ie f'¡f mo1.e in,COftant in ühe f ifSt SiX f^¡eeks OívÇ- w LLvtq.J

after-r'ipening than in the rema.ining after-ripening period-

v¿hen rhe PP pathway contributed to e greater exì;ent to

total- respiration, On the seae basis after-ripened coiyle-

C.ons rvnich siroited, an io-eni1cal C6/ü ra"tlo tnrough out

af'te.r'-ripening a.lso skrofieC" elL equal response to Dl'lF ireat-

nent (fable 15)" [he increased" ]eve1s of AilP ttith increased

after-ri¡renin¿ iime as reported by :)oll.ocr a.nd- Olney (+2),

or rapio- tu.rn over of ;rTF,/¡DP d-u.ring the aclva.nced stages of

after-ripening could have also rnade the EI''1P pa.thway less

respoirsive io an increase in AilP l-evels. If so, then the

DI'JP woul-d- have l-ess effect on increasing o)iygen uptake

a.s e.f'Ne¡'-ripening time increased,

The ma.jor ::oute of amino acid. formarioa ln plants is

viao(-kebog'Iu-iaric acid, an intermediate in the TCA c5rs1s.

Thus if the uil'iP pa.thway is operative, theno(-ketoglu.tarafe

will be equally la.belfeo fron Cl- a:rd. C6 of the suppJ-ied

gliicose and- as lv1ll the a¡:nino a.cios formed- frorn tnis pre-

cursor, llurther evid"ence t'¡hich supi:orted the o-osert¡ed"

changes in ¡:a.thways of oxidation comes from the si;uC.y of
rJr. - / ^1 bÇ'- incorr-,oration into anino acid.s from glucose-Ô-C'- as
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compared. io that fron g'Iu.cose-t-Cl4 (Table Lz) " This

drain of C6 into the anino a-cid,s of after-rlpening

embryonic axes can-Oe expla.ined if i¡ie consid-er thE't CI

of the su.pplied. glucose rr.ras losÙ before rea.chins- the TCA

cycle , In other vtorcls, PP oxid-ation incr=ee.seo, in inport-

ance aS afier-ri1:ening progressed.. In cr-ornan| embr¡ren1s

exes tn¡here tire EIniP pathway is the prevalent pathviay of

oxid.ation, eS shovm bJ' C6"Cl tetLo and DitlF respollse, the

loss of C} was negl-igible and Ùherefore, the contribuiion

io a.mino acid,s of C} enõ- C6 of glu.cose wes essentia.lly

t i:e s arne 
"

In cot]'Ied"ons, l'lhere the contrlbution of i;he FF

pat,n:;tay of oxidation is significani bu.t rel-a,tively con-

sta.nt tnrouglrout the a.fter-rlpening period', the greaier

coniribution to amin.o aciC. la'pel-Iing of C6 from glucose

rel-ative to Cl v¡as also colstant throu.ghout the after*

ritr;ening period., Thus a.lthough tlie contr'lbution of

irrcil-lctual pathr,vays cannot be ;crecisel¡' estina-ted, 'Lhe

preseni stud.y sh.owed- ¡fuar in coiyl-edons, ifi a.dd,ii;lon to

the Él'lP pathway, breakd-oi,rL via the PP seo;u-ence plays àr!

inportani; role in glucose d.issinil¿-bion, In enbryonic

axes the EIIÍP pe.thvta.y is prevalent Öuring tne initia-l six

'seeks of after-rlpenlng followed by a. greater role of the

P't patnvta.y in subsequent after-ripening.

The qu.estion of ',vi:af cieternlines ihe exient of d-iver-
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slo¡- of glucose-$-phospnzt,e io the PP pathway is not I'veJl

Llnd.erstcod." Presently tv;o nechanisms are ti:ou.giit to be

responsible (2) " The first is the avallaclf ii;y of i':r"DP or

the rete of r¡e-oxidaiion of i'iADPä, which mi¿lht ',ve11 llnÍt

d_ir¡ersion of ¿i'ì-ucose throu¿;h the peniose phosphate sequellce"

flhe c ehi'rJ roo'enASe S reS-OOnSibl-e fOr oxiOatiOfl Of gIUCOSe-

6-phospha.te to 6-pitoSphogluconate arrd- fu.rther to r"ibulose-

5-nhosnlra.te ere ilÁ-DP Specific end bhu.s in its ebsence their¿

¡ni.i rri tv i s I iraiieo and- so is the PP contributiorr. 'IheØvw¿v ¿eJ

secol-d- mechanisn involves the inhibitory effects of infer-

¡:ed-iates t ó -phospho¿rluconaie anci, eryrhrose-|'-phospha.te)

on the glucose-ó-i:hospha.ie isoinerase" Ihus '¡hen the cycle

becomeS operafive, its interneCLiates irelp to increase the

pariicipation by inhbiting glu.cose-ó-phospha'be isomerase

= ¡1. i iri trry _ vJ ô

If iri¿DP is a lintitii:E Í'acior to the initial increase

in ihe },F jlathway of oxidation then it may be assu.med. Í\;.a.r

the ievels of i|.is coenzyÉe may ha.ve i ncreased- in one of

t'nlo possible l¡Jays" Fhosrûhoryl¿tion of ii¿D due io the

increased aciivlty of l.¡rD iiina.se o:: the o>;icÌaiion of i'¡åDI'H"

The Second reagon e.pirears more probeble, Yamamoto (6+¡

founð" i¡a,t ¡þe niajority of the iiiÀDP in cot¡']edons of t/lgna

Êescuipeda.Iji,q wes in the reclLlced" state" rie at't,ribuiedt

Ì;his io the partial aneerobic cond-liions of ihe fissue" JTi

tire ea.rl-y af ter-f.ipening stage of Ff'u.llL.is cerasLUi seed-s ,Ðar-

a : :....4:.1



i;ial anae::oDic conoitions aây exist as su.ggesied by hiSh i:itl;

va.lues. these conclitions could- nake Nhe transfer of

elecirons from iri¿i.DPä ot oxygell- cliÍ'íicult and" thus iríi+DP levels

r,çou.lC" remain ]ow"

Brolnrrl (11) incricatec tha.t in Cucgrbi-Þ¿. pepq seed Ùhe

perineabifity of tir.e inner coat wa.s ¿rea,iest when the mem-

'1ppy.ìê I¡JAS el i t L+r -. -t ^¡ n +-'øny¡ ßôrfl-;r-l +i:cl v Satufleied_ 'li ith rrl.atef .u¡ÇrrrÇ urGp ur+Ètlt/iJ IeÈÞ úLLóJL L;\-rlll}./Iguç-l-J

Foliowing tnis reasoning, therefore, it appee"rs possibie

that as a.fier-ripenixg advanced, che bar'rier to gaseous

excha.nge imposed by the seed coverings aa.y nave decreased

due i;o t.¡ater up'bake or slight ruptu-ring of tlie endocar.oo

?he ru,otuye in the end-ocarp becones consldera-Ol-e eîter 10-1]

i¡eeks of after-r'i.ceniz.rg period-. 'Ihe increaSed ga.seous

exchaJlge nay have fecilitated. an increa"sed conversion of

I'IA]-)P!I to i'igDP" i'l¿DP e.p"Qeê.rs to be rel-ateÔ to grolrith since

r,.rhen it '¡as vaclltln infiltra.teO inio 11 v¡eek after-ripened-

errhrvos- à (L¡,v o.-r,ntni.h iircr"cilcnt oVer. the COntfOl itaSÇ!¡¡.JIJVÈt va/r {:!v!rv!¿ +r;v¿!

observed {'Llable 16 ) "

The C6/Cl raiio in cot¡rlsd.ons i'\ias loiver tnàrJ unity

fron the very beginnizrg oi the after-ripening period- ird-l-

cating comparatively higher' ¡l¡rÐP levels than in ernb;'¡'onic

axes. 'Ihe irj;iDF' in this iissue nay be util-ized for con-

Version of reserve inaterials Sìlch aS iipio-s to iransportable

forms such as Ëu-crose via the glyo;<¡']a,¡s clicl-e. iilthough

C-irect evid.e.rlce',.¡as not obiained to incLieate ihe fu.nction-
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ing of the ¿Iyoxylate c).cle in this tissu-e, the íolloliing
observations aey su.pcort the possibillüy of iis opei'ation.

It rÂIas observeq (Tab1e 13) iha.i there '',las ar. increa.sed

ac'r,iviiy of C6 in tire isolated- sucl.ose. If tiTe synthesis

of suìcrose -fia"s d.irectl;. íror4 la.bellec1 gluicose, then the

r'¿¡ctioae.tivity in sucrose ltou.l-d- be incie;oend-ent of glu.cose

l-e,lrel r;osition, riig.h ra.c-loac-úivity in sucrose from C6

relative to Cl la.belleo glu.cose may indicate syzrihesls vie.

a reversa"l oí ¿..1yco1ysis, Iioi,';ever, the i.ncr'easeö activity

in sucrose from C6 coi-rla al-so be d.ue ro ihe res..¿ntr'resis

of' hexose f rom interiled.iai;es of tÌre FP .oa.ttiv;ay of o;<iCaùion"

Other evicence comes -fron the chanqes in the l-evels of

lipicts and. suðars of ihe er'lbryonic exes a.nd. cotyled-ons.

In eilbryonic e,tces a¡rc- coir,Ied.ons an iricrease in. su:gar

Ievels 'v¡iih a correspond-lng decrease in tipid levels ",{as

observed. (Tabtes 3 anð- 5), ¡1. sinil-ar trend. in germina.Lin.g

castor bean slices rqas reported oy Crnvin arii, Beevers (12)

anC¿ lca.s fou:rd" to'oe d.ue to ùhe conversion of fats to sucrose

¡¡i ç r ;¡= c"l :¡n qr¡-l q ì-a a:¡n-l av ¿L+ u r¡v €:4J vr,J !ø uu vJ v¿v ø

i{ost na.turaL fats contain mixtures of triglycerides,

a.Ithough in pa.r'ticula.r species one or anoi;her Í'atty a.cid-

u.sualIy i:red-ominates" The fais from Prunus cerasus seeds

'¡iere :la'.iii1y coirlposed of oleic ¡.nc;. Iinoleic conbalning

iri¿;I¡'ssricies. ;lLthouÈ,h palmiiic and stez-ric ¿-cids l'íere

nr'eseni in sinal-l amounis ¡ ,oÊrceritage-i';ise the¡' Iiere uùilized
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¿:t iì" fa.ster ra.ie. 'Ihe availabl-e evid.e::ce does not indi-
c¿ite an;r sv6.r1y Ciscrinina-ilon of oleic and linoleic acid s

util-ize.jci-on (lable 6) " fÈ ilu.si, hov,rever, -oe ;cointed. out

tn¿T the ary ueighi of the seeds a-tr the sÐ.ne ¡ine decrea"sed.

anc tnu.s the actual- utilize.Li.on of tne fatLy acid.s was

uncer es'birna.ied- to soae exient. It is noi icnown luheiher

this mocie of u.til-iza.ti-cn of fatty acids has anyihing to

d.o r,'¡i'ch breaking ð.orrne.ncy 
"

In general ouring aíter-ri.oening, ihe coiyled.ons

roust i'ema-in intact r¡itl: einbryonic axes for the gro;rith of

the e ,nbryo " This srrg j, ests ti'nt ceriain essentia.I grovuth

factors must be ir'anslocated íroin ine coi:'¡l-edons to the

enb::yonic Ð.xes. In Prunus ceresus seed,s che weight of

embryonic exes inc¡'eased by 3L', "l¡i' '¿na" r,naï of cotrrleaons

d-ecrea.sed by 9 "5ià. It is consid,ered ihat certâin ice.terials

a.re belng Lransporiecr fro¡r Lhe coi;yleC.ons to ihe elnbryonic

axes. The cot;;fs6at* ¿.Te rich in fa-ts, i,rhich are conVerted.

to pqucrose via thre glyo>r;"'late cycle ehd the reversal- of

El]'colysis " this siicrose is suppliea io the a.fter-ripenirrg

enbryonic axes, i.'r-here it nay be utiilzed foy res.cira.tory

1.116nêSSFS Ot f'^- .i-ira -ni nc:r-n j;j"cc.j q Of o.fO,¡r,th SUbStAnCeS a.ndv¿vvvÞpvÞ 9lrv v¡vriJrru!-9v¿p u¿ Õ-"

stru-c ru.ral nart eri"als,

0n ';he ba.s1s oz' .i;he results çresenLed, a hypoihebic¿'l-

scherne for ti:e blochenical- cha,nges occi-rrr'ing in this seed-
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is preSenteO" Iü a-c'peatS rrrat enbr;'os of Prunf.¡-s cerasir-S

Ð.Te dornani bece.use of a lack of ceri.ai.n groi'rth íactors

t.ê.rni r.ed íon qernj:nation. Du-ring e.fter-ripening certain¿ ulr u+¡ vg L

neta.bol ic chanp:es Lake l1'lace both in enbryonic axes and

coty-red.ons , lyt cotJledcns the high lipid level is u.tilized

in a conversion io su.gars tria the llyox¡ri¿¡s c}¡cle and"

z'e Ve rsal o f gJ-ycolysls . These S uge.rs r''iith other r]]aterials

àre iransl-oceted io enbr¡'onlc axes. Jt is unlikely that

suJ:starices froin ¡Ì:re eaibryonic axes l'¡ill nove to any exNent

e.g'a.inst thris ma.in tr"ansloca,tion strea.n, thus changes in

riletabol-ism of tne einbryonic axis ¿.re unlikely to have any

oirect effec'ü on illeiâbolisn of cot;"'ledons " T:r" the entor]¡on'ic

aXes, it aplfeArs t'*at mOistu:'e , oxirgen a.nd l-ov" ienperature

d-r.lring the í:1itial six v,ieek after-ripenirLg period speed u'p

enzymatic activity atr.d oxidation of red.uced- pl¡ridine nu-cleo-

iid,es. Due'bo ihe oxlO.ation oí i\ADirli or to its d"e nQv9.

synihesls o-u.ring this period, i;he increased' l-evel of ITADP

orings a.bout a striking lncr.ease 1n PP activir;y" The

ample gva¡La:p1lity of ti:1s i\rAÐP a.lso i'3is¡eas€s the activity

of isoc :trr.c cieh.vd-rogeriese o The ï.e'Suli 1s ayt acael-eration

of both F'P pathl'ia.Jr a]ld 'It:i. cycles " The intennedlates of

thesecyclesâ.JÐea'riobelin]<edtoihesynthesisofcer-
tain growth Su,bsi¿.nceS i¡hich ere required- to overcome the

i-nlni ¡ì i.n;.r¡ hl nnk rêsno.rîs ibl-e f or Õornàfic;' " .L-]u'ring 'Û]re
¡.LIrr+ uI vv! J vÀ v v-¡

seyenth rveek, the neÙebolic sfl.ift from the Ei'iP io ihe PîÙ



ps.til-wey sL:8*ges't s

night -oe 
':laYing

gror,tth factor. s o

'birat inier'ned1a.t es

'¿, dominani role in

70

ihis latter cJ¡cIe

syntiresis of these

of
+h^
U IIç



SUlii,iA+,I

Seed-ciorrna.ncyinPrr¿quqceras\rs-is'orirnaz'ilyd-ueto

einbryo o-ornanc¡ro Áll af1er-ripening treaticent of 7-10 weel<s

resulieci in a termination of eärbryo oornanc¡r but intact

seed-s failed io genninate conple',,ely d-ue to effects of the

end-ocar*o a.nÖ seed coats.

In emlcryonic exes O-Urlng the firsi six ¡¡¡eeks of aîiet-

ripeningrtipidsrsLlgarsrd-ry-uteighi;and'respicar'oryTawüe

::ernained u::.changed." During this period the III':F t'¡as ine

predominent pathvíay of g;lu-cose oxiciation'

PosslbJ-y due io the effects of 'ìncr'easeo- Ievels of

iri+rDP, there was an abru.pt cntnge in lreta'colic activiiy at

ine seventh tieelc of aîter'-ripening, Ài ihis tiroe, S'bud-ies

ot CO/CL r¿.|.io, 2-+ Dt{P effecü on respiration and- contri-

ìrution of C6 and- Cl of gl-u.cose to ¿hre anino acid-s fraction

indicafed- the PP io be the major l¡atl:way of 8'lucose break-

C-o,l,,ln" These cha.ngeS wer- accoíilpa31ied" by a ra,oid 1¿s¡sâ'Se

in respira,üory TaEe, a deerease in lii:1d. ]evel , a:n& ant

increase in suga.rs and- C.ry i'leight 
"

Asirnila-rrbutlessi,ta-rlieC-inci'ea'seinrespira'uion

occu.r.red in cotyleclons, but ihe CD/CL ratios rernained-

collsiani at approxina.iely 0,65 " Indirect evidence indi-

caied t,n¿,i lipids wei.e being oxid,ized, via the glyoxylafe

CirCIe and- -u¡e¡e beitrg tra.nslocated- in sone forin to su-pply

i:ncreased. respir.ator¡r requirernents of the enbryonic a.xes"

7L



ft is suggesüeo t¡at ihe cire.nges in ,oathwa.y of

oricia.iion are l-inXeO. in sone ï:atL:nec to ¿roitih fz.c-t'oT Êro-

Cu.Ciion ,,¡hich l-ead.S io z teri:nination of err-Þryo dormancyu
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