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AB.STR4CT

Tz'j-tåeale 1inøs seleeted. fos" varåe.tåon i.r¿ degrae of kernel- shrår¡eL-

l-ing were sir¡dlæd to'EesÈ the ]:¡rpatl:esis tl:at shrivel"l-ed. ke¿^r¿el-s.æer",e the

e"estll-t ef Èhe z"apåd braakdoçnt nf er:dos¡rerm s'ba¡.eh to sugars fotr3-ovr5-ng

ånåtíetåon of 3:remature germi-*af.åor'r pt¡ûeesses€

Graår¿ el.ønsÍ-ty '$eåsuu"€4tents çrez-e Ìaighly açrneSated wåth bi¡s?¡e} aroiggt

end al"s.> agneed ssel-1" with the uåsuaL ratång of shrivø3"15-i:g andu tlaus,

tsøeo used as the 5-cd-ex of, degree ¡rf kernel shriveS-J-islg" A3-pha-arnyJ.asæ

aetivíty of mature Trltíeel-e graixl varieC greåtLy bets+een lines and rsas

J"nvea'seJ"3r eorrel"atod wåth grein CensitSr, Tlaat i-s u 3-5-lres with l-or.¡ density

had l:igh auayS-aso eontent, Te study the d.osreLopnønù of, the amytr-ase aetå-

vity a trj.ne ¡'¡ith row aeÈív*-ty (6¿320) and a ].j-n* "*rith htgre aetåvåty

(6Á190) r{er@ e@mpared at di-fferen",ç stages of, gnain netur!-ty" rn both

l"fnes aneySas* aetivåty r,ra"s hÍgh at, l-0 d.ays foLlorøed 'ny a rapid eleerease

t'o JB days at o,¡ìråeh tíma aetiv"å-L,y ån 6A190 j-nereased. \r"@r3¡ rapåd3-y as

eorapared to ontry a sJ-Íght isreræase iÌx 6AjA0"

As eryeeted, redu.efng sugen eontent of nature grai-n c"efleeteet -the

alrnha-ainSrlese aeÈi-våtiosu In add.itíon, deveJ-opmenta3- petterns Õf r"e-

dr:eing sugers eoineided e3-osely rrc.th tþ¡e æ3plia*amy3-ase pattes"¡rs for the

l-i.nes 6419CI end 6A3Zo" Redueång sî?ge,r' LeveLs fm Manåtou ?,&eat deerease.d

steadiny d.uni ng ee"z"ì-;r stages ar:d. reachod a er:¡nstant low åø1¡*L by øaturiÈ¡r"

S'"uo*c'eb eo¡rtent at maturity eas ¡rot eorr.æl"ated ç¡åtb either alpha-

amyl-ase or redueing su.gers but a e¡rrrelaëåe¡: of a,T5* wes ob,lained. fce

st¿reh eontenà and graån density" Staneh aeeul*uLaÈi,an profå3-os durÍng

græån 'f.evelo..enent wez.e simål-er tør 65j3-, 6Å320 e.ne 6Á3-90 at carLy stagesu

hÕwÊv€rs at, airpno:rLnate3-y i$ per"eent molsù¡¡re sn¿ar"e!¡ depesitíon ån 6A19o



-¡-J

oeåse,s ¡¿hí1e 653]. snú. 6e3?.a e,ontfrrued to å:tereas.e" co:ts*q.6ent3-y, at
r.ruatir:Í'Ly ú*3zo anð- 6JlL had al:out 6 and 3.0 reg" y,lope steyeh per r<ermæj-

nespeeÈivel-y "b.laan 6AJr90" Tn ]¡lenåtou dæpositioi: cond;tneed ui¡tåL approxi-

metaSy &0 ¡:*reent moåsti¡re" Theso petten:s ?rere verîr ej:aiLay" -bo flræ

pettev.ns cf dr-y r*a*,Lev aeeurnreLaÈio¡"¡"

l{ean endospepra stei:eh granuJ-e såøe of Trít1ea3ø I j.nes re.nged froin

L?"Bl" t'a 3'J,61- p, ø.s eoraparecl oto l-8"f,0 for Manitou and 28"24 for pæolifte

13¡Ê" Thore er&s no eonsistent ¿"el"atåonshåp betçroen sterch granule siøe

and degnee of kernel shrlvøtì-ång" The three Triti-eaLe Lines rrith the

lor,rest rrlean stareh gnanuS-e srze aLl had rrj.t!çr¿s pers¿qgq åneiuded ín
tho¡år parentageu

Gr"e'¿s?s .of 3"6:da3' old cxeísed laeads ef 653L ineorporated appro:rl-

mately 1"0 pereent moye sues'**u-t% inte andogpeg.¡a the.n 6Á.J-g0 åndå.ea.tilng

tha€ 'bhe rate of sy::rthesJ-s j-n-a end':s¡:eu"m tlssue og 6a1g0 ås pnobably

l-oç'rer then 6531-"

No 3mpz:ovement ån grein deve1-oprNent v¡as observed folLowing grø

fnjøetioi: of l- m1" of IO-Itq CCÇ iyrto üre eu]-rns of 6ÂtgCI anA 6531 eåtårer

a*' florqex'ång o:: ]3- ctays Latez." Âlpba-amyr-ase aetírreÈy in ccc treaÈed

gnaåzrs of 64190u hts".¡ewerc tvas red.used. to f,8 pereent CIf the untreate.d. eo.n-

ùrols sr.lggÊstång thaÈ ker¡rel- shrivel-l"ing earuaot be dineet3-y e.ttribuÈed to
high Sevels of atrpha-amy3-ase.
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]." TNîRODÛCTTOI'I

Artj-fieia1ly synt'!:esiued intenspeeiJie and intergene:"íc plar:t hy*

brids have been extensitrely eniplo¡nød to strd.y genetie relattenships

å,mong speeíes and for thís purpose they have pnoved to be extremeS.y use-

ful" Morø reeenÈIy they have al-so been used as toeLs j-n the transfer

of deslrable genes i-nto eul-tlvated erop speeies" Trítieale, whtch ís a

eombine.tion of Tritåeuq (¡qheat,) and. seqal,e- (ry*) genÕmese has for sorae

tíne nov¡ E"eeeived el"oso attention as a potentialSy useful eor¿meyeiatr

ePope 3. eomprehensive dlseussíon of the breedíng program and. basi.e re*

search at, the UnÍversity of l{air-ttoÌre dfreeted torøarcl the devsl-epnent of

Tri-tíeal"e &s å eonffilerej.aL erop fnem A95t+ t"ø the ¡rresent may be fou¡d in

a paper" by Larter (1968)"

Ïn orden to derrøl-op wheat-r¡re hþråds to a pofnt where they possess

desírable levels of agronom:ic and. quality eharacteristies e nuuober of

pnobS-ems nrust be sver-eome. tthfl"e a great deal of progr@ss tosrard åm-

provemei*'b Èras been rßsrde se'\¡eraL areas ¡reød furtt¡er attention"

One of the persistlng probl-ems in the developmont of lritÍcaLe ls
fts poor kernCIl eharaet'eristicsu the kerr¡els, rather than being weltr

fi.lled and plr:mp líke nheat, are severoly shrivelLod at naturÍ-ty, thus

resulting in a lorc weight p€r bushel, fhis shrive'l3ing ls lndepend.ent.

of envirorment and occurs ev@n ur:der favourable grororång eondftíons (pen-

sonaL observatiorr),

It' had been fnequent'ly. observed that Tritieale lras mor"e suseeptib}e

to gernrineti.on in èhe ear ¡rrlor to or at æaturåty than 1oea13.y edapted

eereal varietíes, Tn addítíon, reper-bs from a nu¡rber of sourees ln-
dieated that mature Tni-tiea3-c grain was higher fn alpha-au1yJ-ase aettvíty

tha¡r sound çsheat (see fon exannptre, M{intutn1u 3p6])"



In våez-r sf these fíndíngs and obscrir¿tíons 1? 
"¡as 

postu.la"t"ed that

shrinkage and partial col.lapse of the endosperm of TriticaLe might re:

sult from the rapid eonversion of starch to sugar associated with the

onset of preeocious ge:mination,

The objectives of this study were to test this hypothesis by detor-

mining the nature of the relationships among kernel shrivellingu alpha-

am¡rIase activity, and carboh¡rdrate content of Triticale lineso



2U ¿TTERATURB REV]EåI

2,L Breedång and develÕpmenè of Trítíeal"e

Tritåeene is e.n a1-3-opoL¡ryJ-oåd pnodueed by doubS-ing the ehrenosome

nunber of tbe stenile hÉe"i.d tltat nesr¡l-ts from & eross betçveen tùeeå,

Tri€:leum ffi L" em Thell (group e.estirniur) oa'!" El¿gg$läe t" (group

duri¡m) errd nye r &gglg. ee-qge¿e L"

titerature re3"ating to the breødfng and developmenù of u*Þrea&-rye

lr$råds fnon the earl-iest re¡rorts in the Later L800'€s to the ¡rresent has

reeently bøen rc¡rlewed b3r Briggle (2969)"

The f,åest senÍous breedíng work wåth Tri-ti.eal"e was begun ir¡ Svreden

i-n 1934 by 1tüntøing (1939)" tüorking with oetaploid (56 elmor:osome)

lrltíeaLes he f,ou¡¡d thet, all- lines rrerø partiaJ"try st'erile and poJ"len f,er*

ti3-ity ¡ras lorøer than fn standard wbøat ¡raråetåes" Spanåsh wonkers headod

by Sanehez-Monge (L955) alss åmrestigated the usefid.cìess of J6-ehnomosomo

Ts"iüicales but found that shrivelled gneÍ-n and ster5.tråty tære ¡rnoblems"

Thís Led håm to speeulete ùhet &2 ehromosorces Þroul"d bo nearer the ept5"-

mu¡r number for Tr*t"åeale t"\zan 56 ehtromosow@s, Hoerevere he fou¡td that t"he

gæain of ÏrexapJ"oid Tritieales resembled tÞ¡at of thø oet'aplold Tritfeanes

ln ùhat it was shrivell"ed ared of trorø quaS-ity resuS-tfng im Low fLoreæ

¡reeld.se (Saneheu-Mongø, 1958), Üsing gå,flmte jæadlation of the femele

pae.ønt 5-mnedåately aftør e¡naseulatåon foU-owed by poln5"natåon dth poS.len

of såster ¡:3-ants Sanehea-Monge (1968) *" abLe to aehiet¡e some ímprove*

ment ín endospem qua3-i-ty" From 7? pnogeraÍes it s*es possible to setreet

5 wlth smoof,k¿er seeds" Reeåproea1 erosses betçr@en tÏ:ese 5 l"iru€s and

their orígirm1 lines seemed to å¡¡dåeate a pJ-asmegonie inftruenee on elrdo-

sperm qiaalåty,



l¿

Caaadåan Tritieal"e r€seerefÂ i.Hj-tiatod in T95t+ hes elso been eonee¡:,*

þ.æaþæd" or¿ th€ jnÏ:rovemeirt of Ip? eh.s.eriosonre tJru)ese Gonei-derabS-ø ¡:rogeøss

hss bøen made ån &e 5-mpno:remenÈ of agnonorråe eharaeteråsties sueh as

pleirt he5.ght, and maturity (Ieråøro €-! gL", L96B)" Pantial. sterj.lity

and shr5.vellli:g of the graån are }i-.¡níting faetors at present" C¡rtolo-

gleal- instebíli-ty whielt e:cisÈs a'ithir¿ Tråti.eaLe Ii-nes ås belåcved to bo

tl¿e eause of the partS.aL steriS-ity" Aneupl-CIíds tære obeenved. wi-th a fz"e*

Eu@ney of 1"0-1"5 pereent in a routine somatie ehrosaoeone eount of buLk

seed sampl-es fr"om J0 straS:rs, foe majoråty of t"be anøupXoid tgpes rdare

hypmp3-oåd" They obsexrred that a'ny one of tho speeies Trltåeum tlpopheevås

1" pgåÉg or Seeal"g mentgnuqe prhen i-neluded in tbe ¡rarentage of a

Trítíeale hybridr eontrü:uted genes for døsiæabl"e kes"nel" ehe.raeteråstícs

to the pxogenyø

?u2 Atplea-araylase develepmen'a

Sehvri:mor (Lgl+?) found tliat tha emount of, alpha-amyJ-ase pen vùeat

kernel- romaíned re3-atíveJ-3r eoErstant thrøughout the entårc eourse ef deve-

lopment and ear3-y stagos of rf.pen3.ng" Hovrever, 6n e p€r gram of da'¡r

raatter basis j-matus.6 r,¡heat Ïrad about 68 ti¡¿es the aetåv'ity of mstuee

grain" ln eo¡rtrast,u the amount of beta-amy3.as@ pez. gram &ry weíghrf ín-

ersased wåth the deveS-o¡rment of tlte graånu beång atteclded at t&¿e same

Èåine by a deereased solubfLity ån v*atøz.u Si¡uil-ar resuLts v'reze reported

by Ol-ered (lg6t+), nanely the"ü aJ-pha-æn¡rLase aetS.vity per unit ef dr.y

matÈer in rçheat T"ras veznr high dr:eíng the first steges of trcernel develop-

ment and tJ,at there r.aas then a ver3r napid rød¡¿eÈ -on sueh thaè when t*trte

grain had reaehed the o'nú1þr stege" the resådua3- a3"pha-amylase aetivåÈy

was already very sma3.3-"



Inftl-ation of germiEraÈíon plîûeÊss€s fn eøreel- grains are ehareeteråøød

by 3-arge ínereases ín al"pha-amylase aetíviÈy" Tr' rnre ¡øith as l"ittle as

0,J pereont, vísibXy gerelina'ced seed. the amylase vaLue raas nearÏ-y always

l:igh (Tødin and. Perssoilo L963)" Evøn eTriÕng the planÈs T*ri"ttâ no ro'es$.bX-y

gernrS-nated seeds there w@rê meny with very high amylese aetfv5-t¡r" Lfke-

vråse, ån rri.irter vlr¡eet Blnglaam and Hhitmorø (:.966) observed thet there vrerø

conslderebtre varåetatr differe¡aees 1n suseeptåbåiåty to germívratfon in the

ear arrd sueh germånatio¡: v:as alwa¡rs assoeåated with an ínerøase 1n a3-phe.*

emylase aetS-vlty" Howeveru even ín ÈÏ¡e ebsenee of, germinat*-on some vanåe-

ti-es øxhíbíted high levøls of aJ"pha-emytr-ase a¡td the authors eoneLuded that

a}pha-awiylese activity appeared to be unde¡'tno types of gcnotie eonÈrotr"

From ühe point of vi-ew of, ptr-arat, bneeding it j-s th.¡¡s not s¡rffi-eie¡rt on3"y

to sel-eet agaiilst visíbLe sprouting but 1t is vreeøssarSn to eerry suÈ ehemi-

aatr- assays for emyl-ase aeti.vity &s "¿el"L, Seleetion agaínst a1-pha-amylase

act'åvåty 5"ri rye s,ras shorr¿'¡ to 1¡e effeetise"

Müntøing GgAÐ nsted 'r,lmt rSra hed a stronger tendereey 'bo ¡rragermina-

tíovr than ç¡ireat e.nd theB ån oeèaploid s-t'neat-ryø bybrids this temleney

seenred to be just as marked as in rye" Veriatioil i-n aLpha:alny3-aso actl-

vity was foirnd âsiÕr1g diffçrent lines r¡f, TniÈåeaLe and the Líne wíth the

Lo-orest amylese aetívåty was atrso the one eribh the best kennel- t¡rpe as

detsrmlned by v5.sua3- judgement"

ïn germinating riee seeds rapåd breakdossr: of eirdosponn stereh began

aften about four days of germineti,en (Murctå, e.ii gå"g l-968)" Alpha-

amyS-asø aetirrities $Íez"@ found to par.eI"1eI tho paÈtonn of süaneit bz,oa,k-

doprnu Jul"iano and Varner (fg6ç) studying germínating peas found that

sèareh was degraded. slovaly ån *he first 6 daysu a peråod during ç¡?riele

alpha-aroyiase aetåvi-f,Jr Has ",rea"¡r 1ow" Beta-arny3.as€ was prese:rÈ aÈ a
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eônstent l-evel- r+ÌriJ"e phosphery3-ase g-røduatr-ly inereased end c"eaehed a

paak on tÌ:.e fifth day " Begiiæring on the síxth day thez'e Iáås e ra*re napS-d

degnad.atåon of stareh rf,tieh eoineíded" vrit",h alpha-amy-J-ase produc'üiot':.. The

authcrs roT?seEu.en'e3-y e oneLuded that, e1-irha-e.rayJ"ase ÞÍ&s Èhe ma jot' ensJrrûe

ii:votrvod ån the initial degradatiovr of stareh tnüo moro solubLe f'e¡:ms

rfuål-e phosphorSrl-ase and beÈa-any3.ase asslsted ín the fuvther eÕnvez"síon

to free sugs.rsó

2"3 GibberelLíns and amylase aetivity

The stj:nulatåon by gibberei-Lie acicl (CA) of alpha-amyl-ase aeti"víty

end consequent -y of sugar t-elease frcin ster"ehy endosperm is well docu-

mented and is being uti-líøed on a cormercial basis in the malting industry"

Paleg (f-960) was one of the first to demonstrate that added GA sti-

muLated the produetion of amylase enuJnme and rele¿se of redueing sugars

from barley endospermn Tomo (1958) found that separated barloy embryos

and endosporns produeed l-ess alpha-arnylase r'¡hen cultured separately than

uhen cultured together on a ge1 of agar" He subsequently sho¡red that the

embryo produced a gibberellin-l-ike hormone 'rqhich djJfused from the seu-

tel]um and aetivated the endosperrn to produce hydrolytie enz¡naes o rr¡hich

then in turn degraded the endospe::mo I'lhen treated i+ith GAr cell walJ-s

of barley endosperm first break d,otm at the periphery adjacent to tha

aleurone layer indicating that the aleurone layer must bo the síte of GA

aetion (Briggs u 1963), The amino aeid analogues Dl,-ethionine and DL-p-

fluorophen;rlalaníne were potent inhibitors of sugar reLease and also de-

pressed the incorporå.tion of radioactive amino acids into soluble pro-

tein" Since this phenomenon is a rae1l kno¡ro aspeet of the ínhibition of

de novo protein synthesisu Briggs eoncluded that GA acts by stimulating



These observations and eonclusioils r,rere supported by the ç¡ork of Vanner

(lg6Lt')" Visual- inspeetíon of GA-treated barley halJ-seeris revealed thet

that part of the starehy endospe::n in contact r'¡ith the aleurone layers

rnras first dissolved indicating that ¡¡s ¿lpha-ar4ylase was probably eoming

from the aleurone layer" this was confir:ned quantitatively" Following

ineubatíon with phenylala*in"-1% alpha-anrylase rvas found to be labelLed.

and to consti-tute a major fraction of the label íneorporated into pro-

tein" The author questioned roùether the entíre anrylase molecule kras pro-

duced by Èg _4ç[r..o_ s¡mthesis or ¡¿hether the labe11ing resulted fro¡r addi-

tíon to or modifieation of a precursor as is the case in å" Êgþ!¿li€.,

Using d.ensity label3-ing of barley alpha-anqylase i,rith IÏZOIB Filner and

Varnor (tg6Z) shor,¡ed that all- of the enuJrme was s¡mthesized !þ novo

in rosponse to gibbereLlie acid"

Radley GgAZ) showed the scutellum to be tho site of produetlon of

gibberollins j¡ the early stages of the germination of barley seed.

Activíty of the seutellum ceased on the ttlird day at which time the axis

probably co¡unenced to produee gibberellins" CCC (z-ehloroethyl trÍmethy-

lammonium ehloride) was an effeetive irìhibitor of gibberellin produetion"

All coneentrations of G.4.3 (0"0?-0"09 ¡:noles/p1ant) sprayed onto

intaet leaves of tobaeeo plants eaused a significant reduction of st¿rch

leve1s 1n the leaves (Lee and Rosau 1969)" Redueing sugar level-s in-

ereased but were not greaÈ enough to aceount entirely for the loss of

stareh in GA.2 troated leavesu GAq troatment also resulted ín a signi--)-)
fícant incroase in arnylase actiwity and the authors attributed the de-

crease in stareh content to this enuJ¡lne s'bjmul¿tion"



?.,b Gfbberøll1ns and seed dormaney

Bl"aek and. Naylor (Zg5g) b5r feøding G& a*. L00 and. 3-000 ppm to åf¡eri+

fatga heads exeised at the u'milþ sbagenu wore abLa to produee non-

dor¡aasrt seeds" Seeds prodtaeed on lneade fed only HpO wene eomptretetr-y

donnentu Sinpson (L965j demonstrated tt¡at non-dorment embryos of Agena

faÈva produaed endogeneustr-y a gibbereS-3-in-Ltke faetoru lhis faetor ?eas

absent in freshly matured dormant embryes buë ínereased i"n amor¡n'e røåth

length of the af,terripening ¡rerfod"

?"5 Ïr¡bÍbitors

Abseísåe aeid at 5 x 1O-5U almosè eonaptr-etely i¡rhlblted grovlch ne-

sponse and aLpha-arnylasø s3rnthesís 5-n banley seed (Khan and Dowr,1ng,

L968)" The ínhiblti.oll Þras reversod to a trarge extcnÈ by ïeenetfn rshiLe

GA was far l-ess øf,feetive, Iler.rev@ro GA3 1n eombånatlon wi.th ki.neti¡r at-

most eompS-e'be3-y ¡eversed tlao lnhiblti-on of alpha-arn¡rlase synthesis" Fa3.eg,

gg 91" {1)øS) observed CCC to l¡e ineffeeÈive ln r,eetrLeting c.ê}ease of

redueing sugårs from exeísed barley endosperm tÍssue" Sj-nil-arXyu EI-FouXy

and Jung (1966) by spra3rf-ng CCC sn wÞcoat p3-ants çvere uraabLe te al-ter tÞ¡e

Level-s of em¡r3"ase aetivíty in the @&Fso H@neven, aw6rlæse aetfvfty ån

Leeves and stems seas lmereased by CCC treaåment" lartor (Lg6?) found

CGC ùo be effeetlwe ín x.sdue$.ng the helgh's of barley plents" This i-s a

tryieal CCC nesponse and lndieates an inhíbition ef GA s3rntleesås og.

aetlon slnea glbbeeeS-I1ns ane knocf¡: to pnorraote internod.e elonga&ion of'

dwarf' plarets of vaæåous sg:eeåes" CCC treatme¡rù (fO-l of fO-tril) Ìrad. no

signifieant effeet on pro'L,eln peneontage, kerneS" vrelght or totsl bef,e-

am¡rJ-ese aetlvity of greín frore the treated banleSr planÈs"



2"6 Grain devel-opment and chenieal composítion

Numerous investigations of starch development in cereal grains and

corn have been reported in the literature" Frequontly these have also

included studies of changes in the physi-co*ehenieal charaeteristics of

the starches duríng development"

Jennings and iulorton (1963) reported that in the developing ¡øheat

grain starch content per endospern inereased rapiùLy and ¿l:nost linearþ
from about day 72 Lo day 35" The percentage of endosperm dr¡r weíght

constituted by starch also reeched a marjmum valus about thís tj-ne"

While fåe rate of starch s¡mthesis in norrnal barley (GLaeier) nas higher

fåan that in the high amylose eultivay Glaeier (Pentlandfiel-d) u in both

eases most of the synthetie activity in the developing grain oecurred

between the tÀird and sirth r'¡eoks after anthesis (liierrítt and Ialalkor,

Lg6g) 
"

Del Rosarioe e! gl" (fg¿A) obse::ved that about B0 percent of the

starch in the mature rice kernel had already been sXmthesized in 14-day

old kernels, The aleurone la¡rer was already fully developed in kernels

I days old" .A.ccording to Briones, gþ g!" (f968) individual stareh

granuLes in riee endosperm inereased in síze throughout grain develop-

mentu They noted that the fivefold increase in stareh content per grain

during development from day 4 to 39 eould be due nainly to the i.ncrease

in size and not in the number of starch granuleso As early as 4 days

after floweríng all starch sa^urples were birefringentn Gelatinj-zation

temperature range remained constant at 610 * 65o C during the first truo

¡.reeks but deereased slíghtly toroard maturity" .Arnylose content íncreased

from 25"0 to 28.) porcent suggesting that there nust be moro amylose i¡r

tho outer starch granule layers than at the center,
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Bíee, g_t.eÃ" (19þ5) found dþrcat endospcrm stare!:'be be abund-erEt

8 days a.fþ"øy polS.inetion and to ínerease in amou¡rt epproxSma'aely 3-íneez"13r

rei.üh tå-f,qs" They a1-so neported an inerease írr ataySes@ eorlt€r"jt frcrn 1"9

pereent aE 3.2. days to âJ pereent aþ 2l+ days" Tnerease in stareh gralml"e

siøe ç"as ¡naz'ked up to L2 or 3-J days but there was vel"atlvely 1ått'le sub-

sequønt ehange,

The natåo of amyloso to amylopoetin in both nerrnal end high arnylose

bar3-ey inereased durång ripening of, tÌ:.e gnains (I{ernitt and. Ual-ketr, j-969),

Average dlameter of starch granules in the bågh amylose banS-ey ç¡as sr*aL3en

than i-n notwel. banS.ey at. aLL stages of errdosperm development," Sj-mi-Lan

i-nereases iil anryS-ose eoy¡&ent durång deveJ-opment of banley kernel,s wer,ø

reported by Hart"is and Maetfå"l1ia¡o (1958)u In a l"ater publleatfon Merrftt

(1969) sheræd ÈÌmt during the nature{íÕn of normal e.¡ad high a:ny3-ose barley

the suseepttbility of t"h.e ra¡'r stareh to attaek by a3-pha-amy1e.se remaízred

eonstant i¡ntil- the ¡i¡oj-sture eo¡rtent of, the graín fel"3 betrow ab,out 60 pez'-

eenü" Thereafter the stareh developed a resist'axrce to anylalysis whíeh

nas direetly pnoportional ts the tross of grain moistupe, Ðunfng ma3.t5-ng

the b¡rl"k of the staneh sol"ubil"iøed was the arnylepeetln fraet'ion altJrough

anrylose ¡sas inereasàngly utíliøed when gemri¡:ation was 3rnolonged,"

Comparlng etarebcs fc"om 17 vanfetícs of tdneat Medealf, end GlLlee

(f965) found. a^m¡rtrose eontent to range fren âl"ll k"ø W,6 peneent søit3t

dtrrrun steeehes tendíng to be on the hågh end of the Fang€ (26,1þ - 2?,5

pereent)" He¡"d red s¡rrlng and dum¡n starehes wepe v€ry simílar ín den-

síty" The date suggested that solrrønts eoul-d penetrate d¡¡rum starehes

more readS-lly than otber t",vfueat, starehes"

Sm*oth-seeded pees eoltÈaå¡'red l+2. tø 4] pereent süareh eomposed of,

lJ peneent amyS-ose ç¡h.ereas wrínkl-ed peas had onþ l1 to JZ peneerit
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sts.reh w"l"th an emyXose eovrÈent øt 65 poz"eent (Gaeenwoad and Thounson,

L963.), fn addition, the am¡rJ-opee+*in e,hai^'n Løng"uh in cmeoth seeds was

26 'ça 2f glucose units es eorûIlered to 35 La J6 g1-æecse uníts for tlze

arrrylopoeêin from rmlnkl-ed seeds"

Redueing sugars in devel-opång vøFreat grain a3¡nost eompletetr-y dis-

appeared. durlng the meturation phase ("Iennångs and Monton, 1"963)u Th.e

pattern in dunro ¡,¡heat a-as si-milaru howev@Fe riÕrr-Fedueimg sugars re-

mained at a eonsi.derabJ-y higher level at maturíty (Mengeru L96L).

2,7 St¿neli granule deveS-opmont

Siøe and" shape are starel: gz'anu3-e ehanaetes'ístíes v¡hj.eh var¡r fnore

speeies to speei-es alrd ean be used fsr ådøntjfieatioit pìårpôseso

Mael{astøE.su €t e}" (L95?) deseribed eereaf. stareh granutr"es fon thls pur-

pesêB I{heat, barley and rrye stare}¡es are simil"ar in thet alL eontain

both smallo spheråea1 e.nd J"argee lens*sha¡:ed gnan¡¡l-es" trdheat starehu

l:,orøever, has a lar"gen mrmber of srnall grenules r+Þríl-e in rye stereh mariy

of the tr-arger granules have a pronrrinent Ïrílui'¡r røit!: radi-atiirg fissi¡res"

l{o¿"ma} starehes ste,in bl-ue sr vå,¡1,4t s¿i'bh iodine r'/nil-ø nax3r stanekros

wi-th 1i-t'üle or no amyl"ose appeer red to r.ed-bror'n+"

Stareh granul-e deveS"oprnent in tdneaè graf.n s+as studied pho'homiero*

gnaphieaJ-ly by Sandstedt tþ+Alu He fou.nd mirtrnte stae.eh granules a3-ready

pr.esent izr the ur:feytiLiøed ovany" Peråearp stareh de"¡eLoped rapåråIy

r*ith granules reaehing maximum size by the fourth or fifth day, Howeveru

it pracÈiea3-l¡r dise.E:1:eareC due to enz¡nnatíe digestion by the ti-r-re Èhe

kez"nel- atf,aåned i-ts maxårnum Length" Át about, "Lhe ti:r¡e endospemrcelL v¿al-Ls

fortned (¿+ or 5 deys) månute sta¿.eh granules were oìrsecved in the fnèexisi"

ef the ondosperm" These developed into the Largø, lontieular granuS.uas
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rdnieb a:"e eharaeÈerisÈie of wheaÈ starch" SmalL sphoríeaL granules began

to develop aÈ about, the time the key'nel- attalned fu3-l leng't'h. Thess een*

pletely fíLl-ed tÌ:e sreaces beti"reen the l-eittieulav" grenules" A mcre re-

eent report by !íey and. Butt yose (ZgSg) outlj-nes essen'bíatr3-y the sarrie genera.l

features fow stareh granule formation l¡r devel-op5-ng banley kernetrs, Gra-

ru¿l-es inítia'bed up to lJ days fz'orn anthesis (Tþpe A) vrere at, first Len-

tieula.y-shapedu fu"regule.r Ln outl-ine and quite transparentu nhereas those

fnítíatecl betweeir LB and J0 days (Type B) r.rere spherical-u regule,r in out*

Li¡re and mueh denseru At al-1 stages type é. granuS-es eontributed more than

p0 percent of tha tot"aL volume desplte tite faet that type B granutes rê:

presented. 88 pereent of the total- n¡:rnber at' )6 dal'so Both stareh and

endosperm density fncreased j-n the l-ater stages of developnent"

Observations usíng a seanning eleetron rníec'oseope eonfir"ned the pre-

Eenee of an equaÈorial- groove in 3.e.rge wbeat stareh granul-es (Evers, 1969)"

îhe absenee of this groove in small granules provides eri-denee in s-,¡ppont

of differen'rl racdes of fornation of threse ttøo types of granules" 0nø

shape rshieh vras frequently obsoweC sqas eharaeteri-aed by a deep coneavity

on the upper major surfaee of the granulesu Pnesitnably the opposite side

rsas sfrnilar" The presenee of this eoneavity tends to support the view

of May and Buttrose (1959) t}rat the eenter of the granule is lass dense

and. thus tøith its çyeaker eryrstatr-3-ine sÈ¡"ueturo çrould be mere suseoptible

to eo3-l-apse" Iil a study of tha endos;oemn ef dent eec'n lxlolf , g[ g}"

(L952) foi¡nd thet horny endosporrn cell- p¡41'ls'l{ore about 1"0 P t'hiek

whíl-e fLoury endosperra eell walls werê about L,3 p thielc" Stareh gnanulos

in florlry endosperm eel-l-s iøere lange aird had relatively sr¿ooth surfaces

indieating the absenee of high pressures" Tn eontnastu gnanul-es were

smaller and moro tightly paeked in hor"ny endosperm eells"



2"8 Gonetíe eeuclteoL of grain ear'r:oh¡idrates

Studies orl eorn have yielde'å tlie greatest ams:unt of infozt¡iation

about g€n€s affee'ting enduspern el:araetenistíes0 ïlxåny of vdnlch infl-uenee

amylose to arayl-opeetín ratíos" Wa4y genotypes v¡liieh result ín zero anly-

lose havo beon found rn a ni-¡:nber of s¡leeies"

Quantitatår¡a data fer earboh¡rdrato eontent are gív'en by Croecli tLg6S)

for sÍngle, double and triple reeessíve eombinations of the genes aee duu

sh2o sutro s112, &nd rrlxn I'he amylose o:rbonder gene ae, ín additfon ts

ehanging the amyl-ose eonten'üu also eaused a substantial ineneass in sugers

and a::eduetion i.n stareh" Genotgpes a€u du, sll2 e.nd su1 aJ_tr had. stareh

granuLes prith smaller mean dlasoters than normaL" Thís was partíeulanly

marked ín su1" An earlier study by Knanzeru et g$, (1958) ån s.ihi-eh the

serae g€n6s îdere inves'bigated provided inforr¡ation on the arnyLose eontent

and kerne3- phenotypes whloh resul-ted, 0f partieular interest to the pre-

sent study is the gene sul whieh alth,:ugh noÈ ehanging the amylose eon-

tent doee nesult in i"¡rinkled Ìcarnelse presurnably beeause of the eedgetfon

in starch eontent of the endosperm"

1{arper and Quinby &963} reponting ôn å sugery endospeyrn ehas.eeter

in sorghum noÈed that sugarSr sorghum seeds wrlnkLed as they matuned a¡:d.

that they vrere about one.=tluarter smaLLer than normal seeds" At rnaturity

sugery s,ged-s eontained. about 4 pereenü sugars eompaned to approximately

2 peneont in the nor¡nal-u Genetically, sugary funetíoned as a sjmptre

T'eeessive to normalu

A developmentel study of earbohydrates in meåøe p3-ent"s earr¡¡ång

su1 atld sh2 genes singLy and ín eombÍnatlon w&s earcíed out by Jeruaåzrgs

and I'leCombs (1969)" After 21 days dry matter eontenü of shrunkon lines
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began "r"e lag behínd th¿t of ful-l- l-isres" Redueing sugars foll-ovred a si¡ri-

lar pattepn in al-l feur l-ines e nåmel-y beginníng at about 20 percent of

dry mattor and deereasíng to almost aero at 2l days" ldon-reduclng sugars

deereased i-n the ful1 Lånes whereas Ín shrunken L'i¡res they remetned at a

high 3-eve3- throughoutu amounting to about J0 percent of dry aatter ån

'obe doubLe reeossive su1sh2, Shrunken genof¡rpes edribited manked p€duc-

tions in stsrch content with large inereases in ney¡-red,ueirag sregars

aeeounÈing for a Large portion of the roduetion" The sugary-fuAl geno-

type also had reduced stareh content but 1n this ease the d.iffereneê r*as

made up by about J0 pareent ¡.¡ater solubl-e pol¡rsaeeharides"
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3" MATERIÂIS ,{ND I,ETHODS

3"1 Growbh end eo3leeèlon of pJ-ant ¡aetes"i-al

Eigb'b TråtieaLe Li-nes trere ehos€n Õri the basís of a våsue.l- assess-

mer¡t ¡:f ùhe degree of kernetr shniveJ-3-ång" The lines seXeeted r€pzoe-

sented a Fenge of kernel t¡rpes varying frov,i peor Èo fairSy plur,rp* Paretr-

teges of thøso lines are gfven in Table 3"1" These Lfnes atr-ong wåth the

ha¿"d red spring wheat venåety Î{anítou, the du.n¡m 'wheat variety Stewart 6}

amd Proliffe spríng pye ys@r€ grovnr under field eo¡rdåÈions at l{i.nnipeg

durS::g the su¡mer of 1"968" No suppXemental- fenùlLi,øeæ or imlgation

waten was apgll$-ed, Teinperatures lüer€ below no¡:¿'raL and pneeipåtatie¡r

above noe.rnaL durlng the l-atter hal-f of the 3-t68 growing 6@&sor16

Spfkes ef aLL li-nes were tagged at the tlmø of anther extu"usion and

sf.x splkes of eeeh Låne wøre har¡¡ested at eaeh of seven di-ff'erCInt stages

of maturity begín:nlng 1"0 days after ívsåtietion of flowonlng and at raeøkly

intewals thez"eafter" In addiùi@¡?e a bu3-k sampLe of eaeh l-1ne was har-

r¡ested at rnaturfty" Caryopsæs ÞrÊre tremoved from the splkes inronediatel-y

after harvesto welghed to obta$.rs fresh nci.ght and s'bored et, approrri*

roatoS-y -25oF" At a later date tho seed sanp1es vrere freeue-drÍed a¡rC

rerrelghed"

3,2 Chernieel anø"lyses

Greín densl*y ¡øas esti:irated by determining the volune

sampl-e of knoa'n weåght, by dísplaeenenÈ of a tright paraffín

eher¿ieal anaS-yses gnaån ruas gror.:nd ån e Wil"ey rnÍ-tr1 to pass

numben 4ç0 eeroe¡r,

Protein eont*nt (N :c 5"f) was esti¡neted by the rdåero

of a seed

o11' For aLl"

thromgh a

Kje1dahtr pno-
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Tabl"e 3.1" Perentages of lritleaSe lånes sti¡dåeso

8e92 Tråtjlggo e%s't,iw.¡B evu Kharkov :{ Eeeg¿g. eongqnì¡n

653L (T" duru-æ ev" Ster,rart x S" gareå¿e cv. PnoLlfie) :r

(T" dSegeeoådga x å" -qesc@þ)

6A250 T, Ðeæ"¿e!S x S" eereqlg

6ajza - ÀÂBBRR

(,t+56-g 
f{3., d*oo* ev, Ghiøa x rye) x (t" di¡e.qn ev" ear}øto¡t x

,5" eenealgjl x kg" ærq.içSg x s"ye) x (?r¿t¿sgsl x
_l L-

**"*îl
"¿ _l

65lZ (T" dqru¿m vaz." l-er&qggrïn x S" ee:rg.@þ err, &du Fetkus) x

(T" Begciq-ün x å" eereaLe)

641"90 g" s@ evu Stovrant x $" gffi*Xe ev, Prol-åfåe

6ZLL"A. (I, ¿"ry* ss, Gh.íøa x rye) x (Ë" dur.r:¡n ev" Cer"leton x

å" sggÊgåg)"
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PLatø l-" (*) Fia'buz"e grain samples j-l"l-¡r$Èya,e,ing 
'¿¿3*i*tions ån

kernal- eharaeterÍ ståes,

(A) MeniÈsu (E) 6Sit" (c) 6ALgÐ

(o) pr"ol_ifie (E) 6t3za ( r') 6zLL"z

(U) Pnernature sprouting of tp5-day .aLd soed.s ûf 62ZL,z

grÕuðrx undør" greenì:lousæ eondiÈio:ns, Periearp re*

moved. to erpose ernbryo"
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eedür'eo zllphe.-amy3-ase eet'årråty vras detemnå¡:ed aeeoi^ding to the våseo:

simetyie møthod of TtppS"es (1969)"

$ol-ubl-e sug€¿r"s ç¡ere estraeteci from J0 to 10fl mg" sam¡r1*s of gnou.rrrì

gre.ån çyi-tþ¡ tbv'ee ml" ¡lortions of eold B0 pereent, etÌ:anol-* Aft"en €v.epo-

u:atiorr of t'he ethanol" the residue rüas resusg:enced in L0 nl-" ef distål-led

tsatenu Redu-eing sugars Ìrtere aÊ&sured tn the supernatent by the fenricy-a:

niete met!:od of Guin¡ (Zg6Z) w:ith glueose ês Èlrc standard"

St¿reh ¡+as esùSsated hy a ¡nodíffeati-on of Èhe method of ÐoneLso¡l

arnd lamazaki (l-968)" lwenty mg" samples of ground grain rlrerg suspended.

i-n ¿} ml-" dist'i.I"1ed sqater ar¡d t!:e stareh gclet"iniøed by pl-aeing tþ¡e test
tubcs in vigoeu'ous].y bo1tr-J-ng ç¡ater for t-u,so mfnrr*es, Ttte tubes v¡ers then

eooled rapi-dLy to 30o c and 5 m1" aeotate buffer (pH ¿1"?) wss added amd

pLaeed ira a ]0o C røatæn bath" One ¡nl" of a16:ha-amylase solution (O"oaO g

i{ann a3,p}:a-amy3-ase$>1"91900 Butf" /gur,) ¡,*as added and lneu-batj.on carried

out for L"5 houns at, wliiele t5mo enaSnaatie hydr^o3ys5-s tüE.s sf.opped by tha

additien of 1ml" of 50 peneent TC"å" "åfter r:.eutraLløation wåth NaOH,

eentrifugation and appr.op¿'iate dilutåon, reduelng slì.g&rs produeed by t"he

hydrol"ysfs TrTere measured aeeordi-ng to the mothed of Guinn (tgøf), Þ.rF6

Lintner stareh (Físher SeientifS-e Ce. ) n*s used as the steyrdas.d aïjd c@E.g.@e-

tions w-ers made for free redueing sugers present ín tlqe samples befCIre

lnydrolysås"

3.3 !Íoas¡¡rene¡t'b of sta¡.eh grariuJ-e siøe

Fijet 6êt1 S816 senples of mature graín were steeped for 24 hns at 40 C

in 30 mX' water whieh çæs 0'01M with respeet to ltgCle to lnhåbít am¡ilase

eetivåty" Aftes steepS-:egu the gz'aln vres thonoughJ-y ground in a Bnau¡r

mixø¡: and st',areh sre.shed out through severaJ- trayers *f eheeseeLot!¡,
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Followíng eentrifugation the top layrer of sterch lres removed and the pro-

tein and cellul¿r debrís separated by washing on a ntrmber þ00 1þJ.er stal¡-

less steel sieve (0.03? n¡4. nesh)" The starch ¡rashed through the sler¡e

¡¡as readded to the sanple and follorrlng resuspension and centrifugatlon 
i:,r,r.,.

the rEn¿ining top layer of protein couta.ninatlon was screped off and dis- :'::r:'

carded. The starch rms dried at low teuperature in en air oven and stored

in the refrigerator' 
: ,,

GranuLe size measurements were mede using a Model B Coulter Counter i¡.i:,

equÍpped with a Model M Volune Çonverter. The solvent enployed !€s 5

percent NH4CNS in isopropanoL (W/ff ). Beeause tåe stareh sa'aples failed

to disperse completely in the solvent they were first dispersed 1n approxl-

nately 0,5 nl. distÍLled ¡¡ater arxl the slurry then added to the solvent

(approd-urately 200 n1.. ) For eaeh sample¡ readlngs ¡¡ere taken at 15

different instrument settings correspondlng to particle diameterst

ranging fron 3.4 to 8J.4 p" (WtlLta¡rs, 19?0).

3.1+ Respiration determinations

orygen uptake was measured using a warburg RespiÈoneter nain-

tained et 25o C. lühole seeds were pl-aced in 1.5 n1. phosphate buffer

(pH 5,?) ard 0.5 ml. ethanolamine was pJ.aced ín the center weLl of ttre

fLesk to absorb liberated COr" To dete¡mine whet'her photosSmthesis was

a sfgnifieant factor with i^m¿ture g?een seeds compartsons were nade

betr¡een fLasks covered wlth ah¡minum foil and flasks left uncovered.

Sinee no differenees were obsernod all further measurements were made

wtthout the foíl eovêring on the flasks.

i .;.1. .'
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3,5 So"rou.-I% feedlng experiment

Triticale and Manltou wheat heads ¡¡ere exeised 16 days aften

florserir¡g and the upper and lo¡qer spikelets removed leaving only tJro

eentrel LO - J2 prirnar'¡r a^r¡d secondary florets i.nt¿et" Individuel heads

were placed in 15 n1" eentrifuge tubes contalning 5 nf,, of a 5 pereent

equeous sucrose solution to w&¡1ch "o"t"""-l% was added to give e final
6

eount of l0- dpn per n1. The experínent ¡ças carrled out in tr'5.plÍeate.

Sucrose feedÍng ¡uas continued for 2l+ hours at 80-850 F under continuous ,

fluoreseent light, Seeds were tben removed: from the spikes and weighed

to dete¡mine frosh weight. SLx seeds of eaeh of the Tritieale splkes

rrcre disseeted to separate the seed coet and embryo fron the endos¡roru.

The remaining seed.s ¡rere afr-drd.ed for dry weight deternrination" Beeause

of the very tight adherence of seed eoet üo ond.osperm it ¡ras not possible

to disseet the wt¡eet kernels, Insteed they nere cut in half aLong the

ereese and the starehy endosperm squeezed out Ía a su¿LL voh¡me of dls-

tilLed ¡¡ater.

After meceratlon wíth a blunt glass rod, disseeted. sam¡ùes nere hy-

drolysed in 2 nl. of 1"5N EZSO4 by plaeing the stoppered tubes 1n a

boillng ¡oatsr bath for t¡¡o hours" I'lhen eooS- they rrere neutrelized rråth

NaOH end an aLiquot of the sr¡lernetant eeunted ín a Nuel"ear Chieago

ModeL /20 tiquid Sclntlllatisn Counten to meesure 1% aetlvåty,

Total, carboh¡nlrate was estinated usíng the phenol*sulfuric acid pro- [:¡:;..:,r*
l:;:1';

ceduren

,

3,6 CCC treat¡nent ,

;:...: '.. .:ji1:

20

,:':: :: .:ì

PLants !üere gro!ûn in the greerùrouse 1n six inch clay pots rrith three
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plants per poto NaturaL deylight was supplemented w'ith fluor€scent tubes

to give a daylengüÌr of 16 hours" Weter end fertilizer were edded as re-

quired" fn the first elq)eri-rnent 1 nl, of 10-h CCC (2-chloroothyl tri-

netbyL amnonium chloridE) raas'ínjeetEd wlth a hypodemic neêdLe i-nto tbe

eulm belorr the splke at the tlne of fLowerlngn In the second eryerimont

the same amount of CCC ç,¿s simlLarl-y injected 30 days after tåe initi¿-

tlon of fI-orueríngo Controls fn both experfuients conslsted of íntaet,

untreated pLants gro!ûl under the sane conditisns" Seeds ¡rere hanrested

at u¿turlty and dry weight per seed detertined"

3,7 Decreasfng sink sízo

Plants were grolrn under tåe same conditions as for the CCC treat-

ments, At flo¡¡ering al-l spikelets from ttrre nFper and lor¡en portions of

the spike çrere removed" In addition, the central florEts were removed

fronn the renainlng spikelets leaving only the prlnar1r and secondary

florets intact. Seeds $¡ere harvested at meturlty and dry neight per

seed detenmined" Heads of control plants ¡rere Left intact but fsr eon-

perison purposes onþ weigbts of lateral seeds fron the centraL portlon

of the spike were used.

t:,: : :-'ri:, 
'I r 

-.-i:.r.:.'.1-:1,. 
r ì.;
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4" RESULTS l']{D DTSCUSSIO¡]

4"1 PLrysteal eharaeterts'bics of e:cper.imental l-ines

Sinee tho rnaterial- used in the ínvestigation r"¡as ínitiatly ehosen

only on the basís of a kernel- type ratÍ-ng by visual ínspeetion it was

desirabl-e to have some leÕr"e objeetive rûearls of elassifying the Tritfcale

línes as to their degree of shrivelllng. Weight, per meã.sured bushel-

varied fram 42"0 to J0"4 pounds (ta¡te 4"1) but there wås some questíon

whethør thís v¡as an adequate measure of kernel shrivelllng beeause of

large differenees in seed sizo and ít seemed that grain density míght be

& rûor"e accurato parametern ïn faet, hoalever, r¿Ìien the Tc.ítieaLe lir¡es

were ranked for both eharaeters 'bhe relatírre or"ders lxr€Fe al*most identi-

ea1 and a correl-ation velue of 0" 9338i- fo:. grain densÍty and bushel"

weíght was obteined. This is tn agreement wlth the argument of Hl¡mka

and Bushub (lgSç) thet kerneL síze ef tlie grain in itsel-f does not in-

flu,ence the weight per buehel but thet density of the grain and. shape of

the kerneL are important faetors" Graín density measurenents agneed v¡el-l

løith the inítíal- vlsual classi-fieation of línes and nere used es ihe eri-

terion of the degreo of shrivelling throughout the ínvestigatíonn

L+"2 Pattern of seod devel-opmont

Chs.nges in dry matter di.ming graín devoLopment of tl:r"ee Trit,ieale

lines and l{anltoi.¡. t*yheat er-e il"lustrated irr Figuno l&,1" For the sake of

ctr-arity the other five lritiealo lines and Steviart 63 and Prolifj.e were

not included" Complete data for al-l- eleven experimental llnes are given

in Table 8"1 of the appendix"

Dny mattey per kernel inereased rapS-di-y duríng t}e early stages of
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Tabl"e &"1-" Physíea3- graín efls.r.e.eÈerísti-es of eryer.irne:rtal- lir:es aÈ
.-- ^¿----l L--j.ìta u$IiJ ú/ o

Experi-mer:tatr- Busl:el- ç¡b"
line (lbs" )

Seed- density l-000 Kez"nel- Lzt,.
(g" f ee, ) (c" )

Søed vcl-'¡¡ine
(ee" )

F1an-rteu

Steøart 63

Prol-åfic

RAo2

6fiv

6az5o

6a3za

A+56*3

651'l

6ttgo

6zLL,z

6o"B

63" o

5L"6

49 "g

50 
"¿l,

LtA ç

l+6,?.

LvT.!+

lr¿+,6

l+2,2

42"Ð

- ¡rl¡
J-q ->)uu

L"3672

L,2307

\"2967

L"?703

1"26CI8

L"2l-89

La{-L&2

n 1¿.r\|lJ e J{JU?

L"Lo65

L"0810

30,69

t+6.37

29"l-8

) I ø 't-J-

49 Éç

25"5L

38,A3

37 "55

38,¿Þ?

43,6L

Ì+?"87

Q,A2?6

CI" o3¡.L

o,a?.37

0 
" 
0286

0" 04rl-3

v o\J&vt

ô^o?] ?

0"0310

o" 0331"

0,039rå

a,û397
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development of Tritieale grains (fivst ]1- days after fl-oviering)" After

'chi s 1i** they"e øå.s a level]-íng off in the rate of inerease and ín sone

of t}¡e lines a sllght deerease during the final stages of ¡ratriration"

Varfations in seed weight, between 1ånes wera evi-dent throu-gh':u'c devel-op-

ment and beeane more prônounced at l-ater stages of development," To take

into aeeount r¡ar"iations i-n the rate of maturitlr of 'the Linos nrisèuure

content of the saed rather than days after anthesis k-ås usod as the ab-

seissau Consideríng the lines 6AA9A a.na 653A it is evídent that at the

early stages the rates of inereaso in dry matter Trere si-mi-l-aru honever,

6At9O ceased to ineresse at about JJ pexeenL moístuy"e +rhile 653t ean-

tinued to increase to about 4J pereent rnoístuz"e" Consequently, there

TÂras a differenee cf about 1-0 mgs, ín the flnal kernel weíght v/nj-le seed

voLumes were vezTr sirnilar, beíng 0"0413 ceo fotr 653A an& O^039t+ for 64190"

C1-earl-yu these dj.fferences thon represent the differenees in seed density

and degree of shnivellíng beti+een Èhe línes" It would appear fron Figure

4,1- that thore ís a disturbanee in the s¡mthetic proeess in gralns of

6*f9O during tha latter pat:L of their. developmentu
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lJ, 
"3,{lpha-amyl-ase aetivíty

AJ-pha-arnylase e.etivåty vras generall-y Ìiigh in mature Tritieale graln"

Howêr¡et"s eonsiderabl-e variation ed-sted among the elght línes under ln-

vestfgation (Tabl-e l+,2)" The vaniabii-1ty w&Ë non-random in that l-ínos

i,¡i-th better kernel type h*d l-oi+er a'Ìi:ha-amyl-ase activit'¡' ç¡¡i1u the lines

rr5-th poorer kernel eharac'¿eristies yielded values at the uppar end of tÏre

ra?rgêo From 'bire pI-ot, (Figûre !+u?) tt :-s eirident 'bhat a.n in'trerso relation-

shíp exís'bed botp¡een alpha-amylase activity and grain deitslty in the linos

studied" A highly signíficant eorrelation coeffici-en+- of -0"909*x *""

obtained"

A eornparison of a1-pha-anyl-a,çe aetj-vitl-os in plump and sirråvel-l-ed

kernels gíthin the Triti-ea1e l-ine 6456*3 revealed alpha*amy1-ase level-s

?re1"e app::oxlmately five-fo1d highen in shrivell-ed seeds 'bhan ín pfurmp on@so

Measured &s rngo starch hydrolysed per g" seed,extra,:ts of shrivelLed seeds

produeed an aniylase eetívI-ty value of dr.?0"9 eornpa't"ed tç a *ralue of 88"0

for pLr.rrup seeds" "A bulk sampS-e of 6456*3 produced a value af LAJ.4" Thuse

it is cLear that the associatíon betvreen ar,'ryLase activity and kernel- sluí-

ve}ling exj-sts both between TriÈåeale l-Íyres and røithin l"ines"

Resr-r.l-ts frc¡n i'nvestigations earried out by Märebzing (L963) are in

agreement with these findings eonc€rning ar,iylase levsls" In his nateríal-

the Trlticale 1íne r,¡'i.th the lorvest alpha-aiqytr-ase aetírrity r+as also one ef

the l-lnes r¡ith ì:etter kernetr t¡rpe aeeording to e visuaL assessmen't"

AtL TnitieaLe l-ines had higher arqylase actiwity than }ianit'or: although

th.e l-or*est (64250) approaehed the r¡eLuo for Manitou. Tt' is parhaps signi-

fieant to note that, the amytr-ase aetirit,ies of $ter+avt 63 and Prol-ífie were

al-so eonsidoraÌ:ly hígher than }farrfto-u" This i.¡as especÍa3-ly tc'uo of the

ryeø Tritieale appoårs to be more like its rye parent than íts r.nrÏ¡eat:
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Table 11"2" Biocheuical characteristics of natr:re grain of experirnental
1ines.1

E4perimentaL
line

Protein
(f")

Alpha-anyJ-ase
(unrts/e" )

Redueing sugars
(rg. /g. )

Starch
(f')

FTanitou

Stewart 63

ProLlfic

8Lgz

65tt

6tz5o

6tjzo

6456-3

6jt?

6A190

6zn.z

17.9

]-5.6

L6.0

20,.5

15.0

!1t,,2

17,o

]:6.5

17,7

L?.6

16,6

0.93

5.72

14.00

t0.96

lt+"52

3,31

?,65

18,þg

l+3,1+5

It'5,91

t+j"65

1,232

1,972

2.387

L.5t+4

2"011

2,316

1"889

2,393

3,3y

3"590

l+"206

63.5

62,?

6j.6

60,2

6r,5

63.t+

57,?

57,7

60.o

57,7

51t,6

i,:: -'::',:.

l:.r'ì.r
ij::.,

1411 d"t" are erßpressed on a dry natter basis.
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pår"ent with rospçet to alpha-awryla.se aetivf-'ey" Sj-milar observatfons rsotre

reponted by Früntz5.ng (tg63)"

0f the eighi lritical-e l-ånes investigated none yielded inte¡rnedíate

alpira-arnylase val-ues aLthough several r.rere intermediate in gr"aÍn densÍty"

The Lines 65t? u 6Af9O and 62AL*2 ¡'¡ere grouped noar tìte :rppep end of the

rånge '*xhile the sther five v,'ere dis+-rí'outed to¡uard the ler¡en end" These

results i¡ould å.ppeåe to suggest, that tç,¡o levels of alpha-amylase may exist

'røithin the Triticalo grains, The Èr¡o wbeat varietíes and Prsl-iJic rye

varied in amylase aetirrity but were r"elatively low in relation to the

highest values for Trltiealen They canno* properly be incl-uded in a dis-

eussion of kernel- sÌ:ri'ü-e1Li-ng beeauso these varíatic¡ns in ainyiase are not

assoeía*ued ç¡rth åny apparer:t d:lfferenees in kernøl- developmenb and may not

bo appLíeable 'bo the situation e:cr-stíng in the TrítieaLe lines" T¡r eereal

gra5-ns atr-pha-amyiase has T:een shor¡n to be produeed de re in "bhe aleurone

layer surroundfng the endosperm in response to GA sttmrlatíon (Varneru

f96Lþ), The embryo has been found to be thç sounee of this GA produetS-on

(naAleyu L96?)u 0n this basis, a eontinuous va:'iatíon in amylase raf.hez

than several discrete l-eveJ-s i.¡ould be e4peeted to oceur Ín the ondospern

with the actual a-mount being dependent on the amount of GA avaiLabl-e,

To e:carnine the cleveS-opment ef the alpÌ:a*ar4ylase activity e I1ne td.th

low aetivity (6113ZO) and a låne vrrth high aetivåty (.6nlgO) rrero egmpared.

at diffe:"ent siages of itaturity" The fi-ndings aye presented graphieally

in Fígiæe 4"3" Again pereent moisture ¡+as used as the ind.ex of rnaturity

rather than days after initíatisn of flor'rering" InitiaLly alpha-amylase

activÍty I'ms irigh in botli Línes follow,ed by a rapid deereese during the

early stages of grain døq¡elopmeirt" Hoi,rever, at approximately J0 "to JJ

percent noisture eontent aetivity in 641p0 inereased rapidly as com¡rared
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t"Ð 6A3?,0" ConsequentlSu at" rnaturity 6ÃL9A had about, 13 tímes the aetiviùy

øf 6L320,

The atr-pha-amylase patterns at early stages of grain devel-opnent r.ryspe

quite similar to those for¡nd, for bar'ley" Aetívåty of alpha-amylase in
barley gra5-ns rose sharply between 7 and 11- days and '¿hen feLL as rapådly

between 11 and 3-6 days, ThereafÈere it fe]L s3-ot*ly and the matwe barloy

slroned only loi'r alpira-amy3-ase aetivity (reBergeø.nd l{aeGregor u 1969)"

These resul-ts for TritieaLe are eonsistent with the hypothesis that

doi:naney in grains Õf 64L90 had been brokon and that the events of pre-

eeeious germination had- begun" A'f pha-amyLase aetåvfty is know¡: to be Lor+

in sound graín and to ínerease napidly v¡åtl¡ the initiation of germínation

preleessesu 0n t"his basis it woul-d appoår that donaaney in 6Iú20 had boen

onl-y partíaI-ly o\rereomo at this poínt,
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lr"¿+ Redueing sugars

Reducing sugay content in the Tritieale lines at, ma'\"a"*iLy rangeC

fron l-u JAv to l+,206 mg.f g" (Tatl-e Lt"z)" DjJferences in alpha*arny-]ase

activity were, in general, reflected in the reducing sugar valuesn Tha

eoz'relation coofficj"ent obtained r+as 0"903'r"k" Similarly, the develop-

mentc.l- pattern of reducing srrgar eontent closely approdmated the alpha-

amylase patterns in the lines 61320 ana 6At9O (Figt.ne 4"4)"

the anount of reducing sugars per kernel was fairly eonstan-u tlirough-

out the development of i"ianitou r,¡heat kernels" A verXr gnadual decroase

rcas evident with a levelling off during the final stages of maturatioir"

PatLerns for the TriticaLe lines 653I ana 6t3ZO r¡ere similar excopt t:nþ.t

rather than l-evelling off at, later stages thore idås a slight inerease in

sìÌgar content" This 1neroase ïras very marked in 64190 and coincided r,rith

the inerease in alpha-amylase activity at this timeu Sugar content, per

kec'nel r,ras higher at al-L stages for Triticale than i{anitou but, this rvas

duerín part at leastrto larger seed size in the Trítieale Iíneso The re-

sults for i'lanitou are cornparable to those reportecl foy the wheat variety

Gabo by Jerurings and i'forton (t963),

The actual- data fo¡r the lines illustrated in Figure 4"4 and for tr"¡o

additional lines are given in lable 8"J of the appendix"

1¡',rhi'1e there ürere eorlsíderable differenees in reducing sugar eonteni

anoqq t'he lritícale lines tl:e absol-ute amounts present r,¡ero not large even

in -r,he highest 1ínes and it' is doubtful r'¡hethor they r'¡ould be suffieient,

to aceount for t'Ìre hydrolysis of a*"¿ounts of endospeT.m staz.eh sufficíent

to cause the obserr¡ed kerneL shrivelling" ft is possible though that

sugars r,¡ere metabolized as they r*ere yel-eased and tÀat eonsequently the

amoui:ts aceurnulated at any given time nere never large"
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Erperimental evidence (lable 11.",") índ-icated that respiratíon ratcs

of the Tr"iticale l-ir¡es at the fi-rst thr"ee sampiing d-ates ¡çere itot grea.tl-y

different from those of Ivrani'r,ou wheatu In oach case respiratíon rate de-

clined as seeds beeame moz'e mature" At the last sarrrpling date the Triti-

caLe lines, r,rith the possible excep'r,ion of 6l+56-3e Tüere notieeably higher

than pianiiou" r.n 6Ar)0 a slight increase was evident betr,,r-een the thiïd
arrd fourtLr dates"

E>qpressed on a per seed basís (Table rp"rr) the lrj.iícale lines, be-

callse of their" larger seed size, had higher respiratíon values than lfanitou"

6+56-i ruas most simil-ar in pattern to l{anítou nhilo the other 'Lhree Triti-
cal-e lines did not shoi'¡ the eontinu-or¡s decline d.uring develo;oment" The

eatabolisn: of significant amounts of endosperm stareh shouLd be associated

rrith considerable increases irr the rate of respiration of the tissue" ft
is signifieant to note that respiraiion valuss for 64190 arÅ. 6JJI, l-ines

which vazy r,^r5-de1y in kernel tyoe as r+ell as alpha-an5rlase activity, were

quite similar" this suggests that catabolj.c degrad.ation of starch ma.y'not

viholly account for l<ernel shrivelling in Trj-tica1e.

tr'taiLe dupl-icate samples rlln on the sa.me day usu.a]-ly agreed quite

closeJ-y, thero was eonsidera.ble variation between heads ana.lysed on diffe-
rent daysn Sever&l factors eould. contribute to this variability" Changes

in greenhouso temperature and- light íntensíty as affeeteci by the amount

of eloud eover a.s well as time of w:ater:ing cou.ld influence the respira.ti-on

rateu Since r.r:atering of pots r+as carried out €very second dey the time

period, betwoen roratering and coll-ection of head san'rples could. vary'by as

much as 24 hours" ft is not Ì<r'ror.:-n r,¡hat differences i.rould ertst in tillers

of the same plani ¡drich are ontogenetically cliverse but this could possib'ly

also contribute to the observed variations"
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Table 4"J" Cl,anges in respiration rate sf iso'lated grains of l,fanitou
r+heat and Tríticale (¡r1 O2le" dr"y rnatter/hour),

--tT 1Z

i.ianitou

6Ai-90

653l.

6456-3

6zra"z

169 "t(l:oo,3-24? 
"6)

1_5I"0
(t3?"t-tj8"o)

,ro aÞ4./O /

(:168,z-zg9 
"g)

L'/2"5

I].g,2
(:-tt" 0-130,l)

L7t+.9
(:rzo 

"8-239 " 
5)

L36"r

85,0
(6j"2*tzo"U)

r09 "g(83"9-141"3)

7-58,2
(134,?-tgg.6)

47.8
(46J*49 

"2)

116" B
(toAr. 0-140,6)

95.0
(B?" 0-102 

"9 )

75,O
Q3"5-76"5)

101"2
(e5"?-Ja6"?)

188 
" 
0 L28 "4 gg "\(L24"4-j?? "+)* (93"?-Ltß "g) (83"3-109"9)

(tsg 
" 5-:.B5 "4) (t09" 9-t8r" z )

i'Re,nge of values

labl-e 4"4" Changes in respiratj-on rate of isol-ated grains of }{anitou
i"¡heat and Tr"iticale (¡1 O2lseed/hour)"

Days after flo¡Eerine
JI j8 45

l,lanitou

6Ltgo

6fit

6+56*3

62rr"z

4"63 j"6o 2"go 1"zB
(3,5o*6,70¡,r (z,5o4,zo) (2,j5-3,t0) (t,zo-r"j5

6,?6 LI"IZ 6" jt+
(4"20-9 "4?) (3,u04"93) (6"05-?.bj)

6"?3 6"00 6"69 6"!t+
(6"35-? "0j) (j"zz*6"?a) (5"40-8"0j) (5"59-6"?o)

6"4? 4"96 5"26 z"g4
(3"66-.ll-,zo) (t+"45-6"90) (3,85-6"43) (2"93-2"95)

6"16 6"80 6.68
(5"88^6,44) (5,4.5-9"03) $"45-7"9s)

*Range of valuesn
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4"5 Starch content

Total siarch content of Tritica.le línes at inaturj-ty rarrged from J4"6

to 63.1,, per.cent (ta¡l-e Lp.Z) " there T'ras no signifíeant agreement betr,reen

either alpha-amyl-ase actirrity and starch eontent or reducing sugars and

sÈarch content" Hor,r-evern a signifieant correlatíon of 0"J46* was obtained

for grain density and. percent starch (F:-gure 4"5)"

Patterns of stareh doposíti-on during seed d.evelopment as illustrated

i-n Figure 4,6 indicated that up to about JJ pereent moisture the Tritieale

línes 6A3?0, 653L, and 6nt9O r+ere quíte similar in the anrounts of starch

pz"oduced per kernol" Ho+¡ever, after this point theye i.ias essentíally no

further s¡mthesis ín 64190 ichí1e starch l-evels in 6AJ20 and 6JJI eontínued

to increaso r,ri'ch the result that at maturity they had approÉmately 6 and

10 nrgs" r¿ore starch per kernelu resþectively, thar: ó4190" These differon-

ces in starch accumu-lation ruere consistent ?J:ith the differencos existing

in grain density. ïn add.itionu the results coincided very closel¡' e¡i11t

the patterns of dr.y matter aecun¡:lation for these línes" Thu-se the slov¡

rate of stareh deposition in 6.4190 relative to 653L ani 6L3ZO appears to

be the contributing faetor resulting in loi+ dry matter eontent in this

line.

In l,íanítou u starch deposition continued until approxi.rmately 40 per-

cent moisture sr:ggesting thai in tho Triticale lines n¡j-th pooz' kernel

eharacteristies a premature tern'nnation of s'r,arch s¡mthesis occurso Ïn

the bettez. Triticale línes thís iqas not as evident but even itr these

siarch accunulation eeased at an earlier stago ihan in itíanitou"

The actrr-al data. on star"ch accumulation for the lines illustrated

i-n Figu::e &"6 and tr'¡o othez" lines are gíven in Table 8"4 of the appen-

dix"
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Ïf siareh percentage is reduced- in Tritícale grains othen components

rnust oceuo¡r a larger fractioir of the '¿otal to maÌ<e u1: for the decrease.

Protein content varieC frorn a high of 20,5 peyeeirt for BagZ to a 1or.r of

I4"2 pereent for 6Ã250 compared to 17"9 percent for l¡ranitou (Table 4"2),

Fron a summation of starch and protein porcentages it is clear that de-

creases in stareh in Tritiealo lines are not compensated for by increases

ín protein, the r.esu:l-'b i>eing that the summed values are lor.rer for TriLí-
cale than for r+heat and rye" Conti'ibuting to these di-ffe::ences is ihe

fact that shrivel-led Tritica-'l-e grains ha.ve a higher proportíon of pericarp-

testa" Consequently, boi;h fibre and ash per"centages rrould. be higheru fn
additionu slightly grea'Ler amounts of hexose sugârs also aecount foz: so.me

of the difference"
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!+"6 Frematu-re sî:routj-ng of Triticale grains

A r¿ndom sarurle of 'úen rqature heads of eaeh rri'bieale line was

co'llected in the field and. the percent sproi:-ted grains assessed vÍsually"

Ïn seven of the eight' lines there v¡as evidence of premature sprouting

ranging frorn 0" 5 lo 6"4 percent (fa¡Ie 4"3) " 653L was the only line with-

out any sorou'bed grains" Alpha-amylase d-eterm:inations and d-egr.ee of pre-

mature si:routing r^¡ere in agreement in fíve of the Triticale 1ines" that

is, 'lsç¡ alpha-amylase aetivity r,ras assocíated i^¡i-th a 1or¡ percentage of

sprouted grains and high alpha*arnylase r,¡as assocíated r,.rith a Ìrígher por-

eent of sprouted grain, I{owever, BA)2 and 6Ã320 had a higher porcentage

and. 64190 a lo'rrer pereentage of sp::outed gr.ains than ¡¡oul-d have been pre*

dieted olr the basi s of alpha:arn)¡lase aetivity"

Binghatn and l¡Jhit¡nore (t9ó6) found tl:at in soft r'¡heat varieties

sprouting i+as ahuays associ-ated with high a:mylase val-u.es but that even

ín some varieties in i+hieh there Tlras no vísible evidence of sprouting the

amylaso val-ues were often quite high"

Si:ní1ar1;9, in z.ye Tedin and Persson (tg63) observerl high amylase

actírrity in plants l"d:ich did not exhibi'b any germin¿ted seedsn Thusu a

direet relationship betureen alpha-amy'i¿ss activity and premature sprouting

need not neeessaríl;r be expected to exíst in alL lritieale lines,
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labl"e &"5" variet:ion in prema'u'd-ï6 sprsãtång of gråin ef rrttieal-e
l-lnes gpor:J-rtr uncler fiaXd eonditípns"

Eryer5..nnenta3-
I tr!É

Total- No" of
g3åån6

No" of s-i:rou-ted
gr'å.i]1s

Peneent sprouted
geains

8Ag2

6fit
6az5o

6sjzo

6tv56*3

65tz

6ALga

6?Lr,æ

3L5

5!þB

6bc

5a2

56?

to,
¿+38

45a

20

0

3

2?,

7

ôr,

Õ

1"6

6"1+

o"o

0"5

l+"6

Ls4

6,û

L"4

-)" 0
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4"7 Starch granule size distributj-on

Corrmon r'¡heat starch ccnsists of ti,¡o t¡,-pes of s'careh granules (l'iay

aird- Buttroseo !)Jj)" L.arge(Tlrp" Algranules comprise the major por.bion

of starch vol-ume" Tn addition, there ar.e srnaller(fype B)granules lrhich,

although being nueh more nurüerous, comprise only a smaIl fraction of ,che

total- volume" Rye starch has fev¡er of ihese snall granules (I'laelfaster.s,

* r"L,, A95?)" The srnall granules, although only eontributing a small

portion of the total volumeu do serve to pack all available spaee and

may eontríbute signifieantl-y to endosperm densiiy" An ind.ieation of

this is the faet that l4anitou whea',, lnad a seed dei:sity of L"3560 while

the density of Prolifie rye r..xå.s an]..y 1 .23A? " i"ieair starch granul_e día-

meters for the Îrí'bieale lines and r¡heat a-nd rye are given in Table 4"6"

The mean varue for P:"olífic rye -wås zB"zLÞ p as compared. to only

18,70 ¡r for i{anitou ¡n¡heatn In the Trj-tieale lines ¡nean stareh granule

diameter ranged frorn 1/,81 to 2J,6L p" Fíve of the lines were near the

average for i.¡hoat and rye whi-le the other three trere very similar to

aheat" There T'Ías no eonsistent agreemont betr"¡een stareh granule size and

seed density in the Tritieale linesu For example, 64190 ana 653t iuhieh

had seed densities of 1"1065 and I"2703, respectively, v¡ere almost id,en-

tical I'rith respect to mean starch granule síze.

the frequency distributlons for llianitouu Ster.rart 6Ju ProLifie and

6/.]:gO a::e sho',om for j-llustratåon purposes in Figure 4"f" The particJ_e

size distribution in 641p0 r.ras peeuliar in that ít exhibited. a major peak

at a diaineter" of approrirnately 18l.ì corïespondjng to Ster+art 63 and l¡ranitou

and i'rith a definite shoulder åpÌlarent in the profile at a larger particle

diameter which best eoineides r,¡ith the peak of Prolific starch" This
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Tabl"e 4.6, Star*h g;rarru-le sizc distríbr:.tåon pa'c'e*z"rrs for t¿ï¡eat s W@
and Tråtíta]-:æ"

Heen gnanule
dåauiete:: (p)

Sta::eh rysr:'úl-ç f::ccrierrev (fó)

õt,
J ø'!

I+"2

5.¿+

6"8

QÉ

l.Us 1

-L-)o .}

L6,g

23-"!¿,

27 g0

3¿l"0

42"9

SLtr'o

67 "g

85"l+

0.8

1t
J-e )

ee (

LL. LL

ItA

1¡çey

3Ô 5
..!-oo ¿

el øL

L{ eê

7,4

3"8

2"7

0"8

1.0

0"8

0"8

0r5

u"ö

1t

a4

5^*o7

O"Ð

1.f-."1+

l-8"8

Lg,g

l-5"g

8,7

Eã)oJ

2,9

1"4

0"3

0"9

2"6

3"1+

r+ 
"s

6-5

l_4" 0

qÒa
&,& ø .À-

Lg"3

L0"7

5'o

4,3

3"2

'lo

1"2

0"3 0"6 0"1

0"5 a.6 0,5

0"8 300 L"3

1"3 2oo ?..8

2u?, 3"¿p 14",9

4,1+ 5-8 l-0" o

10 "4 12" 0 21-"5

18 
" 
5 1"8,3 ?6 "?

Lg "g l_8"8 L7 "3

l:6"6 1&"0 6"2

10"1 8"¿l 2"6

7.5 5"1+ 2"0

4"0 3.9 1"¿&

2"7- 3"6 1"4

!,6 ZuJ- L"2

.A"verage 18" 70 28"21+ 2r"78 25,6L 25"20 Ig"0?
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Tab1e 1P"6" Continued

Mean granule
diemeter (p)

3r4

4.2

5,4

6"9

9"5

10"7

13.5

].6.g

2L",t+

27 
"O

y,0
l+2,8

54,0

67 
"g

85.t+

0r5

0. ¿&

0"9

L,l+

2"7

5"9

13,1

2]-'.3

20rJ.

12"9

7"0

5.2

4.1

2rg

1,5

0o1

o"¿l

1.0

2r5

¿1.8

9"2

19"8

26,6

20"t+

?,6

215

?.0

r12

r"0

0"8

O"2

0,5

1"3

3.5

6.9

11"5

22,6

26"1

]-5"4

5,2

2"1

I,7

1.þ

1"0

0"8

0"3

0"1

0"2

1"¿l

2"6

6,t+

13,8

20,o

18"8

10.9

g.g

9"4

4,6

2r0

L.6

0"2

0.4

1.0

2"L

3,6

6"7

L3"g

2]-,9

L9,5

],2,5

5.9

t+.5

3,2

216

2"0

l.:-. . ':.-j:::

ì :'.'::! t l.:.

¡ :.: . 
:.1

Average 2l+,26 lg,gg 17,81 25"1! 23,47
fi.i_ "._
i:i.-.:.':r¡ i..1.1

ii-:,..,.1;.r.
:,':).1j -.
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unusual size distribution was not a general characteristíc of 'friticaie"
ïn fact, of the eigh*r, lines tested, anay 8!-)z gave a similaz. profile"

Russian ¡'ro3'kers studying shrivoll-ed seeds af 42 eh¡.omosone rEheat-

rye amphipl-oids stated that unlike normal eayyoilses the shrive]led ones

'lacked fíne-gra.ined stareh in their endospern cells (ZnyLa and. Shul¡mdin,

a969)" They attributed ihis to a disturbance of sy::thetic processes

during ihe stage rqhen smal1 sta:rch granulos are j-nítíatedu They further

cone'luded that this disturbance aros€ as a result of incorapatibilit¡r be-

tween the l.¡l'reat and rye genomes in the amphiploids"

0n the basis of the resurts obtained in this siudy thero was no

apparont eorrelation betvreen starch granule size and degree of kernel

shrivollíng Ín the eight T::iticale lines examinedu

It is intoresting to note that of ihe eight Trítiealo Iínes usecl.in

the study the three ¡.t'nose rneair starch granule díametei-s were similar to
irhoat all had Tfj.licitm ptrp_ier:lq included in their parentageu In none of

the other five lines rr¡as this species presont as one of the parents"

larter, et g!" (fçeg) have rnade the observ¿tion that Tr,tti-c-l4g fupþgvå,
Triticum peÊs:þum or secjlle ryqlgugp r+hen included in the parentage of a

Tritieale hybrid transmítted genes for desirabl-e kerirel charaeteristics

to the progenyo Tt appears that at least, part of thís desirable effect

of !" per,E¿g.gg may arise as a result of its influenco on the starch gra-

nule .size distri-bution pattorns"

Sínce most of the Triticale lines are of complex parentage inter-
aci,ions and modifieations anong geneti c materi.al- also Ïreeome more coinplex"

The three lines 6A250, 6456-3u and 65t? in rshieh T¡:iLi_curn persiguB i_s pre-

sent vary in ihe conplexity of their paren'cage (see Table 3"1), 6Ã250

whieh has the highest density arose fro¡n a single cross involving onl-y
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T" persicurn and Secale c€reelq ruhile 6JL7 ar'd (tl+56-S have four and eight

parents, respeclÍvely" The incorpovation of t'his ad-ditional genelic

inaterial could have int¡'odueed d-ele'cerious factors t-¡hich r"esulted in
-poor ssed eharacteri sti es in spi'r,e of the beneficial effeet of T." persícqq

on starch granule size"
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Ll,g Incorlgoration of 
"rr"*ou"-l4c

Transverse eross-sec1:íons of immatui:e grains ::evealecl tha-t in Trití-
cale the pe::íear-p*testa was folded and sepaîa'r,ed from the endosperm r"¡here-

as in l'íanitorr i"rheai it adhered quite tightl-y to the endosperm (see Pla*r,e

2) " Tn addition, the cerrtral- eavity' at the crease was much larger rn

Triticale 'than in v¡heat" Both of these fault,s ïùer.e moye loronounced in

6af9o than in 65jt,

Thusu irt appeared that ono of severel sítuations eristed in the Tri-
ticale grain-<" Eíther andosperm devel-opment rq:as retarded whjle groqth of

the perica.r'p:testa I{å.s normal oz' endosperm clevelopment was normal ruhile

gror'rLh of the peri-carp-testa was a-bnor.nally stimulated" ,A conibfnation of

recl-i¡ced endospernt growth aird stimul-ated períearp-tes'i,a developrnent eoulri

al-so result, in the obseywed effeetu To investigate rates of gror,rth of

endosperm vel-ative ts 'che pericarp-testa a feeCing oxpe:"íment, wi-bl:r sucr.eso-

14C nn" eondu-eted, using spi-kes exeised 16 days after anthesisu The results

of thís investigatíon are summarized in lab1e Lt"? 
"

the line r'¡ith better kerneL eharaeteristies (6Slt) incorporated

approximatel¡r 10 pereent ro*" 14C into endosïlerm tissue tha.n 6AtÇOu a

llire r¡j-th more severely shrivelled. kernols" Incorporation into the peri-

carp-testa hrås abou-t 4 percent greater in 6Lrgo than in 65jL. The endo-

sperm to pericar'p-testa ratio of 14C was 2" 66 f erc 6531 v¡trile for 6¿t9O it
was only 2"32" This difference was just below sígnifieaneo at the ! per-

cent l-evel.

The resuits sugges'b that the l-íne 6llga is eharacterízed. by both

reduced endosperra growth and stimulated periear"-p*testa developrnent as eoin:

pared t'o 653L, Carbohydrate per endosperm ín 641p0 rtas l-4" !5 mg" r+Liereas
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P]..abe 2" Transvarse erÕss-seetions of j¡runature gnaj.ns,

(a) I{an*ou (ir) 6ÃLga (c) 653L
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Tabl-e 4"f" Srr"to"u-l4a an"otooration íntr: graÍn of excised 16-day-old
heads of trso Tritícal_e lines"

653! 6ÃL90 6at9o as tä ot 653l

a4
íneorporation (dprn)

Endosperm

Pericarp-testa

Total-

Endo sperm/PerÍcarp-te sta

26,g\g

Lo,t6g

37,L58

2.66

2lr,rhBL

!0,558

35,039

2"32

Õñ r)

104" 1

94"3

Total Dry liatter (rng"/seed)

Endosperro

Pericarp-testa

Total

20,77

6,42

27 "rg

].:8"67

6"oZ

24,74

Roov./ø./

oLt A

91" 0

Total earbohydrate (rng" /seed)

Endosperm

Peri carp-testa

lotal

!6"96

2"30

\g "26

L4"L5

2,20

a6 û5

83"4

95 "7

84"9
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it was 16"96 tor 653\ pointing out the fact, tha'¿ endosperm develoÞrnent

in 6AA7C prior" t,o the time of exeisiorr of the heaäs nas also redueed. i,¡hieh

is jn agreemerrt with the stereh aeeumula'Lion pyofi]es (Figur.e 4.6),

:Lmounts of carbohydrate per pericarp*testa Ìtrerê similar for 653L ana

6gtgo (2,30 a.nd 2"2,0 ng,, respectively') but in 6a]r9o the periearp-testa

constituted a greater percentage of tl:e total carbohydrate than r,ras the

case in 653t" Apparentl-¡' there is a ehange in the distribution of carbo-

hydrate measured "" 
14c from sucrose in 6LLgo r"rith a larger proportion

going to the pericar'p-testa" I{or,rever, this increase is not sufficiont
'i:o conpensate forL.he redueed amount proceeding to the endosporm so that.

the net result is that total- íncorporation into k.ernels of 64L90 ís re-

dueed relative to 653L"

Fron consicieration of the results it appears that there probably r,ras

reduced earbon souree e,vailabíl-ity in the endos;oerm of 64190 as co,mpared

to 653]- and that, this may aLso be couï¡1ed r,.ith enhanced growth of the

peeiearp-testa ín kernels of 64190"

This concl-usion is in agreement with geney'al obserr¡a'rlions on the

devolopmont of F1 seeds of intorspecific and intergeneric hybrids" Tn

many i-nstances crosses of this nature are difficuit to make beeause seods

fail to devel-op fulJ-y iq g¿]ro" Even though fertilization is readily

aebieved there is little or no endosperm development and embryos degeno-

¡'ate aftsr about a toreek to 10 daysu the problem is eircumvented by ex-

eisíng the i¡¡rature embryos and starting the plants on an artifícial nu-

trient medíurnu

Sisodia and I'feGinnis (19?O) suggested that problems assoeiated løith

wheat-ry-e hybrids eould arise from nuelear*eytopl-asmic interactions and

inrbala.nces" They furthen pointed out that a harmonious relationshi-p be:
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-Lr,¡een cytoplasrn and nucleus needs to be both quantitative e.nd qualítative,

Ïn hexa.pl.oid TritícaLe the cytoplasmic to nrrcleal: ploidy ratio is À1. to 6

r.¡hereas in oetaploicl. lritieal-e the CeI'i rat.io is 6aB" Established speeies

ç¡ould ìre o4peeted to have a lsl C:ill ploidy ratio following many genera-

tíons of evolution and acl-justment" This may help to explain why Pissarev

(L963) qrhen erossing oetapl-oid Trl,ticalo r"¡ith hexaploid Îrítieale uslng

the octaploid as female obtained JZ percent seed set lrith we3-1--sÞrapect F1

seeds" ln the reeiÞrocal eross seed set was on]y 1l*"p percent and seeds

i'rere rqeak and shrivelled, fn the fírst instanee the Csi,J ploidy ratio

r'roul-d be 6;/ r,ùereas in the reeiprocal cross the ratío would be 4:/ which

is furiher removed fro¡n the thoo::etical-1y optimum 1¡l- ::o1¿tionship"

Ierter (persoiral cornmunication) has observed ths.t in Tritiealo lines

there is an írnprorrement in meiotie stability and consequently ln fertility

with inereased nu.nrbers of generatíons of selfing, Tt can be postuia.ted

that this is a dírect result of a continuíng proeess of ad.ju-stmont betr¡een

the nucleus and c¡rtoplasr'r"
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Lt,9 Effect of CCC treatment

Tf poo:'kerne'T t¡rpe in Tritice'te i"¡as the result of high lovels of

a"lpha:au'y1a-se an improvement iri kernel characteristies worrldbe expected

if the a.rnounts of a.lpha-amylase present in '¿he seed. could be reduced 
"

Development of alpha-arnylase activit¡' 1" lcnornrn to be a gibberel]in-induced-

reaction and- assocía'ted i.rith tho initiatj-on of germínation ptrocesseso

Gibberellin levels, in tuz'n, have been shown to be yeducod by appliea:

tion of CCC (Fiiehnieç¡icz, 7965¡ Símpson, L966). ft lras, therefore, de-

slrable to investigate r¡hat effect CCC tyeatment, r,aould have cn the develop-

ment of Tz.iticale kernels,

Injection of CCC at the tirrle of f1-ow,eríng resulted in a slight de-

crease in seed lreight of I'fanitou and 6A190 while in 6531" seed iveigh,6 l.¡as

redueed to 8fr1 pereent of the untreated control (taUte 4"8)"

A seeond e>qper"iment in rohich the CCC r-ias applied 31 days after

flor.reríng prod-uced alnost identieal resul-ts (Taul-e tt.g)" Thusn in no

cåse r¡Ias there airy imp::overnen.b in seed. l+eight as a result of the CCC treat-

rnents" Alpha-atnylase activity in grain frotn spikes of 64190 troated r¡ith

ccc 3L days a.fter flor¡ering T¡ias i:educerl to 78 percent of that in gra.in

fron untreated eontrolsn The fact that thj-s red.uetion ¡,¡as not assoeiated

with a benefj-eíal effect on seed developrnent suggests that kerirel shz.ivel--

l1ng cannot be directJ-y attribu'ted to high 'levels of alpha-amylase* It
shoulcl be noted honrevez", that even the reducecl l-evols of al-pira*arnylase in

6¿f9O were still consi-derably higher the,n in Tritice.l-e lines lrith better

ker¡tel ehar.acteristics 
"

Ït ean be argued the.t, i.n addiíj-on to reducing al-pha*arnylase aetivityu

the inhibition of gibberellin bios;,'nthasÍs b5r CCC also i nterf eres l.¡j-th

otìrer growbh pror,roting effects of G.A, Tn thÍs rray, the erpected, irnþrove-
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Table 4"8" Effect of ccc application at time of floviering on seed.
development of r+heat and Triticale"

Lino lreatment ldo, of Seeds Mean lnJt" per Seed (rg" ) pereent of Control

Manitou Control 95t+

ccc 940

653I Control ??B

ccc 862

6A190 Control 256

CCc 52t+

23,00

22"58

36"M

3L"76

Lþ3"52

l+2"90

gB"2

87,r

98.5

Table 4"9" Effeet of CCC applieatlon 31 days after flot¡oring on seed
devel-opment of rn¡heat and friticale,

l,ine Treatnent }lon of Seeds lufean l,It" per Seed (rg. ) Pereent of Control

ivlanitou Control 894

ccc 952

65St control 688

ccc ?57

6Á,190 Control 526

ccc 549

32"88

32"I2

6?.?8

6j,65

54,24

53"78

97,7

o?o

99 "2
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rlent in seed grelrL,Ìr as a resuli of d-ecreased alpha*amylase ririgh'Í:'be

effective'ly coun'beracted, Hsi.çevers '¿h'ìs possibility is largely ruled

oui by the fact that CCC tz"eatmeirt hacl no effect on seed i+eight in i.iairitor¡."

i'lature grai-n of i'íanitou- is norrnally rrery lorc in alpha-arn¡'iase (see Tabl-e

4"2) so that if CCC had a detrimental effect on seed developrnent it sÌrould-

be fully expressedu

4"10 Effect, of sink size on kernel devel-oprnent

To dete::mi ne whether seed developrnent was being resiricted by the

amol¡-nt of pho'bos¡mthate arrailable the number of florets per spiÌ<e rras re-

du.ced in oyder to deerease coropetition äinÕng seeds" In'L,hi-s T.'iay if there

T.ras å l-imited amount of phoi,osynthate a reductíon in the size of the sink

might Ì:e e:çeeted 'ùo result íir an improvoment j-n seed dovelopinent.

Resul'L,s suunarized in Tabl-e 4"10 revealed the.t iir Manitou and.653a

there Tdere vel.y slight inereases ín seed l"ieight eompared to their controls"

I{or¡evers in 6.4.190 the mean weight of seeds fr"om ernascuLated heads r.ras onJ-y

88.4 percen'L of the control" Under greenhouse conditions 6a190 exiribits

a fairl3r high degree of sterility r.¡hich is illustrated by the fact that

it procluced an ever:age of 20,2 seeds per head as eonpared rr¡ith Tj"J fot

6531 anA 2Ç.8 'ior l{anitou" This 1or*r fer"tility 1s a general eharaeteristic

of mairy Tritieale lines and is espeei-al1;r true of 6Ä190" In effeet th.en,

because of their reduced seed set the 6Al-90 eontz.ols were already deve*

loping under" coudi-tions of noduced courpetítion and thus were irot adequate

as sonirols" Flag leaf area end hoad area have i:een shoi*"n 'Lo be ímpor'can'L

contribntors to grain yield of rvheat varieties (Kriedemann, A966a Simpsonu

f-968)" F-emovåI of some of the florets carr-ses a deerease in the photo-

syrrthetie area of the head and is most liicely a cont:'i'buting faetor to

the reduetion in seed- '*eight in 6t\].70 
"
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tabl-e 4"10* Eff,eet, of a redr¡.etio¡i in thø nunrber of fl-or"ets pæ spíke on
seed develepmont of w!¿eaÈ esrd Tri-tíeal-e"

Line Treatment No" of Seeds Mean Wtu per Seed (*g" ) Feneent cf OontroL

l{anitou ConÈrol 336

Florets removed 6Zt

653L Control 276

Florets removed 3L7

6/t]-2O Control 198

Florets removed 435

36"j4

36.?4

7r"93

7?,7A

60" oo

53.06

101,1

101"1

gB,4
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Since no improvement in seed wei-ght was aehieved as

reducing the sink síze there is no evidence available to

vier¿ that limiting photos¡mthate ls responsi-ble for poor

ment in Tri-ticale.

a result of

support the

seed develop*
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4"11 Aneuploidy in relation to kernel eharacteristics

It is interesting to speculate whether poor seed developraont and lov¡

fertility as exist in 64190 ean be related baek to a eoftmon cau.se" Sterí-
lity ín Tritieale has been attríbuted to meíotie instabílíty as refleeted

in a frequency of 10 to lJ percent aneuploids observed. ín bulk seed sam-

ples from thirty strains (Larteru €t g!" u Lg68)" Alsou an improvement

tn fertilíty has been noted T'dth lnerease in the number of generations

whieh a Triticale line is removed from lts origínal synthesi-s (Larteru

personal communication) 
"

I¡lhíle a llmited amount of information is available

aneuploidy on chemieal cornposition and seed development

on

in

the effect of

cereals, 1t

appears that,in general,the consequences are of a negative nature" Barley

trisomie plants, for exampleo 4pê generally rseaker and produce smaller

seeds than normal disomic plants (Tsuchiya u L96?)" !¡ith the exeeptlon of

one lÍne all durun nheat monosonics obtained by Moehizuki (f964) w€r€

charaeterized by poor endosporm fornationn rn factu he found that the

frequency of monosom:ies eould be greatly increased by sereening plants

derived from shrlvelled seeds" From these results he reasoned that de-

fleieney of a s1ngle ehromosome in tetraploid wheat results in poor endo-

sperm development"

The majority of the Triticale aneuploids observed (r.arter, e! aln,

1968) were h¡poploid with a lower frequency of h¡rperploids" lfith the

loss of one or morê chromosomes a portion of the genetie raaterial j-s

missing and if this ineludes genes required for endosperm development an

impairment of endosperm developmont would result" The findlngs of

Mochizuki (1968) r¡ou1d tend to indicate that almost every chromosome in
tetraploid wheat carries at least ono of these genese
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using whole ehromosome substitution lines Kuspíra and unrau (Lg5?)

found that at l-oast sevên chromosomes of conmon ¡sheat carry genes affec-

ting kernel weight" 0f these, chromosome 18 had the greatest effect"

In order to check rnrhether there T"ras any relationship betwoen kernel

shrivel-ling and aneuploidy in Tritieale saraples of plump and shrivelled

seeds ¡sere selected from srithin the lino 64564. Seeds were germinated

and mitotíc ehromosome counts obtained from root típ squashesu The re-
sults (taUle 4"1L) were rather strikingu Of the plump kernels only one

out of a total of 50 or 2.0 porcent dld not have the normal Åþ2 ehromosone

eomplemento Tt had e sonatic ehromosome number of 41" lfithin the shri-
velled group of kernels the frequency of aneuploids l¡as nuch highêF con-

stituting 32"0 percent of the totaLu Of these fJ percent were hypoploids

úrith ¿tl belng the predominant chÞomosome number 1n this groupo It thus,

eppeers that at least a portion of the ksrneL shrivelllng is assoclated

trith abnorrnalities withín the ehromosome eornplementu Hor,rever, since a

fair proportion of the shrivelled seeds had a normal ehyomosome eonple-

mentu additional factors cau.sing shrj.vel1.ing must also bo operativeo Nu-

clear:e¡rtoplasmie interactlons diseussed earLÍer no doubt are ineLuded

with these elements"

the sel-ection of plu¡np seeds proved to be an ertremely efficient
means of sereening for euploÍds in this line and iJ the same effeet oeeurs

in other lj-nes ít should be a ver"¡r useful aid in efforts to improve cyto-

Logieal stability of Trlticale"
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TabLe ¿+"11" Frequency of aneuploids ín plurnp and shrivelled seeds
seleeted from a bulk sample of 6t+56-g lriticale,

Chromosome
constitution

('t+56-l
Plump

6456-3
Shrívelled

42

41

4o + telo

40

39

t+j

42 + tel-o

4g

1

0

0

0

0

0

34

9

I
1

1

3

1

No" of aneuploids

Percent aneupLoids

1

2"0

L6

32,0
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5" GENERAL DTSCUSSIoI\I

During the process of ímproving Trltieale for use as a crop of

eommereeu a number of ltmiting faetors have been eneountered. Tr,¡o of

the detrimental characteristíes not yet fu1ly correeted. ere reduced for-
tiI-ity and poor seed development, l*lhiIe the problem of reduced fertllity
has been the subjeet of a considerable amount of cytologieal and. genetfc

investigationu practiealLy no work had prevlously been earried out on the

nature and causes of kernel shrivolling as ít occurs in Tritieale grains"

The only Ínformation avaiLable r¡as that Triticale grains were prono to
prenature germination and that alpha-arryLase aetivity in rnature grain

tended to be higher than in sound r¡heatu Consequently, the approaeh taken

to the problem was to seleet a series of Tritícale lines exhibiting varying

degrees of kernel- shrivell-ing and to measure in them varlous ehemieal para-

meters wÍth partleular emphasis on aLpha-amylase levels and carboh¡ndrates,

This information ¡uouLd then provide the necessazT¡ basis from whích addi-

tional i.nvestigations eouLd be undertakenu

fnformation aecwnuLated- during this study indieates that, catabollc

processes such as the alpha-amylase rnodiated broalçdo¡rn of end.osperm stareh

are not the sole eauses of kernel shrlvellÍng in Tríticale IÍnes" A defi-
nite assocíation betvreEn alpha-amylase aetivity and dogree of shrivelling
both betrgeen lines and r,¡ithin lines ¡øas clearly demonstrated" The question

is whether or not the levels of amylase aetivity observed could give rise
to the amount of kornel shrlvelling whlch is charaeteristie of TrlticaLe"

Evidenee to support the view that shrlvelling cannot be r+holly attributed

to the degradative action of amylase came from several areas of investi-
gatlon"
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The first, of these is the faet that alpha-amylase activity dld not

begin to inerease rapidly untíI JB days after pollínation while in some

seeds the first visual- indieatlons of shrivelling were already e'¡1dent

at 16 days" Upon rernoval of the poricarp-testa fro¡r those soeds¡ eâvi-

tles or faults devold of tíssue were vlsibl-e in the endospormso These

must be the result of factors other then the action of amylase" Thisu

plus the observation of the J-arge centrar eavity at the erease (see plate

2) r,¡ould suggest that, the ancosperm tissuo wss never d.eveloped rather

than starch havlng been s¡mthesj-zed and then subsequently degraded by

onz)rmess

Redueing sugar levels observed srere nevee very hÍgh rohich is con-

trary to v¡hat ¡rould be expeeted lf starch breakdow-n were taking placeu

Supporting this were the respiration detorminations" These were not

greatly different from M'anitou exeept at the last sampllng daten In addl-

tionu it 1s sígnifieant that the Tritical-e lines 6S3t and 6Aj-90, which

valy considerably ln kernel t¡rpe and alpha-amylase Levels had very slmilar

respiratlon rates"

Furthermoree no improvement in seed development was obtained upon

treatment hrith CCC in spite of the faet that alpha-amylase T,{as reduced in
grain from treated spikes" The eoncept that the reduction in alpha-

amylase r+as offset by an inhlbitlon of other GA-dependent growth pro-

eesses is largely invalidated by the faet that there lras no reduetion in
seed weight of Manitou v¡heat es a result of CCC treatmentu Here alpha-

amylase was already very Lorr¡ so that if there r{as any negative effect on

growth from CCC it should have been e4pressed fu11y"

Approrimately 10 to lJ percent of barley endosperm starch is de-

gradod during a germination period of 5 lo ? days in the malting proeesse
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During this tirne the acrospi-re deve3-ops to nearly the full length of ttre
kernel and alpha-anylase activity i-ncreases to 2000 to 4000 tines ü¡at in
mature ungerminated grain. Respiratlon rate 1n barley has been shown to

íncrease ve¡y rapidly durÍng ttre earþ stages of gezrinatlon (Abdu1-Bakl,

L969) so that after Ll hours of inbibition it is already et a level of
about 20 yl 02/seed/hour. rhese enbr'¡ronfc and enz¡matic cbanges are rnreh

more e:<tensive than those which are evident 1n lriticale gralns. ft is
t'hus, dlfficult to envisage starch degradatlon of e sinil:r ozder oceur-

ring ln TritieaLe endospems. The greatest amount of vislbl-e ger:ninatlon

obser:r¡ed under field condltioas was only appro:dmately sfx percent (Table

&.5) and of these meny ¡r€r€ 1n ttre early stages exhlbtting nainly enlarged

enbr'¡ros ¡rith ecrosplre growLh just beginning. No doubt there ¡rouLd be

some stereh breekd.own assoelated wlth these nodiflcations Uut aAiftional
factors r¡otrld be necessary to aecount for the redueed amounts of end.osperm

stareh in TritÍcale.

From an overall consideratlon of the results of ttre varLous aspeets

of the Ímrestlgation it is eondluded that poor kernel development in Tri-
tj-caLe is the resuLt of abnormeLftLes in starch s¡mthesis together witå

some stareh breakdown at the Letter stages of grolrth d.ue to incr.eased.

leveLs of alpha-a^qr1ase.

These effeets, Í-n turn, oan probably be attrlbuted in part to a hlgh

incidenee' of eneuplotdy and abnormal nuel-ear-cytoplasmie interacttons.

the manner of e:cpresslon or mode of action of these faetors at tù¡e

bf-osynthetic or metabolie leveL eould posslbly oceur in one of several

lrays. An irunedi-ate hy¡gothesis would be that speciflc enz¡rmes neeessatîr

for s¡mthesis are eltt¡er not produeed in suffieient quantities or else

are not ful1y functionaL. this is tJre t¡pe of result ¡¡hich could be :,
! .-1: i, - ir. : -i i:rj i.i _.:. :rt-1.. ,:_.:-;
i, .'i- :,:l-l:' .! :-

r. .1 ..
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readily associated rd-ith a ehromosome defieÍeney and the absenee of genes

eontroll-ing the production of these enz)rulese

Effects of a more general nature such as eoul-d be aseribed to incom-

patibílity between r'rheat and rye genomes or to nuelear*e¡rtoplasmic re-

lationships eould result in imbalances in total cellular function causing

abnormal ee1l divisions to occur or completo failure of divistonu The

cavíties observed at earLy stages of doveLopment 1n endospern tissue might

arlse ín this 'marulero Coneeivably, the remainder of the endosperm eould

then be reasonably normal and tho causes of shrivelling more anaton:ical

in nature than biochemieal. Cavities in partieuLar areas of the endosperm

r¡ou1d be more neadily explaíned on thÍs basis than on the basis of loea-

11øed enuJÆne deficiencies or poor transport of preeursors to these areaso

the high frequency of aneuploidy or abnormalities in the chromosome

compLement found in shrivellod graÍns of Tritieale supports the obsezwa-

tion that Triticale lines r¡hich have a high degree of sterility tend to

produee seed of poor quality" It r¡ould suggest that, both of these eharac-

teristicsr i"êo steril-ity and shrivellingu arlse fro¡n a eommon eauses ïn

contrast to the high frequeney of aneuploids in shrivelled seeds r'ras fhe

fact that simply by selecting plump seeds there r¡as almost absolute sel-ec-

tion pressuro against aneuploids. This 1n itself should provo useful as

an aid in improvíng the efflciency of screening for genetic stability in

Tritleale" Alsou it points out tho faet that improvement in kernel type

will probably be achieved in conJunetion rø'ith an improvement in fertillty"
Efforts to improvo lriticale graln qual-ity in the breedlng program

havo in the past l-argely been based on tho visual selection of llnes on

the basis of seed tryu" Evidenee from the Canadian as well as the Mexican

breedíng programs indieates that a considerable measure of improvement is

possible by this meanse Contínued selectj-on pressure in favor of plump
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seeds and high fertilft'y together with cytological sereening for stable

&2 chromosome plants shoul-d result in further Ímprovement in tho future"

tho coneept of nucl-ear-e¡rtoplasnie rel-atÌonshlps is probably also

of key importanee and is worthy of further consideratíon" The stabilíza*

tion of reproduetive processes and improvement in general adaptability

wj-11' no doubt, be aecompanied by an enhaneement of kernel development"

this is a proeess of an evolutj-onary nature and as such occurs slowly

but there a,re ways in whích 1t might be aceelerated. One is by erossing

octaplold and hexaploid Tritieale línes using the oetaploid as the female

and selecting hexaploid progenies" In this way the cytoplasm should. be

essentially that of hexaploíd içheat and eonsequently a 1:1 e¡rtopJ-asmlc to

nuclear plofdy ratio would be expeetedu Pentaploid hybrids from recipro-

cal crosses between hexaploid and tetrapl-oid r¡heats are also being em-

ployed ín order to investigate the effects of 6x and llx cytoplasm on the

performanee of hexaploÍd Triticale (Kyroe porson&l eo¡nmunication)"

No genetie informatíon uras obtained duri-ng the study which would give

direetion in the choiee of parenÈs for the production of new rotreat-rye

amphiploidsn Lines of l-ess eomplex parentage would have been useful in

establishing genetie control of kernel eharaeterístics"

One area of investigation rvhieh rnight bo pursued i¡ the future is
a mor€ detailed cytological and histologieal study of endosperm develop-

mento paying partieular attention to starch deposition and. starch granule

grolrbho this has not reeeived much attention but is probably neeessarTr

as a supplement to the biocheraieal data obtained during grain developnent

l-n order to more fu11y ínterpret the results, cytological- and histo-

logical e>cernír:ations of kernel sections should yield j-nformation re-

garding the structural- nature of endosperm tissue and. hopefulJ_y shor+
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whether 1or+ grain density arises as a result of other factors in ad.dition

to the abnormalitíes in gros6 stru-eture of the kernel as íllustrated in
Plate 2"

Further biochemical investigations would, emphasize enuynes involved

in starch biosynthesis" Estimation of quantitative changes in starch

s¡mthesiøing enz¡rmes such as ADPG - and UDPG - pyrophosphorylase during

graín development should help to elucidate the efficiency of the function-

íng of the bios¡mthetic apparatus,

the study of the effects of grovrth hormones and inhibitors ¡vi-th the

objective of achleving preferential stinulation or inhibition of enz¡mes

and determiníng the resultant effeet on grain development could be ex-

panded to a separate investigation of the various levels of the growth

regulatorsu Tnformation was obtained using CCC to inhibit alpha-amylase

prod-uetion but no d.oubt more could be learned by pursuing this area

further"
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6" coNtntBurfoi,(s ro i(NOIFL¡;DcE

Eight Trlticale lines of diverse parentage and varying in degree of

kernel shrivelling were seloeted for an Ínvestigation of the nature and

causes of poor kernel development"

Alpha-anyl-ase activíties were determined for mature grain of the

lines and eomparisons rnade rrith the values for the hard red spring wheat

variety l¡tani.tou, the durum wheat variety ster^¡art 63 and the spring rye

variety Prolifie" For the Triticale lines ailpha-am¡rlase aetivity and

kernel shrj-vel1ing as measured by grain density were shorrn to be corue-

l-eted both between línes and within l1nes, changes in alpha-amylase

activíty during graln development ¡"üere studled in two lines of TritieaLe

uhieh exhibíted large differenees in amylase levels at nraturity" The

lines r*nere shovnr to be sim'ilar at early stages of developnent with the

differences beginning to becorre evident at about JB days after anthesisu

Ïnformatlon was obtaÍned on ehanges in reducing sugars end starch

content during development and maturation of graíns of a number of lri-
ticale lines" No studies of this natuve had provlously been reported for

Tritieale"

Endosperrn stareh granule size distribution patterns rqere determined

for the eight lriticale lines and eornpared to those for Manj.tou, Stel+art

63 and Prollfie" Five of the Trítieale llnes had mean granule sizes ín-

termediate beta¡een v¡heat and- rye r¡hile the other three v¡ere similar to

¡.rheato Mean stareh granule size was found to have no âpparent relation-

ship to kerrrel shrivelling in the lrfticale linosu

lreatment of developing spikes of Triticale Trith CCC to iniribit
alpha-arnylase produetion was found to havo no posS-tive effeet on kernel
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development" SÍmilarly, a reduetÍon in the number of fl-orets per spike

did not rosult in tl¡e remaining kernels on the spike undergoing enhaneed

grol/ch,

Plurnp and shrivelled seeds ç¡ere seleeted fron within the Triticale

].:j-.ne 6456-3 and ehromosome m¡mbers dete:súned" ft ¡qas found that the

frequeney of aneuploidy in shriveAled seeds was J2 percent compared to

on1:y 2 pereent 1n the pluinp seedsu
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B. ÂPPENDTX

Table 8.1" Changes in dry matter (rng./ker.noI)
grains of ç¡heat ¡ p¡re and Tritl_eal-e
eonditíons,

durlng developmont of
grox{rr under fíeld

Days after anthesis

Manitou

Sterøart 6J

Prolífic

BAg2

6s3t

6L250

6A320

6tvS6*l

65tz

6ALg0

6zli."z

L4"96 21r"82 3I,&
L7.43 33,6? I+3"52

12"10 L9"75 27.25

L7 "05 2L.22 29,0L

2I,22 32"L7 37"30

I?"2L 23,65 28,32

20"95 3L"5L 4I"73

L6.9L 2?.8r j3"t+z

2l-"72 27 "Og 36,36

L7 "73 27 "68 35"t4ó

22,02 3a"77 38.82

3t+"89 33,30

50,88 45.69

35"35 35,37

38"89 37 "92

56.46 56"?Lþ

28.L4 27 "W

5L.58 49.64

38"47 33,97

40"63 42"gLt

l+L"09 42"?6

44"63 53"56

8"gg

L0"66

6,58

5"72

7 "87

5,83

8"58

7 "02

LO"7g

9,46

11"28

32"t+B

It'Z 
"l+3

35"LI

36"65

5L"87

29"75

Lt8"i7

37 "86

l+0"7I

41"31

50"01+
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Table 8"2" Changes i-n moisture
of grains of nheat,
eonditions 

"

content (pereent)
rye and Tritieale

during development
grordn under field

mffire
ivfanitou

Stowart 6J

Prolifíc

BLgz

653t

6tz5o

6A320

6t+56-l

65tz

6tt9o

62lr"z

68"7

69"L

71"3

'/r'l+

74,r

72"1+

70,6

73"8

72"0

7l"g

7r"6

62,z

6r"4

68"g

66,0

69 "Z

64.9

69 "o

7]."0

69 "9

70"9

69 "s

46"3

52"0

6Lv,j

63"2

6s,9

60,9

6j,5

63"?

61.8

65 "o

62"2

17"8

29"4

j6,6

t+3"3

27"r

25,L

35"9

39.2

43"6

L+8"2

28,8

5"8

5,0

30,0

5"r

l-5"0

2"4

]4"5

9"4

31"1

18"1

lg,3

1,,3"2 40"4

45,7 39,g

53"1+ 49 "9

5r.6 46"2

62,5 46,4

54"9 t+5,7

55"8 tt'7 "I
55 "7 50 "3

5t+,7 50 "6

61" o 5Lþ,0

55"9 47 "8
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lable 8"3. Changes in reducing sugars (mg"/t<erne1)
of grains of ¡aheat and Trj-tícale grown

during development
undor field conditions"

Days after anthesis

L7 t+5383I 52

Pfanitou

653r

6A320

6456-j

6At9o

62ll"z

6,3:'9

6,z4ß

8"777

8"568

3"073

5"866

3"479

5"A25

3,t+79

4,90l,

?,303

5"434

3"364

t+"r6a

3"364

2"BLþ9

1"819

3"659

2"836

3"977

2"836

3"TI2

r.279

2,r77

r,796

2,1+97

r"796

2"29l.

r"262

2"463

2"2LLv

3"568

2"zrtþ

3,01&
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lable 8"4, Changes i-n
grains of

starch content (mg"/kernel) during development of
r*heat and Triticale growrr under field eonditions"

Days after anthesis

17 zlt. 3L 38 45 52

Manitou

6fit
6$zo

6t+56*,

6tr7o

62rl"z

7 "43

8,74

7 "82

9,22

13,33

15,43

17 "39

15"09

].2,50

r7,03

17.29

18"80

23,33

20" 01

L6"60

20,99

]..8"65

32,4t

2g "45

22"33

2].,78

29 "05

L9"40 L? 
"3LL

32"15 32"79

3O"\.3 28"20

24"82 }g,og

2I"45 22"01+

ztt"B4 29 
"70


