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FORWARD 

This thesis is submitted in the form of original pa pers suitable for Journal 

publications. The first section is a literature review presenting the thenry and prevlOlis 

knowledge on this topie. The next t\Vo sections represent the body of the thcsls (cm:h is 

a complete manuscript). The last section is a general discussIon and a sylllhe~is ot the 

major conclusions. This thesis format has becn approved by the FUI.:ulty 01 01 aduale 

Studies and Research, McGill University. and follows the conditIons olllhncd III the 

Guidelines Concerning Thesis Preparation. section 8.2 "Manuscripts and Author!\hlp" 

which are as follows: 

"The candidate has the optIon, subject to the approva. of the 
Department, of including as part of the thesis the text, or duplicatcd 
published text of an onginal paper, or papers. 

- Manuscript-style thcse-.; IllU,>t still confonn to ail other rcqlllrclllcnts 
explained in the Guidclint:s COl1cernll1g Thesis Preparation. 
- Additional material (procec!Lnul and design d;Ha as weil as deSCriptions 
of equipment) must be providcd in sufflClcnt detail (e.g. \11 appcndit:cs) ln 
aUQw clear and precise judgmcnt to be made of the importance and 
originality of the research repol1cd. 
- The thesis should be more than a merl' collection of manuscnpt,> 
published or to be published. It must incJude a general ab.,tract, a full 
introduction and literature revlew and a final overall conclu-.;iol1. 
Connecting texts which provlde loglcal bridges betwcen the dlffcrent 
manuscripts are usually de~irable 111 the Interest of cohe~ion. 

It is acceptable for the~es to include, as chapters, authentic COplCS of 
papers already pllblishcd, provided thc~c are cillplIcated cJearly and bond 
as an integral part of the the~is. In sLlch il1stance~, connectlllg !cxts arc 
mandatory and ~;llpplell1entary material i~ always necessary. 
- Photographs or other materiab which do not duplieate weil must be 
included in their original fonn. 
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- Whilc the inclusion of munuscripts co-authored by the candidate and 
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supervisors must atte~t to the accuracy of the claims at the Ph. D. Oral 
Defence. Since the ta~k of the Exumlners is made mm ~ difficult in these 
cases, it is in the candidate' ~ JJ1terest to make the responsibilities of the 
authors perfectly c1ear. 

Although al! the work here is the responsibility of the candidate, the project was 

supervised by Dr. A.C. Kushalappa, Department of Plant Science, ~)hcdonald Campus of 

McGill University. The fir~t of the two manuscripts is co-autl\ored by Dr. A.C. 
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The copies that will be sent to the respective journal s, however, Hill to\low th~ 

requirements of each journal. The fir'it and second manuscripts will be submitted to the 

Canadian Journal of Plant Pathology and Phytopathology, respectively. 
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M.Sc. 

AnSI'RAlT 

SI'EI'HA~ C mUERE 

SI<:U:CTION HlR PARTIAL RESISTA)';CE TO CROWN RllST !'uuillÙJ 

coronakl Cda. RACE 264 1)'; OA l' CULTIVARS ANU nREEnIN(; UNES 

Nmetecn cultlvar\ and fourleen hrecdlllg III1C\ w<!rc cV.IIU,lIcd lm p.lfh.\1 rC\I,I.lIllC 10 lWWIl [Il\1 "/111111111 1"1"'''1''1 

race 264 under field .\nd growth hcn.:h LOllllltlOIl\ l\1UltIV.IrI.ltC \1.ltl\IH.JI llIelhod\ \U' h .h pnlllll!.llllllllpllll·lIt .1IIl! 

c\uster analy~es wcre employcd 10 IdCllhly \lgllll!t.l11t rl'\I\t,uKe p.lrJlI1etcr\ .Hlll to group 0,11 gCllotypl'\ wllh \111111,11 

ru,! re~I',I,mce ch,If,\Lten~ltu Thl\ mvolvcd two 'CIMf,lll' IIlVl'\ltg,llIon, Thc lïf\t IIlVl"lIg,ltlllll lOIl\I\tl'd ,,1 two 

expenll1ent~. the flr,t expeflmcnt W.I' londutll'd under beld londltwll\ and the \ccond cXpCnlllCl1t W.l' llllldllltl'd Illldcl 

growth bcnLh COI1ÙltIOn\ In 19&9 .md 1990 the " (hlt )!Cl\olyp'" wcrc 'OWII 11\ '\ K '\ 1 () 11\ helll plo" lllll'I'lm!! n\ 

flve row~ c.Kh A hiii III the centre of e.Kh plot W.l' ll1olul.ltcu wlth f' (oronlllll r.KC 2M Crown fII,t \C\'Cllty W.I\ 

\'Isually eslllnalcd at weekly mlcrv.il" bcplllllng ,II th<! IIr't \lgI) of d)\<!.l\e, .1\ the p<!ru:llt k,lI ,IIl',1 dl\l'awd '1 h,' 

re~ult~ of Ihe clu.,tcr anaIY\I\ for buth yc,lr\ w<!rc very wn\l\h:nt, wlth :; .md 6 chht.:r g.Wllplllt!' fl"PCl tlVl'ly, lor l',ll h 

year The flr\t du\ter of e.lch f!Cld tnoll Illcntllll'd thc \.III1C 6 .II1U 7 l!.lt gcnolype\ lor both yc,' A \Ill1phlïl'd Ill'id 

sCleenmg procedure lVJ\ devl,ed 1I\ll1g nnly the d,lt.1 lrom only n.lg le,lvc\ \,IJl1pled .It hoth Z,\ .:,\ growth \1.Ij!c\ ') \ 

anJ 85 In Ihe \cwnu ex?Crnnclll the \.II11e 'H O,lt gcnotype\ were gn'wn III pO 1\ , pl'Ill'd on ,1 growlh Ill'ulh .lIId 

JOoculaled wlth P (ornf/alll ra~c 264 Ihlllg .111 ,1I110lllatl'd 'pr,IY ,h,\ll1ber The dlwa,>e p.lf,lIl1etl'r' Il,ed h, "re,'11 Illf 

partial rC!.I .. lancc wcre mcan lalcncy p';>f)ml (MLP), IIJI,lll1llmbcr 01 le'IOIl" per 1e.11 (MAXLES), .lIId 11.""111 ,IH',I Ver y 

'Ht11lar clu .. ter grollplllg, werc obtolrrtcd for both In,lI\ III thl' laltn CXpCflllIcllt wlm h wcre wIIIIJ.lr,lhk tll thll'>'" ohl.lIIll'd 

10 both tnab of Ihe field ~crccnmg expcrtlllcnt The ,eLOIlU IIIVe\lIgatloll clIlploycd 7 0.11 gellotypl~\ wlth klluwll p.lltl.11 

re~I~lancc chardctcn\lIc!. from the prcvlOlI,> Illve\lIgJlloll amI wcre Il,ed III twu fmlher cxpenmellh The Ilr,1 cxpcfllIlcnl 

wa~ conduded under fielu condition .. , the 7 O,lt l'cnolypc, were ",WIl JO 5 x ~ III plol\, hllllll th,' lcnll'r W.I' IIwwl.lh.'d 

wllh P cornrUlla r.tee 264 The perlcllt Ie.lf .lfC,1 dl,c.I'l'd W,I\ C\tlllJ.\lcU wcckly .IItcr thc on,cr 01 dl\C,I\C 1111'> 

expenmenl h.ld dll,ter grouplllg\ th,lt weil' '1lIllp.lr,lh1c wlth lia: rC\Ulh ohl.llned Irolll thc pre\'IOII' IIlVC,tl)!.ttlllll '1 hl' 

~ccond cxpenmenl of Ihl\ IIIvC,lIg,IIII'1I W,I\ LOndllttcd IIl1der grtlwlh hCllth tOlldllll\ll' '[ he dl\e.lw p.ar.I/IIl·k" 

qllattllfied wcrc IOldl "perul.llton/le,lÎ. \porlll,IIIOIl/k\IIlIl, MAXLES .IIIU MU' E.Jll! Ir 101 1 1..1(1 1 L111,>tel )!rOllplllj!' wllh 

oat genolypc\ dl\playmg hlgh pJrtl.ll re'l ... t,lJllC Im,lled III the fir,t <.I1I\lcr 1 he IJller re,ult, weH' (11/111',11.11.1,' 10 tlac 

prevlou~ cxpcnmcnt excepl th.n Iwo 0 Il gClllltypC,> wlth hlgh p.Jrll,II re\l\tarKe were groupcd Wltl! O,lt gl'lIlllYIIC'> wlth 

medIUm 10 low parll,ll rc.,I.,I.mcc From hoth of lhc .lhllVC IllVC\llg.llllllI' .\ group 01 0,11 l'ClllllY!,'" wllh III)!h p.lrtl.11 

re~lstance 10 P cnrmwla racc 264 W.I' Ohl.lll1cd Thc\e ,Ife DA 712-17. OA 712-31, Glell, Wllo(htolk, ()O 22011, .Iud 

QO 574.21 Thc,c oal genotypc' arc l.urrclIIly belllg u,cd •• , IMren" III l.ru\\C' III the M,lldllll,lld ('.1111 pli , I)f Ml.(;llI 

Umverslty oal brccdmg pro gram 
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M.Sc. 

'ŒSL:M~: 

STEI%\:" C. BRIERE l'h} tllpa t hlliogit! 

Sf:u::cnON "OL'R LA RE~'\ r A:"l E l'AR1IELU: AlJ CHAMI'«;!'iO!'i /'UCClnU, 

corrmoÛl Cda. RACE 2t\~ I)'\:'\~ DES CI 'I:IIVARS ET LlG~ÉES 1)' AVOI~ES, 

Ou-ncuf lulhV.u, cl qu.lrtor/c hg/ll'c, d'.IVtllnl" ont cIl.' év.llue, qu.ml a leur nlve.IU de ré\l,I.uKC p.trlu:llc .IUl\ 

champignon "/IC 1 If/Ill (lIflJnll'" rolU' :2(>-1 ,III dl,HUIl cl ,ur h.lltt de <'fOl".lIlle Ld ,él"lhon de polf,ullèlre' de rc"I,IJncc 

cl de mélhode, .lpplOpfll'e, .1 ég,t1elllclIl élé eflcllué Oc, .1I1.t1y ..... , mullldlll1en\lonncllc, LOlllmc le, .1I1.1ly .. c l'II 

dc grouper le .. génoly/x', d'.IVllIIIC ,lj.1Il1 de, LM.1l lén,lIque, ,elllhl.lhc~ de ré",ldIKe p.lrltellc :1 1.1 mutile lournnnée 

La prenllèrc élude llllllprenail de, expénenle, .IU' lh.unp d,ur hdnc de crol"ance ou le .. 11 génolype' d'avollle onl 

élé te,té .. Durant tL-, élé, de 19R9 ct 19'Xl, le, " gélllllype, d'.lvllll1e ont élé .. cmé d.lI1' dc .. p.lrlclle, de 1 R x 10111 

dVCL LlIlq 1.lIlg" De .. pl.UI" \llué .... ur ulle hUlIl' .1l1 lenlre dc th.lqlle pan:clle onl été 1I10<'lIlé, .I\'l't f' (oro"a'a r.lle 

264 La ,,~véllté de la mal.ldlc ,ur 'i Il'llIlh .. , de .\ pl,lI1" p.lr p.lIlellc .1 élé c'lImce Vl'lIelll'l11cnt cl cxprunéc en 

ptlllrlcnl.lge de 1.1 'Url.KC foh.tre 111,11.ldl' UIIC 11ll' p,lr 'CIII.II/1C lkhulJnl avec l'.lpp.trlhon de 1.\ 111,ll.ld'e LI." donnee .. 

dc, deul\ élé .. ,onl Irè, w",I,I.lIlle" re'lIll,ln" Cil 5 cl (, dIllérenh groupemcn" re"petllvcmenl pour lh,lqlae e"JI Le 

prelllll'r groupe de lh.lllue C"dl ton",t.llt en (, cl 7 gélllll)pe, d'.IVOIllC, II.' .. même, Jlour le .. deux '::",11 En ullh'elll le, 

ré .. ultat, de la leullh: élandolrd ,clIlelllellt, UIIl' mélhode d'élh,lIlllllonn.lge ~lInphfier qUI ulllt,ent ,elllell1ull la m.lladle 

,ur le .. fellllle .. él.U1d.trd au, 'Iolde .. de l'nll",IIlU' Z.Idllk .. 'ï~ cl R'i a élé élahlle Le .. mêmes 33 génolype, d"lVOlIIe onl 

élé ,emé ,'n ptl", plolté, \lIT hanc de ('fll",.UllC, cl 1.1 pr'::lIl1ère feuille a élé lIloculée avec P ('(Jrmut',1 rale 264 ullh~ant 

Ull VolpOfl'Jleur .IUI01l11111,é Le .. p.lr.unèlrl" de r,;,,,I.lI1le uhh .. é .. pour 1.1 ,élecllOn dl.' la ré~I·.I,lI1ce p.llllelle élall. 1.1 

pénudc de lalenle moyenne (PLM), Il' nomhre, de lé .. lom lot.lle, (LESTOT), cl la ,urface moyenne de .. lé'lOn .. D.::, 

groupe men" '''llIl.urc, onl été ohlennu, pour ch.ll) 'un de .. dl'u, e""I" ,lIr hanc de cro""Jncc dlll'i ljU 'au th.unp Sept 

génotype, d'avollle ont élé clIOI'I' à p.lrltr de 1.1 dcrlllère étude cl onl élé élU!hé .. d'avantage dJfl\ une deuxième étude 

,ur hanc de lfO"',IIlCC ct .lU chdmp Ll" p,Ir.ullètre .. de ré'I,lanle qll1 onl élé quantifié, .. lIf b,lIlc de cro ... ,ancc él.nt la 

'purulahon tOI.t1/lellllle, (SPOTO~). LESTOT, PLM, cl 'porlll.lllOn tOlal!lé,lOn Le .. deux paramèlre .. SI>OTOT cl 

LESTOT onl été an.lly .. é .. avec le, an.lly .. e, de wmpo .. anlc\ prmclpal~ ct de groupemenl pour ohlelllr 1 group. de 

génOIYf'C' d'.IVOIIIC pour chdlJ'un dl." dl'u, l'''.U'' Le prellller gwupe lI1cluall dei> génolype, d'avoll1e reconnu pour leur~ 

haut IlIVellU dl' ré" .. lolncl' p.ullelle Le .. 111':111<: .. 'l'pl gl-Ilolype., d'avome onl élé te.lé .. en parcelle au chJmp de 5 x Sm 

dan .. k"lJudle, une hulte .lU cenlre .1 été IIlOl'ulé, avec le P (or"'ut/a rare 264 L'echanltllonndge dc .. polfcelle .. a élé 

.Illl)mph de la même !U\OlI 'I"e pour 1'.lulr .. étude .lIllh.unp Le rchultal de l'.maly,e de celle expénclllc fUI .. embluble 

,lU' ré .. ult.lh ohtenu .. 'ur hane de Cnl"".IIH.e Le, dCIlX étude .. onl donné un group de génolype, d'aVOine Jvec un hJUI 

IlIVC,1ll de ré'I\I.ulCe p,lrtlellc. OA 712-17, 01\ 712-31, Glen, WOl){htock, QO 22013 ct QO 57421 CCi> génolypes 

d'Ilvome .. uni pré .. enlment Ullh,és d.lIl' dl." crol,elllcnh d'.lvollle IlU Campu~ Macdonald de l'UlllvcNté MCGlll 
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INTRODUCTION 

Crown rust of oats is an important fungal disea~e in North Amenca and throughmat 

the world. In Western Canada the disease is found in the prairie provinces of Manitoba 

and Saskatchewan. In Ea~tern Canada It IS important in the area~ to the west and SOli'" 

of western Québec and in parts of Ontario {Chollg 19XXb). 

Crown rust of oats is caused by the fungu!. PucCÎllIa corol/ata Cda. whidl 1:-' 

classified in the subdivision Basidiomycotina, order Uredinales The disea!.c docs nut "'ill 

the oat plant but reduces the photo~ynthetlc area available by covenng the Ie.lve,> wllh 

small orange pustules. The disease i:\ important e~peClaIly in the tl.lg leaf where IIp to 

80% of the assimilates go directly to tïlling the seed. Breedlllg for vertical re\l:-.tanu: wlth 

specifie resistance genes (vertical) is a feasible method to control the dl,>ease, but tlm. 

type of resistance is quickly overcome by the pathogen. 

An alternative to specifie or vertical host resistance is the lise of horÎmntal 

resistance. This type ofresistance may also be termcd partial, po!ygenic, field, adliit plant, 

and durable resistance (Robinson 1989). When dealing with ru~t rcslstance thl\ Illay abo 

he termed slow rusting of the hos1. The tenll partial reslstance b characterllcd hy a 

reduced rate of epidemic build-up despite a high, ~llsceptible mfectlOn type, by absence 

of large race specifie effects and by durability (Parlevliet 1(88). The latter tcnn be:-.t fn:-. 

the objectives of this research project, since it parallcb our de~lres to be ahlc to .,c1ect 

susceptible oat genotypes with low disease accumulatIon over the growing ~ea<;on. 
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Politowski et al. (1978) working with P. coml/ara sought to find whether 

horizontal resisiance (or dilatory re~i!ttance as they termed it) could be assessed among 

cultivars by u~ing host yield, grain quality, and spore production pararneters. These were 

donc under both field and gree[lhou~e conditions. They found that using yield and grain 

quahty measurements for quantlfymg horizontal resistance was not practical if the 

method~ u!\ed were not very precise. Thi~ may lead to one cultivar being rated tolerant 

when it actually is not. They also compared spore production under field conditions with 

that of disease pararneters collected 111 greenhouse expenments. They found a good 

correlation between lower spore production in the field with fewer pustules per leaf and 

less pustule area per leaf in the greenhouse. They concluded that these epidemiological 

parameters were more accurate and practical in detennining horizontal resistance than 

using yield and grain quality measurements. 

Similarly, Singleton et. al. (1982) working with crown rust of oats, compared yield 

and disease parametel's to screen for horizontal resistance. They concluded that yield and 

250-kernel weight ratios did not clearly differentiate the tested cultivars for horizontal 

resistance as did the cornparison of the area under the disease progress curve for each 

cultivar. 

Shaner et. al. (1978), working with P. recolldita on wheat used latency period, 

les ion size, and spore production to screen cultivars in the greenhouse. They ascertained 

that the latency period lagged 2-4 days for sorne cultivars, and lesion size tended to be 

smaller on slow-rusting cultivars. However, when comparing spore production on the 
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lesions of equal size on fast and slow rusting cultivars. they found no dlspanty œtween 

cultivars. Therefore the development of disease in slow-rusting cultivars was ~Iowrr duc 

to the combined effect of longer latent period and smaller Iesion ~ize. They suggrsted 

a quick method for the screening of slow rusting was to COlllU the uredia 011 1Il0culated 

plants 8-9 days after inoculation. As this is the tune where there j" the greatrst dll krrlll't' 

between slow and fast rusting cultivars. Futhermore a second inspection at 14 day~ alkr 

inoculation could he used to identify difference~ in infection efficiency and uredlUm sile. 
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LITERATURE REVIEW 

1.0 OAT PRODUCTION 

Canada ranks among one of the largest oat producers in the world. In 1988 there 

was 1 137 noo ha of oats grown with a total production of 2 933 000 metric tonnes. In 

19H7 the value of the Canadian oat crop was 49 million dollars and in 1988 this value 

was 111 million dollars, an increase of 126% in just one year. In 1989 this figure is 

expected to rise again, during thlS same year Canada became the largest exporter of oats 

in the world (Agriculture Canada 1989). 

( 
In Québec ln 1988 oats were grown on 121 000 ha with a total production of 284 

noo metric tonnes. The value of the Québec crop in 1987 was 9 million dollars and in 

1988 it was 15.5 million dollars, an increase of 72% over the previous year (Agriculture 

Canada 1989). This increase was attributed 10 the interest over the past few years of using 

oat bran to reduce cholesterol levels in human beings. 

2.0 CROWN RUST OF OAT 

2.1 Taxonomy 

The crown rust fungus is classified in the Class Basidiomycetes; order Uredinales 

(Alexopoulos, 1979). Arthur (1962) c1assities it in the family Pucciniaceae, that is 



., 

characterized by having well circumscribed tdia and free or fascu:led teho~pnres. It i~ 

classified in the genus Puccinia and species cOl'OncJta and was first desni bed hy AuguM 

Carl Joseph Corda (Cda.) in 1 H37 (Arthur, 1962). Puccil/ia corOllClta Cda. is l'haracten/cd 

as having usually four digitate projections on the top of the tclio~porc. 

2.2 Host Plants 

In North America there are many plant speclcs III the host rang\: ot P 1'0/ 01l1lta. 

This is divided in two host range types, which are tcrmed pycllIal-accial and urcdlal-te\ial 

hosts (Simons, 1970). 

In Canada the pycnial-aecial host associated with A l'ella spp. is RIIlII1lI/II.\ l '(fi Ih/l /1 

L. (European buckthorn). It was introduced from Europe to 'icrvc as a woody ornalllcntai 

shmb and is now widely distributed in the wild (Chong 19XXb). Ovcr thc wOlld thclc arc 

man y other pycnial-aecial hosts in the gcr1U'i RI/amI/II,". 

The uredial-telial hosts for P. corol/a/a are found in 72 genera and comprrsc more 

th an 290 species (Simons, 1970). Most of these spccrcs are found in the suh-family 

Festucoideae within which tribes such as Aveneae, Triticeae. Agrostcac. and Festuccae 

are found. 

2.3 Crown Rust Life Cycle 

The fungus p, coronata is a heteroecious rU!'lt having Rhamnus carthH'a L. as the 
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major altemate host in Canada. The uredial-telial cycle of the pathogen occurs in A vena 

spp. and the pycnial-aecial occurs in R. carthica. 

The pycnia develops on R. carthica in late May and the first aeciospores mature 

within a week. The aeciospores then infect the oat host in early summer after which 

uredia develop and the uredospore repeating cycle commences. The disease continues to 

spread upwards into the oat leaf canopy by wmd and rain splash dispersal. As the infected 

Icaves mature and senesce, teha are formed 111 and around the uredia, serving as the 

overwmtcrmg structure of the fungus (Simons, 1970). Teliospores are released from the 

telia 111 the carly spring and genmnate. MelOtu.; reductlOn occurs resulting in the fonnation 

of haploid basldiospores which will IIlfect the young leaves of Rhaml/us. The sexual 

recombinatlon of the fungus takes place on the uprer leaf surface of Rhamnus during 

spermatization whae insecls inadvenently transfer spennatia tG the receptive hyphae 

(Alexopoulos, 1(79). The dicaryotic state of the fungus is restored before the production 

of aeciospores. which infects the oat host to complete the cycle. 

Conners and Savile (1943) showed that in Canada a few strategically located 

buckthorn bushes can start an epidemic over a relatively large area. Conners and Savile 

(1952) also contïrmed that certain races usually developed From buckthorn in Eastern 

Canada. OÛler races 111 the area were presumed to come from the United States where 

they predominated. 

Because P. COl'Ollata is a heteroecious rust, the alternate host plays an important 
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role in the overwintering and sexual recombination of the fungus. This heteroe" Il' ... : nature 

of the pathogen has contributed to the fonnation of many different races \Vith varying 

degrees of virulence (Simons, 1970). 

In Canada different patterns of virulence combinations of P. COrOl/lIl1l Ol'curs in 

the two major areas of western and eastc.rn Canada. There are l'l'wer virulancC' 

combinations of P. corOllata in the western Canadlan prov1I1ces of Mal1ltoba amI 

Saskatchewan than there are 111 eastern Canada which compri'\c:-, exduslvcly the plOvim:es 

of Québec and Ontario (Chong 19XXa). In both these regions the number of virulence 

combinations of P. coronata have been ris1l1g over the years, but in ea~tern Canada thi~ 

has occured more raptdly due to the large concentration of the alternate host RlwlI/l/lls 

carthica and the increased use of cultivars with durable resistancc to P. corol/a/a 

2.4 Symptoms on Oat 

The crown rust fungus usually develops primarily on the upper and lower Mufaccs 

of the oat leaf blades. Some lesions may also deveJop on the stem and on floral 

structures. The initial symptom after infection of oat leaves with the crown rust fungus 

is the appearence of expanding circular chlorotic areas followed by lh~ fonllation of 

orange uredia that are circular to oblong 111 shape and average 5 mm in Icngth within 

these chlorotic areas. There also maybe varying degrees of chloro~l\ encm.:lmg the urcdia 

but this is dependant on the resistance of the oat genotype affectcd The uredw WIll begll1 

to appear after a latency period of approxlmately X to 10 days. The uredia thcn erupt arcl 

release large amounts of bright orange uredospores. As the infected leave~ malulc and 
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senesce, black to dark brown coloured telia are formed in and around the uredia and 

remain covered by the epidennis. The telia may also fonn in rings around the uredia 

(Simons, 1970). 

2.5 Factors Influencing Crown Rust Development 

2.5.1 I,'actors Influencing Infection 

Politowski (1975) detennined the minimum and optimum dew period (hours of 

leaf wetness) needcd for pustule fonnation of oat leaves by P. CorOl/ata. The minimum 

hours of dew period required for pustule fonnation was found to be 5 hours at 21°C. The 

optimum length of dew period for maximum infection was determined to be 16 ho urs at 

21°C. 

The temperature range required for optimum pustule development by P. corollata 

was determined by Politowski (1975). The results showed no germination occurred during 

a dew period at 4.5°C. A regression analysis of the data suggested the optimum 

temperature range required for pustule development to he 17 to 22°C. 

A study to determine if Iight had any effect on pustule fonnation in oat by P. 

('orollala was conducted by Politowski (1975). Oat and wheat plants inoculated with P. 

corollata and P. gltlmill;s Iritici respectively, were placed in lighted and darkened 

compartments of a dew chamber set at 21°C for a period of 12 hours. The results for P. 

corollata demonstrated lhat there was no significant difference in the number of pustules 
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formed when the plants were incubatcd in the dark or light. This is contrary to th~ results 

obtained with P. graminis rritici where the mean number of pustules was 16 in light and 

1 in dark. Therefore the presence or absence of light had no significant cffer! on pus!ull' 

formation by P. corol/ara. 

2.5.2 Factors Influencing Latency Period 

Temperature has been shown to have an influence on the latent period of P. 

corollata (Simons, 1970). Maryland, as quoted by Simons (197<n. showcd thal thc latcncy 

period ranged from 20 days at 5-9()C to 6 days at 17-21"C. The levels of incomplctc 

resistance can vary the length of the latency pcriod in different cultivars with the saille 

physiologie rust race (Simons, 1970). 

In a study with 5 host genotypes of A vel/a sterilis and the oat cultivar Fulghum 

that were inoculated with 5 isolates of P. gramil/Îs f. sp. avel/ae, it was detcrmined that 

the host genotypes did not differ in their latency period lengths despitc differenccs in 

colony size (Parlevliet, 1979). The latter suggests that for P. gramil/i.\ f. sp. m'el/al' the 

laten :y period is not an important resistance parameter for the screening of oat cultivars 

to this fungus, but this may or may not apply to P. COI"Of/ata. 

2.6 Economie Importance 

Crown rust of oat has redueed yield in sorne years as much as 30% in certain 

areas of the United States (Simons 1970). This yield decrease is in the form of lightcr 

grain weight, whieh in tum leads to reduced grain quality. The latter is very important 
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wh en the grain is grown for human consumption. 

2.7 Disease Control 

2.7.1 Resistance 

Race specifie or vertical resistance is presently the only feasible method of control 

for crown rust of oat. This type of resistance in oat was reported first in 1927 when the 

susceptible Scotch Potato oat and the resistant Red Rustproof oat cultivars were crossed 

(Simons, 1984). This type of resistance is still widely used but has major limitations 

because the oat gene pool is not infinite and new rust races quickly develop resistance to 

newly introduced Pc genes. 

The failure of specifie resistanee sparked interest in breeding for nonrace specifie 

or horizontal resistance. This was first noticed in 1920 when segregating progenies from 

a cross between a resistant and a susceptible oat cultivar showed that multiple factors 

were responsible for the resistance (Simons, 1984). It has been shown that the resistance 

of the cultivar Red Rustproof was controlled by a small number of genes showing slight 

partial dominance for susceptibility. Heritability was high, with a broad sense value of 

87%, making selection for this resistance possible (Luke, 1975). This type of resistance 

is more promising as a control strategy for crown rust because it is not race specific and 

will reduce the pressure on the pathogen to develop new races. 

Resistant cultivars which have new resistance genes (Pc genes) from other A vena 
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spp. have been backcrossed into existing cultivars to provide complete vertical resistanl'l' 

to existing races of P. corollata (Simons 19H5). This specifie or vertical resistancl' i~ 

quickly broken down by the pathogen due to hybridization and mutations. and has \cd to 

"boom and bust" cycles of rust resistance. The resistance gene Pc39 introdlll:ut into the 

cultivar Woodstock provided specifie resistance to the eUITent virulence comhinations of 

P. corona ta present at the time. However Chong (l988b) statcd thm following the 

introduction of Wood stock in 1982 there has been much selection pn~s~urc on the 

pathogen to overcome the resistance combinations which included the gene 1't'.N. In 

1985 one isolate of P. COl'(Ilwta with a virulence combinatlon including Pd9 was round 

to be virulent on the cultivar Woodstock (Chong, 19H6). In 19H7 55% of the Isolates of 

P. coronata in the rust population were virulent on the gene Pc39. By 19HX this value had 

increased to 87% (Chong and Seaman, 19(0). 

The genes Pc38 and Pc39 together have provided specitie resistance to the 

pathogen when they were introduced into the genome of the cultivar Dumont, which is 

adapted to western Canada. The cultivar Newman which has the Pd8 gcn was dcvclopcd 

by backcrossing the genes Pc38 and Pc39 From Dumont. During the ~ummcr of 19X9 1 

observed here at the Macdonald Campus of McGiIl University Lods Agronomy Rcscarch 

Station that new virulence combinations of P. corollata were appearing on the cultivar 

Newman. Therefore this again shows that the effort to develop cultivars wlth durable 

resistance to crown rust is an exercise in futiIity. 
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2.7.2 Multilines 

The term multilines, is applied to cultivars that are composed of two or more 

breeding lines. Politowski and Browning (1978) showed that multiline cultivars had 

significantly less disease th an susceptible cultivars and only slightly more than resistant 

cultivars. Simons (1984) suggested that the mechanism by which multilines worked was 

that a portion of the inoculum produced will he effective only against a fraction of the 

oat population. This will ultimately slow the rate of epidemic buildup of the pathogen. 

A given resistant plant in the multiline also will pose as a physical barrier against 

complete spore dispersal to susceptible plants. 

2.7.3 Eradication of Rhamnus 

Recommendations for eradication of Rhamlllls were published as early as 1886 but 

in 1887, this recommendation was not endorsed and in many areas this was unfeasible. 

Since this initial recommendation, sorne education al programs for farmers on the 

importance of buckthorn and the removal of buckthorn hedges have been beneficial in 

reducing the disease in sorne limited areas such as Iowa (Simons, 1984). This method of 

control is not feasible in Canada due to the widespread occurrence of buckthorn bushes 

in the wild. 

2.7.4 Planting Date 

S imons (1984) determined that the effect of P. corot/ata on oat yield and quality 

increased significantly when the planting date was delayed and was more pronounced in 

highly susceptible cultivars. Early-maturing oat cultivars are less damaged by crown rust 
" 
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than are late-maturing cultivars. 

3.0 MULTIVARIATE ANALYSIS FOR GROUPIN(; CULTIVARS WITII 

SIMILAR DISEASE RESISTANCE CHARACTERISTICS 

3.1 Principal Components Analysis 

Factor analysis is a group of statistical analyses that are conccmcd with the 

identification of structure within a set of observed variables of which principal 

components analysis (peA) is one such technique. PCA transfofms the original set 01 

variables into a smaller set of linear combinations that account for most of the variancc 

of the original set. The major use of PCA is to compute factors (principal componcllls) 

so as to explain as much of the total variation in the data as possible with as fcw of thcsc 

factors as possible (Dillon and Goldstein. 1984). 

The principal components are extracted so that the first principal compone nt (PCI ) 

accounts for the largest amount of the total variation in the data. The PC I IS a lillear 

combination of the observed variables where the weights (eigenvalue~) have bccn (,;ho~cn 

ta maximize the ratio of the variance of PC I • The second prinCipal eomponcnt (PC2) is 

the weighted linear combination of the observed variables willeh I~ uncorrclatcd with the 

first linear combination and ltccounts for the maXlIl1Um amount ot the rcmallll/1g vanation 

not already accounted for by PC I and so on until a11 of the original vanation I~ aeeountcd 

for. It is possible to extract as many principal component~ as there werc origInal variables 

but the goal is to reduce the number of principal components that account for must of the 
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variation (Dillon and Goldstein, 1984). 
( 

PCA has been widely used in ecology and systematics but recently has been 

applied successfully to plant pathology (Hau and Kranz, 1990). The latter authors have 

shown many instances where PCA has been used successfully in plant patholoBY, the first 

being Analytis (1973) who used PCA to separate the effects of two major weather 

variables in predicting apple scab. More specifie ex amples of the use of PCA in disease 

resistance work has been with Jeger (1980), who analyzed a total of Il components of 

partial reslstance of Septoria Ilodorum on 41 wheat genotypes. The PCA found four 

eigenvectors from the correlation matrix that could be interpreted as the toxin action of 

the fun gus, reproduction, growth and establishment. 

( 
Lebeda and Jendrulek (1987, 1988) used PCA to evaluate for genetic similarity 

among 220 lettuce cultivars in the host-pathogen relationship with Bremia lactucae. The 

authors quantified the following epidemiological parameters; the percentage of infected 

plants, number of infected leaves per plant, degree of infection and the ca1culation of r 

and k. The cigenvectors were calculated from the correlation matrix and plotted onto PC I 

vs. PC2 plot. The authors then projected the cluster analysis results onto the two planes 

of the PCA plot and pointed out that this method was as good as the minimum spanning 

tree for displaying clusters of similar cultivars. 

Recently, Anderson et al. (1990) used PCA to illustrate the correlative nature of 

( parameters of the multiple disease complex of peanut in the assessment of resistance in 
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55 peanut genotypes. The resistance parameters used in the PCA were collcl'lI:d 11\ 

greenhouse experiments and were then compared ta detennine which ones wt,'re the IllOSt 

representative of the previous field screening. The results showed that Icsion sizc. 

sporulation, and the percentage of sporulating lesions were more closely assoriated with 

the disease ratings in the field. 

3.2 Cluster Analysis 

Cluster analysis (CA) is a classification technique Ùlilt is lIscd to invcstigatc the 

structure of a given data set with the intention of dividing its abJects into a Humher of 

groups or c1usters sa that the abjects within a group are as similar as posslhle and the 

objects of different groups remain distinct (Hau and Kranz, 1 99()). The obJects 111 the 

original sample is characterized by several variables that may be of nOllllllal, ordinal or 

me tric scale. The results of the CA are usually graphically displayed a'i minimum 

spanning trees and dendrograms or as projection of c1usters on a plot of two important 

principal components (Hau and Kranz, 1990). 

The first instance of the use of CA in plant pathology WOlS by Kranz (l96X) who 

measured 10 quantitative elements of diseuse progress curves of 40 different pathosystcllls 

so as to find epidemiological patterns. He found that the original 40 pathosystems could 

be classified in 12 groups of disease progress curves. A more i>pecific examplc with ul>ing 

CA in an attempt to group hast genotypes for their disease resi~tance characten~ticl> h the 

work of Thompson and Ress (1979). They have classified 4S wheat cultivars into seven 

clusters based on the assessment of stem rust severity on six occasions. Thesc c1usters 
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mirrored the resistance reaction of the host plants, and were more c10sely related to the 

areas under the disease progress curves than the apparent infection rate. 

Lebeda and Jendrulek (1988) attempted to group 26 lettuce cultivars for their 

resistance reactions to Bremia lactucae expressed as disease proportion for six sampling 

dates. Their CA gave them seven clusters and they stated that CA was more suitable for 

the description of the tield resistance of the cultivars than using the apparent infection 

rate. 

4.0 OBJECTIVES OF THE PROPOSED RESEARCH 

( 
The objectives of this research were first to evaluate nineteen oat cultivars and 

fourteen breeding tines for partial resistance to P. coroflata race 264 based on their 

reactions to disease parameters such as the cumulative proportion of leaf area diseased, 

mean latency period, sporulation characteristics, and lesion area. Secondly to identify the 

significant resistance parameters useful for screening for crown rust and to develope a 

simplified screening method for the selection of oat genotypes with high levels of partial 

resistance under field and controlled environmental conditions. 

( 
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II. SCREENIN(; FOR PARTIAL RESISTANCE TO CROWN RUST (Puccillia 

coronata Cda.) RACE 264 IN 33 OAT CUL TIV ARS AND BREEDING LINES 

INTRODUCTION 

Crown rust of oat caused by the funbus Puccinia coronata Cda. is an important 

foliar PQ~hogen of cultivated oat in ail major growing areas (Fig. la). In Canada two 

important P. C01'Onata populations exist; the first is located in western Canada in the 

provinces of Manitoba and Saskatchewan; the second comprises Ontario and QU'5bec 

(Chong, 1988a). In the Jatter, the population develops new races quickly due to the larger 

concentration of the alternate host Rhamnus carthica, on which the sexual recombination 

of the fungus occurs. This combined with the fact that completely resistant cultivars 

illcrease the selection pressure on the pathogen to evolve new races has lead to the 

accelerated breakdown of resistance to P. corol/ata in eastern Canada which has caused 

"Boom and Bust" cycles of rust resistance. An example of this is with the cultivar 

Woodstock which has resistance gene Pc39. It was highly resistant to crown rust when 

first released in 1982. By 1985 there was one virulent combination of P. coronata present 

on Woodstock (Chong, 1988b). 

An alternative to race specifie (vertical) resistance is the use of partial (horizontal) 

resistance. Partial resistance is characterized by a reduced rate of epidemic build-up 

despite a high. susceptible infection type. by absence of large race specific effects, and 
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Fig. 1: A. Crown rust (Puccinia cOJ'onata Cda.) uredia on the flag leaf of the cultivar NZ-

3. B, Inoculation of oat plants in the automuted spray chumbcr. C, Uredosporc collection 

apparatus setup on the top of a growth bench. D. Closcup view of a vcntilatcd 

polyethylene uredo~pore collection tube. 
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by durability (Parlevliet, 1988). In order to breed new cultivars with high lcvcls of partial 

resistance it is important to have parental genotypes of known levcls of partial rcsistance 

and simple selection methods under both field and controlled environmental conditions. 

Quantitative disease parameters have been shown to be quite effective to SLTccn 

for partial resistance as opposed to yield parameters which have becn provcn 10 be 

unreliable (Politowski and Browning, 1978~ Singleton, 1982). Application of multivariatc 

analyses such as principal component and clustcr antllyscs have proven to be valllablc for 

selection of disease parameters and grouping of plant genotypes of similar IcsistâllCC 

characteristics (Jeger, 1980; Lebeda and Jendrulek, 1987; Anderson, 1(90). 

To devise a simplified sampling method ta screell for partial reslstallcc in oat to 

crown rust under field conditions, it is important to reduce the number of Icavcs to be 

sampled and the number of sampling dates. Since the f1ag leaf of ccreals is known tu 

contribute over 80% of the assimilates that go to the filling of the grain, this leaf shollld 

he the most important one ta be sampled (St-Pierre and Gendron, 19X2). ft is also 

important that the disease progress in the flag leaf be similar ta that obtained from using 

the top five leavcs in order to adequately assess the partial re~istance of each oat 

genotype. Therefore the CPLAD data obtained for the flag leaf (CPLADF) for ail 

genotypes was analyzed separately and the reslilts were compared to those obtaincd from 

the analyses using the CPLADT values. 
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MATERIALS AND METHODS 

Field Study 

The field experiment of this study was conducted over two growing seasons (1989, 

1990) at the Emile Lods Research Station of McGiII University in Ste. Anne de Bellevue, 

Québec. Nineteen cultivars and fourteen oat breeding lines (Table 1) were sown in 3.8 x 

1.0m plots in a randomized complete block design with three replicates. Each plot had 5 

rows with n.20m spacing and was seeded at a rate of 210 seeds/m and had O.20m spacing 

between plots and 1.6m spacing between blocks. A hill in the centre of each plot was 

seeded with the oat genotype NZ- 3 to serve as an inoculated spreader for disseminating 

the disease within each plot. 

The race of Puccinia coronata selected for ail the field and growth bench 

experiments reported here was race 264, which is also known as Winnipeg rust culture 

CR13 (Chong, personal communication). The virulence combination (effective/ineffective 

host Pc genes) for this race of P. corollata IS as follows; 

(35,38,50,56,58,59,61 ,62,63,64,67,68/39,40,45,46,48,54,55,60). Race 264 is a common race 

of P. l'orollata in Québec and Ontario and since virulence to the gene Pc39 has increased 

to over 85% in 1988, this race 'IS useful for testing for partial resistance in oat cultivars 

and breeding tines in south-western Québec (Chong, personal communication). 
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Table 1. List of oat cultivars and breeding lines used in the field 

and growth bench experiments. 

Cultivars and Breeding Lines used in 

Field and Growth Bench Experiments 

Glen (A) QO 224.5 (L) QO 573.10 (W) 

Fidler (B) Karnouraska (M) QO 574.21 (X) 

OA 712-17 (C) Baldwin (N) QO 576.11 (Y) 

OA 712-33 (0) Nova (0) QO 576.27 (Z) 

Oxford (E) Shaw (P) QO 576.39 (1) 

QO 220.13 (F) Laurent (Q) QO 565.7 (2) 

QO 220.9 (Q) Newman • (R) QO 565.14 (3) 

Woodstock (H) Dorval (S) Yama~ka (4) 

Capital (1) Larnar (T) Lasalle (5) 

Marion (1) Tibor (U) Donald (6) 

Manie (K) QO 573.5 (V) NZ-1 (7) 

This cultivar was omitted in the growth bench experiment due to its complete 

resistance to P. corollata race 264. 

Note: The letter or number in brackets identifies the oat genotypes ;:1 the PCA plots 

(Figs. 2,3,4 and 5). 
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Tcn plants from each hill were syringe inoculated at the third leaf stage with 1 mL 

of a uredospore suspension (approximately 100000 uredospores/mL) of P. coronata race 

264. Commencing at first sign of disease four plants per plot were randomly selected from 

which five leaves per plant were nondestructively sampled thesc were the flag leaf and 

the 4 leaves preceding il. Crown rust severity was visually estimated as the percent leaf 

area diseased (PLAD) at weekly intervals until the senescence of the flag leaf. The 

Distrain computer program (Tomerlin, 1988) was used as a training to visually estimate 

disease scverity on oat leave!,. The Zadoks decimal code for growth stage for cereals 

(Zadoks, 1974) was assessed for each oat genotype on each sampling date. 

The data on PLAD per leaf were converted into cumulative proportion of leaf area 

( 
diseased (CPLAD) for each sampling date and averaged per plot using the Dispar 

computer program (Kushalappa and Carisse, 1989). This computer program is used to 

calculate various epidemiological disease parameters such as from disease severity data. 

The CPLAD values for ail 5 leaves (CPLADT) and for the flag leaf alonc (CPLADF) 

were then averaged for each plot. The mean CPLADT and CPLADF values for each 

sampling date (variables) for each oat genotype were then used in the statistical analyses. 

Controlled Environment Study 

The experiment of the controlled environment study was conducted twice on a 

growth bench at the Macdonald Campus of McGill University Phytorium. The same oat 

f 
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genotypes listed in Table 1 were used in this study, except for the cultivar Newman which 

was omitted because it has the resistance gene Pc38 which gives it complete rcsistance 

to race 264. Each oat genotype was sown in Wem pots at the rate of ~ scCdS/pOI and 

placed on a growth bench set at 21°C in a eompletely randomized desIgn wllh :1 rcpl icatcs. 

When the first leaf was completely expanded the seedlings were thinned 104 plants/pot 

and subsequently inoculated in an automated spray chamber (custom built by Rcsearch 

Instrument Mfg. Co. Ltd) with the leaves held in a horizontal position by moditïcd paper 

clips to maximize spore deposition. The suspension of freshly co\le~ted P. corOlw(a race 

264 was adjusted to toO 000 spores/mL and was sprayed at a nozzle specd of 1.2 km/hr 

and pressure of 175 kPa (Fig. 1 b). The pots were then watered and cncloscd 111 plastic 

bags and sprayed with distilled water to provide the wetness required to inducc infection. 

The bagged pots were then incubated on a growth bench for 4Shr, aftl~r which the bags 

were removed. 

Commencing on the 7th day after inoculation, the nlll11ber of sporulating uredia 

were counted daily on all four inoculated leaves from each pot until ail sporulating uredla 

had appeared (on day 15). The mean latency period (MLP) was calclllated by uS1l1g the 

equation (Eq. 1) developed by Shaner (1978) for each leaf as an average per plant per pot. 
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MLP P· T. 
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Where MLP is mean latency period 

PI = the proportion of maximum pustules fonned on the i'h day after inoculation. 

TI = the total number of days since inoculation until the i1h day. 

On the 141h day a leaf from each pot WhS randomly selected and the length and 

width of five randomly seleeted uredia were measured using a dial micrometer. Using the 

latter uredia length and width measurements and assuming that the uredia were rectangular 

in shape, the average lesion area (LSAREA) per pot was ealculated. The maximum 

number of lesions (MAXLES) was detennined by taking the total number of uredia 

1 present on the 151h day on ail four leaves per pot and expressing the data as an average 

per pot. The MLP, MAX LES and LSAREA were ealculated and the average per replieate 

for eaeh oat genotype was used in the statistical analyses to group cultivars. 

Data Analysis 

Principal component analysis (PCA) was used in computing principal components 

to explain as much of the total variabllity among the oat genotypes as possible with as 

few principal components as possible, and to verify the weight of each variable on eaeh 

principal compone nt (Dillon and Goldstein, 1984). The variables used in the PCA were 
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the mean CPLADT and CPLADF values of each oat genotype for the field experiment. 

and the mean MLP, MAXLES and LSAREA values of each oat genotype for the growth 

bench experiment. The results from the PCA is reported here in two ways. Flfstly the 

proportions of the first two principal eomponents (PCI and PC2) are represenled as 

percentages of the total and the weight!o. of eigenveetors for PC, and PC2 are represented 

as a eigenvalues. 

The second representation of the PCA is by placing each oat genotypc on a PC I 

against PC2 plot and by superimposing the results from the cluster analysis. 1'0 facilitatc 

the plotting of the oat genotypes in the PCA plots an identification chamcler (lettcr or 

number) was given to each oat genotype (Table 1) to reduœ the physical spacc of cach 

one in the plot and therefore reducing any overlapping of genotypes. This graphical 

rnethod used by Lebeda and lendrulek (1988) of superimposing groupings from the clustcr 

analysis onto the PCA plot has been used. They proposed that this method is as gond as 

the minimum spanning tree to display clusters of plant genotype~ with ~Imilar di~case 

resistanee traits. The minimum spanning tree was found to be supenor to the dcndlogram 

for graphical presentation of similarities among varieties (Hau and Krantz, 1(90). The 

PROC PRINCOMP procedure of the SAS© system was used to carry out the analysis 

(SAS, 1987). The variables used in the growth bench study were ~tandardized and the 

PCA was preformed on the correlation matrjx wlth a variance of one, becau~e the original 

values were oot on the same seale of measurement. 
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Cluster analysis (CA) was used to group oat genotypes based on the disease 

parameters which werc quantified in the field experiments (CPLADT and CPLADF) and 

growth bench experiments (MLP, MAX LES and LSAREA). The CA method used was 

the unweighed pair~group method using arithmet:c averages which in the SAS© system 

is equivalent to PROC CLUSTER ~ METHOD AVERAGE (SAS, 1987). The data fitted 

best as an analysis of objects (Q~analysis), and the data matrix was standardized in the 

growth bench study before analysis to remove the arbitrary effects due to the different 

scales of measurements of the variables. The CA results are shown graphically by using 

a dendrogram (nlso known as a cluster tree) which displays the paired oat genotypes in 

c1usters. the average distance between clusters, and the coefficient of determination (R2
) 

at the place where the tree was eut to form a classification. 

r 
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RESULTS 

Field Study 8ased on Five Leaves Sampled 

The field plots were sampkd for disease severity a total of 7 times in the 1989 

field trial and 5 times in the 1990 field trial. In the 1989 field trial the first sampling date 

was not included in the analysis because disease was present in only one individual oat 

plant sampled. The Zadoks growth stage (ZGS) for cereals was assessed for each oat 

genotype at every sampling date. This was then expressed as an average over aH 

# 
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genotypes for each sampling date (Table 2). This was do ne to select a suitable growth 

stage for a simplified screening method. When comparing the averaged ZOS for cadI 

sampling date over both years of field trials. parallel ZGS for both years can ckarly he 

seen (fable 2). 

The disease progress curves of the oat genotypes from the field experimcnts arc 

expressed as a mean disease progress curve for each cluster grollping obtulI1ed t'rom the 

dendrogram of the CA. This was done to compare the different characteristKs llt the 

disease progress curves of dissimilar clllsters of oat genotypes which dlsplay !\lI1ular 

resistance characteristics. These disease progress curves are based on average CPLADT 

values for each oat genotype for the 1989 and 1990 field triab and averagcd withm eadI 

cluster grouping (Figs. 2a and 3a). In Figures 2a and 3a the di!\ca!\c progrcs!\ clllves 01 

clusters of oat genotypes with final CPLADT values below 0.10 had ~mall ~Iopes WlllCh 

denotes a mllch reduced rate of disease developmcnt as comparcd to the other dustcr 

groupings in the graphs. 

Principal Component and Cluster Analyses of the Field Experiment Result4t Uascd 

on Five Leaves Sam pied 

The results from the PCA and CA for both trials of the field experirnent are shown 

in Figures 2 and 3 respectively. The principal components PC I and PC2 from the PCA of 
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Table 2. Various sampling dates (SD) and corresponding averaged Zadoks growth 

stage (ZGS) values for both the 1989 and 1990 field experiments. 

1989 FIELD TRIAL 1990 FIELD TRIAL 

SAMPLING DATE ZGS SAMPLING DATE ZGS 

SD-2 42 SO-1 43 

SD-3 53 SD-2 51 

SD-4 67 SO-3 69 

SO-5 79 SO-4 77 

SO-6 79 SD-5 85 

SD·7 85 ---- ----

Note: The first sampling date (SD-1) was omitted because disease was only present in one 

individual plant. The sampling dates and growth stages shawn in bold characters were 

those used in the simplified sampling method. 

the 1989 field trial explained 91 % and 5% respectively of the original variation attributed 

to the CPLAOT variables on each of the six sampling dates. The eigenvectors obtained 

l'rom the original CPLAOT values for aIl six sampling dates were almost identical in 
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Fig 2: A. Disease progress of P. coroflata race 264, expressed as the cumulative 

proportion of leaf area diseased (CPLAOT) bas~d on ail 5 Icavcs samplcd for oat 

genotypes within each of 5 clusters during the 1989 field trial. B. The plot of PC 1 v. J>C\ 

showing the location of each oat genotype 111 respect to each othcr and the re:-.ults of Ille 

cluster analysis are superimposed onto the plot equally showing the distances bctw~en the 

cluster groupings relative to each other. C. The dendrogram of the CPLADT values for 

the sampling dates SO-2 to 50-7 for each oat genotype (R2=O.87). 
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Fig 3: A. Disease progress of P. corollata race 264, expressed as the cumulative 

proportion of leaf area diseased (CPLADT) based on aIl 5 leaves sampled for oat 

genotypes within each of 6 clusters during the 1990 field trial. B. The plot of PC. v. p~ 

showing the location of each oat genotype in respect to each other and the results of the 

cluster analysis are superimposed omo the plot equally showing the distances between the 

cluster groupings relative ta each other. C. The dendrogram of the CPLADT values for 

the sampling dates 8D-l ta SO-5 for each oat genotype (R2=O.83). 
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loading PC I with eigenvalues ranging from 0..38 to 0.42. The PC I vs. PC! plot (Fig. 2b) 

shows the large influence of the tirst principal component in separating the ua! genotypcs 

and the orientation of the 5 supenmposed clllstcrs from the CA. The dendrogram l'rom the 

CA shows the 33 gellotypes grouped into 5 distinct clusters with an R2 valut: of X7(,~ (Fig. 

2c). Of the 8 oat genotypes located in the first c1uster 7 of them dennted high lL'vds of 

partial resistance to P. COrDllata race 264 were OA 712-17, Woodstod ... QO 220.13 and 

Glen. The cultivar Newman which was part of tbr first cluster IS cOlllpletrly resistant to 

race 264 but had low levels of crown rllst lIlfectlon The latter wa~ plohably due 10 a 

small influx of natLlral inoculum of P. COI'OJ/lItll whlch wa~ virulent on thi~: cultivar. The 

last cluster contained 2 genotypes with very low levels of partial reslslant'C. Ihey were 

Manie and the susceptible check NZ-3. 

Similarly, the principal components PC I and PC2 from the PCA of the 199() tïcld 

trial explailled 85% and 8% respectively, of the variation attributed 10 the CPLADT 

variables on each of the five ~alllpling dates. The component loadlng of PC I by the 

CPLADT values was very ~il1lilar for ail sampling date~, with eigenvalllc,> ranglllg Iwm 

0.41 to 0.47. The PC I v. PCl plot results werc ~howed the oat genotype,> hemg ~eparated 

mostty by PCI and with a total of 6 ~lIperimpo~ed clllsters (Fig. 3b). The latter reo.;lIlts arc 

comparable to those obtained for the 19X9 tnal ln term., 01 the location of the gen()type~ 

in the lefthand side of the PC plot. The dendrogram from the CA from the 1990 field tnal 

based on the CPLADT values identtfied 6 c.:IlIster,> with a R2 of XVYt-,. (Fig 3c). The lir.,t 
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c1uster had 7 genotypes which were Newman. QG 224.5, QG 220.13. Fidler, Woodstock, 

GA 712-17 and Glen. The second cluster had only one constituent which was OA 712-33, 

this breeding line was also located in the top of the second cluster in the dendrogram of 

the 19H9 field trial. The last c1uster in the dendrogram consisted solely of the susceptible 

check NZ-3. 

Field Study Based on Flag Leaf Only 

The disease progress curves for the CPLADF values averaged for each c1uster of 

oat genotypes for both trials are shown in Figures 4a and 5a respectively. The latter 

figures den ote a delayed disease progress for ail oat genotypes as compared to the 

CPLADT results, because the f1ag leaf is the last leaf to appear, but the general tr ~nd of 

the disease progress curves for each oat genotype is comparable to those CPLADT values. 

Devising a Simplified Field Sampling Method for Crown Rust of Oat 

Ali combinations of CPLADF values at different sampIing dates for ail 33 oat 

genotypes for both field trials separately, were submitted to the PCA and CA in order to 

obtain a combination that would use the at least two or more sampling dates and still give 

results comparable to the previous PCA and CA with the CPLADT values over aIl 
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Fig 4: A. Disease progress of P. corol/uta race 2tl4, exprcssed as the cumulative 

proportion of leaf area diseased (CPLADF) based on the tlag leaf sampled for nat 

genotypes within each of 12 c1usters during the 1989 field trial. B. The plot of PC I v. PC! 

" 
showing the location of each oat genotype in respect to each other and the results of the 

cluster analysis are superimposed onto the plot equally showing the distances hctwccn the 

cluster groupings relative to each other. C. The dcndrogram of the CPLADT valuc~ for 

the sampling dates SO-3 and SD-7 for each oat genotype (R2=O.96). 
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Fig 5: A. Disease progress of P. corollafa race 264, expressed as the cumulative 

proportion of leaf area diseased (CPLADF) based on the flag leaf sampled for oat 

genotypes within each of R clusters during the 1990 field trial. B. The plot of PC I v. P<; 

showing the location of each oat genotype in respect to each other and the results of the 

cluster analysls are superimposed onto the plot equally showing the distances between the 

cluster groupings relative to each other. C. The dendrogram of the CPLADT values for 

the sampling dates SD-2 and SD-5 for each oat genotype (R2=O.82). 
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sampling dates for both tïeld trials. This trial and error method yielded a combillation thm 

was similar to the previous result~ but used only :2 sampling dates. SO-3 and SO-7 (19H9) 

and SO-2 and SO-5 (1990). These sampI mg dates corrcspondcd to the avcragcd Zadoks 

growth stages of 52 and 85 (Table 2). 

Principal Component and Cluster Analyses of the Field Studies Uascd Oll the Flag 

Leaf Ooly 

The resuIts from the PCA and CA for both trials of the field experimeJ1t lISillg thc 

CPLADF values for only two sampling dates are shown in Figures 4 and 5 rcsptctivcly. 

The principal components PCI and PC2 from the PCA of the Il)Xl) field tJ'lul. cxplaincd 

74% and 26% of the original variation respcctivcly attributcd to the CPLADF variables 

on each of the six sampling dates. The CPLAOF values for both ~ampllllg dates 

contributed equally in loading PC I with eigenvalues of 0.71 for both sampllllg datc~. The 

PCI v. PC2 plot (Fig. 4b) shows the large intluence of the fir~t prinCipal component III 

separating the 33 oat cultivars and breeding Iines and the onentation of the 12 

superimposed clusters from the CA. The demlrognun of the CA for the 19X1) CPLADF 

values for sampling dates SO-3 and 50-7 gave 12 c1usters WIth a RI of 96(/(, (Fig. 4c). 

The 6 genotypes in the tirst cluster are Newman, Wood~tock, OA 712 ·17, Fldler, Glen 

and QO 220.13. The last cluster had only one member which was the susceptible check 

NZ-3. 
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The principal components for the 1990 field trial using the CPLADF values for 

samplmg dates 50-2 and 50-5 had values of 67% and 33% respectively for PCI and PC2• 

The eigenvaluell for ~amphng dates 5D-2 and 50-5 loaded the first principal component 

equally with a value of 0.71 for both sampling dates. The PCI vs. PC2 plot shows the 

large separation of the 8 superimposed c1usters due to the large PC) value (Fig. Sb). The 

dendrogram for the 1990 CPLADF values for sampling dates SD-2 and SD-5 gave 8 

c1usters with a R2 of 82% (Fig. Sc). The first c1uster had only one constituent which was 

the cultivar Newman, the second c1uster had 8 genotypes which were Woodstock, Fidler, 

QO 220.13, Glen, OA 712-17, QO 220.9, QO 573.10 and OA 712-33. The last c1uster in 

this dendrogram was comprised of the oat lines QO 565.14 and NZ-3. 

Controlled Environment Study 

The results for both trials of the growth bench study are summarized in Tables 3 

and 4 respectively. The results for the MLP in days ranged 2.8 days and 1.7 days between 

the highest and lowest values respectively for both trials. The results for MAXLES 

showed there were differences of 133 lesions and Tl. lesion!l re'ipcctively, for both trials 

between the highest and lowest values. The L5AREA parameter measured for each oat 

genotype had differenc.:es between the largest and smallest lesion areas of O.60mm2 and 

0.45mm2 for both trials respectively. 
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Table 3. The averaged value. for mean latency perlod (MLP), maximum 
numb.r of leslons (MAXLES), and leslon area (LESAREA) for each of the 
32 oat genotypes ln the flr.t growth bench exp.rlment. 

OAT GENOTYPE MLP (DAYS) MAXLES LSAREA (mrna) 

GLEN 12.5 51 0.58 

FIDLER 12.8 44 0.41 

OA712·17 13.1 18 0.38 

OA712-33 12.3 38 0.28 

OXFORD 11.7 42 0.58 

Q0220.13 12.2 87 0.48 

Q0220.1 11.8 1(15 0.82 

WOODSTOCK 12.7 34 0.43 

CAPITAL 12.1 97 0.73 

MARION 11.7 111 0.61 

MANie 10.3 149 0.77 

Q0224.5 11.2 102 0.45 

KAMOURASKA 11.3 82 0.51 

BALDWIN 11.5 82 O.M 

NOVA 11.4 54 0.51 

SHAW 11.8 53 0.74 

LAURENT 11.2 18 0.13 

DORVAL 11.5 58 0.54 

LAMAR 10.1 75 0.61 

1180R 12.1 82 0.48 

Q0573.5 11.8 76 0.63 

Q0573.10 10.7 118 0.62 

Q0574.21 11.9 72 0.59 

Q0578.11 11.2 121 0.71 

Q057I.27 11.5 87 0.47 

Q057I.39 11.7 61 0.53 

00515.7 11.8 80 0.11 

Q0585.14 11.3 91 0.15 

IYAMASkA 11.7 90 0.73 

LASALLE 11.3 46 0.65 

DONALD 11.4 49 O.M 

NZ-3 11.3 100 0.88 
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Table 4. T11e averaged value. for me.n Imency perlod (MLP), maximum 
number of 1 .. lons (MAXLES), and 1111 on area (LESAREA) for each of the 
32 oat genotypes ln the .econd growth bench experlment. 

OAT GENOTYPE MLP (DAVS) MAXLES LSAREA (mm2) 

GLEN 12.1 81 0.54 

FIDLER 12.3 53 0.49 

OA 712-17 13.1 35 O •• 

OA 712-33 12.' 53 0.42 

OXFORD 11.4 85 0.51 

00220.13 12.3 84 0.42 

00220.' 11.' 81 0.14 

IWOOOSTOCK 12.4 28 0.53 

CAPITAL 11.' 55 0.89 

MARION 12.1 100 0.52 

MANie 11.3 41 0.87 

00224.5 12.1 18 0.42 

KAMOURASKA 12.2 10 0.85 

BALDWIN 11.7 13 0.51 

NOVA 11.' 48 0.81 

SHAW 12.1 50 0.59 

LAURENT 11.' 14 0.47 

DORVAL 11.' 4S 0.57 

LAMAR 12.1 &8 0.54 

nBOR 11.' 18 0.53 

00573.5 11.3 85 0.49 

00573.10 11.' 12 0.52 

00574.21 12.4 a. 0.83 

0057'.11 12.1 13 0.81 

0057'.27 11.8 71 0.51 

0057'.31 12.3 57 0.51 
00515.7 12.1 57 0.51 

00585.14 11.8 85 0.55 

IYAMASKA 12.1 83 0.81 

LASAUE 12.1 88 0.57 

DONALD 11.4 82 0.82 

NZ-3 11.7 81 0.81 
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Principal Component and Cluster Analyses of the Controlled Environll1cnt Stud)' 

The tirst two principal compont!llts for the tirst trial explalllcd 7S(k and 15% 01 

the variability respectively for PCI and PC~. The eigenvallics for l'CI were O.5X, 0.60 and 

0.55 respectively for MLP, MAXLES and LSAREA. The plot of PC I vs PC! (Fig 6a) 

showed the mfluence of PC 1 in \eparat1l1g thr oat genotype!\ trom each Dtlll'i and hall 7 

cluster superpositioned onto IL The dendrogram of the CA for the Ilr~t triai r.aw 7 

clllsters with a R2 of 71 (f(, (Fig. 7). The thrcc gcnotype!\ III thc Itr!\! dU ... !t'J 01 tht' 

dendrogram are OA 712-17, OA 712-13 and WOll<htoc\., and the ... econt! clU ... tl'l had Ihe 

breeding lines QO 220.13 and QO 224.5. The la"'l dll:-.ler had only on\.' con:-.lltucnt, 

which was the breeding line NZ-l The pnnclpal clllllponelll ... 101' thc ... ccond IIlal III Ihe 

growth bench experiment exphtined 60% and 3Yk, of the vanabJllly Ic:-,pcL'IIVl'ly lor P( '1 

and pe2• The eigenvalues for PCI were 0.6X, 0.45 and 0.57 rc\pcCllve1y 101 MLP, 

MAX LES and LSAREA. The plot of PC I V\. PC~ ... how:-. the mflucllcc ot hoth pnnclpal 

components in separattng the oat genotype~ and tht' 7 ,",uperpo\ltlolll'd dll~tel\ (Fig 6h) 

The dendrogram for the second trial gave 7 c1usler~ wllh a R! ot 7WYr, (Fig X) The IOll! 

genotypes In the first clu~ter are OA 712-17, OA 712-33, WOOlhtock and FlCller and the 

second cluster had Glen, QO 220.13 and Tibor. The la!\t ciLl!\tcr had the Ihree oat 

genotypes QO 576.11, QO 573.10 and Maille. 
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Fig 7. The dendrogram of the c1l1ster analysis lIsmg MLP, MAX LES and LSAREA 

disease parameters for em'h oat (:lIltivar ano breeding linc (R !=O.71 ) 
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DISCUSSION 

The PCA and CA analyses of disease parameters slich as CPLADT. CPL.ADF. 

MLP, MAXLES. and LSAREA proved to be very useful in grouplllg the .1.1 oat l'ull1var!'. 

and breeding lines into distinct groups with sunilar resi:-.tanee ch;lI al'tcnslIc:-. to l' 

corollara race 264, 

The oat cultivars and breeding tines III the tir!'.t c1u:-.ter of the 1l)~9 «,PLADT) and 

first two c1usters of 1990 (CPLADT) fIeld Il iab hat! a very ~Illan :-.Iope~ 01 dl:-.ease 

progress as weil as lower final disea:-.c Ieveb a:-. compalcd to the othcl clu"tl'I:-' plolled, 

If each individual genotype was plottcd ~eparatcly and evaluated a\ ~uch wc yOll have a 

difficult time selecting a group of highty rl'slstant gl'notype~ lI~lIlg Illcan cOll1pan~on 

statistical procedures as compared to CA and PCA analy~c~. 

By uSlIlg various comblllallons of di~ease severily (CPLADF) 011 dillerent 

sampling dates in the PCA and CA, il was po~slble to delermine a ~lInplitlcd \ampllllg 

method that required (" -'y 2 salllpling occasiol1\ to evaluate partial reslstance tn clOwn 11I~t 

in a group of oat genotypes. Though more c1u:-.tcr\ werc Identlflcd. the cultlvar:-. and 

breeding lines Newman, OA 712-12. QO 220.13, WOod~lOCk and OA 712-33 appcared 

in the first twa c1ust~rs in bath years. Thel e abo tcnded to be more 1110Vell1Cnt of ~()Ille 

oat cultivars and breeding lines between c1uster~. tlm wa~ attributcd 10 the faet thcre wcrc 

only two sampling dates used and that the clu'\tcr analy~ls gave c4ua1 welght ln holh 01 
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them. Sorne oat genotype~ with high final disease levels had no disease present on SO-2 

(l9X9) or SD-3 (1990), a~ compared to sorne genolypes with low final disease levels and 

had sorne dl~ea\e present on the latter sampling dates. This tended to place the fonner 

type of genotype in a cluster with genotypes of higher partial reslstance and the opposite 

i~ truc for the latter type~ of genotypes. Therefore to correct for this effect more weight 

could be given to the CPLADF value on the last sampling date, but how much more 

weight to assign is a difficult que!ltlOn. 

The individual maturity of the cultivars and breeding line~ under field conditions 

and its effects on the resistance to P. ('o/"Owta was not specitically addressed. It is 

expected that early matunng genotype~ would have a reduced rate of epidemic buildup 

of P. coml/ata during the growing sea~on. The oat genotypes under study were relatively 

even in thelr rate of maturity with the exception of QO 220.13 which was shghtly later 

maturing and GIen which was slightly earlier maturing. However these differences only 

varied several days each way and were not important enough to substantially alter the 

c1usters of oat genotypes, because ail the genotypes were sampled until grain filling had 

ceased. 

The c1usters displaying high levels of partial resistance selected from the growth 

bench study were similar to those obtained in the field study, as the y contained many of 

the same oat genotypes. The-re was more variation in the ranking of oat genotypes from 

the middle of the dendrograms on downwards The cultivars and breeding lines with high 
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levels of partial resistance always runked in the top two c1usters in ail dendrograms. The 

cultivar Glen was an exception to thi~ as it showed up in the 61h cIuster III the flrst growth 

bench trial, thls was mainly due to its sparse growth habit in the field wlm:h wa~ Ilot 

expressed in the growth bench experiment. GIen's thin leaves whcn grown ullder fil'Id 

conditions would keep this cuItlvar's canopy humidity level tlluch lowcr than most other 

cultivars with bushy growth habits. This growth bench study offered a ljlllck Illetlmd (30 

days from sowing ta the appeumnce of the last uredia) ta screen oat genntypc~ for panial 

resistance, but this remains labour intensIve ta conduct. 

The cultivar Newman though reslstant to race 264, showed sOllle crown ru~t 

symptams in the field during both years. Tlm was duc to natlllai 1Il0CUlUIll that wa:-. 

present in the field ev en though the field inoculation wlth race 264 wa~ donc early enollgh 

so that this race would be the most prevalent race dllTlng the cOllr~e of the expenment. 

However if required, further fIeld screening cou Id be donc wlth Illlxture:-. 01 ral'C~, 

especially the more aggressive one~. The u~e of a mixture of racc~ wOlild he mOle 

representative of natural field conditions. 

In conclusion the following oat cultivars and breeding lines were found to havc 

high levels of partial resistance to P. COrolllltll race 264: OA 712-17, OA 712-:n, G kn, 

Woodstock, QO 220.13 and QO 574.21. The ~lIl1pltfied field ,crecllIng mcthod propo,cd 

here requires quantification of diseuse on the nug leaf at the Zadok~ growth ... !age, 51 and 

85, Despite the faet that Newman showed di~ea~e in the field, It dcnoted a hlgh Icvcl of 
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partial resistance to naturally occurring populations of P. coronata. In future studies the 

quantification of leaf area should be considered as a possible resistance parameter for 

screening for partial resistance to P. corol/ala. 

" 
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CONNECTING TEXT 

The selection of partial resistance of oat cultivars and breeding lines under both 

controlled envlronmental and field condition~ has been accompli~hed in the previous 

~ludy. The di~ease pararneter~ that were used ~uccessfully to select for partial reslstance 

to Puccima corot/lita race 264 were, me an latency period, maXIITIUm number of lesions, 

and mean le~lOn Hrea (under growth bench condItion~) and the cumulative proportion of 

kaf arca dl~eascd (undcr field COndlllOn~). Sporulauon ha~ been ~hown to be a good 

selection parameter for partial rc~i~tance 111 wheat and bar!'~y ru~t dlsea~e!\ (Mehta and 

Zadob, 1970; Neervoort and Parlevhct, 197H). This prompted a further inve~tlgation to 

study Ihe sporulation charaCleristIc'\ of seven oat genotypes ~elected from the previous 

iI1V~"ugaliol1 wlth knowl1 leveb of panial resistance and to evaluate the suitabllIty of this 

parameter as a potential ~election parameter for partial re~l~tance to P. corollata race 264 

under contrelled environmental condItions. The saille seven out cultivars and breeding 

lines were also Mudied further under field conditions with large plots to verify the results 

obtained Ira the growth bench study and to compare with the previous field study to 

detennine if any IIlterplot interference may have occurred. 
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III. PARTIAL RESISTANCE TO CROWN RUST (puccinia coronata Cda.) 

RACE 264 IN SEVEN OAT CULTIVARS AND BREEDING LINES 

INTROJ)UCTION 

Crown rusl of oat caused by Puccinia corollata Cda. is a foliar pathogen of 

worldwlde importance :Flg. la) and I~ qUlte ~evere 111 places where Ils altcrnate host 

RIUlI1lIlU.\ lï.mhiCll L. i~ pre~ent. Complete resÎstance to ail races of the pathogen is the 

only fca~ible Illcthod of controllmg this di~ea~e but thi~ lI1creases the ~elect\On pres~ure 

on the pathogen reslIltlllg in the development of n,~w virulent raœs. This "boom and bust" 

( 
cycle of rll~t resistance eventually occur~ with ail newly releascd cultivar~ includmg the 

eastcrn Canadian cultivar Woodstock whu:h lost Its vertical resistance to aIl prevalent 

races of P (,Ol"OlIata withm thrce year~ after Its rele.ase (Chong,1988). 

An alternative to complete major gene (vertical) resistance is the use of partial 

(horizontal) resistance. Partml resistance IS characterized by a reduced (.lte of epidemic 

build-lip despite a high, susceptible mfection type, by absence of large race specific 

effects and dlirabIlity (Parlevhet. 1 YH8). The breedmg of cultivars with high levels of 

parttal rcslstance extend the lIseful life of new cultivars by decreasing the selection 

pressure on P. corOl/ata to develop new races. 
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Quantitative diseuse resistanœ paramders have becn ~hown to he quih.' valuahk 

for selecting for punial re~l!>tanœ undcr both field and cnnuollcd l'Ilvlwnmental 

conditions wIth the exception of yicld parall1cter~ wlllch havc ~cn ProVl'1I tu he 

unreliable (Politowski. 197X; SlIlglcton, 19X2). Appllcatloll ot lllllltivanatl' analy"l's ~lIl'h 

us pnncipal component und c1l1!\ter analy!\c!\ have proven valuahle for thl' ... l'ICl'tlOll ot 

useful disea~e parameter~ and the grollplllg of plant genotypc!\ of !\1I1111.1r 1 CSIMalll"l' 

characteri~tlcs (Jeger. 19XO; Lebeda and Jendrukk. llJX7. Ander!\on. \l)l)()). 

The objectives of thl~ II1ve-;t1gation were to ~tlldy the ~porulatlol\ characten!'>tll'!'> 

in seven oat cultivars and breedll1g lme'\ wlth dlfferent kvel ... of parual re ... I ... lancc \e1cctl'd 

from a previous investigation, and to evaillate the \lIltabIlny of tl1l\ parallll'tl'i a\ WL'II a!\ 

the mean latency period and total le ... ion ... /kaf a\ potcntial ma ...... "'C1l'l'l\IlIg p;lIallll'ICI\ '01 

partial resbtance 111 oat to P. l "rOI/(/(a ulllkr controlkd envllonlllelltai l'l)()(1I1101l ... The 

same oat genotypes were also studied fllrther lInder field condlllOll!'> 10 compare wllh the 

controlled environmental study. 

MATERIALS AND METHODS 

Controlled Environment Study 

Three oat cultivars and four breeding lines (Table 5) with different lcvel~ of partial 
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Table 5. Liat of oat cultlvara and br.edlng IIne. u.ed ln the field and 
growth bench experlment., and thelr level of partial re.lstance to 
PuccInia coronat. race 284. 

OAT GENOTYPE 
LEVELOF IDENTIFICATION 

RESISTANCE CHARACTER* 

GLEN 
HIGH PARTIAL 

A 
RESISTANCE 

OA 712-17 
HIGH PARTIAL 

B 
RESISTANCE 

QO 220.13 
HIGH PARTIAL 

C 
RESISTANCE 

WOODSTOCK 
HIGH PARTIAL 

D RESISTANCE 

QO 574.21 
HIGH PARTIAL 

E 
RESISTANCE 

YAMASKA 
MEDIOCRE PARTIAL 

F 
RESISTANCE 

NZ-3 
LOWPARTIAL 

G 
RESISTANCE 

* Note: The Identification character la uaed to IdenUfy .ach Genotype ln th. 
prlnclpa' component plots. 
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resistance selected from a prevlOUs study (See chapter II) were sown III lOel11 pots at the 

rate of 4 seeds/pot and placed on a growth bench set at 20"C in a randol11l/ed l'ompletc 

block design with 4 replicates. After the second leaf had fully e\panded, each pot W.lS 

thinned to one plant/pot and the second leaf of cach plant wa:-. helli III a hOI i/ontal 

position with a plastic strip and a paper clip to maXII11\ze llloeulul1l depo:-.itHlII dunng 

inoculation. Two complete replicate~ at a t\llle wert' lIloculated III un autll\11atl'd :-'PI ay 

chamber (custom built by Research In~trument Mfg. Co. Ltd.) hy ~praylllg li ~u:-,pl'nslon 

of freshly colkcted uredo~pore~ of P (0"0//(/((1 race 26-l I1lI\l'd III hopal M\D ml ad)\I!'.ted 

at 200 ()OO ~pores/ml. The nozzle 'peed wa, adJu'ted at 2..t lm/IH. the pn· ...... ull' to 17 S 

kPa and the hCIght to 61cl11 (FIg. lb) The Inoculated plallh Wl'Il' IIlcuh.ltl'd III a (kw 

chamber at 20"C for a period of 4Xlm and rcturned to a growth hellch mallltallled al 20'(' 

The second leaf was tnl11l11ed 10 a Icngth of ) 5cm III order 10 fil III the l'km te!'.t tuhes. 

Thest" leaves were then inserted 11110 15cI11 cleu! polyethylene te,t whe .. wlllch weI e 

ventilated wlth small hole!o. 2em apart and .\ xm ... llt on the top !'.urfaLl: \0 aVOId 

condensation inslde the tubes. The IllSlde of the tuhe!'. hall been plevlou,ly \\ u!o.hed wHh 

Radio Shack© Antistatic spray to l'liminate static and the boltol11 wa, IlIlet! wlth a wax 

paper to facilItate the depo~ition and removal of !o.porc,>. The test tubc"i wcrc held III place 

with clamps attached to an aluminum rod whidl was !o.u"ipcnded with ~tal1d~ (Fig lc,d). 

On the seventh day after inoculation the number of ~p()rulating urcdia wcrc 

counted daily on the top and bottom surfaces of each inoculated leaf of each pot until ail 

sporulating uredia had appeared (on day ln) and the rnean latency pcriod (MLP) was 
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calculated for each leaf by using the equation (Eq. 2) developed by Shaner (1978). After 

ail the pustule~ had erupted on both the top and bottom leaf sUlfaces. the total number 

of rust pustule~ was calculated (MAXLES) by summing the totals for both leaf surfaces. 

(2] 

MLP 

Whcre MLP is mean latency period 

PI = the proportion of maximum pustules formed on the i1h day after inoculation. 

TI = the total number of days since inoculation until the i1h day. 

Commencing from the 10lh day after inoculation and every 3 days thereafter, 

spores were collected from each tube by first tapping on the leaf and subsequently 

carefully withdrawing it out of the tube. Then the spores were poured out of the colkcting 

tube into a screwcap test tube. The spore collecting tube was then replaced in the clamp 

and the leaf was reinserted into the tube. The spores were collected until sporulation had 

ceased in ail leaves. Each spore sample was then suspended in a known volume of Isopar 

M© oil and counted four ltm.;s using a hemacytometer and a mean number of 

spore/sumple was calculated. The sporulation parameters calculated were the total 
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sporulation per leaf (TOTSPO) and the total sporulation/pustule (SPO/LES). The 

sporulation/pustule was calculated for each genotype by dividmg the total !'>porulation for 

each oat genotype by their corresponding MAXLES values. The MLP. MAXLES. 

TOTSPO and SPO/LES for each genotype were used in the multlvariate analyse!'> to group 

oat genotypes wlth slmilar levels of partial resistance. 

Field Study 

The field study of this investigation was conducted oncc during thc 1990 growlllg 

season at the Emile Lods Research Station of McGill University III Ste Anne de Bellevuc. 

Québec. The three oat cultivars and fouf breeding line!'> (Table 5) lIsed in the growth 

bench experiment were sown in 5.0 x 5.0m plots 111 a randomized complete hloch design 

with three replicates. Each plot consisted of 24 row!'> with O.20m "pacmg and was !'>ceded 

at the rate of 210 seeds/m und there was 5.0111 !'>pacing betwecn cach plot and 2 (llll 

spacing between each block. 

A hill of the oat line NZ-3 was seeded in the centre of each plot. Flftccn plant!\ 

from each hill were syringe inoculated at the third leaf stage wlth 1 mL of a ~lISpen!'>lon 

of freshly collected uredospores of P. corollafa race 264 at approxlIllatcly 100 O()O 

uredospores/mL. Commencing at first sign of diseuse, five plant!'> per plot were randomly 

selected and five leaves, the flag leuf and the 4 leaves preceding it, per plant were 
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nondestructively sampled,. Crown rust severity was vi~ually estimated as the percent leaf 

area diseased (PLAD) at weekly intervals until the senescence of the flag leaf. The 

Distrain computer program (Tomerlin, 1988) was used as a training tool to visually 

e~timate disease severity on oat leavcs. The Zadoks growth stage for cereals (Zadoks, 

1974) was assessed for each oat genotype on each sampling date. 

The cumulal1ve proportion of leaf area diseased (CP LAD) per plot for each 

sampling date was calculated usmg the DlSPAR, a computer program that calculates 

various I:pidcmiological d.~ea~e parameters from diseuse seventy data (Kushalappa and 

Carisse, 19H9). The data on CPLAD for ail rive leaves ~ampled were used to group oat 

genotypes based on their rust resistance and ta assess their partial resistance. 

Data Analysis 

Principal component analysis (PCA) was used in computing principal components 

to explain as mueh of the total variation among oat genotypes as possible with as few 

principal components as possible and to verify the weight of each vanable on each 

principal componcnt (Dillon and Goldstein, 1984). The results from the PCA is 

represented in two ways. The tïr~t two principal component proportions are shown in a 

pie chan and the wClghts of each eigenvector for the first principal component (PC.) are 

represented as a stacked bar chaTt linked to the pie chart. This facilitates the display and 

comprehension of the results by graphically showing the size of each proportion and the 
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weight of each variable for the tirst principal component. The second represental10ll ot 

the PCA is by plotting PCI agalllst PC! and by sllpenmposing the re~ults from the dllstel 

analysis. The latter method has been u~ed by Lebeda and JendrulcJ... (\9l{l{) and thl'Y 

pointed out that this method is as good as that of the minimll'n ~ralllllllg uec to dlsplay 

clusters of similar plant genotypes. The mlllimum sp:lIlning ~lce wa~ found 10 he supcnor 

to the dendrogram for the graphical presentatIOn of sirmlarities among vallCIlCS (Ilau and 

Krantz, 1990). The PROC PRINCOMP procedure of the SAS© ~y~lem wa~ lI~ed tn carry 

out the analysis (SAS, 19X7) The variables of the growth beneh ~tlldy weil' ~talldaldll.ed 

and the PCA was preformed on the correlation l11aU1X with a vanancc of onc bccau~e, the 

original values were not on the saille scale of measurement. 

Cluster analysis (CA) wa~ used to group the oat culuvars and hrccdlllg Irnc~ ha~ed 

on the values of the mst resistance parameters qllantrtled. The CA mcthod lI~cd was the 

unweighed pair-group method using arithmctic averages which 111 the SAS© ~ystclll this 

is equivalent to PROC CLUSTER - METHOD AVERAGE (SAS. 19X7). The data hesl 

represents an analysis of obJects (Q-analysl~) and thc data matnx was standardil:cd III the 

growth bench study before analysis to remove the arhitrary effect~ due to the dlf fcrent 

seales of measurements of the variables. Thc CA result~ are shown graphically wlth the 

aid of a dendrogram (also known as a c1uster tree) which dl~play ... the paired oat 

genotypes in clusters, the average distance between c111ster~ and the cod ficient of 

determination at the place where the tree wall cut to fonn a da~~ification. 
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RESUtTS 

Controlled Environment Study 

The mcan latency period (MLP) ranged from 11.9 to 14.9 days for the first trial 

and l'rom Il.9 to 14.0 days for the second trial (Table 6). The oat genotypes that had the 

longest MLP were OA 712-17, QO 220.13 and Glen. 

The total number of pustule~/leaf (MAXLES) ranged from 92 to 504 les ion in t'le 

first trial and from 167 to 373 lesions for the second trial (Table 6). The oat genotypes 

that had the least number of pustules in both trial was OA 712-17. 

The total number of spores (TOTSPO) produced by each genotypes ranged from 

322 50n uredospores (GA 712-17) to 5 288 000 uredospores/leaf (Yamaska) for the first 

tnal and from 510 000 uredospores (OA 712-17) to 3 357 000 uredospores/leaf 

(Yamaska) in the second trial (Table 6). 

The sporulation/pustule (SPO/LES) ranged from 3525 (OA 712-17) to 11793 

spores/pustule (QO 574.21) for the first trial and 3054 (OA 712-17) to 9000 (Yamaska) 

spores/pustule (Table 6). The data on MLP, MAXLES, TOTSPO and SPO/LES for each 

genotype and each trial were used as the variables in the PCA and CA analyses. 
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Table 6. The mean latency perlod (MLP), maximum number o. 
leslons/leaf (MAXLES), total sporulatlon/lea' (TOTSPO), and total 
sporulatlon/leslon (TOTSPO/LES) for each o, the seven oat genotypes ln 
both triais of the growth bench study. 

GROWTH BEN CH: FIRST TRIAL 

OAT 
MLP (DA YS) MAnES TOTSPO TOTSPO/LES 

GEN~TVPE 

GLEN 12.7 331 2816500 8522 

OA 712-17 14.9 92 322500 3525 

00220.13 13.3 361 3488000 9662 

rNOODSTOCK 12.6 393 4714000 12003 

00574.21 12!.3 420 4950000 11793 

YAMASKA 12.4 504 5288000 10502 

NZ-3 11.9 415 4610500 11203 

GROWTH BENCH: SECOND TRIAL 

OAT 
MLP (DAYS) MAnES TOTSPO TOTSPO/LES 

GENOTYPE 

GLEN 12.8 230 1113000 4834 

OA 712-17 14.1 167 510000 3054 

00220.13 12.4 208 680500 3280 

~OODSTOCK 12.8 276 2064500 7473 

00574.21 12.6 356 2544667 7155 

~AMASKA 11.9 373 3357000 9000 

NZ-3 12.2 352 2850500 8104 



Principal Component and Cluster Analyses of the Controlled Environmental Study 

In the first trial. the first (PC,) and second (PC2) principal components explained 

95% and 3% of the total variability in the original disease variables. Each of the original 

variables loaded PC, as follows: 0.51 for TOTSPO, 0.50 for MAXLES, 0.50 for SPO/LES 

and -0.49 for MLP. The plot of PC, vs. PC2 shows the importance of PC, in separaling 

the genotypes in the horizontal direction and also the separation of the superimposed 

c1usters (Fig. 9a). The CA dendrogram for the first trial gave 3 cluster grollplllgS; the fll'st 

group contained only one breeding line (OA 712-17) with high partial resislan.:e, the 

second group had 2 genotypes with high partial resistance (QO 220.13 and GI~n) the last 

cluster grouping had 4 genotypes, including 2 with high partial resislanœ (FIg. lOa). 

The results of the PCA for the second trial of the growth bench stlldy were similar 

to the first trial. In the second trial PC, and PC2 explained 88% and 10% of the variability 

in the original disease parameters respectively. Th~ \:omponent loading of the PC I wa~; 

0.52 for TOTSPO, 0.52 for MAXLES, 0.51 for SPO/LES and -0.44 for MLP. The large 

influence of PC, is seen in the plot of PC, vs. PC2 where its influence in the horizontal 

direction helps to separate the oat genotypes and as weIl as the superimposcd clustcrs in 

the horizontal direction (9b). The second trial gave 3 clusters; the tlr~t clustel had 3 

g~notypes with high partial reslstance (GA 712-17, QG 220.13 and Glen), the second 

cluster had 1 cultivar (Wood stock) with high partlUl resl~tancc and the tlmd clustcr had 

3 oat genotypes, including one with high partial resistance (Fig. Wb). 
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Fig 1. The auperlmpoaed cluster. of the 7 oat genotypes on the plota of 
the flrat two principal compone. from the flrat triai (lA) and second triai 
(lB) of the growth bench experlment. 
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Fig. 10: A The dendrogram of the cluster analysis of the tirst growth bench trial llsing 

MLP, MAXLES, TOTSPO, and SPO/LES diseuse purumeters for cuch oal gcnolypc 

(R2=O.80). B. The dendroglam of the cluster analysis of the second growlh bcn<.:h tnal 

using MLP, MAXLES, TOTSPO, and SPO/LES disease parameters for cadl oat genotypc 

'.1 80 



1 

f 

OA 712-17 

QO 220.13 

GLEN 

WOODSTOCK 

QO 574.21 

NZ-3 

YAMASKA 

OA 712-17 

QO 220.13 

GLEN 

WOODSTOCK 

QO 574.21 

NZ-3 

YAMASKA 

AVERAGE DISTANCE BETWEEN CLUSTERS 

i 
0.0 

1 
0.2 

1 
0.4 

1 
0.6 

lOA 

CLUSTER #1 

-1 
1 

CJ.JUSTER #2 

=r 
CLUSTER #3 

lOB 

1 
CLUSTER #1 

1 

CLUSTER #2 

CLUSTER #3 
-



Field Study 

During the course of the growing season eaeh plot was sampkd for a total of tive 

times, and a mean disease progress curves for ail oat genotypes wuhill each l'luste! 

grouping is shown in Fig Il a. The flrst c1usler's curve with a l'mal (,PLAD wele helnw 

0.18 contained ail \lat genotypes WIth hlgh levels of partial rl'slstance. The cultivar 

Yamaska perfonned heuer than expected and was grouped with the hne QO 574.21 III lhe 

second cluster, this was due to the faet that QO 574.21 more c1o:-.c1y It.':-.elllhkd Yama:-.J..a 

than genotypes in the first cluster. The very susceptible NZ-3 111 the lhmt c1l1:-.lcr hy IIselt. 

had a large final CPLAD (0.43) and a high level of disease devclopment (Fig. lIa). 

In the field study using mean CPLAO values for each genotype individllally Olt 

each sampling date as the disease variable~, the PC. and PC2 explained <)7(Yr, and 2% 01 

the variability in the original disease parameters. The component loaolllg ot PC. wa:-. very 

unifonn over ail the sampling dates (SO) and values for each were () 44, () 45, 0,45, 045 

and 0.45 for sampling dates SD-l to SO-5. The plot of PC. vs. PC l ~how~ very large 

influence of PC I in separating the genotypes and in the separatIon of the <;upenmposcd 

clusters as weil (Fig. Il b). The CA of the 1990 tïeld ~tU(!y gave 3 c1l1\ter ... in wllich the 

first cluster grouping contained the oat genotypes DA 712-17, Glen, <JO 220.13. and 

Wood stock , which ail denote a high level of p<'lftJal re~i:-.tance to P (OfO/wlll race 264. 

The second cluster grouping contained 2 genotypc~, with QO 574.21 wlth a high partial 

resistance and Yamaska with mediocre partial resistance. The last c1u!-.ter grollping 
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Fig. Il: A Disease progress of P. cOl'Ol/ara race 264, expressed as the cumulative 

proportion of leaf area disea~ed (CPLAD) for oat genotypes within each of 3 c1usters 

during the 1990 field trial. B. Thc plot of PC. vs. PC2 showing the location of each oat 

genotype in rcspect to each other and the results of the c1uster analysis superimposed onto 

the plot cqually showing the distances between the c1uster groupings relative to each 

other. C. The dendrogram of the CPLAD values over ail five sampling dates for each oat 

genotype (R 2=0.88). 
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contained only the oat line NZ-3 which is known to have a low panial rcsiswncl' 10 P 

corollata race 264 (Fig. Ile). 

DISCUSSION 

The breeding line OA 712-17 had the smallest TOTSPO and SPO/LES for bOlh 

trialll in the growth bench ~tlldy. In gcneral QO 220,1 ~ and Glen pcrfonned llL'tler III the 

growth bench expenment~ than Wood~to(:J... and QO 574.21 hut were Vl'I y ~lI1111ar ul1der 

field condItions. The MLP did not vary sub!\tantlally alllong the oat gcnotypes in buth 

trials of the growth bench expenment. 

The disease parameter!. in the growth bench study Weil' very unifonn in loadlllg 

the first principal component which explamed mo~t of the vanabllity in both tnab The 

TOTSPO, MAX LES and SPO/LES had good componcnt loading but the MLP had only 

a small influence on PC I • The principal componcnt plot!\ a!\ wcll a!\ the CA dcndlogram .. 

gave 3 clusters for both tnab of the growth bcnch cxpcfllncnt ln bolh lIl .. talleC". Ihe lîr .. ! 

and second clusters contained only oat genotype'i wlth 11Igh Icvd .. of partial n:'ii .. tancc. 

The third c1uster <..Ontained a mixture of oat genotypc .. wlth dJtfcrcnt kvd\ of partial 

resistance but the se were the !\ame in bOlh lIl ... tance ... cOlllalfllllg the oat genotype ... 

Woodstock (first trial only), QO 574.21, Yallla~J...a and NZ-l The u~e of thc ... c dj~l'a~c 

parameters under growth bench condition .. tl'nded to underc .. timate the re .. j .. tancc of the 
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oat genotypes with high partial re~istance but this is probably due to the small number 

of oat genotype~ used in the experiment~. 

The disease parameters in the field trial (CPLAD values for differenr sampling 

dates) were practically Identical on their loading of the first pnncipal compone nt which 

explained almost ail the variation among the diseuse parameter~. Thl~ wu ... probubly due 

10 the fael that the CPLAD parameter on dlfferent sampling dates I~ actually a repeated 

measure of the same parameter over time. TIle principal component plot and cluster 

analysis gave 3 c1usters of which the first c1uster had four oat genotypes (DA 712-17. 

Glen. QO 220.13 and Wood stock) and the second clllster had QO 574.21 grollped with 

Yamaska. due to the better perfonn..tnce of Yamaska in the field on the last two sampling 

dates. 

When comparing the results from the field and growth bench studies, the growth 

bench results showed more variation th an expeeted in sorne of the genotypes but this is 

probably due to the lack the polycyclic effect of P. corol/ata that occurs in the field, 

which can amplify disease parameters such as lateney period and spof\l lation. Therefore 

the sporulation parameters l}llantified from the oat genotypes were the most important in 

selecting for partial resistancc limier conrrolled envirolllnental conditions even though they 

were tedious to colleet. 
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GENERAL DISCUSSION AND CONCLUSION 

The primary objective of the work reported here had was to screen oat cultivars 

and breeding lines for their levels of partial resistance to crown rust (Puccinia corona/a) 

race 264 under field and growth bench conditions and to select a group of oat genotypes 

with high levels of partial resistance to crown rust race 264. These oat genotypes selected 

will then be used in the Macdonald Campus of McGill University oat breeding program. 

The selection of oat cultivars and genotypes under field conditions has been shown 

to be possible based on the multivariate analyses such as principal component and cluster 

analyses of the disease parameters. Under field conditions, a simplified sampling method 

using the tlag leaf as the main sampling entity on two sampling occasions, when the oat 

plant reaches the Zadoks growth stages 53 and 85. This rnethod gave very similar results 

in selecting highly parti ail y resistant oat genotypes when compared to sampling based on 

5 leaves after 5 to 6 samplings. When using this simplified method it is helpful to use 

known races of crown rust so that the effective and ineffective host genes can he used for 

later comparative studies. It is also important to use sorne check cultivars with known 

levels of partial resistance so that these could be used as reference points when 

conducting the rnultivariate analyses. 

ln previous work on other cere al rusts, it was seen that in sorne cases such as in 

barley and wheat that interplot interference occurred when sm ail plots were used. 
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Parlevliet (1988) suggested that in barley underestimation of partial reslstance Cllllld he 

as high as 14 to 30 times may oeeur when using 1.5m plots. In the present investigations 

where two field stlldies were condueted, one using 3.8 x I.Om plot and the second lIsing 

5.0 x 5.0m plot, interplot interference did not seem to be an important factor in the 

selection of partial resistance to erown rust. 

The selecti0n of plU'tial resistance under growth bench conditions has also becn 

possible in this work by using two combinations of disease parameters (mcan latency 

period, total !esions/leaf, lesion area; total sporulation. sporlllatioll/lcsioll, mcan latcllcy 

period, totallesions/leat). Both the combinatiolls of disease paramcters u~cd gave similur 

results but seemed to underestimate the partial resistance characteristics of SOIllC nul 

genotypes when comparing the results to those obtained from the field screenings. ThiS 

is likely due to the fact that partial resistance encompasses man y factors including 

genotypic and phenotypic elements (sparse growth habit in the cultivar Glen) as weil as 

excluding the polycyclic nature of Puccinia corol/ata that occurs only Ululer naturallicld 

conditions. 
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CLAIM OF ORIGINALITY 

The fullowing point describes the original contribution to knowledge: 

The partial resistance in oat cultivars and breeding lines here were not quantified in detail 

before. The general approach employing multivariate analysis to group oat genotypes 

based on there resistance to crown rust has never been reported so far. A simplified field 

screening method for the selection Puccinia coronota by using the flag leaf only as the 

main sampling unit on two sampling occasions which are when the oat plant reaches the 

Zadoks growth stages 53 and 85. 
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SUGGESTIONS FOR FUTURE RESEARCH 

Using the selection methods developed in this work. breeding lines with high 

levels of partial resistance from different parental origins cou Id he mixed togcther to 

produce multiline cultivars. In this way both the advantages of partial rcsistance and the 

physical barrier effect that occurs with multilines can he exploited. 
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