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FOPüWORD

This thesis is written in paper fomat in order that the presen-

tation of the authoa I s research data v,rould be in publishable form.

the thesis is subdivided as follows:

SECTION I: General Intloduction and

General Literature Revi ew.

(Pages 1 - 44).

SECTION II: The paper forrn of the thesis,

including Abstract, Introduction,

Materials and Methods, Results

and Discussion.

(Pages 45 - 90).

SECTIoN III: Gener¿l Discussion, Suggestions

for Further Reqearch and Sunnary

and Conclusions

(Pages 9L - 1.07).

SECTI0N IV: List of References and Appendix.

(Pages 108 - L34).

It is intended that a somewhat ¡nodified version of Section II

lincluding onJ"y rlivisions (i) to (vi) of the Resultsl be submitted

for publication to the Ca¡adian Joulîal of Genetics and Cytology.
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ABSTRACT

MORRISON, RoBERT JoHN. Ph.D. The llniversity of Mariitoba, October, 1976'

T1IE GENETICS OF MSISTANCE 10 PUCCTNIA GRAMINIS TELTTü IN HEXAPLOID

TRITÏCALE.

I'ÍAJoR PRoFESSOR: E. N. Larter.

The inherita¡ce of resistance to wheat stem rust, Puccinia grøninis

Pers. f.sp. tvitici E¡iks, and E. Henn., was studied in nine hexaploid

triticale lines. Genetic studies were carried out using stern rust

races C17 and C33; in addition " races c35, CL}, C27, 111. and a rye sten

rust isolate were used for furthe" testing the spectru¡n of resistance

preseni in the nine triticales. Field resistance was also studied.

Several triticaLes were s¡.nthesized to determine the source of resistance.

Resistance was rnonogenically inherited in 70HN458, 6T4204, 64415,

and 64250, digenically Ínherited in Rosner, MT56-1, Beaver, and 64406,

and trigenically inherited ín 64190. Resistance was doninant (hlith the

possibLe exception of 64406, in whích partial doninance appeared to be

operating) and the genes conditioning a fleck infection type to C17 and

C33 were epistatic to those conditioning a tme (2) infection type. No

genic intera.ction was observed except in the case of 6A406 in vrhich the

resistance appeared to be due to at Least two corpl.enentaly genes.

There appea"ed to be at least eight different resistance genes in these

cultivars, five of whi ch appeared to condition resistance to races C17,

C33, C35, CL}, C27, and 111, although this was not conclusively proven

for all these races. The resistance conditioned by these five genes

was clearly expresseil in the field in the adult plant stage as well as

in t¡e greenhouse in the seedling stage. 0f the renaining three genes,



one fron 64190 conditioned resistance to only CI7 ' C3S, C27 and race 111,

but not C35 and C1.0. The two corplenentary genes in 64406 conditioned

resistance in the field to race mixtures, a¡d in the greenhouse to all

races tested except CLO, while individually, the genes in 64406 appeared

to condition a mesothetic resistance to C17 and C33. In field tests,

no additional adult plant Tesist¿rnce appeaied to be operating in these

seedling resistant cultivars (however, 6A20, a seedling-sus ceptib 1e line

used in the crosses, was resistant in the field).

The resistance genes appeared to be distributed into at least four

linkage groì¡ps, the genes conditioning a fleck infection type fron

Rosner, 70HN458 and 64190 appearing closely linked,alLelic or identical'

sirnilarly, the genes conditioning a (2) infection type frorn Rosner,

6T^204, and 64250. The two nondifferential genes of MT36-1 a¡d 64190

contlitioning a moderate resistance each segregated intlependently

(linkage relatíonships were not determined for the resistance genes of

64406 and the differential gene in 64190). Rosner, MI56-1, 64413 and

Beaver carried identical genes conditioning a (.;) infection type; Beaver

and MT36-1 carried identical genes conferring a noderate resistance.

The genes were tenporarily designated genes 1 [Rosner, MT36-1,

6A413, Beavea, (;)1,2 t70HN4s8, 64190, (;) (1-)1,3 t6T4204, 64250,

Rosner, (2)'J, 4 tMT56-1, Beave", (2)1, S t64190 (2J1,6 t64190 (2)

differentiall ,7 and 8 t64406, (;)1.

The isolate of rye sten rust used was avirul.ent on the triticales

and duruns tested. The s.ynthesis of new triticales indicated that both

du]:lrn Ì¡heat and rye can contribute resistance to triticale, the level

of the triticale resistance being equal to that of the more resistant

parent. The results fron the use of several ði fferent dunrns indicated

xa



that the duruns could contribute both wide-spectrun

resistarce to triticale, while the one rye source of

Centeno, contributed only wide-spectnnn lesistance.

and narrow-spectrum

resistance used,
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INTRODUCTIOTI

AND

LITERATURE REVIEW



1. INTRODUCTION

After two decades of intensive research and deve l opment, hexaploid

triticale, X Tr'ítî.cosecaZe (Wittrnack), has progressed fron the plant

breedersr plots to cornnercial farn production, At present, it is being

tested in narny areas arou:td the world, including North Anerica, Europe,

North and East Africa, India, Iran and Chile. Most of the disease

observations on tliticaLe have come fron snall plots and greenhouse

ex¡reriments, Triticale is also being grown connercially in large areas

in a few scattered locations in the U.S.A. and Europe. However, the

acreages and tine period are stitl too linited to allow ¿dequate obser-

vations on epidemic developnent vtithin the crop and on the longevity

of tritical"e resistance (Richardson and Waller, 1974).

Fïon snall plot observations, researchers have observed in triticale

good 
"esistance 

to wheat stem rust, Puccinia g?Øn¿n¿s Pers. f.sþ' ttit\ei

Eriks. and E. Henn., even in East Africa where stem rust is a severe

problem in wheat (Pintor 1974; !Ìabwoto, 1"974). This is in contiast to

the situation for leaf lust, PtrceLn¿a recondi-ta Rob. ex. Desn., whi ch

appears to be a more serious probl ern in triticale than in wheat

(2i1]-insky, L974b).

. Certain raw arnphidiploid tTiticales and advanced lines are suscep-

tible to stem rust, however. Lopez [1971) attempted to identify the

foz,mae speciales of stem rust able to attack tÌiticale' The isolates

whi ch ¡¿ere virulent on certain triticales appeared characteristic of

wheat sten rust. Several. tTiticales tested by Lopez, however, exhibited

good resistance to all the sten rust isolates that he coLlectqd flotrl

wheat, rye and triticale in Mexico "

Both the tetraploid wheats and .diploid rye have contÏibuted



inportart stem nrst Tesistance genes to bread wheat in breeding proglalns

in Europe and North Anerica (Allard, lg6}t ZeLIer, lg73). Conbined into

triticale, the tetTaploid wheat and rye resistances should be able to

reinforce each other. It has been pointed out that the use of several

otherwise rmused resistance genes in a cultivar presents a difficult

barrier for the pathogen to overcome (Watson and Singh, 1952; Knott,

1972). Gieen (197J.a) has pointed out that valíeties derived fron intel-

specific ctosses may ledirect pathogen evolution towa"ds lnore non-

aggressive forms, because of the difficulty of broadening the host rânge

while naintaining the destructiveness.

Becâuse stem Íust is such a destTuctive pathogen a¡d because it is

able to evolve new virulent forns fairly easily, it is irportant to

rnderstand whether or not triticale resistance is conplex. It cari be

expected that extensive use of triticale will shape evolution of the

pathogen and in thís case the plant breeder nust be able to anticipate

what hrill be the most effective r,tay to use tTíticale lesistance.

The present s tudy attenpts to clarify the inhelitance' nature,

variety and source of triticale resistârice through deternining the

nu¡nber of genes per variety and the genes connon to several varieties,

the range of the resistance and the contributions of the lye and wheat

progenitors. It is hoped that such infoÌrnation conbined with an under-

standing of present knowledge on host-parasite systems can indicate

sorne of the problens that nay be encountered h'ith stem rust when

triticale is grown over large acreages.



2. LITERATURE REVIEW

2.I. The Nature of the

2.1A,. Triticale

(i) 
-Ggnetic 

Constitution

Triticale ís the conñon name ôf X Tril;icosecale (Wittnack)

the anphidipLoid bethleen htheat and lye. This genus, originally fotmd

in nature only as an occasional sterile polyhaploid hybrid but now being

donesticated as a c]rop plant through artificial doubling, crossing and

selection, has been tmder scientific investigation for over a century.

Intensive efforts towards development as a crop species did not occur

uitil the latter half of this period, however. The earlier efforts

centîed on the study. of octoploid forrns of ttiticale, but the develop-

ment of hexaploids shifted the ernphasis, as these appeared to present.

nore potential as a crop species.

Present-day va"ieties of triticale energing fron breeding progr¿ ns

are generally hexaploid. the nain species presently being used for

hexaploid triticale synthesis are the tetraploid wheats, palticularly

Iritia.m dtrwn L., and the diploid tyes, SeeøLe ce?eale L. and.9.

nontdnwn Guss. (Scoles and Kaltsikes ' L974). Considerable intro-

gression of ge:rn plasn from hexaploid wheat (?. aestíot¡n L. ern. Thell.)

into hexaploid triticale has occurred in breeding prog"arns (Merker,

1975). OctopLoid triticales are derived fron ?. aestioun aîd SecdLe spp.

Hexapl.oid tïiticales may be classified as being either prinary or

secondary hexaploids. Prirnary hexaploid triticales are derived fron

tetraploid wheat x rye closses through direct synthesis (trrfawtl

amphiploids) and subsequent interbreeding and selection (advanced



triticales). Their genonic constitution is AABBRR. Secondary triticales

are derived from either octoploid ttiticaLe x hexaploid triticale crosses

or hexapLoid triticale x hexaploid wheat crosses. Secondary triticaLes

include a range of genetic types, fron lines with a conplete AABBRR

constitution - i.e., a full Tye coffplenent - to lines with as few as

one pair of rye chronosomes, in which case D genome chro¡nosornes substi-

tute for the missing rye chrornosornes (segmental or substitutional

polyploids).

In the case of secondary triticales, the tliticale norphology is

carried nainly on the two rye chrornosornes B (3R)* and F (5R) (Merker,

f975). When both are present, the plant is a typical triticale. The

presence of either one alone produces a h'heaty-type tTiticale' Their

absence leads to classification as wheat [wheat lines carrying one or

two other pairs of rye chrornosomes are used in the Mexican and European

wheat breeding progr:rms (Mettin et aL., 1973i Zeller, L973)'J. Also,

certain wheat backgrounds suppress the rye characters of chromosornes B

and F, leading to classification as hrheat.

Neverthel"ess, the appropriate cl.assification of hexapLoid lines

r{ith three or four pairs of rye c}rrornosornes is still rmclear; no schene

exists for classifying then as WLtiòwn ot T?itíeosecale (Metker, 1975) -

The lines tenned Armadillo have been the foundatíon of the CIMMYT

triticale program (Zillinsky, I974a) and these appear to c¿Try a 2D-2R

substitution (Gustafson and Zillinsky, I973t l{erker, 1975) ' Merker

(1975) further detecteal the loss of 2R in Beaver and Rosner, the latter

Chromosorne ialentification according to Merke" [1975) and Gustafson
þersonal commmicationJ.



hitherto thought of as being a pure triticale. Merker studied about

50 lines fron the CIMMYT breeding plogran and found that both lye

chrornosornes A (2R) and D (4R) were conmon ly lacking as well as a third

rye chrornosome in rnany cases. Most of the lines he studied seerned to

have retained chromosomes E (6R) and G (1R). The Gerflan hlheats

described by Mettin et aL. (L973) and ZeLLer (197!J carry 1R-18

substitutions or translocatiotts.

(ií) 4grononic Characteristics

A typical prirnary hexapl"oid triticale suòh as Rosner

is characterized by bearded, rough-awned mid-dense spikes, with long-

beaked, acuninate ctraff and pubescent necks, and by wrink!.ed kernels

(Larter et aL., 1970). Merker (1975) points out that the typical

triticale characteristics are carried rnainly by two rye chrornosornes,

B (3R) and F (sR).

Early prirnary tÎiticales vrere also characterized as being ta1l,

long-spiked, only partially fertile, late and dayl ight-sensitive (Larter,

1968; Larter et aL., 1968¡ Quinones ' 1-972). With the intTogression of

gerftI)1. asn fron bread vrheat, especially D genone chrolrosones (via

cultivars such as Arnadillo), and the loss of some rye chromosones (eg.

the 2D-2R substitution of Armadillo), secondary triticales were

developed hrith Teduced stature, inproved fertility, irnproved seed type,

earliness, and dayLight- insensitivity (ZiLlinsky, L974a). Dwarf duruns

and ryes are also being used to i¡nprove t"iticale (Larter, 1974b).

Al" though synthesis of triticale has the effect of converting the

heterozygous outbreeding rye corç)onent to a hornozygous inbreeding one,

hexaploid triticale has retained sone of the outcrossing characteristics.

Hexaploial t"iticale tends to exhibit a greater degree of anther extrusion



than wheat, a higher pollen count per anther, and also a longer flowering

period. Rosner exhibits approxirnately 5% outcrossing at the University

of Manitoba (Yeung and Larter, L972).

During early breeding progt¿ms, triticale was formd to exhibit sone

sensitivity to stress. In testing a nurnber of prinary triticale lines,

Larte:f et aL. (1968) reported a decrease in neiotic stabílity, with

increase in tenperature. Hot, dïy conditions during flowering in the

prailie region of Canaila induced considerable sterility, and thus

yield reductions, in triticales grown in 1967 (tarter, 1968). The early

Arnadill-o lines appeared to fLovi¡er and mature too quickly when stlressed

by hot dry conditions early in the season. Efforts are being nade in

the CIMMyT and university.of Manitoba progra.lns, however, to inprove the

adaptability of triticales (Zillinsky, l974a,b) and average yields have

been steadiLy increasing (Larter, I974a) '

At present, advanced lines of tritical.e appear to be performing

best rmder areas of stable noderate climate with adequate rainfall or

i.rrigation, including narginal soil areas and environments favourab le

for disease. Often, these are areas.where wheat and barley do poorly.

îhus, Kiss (1974) reported tniticales doing well in Htmgary on the

íntergrade sandy soils between the heavy wheat soils and poor f.ight rye

soils (rye norrnally lodges on the intergra¿le soils due to luxuriant

growth); Srivastava (1974) suggested a Potential usefulness of triticale

on Indian foothil.l. soils with Low productivity due to pH problens;

Wabvroto (1974J indicate¿l that triticale can be grown successfulty in the

areas of severe lust epidemics in E. Africa.

Zillinsky (197 4a,b) nade the observation that tTiticales hrere

competitive with other ceteals in thlee main areas, i.e., regions with:



(1) sandy soils/moderate rainfall: E. and W. Europe and Mexico

(on rye soils).

(2) high elevation/high to ¡noderate rainfall: Hinalayan foothills,

E. Africa, Columbia, Mexí co.

(5) low growing ternperatures: central Eulrope, south U.S.A. (late

fall and winter crops),

(iiiJ Disease Resistance

Larter (lg74b) has pointed out that diseases have not yet

been liniting to triticale production,- though nost wheat diseases can

attack some triticales. In Húgaly, where significant acreages of

triticale are grown, the l-eaf diseases (Septoria spp., and HelnrintVp-

sporiwn spp.), ergot l,CLauieeps purpwea (Fr.) Tul.I and Fusariurn

wilts are of iÍtpottance in triticale, whereas the leaf and sten rusts,

powdery nildew and smuts are rminportant rmder Hrmgarian conditions

(Kiss, 1974). In westerri Canada, leaf ïust (Puccinia tecondita Rob.

ex. Desn.) and ergot have been the principal problems (Larter et aL.,

1968) .

Lopez (1971) reported that wheat stern rust (P. grøñn'ts Pe"s. f.sp.

tz'itici Eriks. and E. Hennl and rye stern rust (P. gtoñnis eeca'Lie)

could attack certain tÌiticales' but Larter (1968) pointed out that

nost strains of triticale are resistant to stern rust.

Though leaf rust in triticale is more of a problern than stem rust,

adequate resistarice is available (Larter, 1975b). Ergot has been a

very serious problen for triticale in some areas because of the suscep-

tibility of triticale and toxicity of the sclerotia produced by the

ftrngus. This disease has been dealt with rnainly through iÍProvenents



in fertility, although attenpts are presently being made to transfer

r.esistarce from ?. tínopheetsì. Zhuk., one of the fer4r good sources of

resistance (Larter, I974b).

Triticale has also been formd to be parasitized by stTipe rust

lP. glurnarLûn (Sclnn. ) Eriks. and E. Henn,l, bacterial blíglr.t ÍXottthomonas

tran sLucens (Jones, Johnson, and Reddy) Dowsonl , snow rnold (Fusoriun

nioaLe (Ft.) Ces.), loose snut iflstiLago l;ritici (Pers.) Rostr.l and

barley yellow dwarf virus. TÏiticale tends to be resistant to poh¡dery

nildew (Erg síphe gnøninis DC.) (LarLer, 1974b) and the nore recent

triticales fron CIMMYT have stripe rust Tesistance (Zillinsky and

Boalaug, 1971). Resistance is available agaínst bacterial blight but

the situation is unclear for snow mold (Larter, Ig74b). Triticale is

generall.y resistant to loose snut (Nielsen " L973). Gardnet et aL.

(1969) report a wide spectrun of resistance to wheat streak nosaic

virus and Qualset et a7.. (1973) report a wide range of susceptibility

to barley yêl1ow dwarf virus, but neither disease appears to be a

problem (Larter, Ig74b) - Triticale appears to exhibit Tesistance to

Septoz'ia diseases in North Africa and South Anerica, where Septoz.ia

can be a severe problem on r,irheat (Flichardson and Waller, 1974).

Sanchez-Monge {1959)pointed out that triticale usually seens to

express the level of resistance of the nore resistant of the wheat and

rye parents. It lrouLd seen that the resistance of triticale to disease

will prove significant ín its potential utiLization, as a single rye

chromosone substitution or trarislocation is already providing inportant

resistance in a number of European h¡heat varieties to sten rust, leaf

rust, stripe I1Æt, arid powdery nildew (Mettin et aL., 1973t ZeLIet,

1973) .
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(iv) Chroñoson¿l Behavior

Mitosis. Shkutina and Khvostova (1971) have repolted nitotic

irregularities in triticale; fragments, lagging chromosones, niclo-

nuclei, bridges and tri-polar spindles were observed in root tip cells

of both hexaploid and octoploid triticale. Fe!ù other nitotic studies

have been done with this species. Scoles ard KaLtsikes (1974) suggested

that it is rmlikely that triticale differs fïon wheat in the degree of

nitotic irregularity.

Meiosis, Sone degree of neiotic irregularity is present in r¡ost

triticales (Scoles and Kaltsikes, L974). The rneiotic instabilicy is

expressed as the appeaÌance of wivalents at netaphase, and subsequent

Loss of these to produce aneuploid negaspores (and nicrospores, although

these èannot compete with euploid nicrospores). As a result a consider-

abLe proportion of tritíca1.e progeny rnay be aneuploid, the fertility

and vigour of these plants often being reduced. Tsuchiya (1974) rrePorted

the average proportion of aneuploids as 40% in euploid octoploid progenies

and 10% in eupLoid hexaploid progenies, with bulk populations averaging

63% and 15% aneuploids for octoploids and hexaploids, respectivel.y. FoT

hexaploi<ls, Tsuchiya cited figures of 24-47% nornal sporocytes, with an

average of approxinate ly 1-3 univalents/PMc (with a range of 0-28), for

euploid plants .

' In octoploids, it is predoninantly the rye chromosornes that forn

úivalents. octoploids tend to revert to bread wheat. In hexaploids '
both wheat and rye chromosornes are 1ost, in proportion to theil nrllnbers

(Scoles and Kaltsikes , L974).

bcoles and Kaltsikes cited figures of 16- 83'" of euploid octoploid

progenies being aneuploid, with 58-100% disturbed pollen mothel cells'
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For euploid hexaploids, they cited a rarìge of 1,5-L7e" aneuploid progeny,

with up to 57% of some bulk populations being aneuploid, They cited

ranges of disturbed cells at metaphase of 30-7O% for prinary and

advanced hexaploid t"iticales and 8-22eo for secondary hexaploid

triticales, with the range of univalents per cell being 0-1"4, and the

average approxinâtely 2 univalents/cell for prinary and advanced

tTiticales.

The cultivar Rosner averages approxinately 2 univalents

per celL and approxirnately 50% abnornal rnetaphase cells (Scoles and

Kaltsikes, 1974).

It appears that univalent formation in hexaploids is due to a gene

interaction between the wheat and rye genones, while in octoploids it

appears due to neiosis occurring too rapidly for the rye chrornosornes

to s)'napse properly (Scoles and KaLtsikes , lg74) '

No coffelation exists between fertility and rneiotic stability in

triticale, due to the high survival rate of aneuploid rnegaspores (Scoles

and Kaltsikes , ).974) .

Various workers, incl.uding tlüntzing (1959), have repotted that

F, hybrids between tÎiticales exhibit more neiotic iÎregul.arities than

their parents.

2. 1B. Wheat

As rarheat contributes gemplasn to triticale and will no doubt be

grown in close proximity to triticale in nany areas, useful examination

nay be nade of the distribution of wheat disease resistance between

wheat classes, and in turn, the geographical dist"ibution of these

clâsses.
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' T. dztnm L. has been one of the main contributors of ge1m plasn

to tTiticale, with a consíderable amount of infus ion of T. aestiuøn

germ plasm as well. Vavilov (1914) generalized that the nonococcuns

were the nost resistant to the ?usts and powdery mildew, dun¡ns less

so and aes tivÌnns nost susceptible. The duru¡ns are grown in a nr¡nber

of areas where triticale could potentially be grown.

(i) Dr+ruin Distribution

Durun wheat is grotrn mainly in north centÏal U.S.A.

and adj acent areas of Canada, around the Mediterranean (Spain, ItaLy,

France, the E. Mediterrarìean area, and N. Africa), Iran, Turkey,

Ethiopia, the Soviet Uriion, India and Argentina. Durum predoninates

over hexaploíd wheat in 1\:nisia, Algeria, Molocco, S. India and Turkey,

and,is irnportant in the Middle Èast and E. l,feditelranean countÎies arld

Ethiopia. It is lmirportant in China, Pakistan, Egypt, Kenya' S'

Africa an<l Australia (Reitz, 1967; Mangelsilorf, 1955).

About 1/5 of the spring-sown wheat in the U.S.S.R. is dun¡n.

Ameri can durun production has vatied between 3-9s. of. the Anerican wheat

acrlea1e between 1919 and 1964. 85% of Aneri can durum is grown in N.

Dakota, the other rnain areas being S. Dakota, Minnesota, and Montana.

Canada's dunnn production is mainly in Saskatchewan (Kipps, 1970). The

durr¡ns are generally grown in the drier areas of the U.S.A. spring wheat

area (Dickson, L956) and a"e able to grow well under dry conditions

(Morris and Sears, 1967).
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(ii) Durlnns ¿iúd StêIh Rust

The durtuns (and tetraploid wheats in general) have been inportant

in N. Arnerica in dealing with sten rust. ft¡nillo dunun, and Vernal

ernner provided inportant resistance to N. Ameri can wheat varieties -
Iumil"Lo to Thatcher, ând Vemal enne? to Stewart and Carleton durrtrns

(Allard, 1960), Ir¡nil.lo dunnn retained its lesistance for 50 years

in the U.S.A. and Ver1lal ermner 75 years before succurnbing to race 158

(Martin and Salrnon, 1953). . T?re stem rust resistant durtnns widely

replaced N. American hexaploid wheat (Marquis) from 1916-1923 due to

the evolution of races able to attack Marquis [Staknan and Harlar,

19s7).

Hovrever, the stem rust pathogen in N. Arierica has evolved virulence

on the durums sevetal tines, Ihe first successful Anerican durun,

Mindurn, succurnbed to stern rust upon the appearance of races 17 and 38.

Stewart and Carleton (Mindr:n derivatives) then were released ín L943

and grown lmtil the appearance of race 158 in 1953 and 1954, which

devastated the dururn crop because the Latel maturation of the duru¡n

crop allowed greater rust development (65-75% of the American durum crop

was lost), Resistance from Ethiopian durrnn St. 464 was incorporated

into Stevitart, resulting in the release of Stewart 65 in Canada. In the

U.S.A., Langdon, released in 1956, replaced Stewart but succuûbed to a

new biot)?e of 158. We1ls and Lakota then were released in 1960 and

rep!.aced Langdon but virulent races then evoLved for these varieties.

In Canada present durums include Heïcu1es, Macoun, Wakoona and Wascana

(Stakman and Harrar, 1957; Loegerin g eî aL., 1967; Horsfall et aL.,

1972; Buchanan et aL., 1974).



74

(iii) Dr¡runs and Leaf Rust

ctlestel (1946) pointed olrt that the durtrns were generally resistant

to leaf rust and the bread hrheats generally susceptible. Quinones (1972)

pointed out that evolution of the leaf rust pathogen in N. Anerica

appears to have been rnainly on hexaploid wheats, so that present N.

Ameri can dun¡ns are resistant (Raj aran and Sartari, 1971). Dickson (1956),

as well, pointed out that nearly all dururns are resistant to leaf rust.

In the south of France, the dunms grown do not carry sufficient

leaf rust resistarice (Grignac, 1974). The o1d cultivated ltalian duruns

are very susceptible to stem and leaf rust (Zitelli, 1973), However,

although n¿nìy aae susceptible to sten and leaf rust, ¿ nunbe¡ of Iberian

durums do represent iÍpontant sourcces of resistance (Salazat et aL.,

1973) .

(iv) Bread.Wheats, Sten Rust and Leaf Rust

In winter wheat areas ìn the U.S.A,, varieties resistant to stem

Tust are not partí cul" arly needed. Rust danage is nininal due to early

naturity of the crop and the existence of unfavourable conditions for

rust tlevelopnent (sten rust is most adapted to hot weather). However,

race 56 did cause heavy danage to hlinter wheats in 1961 antl 1962

(Dickson, 1956; Loegering et aL. , 1967).

The spring wheats initially introduced into N. America had little

sten rust resistance and as new resistance genes hrere incor?orated into

the spring wheats, the stetn rust pathogen evoLved to overcone then

(staknan and Harrar, 1957). This sarne pattern has occurred in other

areas such as Australia (Allard, 1960).

Chester (1946) pointed out that the bread wheats we¡e general.ly

susceptible to leaf Tust.
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(v) IrifectiÖri cliinâefas in l4lheat

In disease studies in bread v¡heat, the nitotic loss of a chro¡losorne

has been postulated as the cause of the occasional chimaeral reaction

to a disease. Mclntosh ¿nd Baker (1969) noted three examples in the

progeny of an F, hybrid monosonic for a chro¡nosome carrying gene PmSa

(frorn the cross Chinese Spring 1A x Asosarù conditioning resistance to

powdery rnildew. These three plants had Leaves with adj acent sectors of

resistant and susceptible tissue, with the nidribs appearing as the

ilivision line between the two classes. It Í¡as assumed that the rnonosomic

resistance- carrying chrornosone was lost early in the enbryonic develop-

nent of the p lant.

Baker (Day, 1974) observed a sinilar situation for P. grøninís

tt'itici h¡hen testing Gabo wheat (2n = 43) carrying a single Agrop\?on

eLorryah,n (Host) Beauv. chrornosome conditioning resistance, t}re Agropq?on

ûiyalent presunably having been lost through nisdivision.*

2. LC. Rye

Since rye is a parent of triticale, a review of rye's geographical

distribution and disease reacti-on was deenèd necessary.

(i) Distribution

Rye, prirnarily a !¡inter crop and once the nost connon bread grain of

Europe and Russia, is now a ninor crop, exceeding wheat production only in

Poland (Sco1es, 1975), It is thought to have been originally introduced

to Europe and Russia as a weed in h¡heat and barley, gradually beconing

BuÍrows (1970) also noted leaf chirnaeral reactions to crown rust,
P. eaz'onata Cda, in tÏisonic oat plants carrying the gene PcL5
for res is tance.
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domesticated and groun Ìtidely [Halb¿ek, 1971). Its ac].eage declined

after the 17th century, due to several factors; increased affluence was

one inpoltant factor contributing to the shift to the p?eferred wheat

bread (Horsley, 1969).

the U,S.S.R. is presently the major rye producer, Europe being

second, and the U.S.A., Argentina and Turkey producing sna1l amounts.

In 1961-65, nearly 90% of world rye production was in the Soviet Union,

PoLand, W. Gemany, E, Gerrnany and Czechoslovakia (Martin and Leonard,

1967). In 1969, 59% of world of rye production was in the U.S.S.R.

aîd 37% in Eastem Europe (Caflnichael and Norrnan, 1970).

In Canarla, approxinately 50% of the total rfye production is in

Saskatchewan. 89% of Canadat s rye production in 1969-70 was frorn the

Prairie Provinces. 85% of the rye grown in Canada is fall rye

(Carmichael and Norman, 19 70) .

In the U.S.A, rye is groun prirnarily in the area just north of

the winter h¡heat area, nainly in the Dakotas and Nebraska. Snal1

anounts aie also groun for pasture in the east and southeast U.S.A.

(MaÌtin and Leonard, 1967; Kipps, 1970).

Rye is generally rnore productive thar otheï g'r'ains on infertile,

sandy or acid soils and thus ten¿ls to be grown on naaginal land

(Carrni chael and Noflnan, 1970).

fiil Disease Resistance

ïhe linited acreage of rye in rnost areas as well as ryets early

maturíty tend to mininize its alisease problens. Ergot has been the

nost serious disease of rye, while the varíous leaf diseases are

cormorr in the húnid winter rye areas. Leaf and sten rusts present

on1.y an occasional problen.
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P. gnatninis secaLis generally causes little ¡Ian¿ge to rye, but

in Gernany ecòno¡nic Loss from this "ust 
is often serious (Arthur,

1929). In the U.S.A. sten rust damage on rye is rare (eLcept for the

occasional infestation near barberry) because of rye's earliness and

the lack of rye in the south where inoculr¡n could build up (Martin

and Salmon, 1953). Sorne grain and pasture ryes in the U'S.A- do carry

resistance, however, such as Gator rye in Florida (Martin and Leonard,

L967). Ster4rart et dL. (1968) have pointed out thãt Prolific spring

rye is very susceptible to rye stem rust'

teaf Tust of rye is abundânt in N. Anerica and Europe ând

occasionally causes losses (Arthur, 1929). The early naturity of 
"ye

aloes tend to nininize these losses, however. Rye leaf rust overwinters

on winter rye as dormant rnyce liun and causes losses rnost often'in the

southem range of Anerican rye culture, where the fungus overwinters

in greater abmdance (Dickson, 1956; Martin and Leonard, 1967). It

may occasionally becone sufficiently abundant on fall rye pasture

crops to cause r{rinter killing (Martin and Salrnon, J.953). The varieties

Gator (in Florida) and Explolea (in the southem U'S.A.) carry leaf

ïust Tesistance (lilartin and Leonard, 1"967).
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2.2. Tlie Nâtúfe 0f the Pathogen; Sten Rùst

Craigie [1957) has noted thât of the cereal Tusts, stem rust is

the nost dreaded, the losses frorn it far exceeding that from any of

the others. the fimgus interferes with the main transloôation systen

of the plant for wateÌ and nutÏients, disrupts protective and Ploductive

surface tissues and weakens the stravt, resulting in reduced yields and

quality. The disruptive effect on indiiidual plants is cornpounded by

the pathogen's adaptations enabling several cycles of spore ploduction

in a season and widespread dissenination by the wind. Widespread

nonocul ture of the host, conbined with the ability of the pathogen to

evolve viruLence on widely-used resistance genes, harnpers efforts to

block the pathogen (Craigie, 1957).

To becone Ì,ridespread, isolates of the pathogen nust acquire fitness

or aggressiveness characteristics, as wel.l as virulence. Fitness

attributes such as a short incubation tine, the capacity to inf€ct and

sporulate under a broad range of clinatic conditions, high late of

spore production and a high rate of infection contribute to an increased

Tate of disease spread (Day, L974).

In nany cormtries, P. grøninis is abl.e to cycle throughout the

year by asexual Teproduction on cuLtiv¿ted cereals and wild grasses

(the uredial stage), occasionall.y going through sexual reconbination on

barberry, BerberLs ouLgaris L. (aecíal stageJ. the uredial stage has

becone specialized into a number of varieties, or formae speeiaLes,

restTicted to particulan hosts. Thus, P. grøninis trLtíci is found

rnainly on wheat, P. grøniñ.s secaLi.s on rye and P. gtøninie aùenae ort

oats (Craigie, 1957).
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P. grøninis trLbí.ci aÍd secaLì's aPPear to be cl"osely lrelated,

as they both òan attack cultivated antl wild barley (Hoz'deøn uu\gane L.

anð, Hondeun iubaknn L., respectively) and certain wheat and rye lines,

a¡d can hybrídíze fairly easily (Watson and Luig, 1962; Green, 1971a;

Lopez, 1971). Howevel, most wheats are resistant to rye stem rust and

nost ryes to wheat stem rust. P. gz'ønini s secaLis ¿lso díffers in

that it is corn¡non on couch or quack gl:ass lAgrop\ron repens (L') Beauv. l.

2.2.4, Diffeferit Host Species - Pathogen Variety Inteiactions

liì Wheat Sten Rus t on Wheat

Wheat stem lust is prevalent on wheat and often causes serious

damage, although nunerous souÌces of resistance exist. Usefill control

has been achieved thÌough the use of resistant varieties but breakdowns

in this resistance have been costly (Robinson, L971). CÌaígie (1957),

Hooker (1967) and Nelson (1975) have reviewed nuch of the infom¿tion

on this area.

(ii) Wheat Sten Rus t on RYe

Wheat sten rust has occasionally been observed on rye' especially

when it is adj acent to heavily rusted wheat fields (Cereal Rust

Laboratory, lg72), However, wheat sten rust is generally avirulent

on rye (Craigie, 1957). Stewart et øL- (L968) formd Prolific rye to

be highly aesistânt to the thÌee races of wheat sten rust they used'

Green (1971a) pointed out that Rosen rye usual ly exhibits type (1)

infection* vtith. wheat stem rust and type (4) infections h¡ith rye stem

See Appeîdü III for classification systetn.
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lust. Lopez (1971) obtained three different isolates representing three

races of wheat stem rust vrhich were generally virulent on the wheats that

he tested a¡d which were able to attack certain ryes. One race attacked

an Explorer rye inbred líne and Prolific, another attacked Gator rye and

the third, a Gator rye x Wrens hybrid selection. A different Explorer

rye inbred was susceptible to all thTee wheat stem rust races'

(iii) Wheát arid Rye Stêû Rúst od Barley

Most barleys are susceptible to wheat and rye sten rust but these

are not a thÌeat because ba"ley matures early a¡d because they are not

aggressive on barley (Johnson and Bucha¡non, 1954; Green, 1971a). A

few barley varieties have resistance to wheat stem rust (e.g. Peatlånd,

Conquest) but no comrnerciaL barley varieties ale lesistant to rye stem

rust [Green, 19714, 1975), Genes I ar,à T2 in barley condition resistance

to sone races of P. grønínis ttitici but not to P.. grúnìn¿s secaLis

(Roane, 1973). Rye stem rust has never seriousl.y ilarnaged barley in

hrestem Canada (Green, 1971a),

[iv) Rye Stelit Rust d Wheat

Rye stem rust is generally avirulent on wheat (Craigie ' 1957).

Lopez (1971.) tested 10 rye stem rust isolates on a large nrmù er of

hrheats and generally obtained at most a fLeck infection type and occa-

sionally a type (1) infection. An exception was fotmd in that one

isolate coul.d attack one dr¡rr¡n vtheat, one bread wheat (Yalta) and

seven of the bread wheat differentials. Luig et aL. (I97 3) Teported

that the seedling resistance linfection type (2)l of Little c]"ub t'rheat

to P, grqrinis secaLis is ilue to a single factor. Little Club h'heat

generally exhibits a type (4) to wheat sten rust,
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Watson and Luig (1962) wete able to obtain lye sten rust strains

virulent on wheat by selfing rye sten rust cultures. In their ex¡leri-

nents, Little Club r¡heat exhibited a t]Æe (2=) infection to rye stem

rust, other h'heats nostly fleck infection types, with an occasional

tWe (2-) infection and a rare type (3-) infection. Through selfing,

they obtained a culture whi ch iould produce a type (3-) infection on

several wheats arid a type (3+) infection on Little C1ub. The culture,

however, úras more vigorous on rye, especially when tenperatures r'i¡ere

Low,

Sanghi and tuig (1971) nention that certain wheats (e.9. W2691)

ale noderately susceptibl.e ¡2**3c¡ to rye sten lust. In studying the

genetics of wheat resistance to rye sten "ust, they fould that S?8 in

Mentana vrheat conditions a type (2) infection to both wheat and rye

sten rust, whlle sv71. in Yalta conditions a tyl)e (;) (2=) infection to

both wheat and rye sten rust. As well, Mentana carried three otheî

genes conditioning resistance to only rye stem rust and a fi fth gene

conditioning resistarice to two avirul ent seaaLie-t?iti.aL hybtids and

race Ll"l of vihe at sten rust but not rye sten rust. Yalta also carried

another gene for 
"esistance 

to rye sten rust but not wheat sten rust,

as weLl as tr,rro more genes for resistance to an avilulent tniticí-
seeaLis hybritl and an avirulent wheat sten rust race. However, the

SrLL gene proved ineffective against two hybrid stem nrsts and an

avirulent v¡heat sten rust (Race 111).

(v) Rye Stem Rust on RYe

Rye sten rust is generally virulent on nost lyes. Lopez (1971)

tested ten rye sten ]gust isolates on 31 lyes and detected only occasional
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resistance, this being for only a few isolates. Prolific, Gato" and

Explorer inbreds were generally susceptible. Stewart et aL. (1968)

likewise found Prol.ific very susceptibl.e to rye stem rust. Green

(I97Ia) noted that Rosen rye generally exhibits an infection type (4)

to rye sten rust,

Nevertheless, resistance has been noted in rye to rye ste¡n rust.

I,{ains (1926b) noted stem rust resistance in Abruzzes rye. Levine and

Staknan (1925) reported that Rosen, Swedish, and Prolific varied in

their degree of susceptibility to different isolates of rye stern rust.

Cotter and Levine (1932) noted that Rosen, Swedish, Prolific, Dakold,

Colorless, and Gi arit Winter ryes differed in theiÎ resistance. Using

these varieties as differentials they were able to distinguish 15 races

in the U.S.A., two of which were widely distributed across the northeûr

U.S.A. over a period of 9 years. These races were avirulent on the

r¡heat differentials,

In Canada, rye stern rust is widely distributed, often appearing

on rye in rust detection nurseries and sonetines in barJ.ey (Green, 1972).

However, its prevalence varies considerably fron year to year,especially

on the prairies where barberry is r¡navaiLable. The earliness of rye,

and linited acreage, have prevented serious darnage in Canada (Johnson

and Buchannon, 1954). Rye sten rust tends to be rnore widespread in

easterr than western Canada,

on the Canadian prairies, overwintering of the urcdial stage on

couch grass is the nost likely source of annual infection (Johnson and

Buchannon, 1954). Undeï Australian conditions, 
"ye 

stem rust is of

little agricul"tur.al inportance, although it is widespread on the coÍnnon

Ag?opA"on repens (watson and Luig, 1962). In Gerrnany, where large



acreages of rye are grori/n, severe infestations have been knovm to

occur (Arthur, 1929). In the U.S.A. severe attacks nay occasionally

occur near barberry (Martin and Salnon, 1953) bút danage is generally

rare due to the early maturity of rye.

(vi) Sten Rust on TÎiticale

Lopez (1971) collectedl stem rust fron tTiticale, bread wheat and

rye and increased the isolates for screening tests. The rust attackíng

triticale in the fielil was clearly P. granLnis tnitieL ' Nine out of

10 isolates of Tye sten rust could not attack triticale or wheat. A

tenth ísolate of rye stetn rust r,ras able to attack one durum wheat, one

bread wheat varciety, seven of the wheat differentials, nine of the 58

hexaploi<l triticales and none of the octoploid triticales tested. It was

suggested that the iso!.ate was a recornbinant between tt'itici and secaLie.

The three races of r{¡heat sten rust Lopez obtained fro¡n wheat were

virulent on rnost of the 14 wheats tested, on two to three of the five

ryes tested, on most of the six octoploid triticales, and only on a

rninority of the hexaploid triticales, The behaviour on wheat and rye

was typicaL of that established fo'r P. grørÌ'nis tt:itici by Staknan (1917)

and Staknan et aL. (1918). For the six octopLoid triticales*, five

were susceptibLe to two of these races and two of these five were suscep-

tible to the third race. Of the 3l hexaptoid triticales screened, all

were resistant to one race and al"l but five were lesistant to the other

two races.

' Five of the six octoploids were derivecl fton one wheat, Inia 66.

I In M"*i"o.



24

The 19 isolates Lopez collected flon triticale could be classified

as wheat stem rust as wel1, The international bread wheat differentials

were largely susceptible to these isolates. The five ryes tested were

resistant to eight of these isolates but fron 1-4 of these ryes were

susceptible to each of the other 11 isolates. All of the octoploids

couLd be attacked by several isolates. ï{enty of the 51 hexaploid

triticales tested vre?e resístant to all triti cale- derived isolates and

the other Ll r,i¡ene susceptible to one to four of the isolates.

, 0f the 20 resistânt hexapLoid triticales. nentioneal, 15 were resis-

tant to all isolates collected from wheat, rye and triticale (these L5

included 11 Amatlillo seLections). Of the remaining five, one could

be attacked by one of the races collected fron wheat and the othet four

(including one AÎmadilloJ could be attacked by the widely virulent rye

sten rus t selection.

Of the ten isolates collected fron rye, al.l were virulent on

virtually aLL of 3L ryes, and nine were avirulent on the 12 differen-

tiaLs, lL bread wheats, ten drrrurns, 38 hexaploid triticales and 6

octopLoid triticales. l'l:e tenth isolate, lvhile still virulent on

virtual.ly all 31 ryes, was also viTulent on several wheats and triticales,

2.28. Hybridization

Because both P. gnøninís seca|,¿s and tt'itici are found on barberry,

wild barley and cultivated barley, there is ample opportmity for

hybridization thlough sexual or asexual rneans (hyphal anastomosis)

(Watson and Luig, 1959). In Australia, whât appear to be plobable

tyLtiei-secaLis hybrids are widely distributed on wild grasses (Sanghi

and Luig, 1971; Luig and Watson, 1972).
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By crossing tril;òcí and secaL'ís on barbelry, Green (1971a) obtained

Fl and F2 hybrid isolates, which were mostly avirulent on !¡heat or rye

or both. Green ascribed this to (a) the recessive virul,ence genes being

masked by dorninant avitulence genes in the hybrid, and (b) a large

nunber of factors governing virulence on wheat antl rye, hence the dif-

ficulty in recovering a viïulent combination in the F2 generation.

Although avirulent on wheat and rye, the Fl and F2 isolates weïe still

able to infect barley.

The fer,¡ of Greents hybrids which could infect both wheat and rye

were internediate in reaction tyPe between the palent isolates. Tltus,

broader host range had been achieved at the expense of sone degree of

virr¡lence on one of the hosts.

HoweveÌ, Sanghi anil Luig (1971) found that certain tt:itici-seealis

hybrids had acquired viruLence against Sr71 (althoúEh the hybrids were

otherwise avirulent). lbey suggested that natural hybridization coui.d

potentially overcone wheat sten rust lesistance in wheat, and also the

resistance transferred fron rye to wheat. Nevertheless, the probable

hybrids they had observed on wild grasses we¡e avirulent on wheat and

rye .

Typical of the races recovered fron tritieí by aecaLís crosses

was race 111 of P. grøninis tr|t¿c¿, which will infect only Little Club

wheat in the standard differential set (Johnson, 1949).

2.2C. Evolution of FÒnnaè SpeaiaLes

Watson arid Luig (1959, L962J suggested that rye sten lust is

simply an aviaulent strain of wheat stem rust, and Pointed out that

secaLis harboureil heterozygous recessive virulence genes on wheat which
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could be revealed by selfing'

Green (1971a) suggested that these forTnae speeLaZ¿s evolved fron

rmspecialized fonns, by the accinnulation of virulence genes for certain

hosts at the expense of virulence on others. He suggested that the

originai. ancestral forrns had a wide host range but wele low in virulence

and aggressiveness, prestltrabl.y because of a gene"alized resistance in

the host populàtion. Presurnably, as the host population evolved and

cliverged, the rust pathogen specialized on the divergent parts of the

population, developing high virulence and aggressiveness on a Linited

m.mber of hosts by overconing the verticaL resistance genes that they

had in addition to a generalized resist¿nce.

Thus, present ðay tritici-secaLís hybtids would be expected to

resenble the ancest"al t)?e, with wide host Tange, low virulence, little

specialization, and low aggressiveness (as with the barley-stem rust

relationship).

Green further suggested that the evolution of the pathogerÍ could

be reversed to these nonaggressive avirulent forms by the use of broad

conbinations of resistance, i.e., interspecific and intergeneric crosses.

The pathogen, in effect, would be forced to broaden its host range, and

would likely have to sacrifice aggressiveness or viruLence to do it.

2.2D. Leaf Rust in Conparison to Sten Rus t

P. reeondita clearly differs from P. gtaninis in a number of

ways :

(a) r,¡heat anal aye stem lust share the alternate host, barberry,

whiLe wheat and rye leaf rüst have two different alternate hosts' The

leaf rust alterîate hosts are rneadow-rue (Thnlictrwn spp.) for ttitict)

and bugloss (Lgeopsis spp. and Artelwsa spp.) for secaLis (Althul, 1929;
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Johnson and Newton, 1946; Martin and Salnon, 1953).

(b) wheat and Tye sten rust can both infect baïley but leaf rust

carinot (Johnston, 1936), to any significant extent.

(c) The sten rust sexual stage is important in epidernic develop-

rnent in some areas while the leaf rust sexual stage is inconsequential

(Jackson and Mains, 1921).

(d) sten rust disrupts the plant nore than leaf rust. Leaf nrst

darnage is confined to the leaves whereas sten rust infects both stens

and Leaves (Loegering et aL. , L967').

(e) stem rust does not thrive as well as leaf Tust in cooler

terperatures (Loegering et aL., 1967).

the 68 rye Lines and varieties that were tested by Mains (1923)

were essentially susceptible to rye leaf rust. However, Mains (1926b)

obtained rye plants fton Abruzzes rye which were highly resistarìt to

1ye leaf rust. l,{ains (1926a) ïeported two physiologic races of rye

leaf rust in t¡e U.S.A. and Waterhouse (f939) two in Australia. Rye

leaf rust is abrmdant in N. Anerica and Europe and occasionally causes

losses (Arthur, L929). Gator and Explorer ryes in the southern U.S.A.

carry leaf Tust Tesistance (Mattin and Leonard, 1.967). Severe

infections are IargeLy confined to the southern r¿mge of 
"ye 

culture

in N. Anerica, especially where rye is used. for winter pasturage

(Martin and Salnon, 1953; Dickson, 1956). The early naturity of rye

tends to restÎict danage.

l,ìlheat leaf rust is nore connon and severe on b¡ead wheat than

other wheat species (Loegering et aL., 1967) .



2.3. Host-Parasite Relationshi and Resistance

Nelson (1973) classifies disease resistance as an active dynanic

host response to a parasite, in which an inconpatible ínteraction inter-

feres with the pathogenr s atternpt to wíthdraw sustenance, resulting in a

lower level of disease, Host resistance nust be related to two pathogen

characters, virulence and aggressiveness, Virulence is the ability of a

pa"ticular pathogen strain to cause disease on a particular host geno-

type (Day, 1960). Virulence is rneasured by the arnormt of disease incited,

e.9., aeLative size or nunber of pustules, by an isolate of the pathogen.

Nelsôn (L975) consid.ers aggressiveness to be the ability to devel.op on

the host at à fa,ster rate; thus, a more aggressive isolate incites the

s¿ ne amormt of disease in less tine. The ability to develop at a fastel

Tate is associated with the following fitness cha"acteristics (Nelson,

rs73):

(a) ability to persist in the nonparasitic stage.

(b) ability to infect rmder a,wide range of environments.

(c) ability to produce a large nunber of infection sites.

(d) ability to generate a Iatge amomt of inoculurn per given area

of infecti on site.

(e) ability to conplete a cycle of spore production in a shorteÎ

time (reduced incub ation period).

The ability of the pathogen to cause severe danage in epi<lernics is

"elated 
to its virulence and aggressiveness. A pathogen must have

virulence to be able to infect and must be aggressive in o"der to

suryive year-rourd and to spread quickly.

Race-specific aesistance is used to cormteract virul.ence. Non-

specific resistance theoretical ly reduces the effective aggressiveness



29

of the pathogen.

Race-specific resistance has the foi.lowing characteristics (Nelson,

r973):

(1) it conditions against the establishnent of a successful

infection site (i,e., halts colonization of tissue).

(2) it usually involves hypersensit ivity; Muller (1959) defined

this as therrpremature dying off (necrosís) of the infected tissue as

weLL as the inactivation and localization of the infectious agent.rr

(3) it is an all-or-nothing resistance, effective against sone

races and totalLy ineffective against others (i.e., a differential

reaction).
' (4) it is the result of a gene-for-gene relationship or interaction.

rrFor each gene conditioning rust reaction in the host there is a specific

gene conditioning pathogenicity in the parasiterr (Flor, L955, 1956, 1971).

Ihe host and parasite have presumably developed this conplenentary genic

syste¡n during their co-evolution.

(5) A resistance gene will condition resistance to all current

races if none carry the corresponding virulence allele.

(6) A single inconpatible interaction at any locus is sufficient

to induce resistance no rnatter how many compatible interactions there

are at other loci (Day, 1974).

(7) the resistance gene apparently becones ineffective when the

pathogen gene product being interacted with is absent, urdetectable or

ínactive (Knott, 1967).

Knott (1967) suggests that inconpatibility and the resistant

response are induced by the interaction between two biologically active

(dominant) gene products; and conpatibilíty and susceptibility result
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r¿hen one of the gene products does not participate in an interaction.

thus, a recessive virulence locus is able to avoid inducing the tesistant

response so that infection can proceed uninhibited.

Day (1974) uses the gene regulation model of Britten and Davidson

(1969) to suggest that Tace-specific resistance genes are sensor genes

whose product binds with the product of a specific avirulence gene fronr

the parasite and thereby initiates the activation of a series of

producer genes, producing the changes in metabolisn associ¿ted with

resistarice, Thus, the pathogen induces a resistant response (the host

selectively. responds to specific signals without having to acquire a

peaîanently altered netabolisn) (Day, 1974). In such a nodel, the ch¿mge

to virulence need only be alteration of the pathogen gene product so it
is a different shape and untecogni zahIe., or absent (Day, 1974).

It has been suggested that resistance in natural plant populations

is a conbination of specific and non-specific tesistance, and that through

plant breeding, the specific resistance genes are stripped of the pro-

tective and. conplenentary polygenic non-specific genes and. are subsequently

exposed to the pathogen over large acreages. Consequentl)', nutations at

a single locus are all that is required to overcone resistance. Extensive

use of the ?esistance-gene guarantees survival and nultiplication of the

virul.ent races rdithout conpetition from other races. Thus, the gene-for-

gene concept beco¡nes an artifact of breeding for resistance (Day, 1974).

Non-specific resistance, on the other hand, rnay be treated as having

the fol.lowing characteristics (Nelson, 1975) :

(1) it reduces disease developnent rate alue to restricted coloniza-

tion of tissue and restricted inoculum production over tirne.

(2) it is generally polygenic.
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(3) it is stable (cannot be conpletely overcone by the pathogen

in one jump).

(4) it is effective against all lace!, though not lmifof1lly so,

as the rnore aggressive rfaces may sti1l be able to splead Telatively

faster.

Non-specific resistance nay be associated with increased incubation

tine, Testriction of the arnotmt of tissue invaded and reductíon of

inoculurn ploduction (Nelson, L973).

Day {Lg7 4) suggests that a parasite rnus t ácquire nany properties

to assist in infection and their genetic basis must be

conplex. General or nonspecifíc resistance would then involve the

systems that affect the balance between host and parasite netabolisn.

Genes of snal1 effect wouLd then cunul.atively block the induced suscep-.

tibility.

I If a La:rge nunber of mutations of snall effect are necessary in the

pathogen to overcome nonspecific resistance, then this accounts for the

stability of the resistance (Nelson, 1973). Single rnutations will have

littLe selective value and it would be difficul.t to accululate all the

nutations necessaty to overcome the resistance.

In spite of the advantages of non-specific resistance, specific

resistance is the prinary type of resistance used by plant breeders

because it is easily recognized and Teadily attained due to its simple

inheritance (Nelson, 1975).



2.4. Genetics of Resistance

2.4A. Genetics o{ Rust Resistance

In Hookerts (1967) leview of the genetics of rust resistance it was

pointed out that rust resistance rnay be inherited as:

(1) a single gene - coÍmon ly dominant, nuch less conmonly incon-

pletely dorninant, and occasionaLly recessive,

(2) two or more genes, acting independently (as rnany as six in a

line have been detected),

(3) two o? nore genes, linked, either looseLy or tightLy (rust

resistance genes usually assort independently rathea thân being linked),

(4) co plònentary genes: t14'o or three genes, either doninart or

Tecessive or a conbination of bot\

(5) r¡odifier genes acting on najor or mínor resistance genes to

enha¡ce or reduce their îesistance,

(6) a poLygenic resistance - reports of this are lare (however,

a polygenic stable resistance conditioning Low intensity of infection

against P. sorghi Sdrw. has been highly eff€ctive in the U.S.A.).

Hooker also points out that rrgenes that condition a higher Level

of rust Tesistânce are coÍmonly epistatic to those conditioning a less

resistant Teaction.r, Inhibitors of resistance have also been alenonstratetl,

Multiple a11eLes, each conditioning a different phenotype or spectnm

of resista¡ce, may exist for a particular resistarce locus; Alleles are

differentiated by spectrun of resistance and by the lack of clossover

proclucts in a few hundred neiotic products. Alleles nay actually be

tightly linked loci, r4rith broad spectrun al.leles being cornplex loci con-

sisting of several linked genes (Hookef, 1967).
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A lesistance gene nay be do¡ninant to one race and recessive to

another. As well, a resistance gene rnay be tenperature- sensitive,

operating in one environrnent but not another (Hooker, 1967).

2.48. Genetics of Stèrh Rús t Resistance in Ðu?ums

Heermann et aL. (1957) formil that St. 464, an Ethiopian alurun vrhi ch

was later used to provide the 158 stem lus,t resistance of Stewart 63

(Knott, I-963), had two doninárìt genes for resistance to 158, one condi-

tioning a t}?e (x) infection, the other a type (1) infection, and

together a type (oJ(;). îhese genes v,ere also present in four other

cultivars; and three other lines carried the second gene (Heermann, 1954).

Kenaschuk et aL. (1959) reported the sane genes in four Ethiopian lines

and one Portuguese line. Ataulla¡ (f963), using three Australian races,

discovered a thiTd gene in St. 464 conditioning a differential reaction.

Kenaschuk (1959) also reported a rnoderate-res istance gene in three

other varieties (fron Arabia, Spaín and S. Africa) and a different gene

in another PoÌtuguese variety.

2.4C. Genetics of Leaf Rust Resistance in TÎiticale

Quinones (1972) reported nonogenic doninant resistance to P.

reconúita fu:iticí in five triticales. Five different genes were desig-

nated, each conditioning resistance to the sane four races; two of the

genes were either closely linked ot allelic. The susceptible lines used

were susceptible to both wheat leaf Tust and rye Leaf rust. The h'heat

leaf rust resistance genes also conditioned resistarce to rye leaf rust.

When synthesizing polyhaploid Fl triticales, Quinones (1972) noted

that both lj}re P. Tecond¿ta tz,itici and secøLie resistance was derived

fron the durun parent, the rye parent contributing nothing to resistance.



He also obtained hybrids susceptible to wheat leaf rust and resistant

to rye leaf rust (this pattern being derived fron the durum parent).

All three ryes used were susceptible to Ìye leaf rust and resistant to

h¡heat leaf rust.
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2.5. Dis Resistance Derived frorn Wide Crosses

Green (1971a) suggested that incorporating rust tresistance genes

from other species or gener¿ night foÌce the pathogen to evolve to a

more prinitive state, sacrificing destTuctiveness for broadened. host

range .

Considerable effort has been nade to transfer resistance genes

carried on alien chronosomes, especially Ag"opA?on and rye resistance

into wheat. However, the alien genes were generally fornd to be race-

specific, though inítial ly providing broad-spectrla' resistance (Hooker,

1967).

2,54. Tetraploid Wheat into HexapLoid Wheat

Iiflillo durum sten rust resistance w¿s used to produce the vatiety

Malquillo, which laterc be ca¡ne one of the parents of ïhatcher. Yaroslav

Erurcr (?. dicoec*n L.) sten rust resistance was tlansferred to hexaploid

ürheat to produce Hope, H-44 ard Selkirk varieties (Allard, 1960). Race

158 overcane the Thatcher and Hope resistance (Knott, 1967). Shands

(1941J and Allartl (1949) nade transfers of ?. timopheeui Zltuk. sten

rust resistarice to hexaploid wheat.

2.58. AgropAron ar.d Aeg¿Lops ilnto Hexaploid yÍheat

Alien transfers have been used to provide wheat with leaf r'r¡st

resist¿¡rice ftom AegiLops wnbeLLuLata Zhuk. (¡esulting in the cultivar

Transfer), sten and Leaf rust 
"esistance 

fTom AgropAron eLongatLîn Host

(Beauv.) (the wheat cultivars Agatha and Agrus carry the same leaf rust

resistance gene; Agent carries a different one), stripe rust resistance

ftom AegàLops bicornis (Forsk.) Jaub. and Spach., and sten, stripe and
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leaf rnst Tesistance from Agz,opynon intenneditrn llost (Beauv.) (Sharna and

Knott, 1966; Smith et aL., 1968; Horsfall et aL,, I972i Seats, I972a,b,

1975; Caudero ¡ et aL., Ig73). Samborski (1963J was able to obtain a leaf

rust cul ture virulent on the doninant resistarce gene frorn TÎansfer,

sirnply by selfing a cul ture abLe to infect Trânsfer in the forn of a type

(1+) infection. The original cutture was heterozygous for an incorpleteLy

doninant avirulence gene and selfing produced sone honozygotes which

produced either a (o)(;) or (4) type infection on Tra¡sfer. Sanborski

pointed out that widespread use of the Transfer gene alone rarould select

for the heterozygote and increase the chânce of a spontaneous nutation to

virulence. By L974, the Transfer resistance gene was reported to be

ineffective in the south U.S.A. as a single source of Tesistance (Cereal

Rust Laboratory, Report #1, Ig74).

2.5C. Rye into Hex¿tplöid lllheat

Leaf, sten and stTipe rust lesistance and pohrdèry nildew resistarce

have been transferred fron rye to wheat.

A nu¡ber of current European cultivars possess leaf and stem rust

resistance ileríved fron rye through IB/LR substitutions or tTanslocations

(Bartos et aL. , '!.973). The genes are tightly linked and provide resis-

tance to a l arcge number of sten and leaf aust r.aces. Ilettin et dL.

(1973J pointed out that these varieties aLso carry race-specific nildew

and stTipe rust resistance frori the rye. The cuLtivar Petkus may have

been one source of these genes (ZeLIe:r, 1973), Zeller (1973) suggested

that widespread culture of the lB/lR substitution lines would place

considerable selection pressure on the pathogens, and that natural

hybridization between formae speeiaLes cowld result in races abLe to
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overcone the rye resistance.

The cultivar Transec carries a translocation involving rye chromo-

sone 2R, and de.ives its povtde"y nildew and leaf last resistance flon

the rye (Driscoll and Anderson, 1967),

Jensen and Kent (1952) reported leaf ]|ust lesistartce

fron Rosen rye in a winter v¡heat selection. In studying this leaf rust

lesistance, Driscoll and Jensen (1964) teported that the seedling

reactions were classified as a¡r (x) infection type on the first leaf

and the leaves becane progressively nore lesistant until a (1) infection

type stabilized at the sixth leaf stage. Ft hybrids took longer to

stabilize and conditioned an (x) type reaction rmder field conditions

compared to a (o) to (1) type reaction for two doses of the gene.

stewart et aL. (1968) reported that Acostars (1963) transl.ocation

lines involving a portion of an Inrperial rye chronosone (3R) in a

Chinese Spring background (Bielig and Driscoll, 1973) were highLy resis-

tant to race 158 at vaaious tenperatures and also to ¿ large nunber of

other vrheat ste¡n rust races, including highly virulent Kenyan races.

ïhe lines wene resistant to both P. gratnítis tr¿t¿c¿ a¡ð. secaLis.

In wheat-1ye addition lines derived fron a Holdfast-King II cross,

Riley and Macer (1966) found rye chromosorne V (1R) to carry resistance

to powdery ¡nildew and stripe rust.

In theiÏ study, Riley and Macer folmd that the susceptibility of

King II r.ye to P. necon&ita secaLis was not expressed in the adilition

lines, nor was the resistance of King II to P. reeon&ita tritLcì. Ihey

foûd that one chrornosome arrl contributed the full King II stripe rust

resistance to r{theat to eight râces. An adalitional chronosorne contributetl

a differential race-specific stripe lust resistance. Four chrornoso¡ne
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afins contributed good resistance to E. grøn¿n¿s tritici. Holdfast

proved susceptible to sten rust and the arnphitliploid resistant, but

no single addition line was resistant. Riley and Macer suggested either.

coÍpi.enentation or suppression were involved in the absence of resis-

tance in addition lines to hrheat sten and leaf rust.

Ríl.ey and Macer, in discussing the possibl.e evolutíon of pathogens 
'

along with the divergent evolution of wheat and rye fron a single

diploid population, suggested three possible evolutionary sequences

Leading to rye resistance to r{theat pathogens:

(1) Tesistance evolving as a secondary activity of new genes

acquired for other prinary firnctions involved with divergence. This

would be conplex resistance.

(2) resistance being retained from the o"igínal diploid progenitor

as a resiilual genotypic difference, e.9., TIe evolving fron a aesistant

portion of the population, wheat evol"ving fron a susceptible portion.

This would be a s irp Ly- inhe"ited resistance,

(5) resistance evolving due to seLection pressure by the wheat-

attacking pathogens. (Riley and Macet suggest this is r.rrJ. ikely as

resistance to wheat-attacking pathogens would be of narginal significance

with virulent Tye-attacking pathogens arormd. )

Riley and Macer conclude that rye resistance to wheat pathogens is

fortuitous, appearing to fall in evolutionary sequence (l) for sten rust,

and sequence (2) for staipe îr¡st.



2.6. Host-panasite Systens

2.64. Effectiveness of Vertical Resistance

Robinson (1971) discusses crop and pathogen factors which affect

the usefulness of vertical or race-specific resistance. He suggests

vertical" resistance rnay be rnore useful if the Pathogen:

(a) ís a "sirnple interest díseaserr, i.e., nul.tiplies slowly

(as opposed to a rrconpound interest diseaserr).

(b) has low vertical nutabiLity (i.e., a lohr mutation late for

virulence).

(c) is not transnitted by host propagating naterial (e,g., vrheat

and Puceànì.a gxanínís txítici, as opposed to PhAtophAthora infestøts

(Mont.) de Bary in potatoes), or, if it is, then the pathogen not be

ficompol,Íid interestrr (so that seed inspection can be effective even if

incomplete).

(dl is rendereil less fit by the presence of rmnecessary virulence

genes.

He also suggests a nr¡nber of crop factors which favour the useful-

ness of verticaL resistance:

(a) annuaL growth habit.

(b) genetic non-tmifornitY.

(c) Linited acreages.

(d) the presence of vertical resistance genes which select for

urfit virulent strains.

(e) sepa"ation of the resísta¡ce in space (e.g,, muLtilines or

zones) for lconpound interest'r diseases.

(f) separation in tine (through rotations or by off seasons) for

rrsimple interestrr diseases.



(g) effective seed-health certification possible (will be for

sirnple interest but not compound interest diseases),.

(h) conplete vertical resistance, in which case the pathogen can

develop neqr races only through parasitizing another host population

(if inconplete, then the host canies the disease and greatly magnifies

the chances for mutation to virulence),

(i) a closed season which results in the annual, destruction of the

Local pathogen population (through severe heat or frost). In this case

the annual infection is fron inoculun from extemal iources.

(j) legislative control of crop varieties being possible, to

controL seed-health certific¿tion and regional deploynent of resistance,

and prevent both resistânt and suscePtible clops being grown (the

occurrence of whi ch would increase the chances of virulent nutants sur-

vivirig and nultiplying).

(k) reinforcerDent of verlical resistance by horizontal resistance.

(1) conplex resistance (assuming cornplex races ale less fit).

Robinson points out that vertical resistance is not useful against

late blight because P. infestøts is a conpotmd interest disease with a

high vertical i¡utability and is carried by host propagating naterial;

also, the host is often genetically rmi forrn for resistance.

In the case of wart disease (sgnchrytriwn endpbioticwn (Schilb.)

Perc. of potato, vertical. resistance can be highly effective and long-

lasting because the disease is a sinple interest disease, an obligate

parasite ancl has low nutability. Thus, where legislative control has

prevented the planting of susceptible varieties (e.g., W. Europe), the

resistance has been effective, whereas in E. Europe and Newfoundland,

both resistant and susceptible cultivars were grown and the resistance
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broke down. A reservoir of the pathogen existed where mutations could

occur, in this latter case.

In the case of stem rust of vtheat, a diversity of lresistance geno-

types appe¿Ts to have favoured the use of a vertical resistance, as use-

ful contlol has been achieved. However, costl.y breakdowns have occurred

because the disease is a cornpornd interest disease, and the crop is

genetícall.y unifonn, tetding to be grown on large ¿creages with a single

or few cultiïars. In addition, the protection conferred is usuaLly in-

conplete, the crop is often grown where there is no closed season (e.g.,

Kenya), and it is probable that the horizontal resistance has been lost.

Deploynent of resisiance in space through legislated regional gene dep-

Loynent and through nultilines could inprove the longevity of resistance,

especially if virulent races tend to lenain lmfit (Knott, 1972).

Van der Plank (1968) suggests that sirnple laces are nore fit to

survive than conplex races (stabilizing selection), speculating that

rnutation to virulence requires the disrnantling of norrnal efficient

rnetabolic pathways. lherefore, sinp1e races would predoninate on sinple

cultivars and complex races would not develop to becone virulent on all

regionally deployecl genes or conponents of a nultiline. lhus, the bulk

of inoculun produced on the inocul.um source (with sinple resistance)

nroul<l be sinple races unable to attack regionally deployed genes oT

other conponents of a multiline.

Nelson [1975) cites considerabLe evidence against stabilizing

selection and feeLs the concept is not valid. He suggests that vilu-

lenóe and fitness are inhetited independently and that conplex fit races

can evolve and persist and ?redoninate, Tendering regional deploynent

ineffective.
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Where the race maket4r of a pathogen is determined by the host

conunercial cnop, the resulting races are necessarily virulent in order

to survive. Wheae the race nakeup of a pathogen is deter¡nined separâtely

fron the host crop, in a different environnent, the development of new

races attacking the cornnercial crop nay be linited by the competition of

no"e adapted I'non-virulent" laces. It nay be difficult to conbine

virulence with cornpetitiveness on both the overwintering and cultivated

hosts. Thus, the initial inoculum source fot Fusariwn wilt is the

saprophytic stage, for stripe rust in the Pacific Northwest of the U.S.A.'

wil.d grasses, and for rust on N. Anerican spring hrheats, winter wheat in

the S. U.S.A.; the developnent of nerr' vilulent races in these situations

is lirnited (Horsfall et aL., 1972).

'Ihe N. ftnerican spring wheat-hrinter vilheat situation is a good

example. Knott (1972) pointed out that the races virulent on 516 ín

N, Arnerica do exist but have not becone predomìnant because the over-

wintering area for stern rust does not have the 516 gene for resistance

which woul.d selectivel.y increase these virulent races if 516 were the¡e.

Hoü'ever, when, through the vatiety Austin, resistance to race 56 was

userl in the overwintering area, the corresponding virulent race

158 was selectively increased, without conpetition frorn race 56, contrib-

uting to the d.evastating epidernic in spring wheat aïeas which carried the

resistance gene (staknan and Hartar, 1957 t Y.rrott, 1972).

In contrast, Robinson (1971) noted that the effectiveness of vertical

resistance to stem tust in Kenya is linited. The rust survives year round

on the host crop and thus naintains a large reseloir of initial inoculum,

underrnining the main effect of vertical resistance which is

disæ__
OF ÁNÍTOEA

anount of effective initial inoculum and deLay the onset



43

the Connittee on Genetic Vulnerability of Major Crops (Horsfall

¿t dZ., 1972) ]nas pointed out that t'genetic rmiforrnity is the basis of

vulnerability to epidenics" and that rrmost najor crops are irnpressively

uniforn genetically aad inpressívely vulnerable.rr The widespread use

of a single resistance gene greatly nultiplies the chance that a new

virulent mutation or recornbinant will survive and aLso ensures rapid

build-up of that genotype because there is a lack of conpetition fron

other genotypes of the disease and a lack of different resistant varieties

to nestrict the spread.

2.68. Patterns of Rust Epidemics

The Great Plains of North Anerica and the Indian sub cont inen t both

have sirnilar patterns for rust development and spread in that the rust is

continuously growíng year round, but for palt of th¿t year is restricted

to a particuL aî atea. In North Anerica, the rust overwinte"s in the

wintel wheat area of the southeûr U.S.A. and spreads norcthwald in the

spring to Canada. The inoculun generated in the northern areas provides

subsequent infections of the following winter wheat crop (Craigie, 1957;

Knott, 1972). In the Indi an subcontinent, the rust is killed by the

slnEtrer he¿t except in the northern foothills, where the rust persists

and initiates the spread of epidenics in the subsequent cool season

(Mehta, 1931).

However, Prasada and Sharma (1.973) pointed out that new races of

sten rust nay blow into India fron neighbouring West Asian and near

African countries.

Year-rormd uredial persistence of sten ?ust occurs in the Anerican

Pacific coastal region, the southern pLateau and West coast of Mexico,

Kenya (due to the availability of higher cooLer elevationsJ, and



Australia (Craigie, 1,957 t Oggema, 1972).

Barberry-originated infections are inpontart for sten rust in

Europe and Eastem N. Arnerica, where tlle uredial stage is rmable to

overwinter (Craigie, 1957).

In general, although there nay be 1ocal1y initiated infestations,

stern rust tends to spread fron warnel areas where it can over'winter

(e.g., south U.S.A.) or nultiply earlier (e.g., N. Australia) or from

areas of higher elevation where it can escape severe heat (e.g., N.

India, parts of Kenya " and Ethiopía) (Craigie, 1939J.

Rye sten rust differs frorn wheat sten rust in N. Anerica in that

the uredial stage can overwinter on couchgrass in the nuch cooler areas

of the northern U.S.A. or the C¿riadian prairies' This local infection

constitutes the naín sourfce of inocuhm (Johnson and Buchannon, 1954;

Craigie, 1957).
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1. ABSTRACT

TrIE GENETICS OF RESISTANCE TO PUCCINTA

GRAUTNTS THTTICI IN HEXAPLOID TRITICALE

R. J. rdcRRrsoNt, ,. ,. Lnnten2 ¡¡t¡ G. .1. cn¡sN3

The inheritance of resistance to wheat sten lrust, Puccinia gzwninis

tritici, was studied in nine hexaplôid triticales, using races C33 and

CI7. Seedling resistance was nonogeni ca1ly inherited in 70HN458,

6TA204, 64413 and 64250, digenically inherited in Rosner, MT36-1, Beaver

and 64406, and tTigenically inherited in 64190. It was deteflnined that

in total the cul.tivars carried at least eight differcnt lesistance genes.

Tests with several ?aces indicated that five of these genes conditioned

r,i'ide-spectTlûn resistance while a gene frorn 64190 and the genes fron

64406 did not condition resistance to al"L laces used'

The seedling resistance genes conferred resista¡ce in both the

seedling and adult stages. Genes conferring resistance only in the

adult plant stage were apparently non-existent in the lines selected

for genetic study, However, 6A20, ã seedl ing- susceptib l"e line, was

resistant in the field.

Synthesis of nevü triticales indicated that both durum wheat

(Tv'il:í,ewn twgidøn va'r. dwnn) and rye (SecaLe cez'eaLe) could contri-

bute sten rust lesistance to tliticale'

1 ph,l. student, Department of Plant Science, Ilniversity of Manitoba.

2 Professor, Deparúnent of Pl.ant Science, lJniversity of Manitoba.

3 
Canada Departnent of Agriculture Research station, Winnipeg, Manitoba.



2. INTRODUCTION

After a brief period (tvro decadesJ of intensive deve l oprnen t as a

new connnercial crop species, hexaploid triticale, X Tt¿t¿cosecdLe

(Wittrnack), is showing pronise ín sone areas of the world. Plant breeders

initiating work with this ûlfaniliar crop require inforrnation on its

alisease resistance. To date, few studies on triticale disease resist¿rnce

have been done.

Leaf rust (Puccinia recond¿tT Rob. ex. Desn' f.sp. trítici) }ras

been one of the nost troubl.esome diseases in tTiticale breeding prograns

in North America. Quinones (1972) investigated the inheritance of

triticale leaf rust "esistance' 
He formd resistance to be controlled in

each Line he studied by a single doninant gene and also concluded that

the resistance was derived only fron the L¡heat parent'

Ergot lCLaoiceps p1lrp?Æea (Fr.) Tul.l is also a critical problern in

triticaLe in sone areas and attenpts are presently being nade to incor-

porate resistance into triticale (Larter, 19744,b).

Stem rust (Puccinia gnøftin¿e Pers. f.sp' ttítici Eriks' and E' Henn')

in hexaploid triticale has not been a problen of the sarne nagnitude as

i.eaf rust and ergot. Ì,fuch of the breeding lnaterial is resistant' How-

ever, susceptibility often appears in segregating rnaterial and this has

occasionally caused the elírnination of some potentially high-yielding

aclyanced lines in breeðing prograns. For this reason, also because of

the ability of sten lust to overcone lesistance barrie¡s by evolution,

thereby creating a potential for severe crop losses, it was felt necessary

to unilertake a stucly to clarify the genetic rne ch an i srns of sten Tust Ïesis-

tance in triticale '
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3. MATERIALS AND ME11IODS

The hexaploid triticale lines used in this study are listed in

Table 1, along with parentage, origin, and reaction to races C17 and

C35 of wheat sten rust (P.. grønínís tnitici) and isolate #224-73 of rye

stern rust (P. grawinis sectLl:s). T"iticales were chosen on the basis

of an initial sten "ust testing of 700 lines, with ân attenpt to

include different reaction ty-pes ' are as of origin, plant types, and

degrees of irnprovenent flon the rrraw'r arnphiploid Level. Nine resistant

Lines were chosen for the study, and 5 of these, viz. Rosner, 70HN458,

6'f{2o4, 64190, and MT36-1, were used for a detailed genetic exanination

of their rust resistarce.

AlL nine lines were crossed to the coinmon susceptible parent,

Ifl32-1, In addition, the five principal parents were crossed to suscep-

tible line 6A20. All crosses weÌe advanced in the greenhouse and field

to obtain F, lines. As we1.1, backcrosses were rnade involving the five

principal parents and the two susceptible parents ' and advanced to

obtain BCIF2 lines.

DiaLlel crosses were rnade anong the nine resistant parents to

detennine gene relationships. F2 seed was derived fro¡n these crosses.

Part of the F2 seed fron crosses involving the five principal parents

only hras also adva¡ced to the F3 generation. 6'1A204, 64250 and four

no¿eaately resistant lines with resistance derived frorn Rosner, MT36-1,

Beaver and 64190 were aLso intercrossed; these crosses were advanced to

the F2 gene"ation for testing, again to determine gene rel.ationships.

All Fl plants were grown in the greenhouse and the heads were

bagged to ensure selfing.
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TABLE l. Pa¡€rts, Pedigæe, sou":g-T1 seêdring -rnfectiol Trnesl 1, Races cl7 ar¡d c33 of puce¿ú¿a grañn¿stn:t¿ci anð, to Isolate #224-73 of puecinia gtøttitíe seca.Lís.

Pedigtee Wheat stel¡ rust Rye stên rust
ct1 c33

tg. t@qiátn ya:r. &,'rtnt cv, 6riza x S. ceteale) U. oÍ M.
x g. hpg"tãtî ves. dr,qun cv. C¿tleton x 5.
ce"eaLe)l x 1(I. ttegídm vat. persícnn x S.
ee"eale) x (I. tt@gí¿Ø x S. cêleale hybrid of
úrkno$r identity) l

70HN458 Rosne¡ x [(f. ttØg'¿døt \tsr, &icocco¿d.es x S.(A¡nâ¿illo ceteal,¿ x f. hûg¿døù v¿'¡. pe?s¿c¿on x S.
Selection) ce"eale)l

x-308- 14Y- 1M-0Y-1W-0lv

;"1= 1, ltoS

lI. aestit nn nP4I60E3r x t!, tØg"¿&n vdr, Calífornia I to 2- I ¡6 2=
dutnn x S. cereale)l x t(T. deetivui x S.
cerea.Le) x (I. bÅ'q¿dúrl var, &ELût x S. ce"eale)l

T, ttpg'¿dffi vat. ¿llûuÍt cv. Stewert x L ce?edle U. of M.

Beave¡ 'Sr x Ul,l940f U. of M.

A selection flou a bu-lk populatio¡r whidl
pTedoEin ant ly involved A¡."!¡adil10

f. h@g'¿dø vat. dwua (RD121-9) x S. ceyea.le t. of M.

f. hÛg¿erl va't. peneíeøtt x S. eewale U.S.S.R. (Pissa¡€v) 1 ;l=

!. turg¿&n v¿t. dtÚltit (48909) ¡ S. cer'êd.Le U. of M.
(20s3)

;1 N

¡(I32-l Arûadillo'Sr x Rosne¡ 1:, 1to 3-

f. ùEg¿¿ø,rar. dtûúî cv. C¿¡leton x
s. êeredle.

U,S.A. ¡o'Mara¡ 5 to 3't

1 Classificêtion accordi¡rg to St¿knár¡ et aL. (!962).
f ¡.rlæ+o i" derived f¡oE thê c¡oss t(!. aest¿!øt cv. ptelude x, g. ee?edLe cv. ptolific) xg. ttøgídØ .rat. peraicua x S. cê"eele)l x K¡. üEg¿ãn var. ùtt¡n cy. Oriza x S.

ce?eaLe) x g, ùÆEien vat. d?sú¡ cv. Cêrleton x. S. ce?edle)1.
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The F, farnilies and BCIF, and Fa lines wele grordn in pots for

tust testing in the greenhouse. The screening procedure ínvolved

testing 20-25 seectlings pet line from susceptible x resistant crosses or

50-60 seecllings per line fron resistant x Ïesistant crosses' Week old

seedlings (at the L to !% leaf stage) were inocuLated by spraying an

oi1. suspension of spores on the le¿ves. the inocuLated plants welre then

incubated in the dark in a noist chanber fol 24 hours, then put thlough

a 12 hour day/Lz ¡ou'r night cycle at controlled teÍperatures (Z4o C day;2toC

night). The plants were then moved to the greenhouse ' Rust reactions were

Tecorded I2-L4 days aftel inoculation, using the system described by

Stakman et aL. (1962).

Segregating naterial wàs inoculated hrith Ïaces C17 (56)' isolate

33-71 , and C33 (158-1L) , isolate 42-7L. These were chosen to represent

the predoninaat races in Westerrì Canada in the last 35 yea"s, races

which clearly differ in their characteristics yet which have caused

serious epidenics (Green, 1971b). C35 has been the nost prevalent race

in Westelrr Canada since L970 (Green, 1973); cI7 was the predoninant race

in the period I934-L949 (Johnson ard Green, 1957; Green, 1971b).

Parental naterial was included in all tests of segregating material'.

The parents were further tested as seedlings to a nunber of races to

deteïnine range of resistance; these races included C10 (158-1), isolate

#L2i-69, C35 (32-Ll3), isolate #111-70, race 111 (111X36) WSR #2179,

Ta/,e C27 (59), isolate #43-7I' rye sten rust isolate #224-73' and the

1975 wheat stem "ust race mixture. As well, several rrextractedrr F, and

F, Lines exhibiting node"ate resistance previously nasked in the parental

lines wele tested with these races. A nunber of rniscelLaneous triticales,

durums and ryes were inctuded in these tests.
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Tests were conducted to detet:nine the effectiveness of the seedling

resistance in later stages in the field. A nixture of races Cl7 and C33

was used for field testing at The Univelsity of I'laritoba in 1974, while

a mixture of many races was enployed ât the Canada Department of

Agriculture Research Station rust nursery at GLenlea ín 1973 xrd 1974.

Seedling susceptible F3 ard BCIF2 lines from susceptible x resistant

crosses were also testeal as adult plants in the field in 1974 to

a rnixture of races C17 and C33 to detect the presence of any independently

segregating resistance genes expressed only in the adult stage. The F,

progeny of 6420 x MT32-1 was also incLuded in this test. The seedling

susceptibl.e BCIF, lines were also tested as seedlings with races CI'O,

C35, C27,111, and rye sten rust in the hope of detecting additíonal

seedling resistarce genes.

In order to deteraine the source of triticale resistarice to wheat

sten aust, hexaploíd triticales were synthesized fron severaL durums and

Tyes, and the resistances of the paÌents and arnphiploids were compared.

SusceptibLe and resistant duruns and resistant ayes were readily availabLe,

but a susceptible spring rye line was obtained on1.y after interclrossing

several susceptibl.e segregants fIom Centeno, Prolific and Argentina ryes.

CTosses of durun and rye were rnade with the durun as the fenaLe plant.

Fifteen-day-old hybrid ernbryos were artificially cultured and the result-

ing F1 seedlings were tested for resistance using race C33' These poly-

ploid seedlings wene also tïeated with colchicine and doubled' The Ct

progenies of doubled F, plants were tested ryj1þ race C33 and, sub-

sequently, the par.ents and C2 progeníes were screened with sever¿l races.

C, plants l{e"e also grown in the field rmder natural :rust epidenic con-

ditions in 1975.
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2
For FT F, and BCIF, data, the X- test was used to test goodness

of fit. In resistant x resistant crosses vthere few or no lreconbinants

v/ere obtained, estimates were made of linkage values according to Mode

and Schaller (1958) or of maxirn¡¡n recombination values accordíng to

Hanson (1959). Estination of linkage in susceptible x resistant

crosses was according to Imner (1934).
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4. RESULTS

(iJ Susceptible )i RéSistañt Cfósses

Inheritarice. Data on the node of inheritance of ?esistance for the five

principal parental lines used in this study were obtained frorn seedling

reactions of F, and BC1F2 populations (Tables 2, 3, 4 and 5) involving

susceptible lines 6420 and MT52-1.

F3 and BCIF2 populations involving Rosner were inoculated with race

C17; the progènies obtained by backcrossing to MT32-1 were re-inoculated

with race C53. The data indicate that Rosner carries two resistance

genes, one conditioning a fleck infection type to both C17 and C33, the

second conditioning an infection type (2) to both races' Rosnel itself

and the Frrs involving Rosner all exhibited a fleck reaction to C33,

indicating doninance of the gene conferring a fleck reaction.. h Fg

Iine (24-39) fron the cross MT52-1 x Rosner carried the gene conditioning a

type (2) infection, and when later crossed to the susceptible MT52-1,

this gene also exhibited dominance.

A siniLar procedure was used for 70HN458 and óT4204, except that

the F5 Lines fron MT32-1" x 6TA204 were also screened with race C33.

70HN458 was for¡rd to possess one doninant gene conditioning infection

types fleck a¡d (1) to both râces C17 all.d C33, while the line 6T4204

also appeared to carry a single doninant gene, in this case condition-

ing an infection type (2) to both races. The segregation of the cross

Wrc2-I2 x 70HN458 to C33 was distortecl fron a l:L Tatio. However, fewer

lines were available for screening with C33 than hrith CI7, as ¿ nr¡nber

of C17-susceptible lines had insufficient seed for screening with C53

also. If these Cl7-susceptible lines were susceptible to Cas, this

rrroul d explain the distortion. simply chance coul" d accormt for the dis-

tortion.
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F, an<l BCIF, populations involving MT32-1 and the fourth principal

parental line, 64190, were inoculated with both races cI7 a¡d c33. In

addition, F3 and BCIF2 populations involving 6A20 anð' 64190 wele inocu-

lated with C17. The F, lines, when screened with C17, clearl.y indicated

the presence of thTee genes, one conditioning a fLeck infection type,

the other two each conditíoning a (2) tpe reaction. The 6420 backcross

data did not support this, possibly because of inadequate population size

and accidental selfing. Screening with race C55, however, produced a

susceptible reaction on a portion of the Fj lines which exhibited a type

(2) infection v¡ith race C17. Ihis suggested that only two of the genes

conalitioned resistance to both C17 and C35, with a third gene condition-

ing resistance to C17 only. The backcross lines screened vrith both Cl7

and C53, supported this supposition. However' the FS lines fron MT32-1 x

64190, when screened with C33, did not fit an expected segregation of

7:8:1 (res istant: segregating: susceptib le ) , nor a 12t3:l F2 ratio t(;)

Teaction:(2) reaction: (4) reactionl . In the case of a hypothesized F2

12:3:1 Tatio, the F2 segregation obtained by classifying the original F,

plants on the basis of F, line reactions was 58 (;):5 (2):7 (4). Too few

individuals in the second category and rnore than expected in the third

indicated Linkage. The two 6A190 genes conditioning resistance to C33

hrere calculated to be 23.62 ! 9.32 crossover units apart.

The two genes conditioning rnoderate lesistance in 64190 were each iso-

lated separately in ttre honozygous condition in F3 lines 27-44 [conditioning

infection type {2) to both C17 and C33l and 27-99 lconditioning infection

type (2) to C17 and a¡ infection type (4) to C331 . In a cross to MT52-1,

the resistance gene in Líne 27-44 was doninant. In F3 lines segregating

for the differential (lesistant to Cl7 but not C33) gene only, a 3:1 ratio
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rras exhibited, again indicating dominance.

Using a similar procedure to that used for 64190, MT56-1 was fotmd

to possess two genes, one conditioning a fLeck type infection with both

CL7 and C53, the second conditioning a (2) infection type for both Taces.

MT36-1 itself, and the Frrs of the susceptible parent x MT36-1 crosses,

al.l exhibited a fleck infection type for C33, indícating doninance of the

gene conferring the fleck type resistance. F, line 4-49 fTom the cross

Mß2-I x Ir{T56-L carried only the gene conferring rnoderate resistance

and was used in later crosses to lqf32-1, in which dornínance was also

denonstrated.

The following three lines, Beavel, 64413 and 64250r were not

tested as conprehensively as the above five 1ines, in that onlY F,

populations frorn crosses to MI32-1 were analyzed. Segregatìon to race

C17 within the Fj population involving Beaver indicated that Beaver

carried tv¡o genes conditioning 
"esistance 

to CL7, one of these con-

ferring a fleck ty-pe resistârìce, the second conferring a (2) type

Tesistance. Beaver itself, and the F, of the cross MI32-1 x Beaver,

exhibited a fleck type reaction to C33, and segregation within F, Lines

screened with C17 further indicated both genes to be doninant. Fa f.ine

44-9 from the closs MT52-1 x Beaver carried the gene conditíoning

moderate resistance to race C53 ând was used in later closses to MT52-l'

where dorninance was also indicated. Ti¡ne and space lirnitations

prevented checking aLl the F, lines with C33 to deteflnine if the two

genes each conditioned resistance to both Taces. However, three Fg

lines r,¡ere tested to both races and the reaction was consistent between

races in that Line 44-36 segregated for a fleck type reaction only,

line 44-31 segregated for a type (2) reaction on1y, and line 44-9
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appealed hornozygous for a gene conditioning a l.pe (2) reaction. (Ihe

gene conferring modeïate resistance varied between a type (1) and (2)

reaction, depending on growing conditions.)

F, Lines derived fron 64413 crossed with susceptible MT32-1 indi-

cated that 64415 carries one doninant gene conditioning a fleck type

resistance to C53. 64415 itself, and the F, from the cross MT32-1 x

64413, exhibited a fleck reactiori to C53, further indicating dominance.

Again, due to tine and space linitations, no check was rnade to determine

if the sane gene conditioned resistance to C17.

Sinilarly, F3 lines from the cross of susceptibl.e MI32-1 x 64250

were inoculated with C17 and this indicated that 64250 carries one gene

conditioning a noderate tÞe (2) Ìesistance to C17. 64250 itself, and

the F, of the cross MT32-1 x 6A250, exhibited a 2 infection type to

C33, again indicating doninance. As ra¡ell, doninance is indic¿ted in

the case of CI7, as a 5:l segregation occurred vlithin F3 lines screened

with C17. Again, due to time and space linitations, no check was nade

to detemine if the sane gene conditioned resistance to C35.

Testing with further races. A total of 24 seedl.ing susceptible BCIF2

lines fron the 5 principaL parents were further tssted with four more

races, C10, C35, C27, and 111, in the hope of detecting further resis-

tance genes. However, none were expressed. The lines that were seedling

susceptible to both Cl7 and C55 were also seedling susceptible to these

four di fferent Taces. tlnfortulately, only thTee to six lines per parent

were availabl.e for this testing, so this cannot be considered an exhaus-

tive test for further genes.
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(ii) Resistadt x Resistririt Ctosses

F, PoPulations from all lesistant x resistant crosses r'itelce tested

with C53 (Tables 7,8,9 and 10); as well' F, lines fron the crosses involv-

ing the diallel of Rosner, 70HN458, 61A204, 64190 ard MT36-1 were tested

with C35 (Table 6). To detemine the interre lationships between genes

conditioning fleck infection types, the data frorn several nultí-gene

crosses were classifíed according to two-gene segregations' In thesè

cases, under the assurption of linkage, noderately-res istant segregants

were considered to be recornbinants.

The differential gene of 64190 (conditioning resistance to race cl7

but not race C55) vras not considered in resistant x resistant crosses

since C33 was used as the screening race.

Although the inheritance of the resistance of Beaver and 6A250 was

clarified for race Cl7 onLy, it was as surned that these lines carried

tr4ro and one gene(s) respectively for resistance to race C35; this

assurnption was supported by the results of the resistant x lesistant

crosses (Table S). l{hether the Beaver and 6A250 resist¿rnce genes

individnally condition resistance to both 1:ace Ct-7 and tace C33, or

whether several differential. genes are involved was not determined in

the present study.

The results indicate that the genes conditioning a fleck infection

type in Rosner, MT56-1, 70HN458, 6A413, and Beaver are either identical,

allelic, or very tightly linked, as no reconbinants were obtained when

these v,rere intercrossed (Tables 6 and 7). (It should be noted that

Beaver wâs crossed only to MI36-1). Rosner, MT36-1, 64413 and Beaver

have identical phenotypic reactions to sten rust' i.e., a ninute fleck

rmder certain conditions, or a (0) Teaction under other conalitions.
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TABLE 7. Nonrecor¡binants and Reconbinants Observed within F2 Progenies
Derived fron Resistant (;) x Resistant [;) Crosses Tested hlith
Race C33.

Cross
Nr:mber of F, plants P for

15:l ratioNonreco¡nbinant Reconbinant

6A190 x 64413

64190 x Rosner

6A190 x 70HN458

6^413 x 70HN45 8

Rosner x 70HN458

70HN458 x MT56- L

Beaver x MT36- I

6A413 x MT56- 1

Rosner x MT56- I

Rosner x 64413

335

632

882

4L9

546

8s8

960

230

1095

296

.001

.001

.001

. 001

.001

.001

.001

.001

.00r

.001

0

0

2

0

0

0

n

0

0

0

Nonrecornbinant = parental infection type, fleck.

Recombinant = nonparental infection type, (1) , (2), (3) or (4).
The two observed Te conb in ¿rnts exhibited a {2) and (4) infection
type, respectively.

The 15:1 ratio is used lmder the assuntption of independence when
only the two genes conditioning a fleck infection type are being
considered.
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TABLE 9. Segregation of Reaction to Race C33 within F2 Progenies Derived
fron Resistant x Resistant Crosses Involving only Moderate-type
Reactions.

CToss
Nunber of F2 plants P for 15:1 Tatio

stant Susceptrble

64250 x 24-39
64250 x 6T4204
6TÃ204 x 24-39

44-9 x 4-49

44-9 x 24-39
4-49 x 24-39

64250 x.44-9
6A250 x 4-49
44-9 x 6T4204
4-49 x 6TÃ2O4

27-44 x 24-39
27-44 x 6TÃ204
6A250 x 27-44
44-9 x 27 -44
27-44 x 4-49

< .001
<.001
<.001

< .001

1.0
.30 - .20

< .001
.20 - .10
.30 - .20

< .001

< .001
.70 - .s0

< .001
.01 - .001

< . 00!.

273

203
240
206
174
196
2L7

2
0
0

375
314
2L5

224
424
L97
202
10t

L3
2T
59
t8

8
34

49
32
35
26
25
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TABLE 11. Surunary of Relationships Between Genes Identified for Seed-
ling Resístance to Races C33 and Cl7 of Wheat Sten Rust'

Linkage Infection type Sources
group Gene Race Race

cL7 C33

1 0, ; 0, ; Rosner, MT36-1, Beaver,
644t3

2 i tol ; to1 70HN458, 64190'c 'c

II 3 Lto2 Ltoz Rosner (24-59),6T4204,
6A250

III 4 L

rv52-

2 \t|l36-l (4-49), Beaver (44-9)

2 6A190 (27-44)

4 6A1s0 (27-99)62-

7 2orÅ x+ or4 64406

8 2 or xj x+ or 4 64406
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After MT36-1 and Rosner were backcrossed three tines to MT32-1, and

64413 twice, the phenotypic reactions were still identical, although

being then ex¡rressed as a clear, consistent fleck ínfection type'

Since MT36-1 was originally derived from a cross involving Beaver, it

would be expected that these carry the identical gene. Furtheflnore,

MT56-1, Beaver, Rosner and 64413 extribit the same reaction to all races

tested. AllelisÍì is therefore ruled out unless a rust Tace can be formd

to differentiate then.

However, 70HN458 ev.hibits a distinctl.y different phenotype frorn Rosner,

MT56-1, Beaver and 64415. 70HN45S displays a distinct (;)"(1-) infection

type to C33, arld after three backcrosses to MT32-1, a (1-) type reaction

to C33. It nay be that 70HN458 carríes a gene t¡at is tightly linked

to the Rosner gene conditioning a fleck infection type; and this gene

of 70HN458 would have to be 4.55 crossover rnits or closer to the RosneÎ

gene (since no reco¡nbinants were obtained in the 59 F3 lines derived

fron the cross to Rosner and the 65 Fs lines derived from the cross to

MI36-1). The 70HN458 gene could also be allelic to the Rosner gene.

Another possibility is that the locus for the Rosner gene actually

could consist of two tightly-linked genes. this would not be detectable

in the susceptibl.e x resistant closses since there would be confusion

with the independent Rosner gene conferring moderate resistance. Since

70HN458 is derived frorn a cross involving Rosnel, it nay be that this

tight linkage was broken, leaving 70HN458 r,tith the gene conferring the

lesser raesistance.

From phenotype, the 64190 gene conferring a fleck-type reaction

also appears different from the corresponding Rosner gene; segregants

obtained in the F, populations derived f"on the crosses 64190 x Rosner
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and 64190 x ItT36-1 seem to support this distinction (Table 6). The

Rosner gene is expressed as a ninute fleck infection type, while the

64190 gene is expressed as a chlototic fLeck, though nore indistinct

than the 70HN458 chlorotic fleck. Al.so, aftel 70HN458 a¡d 64190 were

each backcrossed three tines to MT32-1 , they both exhibited a type (1-)

reaction to race C35. Although similar in phenotype to the 70HN458

gene, the 64190 gene does not appear ídentical to it, as reconbinarits

were obtained in both the F, and F, poPulations derived fro¡n 64190 x

70HN458 (Tables 6 ax.d 7). Reconbina¡ts were not obtained in the F,

populations derived fron 64190 x 6A4L3 and 64190 x Rosner, which could

be attlibuted to inadequate population sizes.

Because of the different phenotypes, arìd reconbinants, it can be

concluded that the genes of 64190 and Rosner conferring a fleck reaction

are different but tightly línked. Hor{evef in considering the relation-

ship between the genes frorn 6A190 and 70HN458 conferring an identical

resistance phenotype, the supPosed Teconbinants fron 64190 x 70HN458

could easily have been due to aneuploidy' Since 64190 has a high rate

of aneupl.oidy, the evidence does not appear sufficient to conclude that

the fleck genes of 64L90 and 70HN458 are different.

The renaining genes involved in these lesistant x resistant crosses

all. conferred a noderate t.rre (2) resistance. 64250, 6T4204 and the

extracted lines each carrying a singl"e moderate lesistarce gene from

Rosner (24-39), Mr56-1 (4-49), Beaver (44-9) or 64190 (27-44) were

intercrossed to provide additionaL data to that from the F, and F,

populations fron parental intercrosses (Table 9),

No segÌegarts were obtained ín the F, population derived from 44-9 x

4-49, indicating that Beaver and MT36-1 carry identical genes, as wouLd
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be expected with Beaver in the parentage of MT36-1.

No convincing segregants l4¡ere obtained in the F, populations fron

intercrosses of 6TA2O4, 6[250 and 24-39. The 6T4204 gene appeared

allelic or identical to the Rosner (24-39) and 64250 node"ate lresistance

genes, as no segregants were obtained. The F, and F3 data frorn Rosner x

6T4204 supported this, as no segregants were derived fro¡n this cross

(Tables 6 and 8). When 64250 and 24-39 were intercrossed, hoh¡ever, two

of t}.e 377 F2 plants derived fron the cross appeared susceptible, indicat-

ing tight linkage (Tabt-e 9). Ihe F, plants derived from 64250 x Rosner

aLso segregated, 253 Tesistant: 4 susceptible (p = .90 - .70 for a 63:l

ratio), (Table S), but this indicated independence, which would be too

inconsistent hrith the above d¿ta.

The I'segregantsrr fTon 64250 x 24-39 and frcn 64250 x Rosner rnay be

attributed to off-types of sone kind. The two segregants fron 64250 x

24-39 evJttbíied the infection t)'pes ¡s=) for one and (5) for the other,

unlike the (4) infection ty-pe exhibíted by the susceptible checks, and

one of the discarded F, proeenies from the cross segregated 20 (2):10 (4),

indicating chromosome .loss. one of the susceptible plants fron 64250 x

Rosner appearetl strmted and, thetefore, possibly aneuploitl. With the

above mentioned abnornalities, it seerns that the data cannot elininate

the possibility that the genes being considered in 64250, 6TA204 and

Rosner are identical or alLelic.

Itlhen 64250, 6T4204 and 24-39 were intercrossed with lines 4-49 and44-9'

independence was indicated, although two of the six F, cross populations

did not fit a LS resistant : I susceptible ratio due to a surplus of

susceptible plants (Table 9). F2 data frorn the populations derived

fron 6T4204 x MT36-1, 6T4204 x Beaver, and 6A250 x MT36-l all
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the conclusion of independence (Table 8). the F, lines obtained from

the cross 6TA204 x MT56-1 were categolízed as 74 Tesistant : 53 segLe-

gating: 0 susceptible (p = 'OS -.01 for a 37:26:L ratio), again

supporting the above observations, although there appears to be a

surplus of nesistant lines (perhaps due to outcrossing or insufficient

sample size).

F, âata fro¡n crosses of 27-44 with the intermediate- type lines

indicated the 64190 nodelate resistance gene to be independent of the

6T4204 and MT36-1 loci conferring noderate resistance (Table 9). How-

ever, only tl¡re FZ data ftom 27-44 x 6T4204 clearly fitted a L5 lesistant:

1 susceptible ratio, as the other four closses had a surplus of suscep-

tible ptants, Segregating F3 lines obtained in the populations derived

from crosses of 64190 to MT36-1, Rosner and 6T4204 also indicated the

6A190 gene for noderate resistance to be different frorn the 6T4204 and

MT36-1 genes conferring noderate resistance' The F, lines frorn 64190 x

6T4204 did not segtegate to fit a 37:26|I ratio, due to a surplus of

resistant Lines, perhaps again because of outcrossing or too sna1l

a sanple. The FZ data from 64190 x 6T4204 fitted a 63:1 latio of

resistant : sus ceptib le (p = .so - .30), further indicating independent

segregation of the rìoderate resistance genes of 64190 and 6T4204 (Table

S), The F, poPulation fron 64250 x 64190 was too snall to ensure

detection of susceptible Plants frorn a nornal three-gene segregation

(Table 8).

the surplus of susceptible plants obtained on a nurnber of the

crosses of extracted lines is not readily explainable. The extracted

lines were agronomically poor plants, however, and could easily have
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been aneupLoid which could account for s orne distortion of resuLts.

The 6T4204 gene appeared to be loosely linked to the genes of 64413

a¡d 70HN458 conferring a fLeck reaction, as crosses involving these

parents failed to fít an F, segregation of 15 resista"nt: lsusceptible due

to a deficiency of susceptible plants (Table 8) . T\e Fr results for

6A250 crossed to 6A413 and 70HN458 lrrere contradictory to those for 6TA204,

as a¡y distortion of the ratio was tor{,ards a surplus of susceptible plants

(Table 8).

(iii) 64406

the line 64406 is discussed separately herein, conb ining data fron

both susceptible x resistant and lresistant x lesistant crosses (Table 10).

F, plants fÎom the crosses between 6A406 ân¿l MT32-1 were highly

infertile and adequate F, progenies r./eïe therefore not available.

The F2 populations from various crosses involving 64406 segregated

in a rnanner suggesting that 6A406ts resistance is contlolled by two åddi-

tive or conp lenentary genes, each apparently conditioning a nesothetic

reaction, the doninance rel.ationship and exact reaction varying in differ-

ent backgror:nds and for different races.

64406 exhibite¿l a type (;)(r=) reaction to C33 arrd CI7. When crossed

to susceptibl e l$32-I, the F1 hetero zygote reaction h¡as a type (l+)trt to

C33. The F, results fton crosses between 64406 and MT52-1 indicated the

presence of a dorninant and a recessive gene together conditioning a fleck

reaction to Cl-7, but individually conditioning a doninant and recessive

type (1) to (2) rceaction respectively, resulting ín a 3(;):10(2):3(4)

ratio.

Generally, when C33 was used to screen resistant x resistant cross

F, populations involving 64406, t¡e 64406 genes individually conditioned
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no resistance but togetheT conditioned a doninant.-recessive complenentary

infection :Ù]Æe 2. The resulting ratio of 5 resistant:13 susceptible was

observed in populations derived fron 64406 crossed uith 70HN458, 64415,

Rosner, MT36-1 and 64190.

The 64406 genes appeared to ope"ate differently in crosses of 64406

rrri th 6T4204 and 64250. rnstead of an infection type 2, the 64406 genes

appeared to condition together a fleck infection type to race C33. Indi-

viitually, the 64406 genes appeared to condition doninant type 2 infections

when involved with 6TA204 in crosses, anil type 4 infectiolts when invol"ved

¡rith 64250 in crosses. ALso, the 64406 genes appeared to be acting both

as doninants in their combined effect in crosses with 6TA204, while in

crosses wit}I 64250, one 64406 gene operated as a doninant and one as a

recessive in their conbined effect. Ttre F1 plants of the cross 64406 x

6T4204 exhibited a (;)c[1=) ínfection type to lace C35, t4¡hile the Fl

plants of the cross 6A406 x 64250 exhibited a (1)N infection type, as

would be expected with the dornin¿nce relationship changing in different

backgrounds.

Ihus, in the population involvíng 6TA204, three doninant genes, each

conditioning a 2 infection type, appeared to be operating, with the two

64406 genes retaining their <lominance to condition a fleck infection type

in conbination. In the population involving 6A250, the 64406 genes

appeared to act in conbination as a recessive ¿nd a doninant to confer

a fl. eck infection type, but individually did not condition rcesistance.

One difficulty with the analysis is that the susceptible x resistant

cross population involving 64406 was not tested with race C33, which

nakes the expl.ariåtion of the resistant x resistant cross populations

screened. with race C33 very difficult. The distinction between infection

types rrras also often not clear. If the resistance conditioned by
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individual genes tends to be mesothetic, as certain lines seened to sug-

gest, then there would be a good chance of misclassification. Irregular

tra¡smission of a gene could have also confused the results '

It should also be noted that two gene conplenentary systens for rust

Tesistarice have rarely been proposed and, if proposed, have rarely, if

ever, been proved to be true over long periods (Green, pelsonal cornmr.rrica-

tion).

The behaviour conditioned by 64406 resistance genes in dífferent

crosses could be sr¡nmarized as follol4rs:

(1) With palents such as 70HN458 (race C33):

dominant-recessive cornplernentary tyPe [2) infections ;

individually a'type (4) infection.

(.2) l\Iith 6T4204 (race C53);

doninant-doninant conplementary fleck type infections ;

individually a doninant type (2) infection.

(5) With 64250 (race C53):

dominant-recessive cornp lernent ary fleck type infections;

individually a type (4) infection.

(4) With MT32-1 (race C17):

dorninarit-"ecessive conplementary fleck type infections ;

individually a doÍtinant and recessive t]rre (2) infection.

It is possible that, in fact, the genes of 64406 confer a nesothetic

trce of resistance whi ch would partly accomt for the inconsistent lcesults.

Also, several FS lines ã¡d F2 plants derived fron MT32-1 x 64406 exhibited

a type [2) reaction to c17 and a susceptible reaction to C33. Fron this

and fron the 13:3 segregations for CL7 and the 3113 segregations for C33

suggested previously, it. appears that individuaLly the 64406 genes are

generally more effective against C17 than C33.

The F1 of 64406 anal 6420 exhibited an infection tyPe (2T) or (x-)
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to C33, also suggesting that individually or together in the hetelozygote '
the 64406 genes conditioned a nesothetic reaction, which could have been

nisclassified in the resistant x resistant crosses as susceptible'

Attenpts were nade to isolate the lesistance genes of 6A406 by back-

crossing to MT32-1 while screening h'ith C33, but the [2) type reaction

appeared very difficult to recoverc. OnLy a snall proportion of back-

crossed pl¿nts were of t)¡pe (2), even when selfed BCrrF, Progen)'were

tested: a (2) to ¡S+1 type reaction h¡as most frequently obtained. Selfed

progeny in these cases did sometines exhibit a (1-) type leactíon, so it

may be that only in the original 64406 backgrormd was a fleck expressed.

Irregular gene transnission nay have conplicateil the results.

0vera11, it rnay be that two complenentary or additive seni-doninant

genes conferring a nesothetic reaction are operating, each alone condi-

tioning a (2) to (41 tC171 ,or (4) IC33l type infection, but togetheï in

a heterozygote, conditioning a (2) ICtTl or (x-) tc53l type infectíon,

and in a honozygote a (1-) reaction, The sensitivity of a nesothetic

resistance to different genetic backgrormds would explain the different

"esults 
obtained for different crosses. No evidence of linkage appeared

in the crosses involvirg 64406.

Limitecl tine antl space, the difficulty of working with nesothetic

resistance, and the infertility of 6A406 prevented adequate clarification

of the genetic picture for this 1ine.

[iv) Field Tests

Tests of Tesistance in the field vrere conductetl for seedling suscep-

tible Fa and BC1F, lines, parents and noderately resistant ertTacted

1ines.

Of the 146 seedling slsceptible F3 and BC'F2 lines derived frorn all



susceptible x resistant crosses involving MT32-1, none exhibited any

nesistance in the adult plant s tage in the field to a nixture of races

C33 anð CL7. In adåition, a total of 68 seedling susceptible lines

from the crossesand backcrosses involving 6420 and the five principal

resistant parents l4rere tested to a mixture of races C33 aîd Cl7. Again,

no adult plant resistance originating from the principal parents could

be detected over the reaction of 6420; however, 6420 itself proved to

be resistant in the field (Appendix XIV). Though exhibiting susceptible

pustules, 6420 carried only 5% rust, usual"ly as a 5M type reaction,

whereas MT32-1 usually was classified highly susceptible (80S). ülhere

there were sufficient lines fron a particulal cross' it appeared as if

a single semi-doninant gene conditioned the field resistance of 6420

(Appendix XV). In the F2 population of the cross 6420 x MT32-1' glov¡n

in the field, a semi-dominant gene seelDed to be operating. However,

the r:esults are far frorn conclusive, especially in the FZ population,

as the division of Tesistartt and susceptible was sonewhat arbitrary due

to an alnost continuous vaÌiation in resistance. As we1l, thele were.

too few F3 and BCIFZ Lines to clearly differentiate between possible

expected genetic rat ios .

In the field tests, 6420 remained the main exception in correlating

seedling reaction to adul t plant Teaction. The tests of Tesistarit

parents a¡d extïacted lines indicated the lelative Level of seedling

resistance to be closely related to the relative level of field resis-

tance. The resistance of the parents vras consistent over three years

a¡d a wide variety of races.

64406 again proved to be an anomaly. Although it exhibited high

resistarice (alnost ianrnmity) in two out of th"ee field tests, in the
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third fieLd test, it clearly exhibited moderately susceptible (MS) type

pustules above the notles. The rust epidemic in that test was parti-

cularly severe; the plants ürere also stressed that sunner by drought

and high tenperatuîes. TTre youg udifferentiated tissue above the

noiles is particul¿rly sensitive tissue, in any case, and stress and

rnitotic instability may have conbined to result in these susceptible

pustules in this area. A rare virulent Tace such as C10 (Green, 1971b,

1975) nay also account for these occasionaL pustules.

(v) Synthesis of Raw Anphiploids to Deterrnine Source of Resistance

Crosses of dun¡n x rye were nade in the following parentaL conbina-

tiûns: resistant x resistant, ïesistant x susceptible, susceptible x

r.esistant, and susceptible x susceptible. Generally, both the resulting

polyhaploid and its subsequently doubled raw arnphiploid hexaploid tri-

ticale (C, and C, Benerations) were as resistant to race c53 as the nost

resistant parent (Table 12), The reactions of the nost resistant pa"ent,

the polyhapl.oid, and the hexaploid were essentially identical, the varia-

tions readily attributable to environrnental effects. When tested with

five other wheat sten rust races (C17, C55, C:.n, C27, 111) and a race

nixture, these resul"ts held, except in the case of Tesistant durum wheat

4892L x susceptible rye, in which case the resistance of the hexaploid

triticele appeared to be reduced, Telative to the durur (Appendix VI).

However, 48921 was the only dunur used that exhibited a differential

reaction, and furthernore, its resistance often appeared as an (x-)

infection type. The resultíng tÎiticale also exhibited the differential

It is quite coltrnon to find a few pustules just above the nodes ¿t
times on alnost any genotype of hrheat _ (Knott, personal corunrmication) .
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reaction, but the resistance ten¿ed to shift to the rnore susceptible end

of the ¡eaction range of 48921.

The nesístance of the tetraploid wheats, 48925, Hercules and 2105,

as ex¡rressed in the tTiticales synthesized fron then,varied between fleck,

(1) and .(2) infection types, depending on the race used, but lesistance

was exhibited to aLl races tested. The resistance of Centeno rye, as

expressecl in the triticales derived fron susceptible durun x Centeno

closses, hras nore uriform than the durun resistance in its reaction to

the races tested, varying betr¿een a (1) and (2) type reaction, depending

on the race used.

Ihe synthesized triticales and parents wele also tested with a rye

stern rust isolate. A11 duruns exlìibited a high level of resistance lfleck

or (t=)l to a rye stern n¡s t isolate, íncluding Pelissier and Marracos,

which were susceptible to wheat stem rust. Centeno lye segregated in re-

action to the isolate, (ï), (2) and (4) type infectíonsbeing exhibited.

The taiticales derived fîon all dunnns except Ma"lacos exhibited a high

level of rye sten rust Tesistance, sinilar to the durun parent. Seed

fron 4B92L durum x rye was rmavaiLable for this screening. The results

flon screening Marracos durr¡n x Centeno with the isolate were rmusual in

that the triticale exhibited an (x) infection type although Marracos

itself was very rcesistant t (1=) I . Hor,rever, Mamacos was the only dunun

tested which erhibited pustuLes rather than the necrotic or chlolotic

cells of a fleck infection type to the rye sten rust isolate.

The field nursery of these synthesized tTiticales in 1975 l,ilas not

designed as a rust screening test; howevel, a natr¡raL stem rust epidemic
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vras he¿vy enough to distinguish sone differences fairly clearly. the

Tesistance contributed by Centeno rye vras clearly evident in the cross

Pelissíe" du¡r:m x Centeno, whi ch exhibited a reaction of 20MR conrpared

to an adjacent row of Pelissier durum x susceptible rye which exhibited

a 70S r¡eaction. Pelissier is widely susceptible to rnost sten rust races

(Newton et aL., 1940). I'larracos durun x Centeno was also highly resis-

tant, exhibiting a 5R Teaction. Hercules durum x susceptible rye and

2105 durun x susceptible rye were aLso highly resistant. The crosses

48921 dururn x susceptible rye and 48925 durun x susceptible rye, how-

ever" both were in the range of L0-20 l,ß, which could be expected fron

the seedling reactions. 48925 durun x Centeno rye was resistmt (1R)

as expected.

fvil Tests for Ranse of Resistance for Genes Identified

The panental tliticales involved in susceptible x resistant crosses

were tested to further races to deteïnine their spectrun of resistance.

Moderatèly resistant extracteal lines were also included in these tests.

Rosner, MT36-1, Beaver, 64413, 70HN458, 64190, 6TA204, 64250,

24-39, 4-49, 44-9, 27-44, :0fJ32-L, and 6420 were consistent in reaction

to races C33, Cl}, C55, C17 and C27 (Appendix V). Avinulent race 111

generally produced a nore resistant infection type, as expected [a (2)

or (1) infection type tended to be replaced by a fleck infection typel.

lhe Line 27-99 derived fron the cross MT52-1 x 64190 was lesistant to

C35, Cf7, C27 and 111 ard susceptible to C33 and C10 (both these

being in the 158 race groqring). Carleton dururn expressed a
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resist¿¡nce pattern sinilaÌ to that of line 27'99 (CarLeton is a sister

selection of Stewant, fron whi ch 64190 was derived) ' Line 6Æ0,

though being derived from CarLeton, did not express the Calleton

resistance to C35, CI7, and C27. The lcesistance of 64406 was ovelcone

by c10.

In general, rye sten rus t could not attack nost triticale lines.

The extrenes weae MT32-1 ard 70HN458 (both having Armadillo parentage)

which tendecl to exhíbit an (x-) type infection, still good resistance'

(vii) Miscellaneous Observations

(a) Screening tTiticales and ryes. A number of interesting observa-

tions vreïe nade whiLe screening the llniversity of Manitoba triticale

and rye germ Plasn collections.

of the 91 hexapLoid triticale arnphipJ.oids screened with lace C33,

12 weÎe classified as susceptible, and of the 111 octoploid arnphipl.oids

screened, 33 were classífied as susceptibl.e (2L of these were cl.assified

as winter types and four were derived fron Krarkov). This is at best

a tentative classification, as the lines tested had been clearl"y

exposed to outcrossing or mixing, In addition, a great nany of the

octoploid lines were quite probâb1y legressing to the hexaploid condi-

tion through ch¡o¡noso¡ne elimination, resulting in a possible loss of

resistance.

Eleven selections of different fiel d-susceptible triticale

breederls lines were tested in the greenhouse to a nunb er of races to

detelnine if any race-specific genes could be detected. Only MT73-14

showed any significant Tesistance, and this was an intemediate reaction

to CI7 ànd C27, Screening with race 111 resuLted in the detection of
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sone (2) type or fleck type infections in a few lines. As with other

tTiticales, the 11 lines tended to be resistart to rye sten rust,

although three exhibited a nesothetíc reaction that h¡ent as high as

an (x*) in 72HN4 t5 - l. .

When inbred and bulk ryes were screened with race C33, they

generally expressed (2) trre or fleck type infections. None of the

six rye varieties (Centeno, Prolific, Argentina, Marco Juarez, Snoopy

and Gazelle) tested vitas susceptible, although susceptible segregants

could be obtained by screening a Iatge enough population. When four

of the varieties were screened with rye stem rust (RSR), a high per-

centage of the ptants were susceptible (50 - 100%) although some

plants did express a noderate resistance, mainly those fron Centeno

Tye. T1le r,vheat stern rust (WSR) susceptible rye bulk appeared to be

susceptible to both WSR and RSR, although a few resistant plants

appeared in the population when screened with either rust variety.

Bulk Centeno rye appeared to be about 50% susceptible to RSR, but

resistarit to WSR, indicating the possibility of a separate rnechanisrn

of resistance foÌ each rust.

During the synthesis of the raw arnphiploids produced in this

study, the cross MI32-1 x Centeno was nade, and the resulting hybrid

was testetl in the úrdoubled state with Tace c53. A (1+) infection

type to C55 occurred in the hybrid, indicating that the centeno

resistance was sti1l being expressed in the ABRR hybrid.

The rye UC90 appears to transnit a noderate-type resistance to

triticale as a nunber of Chinese Spring x UC90 doubled hybrids

obtained from the Departnent of Plant Science, llniversity of Manitoba,

exhibited a (2) tpe infection when screened vi¡it¡ C33, while Chinese
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Spring was susceptib 1e ,

IÌhen wheat stem rust seedling susceptible lines of rye wele

exposed to a fíe1d epidenic of Cl7 and C53, sorne lines exhibited a

20S reaction, and one line segregated into 20S and 70S reactions.

Gazel.le and Prolific ryes e]:pressed a trMR and 5 MR reaction, Tespec-

tively.

(b) Chinaeras. Half-leaf reactions or chírnaeras were detected eight

tines in the present study. Lines 64190, 64406, MT36-1 and 6T4204 were

the principal parents involved, Four of the eíght chinaeras involved

64190. In six of the eight cases, it appeared rnost possibly to be due

to the loss of only one resistance gene; i.e., the chinaeral plants

were frorn seg"agating material., involving only one resistance locus,

in which heterozygotes Ìrere present. In the other two cases, which

involved F, naterial derived frcn 6A190 x Rosner, the source lines

appeared to have genes from both 64190 (gene #2) and Rosner (gene #lJ

segregating. In this situation the chinaeras obtained could possibl"y

have been due to tlte Loss of only a single chronosotne if,

(a) the chinaeral pi.ant was originall"y aneuploid and henizygous

for the ctrromosorne carrying resistance,

(b) genes #5 and #5 had alteady been lost thtough nomal segreg¿-

tion and/or were linked to the genes conferring a fleck infection type

and lost with then.

Further testing of Later Leaves of the chinaeral. pl,ant in two

of the eight cases seened to indicate the coÍtpLete loss of the Locus

for resistance, and testing of the ptogeny in these cases confirned

this .
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(c) Further infornation on 6T4204. Line 6TA204 appeared to exhibit

occasionally ar unusual variation of its (2) infection type to l,i¡heat

sten rust. The typical reaction was a (lJ to (2-) infection type

which often varied to alnost a fleck, in which case it was often

rated as a (2=) Teactíon. occasionally, a plant would appear exhibit-

ing a (3=) infection type, one of which when selfed produced progeny

with (2-) and (2') to (3-) type reactions (18 and 13 seedlings

respectively).

In the field rmder artificial epidernic conditions (races C33 and

CL7), at occasional 6TA204 plant exhibited a 10S reaction, rmlike the

nomal MR reaction; the seed fron an unbagged head of one of these

produced only nornall"y reacting seedl"ings, possibly because of out-

crossing that could have occurred to resistant plants. A nornally

reacting seedling, when grown out and selfed, appeared to produce

normally reacting seedlings in the next genelation, although a sanple

of 19 plants would not be enough to pick up rmusuaL segregarts if rare.

Aneuploidy or chimaera for¡nation coul"d be possible explanations, which

wouLd indicate again that the presence of susceptib le- appearing segre-

gants nust be tTeated with caution,

(d) Rye sten rust. The rye sten rust isoi.ate #224-73 seerned avirulent

on the seven duruns testeal and on nost of the triticales used in this

study. Hor!¡ever, sone susceptibility, expressed as an (x) reaction,

was observed in Marracos dururn x Centeno rye, 70HN458, Itlls2-L ' 72HN195-3,

MT105, 72C8692 and tittle Club wheat. The nost susceptibility was

ex¡rressed by MT103 r¿hich exhibited a (2) to (4-) infection t)?e. The

latter fíve of this group of línes are conpletely susceptible to vtheat



85

stem rust; the forrner two are lesistant to all- wheat sten rust laces

used. The Marracos dun¡n x Centeno rye arnphipl.oid exhibits the (x)

infection type in spite of Marracos dururn being quite resistant to rye

stem rust and Centeno contributing resistance to vtheat steï rust, A

Pelissier durum x Centeno rye a:ryhipLoid, which possesses wheat stem

rust resistance contTibuted only by the rye was quite resistant to rye

stem rust, unlike. the ì,larracos durum x Centeno rye anphiploid.

lhe rye Centeno exhibited both Tesistance and susceptibility to

both rye stern rust and wheat sten rust; as already nentioned, a far

.greater percent¿ge of the variety appears to be susceptible to rye

stem rust than to wheat sten rus t (wheat sten lust susceptible seed-

lings are rare in Centeno). The wheat sten rust susceptible selected

bulk was also almost entirety susceptible to rye sten lust. Prolific,

Argentina and Marco Juare z were predoninantly susceptible to rye sten

rust and resistant to whe at sten lust.

Ten whêat stem rust susceptible BCtF, lines obtained frorn crosses

of MT32-1 hrith Rosner, 6TA204, 70HN458, and MT56-1, alL Teacted to rye

sten rust sinilarly to MI32-1 in having a range of reaction fron type

(1) to (5). No fleck type reaction vras obtained fron these 1ines. A

larger nurnber of lines woul.d be necessary to detennine whether the rye

stem rustresistance was always lost when the wheat stern nrst lesistance

v{as lost (which would indicate linkage).

MT32-L may in fact be a bulk of two leaction tyPes to Ìye sten

rust, the predoninant one a type (1t), the other a type (1) to (3-),

since the seed source was a bulk frorn several. pl.ants. However, the

distinction between the two reaction types was not cleal; the apparent



differences nay be due to environmental effects ¡ather than genetic

differences.
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5. DISCUSSION

Although the results appeared adequate to satisfy the nain

objectives of this study, the interpretations must be accepted l4¡ith

sone caution. 'Ihe difficulties that ¡nay appear can be illustrated by

considering the observations fron testing naterial derived from 64190.

Meiotic instability and nitotic instability in this rnaterial nay have

Led to the production of reconbinant-type Lines. 64190 is a highly

rmstable Line, and has been known to produce at least 20% aneuploid

progeny (Larter, personal conn¡mication). The reconbinant- type Lines

rnay sinply be derived from F, plants that have lost a chronosone.

Furthermore, it is possibl.e for a resistance- carrying chronosome to

be lost in mitosis, so that a tissue-section, a half-leaf, a leaf, a

plant, or the progeny fron a plant appear susceptible (Mclntosh and

Baker, 1969; Burrows, 1970). Eight chinaeras (.in which a leaf was

hatf-resistant, half-susceptible, with the rniilrib

forrning the division between the two areas) weÌe observed in the

triticale segregating naterial; four of these involved 64190 in crosses,

and two of these four were in F5 naterial from the cÌoss 64190 x RosneÎ

(the other four exarnples involved 64406, MT36-l-, and 6TA204). It is

possible that this mitotic loss could have occurred earlier in the

developnent of the plant, resulting in seedLingslbeing classified as

I

susceptible. These difficulties indicate the pröblern with Tesistant x

resistant crosses in at least sone triticai.es; the large populations

necessary to distinguish tightly-linked genes nay aLso increase the

probability of chrornosone loss teading to the inappropriate identifica-

tion of recornbinants.



The present study leads to the consideratíon of the potential for

triticale to offer significant Ìesistance to stem rust in the future.

Sten nrs t rnay be able to attack triticale either because the

resista¡ce genes have been lost or because the pathogen has evol"ved

virulence to otherwise resistant genes, Vi"ulence could evolve easily

enough if indeed all that is required is a mutation to an inactive gene

(Knott, 1967). As we1l, widely virulent hybrids could evolve through

assenbly of virulence genes fron both wheat steÍr rust and rye sten rust,

through natural hybridization (the initiaLly avirulent hybrids could

be naintained on wild grasses and go through further interclossing,

backcrossing and selfing and eventually lose the doninarìt avirulence

genes). If triticales with the appropri ate cornbination of the corres-

ponding rye and wheat resistance genes were available, then these hybrid

pathogen isolates would be selectiveLy increased and further re-

assortment thereby enhanced. The result could be a sten lust vaïiety

specialized on tniticale, or widely virulent on wheat and tliticale, oT

rye and triticale, or all three, depending on how widely virui.ent the

originaL parental secal'ie and tritíci populations were' Presr¡nably, a

widely virulent hybrid would have to acquire so¡ne fitness or aggressive-

ness characteristics before it could displace the predoninant wheat sten

lust laces. On the other hand, if triticales were not grown in an area

and the predoninant available host (othe" than the wild grasses) was

either hrheat or rye (thus lending no selective advantage to hybrid

races), reversion of the hybrids to t{'heat stern lust or rye sten rust

would probabLy occur (although a few virulence genes on the other host

night be retained).
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Lopez [1971) obtained fie].d isolates of rye stem rust tarith viru-

Lence on a few tTiticales and a few wheats, and hlheat sten rust with

virulence on certain triticales and ryes. The 19 isolates of sten rust

he collected fron tÎiticale in the field appeared to be wheat sten rust,

although 11 of then could attack a few lyes and when screened on a nr¡nber

of triticales, the isolates could attack sone triticales' The broader

host range of certain of these isolates appeâts due to additional viru-

lence genes, which could have been acquired through hybridization of

tr¿t¿di wíth secq.L¿s.

In the present study, the ability of wheat sten rust to attack cer-

tain ryes and triticales appears to be tlue to a loss of host Tesistance,

as the particul"ar cultivars are widely susceptible. Such triticales

should be screened out of breeding progr¿rlns with relative ease. However,

hytridization in breeding paograms nay Lead to a loss of genes condition-

ing resistance to P. gt øtrínis secq.Lis, as it is rmlikely there will be an

effective screening with.rye stem rust. If nost wheat genones carry

Tesistånce to P. #,ønivl¿s secaL¿s, however, this rnay be a rare occurrence.

fn any case, where rye and triticale acreages renain linited, rye sten

rust epidenic deve Lopment will aLso be linited.

If triticale becones widely grown, it will rmdoubtedly shift the coÍr-

position of sten rust populations by selectively increasíng nutations and

re combin an ts viïulent on Lines carrying resistance genes fTom rye, espe-

cially if the resistance on the A and B genones is identícal to that of

the corunonly gÌown wheats. This would create a threat to rye by increas-

ing the potential inocui.un load of viTulent races. Ihe chance of further

hybridization of the hybrids with rye sten Íust also wouLd be increased,

perhaps resulting in wheat .stem rust races nore tolerant of cooi.er
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terperatures and more able to ove?winter in cooler clinates, thereby

accelerating epidenic spread.

The use of hexaploid wheat in hexaploi<l triticale breecling nay be

building up connon wheat Tesistance genes in triticale populations,

rnakíng it much easier fo" the pathogen evoLving on bread wheat to

extend its range to triticale and rye. Howêver, even if only durum-rye

triticales were used in a bread wheat alea, it is probable that the

double insurance of having tr,i¡o distinctly different resista¡ce sources

fron the predorninarit rr¡heat gror,ùn would be lost, as it would be difficult

to naintain both the durun and rye resistance in a breeding progran if

no races exist to detect then.

Altematives to specific resistance rnay exist. Because the whlle

or najor part of the rye genome is incolpolated into triticale, the

fine physiologic host-pathogen balance for trheat sten rust nay be dis-

rupted by a nr¡mber of snall gene effects, thereby rendering wheat sten

rust less fit on tniticale than on h'heat. this would be a form of

nonspecific resistance and could be useful in breeding prograns if it

coul d be detected.
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1. GENERAL DISCUSSION

14. Dífficulties öf Genetic Studies with Triticale

In a genetic study of triticale, several problens can be expected,

including aneupLoirly, Fl instâbility, chirnaeras, infertility, out-

crossing, abnornal reactions to stTess' distorted segregations, prob!.ens

with D genorne substitutions, and heterozygosity.

Sarnpling frorn bul.k seed sources may lead to sarnpling aneuploid

seed, as 10 - 15% of the seed may be missing a chrornosorne (Tsuchiya,

Lg74). Furthennore, since theïe could be as many as 50% abnorrnal meta-

phase cells, the use of a lesistant triticale as a fenale parent

increases the risk of loss of a res istance- carr¡ring chrornosorne ' The

use of triticale as a poLlen parent lessens the problen of aneuploidy

in that the certation effect Tesults in predominantl'y lreuploidrr pollen

being effective, lessening the probability of a loss of a resistance-

carrying chrornosone. Hor4¡ever, an aneuploid Fl or F2 plant having lost

a susceptible allele a¡d being monosomic for a resistarit al1"ele' nay

produce an overabrmdance of resistant plogeny because of the certation

effect. The increased instability of Fl plants may furthelr increase the

proportion of aneuploid plogeny and of abnormal segregation in F, lines.

As well, certain resistance genés rnay appear to segregate abnonnally

if located on particularly rmstable chromosornes.

A1though there nay be a significart proportion of aneupLoidy'

chances would sti1l be very snall that the palticular critical" Iesistance-

carrying chronosorne would be 1ost. Any distortion of lesults would only

becone critical when screening larger populations in atteÍpting to fínd

rare reco¡nbinants. The Larger populations increase both the probability
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of detecting a true reconbinant and the probability of detecting â faLse

aneuploid ttreco¡nbinantrr . Thus, resistant x resistânt crosses would have

definite linítations.

The presence of the occasional chinaera in which a resistartt chro¡no-

sone is lost mitotically would again critically affect resistant x resis-

tant crosses. Mitotic loss would conrpor.nd the effects of aneuploidy where

neiotic loss of one resis tarce- carrying hornologue was followed by nitotic

loss of the other resistance-carrying hornologue, leading to incorrectl.y

classifying a plant as susceptible.

The use that was rnade of resistant parents as pollen parents in

susceptible x resistant crosses in thís s tudy hlouLd nitigate against

loss of a resistant chrornosome. Pollen deficient for a resistance-

carrying chrornosone !ùoul d tend to be ineffective, whereas deficient egg

cell.s wouLd tend to be effective in fertilization (Scoles and Kaltsikes,

7974). In backcrosses, also, the susceptible parent was used as a

fenale and the resistant F1 as the nale. 11us, there ¡rtas sone assr¡t-

ance of retaining the resistance in crossing and backcrossing. However,

if the susceptible honologue r,ùere lost in producing an F, or BCIF'

an excess of resistant p"ogeny could result. A1so, in a backcross in

which a resistance-carrying chrornos one had no homologue due to a D

substitution in the other parent, then the res istance- carrying chrono-

sorne could be rnore frequently tTansnitted. However, if pollen carrying

the D but not R homeologue was more conpetitive, there might then be

an excess of susceptibl.e progeny. Sínce the recurrent palent MT32-1

probably carrieal a D. substitutionl (Gustafson, personal corununication) ,

1 The parents of MT52-L both appear to caîry a zD-?R substitution
(Merker, L975).
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and since the rye conponent seems iÍtportant in contributing resistance,

such a bias for particular chrornosornes involved in resistance could

conceivably occur. Such a situation níght also aríse in resistant x

Tesistant crosses involving Beaver, MT56-1, Arrnadillo and the single-

gene lines extnacted from susceptible x resistant closses involving

Yll3z-]- This would distor:t the ratios, but plobably not infelfere with

the conclusion that the two sources of resistance carried different

in¿Iependently- segregating genes (the exception being that both the D

and R honeologues night carry resistance and al1 Frrs would appear

resístant, if the"e was a strong certation effect).

Aneuploidy in Èusceptible x resistant closses car be partially

cormteracted by screening the plants used in crossing, and the Frrs

to ensure the rcesistance is retained, and by replicating a particular

cross using different ïesistant plants. A further precautionary neasure

would ínclude keeping the índividual Fl plant progenies separate so as

to be able to detect abnontal segregations, as was done in this study.

This procedure would also assist in el"iminating hybrids derived fron

resistant plants which were hetelozygous due to outcrossing.

Stress such as heat or drought could increase the problen of

areuploidy, panticularly if the Flrs are groïm tmder such conditions.

In the present study the Fr's were adva¡ìced tmder cool winter green-

house conditions.

The infertil"ity of triticale, whi ctr is increased by stress and

aneuploidy, can linit the anount of seed availabJ.e for sufficiently

Latge F, populations and Fr gLant progenies for adequate sanpling. As

weIl, because of tricicalers tendancy to outcross, Flts and Frrs nay be

contaninated by foreign pollen. In this study the Fr's were bagged,
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but the Fzrs were left mbagged so that the propoltion of segregating

F, lines rnight have increased from outcrossing at the expense of sus-

ceptible Lines. The degree to which this occurs would vary grreatly,

and would be nost critical in susceptible x resistant closses in which

both parents were infertile.

Aneuploidy and infertility should prove nore critical in genetic

studies of the rnore ustable octoploids, since rye chromosones ate

preferentially lost (Scoles and Kaltsikes, 1974) . This would be espe-

cially significant in thåt the sten rust resistance would be exPected

to be derived predominantly fron the rye.

18. Tiiticale Resistance

Previous studies have in<licated that the rye resistance to wheat

pathogens can be transferred to vrheat. Several European wheats detive

their Leaf ¿nd sten rust resistance fron rye chrornosone lR, possibly

through Petkus rye. Acostârs h¡heat translocation lines derive stem rust

resistance fron Inperial rye (chronosome 3R), Transec derives leaf Tust

resista¡rce from chrornosone 2R of rye and Jensen and Kent [1952) reported

in winter wheat an adult plant resistance to leaf rust r4¡hích was condi-

tioned by a semi-dominant gene clerived fron Rosen rye. Riley ârd Macer

(1966) reported expression of rye resistance to stem rust in,a Holdfast-

King II arnphidiploid but could not detect sten r.ust or leaf rust tesis-

tance derived fron rye in any of the addition lines derived fron this cross,

Quinones (1972) reported that the thTee ryes he used in triticale synthe-

sis did not contribute resistance to leaf rust, The present study demon-

strated that rye can contÎibute resistance to wheat stern rust, although

crosses obviously can occur in which no resistance is transferred,
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due to the heterozygous nature of Îye. The triticale 64190 rnust also

have stern rust resistance derived fron rye, as its v¡heat progenitor

Stewart is susceptible to 158 and 64190 ca¡ries two genes for lesis-

tance to 158.

It is curious that Riley and Macer, and Quinones did not detect

any transfer of leaf rust resistance from rye to wheat. Several

eiplanations rnay be offered for this:

(1) the rye Lines they used could have been heterozygous and

they sampled only the susceptible rye gametes,

(2) the resistance transferred nay not have been detectable till

a Later stage in developnent,

(3) in Quinonesr polyhaploids, the single dose of resistance nay

have been insufficient [in Jensen and Kent's (1952) study, there see¡ned

to be a dosage effectJ,

(4) if a resistance gene is indeed a switch gene (i.e., activator

of a metabolic pathway conditioning resistance), then certain lesistance

genes frorn rye rßay not be able to |tsr4¡itch onrr the wheat pathways,

(5) in Quinones I study, only ryes susceptible to rye' leaf lust

were used. A rye rêsistant to both rye and wheat leaf Tust may have

given different 
"esults,

(6) the rye resistance to wheat leaf rust could be a nonspecific

resistance, the lrheat leaf rust being highly integratecl to the wheat

rnetabolic systern but.unadapted to the tye rnetabolic system' Such

resistance ïLight be hard to transfet, as interaction between the wheat

and rye genones night disrupt it or the wheat netabolic systern night

predoninate. Leaf rust does appear to be ¡nore cLosely integrated to

the wheat metabolic systen than wheat stem ?ust, as wheat leaf rust
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is rnore specialized [Testricted to fewer species and fewer plant parts)

arìd nore aggressive (spreads rmder cooler tenperature), Perhaps, the

rye component of triticale does decrease the aggressiveness of rlheat

leaf rust, but this would be less easily detected than h)?ersensitive

resístance.

As well, because the wheat sten rust pathogen is more critically

darnaging (i.e., to ste¡n tissue) than wheat Leaf rust, the selection

prressurre for hypersensitive specific resistance in rye nay have been

greater for sten rust. Wheat leaf rust nay símply have lost the ability

to attack rye by beconing too specialized.

In the present study, a nesothetic durun reaction to wheat stem

rusç was occasionally shifted to a rnoÌe susceptible reaction upon

s)¡nthesis ínto a tritícaLe.; in one case, an infection type (1=) pro-

duced on the durun in response to rye stern nlst shifted to a rnore suscep-

tible infection ty?e. One explanation is that the rye sten rust isol.ate

is heterozygous for a seni-doninant avirulence and triticale synthesis

rrdesensitizes'r the host to the alÎeady decreased product of the

avirulence gene, through dilution or disruption of the sensíng process.

Day (1974) suggests that nesothetic reactíons result when the competi-

tion bethreen induceil resistarice and induced susceptibil.ity is equally

likely to be resolved in either direction for each Local interaction.

This balance coul<l be shifted or dísrupted by tliticale synthesis.

MT32-1 and 70HN458 also exhibited a mesothetic 
"eaction 

to rye

sten rust. This may resuLt from decreased effectiveness of the dur1tfl

Tesistance genes or fron the loss of cornrnon durum resistance genes in

the original wide cross from which Annadillo (and its derivative,

M132-l) was derived. However, the Arnadillo lines Lopez (197I) tested
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to Tye stem lust were highly lesistant. Different test environments

ârd isolates might accoiflt for this discrepancy.

As has been rnentioned, 64190 appears to derive two resistance

genes fron rye. The third, race specific, gene then nust apparently

be the Ve1Tlal enmer gene that was incorporated into Mindr.m to give

Stewart. 6420, derived fÎom Carleton, a sister selection of Stewart,

should have the same gene, but apparently has derived no sigrificant

seedling resistance fron either wheat or {ye. 6420 does exhibit a

slight resist¿mce in the forn of a chlorotic ç3**1-type pustule in

seedlings; and in the field 6420 is lesistant to both 158 and 56. It

would thus appear th¿t the rye has contributed adult plant resistance

and that the Vernal gene has been lost or rendered ineffective'

From Sanghi and Luigts (1971) investigations, it is apparent that

wheat carries genes that condítion resistance to both wheat and Tye

sten rust, and genes conditioning resistance to only lye sten rust or

onLy wheat stern rust. In the present study thele is sone indicatíon

that the P. gnønìnís tritLci resistance genes in triticaLe nay also

condition resistance to rye sten rust.

In the synthesis of tritical"es in this study it was observed that

the wheat sten rust susceptible dururns carried resistance to lye sten

rust. Furthernore, the ryes could carry tresistance to both secaLis

and tritici, although usually only a snall ploportion of a rye bulk

was rêsistant to secaLis, while almost the entíre bulk usually was

resistant to triticí. This would seem to indicate that one or nore

widespread rye genes condition resistance to tr¿t¿c¿ ' Ìthi1e others

contribute resistance to.s'ecaLis or both secaLis and tt'il;ici '

DuTlnn genes and rye genes each contributing widespread lresistance to
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secd.Lis and ttìticì may be the most 'valuable resistance soulce in triti-

cale breeding. If the rye genes in t"iticale conditioning resistance

to wheat stem rust are overcone by virulent lye stern rust genes, then

it seens that widespread cultute of triticale nay assist in the transfer

of those virulence genes to wheat sten rust. thus, screening fot secaLis-

resistant ryes ¡nay be useful.

Al though transfer of virulence genes from secalis to ttitici through

hybÎidization rnay be possible, sevetal factors do nitigate against this:

(1) secaLis-trit¿ci lnybrids are avirulent and, therefore, are res-

tricteal to susceptibLe wild grasses and barley and nust conPete r{tith

more aggressive adapted isolates and vrí th the large inocuLun load enanat-

ing frorn the cultivated crops. (The large nu¡nber of factols controlling

avirulence result in nost of the hybrid progenies being avirulent).

(2) Green (1971a) suggests that a widened host range is associated

with a loss of aggressiveness [e.g., stem rust is widely vilulent but

not aggressive on barley), Hence, even if hybridi zation, selfing and

backcrossing revealed enough genes to attack both wheat and rye, the

hybrid isolates would still be unable to conpete with the sten rust vari-

eties specialized on these crops. Howevetr, the availability of triti-

cales susceptible to the hybTids but resistant to the palental varieties

h¡oul d allow the hybrid rust isolates to inclease without competition

and there hrould then be rnore opportunity for further adaptation ' Triti-

cales hrith coÍplex resistance different than the predominant vÌheats and

ryes, or for which no virulence existed in natural popufations, p"esent

a barrier against this evolution.
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It would seea that if triticales with only one source of resistance

are grown widely, then the stem rust hybrids could easily becorne spe-

cialized and aggressivê on triticale. However, fron Greents connents,

it would seern ìmlike1y that a rust could evolve ûrith tùidespread virulence

and aggressiveness on all. three of wheat, rye and tliticale. To evolve

aggressiveness, it rdould seem necessary to specialize and adapt to a

particular hostrs physiologic pathways. On the other hand, a wheat stem

rust race could extend its virulence to a few tritical,es ¿nd ryes but

remain aggressive on the wheat and unaggressive on the triticales and

rryes. There would be Little selective advantage to the organisn in

evolving widespread aggressiveness and virulence if triticale and rye

remained ininor crops .

Lopez (1971) suggested designating a new variety, P. gruninis

tz,í.ticaLis, to cover isolates with a broad host range on r,rheat, rye and

triticale, but it wouLd seern that the categories secaLis and tv,iti.cí

wouLd be adequate at present to classify his isolates.

The CIMMyT triticale breeding progr¿lm is tending to produce a num-

ber of very wheat-like tniticales, as the result of D substitutions, and

these couLd well represent a host on which wheat sten rust could easily

extend its virulence ùtithout loss of aggressiveness. Certainly, the nore

minor nesistance or protective genes that are stripped away from the

najor resistance genes, tlre easier it will be for the pathogen to oven-

come the resistance. 1Ìre European wheats with a tTanslocated stem rust

resistance gene from rye represent the extreme in this regard; if grown

on wide acreages, they may very easily shift the rust populâtion to a

broader range of virulence, Exarlrples of this process alleady exist,

as r4rith the breakdown of the AegiLopa resistance in Transfer wheat
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tances widely used in both dunrrns and bread v/heats were broken down

sinultaneously by race 158.

As t"iticale seems to be adapted to high to moderate rainfall,

modeïäte climate areas, leaf rust may be more of a threat than sten

rust. Nevertheless, the moisture level.s vrill rmdoubtedly favour the

spread of sten rust; and triticale is also being developed in such

severe sten rust areas as Kenya. If triticale cones into use in the

Mediterïanean coúttries, the simlltaneous widespread cuL ture of duruns

in these areas nay nake it rnuch easier for wheat sten rust evolving on

dunûns to nake the j r.mp to triticale. In Europe and the U.S.S.R.,

where rye cultur.e is widespread, Ia,Tge reservoirs of virulence on the

Tye resistance geneÞ are likely to exist, so that triticale resistance

nay be thTeatened in these areas. If hrinter triticales corne into wide-

spread use in Texas, secalis-tritici hybtidi'zation and specialization

rnay be encouraged, possibly increasing the aggressiveness of sten rust

in cool weather on winter wheats, and possibly Posing a threat to ryes

grown north of the winter wheat area. As vtell, both rye and durum are

cot llonly grown in the Dakotas, and triticale resistance in this area

r¿ould be less secure. In other areas of the wonld, wheie dururns and

ryes arre litt!.e used, triticale lesist¿ùice nay provide significant

protection against stem rust.

Howevea, the ease with which stem rust has evolved virulence in

the past dictates caution in evaluating the effectiveness of tÎitical'e

Tesistance. TriticaLe has the advantage of having potential"ty complex

resistance derived fron both highly resistant durums and ryes, and also

the advantage that protective genes will not have been easily stripped
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away, so that the pathogen may be rendered less aggressive. It nay be

virise to preserve some of the nonspecific resistance by rnaintaining the

ful1 rye conplernent, avoiding introgression of bread hrheat germ plasn,

and selecting deliberatel-y for nonspecific as well as specific resis-

tance. (It is tenpting to suggest that the leaf rust problens in

tTiticale are due to bread wheat intÎogression). Maintaining a high

level of resistance in wheat, rye and triticale would mini¡nize the

rust population size and opportunities for nutation and evolution of

virulence. In this regard, areas carrying a reservoir of inoculun on

susceptible hosts shouLd be minirnized (particularly in overwintering

or oversrannering areas). As we1l, widespread use of a single triticale

va]fiety should be avoided; care must be taken to use different sources

of resistance in different regions. As varieties are reJ"eased, sorne

effort should be nade to ensure the resistarice is úrique and preferably

conplex; releasing varieties h,ith síng1e resistance genes should be

avoided. It is important that the effectiveness of tríticale resistance

not be considered in isolatíon, but nather, in relation to crop pattents

and the distribution of resistance.

1c. Evolution of Resistance and Viaulence

Green (1971a) suggested that sten rust evolved fron a form widely

pathogenic and noderately viÍul"ent but non-aggressive on a number of

gramineous hosts, into specialized forrs with high virulence and

aggressiveness on a linitecl ni:rnber of hosts. This pattern of evolution

of virulence on certain hosts presunably happened at the expense of

virulence on other hosts.

Watson anal Luig (1962) suggested that rye stem rust is sinply an
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avirulent form of wheat stem rust, being lestricted to rye.

Such rust specialization on rye during evolution would have been

encouraged because the earliness of rye would allow ari aggiessive

pathogen to exist at high levels of virulence without seriously danaging

Tye. There would be little selection pressure for specific resistance

to ¡ye stem rust. On the other hand, since rye originally evolved as

a weed in wheat fields, there would be considerable selection pressure

for specific resistance against wheat sten rust, but little selective

aalvantage for wheat stern ïust to extend its virulence onto rye resis-

tance genes.

Riley and Macer (1966) also suggested that as the originaL diploid

progenitors of wheat aad rye diverged, different resistance genes

becarne fixed in the diverging populations, the differentiation of

wheat and rye sten ?ust being deternined by these original sources of

Tesistance. They also suggested that the lesistarice of rye to wheat

pathogens could also have corne from the side-effects of genes with other

fimctions which evolved during the divergence, or frorn lesponse to

sel.ection pressure by the pathogen.

Recent evolution of rye may have been towards a loss of

minor gene nonspecific resistance, as hybridization and selection broke

up ancestral cornplexes of specific and nonspecific genes and artificial

selection concentÌated onLy on specific resistance.
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2. SUGGESTIONS FOR FURT1IER RESEARCH

Experiments on the aggressiveness of sten rust isolates on

various triticales lacking specific resistance would be useful to

detemine if the addition of a whole rye genone to wheat renders the

pathogen less aggressive thTough nonspecific resistance. The rapidity

of spread from a central point in a small soLid plot of triticale

night be used as a neasure of aggressiveness (Differences in naturity

could cornplicate such an approach).

Synthesis of a nr¡rnber of triticales lacking specific resistance

would al"so be useful in providing material for suclt an experinent.

Screeníng ryes for specific resistance to both whe at and rye stem

Tust coulal also be useful in identifying genes vrith wide-spectrum

resistance that could be transferred to triticale.

A further investigation of the genetics of resistance of 6420 is

also necessary, as the actual m¡mber of genes controlling its resis-

tance is sti1l in doubt. Also, the resistance could be transferred

to a line ¡nore useful for breeding purposes.

Synthesis of a nunber of tritical"es fron susceptible durums and

various resistant ryes could be useful in tlying to identify a nunber

of different rye genes for ?esistance.

It rnight be useful to deternine whether the D chronosone substitu-

tions calry ary resistance, and if so, whether it is l.tride-spectnnn

Tesistance.

The identification of dun¡ns which have deinonstrated world-wide

resistance, and the subsequent inco?poration of these resistance genes

into tÏiticales r¿ould be useful.



Further clarification of the rye contribution to tÎiticale leaf

rust resistance is necessary.
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3. SIJMMARY AND CONCLUSIONS

The factors investigated in this study included the inheritance

of wheat sten lust seedling resistance in seve¡al tríticales, the rye

and durun contributions to tÎiticale stem rust resistance, the larige

of tÏiticale resistance using several races, and the expression of

the resistance in adult plants lmdeï field conditions. F, populations

and BC1F2 and F, lines were used to study inheritance. rrRawrt arnphi-

ploid triticales were synthesized to detemine the source of resistance.

A1L these triticales were tested as seedlings with the th'o nost inpor-

tant races in Western Canada in the last 50 years, 158 and 56 (Green,

1971b), as vie1l as a nurnber of other races incl.uding a tye stern ]|ust

isolate, frorn which a nore conplete picture of the range of resist¿nce

was detennined. Finally, the païents (and derived lines carrying

resistance) which rmden'ent inheritance studies were gtown rmder field

conditions to relate seedling resistance to lesistance in the mature

pl arit.

lhe triticaLe resistance was nainly dominant (except for the

partial dominance of 64406) and the inheritance relatively sinple

(one to three genes); conplenentary resistance was possibly operating

in one l"ine. The genes identified conditioned a non- differential

resistance to a nr.ûrber of taces, there being one clear exception (the

race-specific gene of 64190). The resistance genes v¡ere distributed

into at least fouir linkage groups, with two of these groups each

including thaee tightly linked, aL1,elic or identical genes. A nunber

of lines or varieties had identical genes (four of the nine lines

carried one particular gene). Most of the susceptible Lines of
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tïítícale tested were susceptible to all races used.

The resistârce of triticale to wheat sten rust appeared to originate

frorn both h¡heat and Tye, the level of triticale resistance being that of

the nost resistarit parent (hrhen neither parent car"ied Tesistarice, the

resulting triticale was susceptible). The tliticale resistance derived

from Centeno rye appeaÌed to operate against a wide variety of races.

The triticale resistance derive<l frorn sorne durums operated against only

certain races, while the resistance from other dururrs operated against a

wide variety of races.

The seedling reaction of the triticales tested appeared to be a

good indication of the resistance of adult plants. Adult-plant resis-

tance genes (i.e., genes operating only in the aduLt stage) appeared to

be absent in parental lines with seedling resistance genes. Seedling

susceptible 6420, however, exhibited lesístance in the fieLd, nainly

through a "estÎiction of the anount of Tusted tissue occurring.

P. gz.øninis secaL'\ts seened avirulent on the dunms and triticales;

however, the nesothetic reaction of the Marracos durun x Centeno rye

arnphiploicl inilicated that the durun resístance to rye stern nrst nay be

modifíed during triticale synthesis.
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APPENDIX ÏI

Race Composition of the Mixtures of Wheat Sten Rust
Used for Greenhouse Screening of Seedlings,

or for FieLd Testing of AduLt PLants
at Glenlea, C. D. A.

Race s

Race nixtunes and conposition

Epi deni c Epidenic Epidenic Epidenic

c 1 (17)

c 2 (L7A)

c s (29- 1)

c 9 (1sB- lL)
c10 (lsB- 1)

c11 ( lsB-4)

c14 (38)

cr7 (s6)

c18 (1sB- 1r)
c20 ( 11)

c22 (s2)

c2s (58)

c55 (lsB- 1L)

c35 (32-113)

c38 (r.sB-1r)

c4t (32-tt3)
c42 (rs)
c44 (lsB- 1L)

c46 ( 1sB- 1t)
c4s ( ls)
cs2 (32-113)

cs4 (38)

cs6 (38- 1s1)

x

x

x

x

x

x

x

x

x
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APPENDIX III

Explanation of infection type sy¡nbols, áccording to St akmaî et d.L.

(rs62).

Infection
typea Varietal. Reactions aJid Reaction Classes

Resistant

0 IMMIJNE. No uredia nor other indications of infection.

0; NEARLY IMMIJNE. No uredia, but hypersensitive flecks present.

1 VERY RESISTANT. Uredia ninute, sutrormded by distinct

necrotic areas,

2 ¡..Í0DERATELY RESISTANT. Uredia snaLl to rnediun; chLorotic or

necrotic halos surrowrd green islands, in the

centae of which the uredia are usualLy located.

SusceptibLe

3 MODERATÏLY SUSCEPTIBLE. Uredia of nedilûn size and usually

separate. Necrosis absent but chlorotic areas

rnay surrotmd the uredia, especially tmder

unfavourab Le condit ions.

4 VERY SUSCËPTIBIE. Uredia large and often coalescing fron

large irregular pustules.

Mesothetic

x HETEROGENEOUS. Uredia variable, sonetirnes including all
infection types.

a The synbols -, t, * indicate quantitative variations in types of
uredíal infectíon.
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APPENDIX IV

Explanation of fieLd classification of infection types,* accorcling

to the nethods used by the U.S.D.A. Intemational Rust Nursefy.

0 = No visible infection on plants.

R = Resistant. Necrotic areas with or without ninute uredia present '

MR = Moderately ?esistant. Small uredia present surrormded by necrotic

areas.

M = Intennediate. Variable sized uredia, some with necrosis and/or

chi.orosis.

MS = Moderately susceptible. Medium uredia Í,'ith no necrosis but possibly

some distinct chlorosis.

S = Susceptible. targe uredia with no necrosis and little or no

chlorosis present.

- Field readings also include an estimate of the relative percentage of
rust infectiãn, lr¡ith the rnaxi¡nurn 37% of actual surface covered being
assigned the figure 100% and with tr = trace.
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APPENDIX X

A Cofrpariso¡r of Field Reêctlon to stel¡ &rst for a Nrúbe! of seedling
Susceptible Li¡es of Triticale, and fo" Several Lines of Rye, ãrd

Littlg Club TÍheat, Ove¡ Tr{o Yea?s and Two Loc¿tions.

Line
uM 1973

Natu¡al Epidenic
ttM 1974

C17 + C33
cDA 1973 CDA 1974

R¿ce Mixture Rêce ¡,tixtu¡e

tfr32-1
6420
MTt T- 3
MTl6-4
72HN195-3
72HN395-2
72f[,¡415-1
1972 Butk sçl.
72cßl6Lr
7T[N6S-2
72C4692
72CB13S4
vfi73-14

72HN196-1-1-1
Litrle club lvhe¿t

Susceptiblô rye
Solectio¡¡ *1

.*2
#4

Gazelle lye
Prclific lye

5-15s (lipeûed ea¡ly) 70S
t¡s 5M
10s 30s
303 40-505

30MS, 605 70S
60s 40s
55 40S

25S 50S
15S 40S
30s 50s

5-105 605
30s 60s
0 20s

80s
5M

70s

':*

40s
40s
70s
70s

70s
90s

E0s
ltfs

70-80s
70- 80s

5olt{S
60-70s

40s
70- 80s

80s
50s
70s
80s
30s

905101'{s 40-60s'30s 80s- sos

- 40s
- 20s
- LoM
- 20s
- 20s, 70s

0, tdlR
3lfR
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APPENDIX XI

D¿ta o¡r Field aÌld Seedling Reâctions to Sten k¡st of Sevet¿l DutuEs, Ry6s
q¡d 1¡iticales Sfnthesized f¡oE these DuÎlûs and Ryes.

Field Resctior¡
Field Re¿ction Artifiçial Epide!¡ic Seedli¡g

N¿fi¡¡¿l Epideûic . uM 1974 CDA 1974 Reaetion
UM f975 C33 + Cl? Race Mixtu¡e Race C33

Susceptible rye selection
Centeûo Ð,'e

Pelissier
Pelissie¡ x Ce[teno
PelissieÌ x susceptible rye

M¿rracos
MaÉacos x Ceoteno

48925
48925 x Ceriteno
48925 x susceptible rye

48921
48921 x susceptible rye

2105
2105 x susceptible rye

Helcu1es
Helcules x susceptible rye

48909
64406

RDl21-9
64413

Câ?1eton
6¡¿O

20s, 70s 4

I

4+
4
2

1

1

! to 2=
a'I

2

1

2-N
1

2, 2 to 4
;N1"

4

4
3++

70s
zoin
70s

5R

r*
2otirs.

1oMS

,:t

30s

st"tR, st{s
2MS

60s
0

40s
5M

0

tr¡lR

0

t¡K

lss - sos
0
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APPENDIX XVII

CLARIFICATION OF DATA FROM SUSCEPTIBTE X RESISTANT CROSSES

ISECTTON rr-4 (í) ]

The backcrosses involving Rosner segregated in a ratio of 3 segre-

gating lines: 1 susceptible with both races, indicating that two genes

are invoLved (Table 3), This was confinned by the FS lines which segre-

gated in a 7 resistant:Ssegregating : I susceptible ratio with race CL7

(Table 2). lhe backcrosses to MT32-1 were tested with both races and

each BCIF, family was either segregating to both or susceptible to both

(Table 5), Thus, each gene conditions resistance to both races. In the

backcrosses and in the F, f.ines, sorne lines segregated only for a fleck

infection type, sone only for a tpe 2 infection and sorne for both.

Thus, one gene controls a fleck infection type and the other a type 2

infection. The Fl plants fron the Rosner crosses exhibited a fleck in-

fection type to race C33, inðicating that the gene involved is doninant.

Frorn the cross MI52-1 x Rosner, an F, line (24-39) homozygous for the

gene conditioning the 2 infection type, was selected. lhis line was

crossecl to MT52-1 and the F, plants exhibited a 2 infection type, showing

that the second gene is also dominant.

T'he backcrosses involving 70HN458 segregated in a ratio of L segre-

gating line:1 susceptibl"e line virith race C17, indicating that one gene

was involved (Table 3). Fewer of these lines were available for testing

with C35 than with CL7, as a nr¡nber of lines had insufficient seed for

testing with both races. The backcross lines tested with C33 did not fit



a L:l ratío [Table 3), apparently due to chance; the lines lost due to

insufficient seed were all s,rsceptible to C17.

That one resistance gene was operating in 70HN458 against C17 was

confirrned by the F3 lines which segregated íî a l'.2i1 ratio (Table 2).

The BCIFZ lines that were tested to both races vtere either segregating

to both or susceptible to both, in a 1:1 ratio (Tabte 5), indicating

that a single gene conditíons resistance to both races. The resistance

was expressed basically as a fleck infection type. The Fl plants from

the 70HN458 crosses exhibited a fleck infection type, indicating that the

gene involved is dorninant.

The backcrosses involving 6T4204 segregated in a ratio of I' segre-

gating line:l susce?tibl^e line with both races, indicating that a single

gene is involr¡ed (Tab1e 3). this h'as confirmed by the F, Lines which

segregateal in a \:2:L ratio lvith both races (Table 2). The backcross

lines and F5 Lines <l,erived from the cross MT52-1 x 6T4204 were screened

with both races, and each line was resistant to both, segregating to both

or susceptibLe to both (Tables 4 and 5) ' thus, the gene conditions resis-

tarìce to both Taces. The resistarce was expressed as an infection i':ype 2.

Ihe F, plants from the 6T4204 crosses exhibited a t:yr€ 2 infection, indi-

cating that the gene invoLved is doninant.

the backcrosses involving MT32-1 and 64190 segregated in a latio of

7 segregating lines:1 susceptible with race C17, indicating that thrêe

genes are involved (Table 3J. This was confirned by the F3 lines derived

from MT32-1 x 64190, which segregated in a 37226:L latio with race C17

(Table 2). When testing vitith 
"ace 

C33, however, the backcrosses involving

Mf32-1 and 64190 segregated in a 3:t ratio, indicating that only tl,i¡o genes
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are inyolyed in conditioning resistance to race C33 [Table 5).

When testing the backcross lines involving 64190 and MT32-1, it was

observed that half of the ten lines which l4rere susceptibl.e to race C55

were segregating in reaction to race C17, indicating that one of the

Ìesistance genes of 64190 conditioned resistance to only race CI7

(Table 5). Similarly, for the se'ì¡en C53-susceptible F, lines derived

frorn MT32-1 x 64190, 2/7 were resistant to race CI7,4/7 segregating and

1,/7 susceptible, again indicating a gene conditioning resistance to C17

only (Table 4). The segregation of reaction of backcross lines to both

races C17 and C33 was consistent hlith the assrù[ption of two genes each

conditioning resistance to both races and a thirtl differential gene con-

ditioning resistance to only race C17 (Table 5).

The F, and BC1FZ lines resistant or segÌegating to lrace CI7 and

susceptible to race C33 exhibited only type 2 infections to C17 on resis-

tant plants, indicating that the differential gene conditions a type 2

infection with race C17. In the BC'FZ and F, lines screened with C53,

sorne lines segïegated only for a fleck infection type' sone only for type

2 infection arid some for both. Thus, one gene contlols a fleck infection

type ard the other a tyT,e 2 infection.

The two genes in 64190 conrtitioning moderate Ìesistance to race C17

were each isolated separately in the honozygous condition in FS lines

27-44 (conditioning infection type 2 to both races C17 and C53) and 27-99

(conditioning infection t.Æe 2 to race CI7 and infection type 4 to race

C33). lhe F, involving MT32-1 and line 27'44 ev$Tbited moderate resis-

tarice to race C55, indicating domina¡ce. Within individual F, lines

segregating for the differential gene only, a 3 Tesistant:1 susceptibl'e

ratio was observecl for race Cl7, with resistant plants uniformly exhibiting



a type 2 infection, indicatiag do¡ninance.

The F, involving MT32-1 and 64190 exhibited a fleck infection type

to race C33, indicatìng dominance for the remaining gene.

. The nine backcross lines derived fTon 6420 x 64190 did not fit a

7 segregating: lsus ceptible ratio when tested with Tace CL7 (Table 3),

possibly because of outcrossins (6A20 exhibits a fail degree of partial

sterility, which would facilitate outcrossing). Certainly, the data

fro¡n this crfoss must be considered rmreliable because of the low expected

cLass nurnbers.

The segregation of Fa lines derived florn Mf32-1 x 64190 did not fit

the expected 7:8:1 "atio 
for race C33 (Tabte 2) or 28i8iIi24i2iL Tat:io

for both CI7 arLd C53 (Table 4). In the former case, there were too few

of the noderately resistant lines (five out of 70 were homozygous

rnoderately resistant or segregating for this resistance) and too nany

of the susceptible lines (seven out of 70) to expect independence; the

expected Tatio under indepenclence would be 5:1 as conpare¿l to the actual

5i7. A linkage val.ue of 23.62 ! 9.32 crossove¡ units for the two genes

from 64190 conditioning resistance to nace C35 was calculated fron this

data. When the FS ratios for race C33 and laces C17 and C33 together

were adjusted for linkage, an adequate fit was obtained (Tables 2 and 4),

The backcrosses involving MI36-1 segregated in a tatio of 3 segre-

gating lines:l susceptible with both races, indicating that two genes

are involved (Table 3). This was confirned by the F, lines which segre-

gated in a 728iL ratio t4¡ith both races (Table 2). The backcross lines

and the F, lines derived frorn the cross MI52-1 x MT36-1 were screened

Ìrith both races, and each line was resistant to both, segregating to both

or susceptible to both (Tables 4 and 5). Thus, each gene conditions
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?esistance to hoth ?aces. In the backcrosses and in the F, lines, some

f.ines segregâted only for a fleck infection type, some only for a type 2

infection, and some for both. Thus, one gene controls a fleck infection

type and the other a tyre 2 infection. The Fl plânts from the IûT36-1

crosses exhibited a fleck infection type to race C53, indicating that

the gene involved is doninant. Fro¡n the cross MT32-1 x MT56-1, an F,

line (4-49), homozygous for the gene conditioning a 2 infection type, was

selected. This line was crossed to MT32-I and the F, plants exhibited a

2 infection type, showing that the second gene is also dominant.

The F, lines derived fron the cross MT52-l x Beaver segregated in a

ratio of 7 resistant lines:8 segregating lines:1 susceptible line with

Iace C77, indicating that two resist¿nce genes are involved (Table 2) .

Sone IU lines segregated only for a fleck infection type, sone only for

a 2 infsction type and sone for both. Thus, one gene controls a fleck

infection type and the other a 2 infection type. The Fl plants of the

cross MT32-1 x Beaver exhibited a fleck infection type to race C53,

indicating that the gene conditioníng a fleck infection type is doninant.

Segregation of reaction within F, lines tested with race C17 sræported

this. From the crcoss MT32-1 x Beaver, an F, line (44-9), hornozygous for

the gene conditioning the 2 infection t)?e, raras selected. This line was

crossed to MT32-1, and the F, plants exhibited a 2 infection type to

race C55, indicating that the second gene is also doninant. Segregation

of Teaction within Fa lines tested with race C17 also supported this.

Since all the Fa lines fron the cross MT32-1 x Beaver ürere not

tested Ì{ith both Taces C17 and C33, it is not clear vrhether the two

genes conditioning resistance to race CL7 also conditioned resistance

to race C35. HoÌrever, three of'these Fg Lines were tested to both races
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and the reactlon was consistent hetween races in that line 44-56 segre-

gated for a fleck infection type on1y, line 44-31 segregated for a type

2 infection only and line 44-9 appeared homozygous for a gene condition-

ingatype2infection.

The F, lines derived frofl the cross MT52-1 x 64413 segregated in

a ratio of 1 resistant:2 segregating¡l susceptible with race C35, indi-

cating that one iesistance gene is involved (Table 2). The F1 plants

of the cross MT32-L x 64413 exhibited a fleck infectíon type to race

C33, indicatilg that the gene involved is doninant. No check was rnade

to deteïrnine whether this gene conditioned resistance to both races C17

and C33.

The F, lines derived fron the cross MT52-1 x óA250 segregated in

a r¿tio of 1 resistant:2 segregating:1 susceptible h¡ith race C17, indi-

cating that one resistarìce gene is involved [Table 2J. The Fl plants

of the oríginal cross exhibited a fleck infection tx)e to race C33,

indicating that the gene involved is do¡nina¡t. Segregation of leaction

vrithin FS lines testeal with Ct7 supported this. No check Ítas nade to

deternine whether thís gene conditíoned lesistarìce to both races C17

and C33.


