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ABSTRACT (OVERALL)

Krakar, Philip John, Ph.D., The University of Manitoba, January,
1979. Nature and Inheritance of Ersot (CLaui, q. ¡fr.1
Tul. ) , Susc
ceTea,Le
Hybrids.

Major Professor: Dr. E.N. Larter

Triticale (X TrLt|cosecaLe Wittmack) is susceptible to ergot

(CLatLeeps puxpurea tFr.I Tul.),-while Trdticum timopheeui (Zhuk.)

possesses genes governing resistance to this fungus. Five ergot

resistant Tz"Ltictnn timopheeui accessions and one rye (SecaLe

cev,eaLe L. cultivar UC 90) were used to produce F, hybrids and

anphidiploids to study the expression of timopheeui ergot resistance

when it is combined with the rye genome. The ergot resistance

levels of the timopheeuzl accessions were not expressed in the wheat

x rye hybrids and anphidiploids when sclerotial frequency, sclerotial

size, honeydew, and disease indices !ùere exanined using nonparametric

rank conparisons.

In a second part of this continuing study, conbining abilities

for ergot susceptibility r{ere examined in the F, of T. timopVrceui

x 5. cez,eaLe and T. timopheeui x T. durun crosses. Specific com-

bining ability effects occumed in data of the 7. timopheeui x

^9. cereaLe crosses inoculated with the R3A isolate. Both general

and specific effects r^rere obtained for sclerotial frequency and



total sclerotia weight when the ?. timopheeui x T. ds'Ln'm hybrids

were inoculated with Ml5A conidia, while only general combining

abilities were obtained at the 5% 1eve1 for sclerotial frequency

and total sclerotia weight when R3A conidia were used for ino-

culations.

The isolates, male parents, and female parents were assessed in

the following manner. The M15A and R3A ísolates were compared with

a paired-t-test and found to parasitíze tlne various crosses differen-

tially. The effects of the rye and durun males were deterníned with

t-tests and no one rye or durum could be reco¡nmended for use with

aLI timopheeui accessions. Lastly, Tukeyts z,.r-procedure (honestly

significant difference procedure) was performed and the 48288

T. timopheeu'L accession was indicated as the better accession to cross

with the line I27 rye and Carleton durum. Consequently, the 48288

x line 127 cross was reconmended for further studies.

1X



FOREWORD

This thesis is written in a rnanuscript style approved by the

Plant Science Department of the University of Manitoba. The

nanuscripts follow the style of the Canadian Journal of Plant

Science in order that they can be subnitted to the journal with a

mininun of nodification.



INTRODUCTION

Ergot, a disease caused by the fungus CLauiceps purplæea. (Fr.)

Tul., attacks members of the farnilyGramineae (Seaman, I97I; Walker,

1969). Of the cultivated cereal species attacked, rye (SecaLe

eez,eaLe L.) is generally considered to be the most susceptible due

to its outcrossing nature (Walker, 1969). The florets of other

cereals such as spring wheat (Trí,ticwn aestiuurn L. en Thell.) and barley

(Hondewn tuLgare L.) do not remain open during flowering to the same

extent as rye and, therefore, have norphological resistance

(Walker, 1969). Triticale (X TrítieosecaLe Wittnack), although

naturally self-pollinating, has outcrossing characteristics (Yeung

and Larter, 1972) resulting in the tendency of florets to remain

partially open for an extended period of tine. Consequently, mor-

phological resistance does not operate in triticale as it does in

other self-pollinating species so that this species can be para-

sitized by the ergot fungus. Once the ergot pathogen establishes

itself in triticale, a sclerotiun is produced in place of the hostts

seed.

The sclerotia produced by the ergot fungus are toxic to both 
,,,',;: ;.;r,:¡-,.'1r,¡..

monogastrics and rr.rminants (Campbe1l and Burfening, 1972; Purchase, r:i 'r:::i'::r'.'::'ij:1:1i

7974; Ingalls and Phillips, 1971). A level of only 2% ergot

sclerotia by weight in flour is sufficient to cause epidemics of

ergotisn in hurnan populations (Kingsbury, 1964). The type of



ergotisn produced depends on the rate at which the aninal consumes

the sclerotia; a rapid ingestion causes convulsions while a slow

consumption results in gangrene. In addition, a level of 0.53eo

sclerotial contamination by weight. in the diets of mice and gilts

can result in abortion (Campbell and Burfening, 1972), while a A.07%

level in the diets of calves can reduce gTowth rates (Ingalls and

Phillips, 1971).

In western Canada the accepted tolerance level of ergoty grain

is only 0.25eo sclerotia by weight (Riley, 7973). Many grain inporting

countries impose even a lower tolerance limit and refuse to import

grain that has more than 0.04% ergot sclerotia by weight (Riley,

L973). Unfortunately, it is not practical to achieve either of

these tolerance levels by mechanically separatíng the ergot sclerotial

bodies fron the grain. Thus, in order to meet these low tolerance

levels, it would be desirable to introduce some type of resistance

into susceptible crops such as rye and triticale. It would also

appear that the only resistance capable of restricting sclerotia to

the levels pernitted in rye and triticale is a physiological resis-

tance which is operative before fertilization.

Physiological resistance to C. p?rvpurea. has been located in

certain cultivars of spring wheat (Platford and Bernier, 1976).

Within the spring wheat accessions of the University of Manitoba,

the best physiological resistance is that found ín Tyitieun

timopheeui Zlnuk. (Bernier, 1976). An effort was made, therefore,

to transfer this resistance into wheat-rye (triticale) anphidiploids.

To be of value in hexaploíd triticale, the ?. timopheeui



resistance must be expressed in the presence of the genones of

wheat (A,B) and rye (R). At the beginning of the study little was

known concerning these effects. Consequently, a study was initiated

to determine the influence of the R genome on the tímopheeui-type

resistance, followed by a second study for the purpose of obtaining

infornation on ergot resistance in hybrids of 7. tinopheeui x S.

cereaLe and T. tímopheeui x T. duzam.
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LITERATURE REVIEW

Because of the paucity of literature concerning the problen

of ergot in triticale, this literature review will consider general

but pertinent aspects of the pathogen and host, CLauieeps pwpureq.

(Fr.) Tul. and TrLtieurn tímopheeuì. Zhuk., respectively. In relation

to the pathogen, the following areas will be discussed: (1) the

life cycle, (2) host range, (3) ty¡les of ergot resistance, (4)

nethods of estirnating physiological resistance, and (5) inheritance

in intraspecific and interspecific crosses. In regard to the host

T. timopheeui, the following aspects will be considered: (1) the

genonic constitution of tetraploid timopheeui, (2) the forrnation and

use of intraspecific and interspecific crosses involvíng timopheeui,

and (3) hexaploid tímopheeui. The genornic constitution of timopheeud

is known to differ fron that of other wheats. Consequently, for the

pulpose of clarity, the tetraploid timopheeui, wiII be designated

genomically as MGG throughout this literature review and study.

The. P aq]nsger¡ - C.Laulgeps purpur%¿ (!T .) TuL.

Life Cycle of the Pathogen

CLauiceps puzpunea, overwinters as sclerotia in the soil or

nixed with the grain that is planted the following season. After

a period of cold tenperature the resting stage is conpleted and
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when higher temperatures return, gernination can occur. Germination

initiates the sexual stage of the fungus. One to several stromata

are produced which are composed of a stipe (15 to 30 run long) and

a stroma bearing the perithecia (Walker, 1969; Bove, 1970). The

perithecia themselves are embedded within the strona so that only

the ostioles protrude fron the surface (Moore-Landecker, 1972). It

is in these perithecia that many 1ong, narrow asci are produced,

each of which produces eight needle-shaped ascospores.

At a subsequent stage of development, each ascospore is ex-

truded or forcibly ejected (Colotelo and Cook, 1977). If the asco-

spore lands or falls in a floral cavity of a susceptible host, it

germinates and nycelia penetrate the ovary wall near the base of the

ovule (Kirchhoff, 1929). For thro or three days the fungus grows

interce11u1ary in the outer integunents of the ovary, then intra-

cellulary for another four or five days (Canpbell, 1958). Finally,

it penetrates the integument barrier and a host-parasite interface

is established between the fungal thallus and the cereal flower

rachilla (Mower and Hancock, 1975b).

A sphacelical or conidial stage ensues and during this stage

conidia are produced in a sticky exudate called honeydew. The

honeydew can be spread to other florets by insects or by sinply

dripping onto lower florets. Once spread to these susceptible

florets, the conidia can initiate secondary infections.

Mower and Hancock (1975a) propose that the honeydew itself is

produced by the conversion of host sucrose to mono, di- and

oligosaccharides by fungal enzymes. During this tine, water is



lost through evaporation from the surface of the honeydew and

because of the heauy demand for sugar at the host-parasite interface,

an osmotic potential is created. The interface becomes a sink which

draws the sucrose into the diseased area (Mower and Hancock, 1975a).

The honeydew stage always develops prior to the forrnation of

the sclerotia (Mower and Hancock, 1975a). At some stage, the fungal

hyphae conpact and forn sclerotia which are either harvested with

the grain or fal1 to the ground. They then pass through a critical ,,,',,.¡,.',.,

dorrnant period and are again ready to gerrninate, thus completin g 
;:' ' :' .:

, :: :.:_r::.:r r...,

the life cycle of the fungus

Fungal Host Range

The host specificity of a parasite is an inportant component

in the control of any plant disease in the field. The greater the

number of hosts that the fungus can parasítize, the greater the

inoculum load that is available for overcoming resistance. CLauieeps

plrrpuvea has a wide host range, attacking many genera in the family

Gramineae. Because of this relationship, various studies have been
, ": : :'-,: ..t.

carried out to determine the host specificity of this fungus. Five ,",¡.',-,'1,' 
r.:

t- : . :: :-r: _:

physiological races were initially identified by Stager (1905, 1923) , :, ,,:',,.' .

Mastenbroek and Oort (1941), Ðd Baldacci and Forlani (1948) .

Loveless (1971) suggested these would be better terrned forrnae

speeiales. The formae speeíaLes were initially dístinguished 
, ,.,, ,.
ì '' r:,':: " l

prinarily on the basis of their ability to attack SecaLe cereaLe L.

and LoLium pererme L. differentially (Dickson, 1956; Sprague, 1950;

Platford, L976). Thus, the formae speaLaLes that attacked SeeaLe :



eevedLe L. also attacked Tz"Ltieum timopheeui, L. ern Thell ., Festtrca

eLatioz' L., Bromus stev,iLis L., but not LoLiwn perenne L.

Canpbell (1957) reported that Bekesy was able to infect LoLiwn

per.enne L. with the formae speciaLes from rye, and tested all the

previous nethods of inoculating that had been used in deternining

the host-parasite specificity of CLauieeps pwpurea, (Fr.) Tul. The

four nethods he tested r¡/ere: spraying heads with a conidial sus-

pension, dipping the heads into a spore suspension, dropping the

spore suspension into the florets while holding the glumes apart,

and injecting conidia into the florets, Using these methods,

Canpbell (1oc cit) was able to cross-inoculate various hosts with

all but one of 421 isolates. Fron his results he felt there hras no

conclusive evidence to suggest the existence of. forrnae specíaLes,

but rather that the method of inoculation hras the important factor.

in obtaining infection.

Loveless (1971), and Loveless and Peach (1974), on the other

hand, support Stager's differentiation of. CLauiceps purpttvea into

forrnae speciaLes. They demonstrated that conidial length and

ascospore síze are controlled by the firngus independent of the host,

whereas sclerotial size vias governed by the host. By examining the

conidia and ascospores of a wide range of hosts, they were able to

demonstrate a difference in size between conidia and ascospores.

Using these differences as criteria for the differentiation of

formae speciaLes, the results were similar to those obtained when

the virulence of Clauieeps pwpttreq. was used as the criterion.

Different authors have suggested various reasons for the
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apparent host specialization. Campbell (1957) indicated that there

u/as no host specialízation and that the previous results were due to

the method of inoculation used in the various studies. Peach and

Loveless (1975) indicated that the nethod of inoculation influenced

the degree and presence of infection and t1nat artificial inoculation,

which circumvents certain natural barriers to resistance, does not

stinulate infection under field conditions. Consequently, they

favored using the spray nethod as it more closely stinulates natural

infection. Platford (1976) indicated that neither the virulence

of the isolates nor the inoculum concentration had been considered

in previous studies and both of these factors could be inportant.

Ratanopas (1973), for example, was able to show that there were

differences ín the virulence of isolates, while Platford and Bernier

(1976) demonstrated that inoculum concentration had an effect on

infection levels obtained. However, little attention has been

devoted to the influence of environnental conditions on infectivity.

The environnental conditions could be responsible for the lack of

uniformity of results between investigations. Because of this fact,

the host specialization of C. pwpurea has not been firmly

established.

Types of Ergot Resistance

In nany plant species, resistance to ergot is clearly a

function of escape fron infection. If the florets are tightly

closed, inoculun is unable to enter the floret and initiate infection.

Conversel)¡, the degree of infection is a function of the degree and



time of floral openings. Increased sterilíty in male sterile barleys

(Puranick and Mathre, L97L; Cunfer et aI., 1975), in nale sterile

wheats (Darlington and Mathre, L976), in interspecific wheat hybrids

(Waterhouse, 1953), and in cross pollinating rye (Abe and Kono, 1957)2

contributes to a greater incidence of ergot infection. Any reduction

in either the degree or length of tine of floral opening in these

types of plants reduces ergot incidence. Consequently, increased

fertility which reduces floral opening time has resulted in a reduced

infection rate in triticale and rye (Larter, L974; Sosulski and

Bernier, 1975).

Date of flowering in relation to ascospore release or production

of conidia can also affect ergot incidence. The occurrence of ergot

in fall rye grown on the prairies is usuall)¡ low as it flowers

before the nain ascospore release of C. pur.purea (Sosulski and Bernier,

1975). Mantle and Shaw (1976) have shown that in southern England,

ascospores, which originated fron a sclerotium produced on wheat" did

not infect wheat. Rather, the ascospores initially infected black-

grass (ALopecwws mAostffoides), and fron this they spread to the

wheat crop as a secondary conidial infection. Consequently, even

though ascospore release had declined over 50% by the tirne the

wheat was reaching anthesis, there was adequate inoculum present in

the field to infect wheat.

The fertilization of the cereal flower appears to preclude its

infection by the ergot organism. Puranik and Mathre (1971) found

that within four days after fertilization, barley ovaries exhibited

a reduction in susceptibility, whereas unfertilized florets required
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,10 days to exhibit a comparable reduction in susceptibility.

Cunfer et 41. (1975) were able to show a decrease in infectivity of

fertilized barley florets within hours after pollination. Darlington

and Mathre (1976) found resistance to ergot infection in the wheat

cultivars Chris, Penbina, and Sheriden increased within 30 ninutes

following pollination. Ratanopas (1973) noted fertilization

affected various aspects of ergot infection. He found that both

the production of sclerotia and the anount of honeydew were reduced

while the proportion of partial infections and aborted florets

increased as a result of f.ertiLLzation in the cereal cultivars,

Kenya Farmer and Manitou wheat, Rosner triticale, Conquest barley,

and Prolific rye.

Physiological resistance to ergot has been found in the durun

wheat cultivar, Carleton, and in the hexaploid wheat, Kenya Farmer

(Platford and Bernier, 1970). This resistance was expressed as a

reduction in both the number of sclerotia and the amount of honey-

dew that the cultivars produced. Darlington and Mathre (L976) indi-

cated that the cultivars Chris and Pembina have some resistance, but

less than Kenya Farrner. Spring wheat has been found to possess the

best ergot resistance of all cereals tested (P1-atford and Bernier,

loc cit).

Methods of Estimating Physiological Resistance

In order to detect whether physiological resistance is present,

it is necessary to have some method of estimating the infection on

hosts differentially. Many of the early studies used only the
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presence or absence of sclerotia as the neans of estinating the

degree of ergot incidence (Stager, L923; Canpbell, 1957). This

nethod, however, may not be sufficiently sensitive to identif.y aII

resistance genes that nay be present in the host.

Futrell and lVebster (1965) used a more sensitive measure of

the occurrence of sclerotia whereby they determined the nunber of

florets infected and expressed this as a percent of the total

florets per spike. Waterhouse (1953) used the weight of a given

number of sclerotia per plant line as an estinate of resistance.

Schnidt and Lucken (1976) conrpared three types of estinates

of disease reactions. Their estinates were based on the nunber of

sclerotia per spikelet, the weight of sclerotia per spikelet, and

the size of the sclerotia. The size of sclerotia was deterrnined by

passing them through screens of varying sizes. They found that

sclerotia number provided the more precise measurement of resistance.

The partially infected ovaries which failed to develop into typical

sclerotia were included in the estinates of sclerotia nunber and, as

these workers indicated, partial infections may be a useful form of

resistance.

Platford and Bernier (1976), and Ratanop,as (1973) used the

nurnber of sclerotia, size of sclerotia (rated in relation to normal

seed size), partially infected ovaries, and honeydew production in

estinating physiological resistance. They found each of these

parameters had their own individual reactions and should be exanined

separately. These conponents hrere used to fonnulate a disease index

rating that classified the disease reaction fron imnunity to highly
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susceptible (Platford, 1976; Ratanopas, 1973).

Noticeable in all these studies is the fact that no researcher

has used the weight of scleïotia produced on a given nunber of

florets per head as a measure of resistance. If this method was

used, it would be a measure analogous to the index systen of

Ratanopas (1973) as the measurements would reflect the effect of both

size and number of sclerotia. This systen would also have the

advantage in that it would not be a rating but rather a quantitative

weight rneasurenent.

Platford (1976) has studied the possibility of utilizing a

coleoptile inoculation test to determine the resistance reaction of

rye, spring wheat, triticale, oats, ild barley. He found that such

a test nay be of value in screening for ergot resistance in the first

three mentioned species.

Inheritance of Ergot Resistance in Intraspecific and Interspecific

Robinson (1960), working with resistant and susceptible hybrids

of sugar cane, found that resistance to C. pttypurea was inherited

recessively.

Schnidt and Lucken (1976) crossed six wheat cultivars in

diallel, three of which exhibited resistance to ergot, the renaining

three susceptible to ergot. By anaTyzíng the data by Griffingts

nethod, they found general cornbining ability accounted for most of

the variability for the nurnber and weight of sclerotia per spikelet.

Galstjan-Avanesjan (1967) tested progenies frorn wheat-agropyron

and wheat-Tye crosses for ergot resistance and found resistance to
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be recessive in certain parents and doninant in others. It was

concluded fron the results that resistance was an unstable quanti-

tative character.

Riley (1973), using F, monosonic analysis and assuming resistance

genes to be honoeoallelic to susceptible genes in the cultivar,

Chinese spring (i.e., homologous genes in different genomes; Feldrnan,

1976), found that part of the resistance of ?. timopheeuzi (Manitoba

accession no. 48289) was conditioned by genes on chronosome jG.

Resistance ü/as inherited as a doninant trait when crossed to some

tetraploid wheats, but recessive when crossed to the hexaploid, cv.

chinese spring. This study was inconclusive because the aneuploid

stocks had not been previously tested for monosonic shift.

Riley (1973) also studied ergot resistance in the durum wheat

cultivar, carleton. Assuming genes were homoeoallelic, he found that

resistance was conditioned by gene(s) on chronosome 1B and SB.

Furthermore, he demonstrated this resistance to be ínherited as a

recessive trait when crossed to both the hexaploid wheat, Chinese

Spring and the tetraploid, Stewart 63.

Sinilarly, Platford (1976), using Carleton-Chinese Spring

monosonic F, hybrids to study the location of genes governing

resistance in carleton, found then to be located on chromosome 18.

He, too, assuned resistance as homoeoallelic to susceptibility in

Chinese Spring. Because it is possible that susceptibility can be

caused by interchromosomal gene action rather than intrachromosomal

homoeoallelic action, the results of these studies must be viewed.

with discretion.
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Platford (1976), using the Kenya Farmer-Chinese Spring sub-

stitution series, found the ergot resistance of Kenya Farmer to be

located on chromosome 68. There was no indication that shift had

occurred when he tested the monosomic 68 line with a race of rust;

the resistance to which is known to be controlled by a gene located

on chronosome 68.

The genetic inheritance of ergot resistance in progenies from

Kenya Farmer x Chinese Spring and Carleton x Stewart 63 hybrids

was studied using FI, F2, and Fa populations (Platford, 1976).

Disease reaction appeared to be controlled by two recessive genes

in Kenya Farmer and by two dominant genes in Carleton. There was

also a suggestion that sclerotia frequency, sclerotia size, and

honeydew production hrene controlled by separate genes.

Waterhouse (1953) inoculated both rye and sterile ?. timopheeui

x H. uuLgaz,e F, hybrids with ergot conidia. He found no significant

differences in weight of 100 sclerotia harvested from each of the

populations. If timopheeui possessed genes for resistance, they

h¡ere explessed as recessives.

Riley (1973) was able to successfully grow three sterile

T. tímopheeui x S. cez,eaLe hybrids. He inoculated the three plants

wit}r C. purpuï¿ea and found one to be susceptible to ergot even

though the 7. timopheeui f.emale parent hras ergot resistant.

The Host, Tr.itieum timopheeui Zhuk.

Tniticum tímopheeui is a tetraploid wheat that is indigenous

western lran, northwestern lraq, eastern Turkey, Armenia, and
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Transcaucasia (Feldman, 1976). Cultivated forms are grown in

Arrnenia and Transcaucasia today (Feldman, 1976). Many researchers

consider 7. timopheeui useful only as a source of resistance rather

than as a cultivated crop because of its many poor agrononic charac-

teristics. Furthermore, timopheeui t.as a different genonic constitu-

tion than 7. dtæwn and T. aestiuum which creates difficulties in the

interspecific transfer of resistance. The taxonomic differences

that exist between these wheats as well as hypotheses regarding the

origin of these differences have been examined in several cytogenetic

studies.

T}:'e Genomic Constitution of Tetraploid Tritiewn tímopheeui

TrLtieun timopheeui is compatable with other tetraploid wheats,

but the F, hybrids are partially asynaptic and highly sterile

(Feldnan, 7976). Because of this phenonenon, Lilienfeld and Kihara

(1934) designated ?. tímopheeuzi genonically as AAGG (Bozzini and

Giorgi, 1969). Kostoff (1937), on the other hand, designated 7.

timopheeuzl as AABB because of the affinity of the B-and G-genomes.

He was not convinced that there were sufficient differences in

chromosome honologies to warrant a distinct designation.

Sachs (1953) indicated that the sterility observed in these

hybrids was chromosomal in origin. He hypothesized that the small

crn)tic structural differences (i.e., many small non-homologous

chromosomal segments) which t{ere present would a11ow bivalents to

form but would sti1l cause sterility.

Wagenaar (1961, 1966), on the other hand, believed that
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sterility ín a tínopheeui-tetraploid wheat hybrid was due to what he

terrned "asynaptic genesr'. He proposed tlnat a T; tinopheeui x

T. tungidwn F, hybrid was heterozygous for these genes. This con-

dition could cause inperfect pairing and chiasmata formation which

in turn would result in sterility. If the F, hybrid was then

doubled, however, the amphidiploid would be homozygous as in the

tetraploid wheats which would encourage normal pairing and chiasna

formation. This, in turn, would result in the anphidiploid being

fertile. Any chromosomal structural differences that were present

would have arisen after the synaptic genetic system had forned the

sterility barrier between the timopheeui and the other tetraploid

wheats.

Feldnan (1966a) crossed Chinese Spring telocentrics to a

T. timopheeui-A. squar¿rosa, anphidiploid and studied 19 of the 28

chronosome arms of T. tímopheeui. He found that pairing in the

A-genone was higher than that between the G- and B-genomes. Multi-

valent associations were found involving the B- and G-genomes,

representing at least five translocations. He, therefore, con-

cluded that there were large chromosomal differences differentiating

the B fron the G genone. These, he designated us BtBt. He also

noted that no conclusion could be drawn as to whether the G-genone

was derived from the B-genome, the B- fron the G-genome, or whether

the G and B evolved from a conmon progenitor.

After studying the karyotype of various tetraploid wheats,

Bozzini and Giorgi (1969) also concluded the tetrapLoid ti,mopheeui

group was separated by gross chromosomal structural differences.
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Superirnposed on these structural differences v¡ere factors causing

cytoplasmic nale sterility.

Rees and Walters (1965) found less DNA in timopheeui than they

did in dururn species. They concluded fron this that the G- and B-

genomes nust differ in their DNA contents as they assurned the A-genome,

which is cornmon to both species, was identical in DNA content.

However, it is possible that the A genomes of the two wheats may not

be identical.

Zohary and Feldman (1962) proposed the following hypothesis to

explain the divergence between tlne tímopheeui and durum wheats.

Based on the two facts that (1) the A-genomes pair better than the

B- and G-genomes, (2) both timopheeui and durun have a diploidization

mechanism, they proposed that the A-genome acted as a pivotal genome

around which the G- and B-genornes diverged. The A-group provided

the needed initial fertility in crosses to enable both chronosomal

and genic changes to occur. Once they had diverged to the point

where sterility occurred, it was hypothesized that genic changes

occurred in the conmon A-genome of timopheeuí whích restored

fertility. If this assumption is va1id, it should be possible to

show the A-genornes ín tímopheeuí and, durum are genically different.

Johnson et 41. (1967) and Johnson (1967), subjecting seed extracts

to gel electrophoresis found such differences in the genetic nake-up

between tímopheeui and durum. They found two albunin bands ín tímopheetsì,

and four in durun that h/ere not in conmon, while five bands hrere

conmon to both species. rn these studies, there also appeared to be

differences in the slow moving gliadin bands" At least two of these
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differences could be due to differences in the A-genome, lending support

to the hypothesis of Zohary and Feldman (1962).

Shands and Kinber (1.973) suggested that the G-genome is similar

to the S-genone of speLtoides. Feldman (1976), on the other hand,

postulated that the cornmon progenitor of the G- and B-genomes is

diploid bicourne (Sb).

The Synthesis and Use of Intraspecific and Interspecific 7. úir¿oph¿¿azl
Crosses

Various attenpts have been nade to transfer disease resistance

from 7. timopheeuì, to f. aestiuwn. One such report is that of Allard

(1949) in which he reported an attenpt to transfer the resistance of

timopheeui to T. aestiuwn by backcrossing the sterile F, hybrid to

T. aestiuum. He found that each successive backcross inproved pairing

and fertility, so that by the third backcross he had obtained a 56%

seedset. By the fourth backcross he could no longer observe

timopheeui characteristics. However, because of the variability within

populations, it appeared that the influence of timopheetsí gerrnplasm

hlas sti11 being expressed. The expression of disease resistance

was likewise variable in his study. The ful1 conplement of resis-

tanee to stem nrst (Puceinia gnæninis Pers. f. sp. tz"Ltiei Eriks.

and Henn.) was expressed in the 7. timopheeui x T. aestí.uum cross

while resistance to leaf rust (Pueeinia reeondita f. sp. tritíeí

Rob. ex. Desm.) was only partially expressed. In spite of the prob-

lems involved, Allard indicated it is possible to transfer into

?. aestiuum some of the disease resistance which is expressed by

T. tímopheeud.
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Be1l and Lupton (1955) reported results similar to those of

Allard. They found that resistance to stripe rust (Puceínia

strLiform|s West.) was not expïessed in a ?. tímopheeui x T.

ouata hybrid. Resistance to stem rust hras expressed in only some

hybrids for certain races while resistance to mildew (En¿siphe

gramiwLs trLtici E. Marchal) was never expressed when a susceptible

tetraploid wheat was used. They interpreted the resistance as being

inherited as a dominant gene in some anphidiploids, while in others

a recessive or a partially recessive gene. In addition to

these three tn)es of reactions, they also found transgressive segre-

gation for susceptibility. This they explained on the basis that the

two parents each possessed a different nechanisn for resistance and

that neither of these mechanisms rrrere able to operate in the amphi-

diploid.

Waterhouse (1953) pollinated 195 T. aestíuum florets with ?.

timopheeui pollen and obtained 21 seeds. From these he was able to

secure three sterile F, hybrids with a seedset of L.S%. When they

were inoculated with ergot (conidia), sclerotia were produced.

Consequently, the ergot resistance of 7. timopheeui appeared to be

recessive to the susceptibility of T. aesti,uum.

Success in utilizing interspecific crosses for the transfer of

T. tímopheeuzl disease resistance is difficult to achieve. Kostoff

(1937) provided one of thg earlies,t reports of a 7. tímopheeuí x

S. secaLe cross. He produced two stêlile F, plants which he

analyzed at rneiosis. His analysis revealed that up to 21 univalents

u¡ere present at netaphase 1.
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Nakajina (1955) reported the results of crosses of tetraploid

T. timopheeui to varíous rye species, namely 5. cereaLe L., S.

afrLeantrm Stapf., and S. montanum Gus. He obtained a seedset of

0.04eo, 22.03eo, and L7.I2%, respectively, and fron this he produced

one hybrid plant which lacked pistil formation. Tsunewaki (1974)

reports these sane data a second tine. Sanchez-Monge (1956) indi-

cated that he pollinated 1444 T. timopheeuzl florets with rye pollen

and obtained a seedset of 0.3%. fn none of these reports, however,

are there indications that amphidiploids were produced.

Because of recent advances that have been made, in controlling

environments and laboratory techniques, these early studies on

interspecific crosses need to be re-examined. Inproved ernbryo

culture techniques and nore optimal environnental conditions have

served to enhance the production of arnphidiploids (Kaltsikes, 7974;

Taira and Larter, 1973). Moss (Lg)72) obtained seedsets of 38.5%

23.8%, and I2.9% f.rom T. timopheeui Zhuk. x,9. aneestz,aLe Zhuk.;

?. timopheeui Zhuk. x ,9. eereaLe L. (diploid); and T. tinopheeui

Zhuk. x S. cez,eaLe L. (tetraploid) crosses, respectively. He

indicated that the cause of the low number of viable seeds at the

tetraploid level occurred as a result of endosperm failure. This,

he naintained, was in contrast to the hexaploid wheat-rye cross in

which an inconpatability barrier was operative between the tine the

pollen tube penetrated the micropyle and the first division of the

fertilized egg and polar bodies.
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LIèxapI o i d t¿.înphë ëui

The hexaploid fonn of T. timopheeuí- var. zhul<ouskyzi is geno-

nically designated tu\r\r\Gc (or AAMBB). Sallee and Kimber (1976),

while studying a 7. timopheeuí, var. zhttl<ouskgi x.S. ceyeaLe hybrid,

observed that seven bivalents were formed. This indicated to then

that one of the genomes in 7. timopheeui. var. zhul<ouskyi was

duplicated. Johnson (1968), Upadhya and Swaninathan (1963), and

Dhaliwal and Johnson (1976), using electrophoresis analysis on seed

extracts along with studies on chromosome pairing, have ascertained

the duplicated genome to be the A-genorne" Because of the genomic

constitution of var" zhukouskyi, Sallee and Kinber (1976) have termed

it an autoallohexaploid"
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MANUSCRIPT I

Loss of Tz"itieun timopheeui resistance to ergot (Clauíceps

pLæpwea [Fr. ] Tul.) in Tríticun timopheeui x SecaLe

cev,eaLe hybrids and arnphidiploids .
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ABSTRACT

Five accessions of. Tz"Ltíeun timopheeui Zhuk. and one of rye

(SecaLe cereaLe L. cv. UC 90) were used to synthesize sterile F,

hybrids and their anphidiploids. The five timopheeuzl accessions, the

rye parent, the sterile F, hybrids, and their arnphidiploids were

inoculated with C. purpuz,eø (Fr.) Tu1. in order to study the expression

of the timopheeuzl resistance when conbined with the rye genome. The

full conponent of the 7. tímopheeui resistance was not found to be

expressed in the wheat-rye (triticale) derivatives.
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INTRODUCTION

Ergot (C. putputea tFr.l Tul.) can be a serious problem on

triticale (X TrLtieosecaLe Wittnack) when this crop is grown in

temperate regions of the wor1d. Semi-sterility and the outcrossing

of the parental rye (S. cereaLe L.) can prolong floret opening

and thereby enhance the incidence of ergot in triticale (yeung and

Larter, 1972). The gradual improvement of the fertility of triticale

through breeding has greatly reduced, although not conpletely

alleviated the ergot problen (Larter, Ig74). Consequently, physio-

logical resistance is needed and is being sought in the triticale

breeding program at the University of Manitoba.

Physiological ergot resistance that is expressed before ovule

fertilization has been found in certain wheat species (Platford and

Bernier, Ig70, 1976) ; the best ïesistance occurring in the species

T. t'inopheeui (Bernier, 1976). A study was initiated, therefore, to

determine if the timopheeui ergot resistance would be expressed in

I. tímopheeui, x S. cez,eaLe F, hybrids and amphidiploids.
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MATERIALS AND METHODS

Five lines of 7. timopheeui zhuk. (university of Manitoba

accessions 48573, 48286, 48288, 4B2Bg, and 68501) were chosen because

of their known resistance to c. puzpur.ea (Fr.) Tul. Accession 68501

is hexaploid (2n=6x=42); the renaining four are tetraploid (2n=4x=2g).

crosses were made using timopheeuí as the fenale parent and the

open pollinated rye (,S. cereaLe L. cv. UC 90) as the male" All
fertilized ovules l{ere renoved fron the maternar parent s 12 to 14

days after pollination and the excised enbryos hrere cultured

according to the method described by Taira and Larter (197s). Fer-

tile anphidiploids (2n=6x=42) were forned by treating the sterile
F, plants with colchicine according to the rnethods of winkle and

Kimber (1976).

Parental material, F, hybrids, and respective amphidiploids

were grorr¡n in a conpletely randomized design under an rg hour

photoperiod with a nininun light intensity or T,ss2 rx" During the

artificial inoculation period, the temperature uÍas naintained at

24oc. Ten florets of each head were inoculated, using a hypodermic

syringe, approxinately two days before anthesis (Flatford and

Bernier, 1976). Each floret was injected with 0.02 nl of a conidial

suspension that had been diluted to 104 conidiospores per ml.

All conidial suspensions used were produced from stalk cultures

derived from a single ascospore.isolate in order to reduce the

'''. :
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effect of fungal variability on the disease ratings. The isolate hras

designated as University of Manitoba R3A. This isolate was chosen as

it was known to attack ,9. eereaLe and r. timopheeui díf.ferentially.

Approximately 30 days after inoculation, disease reaction was

indexed according to the systen of Ratanopas (rg7s). Accordingly,

sclerotial number was rated as a percent of the 10 florets inoculated.

sclerotial size was rated on a 1 to J scale; 1 being smaller than a

normal triticale kernel; 2, t-he same size; and 3, larger than a

normal kernel. After rating, a sclerotial size index was calculated

using the fornula:

3
X N. xR.

111=I

Tx3

where i = the size class

N, = number of sclerotia in the ith size class1
R. = size class multiplier 1, 2 or S

l_

--J'xN.
i=l 1

The occurrence of honeydeur was rated as 1, no visible honeydew;

2, honeydew confined within the glurnes; 5, honeydew exuding fron the

florets in snall drops; 4, honeydew exuding fron the florets in large

drops and running down the head. using these ratings, Ratanopasr

Disease Index reaction was determined (Table 1).

The distribution-free Kruskal-wa11is test !ùas used for data

analysis (carnpbell, 1974; zar, L974). This procedure was followed

by the distribution-free, nultiple comparison of Dunn (Hollander

and Wolfe, 7973) to identify those treatnents that were significantly
different" Non-pararnetric tests were used because the data r4,ere
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TABLE 1. Disease reaction caused by CLauiceps ptlrpurea.
(Ratanopas, 7973)

Infection

Disease Disease Sclerotia Frequency
reaction index size of sclerotia Honeydew

Irunune (I) 0 No infection; seed
in all florets.

Very resistant I Abortive reaction
(VR) (AR) nainly; no

sclerotia.

Resistant (R) 2 
^R 

and sclerotia Not greater I-2
of size L Ë 2 only. tl:'an 40e".

Moderately 3 Sclerotia nainly Not greater I-2
resistant (MR) size 7 & 2; I to than 60%.

3 scLerotia of
size 3.

Moderately 4 Sclerotia of size Not greater 3

susceptible 2 Ë 3. than 80%.
(MS)

Susceptible (S) 5 Scl,erotia nainly Greater than 4
síze 3. 80%.
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recorded as ratings and, therefore, not necessarily normally dis-

tributed.

; .,: 'ìi
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RESULTS AND DISCUSSION

The disease reaction of Tye was rated as susceptible (Table 1).

The tetraploíd timopheeui wheats ranged from very resistant to

resistant, whereas the hexaploid wheat accession ranged from very

resistant to moderately resistant. The sterile F, hybrids exhibited

the widest range of disease reaction, ranging fron resistant to

susceptible. Variability in the expression of resistance of sterile

F, hybrids can possibly be explained on the basis of the hetero-

geneity that exists within the ganetic population of the open-

pollinated rye parent. Furthermore, genes governing susceptibility

to ergot could be present within the rye genoty?e. If this is the

case, tí,mopheetszi genes conferring resistance to ergot would not be

expressed in all timopheeui rye genotn)es. At the anphidiploid

level there was less variability in the disease expression, with the

reaction ranging from moderately susceptible to susceptible. This

relatively narrohrer range of variability could be a result of the

linited sanple síze as amphidiploids fron only two of five wheat x

rye crosses r{ere available for study.

If the disease expression of hybrids fron the various

tinopheeui accessions was conpared to that of the respective

tí,mopheeui and rye parents, some timopheeui resistance was found to

be expressed at the F, leve1 (Table 2). Ihis was also indicated by

the fact that the various disease reactions of the F, hfbrids were
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TABLE 2. Significance levels* of comparisons of disease
components of five parental timopheeui, one rye, and
the five resulting F, hybrids

Sclerotia
Heads Sclerotia size Disease

eComparison- conpared no. index Honeydew index

AAGG ro AGR 25 ro 109 .05 .01 .01 .01

AAGG to RR 25 to 9 .01 .01 .01 .01

AGR to RR 109 to 9 .01 .01 .01 ns

*based on significance level determined by Dunnts procedure after
the Kruskel Wallis test had been applied to ranked data

tgaa = timopheeui (AAAAGG also included in this), AGR = F, hybrid,
R=We
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intermediate to those expressed by the timopheeui and rye parents.

The Disease Index is the combined product of the three disease

components, sclerotía size, sclerotia nunber, and honeydew fornation.

In comparisons with rye, the three disease conponents in the F,

hybrids (i.e., comparison AGR to RR, TabIe 2) are significantly

different while the overall Disease Index is not significantly

dífferent for the thro groups. This can be explained on the basis

that if any one of the disease component,s of a plant falls into the

susceptible class, the plant is índexed as susceptible; the honeydew

corponent nost often has this effect. Because of the large proportion

of susceptible plants, there is a loss of significance when conpared

to the susceptible rye parent.

The rye genome generally induces a reduced ex¡rression of

timopheeuzl resistance in a ?. tímopheeuí x S. cey,eaLe hybrid. If

the two timopheeuzl accessions that are represented in both F,

hybrid and arnphidiploids are studied, there seems to be a difference

in the way the rye gamete operates. When conparisons are made between

the 48573 accessions and the F, hybrid (AAGG and AGR), the F, hybrid

and the amphidiploid (AGR and MGGRR), and rhe anphidiploid and rye

(AAGGRR and RR), no significant differences are fotmd except for

sclerotia number between the sterile F, hybrid and the resulting

anphidiploid (Table 3). when accession 48288 was used as the female

parent, no significant differences in sclerotia nurnber and size were

found between the sterile F, hybrid (AGR) and the amphidiploid (Tabte

4). The rye genome, therefore, appeared to be reacting differently

when incorporated into the genetic background of the iuwo tímopheeui
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TABLE 3. Significance levels* of comparisons of ergot sclerotia
number and size, honeydew, and Disease Index when the wheat
Triticun timopheeui Zhuk. (Manitoba accession 4B573) and
the rye UC 90 were used to synthesize hybrids and anphi-
diploids

c
uompar]-son

Heads
compared

Sclerotia
size

index
Sclerotia

no.
' Disease

Honeydew index

AAGG to AGR

AGR to AAGGRR

MGGRR to RR

AAGG to AAGGRR

AAGG to RR

AGR to RR

5to23

23 to 13

13to9

5to15

5to9

23to9

NS

ns

NS

.01

.01

.01

NS

.01

ns

.01

.01

.01

ns

ns

NS

.01

.01

.01

ns

ns

NS

.01

.01

.05

*based on significance level
the Kruskel Wallis test had

TAAGG = titnopheeu¿, 
^GR 

= Fr

deterrnined by Dunnrs procedure after
been applied to ranked data

hybrid, R = rIe, AAGGRR = anphidiploid
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TABLE 4. Significance levels* of comparisons of ergot sclerotia
number and size, honeydew, and Disease Index when the wheat
Tniticum timopheeuí Zhuk. (Manitoba accession 48288) and the
rye UC 90 were used to synthesize hybrids and arnphidiploids

c
LOmpar]-son

Heads
compared

Sclerotia
s ize

index
Sclerotia

no. Honeydew
Disease
index

AAGG to AGR

AGR to MGGRR

AAGGRR to RR

AAGG to AAGGRR

AAGG to RR

AGR to RR

5to31

31to8

8to9

5to8

5to9

31to9

.05

ns

.01

.05

.01

.05

.05

NS

.01

.05

.01

.01

NS

NS

NS

.01

.01

.01

NS

.05

NS

.01

.01

.05

*based on significance level
the Kruskel ltlallis test had

TAAGG = timopheeui, 
^GR 

= FI

deterrnined by Dunnrs procedure after
been applied to ranked data

hybrid, R = rye, AAGGRR = anphidiploid
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accessions. When 48573 formed the background genotype the Ievel of

ergot resistance was reduced with each dose of the rye genome; but

when 48288 formed the background there ü/as no dose effect exerted

on the resistance levels. On the basis of these data, it , is

suggested that the two timopheeui accessions rnay possess different

resistance genes and that the rye genome reacts differently in com-

bination with these genes.

To obtain an ergot resistant triticale, it will be necessary

to find a type of resistance that can be expressed in a wheat-rye

genetic background. The fact that the best known'ergot resistance

in wheat is suppressed in the presence of the rye genome has serious

inplications for triticale breeders. Further studies will be needed

to elucidate the genetic mechanisn responsible for this behavior.
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MANUSCRIPT II

A study of ergot (CLauieeps purpurea. [Fr. ] Tul.) susceptibility

ín TrLtícum timopheeui x seeaLe cereaLe and Triticum timopheeuì,

x Ty|ticutn dtrcun hybrids.



:ti1'.::i :i;.Ïiì:i).'iÌ+'-..:,:#ill:1ir jt:.rî:

37

ABSTRACT

Five accessíons of T. tímopheeui Zhuk. hrere nated to thro ?. duywn

and to two 5. cez,eaLe accessions for the purpose of estinating com-

bining abilities for the inheritance of ergot (C. pttrpunea [Fr.J

Tul.) susceptibility. Sclerotial frequency, average sclerotiun weight,

and total sclerotia weight were used to evaluate the susceptibility

of the hybrids to thro ergot isolates (designated R5A and M15A).

The results indicated that there were significant specific

conbining ability effects in T. tdmopheeui x s. eereaLe crosses for

sclerotial weight for the R5A isolate. when the M15A isolate hras

considered, there hrere general and specific cornbining ability

effects in T. timopheeuí x T. ú,æun hybrids for sclerotial frequency

and total sclerotia weight. General combining abilíty effects for

sclerotíal frequency and total sclerotia weight were found at the 5%

level when RSA conidia were used for inoculating the florets of the

wheat x wheat plants.

The paired-t-test, t-test, and Tukeyts o-procedure (honestly

significant difference procedure) were used to determine the effects

of the isolate, male parents, and fenale parents, respectively. The

paired-t-test indicated that the Ml5A and R3A isolates parasitized the

hybrids of the various crosses differentíally while the t-tests provided
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evidence that each rye and durum male parent must be crossed with a

particular female accession to produce the least susceptible plants.

Tukeyrs o-procedure indicated that the 48288 T. timopheeui accession

was the best accession for crossing to line I27 rye and Carleton

durlm as it conditioned 1ow susceptibility. rt was, therefore,

recommended for use in further studies.

I :::, :.:. : ì:



39

INTRODUCTION

The best source of ergot (C. purputealpr.l Tul.) ïesistance

occurs in T. timopheeui Zhuk. (Bernier, 1976). However, this

resistance cannot be incorporated into triticale (X Tz"itieosecaLe

wittnack) for irrunedíate use as it does not ful1y express itself in a

s. cez'eale L. background (page 24 of this thesis). Breeders must,

therefore, devise an alternative nethod whereby ergot resistance can

be introduced into triticale and consequently a better understanding

is needed of the host-parasite interaction of c. pwptu,ea, T. timopheeuí,

and ,9. eez,eaLe.

Studies conducted on the nature and genetic inheritance of this

host-parasite interaction are ïestïicted to F, hybrids because the

plants are sterile and no advanced generations can be obtained without

doubling. Plant characters are needed which quantify the ergot

infection in an easily identifiable manner that has practical

application in a breeding program. One such character is sclerotial

frequency as utilized by Ratanopas (rg7s) in estinating the degree

of ergot resistance. Accordingly, he determined the nunber of

sclerotia as produced in a given number of inoculated florets.
The sole use of sclerotial frequency as the measure of ergot

resistance will not identify resistance against fungal aggressiveness

(resistance against the fungus once it has established itself in the

host). This type of resistance may be useful in triticale breeding prograrns.
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Loveless and Peach (7974) have established that the size of the

sclerotiurn is governed by the host rather than the fungus, hence,

a measure of sclerotiun size could reflect fungal aggressiveness.

One character which conveniently measures sclerotium size is the

average weight of sclerotia from a given nunber of florets harvested

at a specified time following inoculation (hereafter designated

average sclerotium weight). In order to study this character geneti-

cally, a quantitative approach is necessary since fungal aggressive-

ness is expected to be quantitative in nature (Burnett, 1975).

Another character which can be used as a neasure of ergot

resistance is the total weight of all the sclerotia of equal

maturity produced on a head from a given number of f,lorets harvested

at a specified time following inoculation (hereafter designated total

sclerotia weight). This cha::acter is sinilar to the Disease Index

developed by Ratanopas (1973), in that it conbines the criteria of

sclerotial number and size. Furthermore, total sclerotia weight has

the advantage of being a measurement rather'than a rating.

The present study was conducted on 7. tímopheetsi x S. ceyeaLe

and T. timopheeui x T. ã,ryun hybrids to deternine (1) the efficacy

of using sclerotial frequency, average sclerotiurn weight, and total

sclerotia weight as measuxes of ergot resistance, (2) the effect of

using two different C. puïpureq, isolates for inoculation, (5) the

general and specific combining ability effects for sclerotial

frequency, average sclerotiun weight and total sclerotia weight, and

(4) the contribution nade by each of the nale and fenale parents

to the resistance levels of the hybrids.
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MATERIALS ATID MET}IODS

T. timopheeui x T. duyurn and T. timopheeui x S. eereaLe crosses

were made by nating five ergot resistant ti,mopheeu'L accessions (48286,

48287, 48288, 48289, and 48573) to two rye accessions (UC 90 and line

I27) and to two durum accessions (Stewart and Carleton). The Stewart

durum and the UC 90 rye were chosen as conpletely susceptible wheat

and rye parents, TespectíveLy, while the Carleton durum and Iine I27

rye were chosen as less susceptible parents, respectively (Bernier,

1976). All the crosses were embryo cultured according to the nethod

described by Taira and Larter (1978), and r{ere gro!ün in a completely

randomized design in a growth roon at a constant day/night tenperature

of 25oC and a rninimum light intensity of 7532 Ix,

An attempt r4ras nade to test 15 plants per cross, but the

actual nurnber of plants tested varied due to the loss of some plants

during the vegetative stage (Tables 5, 6, 7, and B). Each surviving

plant was tested with C. purputea by the rnethod described by Platford

and Bernier (1976). Accordingly, 10 florets on each of three random

tillers were inoculated approxinately two days before anthesis with

either of two single spote isolates. A conidial suspensíon of each

isolate diluted to 104 conidiospores per ml was injected into florets

using a hypodermic needle. The isolates used were üniversity of

Manitoba R3A and M154.

The R3A isolate was chosen because it was known to be virulent
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TABLE 5. The nunber of T. tinopheeuí
x ,5. eev,eaLe plants used to determine
sclerotial frequency when inoculated
with the RSA and M15A isolates

T. timopheeui S. cereaLe

Line LZ7UC 90

isolate

R3A

48286

48287

48288

48289

48573

48286

48287

48288

48289

48573

L4

T2

12

14

10

t4
L2

12

t4

10

16

T3

I3
T4

13

16

13

L4

15

13

MI5A

ffiúNw
$1"

-

OF fLîAtVtrOgA
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TABLE 6. The nurnber of T. timopheeui
x T. duxan plants used to determine
sclerotial frequency when inoculated
with the R3A and 1tl15A isolates

T. tínopheeui T. dlÆam

isolate
Stewart Carleton

R3A

48286

48287

48288

48289

48573

48286

48287

48288

4B289

48573

15

15

15

T7

15

I4
16

15

15

15

13

15

16

L4

15

M15A

15

15

16

L4

15
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TABLE 7. The nunber of T. timopheeui
x 5. eez,eaLe plants used to deter-
mine average sclerotiun weight when
inoculated with the R3A and M15A
isolates

T. timopheeui ,9. eereaLe

Líne L27UC 90

isolate

R3A

48286

48287

48288

4B289

48573

48286

48287

48288

48289

48573

13

12

10

10

10

16

13

10

I4

13

M15A

L4

72

11

T3

10

16

t3
L4

15

15
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TABLE 8. The number of T. tinopheeui
x T. du.rum plants used to determine
average sclerotiun weight when ino-
culated with the R3A and M15A isolates

I. timopheeui T. duz,wn

isolate
Stewart Carleton

R3A

48286

48287

48288

48289

48573

48286

48287

48288

48289

48s73

11

15

T4

15

T4

t3
L4

13

72

72

M15A

T4

16

15

74

15

15

L2

10

T2

1s
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on the rye and durum accessions but not the fíve tì'mopheeui. The

M15A isolate was chosen since its pathogenicity was sinilar to that

of RSA except it was differentialTy virulent on the 48286 and 48289

timopheeui accessions (i.e., it could attack 48286 but not 48289).

Twenty-five days after inoculation, inoculated heads were

harvested and indexed according to the nethod developed by Ratanopas

(Table 9) . In addition, sclerotial frequency and total sclerotia

weight (weighed in ng) hrere recorded for each of the heads inoculated

with the isolates. Fron these values the average sclerotium weight

per plant and percentage of florets infected were deternined. An arc

sine transforrnation hras used to transform the percentage data.

Because it was necessary to use the arc sine transformation for the

genetic analysis , aII the data of sclerotialfrequency v¡ere reported

on the transforrned scale in order to render the results directly

conparable.

The Disease Index developed by Ratanopas (hereafter designated

as RDI) was determined for each p1ant, thus establishing a standard

measure of ergot susceptibility. The sensitivity of sclerotial

frequency, average sclerotium weight, and total sclerotia weight

were then compared to this standard by the use of linear regression.

By using the three characters as the dependent variable, RDI as the

independent variable, and detennining a slope for each of the

relationships involved, a value was obtained which equated the change

(sensitivity) in each character to the change (sensitivity) in the

Disease Index.

A paired-t-test was used to deteflnine if a differential reaction
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TABLE 9. Disease reaction caused by CLauíeeps purpu.yeq,
(Ratanopas, L973)

fnfection

Disease Disease Sclerotia t prequency
reaction index size of sClerotia Honeydew e

Imnune (I) 0 No infection; seed
in all florets.

Very 1 Abortive reaction
resistant (VR) (AR) mainly; no

sclerotia.

Resistant (R) 2 AR and sclerotia Not greater I-2
of si ze I E 2 :uhan 40eo.
only.

Moderately 3 Sclerotia nainly Not greater I-2
resistant (ltß) síze 1 & 2; 1 to than 60%.

3 sclerotia of
size 3.

Moderately 4 Sclerotia of size Not greater 3
susceptible 2&3 r'than80%.
(MS)

Susceptible (S) 5 Sclerotia nainly Greater than 4
síze 3. 80Yo.

t. represents sclerotia snaller than a normal triticale kernel
2. represents sclerotia the same size as a normal triticale

kernel
3, represents sclerotia larger than a normal kernel

9-. no visible honeydew
2. honeydew confined within the glumes
3. honeydew exuding frorn the florets in snall drops
4. honeydew exuding from the florets in large drops and running

down the head
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occurred between the two isolates depending upon the cross involved.

The paired-t-analysis was considered a valid test for the three

characters under study as plants were inoculated with each of the

two isolates. In order to determine the presence and size of possible

bias resulting from a tiller effect (e.g., the isolate used on the

first tiller could have an effect on disease reactions expressed in

subsequent tillers), a head index was calculated and regressed on

sclerotial frequency, average sclerotium weight and total sclerotia

weight obtained fron the same plant. The head index for each plant

was calculated by the following fornula:

3

Hr = .t. ti
1=1

N

where HI = Head Index

T = Tiller number or position (1 to 6)

N = Nunber of tillers on the particular plant
inoculated with the particular isolate in question.

The data recorded for sclerotial frequency, average sclerotiun

weight, and total sclerotia weight were analyzed for cornbining

abilities using the nodel:

Yrfk = u + om * ßf * (aß)r, * 
"rfk (Baker, ISTB; Friars, IgTg)

where Yrfk = the plant obse:cvation of the kru fu1l sib of the
nth paternal plant crossed to tlïe fan naternal plant

U = overall mean

a,n = fixed effect of the rnth paternal plant
ß, = fixed effect of the fan maternal plant

(oß)*r = interaction be'
maternal plunttt""n 

the Inth paternal and fan

enfk = overall random variation

In this analysis, all effects h¡ere considered to be fixed.
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The nean squares for male and female parents üiere considered inde-

pendent estimates of general conbining ability (g.c.a.), while the

mean square of the male x female interaction was considered an

estinate of specific conbining ability (s;c"a.) (Friars, I97B; Baker,

1e78) .

fn order to detect the nale(s) and female(s) which produced

the nost resistant cross(es) the data lnad to be handled in the

following manner. To deternine the better ma1es, the mean sclerotial

frequency, average sclerotium weight, and total sclerotia weight for

the two ryes or the two durums nated to the same female accessions

were compared using a t-test. To deternine the superior fenales,

Tukeyrs o-procedure (honestly significant difference procedure;

Steel and Torrie, 1960) was employed subsequent to the following

analyses. One way anova were performed on the data of the five

tiryopheeozl wheats crossed to the same ma1e, and the error mean squares

obtained in these tables were used in Tukeyts o-proced.ure. The mean

sclerotial frequency, average sclerotium weight, and total sclerotia

weight for the five timopheeui crosses to each male were tested

individually, thus elininating the interaction arising from the male

which was excluded frorn the analysis.
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RESULTS

SensitiVity

All but thro of the regressions between the Disease Index

(RDI) and the paraneters sclerotial frequency, average sclerotiun

weight, and total sclerotia weight were found to be highly significant.

The two exceptions involved the R3A isolate inoculated into

T. timopheeui x T. dumn florets (Table 10). The highly significant

regressions between the data indicate that a strong relationship

exists between the three characters studied and the Disease Index.

In the significant regressions, aII the slopes were positive and

sclerotial frequency, average sclerotiurn weight, and total sclerotia

weight r^rere compared on an approxinate scale of 10 to 20 units, 5 to

8 units, and 20 to 100 units for each single unit of Disease fndex,

respectively. The number of units observed for each parametetr hias

considered its sensitivity.

Isolate Effect

In order that the M15A and the RSA isolates could be compared

using the paired-t-test, a determination was made of the tiller

effect on sclerotial frequency, on average sclerotium weight, and on

total sclerotia weight. only one of the regressions obtained for

average sclerotium weight and total sclerotia weight were

significant (Table 11). These significances involved hybrids
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TABLE ll. Slopes and significance of the regression lines of sclerotial frequency,
average sclerotiuÍr weight and total sclerotia neight on Head Index

Slopes and significances

tinopheeú
Parent

MaIe
Parent

Sc I erot ia I
frequency

RsA MISA

Average sclerotir¡¡l
r¡e i ght

R3A M I5A

Total sclerotia
weight

R3A MISA

48573

4 8286

48287

48288

4B 289

48573

48286

48287

48288

48289

uc 90

L27

uc 90

127

uc 90

127

uc 90

127

uc 90

127

St ewa rt
Car I eton

SteHart

Carleton

SteHart

Car le ton

Stewart

Carleton

Sterart
Carleton

I .6 lns

l7.9lns

o. 28ns

- 2.67trs

- 0. lOns

- l.2gns

- 3. l4ns

0. g lns

I . óons

- I .4gns

2. 86ns

- 0.0óns

l.84ns

- l. lSns

- 1.7óns

l.39ns

o.53ns

0. 47 ns

0.2gns

0. 49ns

- ó.góns

- 7. lgns

- 2.64ns

7.8gns

- 5.0lns

- 5.8ons

14.s7"

- 5.glns

- I I .09ns

- I .26ns

- l.65ns

- 2.07ns

- 2. lóns

- l.sgns

- 6.46ns

- 3.54ns

2.55ns

- l.27ns

- 2.Osns

I .33ns

33. 88ns

54 . 94ns

o.6lns

-4g. góns

I I .84ns

-t3.74ns

-12 .7 Ans

7 .28'

- 3..g4ns

- 9.ósns

l. l2ns

2 . ó6ns

I 0. ó4ns

- 0.4lns

2.7gns

- 0.35ns

2.70ns

2. Oó ns

- l.53ns

0. 58ns

-ó6.7óns

- 50.94ns

-3 I . 22ns

ó3 . ó8ns

0. 90ns

- I 8. 38ns

77 .LA'¡s

-26.37ns

-40. lTns

- ó.llns

-Il.52ns
- 7.S6ns

-t91.ótns
- l9.52ns

-40. 05ns

- l5.25ns

- I 0. 89ns

-13.38ns

- 14. 34ns

8. 5óns

o.o3ns -0. l3ns

o. lsns -o. o4ns

-o.osns -0. t3ns

-0. t4ns -o.o3ns

o.ogns o.o8ns

-o.o6ns o.o2ns

-o.llns o.s ns

o. o8ns -o. o4ns

o.ot ns 
-o. o9ns

-o.osns -o.o7ns

o.osns -o.oJns
o.06ns -o.o2ns

o.o4ns o.olns
o.o4ns -0. l2ns

o.o4ns -o.o7ns

-o.o4ns -o.osns

o.olns -0. lons

-0.02ns -0. l3ns

-o.osns -o.ogns

-o.olns o.oons

ns not slgnr trcant

significant at the 5"r level
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witll. 48288 as the female parent. The absence of signicance

irr the data ¡-tf the remaining crosses indicate'J t]nal- the tiller effect

hras removed b,"- tandomization. Consequently, it was possible to rnake

conrparisons betu/een the isolates.

The .oaired-t-tests indicated the differences between the RSA

and Mi5A isolates were significant for sclerotial frequency, aveïage

sclerotium vieight, ancl total sclerotia weight obtained from various

F, of ?" timopheeui x S. cey,eaLe and, I. timopheeui x T. &,¿ywn

c:ïosses (Tables 12 and 13). Fewer significani ciifferences hiere found

between the isclates in the T. tinopheeui x s. ceyeaLe data (Table

12) than in the 7. timopheeui x:T; dstywn data (Table IS). The nean

screrotial frequencies and average sclerotia weights of the M15A

isolate were consistently larger than those of the RiA isolate

(Figures r and 2). The host lnad a tendency to be highly susceptible

to both sources of inoculum when non-significance occurred between

isolates, e.9., sclerotial frequency expressed in the data of the

48573 x UC 90 and 48287 x 90 crosses (Figure 1).

Conbíning Ability AnalySis

There was evidence of significant conbining ability effects in
all the data except for total sclerotia weight and average sclerotium

weight of the wheat x rye and wheat x wheat F, inoculated with R3A

conidia. A1so, no significance was found for sclerotial frequency, _,

average sclerotiurn weight, and total sclerotium weight of wheat x rye

F, inoculated with M15A conidia. significant specific conbining
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Bar graphs illustrating the

frequency) levels of hybrids

and MI5A isolates.
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Bar graphs illustrating the susceptibility (average

sclerotium weight) leve1s of hybrids inoculated with

the RSA and M15A isolates.

Legend

Ml5A

573 indicates 48573

286 indic ates 48286

287 indicates 48287

2BB indicates 4B2BB

289 indicares 4B289

L27 índícates line I27

Carl indicates Carleton

Ste indicates Stewart
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Average Sclerotia Weight (mg)
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ability effects occurred forsclerotial frequency and average

sclerotiun weight when ?. timopheeuí x S. cereaLe hybrids were

inoculated with the RsA isolate (Table 14). Similarly, significant

general combining ability effects were obtained for sclerotial

frequency and total sclerotia weight when Z. timopheeui x T. dtæun

hybrids were inoculated with the sarne isolate (Table 15). Both

general and specific combining ability effects were observed for

sclerotial frequency and total sclerotia weight in the instances where

T. timopheeui x T. dux.un plants were inoculated with the M15A

isolate.

Male Effect

Significant differences occurred in the susceptibility levels

of the hybrids when both 5. eez,eøLe and T. dwan were used as pollen

parents and crossed to various 7. tímopheetszl accessions (Tables 16

and I7). The UC 90 a¡rd line 127 ryes alteredgclerotialfrequency of

hybrids involving 48287 and 48288 and total sclerotia weight of

hybrids involving 48286, 48287 , and 48288 when the R3A isolate was

used for inoculations (Table 16). 0n1y average sclerotiun weight

and total sclerotia weight of hybrids involving 48286 exhibited a

rye effect when the M15A isolate was used for inoculations (Tab1e

16) . fn contrast to this, the F, progeny with Carleton and Stewart

durums as the paternal parents expressed a greater number of

significant differences in the data of the M15A isolate. Total

sclerotia weight for hybrids with 48573 as the materîal parent was



6T

TABLE 14. Mean squares from conbining ability analysos of
variance for sclerotial frequency and average sclerotium
weight for T. tinopheeuí x S. eereaLe crosses inoculated
with the R3A isolate

(fenales) (nales) x fenale) error
Character df ns df ms df ms, df ms

Sclerotial *freq. 736 .3I I 598 . 92 4 7 ,204 .7 3 118 353 .54

Average
scl. wt. 4 106.74 I 268.37 4 309.33 111 gL.23

- indicates significance at the 5% 1evet.



T
ab

le
 1

5.
 I'

ba
ns

qu
ar

es
 f

ro
m

 c
on

rb
in

in
g 

ab
ili

ty
 a

na
ly

se
s 

of
 v

ar
ia

nc
e 

fo
r 

sc
le

ro
tia

l
fr

eq
ug

nc
y'

 a
ve

ra
ge

 s
cl

er
ot

iu
n 

w
ei

gh
t, 

an
d 

to
ta

l 
sc

le
ro

tia
 w

ei
gh

t 
fo

r 
T

.
tín

op
he

eu
i 
x 

r.
 d

ur
w

n 
cr

os
se

s 
in

oõ
ut

át
ed

 w
ith

 t
he

 M
ls

A
 a

nd
 R

S
A

 is
ol

at
es

C
ha

ra
ct

er

S
cl

er
ot

ia
l

fr
eq

.

T
ot

al
 s

cl
.

w
t.

S
cl

er
ot

ia
l

fr
eq

.

A
vg

. 
sc

l.
ut

.

T
ot

al
 s

cl
.

vt
.

Is
ol

at
e 

g.
 c

.a
. 

(f
em

al
es

)

R
5A

R
3A

¡.
ll5

A

M
T

S
A

H
lS

A

df

**
ó5

4.
40

*
69

0.
 9

 3

39
3.

 7
50

42
.8

6

**
t8

,3
14

.3
5

ttt
O , 

, 
an

d 
- 

in
di

ca
te

 t
he

 S
%

, 
le

o,
 a

nd
 l0

eo
 le

ve
ls

, 
re

sp
ec

tiv
el

y

g.
c.

a.
 (

m
al

es
)

df

*
47

0.
 t0

s7
8.

4f

**
2,

ó9
5.

80

!t*
99

2.
82

*r
t

3l
 ,6

75
.2

3

s.
 c

.a
. 

(m
xf

)

df

78
.0

5

47
7.

4r
o *

45
9.

 9
4

E
rr

or

df 14
0 

11
4.

 l8

L2
3 

20
9.

55

14
0 

t6
9.

90

12
8 

ó0
.ó

6

I2
8 

l8
ó.

75

10
8.

65

**
54

,2
14

.3
8

o\ N
)



ÎA
B

LE
 1

6.
 T

he
 t-

te
st

 s
ig

ni
fic

an
ce

 l
ev

el
s 

fo
r 

u¡
ea

ns
 o

f 
sc

le
ro

tia
l 

fr
eq

ue
nc

y,
w

ei
gh

t, 
an

d 
to

ta
l 

sc
le

ro
tia

 w
ei

gh
t 

fo
¡ 

î. 
tù

rc
ph

ee
vt

 x
 s

. 
ce

re
al

e 
'c

"o
"r

ós
is

ol
at

es
 o

f 
C

, 
pw

pu
æ

a

tín
op

he
ev

i 
R

ye

P
ar

en
t 

P
ar

en
t

s7
3

28
6

S
cl

er
ot

ia
l

' 
fr

eo
ue

nc
v*

 '

R
JA

 S
ig

 
M

ls
A

 S
ig

uc
 9

0

t2
7

uc
 9

0

12
7

uc
 9

0

L2
7

uc
 9

0

L2
7

uc
 9

0

12
7

28
7

43
.6

34
. 

1

29
. 

5

42
.L

4L
.7

24
.9

35
.2

tó
.0

27
.0

29
.8

28
E

ns
 

4E
.9

49
 .

5

ns
 

40
.3

52
.9

.0
1 

43
.E

32
.3

.0
5 

40
.6

42
.5

ns
 

44
.7

47
.4

ne
an

s 
.w

ith
 t-

te
st

 s
ig

ni
fic

an
ce

s

28
9

A
ve

ra
ge

 s
cl

er
ot

i¡¡
¡

'w
ei

gh
t

t n5 .0
5

.0
1

18
. 

4

L7
.3

8.
7

16
. 

7

17
.6

9.
5

ló
.4 9.
3

19
. 

s

9.
1

av
er

ag
o 

sc
le

ro
ti¡

¡u
in

oc
ul

at
ed

 u
ith

S
ig

 
M

ls
A

 S
ig

ar
c 

si
ne

 tr
an

sf
o:

oe
d 

ne
an

s

no
t 

si
gn

ifi
ca

nt
 a

t 
th

o 
S

t 
le

vo
l

si
gn

ifi
ca

nt
 a

t 
th

e 
5t

 le
vo

l
si

gn
ifi

.c
an

t 
aß

 t
he

 lt
 l

ev
ol

ns

ns
 

25
.8

27
.0

ns
 

1ó
. 
I

31
.8

ns
 

24
.4

2L
.6

ns
 

22
.5

27
.9

ns
 

29
.3

25
 .3

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

R
3A

ns
11

7.
 3

8r
 .

4

24
.4

93
.5

10
2.

 E

55
. 

2

88
. 

E

15
 .5

74
.7

37
 ,7

S
ig

 
M

15
A

 S
ig

.0
t

ns
 

17
0.

9 
ns

17
4.

7

.0
5 

10
8.

1 
.0

1

2l
ó.

0

.0
1 

12
t.3

 
ns

u4
.3

.0
5 

12
8.

4 
ns

12
4.

7

ns
 

18
5.

 I 
ns

14
0.

 9

ns ns

o\ bl



T
A

B
LE

 1
7.

 T
he

 t-
te

st
 s

ig
ni

fic
an

ce
 l

ev
el

s 
fo

r 
ne

an
s 

of
 s

cl
er

ot
ia

l 
fr

eq
ue

nc
y,

 a
ve

ra
ge

 s
cl

er
ot

iu
¡r

w
ei

gh
t, 

an
d 

to
ta

l 
sc

le
ro

tia
 w

ei
gh

t 
fo

r 
l, 

tin
op

he
eu

í 
x 

l. 
ùß

w
n 

"r
or

tu
r-

in
oc

ul
ãt

ed
 

w
ith

tw
o 

is
ol

at
es

 o
f 

C
. 

pt
ttp

w
ea

tL
no

ph
ee

uí
 D

ur
un

P
ar

en
t 

P
ar

en
t

s7
3

28
ó

S
te

¡¡
ar

t 
24

.I

C
aÌ

le
to

n 
12

.5

S
te

¡r
ar

t 
I9

. 
6

C
ar

le
to

n 
29

. 
f

S
te

¡¡
ar

t 
22

.O

C
ar

le
to

n 
17

.8

S
te

w
ar

t 
19

.7

C
ar

le
to

n 
14

.2

S
te

ya
rt

 
19

.2

C
ar

le
to

n 
13

.5R
3A

S
cl

er
ot

ia
l

-t lre
qu

en
cy

28
7

si
g 

M
ls

A
 S

ig

28
8

ne
an

s 
w

ith
 t-

te
st

 s
ig

ni
fic

an
ce

s

ns
 

34
.7

 
.0

1

20
.o

28
9

A
ve

ra
ge

 s
cl

er
ot

iu
¡n

w
ei

 g
ht

ns

R
sA

 
S

ig
 

M
ìS

A
 S

ig

33
. 

I

33
.0

r 
ar

c 
si

ne
 t

ra
ns

fo
rn

ed
 m

ea
ns

ns
 

no
t 

si
gn

ifi
ca

nt
 a

t 
th

e 
5e

o 
le

ve
l

.0
5 

si
gn

ifi
ca

nt
 a

t 
th

e 
S

t 
le

ve
l

.0
1 

si
gn

ifi
ca

nr
 a

t 
rh

e 
lt 

le
ve

l

ns

9.
77

8.
 3

0

r 
0.

9

8.
9

8.
5

8.
5

8.
8

7.
4

7.
9

7.
7

ns

28
.3

 
ns

24
.O

34
.0

 
.0

1

15
.9

27
.5

 
ns

2t
.s

ns

ns
20

.9

t7
 .

0

18
. 

3

20
. 

0

23
.3

18
. 

7

23
. 
I

14
.9

22
.0

t4
.2

ns

n5

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

R
3A

' S
ig

 
M

IS
A

 S
ig

N
S

N
S

29
.8

 
.0

5 
8ó

.9
 

.0
1

t2
.4

 
24

.5

ns

rl.

24
.0

29
.5

ns

ns
 

L7
.9

t 
5.

2

.0
5 

20
.5

12
.9

.0
5 

27
.5

13
.3

ns
64

.3

84
. 
I

ns
80

.8
 

ns

53
.7

90
.8

 
.0

s

39
.2

82
.6

 
.0

5

42
.9

ns

o\ è



65

significantly different in the R3A isolate data, while sclerotial

frequency for hybrids with the 4B573 and 48288 maternal parents,

average sclerotium wèight for hybrids with the 48288 and 48289

maternal parents, and total sclerotia weight for the hybrids with the

48573, 48288 and 48289 naternal parents were significantly different

in the M15A isolate data,

Fenale Effect

Tukeyrs o-procedure was used to deteflnine the susceptibility

relationships of the five tímopheeuzi accessions mated to the same

rye or durum. fn order to sinplify the tables, means which can be

found in Tables 12 and LS were ornitted and only sinilar subsets are

presented. The trart and rrdtr indicate the nost and least resistant

subsets, respectively, not found to be significantly different

(Tables 18 to 21). Hybrids expressed few differences in susceptibility

levels when the timopheeui accessions vrere mated to the UC 90 rye,

but were differentiated into subsets when mated to the line I27 rye

(Tables 18 and 19). Consequently, the timopheeui accessions $rere

not naintaining the same resistance levels when crossed to different

ryes. Also noticeable in the data were 48286 hybríds which ranked

similar to other hybrids when mated to UC 90 rye, but which ranked

in different subsets when mated to the line 127 rye (Tables 18 and 19).

Few significant differences occurred when hybrids involved Stewart

durum (Tables 20 and 2I). Considering total sclerotia weight, the

48286 conditioned the most resistant hybrid in the M15A isolate

data (table 2L), while all but 48573 hybrids were in the most
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TABLE 18. Significant subsets as identified by Tukey's
ô-procedure of sclerotial frequency, average sclerotiurn
weight, and total sclerotia weight for T. timopheeui
x 5. eereaLe hybrids inoculated with the RSA isolate
of. C. pwpuyea.

UC 90 rye

timopheeu'L patentt

I27 rye

timopheeui parentl SubseteSubsete

Character

sclerotial frequency

48289

48286

482 88

48287

48573

48286

48288'

48287

48573

4B289

48286

48289

48288

48287

48573

48288

48287

48289

48573

4B286

weight

48289

48288

48287

48286

48573

average sclerotium

total sclerotia

a

ab

ab

ab

b

a

a

a

a

a

a

a

a

b

a

a

d

d

a

a

b

b

b

b

a

a

a

a

a

weight

48288

48289

48287

48573

48286

Ithe wheat parents are 'listed by nean size with the
snallest mean at the top of the list

etimopheer¿ accessions followed by the same letter are not
significantly different as tested by Tukeyts o-procedure;
frarr designates the nost resistant subset, 'rcfr the least
resistant subset.
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TABLE 19. Significant subsets as identified by Tukeyrs
o-procedure of sclerotial frequency, average sclerotium
weight, and total sclerotia weight for T. timopheeuí
x S. cereaLe hybrids inoculated with the M15A isolate
of C. pur¿pw.ea

UC 90 rye

timopheeui parentt

L27 rye

Subsete timopheeu,L parentf Subsete

Character

4B286

48288

48287

48289

48573

sclerotial frequency

48287

48288

4B289

48s73

4B286

weight

48287

48289

48573

48288

48286

weight

48287

4B288

48289

48573

4B286

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

4

a

a

a

d

a

d

a

ab

ab

ab

b

48286

48288

48287

48573

48289

average sclerotium

total sclerotia

48286

48288

48287

48573

48289

ù,r the wheat parents are listed by nean size with the
snallest mean at the top of the list

e tímopheeui accessions followed by the same letter are not
significantly different as tested by Tukeyts o-procedure;
ttatr designates the nost resistant subset, rrbrt the least
resistant subset
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TABLE 20. Significant subsets as identified by Tukeyrs
o-procedure of sclerotial frequency, average sclerotiun
weight, and total sclerotia weight for ?. timopheeui
x 7. dwun hybrids inoculated with the R3A isolate of
C. putpu.z,ea

Stewart durun Carleton durum

timophteeuí parentf Subsete timopheeui parent'f Subsete

Character

sclerotial frequency

4B289

48286

48288

48287

48573

48289

48286

48288

48287

48573

48289

48287

4B288

48286

48573

average sclerotium

total sclerotia

a

ab

ab

ab

b

a

a

a

a

a

a

a

a

a

d

a

a

a

a

a

a

a

a

a

48573

48289

48288

48287

4B286

weight

4B289

48288

48573

48286

48287

weight

48573

4B288

48289

4B287

48286

a

a

a

a

b

'f the wheat parents are listed by nean:.size with the 'l:

snallest mean at the top of the list
e timophee¿¡i accessions folJ.owed by
significantly different as tested
rratf designates the most resistant
resistant subset.

the same letter are not
by Tukeyts a)-procedure;
subset, rrbrr the least
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TABLE 21. Significant subsets as identified by Tukeyrs
ur-procedure of sclerotial frequency, average sclerotium
weight, and total sclerotia weight f.or T. timopheeui
x T. duJ,un hybrids inoculated with the M15A isolate of
C. pwpuz,ea

Stewart durun Carleton durr¡n

timopheeuí parent SubsetÊ tímopheeuzi parentf Subsete

4B289

48287

48286

48288

48573

48286

48573

48289

48288

48287

48286

48287

48289

48573

48288

scle::otial frequency

a 48288

a 48573

a 48289

a 48287

a 48286

a

a

ab

ab

b

a

a

a

a

à

a

b

bc

c

avelage

a

a

a

a

a

total sclerotia

a

b

b

b

b

sclerotium weight

48573

4B289

492BB

48287

48286

weight

48573

48288

48289

48287

48286

t-r the wheat parents are listed by nean size with the
snallest mean at the top of the list

e timopheeui accessions followed by the same letter are not
significantly different as tested by Tukeyts o-procedure;
ttarr designating the nost resistant subset, rrbrr the least
resistant subset
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resistant subset in the RSA isolate data (Table 20) . I¡lhen crossed

to Carleton, t};,e 48286 accession conditioned the more susceptible

hybrids inoculated with I4154 and RSA isolates.
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DISCUSSION

Significance should occur between closely related variables.

Ratanopast Disease Index (RDI) is related to sclerotia-lfrequency,

average sclerotium weight, and total sclerotia weight in the

following manner: (1) sclerotial frequency is a conponent of RDI,

(2) the rating of sclerotial size in RDI should vary directly with

average sclerotiurn weight, i.ê., larger sclerotia are expected to

weigh more than smaller sclerotia, and (3) classification of resis-

tance based on both RDI and total sclerotia weight include a combina-

tion ofsclerotial frequency and sclerotiun weight. Because of these

relationships, it was unexpected to obtain two regressions which were

not significant (Table 11). One possible explanation for the loss

of significance is the chance deviations of values fron the expected.

It is noteworthy, however, that both expeptions involved the parameter

"average sclerotium weight" in the ?. timopheeui x T. duzum crosses

inoculated with the RSA isolate.

Because the renaining regressions were significant, sclerotial

frequency, average sclerotiun weight, and total sclerotia weight were

thought to be useful criteria for measuring ergot resistance. Each

of the parameters exhibited adequate ranges within which the plant

breeder could select, e.g., sclerotia produced on plants indexed as

resistant hrere equal to or smaller than normal kernels, but still could

be divided into five or eight classes'when average sclerotium weight
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rlas considered. Sensitivity on this scale allows the breeder to

apply adequate selection pressure so that progress can be made in

developing polygenic resistance using as the index, average sclerotiun

weight.

Both frequency of sclerotia and size of sclerotia have been

used in previous studies to estimate ergot resistance (Ratanopas,

1973; Platford and Bernie'r, 1976; Schnidt and Lucken, 7976). In

the study conducted by Schnidt and Lucken (loc cit), frequency of

sclerotia was found to be the nost precise measurement of ergot

resistance which is similar to the results found in this study.

In previous studies, there is no indication of strict tine linits

being placed on sclerotial growth; hence, plants which hrere para-

sitized for a longer period of tine may not have been detected in

sclerotial size estimates even though they rnay have possessed genes

which restricted the rate of developnent. In the present study, a

strict time limit hlas inposed and average sclerotiun weight should

reflect resistance to fungal aggressiveness. conparisong, therefore,

should not be made with sclerotial size estimates obtained in pre-

vious studies.

The nerits of any selection character nust be considered before

it is utilized in a plant breeding progran. 0f the three characters

studied, sclerotial frequency has the nost dramatic expression and is

sinple to ascertain any time after sclerotia are formed. Average

sclerotium weight, on the other hand, is the nost laborious to

determine and is not as striking to the eye of the breeder as is the

absence of sclerotia. Total sclerotia weight is intermediate to the

ì:.)¡-..:.::: :::.i
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two previous characters in its difficulty of assessment in that weight

measurements are necessary at a set time period following inoculation,

but no further calculations are needed. The resultant progress

achieved in the separate conponents (that is s.clerotial nunber and

weight) will be less in total sclerotia weight than if the components

were selected separately. Thus, in order that a character can be

effectively integrated into a breeding progran, a balance must be

obtained between the labour involved and the progress expected. For

the most part, sclerotial frequency will be chosen rnainly because of

its dranatic expression. But, the breeder should not be discouraged

at this tirne fron using average sclerotiun weight even th-ough there

were few significant differences observed (Tables 16 through 21). The

present material was selected on the basis of sclerotl¿1 frequenç.r and

little selection has been carried out on sclerotia size per se. rf

a concentrated effort is made to reduce sclerotial size, the response

may well be justifiable.

During the course of this study it becane evident that C.

purpur.eq, parasitized plants of T. timopheeui x S. eez,eaLe and

T. tì,mop?teeui x T. duJ,un crosses in a characteristic pattern

different to that of the parental accessions. The M15A isolate

attacked the 48286 and 48289 accessions differentially while hybrids

with these accessions as the maternal parents were not attacked

differentially (Tables 12 anð, 13). Rather, pathogenicity on these

hybrid hosts was intermediate to that of the naternal and paternal

parent.
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rn the combining ability analyses of T. tí.mopheeuí x T. dltram,

mean squares for nales, and males x females, were not significant at

the 5% 1eve1 for total sclerotia weight in the RSA data (Table 15).

A general combining ability effect could have been expected since the

na1eparentwasawheat.The1ossofsignificanceofthesemean

squares may have been masked by the non-significant weight (average

sclerotium weight) component. rn all likelihood, both general and

specific combining ability effects h'eïe present as in total sclerotia ,,,i ,

,: ..:. ;'- ,:

weight of the M15A isolate data, support for this was derived by the
.l::"

fact that the nean square for nale x fenale interaction (s.c.A.) was .': 
"':':'

significant at the 10% level. rn similar fashion, sclerotíal fre-
quency for T. timopheeui x r. dur"un crosses inoculated with M15A

:

conidia, were shown to exhibit a general conbining ability effect for 
i

both the nale and the fenale mean sgpares at the 10% level (Table 15). 
'

0n1y Stewart and Carleton exhibited a significant general conbining

ability effect for average sclerotium weight (in the M15A isolate

data), indicating that the renainder of the accessions possessed. little
variability for sclerotial size resistance.

,'-,,.The results of tl'.e T. timopheeui x T. durwn crosses compare "',,,,
favourably to those of schmidt and Lucken (1976). They found i1,,.,', 

'

general and specific conbining ability effects for number and size of

sclerotia, however, they attributed most of the variation to a

general combining ability effect. In the present study, specific 
,,.. .,.

combining ability effects were much more likely to occuï since

species crosses were investigated, whereas schnidt and Lucken (loc

cit) exanined cultivar crosses. Thus, it was not surprising to
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find that specific cornbining ability effects vrere occurring in the

T. timopheeui x T. durwn cïosses.

T. timopheeui x S. cereaLe are wider crosses than T. timopheeui

x T. &pwn. consequently, one can expect to find specific conbining

ability effects in these wider crosses; this was the case in the

present data (Table 14). The specific cornbiníng ability effects

present a major problen to the triticale breeder for the following

reasons: a general conbining ability effect is indicative of an

additive type of gene action, whereas a specific conbining ability

effect is indicative of a dominant and/or epistatic gene action.

Because triticale is a self-pollinating species, only additive types

of gene action can be fixed. Therefore, in order to breed an ergot

resistant triticale, dominant and/or epistatic gene actions must be

selected against and fixed.

It was not known if resistance of a wide cross could be altered

by replacing the susceptible parent with a more resistant parent.

This effect was examined by studying the susceptibility levels con-

ditioned in crosses of ?. timopheeui to t]ne two durums, carleton and

stewart. carleton had previously been shown to be more resistant

than Stewart. The difference in resistance levels of these cultivars

can be seen in the data of Platford a¡d Bernier (1976) where an

equal concentration of conidia of the Ml isolate uras used to inoculate

both cultivars. In their data, carleton exhibited a 2Leo infection

frequency while stewart exhibited a 68% infection frequency. rn the

present study, RSA was a single spore isolate out of M1, and the

virulence of this single spore isolate in this study can be expected
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to deviate frorn those obtained by Platford and Bernier (Ioc cit) 
"

Consequently, the inportant aspect of these data is the fact that

the Carleton crosses produced a consistently lower sclerotial frequency

than did the Stewart crosses. Even though this difference is not

statistically significant in most comparisons, it is felt that the

Carleton has a sma1l but positive effect on the resistance level of

I. timopheeuí x T. duaan hybrids at the inoculation temperatuïe used.

Whether or not this effect would occur at different temperatures cannot

be deternined from this studL âs tests were conducted in only one regime.

An attempt was maile to carry out a similar comparison with the

ryes. The I27 rye hras chosen to be representative of a less

susceptible rye than the UC 90 rye. At best, however, the difference

in susceptibility of the thro ryes hras very sma1l. Consequently, it

h¡as not surprising to find the infection levels of the 7. timopheeui

x S. eereaLe hybrids involving the line I27 rye were not consistently

lower than the infection levels of the crosses involving UC 90.

To be of value as a source of ergot resistance in 7. timopheeuí

x 5. cez.eaLe hybrids and eventually in triticale, the timopheeuí

accession nust be able to consistently condition low levels of

susceptibility in hybrids. As previously pointed out, the 48286

accession conditioned unstable levels in hybrids to various ryes.

Because triticale possesses various ryes in its background, the

48286 accession was considered a poor choice of resistance at this

tine (Table 16). The 48573 accession was elirninated on the basis

that it consistently conditioned high levels of susceptibility in

hybrids (Tables 18 and 19) and was usually grouped in the most

susceptible subset by Tukeyts ô-procedure. Also noticeable in most
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comparisons of Tukeyrs nultiple range test hras the inclusion of the

three tímopheeuzl accessions, 48287, 4B2BB, and. 482g9 in the nost

resistant subset. 0f these three accessions, 4B2gg is the one which

is recommended for use at this time. This is based on the lower

susceptibility levels of the 48288 accession when mated to Carleton

and inoculated with the M15A isolate (Tables 17 and 21), arso when

nated to the rine r27 rye and inoculated with the RSA isolate

(Tables 16 and 18).

Based on the results of this study, it can be concluded that

a major breeding effort will be necessary before an ergot resistant

triticale can be obtained. The fact that susceptibility to this
pathogen is inherited as a doninant and/or epistatic gene action

has serious implications for triticale breeders. Thus, any breeding

effort nust concentrate on this aspect of the host parasite inter-
action.
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GENERAL DISCUSSION (OVERALL)

A high level of ergot resistance such as the one possessed by

T. tímopheeui is needed in triticale. At present, the full conponent

of resistance in timopheeui is not expressed when conbined with the

rye genome. Consequently, a rye nust be developed which will not

effect the expression of ergot resistance when it is introduced into

a timopheev¿ tTíticale.

Three parameters thought to have potential as rneasures of ergot

resistance v¡ere examined in this study. In order to produce a

resistant timopVrceuí, a triticale breeder must select against each

of the parameters, (i.e., a high frequency of sclerotia or a high

sclerotium weight). This requisite presents a najor problem âs the

paraneters are conditioned by a specific conbining ability effect.

A specific cornbining ability effect is generally thought to be

indicative of the presence of dominance and/or epistatic gene actions

and cannot, therefore, be fixed in a self-pollinating species such

as triticale.

The present study does not conclusively deternine if the

susceptibility in the wheat x rye hybrids is conditioned by a doninant

or epistatic gene action. However, if susceptibility is conditioned

by a doninant gene action, it should be possible to identify recessive

genes governing resistance in a ,9. eeneaLe population. To the

authorrs knowledge, no such resistarce has been found in the rye
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populations investigated to date. This could signify that the

susceptibility of the wheat x rye hybrids is affected to some

extent by epistatic gene action.

Regardless of the gene action involved, it should be possible

to develop a rye strain which does not possess either type of

deleterious gene action. Once such a rye is developed, it could be

used in the synthesis of triticale. Hence, a breeding program with

this objective is proposed (Figure 3).

The proposed progran is basically one of recurrent selection

r4rith the objective of reducing the specific conbining ability for

sclerotium nunber, average sclerotiun weight or total sclerotia

weight in wheat x rye crosses. Accordingly, specific cornbining

ability is assessed by test crossing a rye such as line L27 to a

T. t'imopheeuzl tester. By using the 48288 timopheeui as a tester

the rye genome is evaluated in a wheat background in which any

dominant and/or epistatic gene actions can be expressed. Selfed

seed of each rye plant is autornatically produced fron bagged heads.

Consequently, once the wheat x rye crosses have been inoculated hrith

C. putputea, and the disease reactions evaluated, a population can

be reconstituted with the rye plants which conditioned the least

susceptibility in the wheat x rye crosses. If sibbing is used to

reconstitute the population, it should be possible to make progress

against the specific conbining ability effect as the frequency of the

resistant recessive genes should slowly increase in the rye population

and the undesirable linkage to epistatic genes should be broken.

One problen that will be encountered in such a recurrent
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selection progran is the selection of the ergot isolate to be used

in the screening process. If it is assuned that races occur in

C, punpuzea such as exist in the rust pathogen, and if different

genes condition resistance to each of these races, a broad genetic

base will be necessary in triticale. Consequently, if an isolate

representative of field inoculun is used to test the recurrent

selection material, a wide range of resistance genes should be

selected. Resistance achieved in this nanner should express itself

under field conditions.
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S'I.JMMARY

During the course of this investigation the following con-

clusions were drawn:

(1) T. timopheeui x s. cev,eaLe inteïspecific crosses can be gror.m

in large numbers by using the recently modified embryo curture

techniques (Taira and Larter, lgTg) 
"

(2) The resistance of T, tí,mopheeui accessions to ergot (c. puzpunea

[er.] Tul.) v/as not fulry expressed. in the F, hybrids and

amphidiploids of ?. timopheeui x s. cereale crosses.

(3) Sclerotial frequency and average sclerotium weight were found to

be sensitive measures of ergot resistance.

(4) Total sclerotia weight which combines both sclerotial frequency

and average sclerotiun weight into one neasurement was also

found to be a sensitive measuïe of ergot resistance.

(5) The single spore isolate which attacked the ?. timopheeud

accessions differentially was able to parasitize sorne plants in
all the 7. timopheeuí x s. eereaLe and, ?. tdmopheeui x T. durum

crosses.

(6) Both generar and/or specific conbining ability effects were

indicated in the '¿arious conbining abil.ity analyses of the

r. timopheeui x T. duz,wn and trre ?. timopheeuí. x s. eeneaLe

CTOSSES.
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(7) Resistance of T. duz,un cv. Carleton appeared to be expressed

in 7. timoptrceui x T. dutum hybrids.

(8) No one rye could be recommended for use in further studies

without knowing which tímopheeuzl accession will forrn the

maternal parent.

(9) The 48288 T. timopheeui accession was thought to be the pro-

nising accession when crossed to Iine 727 rye and Carleton

durum.

Based on these conclusions, it will be difficult to develop a

triticale in which the 7. timopheeui ergot resistance can be

expressed. Future studies nust,, concentrate, therefore, on trying to

develop tetraploid wheat and rye genomes which will al1ow ergot

resistance to be expressed. In order to achieve this objective,

nevl approaches in the breeding program nay have to be taken.



84

LIST OF REFERENCES (OVERALL)

ABE, T. and K0N0, M. 1957. On the relationship between the infection
and fertilization of cereal crops inoculated with a conídial
suspension of the ergot fungus, CLauieeps purpurea (Fr.) Tul.
Scí. Rep. Fac. Agric., Saikyo Univ. 9: 54-40. (English
Sumnary).

ALLARD, R. 1949. A cytogenetic study dealing with the transfer of
genes from TvLtíeum timopheeui to conmon wheat by backcrossing.
J. Agric. Res. 78: 33-64.

BAKER, R. 1978. Crop Developrnent Center, Saskatchewan. Personal
comrntrni cat ion .

BALDACCI, E. and F0RLANI, R. 1948. Ricerche su vane razze di
cereali, spontanei e cotivata in relazione ad attacchi di
CLauieeps pwplÆeq.. Gentica Agaria 2z 73-84. Rev. Appl.
Itdycol . 28: 448.

BELL, G. and LLPT0N, F. 1955. Investigations in the trLticinae.
J. of Agric. Sci. 46: 232-246.

BERNIER, C. I976. Plant Science, Uníversíty of Manítoba,
Unpublished data.

BOVE, F. 7970. &ç ¡lqfy of Ergot. S. Karger, AG, Basel,
SwitzerlandW

BOZZINI, A. and GIORGI, B. 1969. Karyotype analysis ín tyitia,¿m
II analysis of 7. araraticun Jakubz and T. tdmopheeui. Zhuk.
and their relationships with other tetraploíd wheats.
Caryologia 22: 26I-268.

BURNETT, J. L975. Ivlycog.enetics. Clowes and Sons, London.
pp. 259-287.

CAMPBELL, C. and BURFENING, P. Ig72. Effects of ergot in reproduc-
tive perform¿ace in nice and gilts. Can. J. Anin. Sci.
52: 567-569.

CAMPBELL, R. 1974. Statistics for Biologists. 2nd ed. Canbridge,
London. pp.6l-T-



:

B5

CAMPBELL, W. L957. Studies on ergot infection in granineous hosts.
Can. J. Bot. 35: 315-320.

CAMPBELL, W. 1958. Infection of barley by C. purpurea.. Can. J. Bot.
36: 615-619.

COLOTELO, N. and COOK, W. 1977. Perithecia and spore liberation of
CLauieeps puzapureai scanning electron nicroscopy. Can. J.
Bot. 55: L257-L259.

CLINFER, 8., MATT{RE, D. and HOCKETT, E. L975. Factors influencing
the susceptibility of nale-sterile barley to ergot. Crop
Sci. 15: 194-196.

DARLINGTON, L. and II4ATTIRE, D. L976. Resistance of male-sterile
wheat to ergot as related to pollination and host genoty¡le.
Crop Sci. 16: 728-730.

DFIALIWAL, H. and JOHNSON, B. 1976. Origin of Trùtiewn zhukouskAi'.
Wheat Information Service 4L-422 33-35.

DICKSON, J. 1956. Disease of F:-eld Crops.. McGraw-Hill, New York.
517 p.

FELDMAN, M. L966a. Identification of unpaired chromosomes in F

hybrids involving Tv"Ltieun aestit¡ui anð, T. tímopheeui'. CaA.
J. Genet. Cyrol. 8: L44-L5I.

FELDMAN, M. 1966b. The mechanism regulating pairing in TrLtieum
timopheeui. Wheat Inforrnation Service 2Iz I-2.

FELDMAN, M. 1976. Wheats, in Evolution of Cr-op Plants. ed. N.W.
Sirnnonds Longmans, New York. pp. I20-I28.

FRIARS, G. L978. Aninal Science, University of Gue1ph. Personal
communication.

FUTRELL, M. and WEBSTER, 0. 1965. Ergot infection and sterility
in grain sorghun. Pl. Dis. Rep. 49: 680-683.

GALSTJAN-AVANESJAN, S. 1967. Susceptibility of some wheats, their
hybrids and certain other Gv,aïrLnae to CLaÐieeps purptÉ'ea.
Pl. Br. Abstr. 38: 426I.

HOLLANDER, M. and W0LFE, D. 1973. Nonparanetric Statistical Methods.
John WileL New York. pp. 124-129.

INGALLS, J. and PHILLIPS, G. 797I. Effects of triticale ergot on
calf growth. Can. J. Anin. Sci. 51: 819.



86

JOHNSON, B. L967. Tetraploid wheats: seed protein electrophoretic
pattems of the Ernmer and timopheeuí groups. Science 158:
13r-L32.

JOHNSON, B. 1968. Electrophoretic evidence of the origin of
frLtiewn zhukouskyi. Proc. Srd Int. Wheat Genet. Syrnp.
Canberra. pp. 105-110.

JOHNSON, 8., BARNHARDT, D. and HALL, O. L967. Analysis of genorne
and species relationships in the polyploid wheats by protein
electrophoresis. Aner. J. Bot. 54: 1089-1098.

KALTSIKES, P. 1974. Methods for triticale production. Z.
Pflanzenzuchts 71: 264-286.

KINGSBURY, J. 1964. Poisonous Plants of the United States and
Canada. Prentic

KIRCHHOFF, H. Lg2g. Contribution to the biology and physiology of
the ergot ftrrgus. Rev. of Applíed lvlycol. 8: 560-562.

KOST0FF, D. 1937. Chromosome behavior in Tritíewn hybrids and
allied genera. Proc. of the Indian Academy of Sciences
5: 23I-236.

LARTER, E. 1974. A review of the historical development of triticale.
in Triticale: First Man-Made Cereal. ed. C. Tsen. Am. Assoc.
Cer

LILIENFELD, F. and KIFIARA, H. L934. Genomanalyse bei frLticun and
AegiLops i. Tz"Ltiewn timopheeui zhuk. Cytologia 6: BZ-I22.

LOVELESS, A. I97I. Conidial evidence for host restriction in
CLauiceps puz,pureq.. Trans. Br. Ir{ycol. Soc. 56: 4lg-434.

LOÎúELESS, A. and PEACH, J. 1974. Evidence for the genotypic control
of spore size in CLauieeps puypweq., Trans. Br. Irtycol. Soc.
6.Í, 612-616.

MANTLE, P. and SHAW, S. 1976. Role of ascospore production
CLauì.ceps plurpurea. in aetiology of ergot disease in nale-
sterile wheat. Trans. Br. lr4ycol. Soc. 67: 17-22.

MASTENBROEK, C. and 00RT, J. 1941. Het voorkomen van moederkoren
(CLauieeps) op granen en grassen en de specialisatie van de
noderkorenschinmel. Tjdschr. Plziekt. 47: 165-185.

I\400RE-LANDECKER, E. 1972. Fu:rdamentals of the Fungi. Prentice-Hall,
New Jersey. pp. 44L-4

:¿Ë::,::il:rìÌ



87

MOSS, J. 1972. Endosperm failure and inconpatibility in crosses
between TrLtiewn and SeeaLe. Chromosomes Today 3: I24-I32.
(Suppl. to Heredity) .

I4IWER, R. and HANCOCK, J. I975a. Sugar composition of ergot
honeydews. Can. J. Bot. 53: 2813-2825.

I\4OWER, R. and FIANCOCK, J. 1975b. Mechanisn of honeydew formation by
CLauiceps species. Can. J. Bot. 53: 2826-2834.

NAKAJIMA, G. 1955. Cytogenetical studies on the intergeneric F,
hybrids between TrLtiewn timopheeui and three species of
SecaLe. Jap. J. Bot. 15: 1-9.

PEACH, J. and LOVELESS, A. 1975. A conparison of two methods of
inoculating Tz"Lticwn aestiuum with spore suspensions of
CLauieeps pwpweq.. Trans. Br. Itlycol. Soc. 64: 328-33I.

PLATFORD, R. 1976. Reaction of cultivated cereals, chromosomal
location and inheritance of resistance in wheat to Clauiceps
pwpurea.. Ph.D, thesis, Univerdity of Manitoba. 86 p.

PLATFORD, R. and BERNIER, C. Ig7O. Resistance to CLauiceps p1)rpuvea,
ín spring and durun wheats. Nature 226: 770.

PLATFORD, R. and BERNIER, C. 1976. Reaction of cultivated cereals
to CLau¿eeps p1,t-vpurea. Can. J. Plant Sci. 56: 51-58.

PURAIIIK, S. and ÌI4ATHRE, D. I97I. Biology and control of ergot on
male-sterile wheat and barley. Phytopath. 61: 1075-1080.

PURCHASE, I . L974. Ivlyc.otoxins. Elsevier, Netherlands. pp . 69-76.

RATANOPAS, S. 1973. Evaluation of resistance to CLauíeeps puypwea,
in two wheat cultivars and effect of fertilization on the
disease reaction of resistant a¡rd susceptible cereal cultivars.
It{.Sc. thesis, University of Manítoba. 60 p.

REES, H. and WALTERS, M. 1965. Nuclear DNA and the evolution of
wheat. Heredíty 4t 73-82.

RILEY, K. 1973. A study of the inheritance of resistance to ergot
(CLauiceps purpurea) in thro wheats: fz,itícwn dtæum Desf. cv.
Carleton and T. timopheeuí Zhuk. Manitoba accession number
48289. M.Sc. thesis, University of Manitoba. 48 p.

ROBINSON, P. 1960. False floral snut of sugar cane. 10th Congress
of the International Society of Sugar Cane Technologists,
Hawaii pp. II37-II47. Plant Breeding Abstracts 31: 668.



88

SACHS, L. 1953. Chromosomal behavior in species hybrids with
fz"Lticun timopheeui. Heredity 7: 49-58.

SALLEE, P. and KTMBER, G. L976. The rneiotic analysis of the hybrid
T. timopheeuí, var. zhukovskyi x SecaLe cez,eaLe. Wheat
Infornation Service 4L-42: 9-11.

SANCHEZ-I\4ONGE, E. 1956. studies on forty-two chromosome triticale.
Anales de 1a Estacion Experimental de Aula Dei 4: IgI-207.

scHMrDT, H. and LUCKEN, K. 1976. Ergot resistance in spring wheats.
Agronony Abstracts, Annual Meetings of A.S.A. p. 61.

SEAMEN, W. 1977. Ergot of grains and grasses. Can. Dept. Agr.
Publication No. L438. 9 p.

SHANDS, H. and KIMBER, G. 1973. Reallocation of the genones of
TrLtícun tímopheeu¿ Zhvk. 4th Int. I,fheat Genet. Synp.
pp.101-108.

sOsuLSKr, F. and BERNTER, c. 7975. Ergot tolerance in spring rye.' Canadian Plant Disease Survey 55: lS5-157.

SPRAGUE, R. 1950. Disease of Cereals and Grasses in North America.
Ronald Press,

srAGER, R. 1903. rnfectionsversuche wit Grinineen bervohnenden
CLauieeps arten. Bot. Ztg. 6I: 111-158.

srAGER, R. 1923. rnpfversuche mit dem. Irfutterkorn des weizens.
Mitt. Naturforsch. Ges. Bern. 1922. pp. II-20. Rev. Appl.
It'fycol. 5: 85 .

STEEL, R. and T0RRIE, J. 1960. Principals and procedures of
Stalistics. McGraw-Hi11, Toronro. Þp ¡9:11[-

TAIRA, T. and LARTER, E. 1978. A study of factors influencing
developnent of wheat-rye ernbryos in uitro. Crop Sci. 18:
348- 350

TSUNEWAKI, K. 1974. Tritícale research in Japan. in Triticale:
First lt4an-Made Cereal. ed. C. Tsen., Am. Assoc. 6:-m;,
æ

UPADHYA, M. and SWAMINATI-IAN, M. 1963. Genomic analysis ?.
ahukouskyí, a ner,{ hexaploid wheat. Chronosona 14: 589-600.

WAGENMR, E. 1961. studies on the genome constitution of rrLticun
timopheeui zhuk. r. Evidence for genetic control of meiotic
irregularities in tetraploid hybrids. Can. J. Genet. Cytol.
3:47-60.



WAGENAAR, E. 1966. studies on the genome constitution of ry"Lticum
timopheeuí, Zhlrk. II. The 7. timopheeui cornplex and its origin.
Evolution 20: 150-164.

WALKER, J. 1969. Plant Pathology. Srd ed., McGraw-Hill, Toronto.
pp. 402-407

WATERFI0USE, w. 1953. Australian rust studies. xr. Experínents
in crossing wheat and rye. Proc. Linnean Society of New
South Wales 78: I-7.

WINKLE, M. and KTMBER, G. L976. colchicine treatment of hybrids on
tlrre tz"iticíneae. Cereal Res. Corrn. 4: 3L7-SIT.

YELJNG, K. and LARTER, E. 1972. Pollen production and disseninating
properties of triticale relative to wheat. Can. J. plant Sci.
52: 569-574.

ZAR, J. L974. Biostatistical næry::9. Prentice-Hal1, New Jersey.pp.LselAW
ZOHARY, D. and FELDIvIAN, M. L962.

diploids a¡rd the evolution
(AegiLops - TyLti eutm) group .

Hybridization between amphi-
of polyploids in the wheat
Evolution L6z 44-6I.



90

APPENDIX



A
P

P
E

N
D

IX
 T

A
B

LE
 1

. 
S

ta
nd

ar
d 

er
ro

rs
 o

f 
di

ffe
re

nc
e 

fo
r 

pa
ire

d-
t=

te
st

 d
iff

eï
en

ce
s

be
tw

ee
n 

is
ol

at
es

 f
or

 s
cl

er
ot

ia
l 

fr
eq

ue
nc

y,
 a

ve
ra

ge
 s

cl
er

ot
iu

m
 w

ei
gh

t 
an

d
to

ta
l 

sc
le

ro
tia

 w
ei

gh
t 

fo
r 

?.
 t

im
op

he
eu

i x
 S

. 
ee

z,
ea

Le
 d

at
a

tim
op

he
eu

i
pa

re
nt

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

48
57

3

48
28

6

48
28

7

4B
28

B

48
28

9

R
ye

pa
re

nt

uc
g0

U
C

gO

uc
g0

U
C

gO

uc
g0

I2
7

L2
7

L2
7

12
7

12
7

S
cl

er
ot

ia
l 

fr
eq

ue
nc

y

S
ta

nd
ar

d 
er

ro
r 

of
 d

iff
er

en
ce

6.
37

3.
39

4.
93

6 
"0

2

4.
 8

0

5.
79

6.
 5

9

5 
.6

0

6 
"2

0

4.
32

A
ve

ra
ge

 s
cl

er
ot

iu
n

w
ei

gh
t

ta
rc

 si
ne

 t
ra

ns
fo

rm
ed

6.
48

2.
86

3.
 6

9

6.
08

7.
04

2.
77

4.
27

3.
74

9.
2s

3 
.5

5

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

38
.9

4

18
.2

2

20
.6

8

19
.1

1

33
.7

8

L4
.3

0

36
.4

3

34
.9

0

34
.2

I

22
.3

8

rc
)

H



A
P

P
E

N
D

IX
 T

A
B

LE
 2

. 
S

ta
nd

ar
d 

er
ro

rs
 o

f 
di

ffe
re

nc
e 

fo
r 

pa
ire

d-
t-

te
st

 d
iff

er
en

ce
s

be
tw

ee
n 

is
ol

at
es

 f
or

 s
cl

er
ot

ia
l 

fr
eq

ue
nc

y,
 a

ve
ra

gè
 s

cl
er

ot
iu

n 
w

ei
gh

t 
an

d
to

ta
l 

sc
le

ro
tia

 w
ei

gh
t 

fo
r 

r.
 

tim
op

he
eu

í. 
x 

s.
 c

er
ea

\e
 d

at
a

tim
op

he
eu

ì.
pa

re
nt

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

D
um

m
pa

re
nt

S
te

tr
/a

rt

S
te

w
ar

t

S
te

w
ar

t

S
te

w
ar

t

S
te

r{
aï

t

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

S
cl

er
ot

ia
l f

re
qu

en
cy

S
ta

nd
ar

d 
er

ro
r 

of
 d

iff
er

en
ce

4 
.0

9

4.
25

3.
03

3.
33

3.
11

1 
.9

6

2.
50

3 
.0

0

3.
56

3.
35

A
ve

ra
ge

 s
cl

er
ot

iu
m

w
ei

gh
t

ta
"c

 si
ne

 tr
an

sf
or

rn
ed

1 
.4

0

2.
I1

3.
24

2.
12

2.
92

3.
04

1 
.9

8

1.
61

2.
2r

I .
94

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

10
. 

95

15
 .0

7

18
.8

9

1s
. 

B
6

15
 .

90

4.
 B

0

T
2.

O
I

I0
.2

3

6 
.9

5

11
.0

9

rc
)

N
)



A
P

P
E

N
D

IX
 T

A
B

LE
 3

. 
S

ta
nd

ar
d 

er
ro

r 
of

 t
he

 m
ea

ns
 fo

r 
sc

le
ro

tia
l 

fr
eq

ue
nc

y,
sc

le
ro

tiu
m

 w
ei

gh
t 

an
d 

to
ta

l 
sc

le
ro

tia
 w

ei
gh

t 
fo

r 
?.

 t
ùm

op
he

eu
i 

x 
s.

cr
os

se
s 

in
oc

ul
at

ed
 w

ith
 tw

o 
is

ol
at

es
 o

f 
C

. 
pu

rp
ut

ea

tim
op

he
eu

i
pa

re
nt

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

R
ye

pa
re

nt

ù
S

cl
er

ot
ia

l f
re

qu
en

cy
'

U
C

9O

U
C

9O

U
C

9O

U
C

gO

U
C

9O

r2
7

I2
7

12
7

I2
7

L2
7

R
3A

8.
43

s.
 1

8

3.
99

7 
.2

9

5 
.9

9

4.
77

3.
96

4.
32

3.
94

4.
35

S
ta

nd
ar

d 
er

ro
r 

of
 t

he
 m

ea
n

M
15

A

A
ve

ra
ge

 s
cl

er
ot

iu
m

w
ei

gh
t

5 
.0

8

3.
7r

s.
20

7 
.4

3

s 
.5

0

2.
90

5.
35

s.
26

5.
16

4.
23

tr
""

 
,in

" 
tr

an
sf

or
m

ed

R
3A

 
M

15
A

av
er

ag
e

ee
re

aL
e

3.
54

L.
62

L)
q

3.
24

4.
7r

3.
96

2.
92

7.
43

L.
63

1 
.6

0

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

4.
17

2)
L

3.
83

3.
60

4 
.5

8

2.
34

4.
37

3.
 1

9

6.
55

3.
45

R
3A

 
M

15
A

3I
.3

4

3.
29

32
 "

09

2s
 .

68

27
.4

0

19
 .8

7

29
,3

3

9.
 1

5

3.
49

I0
 .

47

3s
. 

6

rB
. 

00

29
.L

3

30
.3

3

36
.1

6

25
.4

s

36
.9

7

2r
.9

4

26
.9

9

26
.0

9
(o (^



A
P

P
E

N
D

IX
 T

A
B

LE
 4

. 
S

ta
nd

ar
d 

er
ro

r 
of

 th
e 

ne
an

 fo
r 

sc
le

ro
tia

l f
re

qu
en

cy
, 

av
eï

ag
e

sc
le

ro
tiu

n 
w

ei
gh

t 
an

d 
to

ta
l 

sc
le

ro
tia

 w
ei

gh
t 
fo

r 
7.

 ti
m

op
he

eu
i x

 T
. d

rÆ
,tr

n
cr

os
se

s 
in

oc
ul

at
ed

 w
ith

 tw
o 

is
ol

at
es

 o
f 

C
. 

pu
.r

,p
u-

re
a

tim
op

Lt
ee

u'
L

pa
re

nt

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

48
57

3

48
28

6

48
28

7

48
28

8

48
28

9

R
ye

pa
re

nt

S
te

w
ar

t

S
te

hl
ar

t

S
te

hl
ar

t

S
te

w
ar

t

S
te

w
ar

t

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

C
ar

le
to

n

+
S

cl
er

ot
ia

l f
re

qu
en

cy
'

R
3A

 
M

15
A

3.
24

4.
27

2.
45

2.
23

2.
r9

2.
I2

t.6
7

2.
40

2.
20

2.
LL

S
ta

nd
ar

d 
er

ro
r 

of
 t

he
 m

ea
n

A
ve

ra
ge

 s
cl

er
ot

iu
m

w
ei

gh
t

3.
24

3.
04

a 
Ê

-7

3.
 1

9

1.
 8

8

2.
r5

2.
34

3.
 5

9

3.
39

2.
99

la
rc

 s
in

e 
tr

an
sf

or
m

ed
.

R
sA

 
M

15
A

.9
1

2 
.0

8

.7
9

.6
7

.4
9

.6
2

.7
8 1a .8
1

.5
9

T
ot

al
 s

cl
er

ot
ia

w
ei

gh
t

I.6
7

3.
02

2.
52

2.
07

)7
L

1.
39

1.
 1

0

1.
 0

5

r.
75

r.
46

R
sA

 
M

15
A

4.
7

5.
6

2.
37

3.
52

1.
73

2.
69

5.
 6

6

2.
40

r.
70

2,
37

11
.6

1

9.
 s

0

10
. 

48

15
.6

4

15
.0

5

3¡
61

12
.6

3

17
 .5

2

6.
22

9 
.9

6
(o Þ


