333

Virulence dynamics, phenotypic diversity, and
virulence complexity in two populations of
Puccinia triticina in Canada from 1987 to 19971

J.A. Kolmer

Abstract: Populations ofPuccinia triticina (causal agent of wheat leaf rust) in Ontario, Quebec, Manitoba, and
Saskatchewan were analysed for frequency of isolates with virulence to leaf rust resistancer@ehe®a, Lr2c, Lr3,

Lr9, Lrl6, Lr24, Lr26, Lr3ka, Lr1l, Lrl7, andLr30 for the years 1987-1997. Winter wheats in the southern plains of

the United States with resistance gehe24, Lr26, Lrll, Lr3ka, Lrl7, andLrl6 selected virulen®. triticina

phenotypes in the Manitoba and Saskatchewan population PTIriticina population in Quebec and Ontario was
comparatively stable, showing no directional trends in selection of virulence phenotypes. In the Manitoba and
Saskatchewan population, diversity of virulence phenotypes changed relatively little despite the selection that occurred
in this population. The average number of virulences per isolate in the Manitoba and Saskatchewan population
increased from 1987 to 1994 during the period of selection for virulende 24, Lr26, Lr3ka, andLrll, and declined

from 1995 to 1997 when selection for virulenceltdl6 and Lr17 occurred. The most complex virulence phenotypes

were not necessarily selected in the Manitoba and Saskatchewan population because of how the resistance genes were
deployed in the host population and the nonrandom distribution of virulences iR. thigicina population.

Key words Puccinia reconditaf.sp. tritici, specific resistance, wheat leaf rustjticum aestivumspecific virulence.

Résumé: Les auteurs ont analysé les populationsRiiccinia triticina (agent causal de la rouille des feuilles du blé)

dans les provinces de I'Ontario, du Québec, du Manitoba et de la Saskatchewan, afin de déterminer la fréequence des
isolats virulents envers les génes de résistance a la rouille des fduillekr2a, Lr2c, Lr3, Lr9, Lrl6, Lr24, Lr26,

Lr3ka, Lr11, Lrl17 et Lr30, pour les années 1987-1997. Les blés d’hiver des plaines du sud des Etats-Unis, avec
résistance aux genés24, Lr26, Lrll, Lr3ka, Lrl7 et Lrl6, sélectionnent des phénotypes virulentsRiuriticina dans

la population du Manitoba et de la Saskatchewan. La populatioR. drticina au Québec et en Ontario est
comparativement stable, ne montrant pas de tendances directionnelles quant a la sélection de phénotypes virulents.
Dans la population du Manitoba et de la Saskatchewan la diversité des phénotypes de virulence change relativement
peu en dépit de la sélection qui s’effectue dans cette population. Le nombre moyen de virulences par isolat dans la
population du Manitoba et de la Saskatchewan augmente de 1987 a 1994 au cours de la période de sélection pour la
virulence aux genekr24, Lr26, Lr3ka et Lrll, et diminue de 1995 a 1997 lorsque la sélection pour les gerisset

Lrl7 s'effectue. Les phénotypes de virulence les plus complexes ne sont pas nécessairement sélectionnés dans la
population du Manitoba et de la Saskatchewan, da a la fagcon selon laquelle les génes de résistance se déploient dans la
population héte, et la distribution non-aléatoire des virulences dans la populatiBntdticina.

Mots clés: Puccinia reconditaf.sp. tritici, résistance spécifique, rouille des feuilles du HAlaticium aestivum
virulence spécifique.

[Traduit par la Rédaction]

Introduction rust, are highly variable, consisting of many different physi
ologic races or virulence phenotypes (Kolmer and Liu 1997,
Long et al. 1992). Leaf rust survives on winter wheats in the
outhern plains of the United States, and urediniospores are
arried to the northern prairies of Manitoba and Saskatche
wan on the southerly winds in spring and early summer. The
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North American populations dPuccinia triticina Erikss.
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from the resistant spring wheats in Manitoba and Saskatché-ig. 1. (A) Frequency (%) ofPuccinia triticina isolates in
wan (Kolmer 1998). Some migration of leaf rust from adja Manitoba and Saskatchewan with virulence to ‘Thatcher’ wheat
cent regions in the United States into Ontario and Quebelines near-isogenic for resistance gehe24 (@), Lr26 (O),
most likely also occurs. Lr1l (V), andLr3ka (V) from 1987 to 1997. (B) Frequency (%)
Annual surveys of physiologic specialization in of Puccinia triticinaisolates in Manitoba and Saskatchewan with
P. triticina in Canada have been conducted at the Cereal Revirulence to ‘Thatcher’ wheat lines near-isogenic for resistance
search Centre in Winnipeg since 1931. The continuat surgenesLrl (@), Lr2a (O), Lr16 (V), andLrl7 (V) from 1987 to
veys are a unique database to examine selection ankP97.
evolution in a plant pathogen population over a compara 100
tively long period of time and in a large geographic area.
Johnson (1956) summarized the results of the surveys from A
1931 to 1955 using the differential cultivars in the Interna
tional Register of Standard Races. Kolmer (1989, 191 80 -
summarized the surveys from 1931 to 1987 using the differ 7\
ential cultivars in the Unified Numeration system with leaf
rust resistance genésl, Lr2a, Lr2c, andLr3. Since 1987,
12 near-isogenic lines of ‘Thatcher’ wheat with single leaf
rust resistance genes (i.&rl, Lr2a, Lr2c, Lr3, Lr9, Lrl6,
Lr24, Lr26, Lr3ka, Lr11, Lr17, andLr30) have been used as
differentials in the wheat leaf rust nomenclature system
(Kolmer 1988; Long and Kolmer 1989). This paper summa
rizes the results of the. triticina virulence surveys in Can
ada from 1987 to 1997 using these 12 differentials. General
attributes of plant pathogen populations including diversity 20
of virulence phenotypes, virulence complexity, and non-
random associations between virulences were also exam-
ined.
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Materials and methods 1988 1990 1992 1994 1996

Data on virulence to specific leaf rust resistance genes and viru- 100
lence phenotype frequencies from 1987 to 1996 were taken from
the annual surveys of physiologic specializationRoftriticina in
Canada, which were published in ti@anadian Journal of Plant
Pathology Data from the 1997 survey were also included. The fre 80 -
quency of isolates with virulence to the 12 near-isogenic lines of
‘Thatcher’ wheat was determined each year in the survey. Isolates
with infection types of 0 (immune response) to 2+ (medium-size
uredinia with chlorosis) were rated as avirulent; isolates with infec
tion types of 3 to 4 (medium to large uredinia without distinct
chlorosis) were rated as virulent. The methods used in processing
leaf rust collections for determination of virulence phenotypes
were as previously described (Kolmer and Liu 1997). Approxi
mately 200-250P. triticina single-uredinial isolates from Manitoba
and Saskatchewan were tested for virulence phenotype, and 25-75
isolates from Quebec and Ontario (eastern Canada population) " /
were tested. Virulence phenotypes were determined by the-infec - .0,
tion types for each isolate on the 12 ‘Thatcher’ differential lines. 20 - o) /'O -9
Data on the leaf rust resistance genes postulated to be in winter L
wheat cultivars grown in the U.S. were obtained from the USDA- .
ARS Cereal Disease Laboratory in St. Paul, Minn. (D.L. Long, k ; .
personal communication). Diversity of virulence phenotypes in the 0 M
eastern and western Canaéa triticina populations was deter T
mined with the Shannon index as 1988 1990 1992 1994 1996

[1]  Huw=-) piloge(p)

wherep, is the frequency of thith phenotype. The Shannon index Results

[1] reflects the number of phenotypes and the relative evenness of .

their frequencies (Kolmer 19@). Associations between virulences Manitoba and Saskatchewan . ]

in the Manitoba and Saskatchewan population were measured us In 1987 virulence toLr24 was found in 31% of isolates
ing the G-test of independence at the 5% confidence level (SokalFig. 1a). Virulence to this gene increased to near 60% in
and Rohlf 1981). 1993 and then declined to less than 20% by 1997. Virulence
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Q
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Table 1. Four selected virulences and virulence phenotypeBuafcinia triticinain Manitoba and Saskatchewan
from 1987 to 1997.

Selected Year Frequency Initial selected Frequency Frequency Number of phenotypes
virulence selected (%) phenotype (%) Year (%) with virulence
Lr24 1987 31 1,3, 24 24 1994 47 14 phenotypes
Lr26 1988 24 1, 3, 24, 26 21 1994 31 8 phenotypes
Lrll 1989 44 1, 24, 2¢, 3, 11 29 1995 68 12 phenotypes
23 2¢ 3, 11 11
Lr3ka 1993 48 1, 3, 3ka 11, 30 19 1995 62 12 phenotypes

1, 3, 24, 26, 3ka 30 19

Table 2. Virulence associations to pairs of leaf rust resistance genes in wheat in the Manitoba and
Saskatchewan population &fuccinia triticina from 1987 to 1997 as measured by tBestatistic.

Virulence pair 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Lrl, 2a - - - — - - - ns ns ns ns
Lrl, 24 + + + + + + ns ns + ns ns
Lrl, 26 + + + + ns ns - ns ns
Lrl, 3ka + + + ns ns
Lrl, 11 - — - — ns ns ns ns ns
Lrl, 16 ns ns ns
Lrl, 17 ns ns
Lr2a, 24 — - — - - - ns + + + ns
Lr2a, 26 - - - - - - ns ns ns +
Lr2a, 3ka - - - - -
Lr2a, 11 + + + + + + ns ns ns -
Lr2a, 16 ns ns +
Lr2a, 17 - —
Lr24, 26 + + + + + + + + ns ns
Lr24, 3ka ns - — ns +
Lr24, 11 - - - - - - - ns +
Lr24, 16 ns - -
Lr24, 17 ns ns
Lr26, 3ka + ns ns ns -
Lr26, 11 - - - - - - - - - -
Lr26, 16 ns ns +
Lr26, 17 ns ns
Lr3ka, 11 ns ns + + +
Lr3ka, 16 - - -
Lr3ka, 17 - -
Lrll, 16 - - -
Lrl1, 17 - -
Lrl6, 17 - -

Note: The G statistic is the contingency table test (Sokal and Rohlf 1981). —, significant negative assodtation (
0.05); ns, nonsignificant associatioR ¢ 0.05); +, significant positive associatioR € 0.05).

to Lr26 increased from less than 5% in 1987 to over 20% in1995-1997, virulence t&r3ka declined to less than 40%.
1988 and remained between 20 and 30% through 1997 Dutr3ka may be present in the Kansas wheat ‘Karl 92’ (pestu
ing the late 1980s and early 1990s the cultivar Siouxlandlated to have genesr3ka andLr11) that was widely grown
postulated to haver24 andLr26, was grown from Texas to by 1992. Virulence td_r30 changed frequencies in the same
South Dakota. This cultivar, or other cultivars with the samemanner as virulence tar3ka (data not shown in Fig. 1).
genes, most likely selecte®. triticina phenotypes with Virulences toLr3ka and Lr30 are tightly linked (Kolmer
virulences tolLr24 and Lr26. Virulence toLrll increased 1992). Isolates with virulence tar30 are almost invariably
from near 0% in 1987, to 11% in 1988, and to over 40% inalso virulent toLr3ka

1989. By 1991 virulence tarll was over 60%. In 1996— Virulence toLr16 was less than 10% in 1987 in Manitoba
1997 virulence toLrll declined to slightly less than 40%. and Saskatchewan and declined to 0% by 1989 (Fi. 1
Lrll was postulated to be in the cultivar Newton that wasCultivars withLr16, such as ‘Probrand 812’, were grown in
grown in Kansas in the late 1980s. VirulencelicBka was  Texas in the early 1980 and later declined in acreage.-Viru
near 0% from 1987 to 1992. In 1993 virulence to this gendence toLr16 increased in 1995 to 10% and reached 16% in
increased to over 40% and reached 80% in 1994. Durind997. The wheats ‘Tomahawk_.(16), ‘Vista’ (Lr16), ‘Red
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Fig. 2. Shannon indexes of phenotypic diversity Rficcinia Fig. 3. Frequency (%) of the predominaRuccinia triticina
triticina populations in Manitoba and Saskatchew&y) @nd virulence phenotypes in Quebec and Ontario from 1987 to 1997.
Quebec and Ontario®), and average number of virulences per @, virulence phenotypérl, Lr2c, Lr3, Lr3ka; O, virulence
isolate in the Manitoba and Saskatchewan populat®h ftom phenotypeLrl, Lr3, Lrll; V¥, virulence phenotypérl, Lr3,
1987 to 1997. Lr3ka, Lrll, Lr30; V, virulence phenotypérl, Lr3, Lrl7;
6 M, virulence phenotypérl, Lr3, Lr24, Lr3ka, Lrll, Lr30;
[0, virulence phenotypér2c, Lr3, Lr3ka
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the contingency table tests of virulence pairs in Table 2.
land’ (Lr16), and ‘Arapahoe’[(r16, Lr24) were released and Nonrandom associations between virulenced b, Lr2a,
grown in the southern Great Plains states starting aboutrll, Lr24, andLr26 were stable between 1987 and 1992,
1994. A number of Canadian spring wheats witti6 (AC  the period when virulences tall, Lr24, andLr26 were in-
‘Domain’, AC ‘Majestic’, AC ‘Barrie’, AC ‘Karma’) were  creasing. Starting in 1993, when virulencelLi@ka began to
also released and grown in Manitoba and Saskatchewan increase, three of five pairs with virulence ta3ka were
the mid to late 1990s. Virulence 1al7 was between 0 and nonrandomly associated, while some of the associations with
3% from 1987 to 1995 and increased to over 40% in 1996-virulences toLrl, Lr2a, Lrll, Lr24, and Lr26 changed to
1997. The Kansas wheat ‘Jagger’, released in 1996, magonsignificant. By 1996 most associations betwden,
have Lr17. Virulence toLrl was near 90% from 1987 to Lr2a, Lr3ka Lrll, Lr24, andLr26 were nonsignificant. In
1990, declined to 60% by 1992, and then increased to nearl¥997 virulences tarl6 andLrl7 were nonrandomly assaci
100% from 1994 to 1997. Virulence ta2a was between 40 ated with most of the other virulences.
and 60% from 1987 to 1990, increased to 80% in 1992, and The diversity of virulence phenotypes in Manitoba and
then declined to 20% from 1994 to 1997. Virulence frequen Saskatchewan changed relatively little from 1987 to 1997
cies toLr2c were nearly identical td_r2a since the same despite the major increases in different virulences that oc
gene inP. triticina conditions virulence to both resistance curred during this time (Fig. 2). From 1987 to 1991, the
alleles (Samborski and Dyck 1968). From 1987 to 1997, isoShannon index [1] values were less than 2.0 and varied be
lates with virulence toLr3 were near 100%, and isolates tween 2.0 and 2.5 from 1994 to 1997. The average number
with virulence toLr9 were near 0%. of virulences per isolate in Manitoba and Saskatchewan in

When virulences td.r24, Lr26, Lr11, andL3kawere ink  creased from 3.5 in 1987 to 5.5 in 1994 (Fig. 2). The aver
tially selected, they were predominantly found in one or twoage virulence complexity declined to slightly over 4.0 in
phenotypes (Table 1). After a few years the selected996-1997. The Shannon indices of diversity and the-aver
virulences became more widely distributed in other phenoage virulence complexities for each year were not signifi
types throughout the rust population. In 1987 virulence tocantly correlated (5% confidence level). In 1997, only 6 of
Lr24 was at 31%, and most of the isolates with virulence to28 virulence pairs were positively associated (Table 2),
this gene were virulence phenotypel, Lr3, Lr24, which  which indicated that the most complex isolates were not
occurred at 24%. By 1994 virulence k024 was at 47% and necessarily being selected.
was found in 14 different phenotypes. Almost all of the-iso
lates with the selected virulences 026, Lr1l, andLr3ka  Quebec and Ontario
occurred in one or two different phenotypes (Table 1) the The P. triticina phenotypes in Quebec and Ontario
first year they increased in frequency. changed relatively little from 1987 to 1997 compared with

The association of virulences with only one or two pheno the population in Manitoba and Saskatchewan (Fig. 3). The
types during the initial years of selection can also be seen imost common phenotype in Quebec and Ontario during this
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period had virulence tarl, Lr2c, L3, andLr3ka. This phe  virulence phenotypes collected from Quebec and Ontario
notype was found at 20-70% of the Quebec and Ontariavere also found in Manitoba and Saskatchewan in the same
population but was never found in the Manitoba and-Sasyears. These phenotypes may have migrated to Quebec and
katchewan population. A phenotype with virulencelid,, Ontario from wheat growing areas in the southern plains or
Lr3 andLrll was detected every year at 2-30% in Quebedhe eastern U.S states (Long et al. 1992). The roughly paral
and Ontario and was sporadically detected in the Manitob&l occurrence of these phenotypes in both eastern Canada
and Saskatchewan population at less than 3%. A phenotypend Manitoba and Saskatchewan suggests a common
virulent to Lr2c, Lr3, andLr3ka was found in Quebec and overwintering source oP. triticina.

Ontario between 2 and 15% from 1987 to 1992. This pReno | plant pathogen populations that are subject to continu
type was never detected in the Manitoba and Saskatchewajys directional selection for increasing virulence, it is irevi
population. Two phenotypes with virulence tal, Lr3,  taple that the most complex phenotypes will eventually
Lr3ka, Lr1l, Lr30 and tolLrl, Lr3, Lrl7 occurred at 9-22% predominate if no other selective forces are present. The av
from 1995 to 1997. These phenotypes were between 0 anglage virulence complexity of the Manitoba and Saskatche
38% in the Manitoba and Saskatchewan population duringyan population increased from 3.5 to 5.5 during 1987—1994,
these 3 years. A phenotype with virulenceltd, Lr3, Lr24,  and then declined to slightly greater than 4.0 from 1995 to
Lr3ka, Lrll, Lr30 was the second most common phenotype1g9g7. Although this rust population was under continuous
at 17% in Quebec and Ontario in 1997. This phenotype wage|ection for increasing virulence, the most complex ~iru
at 10% in the Manitoba and Saskatchewan population ifence phenotypes were not necessarily selected in the last 3
1997. Diversity ofP. triticina phenotypes declined in Que years. In 1997 there were only six pairs of virulences that
bec and Ontario from a Shannon index [1] value near 3.0 ifyere positively associated. The majority of virulence pairs
1987 to slightly over 1.0 in 1991 (Fig. 2). From 1992 t0 were randomly or negatively associated. A greater number
1997 the index of diversity in this population varied betweeng¢ positive virulence associations would be expected if se

1.2 to 2.3. Virulence associations and virulence complexitieSection always favoured the most complex virulence pheno
were not calculated foP. triticina isolates in Quebec and pes.

Ontario since the predominant virulence phenotypes

changed relatively little. Other factors may also affect virulence complexity in

P. triticina populations. The most important may be the de-
ployment of resistance genes in the winter wheat popula-
tions coupled with the nonrandom distribution of virulence
in the P. triticina population. The winter wheat ‘Karl 92’

From 1987 to 1997 the virulence Bf triticina collections ~ (Lr3ka, Lrll) selected phenotypes with virulence tol,
from wheat in Manitoba and Saskatchewan changed on ah'3, Lr3ka, Lrll, andLr30, while ‘Jagger’ (rl17) selected
almost annual basis because of the introduction of leaf rugthenotypes with virulence torl, Lr3, andLr17. Since viru-
resistance genes in the winter wheats grown in the Gredénce toLrl7 arose in isolates that were avirulent lie3ka
Plains region of the U. S. This is a classic example of singlédndLr1l, the virulence complexity of the. triticina popula-
resistance genes causing rapid selection of virulence phen§on decreased when virulenceltel7 began to increase and
types in a rust population. Kolmer (1982noted previously ~Virulence toLr3ka andLrll decreased. Cultivars with com
that almost allP. triticina isolates from Manitoba and Sas binations of different resistance genes, i.e., ‘Siouxland’
katchewan in the 1988 survey that were avirulenttdka,  (Lr24, Lr26), ‘Arapahoe’ (rl6, Lr24), and ‘Redland’
Lr11, andLr17 were most likely heterozygous for virulence (Lr16), would also be expected to select different pheno
alleles to these genes. In this case, only a single mutation afypes. The diversity of leaf rust resistance genotypes ir win
fecting one avirulence allele would be needed for theter wheat has helped to maintain a diversityRoftriticina
avirulent isolates to gain virulence to one of the resistanc@henotypes. @stergard and Hovmgller (1991) modelled-asso
genes. TheP. triticina population that overwinters in the Cciations between virulences in barley powdery mildew with
U.S. southern plains is relatively large since many wintevarious arrangements of host resistance genes. Their models
wheat cultivars in that region lack effective resistance.-Ranpredicted that hosts with two or more combinations of resis
dom mutation of avirulence alleles to virulence allelestance genes would select complex pathogen phenotypes,
would be a frequent event in this large population. while hpst populations With different resistance genes in dif

In contrast, theP. triticina population in Quebec and ©n ferent lines would select simpler phenotypes.
tario has been relatively stable, with no obvious directional Kolmer (1993, 1995) selected a sexually derived hetero
shifts in virulences. Th. triticina collections from this re  geneous population oP. triticina on mixtures of different
gion were made from breeding plots and farm fields of-susnear-isogenic ‘Thatcher’ lines. After 12 uredinial genrera
ceptible soft white winter wheats, as well as hard red sprindions of selection, phenotypes with an intermediate number
wheats in rust nurseries and farm fields. The predominanof virulences were the predominant isolates. Selection had
virulence phenotypes that are found on a yearly basis in thigot favoured either isolates with the fewest unneeded
region most likely overwinter on the susceptible wintervirulences, as would be predicted from Vanderplank’s (1968)
wheats that unlike the winter wheats in the U.S. southerroriginal description of “stabilizing selection,” or phenotypes
plains, have not imposed an obvious selection pressure onith virulence to all resistance genes. In these experiments
the P. triticina population. The predominant virulence phe the multilines and the susceptible host ‘Thatcher’ selected
notypes found in Quebec and Ontario also have distinct mothe same predominar®. triticina phenotypes, suggesting
lecular backgrounds compared with isolates found inthat the fitness differences between the isolates was the ma
Manitoba and Saskatchewan (Kolmer et al. 1995). Certaijor selective force. Intrinsic fitness differences favouring iso

Discussion
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lates with intermediate numbers of virulences may also sp.hordeiin France over a five-year period. Plant Path&:
affect levels of virulence complexity in field populations of  443-464.
P. triticina. Andrivon, D., and de Vallavielle-Pope, C. 1995. Race diversity and
GenelLrl6 has been present in U.S. winter wheats and complexity in selected populations of fungal biotrophic patho
Canadian spring wheats since before 1993, but virulence to gens of cereals. Phytopathologg: 897-905.
this gene in the Manitoba and Saskatchewatriticina pop- Anikster, Y., Bushnell, W.R., Eilam, T., Manisterski, J., and Roelfs,
ulation has not increased at the same rapid rate as virulencesA-P. 1997.Puccinia reconditacausing leaf rust on cultivated
to Lr1l, Lr3ka, andLr17. Kolmer (1992) previously noted wheats, wild wheats, and rye. Can. J. Bo&: 2082-2096.
that virulence heterozygosity tbrl6 was very low in the Johnson, T. 1956. Physiologk_: races of leaf rust of wheat in Canada
1988 Manitoba and Saskatchewan population. This may 1931 to 1955. Can. J. Agric. S@36: 323-332.
partly explain why isolates with virulence to this gene haveKolmer, J.A. 1988. Physiologic specialization oPuccinia
not increased at a faster rate. Virulence_t&6 was common reconditaf.sp. tritici in Canada in 1987. Can. J. Plant Pathol.
in Texas and Oklahoma in the early 1980s, reaching 17% of 10: 354-358. . . N
the total U.S.P. triticina population in 1986 (Schafer and Kolmer, J.A. 1989. Virulence and race dynamics Bficcinia
Long 1988) and up to 10% in the Manitoba and Saskatche recondita f.sp. tritici in Canada during 1956-1987. Phyto
wan population (Kolmer 1993). However, virulence to pathology,79: 349-3%6. .
Lr16 declined in the late 1980s to very low levels in the U.S.Kolmer, J.A. 1992. Phenotypic diversity in two populations of
and Canada when winter wheats with this gene were re Puccinia reconditaf.sp. tritici in Canada during 1931-1987.
placed. Virulence td_r16 in Manitoba also increased in the  Fhytopathologygl: 311-315. = , N
mid 1950s with the introduction of ‘Selkirk’ wheat (Kolmer KeImer. J-A. 199b. Evolution of distinct populations dPuccinia
19910). Virulence toLr16 declined with the replacement of  reconditaf.sp.tritici in Canada. Phytopatholog§l. 316-322.
‘Selkirk’ in the mid 1960s with wheats that lackéd16. The ~ Kolmer, J.A. 1992. Virulence heterozygosity and gametic phase
apparent selection against virulenceltd6 in the absence disequilibria in two pop_ulatpns oPuccinia recondita(wheat
of the resistance gene fits the original definition of stabiliz leaf rust fungus). Hered_'tﬁs' 5_05_513'
ing selection as used by Vanderplank (1968). Kolrfmre]r, J.A. 19?2. [i)lversny of v(;ruller;](.:e phenlotypest]ajnd.e.ffect
The diversity of the virulence phenotypes in the Manitoba ?eco?wztit:?rsnp L?u?uu ?;WSZEQQ I;’\l’gnt'nD‘i)s%_ugfgngl ceinia
and Saskatchewan triticina population remained relatively Kolmer JA' fégs Selection in- a hetero e'neous 0'u|ati0n of
stable from 1987 to 1997 despite the constant directional se-"p, |~ 00 Lo sp. tritici Phytopatholggy;';Q' 1855_‘)1850
lection for different virulences. If directional selection re- | JA 1995 S.I 'ti N cFP inia nditef. itici vir-.
sulted in only a few complex virulence phenotypes in theKo mer, S/ - Seiection giucciia reconard.sp. Hitic :
population, then it would be expected that diversity would ﬁf;rciesgg:;]iztﬁfs'e'gft?lzif r”;g:gg?:eo;;gztcg?nW?egtmes
decrease. However, selection of different phenotypes with 1051 _10gg. ' Y '
inter_med!atg numbers c.)f virulences resulted in a stable I.evel{olmer, J.A., and Liu, J.Q. 1997. Physiologic specialization of
Andrivon &nd de Vallavielle-Pope (1998) determined that hoccma econdisp.iic in Canada in 1695. Can. J. Plant
there was no correlation between virulence complexity anq’(olmer, JA, Liu, J.Q., and Sies, M. 1995. Virulence and molecu

diversity as measured by the Shannon index in three pepula |5 polymorphism inPuccinia reconditaf.sp. tritici in Canada.
tions of Eyrsiphe graminion barley in France from 1986 0 ppytopathologyss: 276-285.

1990. Andrivon and de Vallavielle-Pope (1995) also found & gonard, K.J., Roelfs, A.P., and Long, D.L. 1992. Diversity of vir

general lack of correlation between virulence complexity ylence within and among populationsRiiccinia recondite.sp.

and diversity for other rust or mildew diseases. tritici in different areas of the United States. Plant Di&. 500—
TheP. triticina population in Manitoba and Saskatchewan 504,

and Quebec and Ontario have had distinct virulence phenqong, D.L., and Kolmer, J.A. 1989. A North American system of

type populations since the mid 1940s when cultivars with nomenclature for Puccinia recondita f.sp. tritici. Phyto

Lrl4a were introduced in Manitoba and cultivars witih3 pathology,79: 525-529.
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