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ABSTRACT

Ahmed, H. U., Mundt, C. C., Hoffer, M. E,, and Coakley, S. M. 1996,
Selective influence of wheat cultivars on pathogenicity of My-

cosphaerella graminicola (anamorph Septoria tritici). Phytopathology
86:454-458.

Populations of Mycosphaerella graminicola isolated from winter
wheat cultivars near crop maturity were subsequently evaluated on seed-
lings of the same wheat cultivars in the greenhouse. Significant pathogen
population effects, cultivar effects, and pathogen population x cultivar
interactions were demonstrated. Pathogen populations isolated from

susceptible cultivars produced higher levels of disease, averaged over
cultivars, than did populations isolated from moderately resistant or
resistant cultivars, indicating that susceptible cultivars selected for
higher levels of pathogen aggressiveness in the field. In addition, patho-
gen populations were more virulent on the cultivars they were isolated
from in the field than on other cultivars, indicating selection for cultivar-
specific virulence.

Additional keywords: pathogenicity, resistance, Septoria tritici blotch,
Triticum aestivum.

In many host/pathogen systems, resistance genes have been
only temporarily effective because of increases in the frequency
of matching virulence in pathogen populations (25). Further, even
in the absence of clear gene-for-gene interactions, pathogen
populations may be selected for increased virulence (2,5,12,18),
potentially reducing the stability of quantitatively inherited resis-
tance (7,18,22).

Septoria tritici blotch of wheat (Triticum aestivum L.), caused
by the fungus Mycosphaerella graminicola (Fuckel) J. Schrét. in
Cohn (anamorph Septoria tritici Roberge in Desmaz.), is a serious
disease in all wheat growing areas of the world and causes severe
yield losses (15). Variation in virulence (1,15) and host speciali-
zation (8,15,26) have been documented in populations of M.
graminicola. Existence of specific virulence genes has been sug-
gested within M. graminicola, and putative virulence frequencies
varied considerably among regions and within countries (9).

A high level of genetic variation has been reported within M.
graminicola populations based on restriction fragment length
polymorphisms (RFLPs), suggesting the potential for the selec-
tion of individuals with increased virulence to resistant wheat
cultivars (20). Location-specific adaptation has been demon-
strated among isolates of M. graminicola, indicating that isolates
were more virulent to wheat cultivars to which they had been
previously exposed (1,9). It is also important to know if there is
the potential for adaptation of M. graminicola to its host within a
given location. Thus, the present study was undertaken to deter-
mine pathogenic variation among M. graminicola populations
isolated from winter wheat cultivars, and to determine if there is
selection for virulence of M. graminicola populations to the culti-
vars from which they were isolated.
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MATERIALS AND METHODS

Two experiments were performed in the greenhouse. Experi-
ment 1 was conducted during the period from January to March
1993. Experiment 2 was done during October to December 1994,
and was repeated during January to February 1995,

Host. Four winter wheat cultivars were used in experiment 1:
Gene, PI 560129; Madsen, PI 511673; Malcolm, PI 497672; and
Stephens, CI 017594. Only ‘Madsen’ and ‘Stephens’ were used in
experiment 2. The four cultivars are commonly grown in western
Oregon and have been observed extensively for their degree of
susceptibility to M. graminicola. ‘Malcolm’ and ‘Stephens’ are
both highly susceptible, with ‘Malcolm’ usually being somewhat
more susceptible than ‘Stephens’. ‘Madsen’ is moderately resis-
tant and consistently demonstrates half or less of the level of
Septoria tritici blotch as compared with ‘Stephens’. ‘Gene’ was
highly resistant to M. graminicola when initially released for
commercial production in 1992, though increased levels of Sep-
toria tritici blotch have been observed on ‘Gene’ in recent years.

Plants were raised in 10-cm plastic pots filled with a 1:1:1:2
mixture of peat/sand/loam/#8 pumice. Approximately 15 seeds of
a cultivar were sown in each pot. At 7 days after seeding, plants
were thinned to 10 per pot. For experiment 1, the plants were
fertilized twice per pot with 50 ml of a solution containing 15 g
of fertilizer (ammoniacal nitrogen, 6.8%; urea nitrogen, 8.2%;
available phosphoric acid, P,0s, 30%; soluble potash, K,0, 15%;
boron, 0.02%; copper, 0.07%; iron, 0.15%; manganese, 0.05%;
molybdenum, 0.0005%; and zinc, 0.06%) per liter. Plants were
fertilized at 2 and 5 weeks after seeding. Experiment 2 plants
were fertilized once, at sowing, with 0.6 g of fertilizer (14% N,
14% P, and 14% K) per pot. Plants were sprayed and/or fumi-
gated with insecticide (insecticidal soap [15 ml/liter] and/or nico-
tine smoke) as necessary to control aphids. To control powdery
mildew (caused by Erysiphe graminis), 2 ml of fenarimol (12.5%
a.i.) in 10 ml of water was volatilized inside the greenhouse once



per week during experiment 1. For experiment 2, plants were
treated at 3 weeks after sowing with 50 ml of a soil drench of
ethirimol (0.11 g a.i/liter). Greenhouse temperature was main-
tained from 20 to 25°C, and sodium-halide lights were used to
extend day length to 16 h.

Pathogen. For experiment 1, M. graminicola isolates were ob-
tained from the four winter wheat cultivars Gene, Madsen, Mal-
colm, and Stephens grown in a randomized complete-block de-
sign at the Oregon State University Botany and Plant Pathology
Field Laboratory during the 1991 to 1992 winter wheat season
(21). Two leaves (usually flag leaves) of each cultivar were col-
lected randomly from each of the four replicates. M. graminicola
isolates for experiment 2 were secured from flag or F-1 leaves of
the two wheat cultivars Madsen and Stephens, which were grown
in experimental plots in a commercial wheat field in Hillsboro,
Oregon, during the 1993 to 1994 wheat season. In this case, the
isolates were obtained from diseased leaf samples from a single
replication and were collected in a uniform pattern. Each leaf was
collected from a different plant within the two plots. For both
experiments, leaf samples were collected in June when the crop
was approaching maturity and after the pathogen was exposed to
repeated generations of selection on the host cultivars. At this
time, disease severity was greater than 50%, on a whole canopy
basis, for susceptible cultivars.

For experiment 1, leaf sections of about 5 cm with distinct le-
sion(s) were washed with sterilized water, and then surface-steril-
ized for 30 s with a 20% solution of 5% sodium hypochlorite.
After sterilization, the leaf sections were pressed with blotting
paper to remove excess water. Two sterilized leaf sections were
then taped on a sterilized glass slide. The slide with leaf sections
was placed inside a petri dish containing moistened blotting paper
and then placed on a laboratory bench overnight at room tempera-
ture. On the following day, cirrhi from individual pycnidia were
transferred with a needle under a stereoscope onto a potato-
dextrose agar (PDA) plate fortified with 50 mg/liter of strepto-
mycin solution. At 2 days after transfer, a loop of sterile water
was added to the spore mass with a bacterial transfer loop and
streaked onto a fresh PDA plate. After 3 to 4 days, isolates were
obtained from an individual colony and transferred onto PDA
slants. Twenty isolates were obtained from different pycnidia on
the eight leaves collected from each cultivar. Each isolate was
maintained on silica gel in a refrigerated cryovial. Isolates for
experiment 2 were originally isolated in the laboratory of B. A.
McDonald of Texas A & M University, using methodology simi-
lar to that described above. Five isolates arising from different
pycnidia on different leaves were obtained from each of the two
cultivars.

Inoculation. For experiment 1, crystals of silica gel from
cryovials were plated on PDA containing 50 mg/liter of strepto-
mycin. After 3 or 4 days, blastospores that had developed were
streaked over the same plates. Two days after streaking, each iso-
late was transferred to a separate PDA slant and spread uniformly
with a bacterial transfer loop. The isolates were used for inocula-
tions after an additional 3 days of growth. To do so, 10 ml of
sterile water was added to a PDA slant of each of the isolates.
Suspensions of the 20 isolates from each cultivar were combined
and then adjusted to 109 spores/ml.

For experiment 2, isolates were maintained on yeast-malt agar
(YMA) slants with 50 mg/liter of gentamicin. Equal numbers of
spores of the five isolates from each cultivar were combined be-
fore inoculation. All other procedures for pathogen multiplication
and inoculum preparation were the same as experiment 1.

For experiment 1, a set of 16 pots of plants (four cultivars x
four replications) was inoculated at 21 days after seeding with 75
ml of spore suspension of each of the four pathogen populations,
using a hand sprayer. Similarly, for each of the two trials of ex-
periment 2, eight pots of plants (two cultivars x four replications)
were inoculated with 50 ml of spore suspension for each patho-

gen population. These amounts were sufficient to inoculate the
plants to runoff. After inoculation, the plants were kept in a moist
chamber (wooden frame covered with a polyethylene sheet) for
96 h. High humidity (95% or above) was maintained using a
humidifier (ultrasonic, cool mist type) inside the moist chamber.
Fluorescent tube lights above the moist chamber provided sup-
plemental illumination when necessary. For experiment 1, the
pots were subsequently returned to a greenhouse bench in a ran-
domized complete-block design (16 treatment combinations of
four spore populations and four cultivars in each block) until dis-
ease scoring. For both trials of experiment 2, a completely ran-
domized design was used. Four additional pots of both cultivars
were sprayed with water only and included in both trials of ex-
periment 2; otherwise, they were treated in the same manner as
inoculated plants.

Disease assessments. For experiment 1, visual estimates of
percent leaf area covered by lesions, averaged over all leaves in
each pot, were estimated at 2-day intervals beginning at 13 days
after inoculation, when the first visible lesions occurred. Only
lesions obviously caused by M. graminicola were included. For
example, chlorosis of leaf margins not associated with pycnidia or
pycnidial initials was excluded from the assessments, as such
symptoms are often caused by natural senescence. Area under the
disease progress curve (AUDPC) was then calculated following
the method described by Shaner and Finney (29). For experiment
2, percent lesion area on the second leaf from the base of each of
10 plants in each pot was estimated visually at 3 weeks after in-
oculation. For both experiments, a single observer conducted all
disease assessments, and pots were assessed randomly with re-
gards to treatment,

Statistical analyses. All analyses were performed using the
general linear models procedure of SAS (27). Exploratory analy-
ses of variance (ANOVAs) indicated that the square root and
natural logarithm transformations provided homogeneous vari-
ances for experiments 1 and 2, respectively. Square root trans-
formed data of experiment 1 were treated with a factorial ANOVA
for a randomized complete-block design. For experiment 2, data
of the two trials were pooled in a combined ANOVA for a com-
pletely randomized design after applying a natural logarithm
transformation. As lesion areas on the noninoculated controls of
experiment 2 were very low (often zero), these data were not in-
cluded in the statistical analyses.

Fisher’s protected least significant difference (P = 0.05) was
used for making multiple comparisons among pathogen popula-
tion and cultivar means. Expected values of AUDPC (experiment
1) and percent lesion area (experiment 2) were calculated for each
population x cultivar combination, under the assumption of no
population x cultivar interaction. This was done by using the
marginal means of each combination’s pathogen population and
cultivar, i.e., expected disease = (population mean over all culti-
vars X cultivar mean over all populations)/grand mean. If patho-
gen populations were selected for greater virulence on their culti-
var of origin in the field, homologous combinations of population
and cultivar should show higher than expected disease severity
when tested in the greenhouse. To determine if each population x
cultivar combination was different from its expected value, ¢ tests
(P = 0.05) were used. To do so, the mean of each population x
cultivar combination (each mean was calculated from transformed
values) was compared with the square root of its predicted value
for experiment 1 and the natural logarithm of its predicted value
for experiment 2. In addition, a test of the hypothesis that patho-
gen populations were selected for increased virulence on their
host of origin was conducted over all population x cultivar com-
binations within each experiment through use of a linear contrast
of all homologous (source of population and tester cultivar were
the same) versus all heterologous (source of population and tester
cultivar were different) population x cultivar combinations. For
experiment 2, this contrast was identical to the F test of the
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population x cultivar interaction, as this interaction had only one
degree of freedom for that experiment.

RESULTS

In both experiments, there were highly significant effects of
population, cultivar, and population X cultivar interaction (Tables
1 and 2). For experiment 2, none of the interaction terms involv-
ing trial were statistically significant (Table 2), indicating that it
was appropriate to conduct an ANOVA combined across the two
trials of experiment 2. Mean lesion area of the uninoculated con-
trols in experiment 2 was 0.2% for both ‘Madsen’ and ‘Stephens’.

Mean comparisons showed significant differences in suscep-
tibility among all cultivars tested, as indicated by tester cultivar
means over all pathogen populations (Tables 3 and 4). In addi-
tion, pathogen populations derived from the two susceptible cul-
tivars were more aggressive than populations originally isolated
from the resistant or moderately resistant cultivar, as indicated by
pathogen population means over all tester cultivars (Tables 3 and
4). Two of sixteen population x cultivar combinations in experi-
ment 1 and two of four population X cultivar combinations in
experiment 2 differed significantly from expected values (Tables
3 and 4). For all cultivars, and in both experiments, the observed
amount of disease was numerically higher than the expected
amount when population and cultivar were homologous. Overall,
disease was 32 and 68% higher for homologous than for the het-
erologous combinations in experiments 1 and 2, respectively
(Tables 3 and 4). The comparison of all homologous versus all
heterologous population x cultivar combinations was highly sig-
nificant for both experiments (Tables 1 and 2).

DISCUSSION

Results were qualitatively similar between the two experiments,
despite the fact that the two study populations were sampled 2
years and 110 km apart. Though questions could reasonably be
raised regarding the relevance of greenhouse studies to the field,

TABLE 1. Analysis of variance’ of area under disease progress curve
(percent days) caused by populations of Mycosphaerella graminicola iso-
lated from four winter wheat cultivars in the field and tested on the same
wheat cultivars in the greenhouse

Source df Mean square P>F
Block 3 39 0.0122
Population 3 15.5 0.0001
Cultivar 3 265.2 0.0001
Population x cultivar 9 4.1 0.0001
Homologous vs. heterologous® 1 10.9 0.0015
Error 45 0.9

¥ Analysis performed after applying square root transformation.
* Linear contrast of all homologous versus all heterologous pathogen popu-
lation x cultivar combinations.

TABLE 2. Analysis of variance” of percent leaf area covered by lesions of
Mycosphaerella graminicola for pathogen populations isolated from two
winter wheat cultivars in the field and tested on the same wheat cultivars in
the greenhouse

Source df Mean square P>F
Trial 1 8.47 0.0001
Population 1 1.10 0.0096
Cultivar 1 0.77 0.0274
Trial x population 1 0.11 0.3836
Trial x cultivar 1 0.07 0.4979
Population x cultivar 1 1.48 0.0034
Trial x population x cultivar 1 0.02 0.7427
Error 22 0.14

* Analysis conducted after applying natural logarithm transformation.
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it is significant that relative susceptibilities of the four cultivars
that we measured in the greenhouse were the same as those we
had observed consistently in the field. For example, Septoria
blotch severity at grain-filling averaged over three seasons in
Corvallis, Oregon, was 53, 39, 10, and 1% for ‘Malcolm’,
‘Stephens’, ‘Madsen’, and ‘Gene’, respectively (21). Further,
Septoria tritici blotch epidemics on winter wheat in western Ore-
gon are active from December through June. Thus, seedling data
and adult plant data are equally relevant to field epidemics.

Highly significant pathogen population, cultivar, and popula-
tion x cultivar interaction in both experiments of this study indi-
cated that the M. graminicola/wheat pathosystem varied for both
vertical and horizontal resistance and for both virulence and ag-
gressiveness (sensu Vanderplank [33]). Most studies of this type
have tested individual isolates of a pathogen on different culti-
vars. However, several other studies have also utilized bulk
populations of pathogens (2,19,34) or insects (11) to test for host
adaptation. We chose to test bulk populations collected from dif-
ferent cultivars, because, given finite resources, a larger number
of isolates can be tested as bulk populations than as single iso-
lates. Further, inoculation with multiple isolates is more similar to
the natural life cycle of M. graminicola in the field. Populations
of only five isolates per cultivar were used in experiment 2, pri-
marily to meet the objectives of an allied study not reported here.
Clearly, five isolates is fewer than optimum to adequately sample
a population. Nevertheless, results from experiment 2 were very
similar to those of experiment 1, in which 20 isolates per cultivar
were sampled. Thus, our results seem robust despite the limited
sampling utilized in experiment 2.

It is of particular interest that M. graminicola populations iso-
lated from the susceptible cultivars Malcolm and Stephens were
more aggressive as compared with the populations obtained from
the resistant cultivar Gene and the moderately resistant cultivar
Madsen. Similar results have been noted for M. graminicola iso-
lates and wheat cultivars collected from different regions of the
United States (1), and for isolates of Xanthomonas oryzae col-
lected from and tested on both a susceptible and a moderately
resistant rice cultivar in the Philippines (H. U. Ahmed, M. R.
Finckh, R. E Alfonso, and C. C. Mundt; unpublished data).
Knott and Mundt (16) found different levels of aggressiveness of
wheat leaf rust (Puccinia recondita) isolated from different wheat
cultivars, but there was not a clear relationship between suscep-
tibility of a source cultivar and aggressiveness of its correspond-
ing pathogen population in that study.

Increased selection for aggressiveness on susceptible cultivars
as compared with less susceptible ones can be explained by dif-
ferences in variances of aggressiveness when the pathogen is on
different host genotypes. There is a greater potential range in
disease severity on a susceptible cultivar as compared with mod-
erately resistant or resistant ones. As variances are commonly
observed to be positively correlated with their corresponding
means, and gain due to selection is directly proportional to ge-
netic variance, one might expect greater gains in cultivar selection
for aggressiveness on susceptible cultivars than on resistant or
moderately resistant ones. In support of this hypothesis, Falconer
(10) postulated that the positive correlation between mean and
variance may explain why there is often a greater rate of gain due
to selection for quantitative traits in the upward than in the
downward direction in reciprocal selection experiments. Analysis
of individual isolates of experiment 1 confirmed a larger variance
among individual isolates of M. graminicola when tested on sus-
ceptible wheat cultivars than when tested on a resistant or mod-
erately resistant cultivar (M. E. Hoffer and C. C. Mundt, unpub-
lished data).

It is also possible that shorter pathogen generation times al-
lowed for more generations of selection on susceptible than on
moderately resistant or resistant cultivars. However, recent analy-
ses of greenhouse data (C. C. Mundt, unpublished data) sug-



gested little or no variation for the latent period of M. gramini-
cola on different wheat cultivars grown in Oregon. Similarly,
Shaw (30) found only slight differences in latent period among 14
cultivars when using controlled inoculations of plants in an out-
door environment.

The presence of pathogen x host interaction indicates the po-
tential for cultivar-specific adaptation (18), though this is cer-
tainly not a necessary result of the presence of such an interac-
tion. However, the design of our study allowed us to test whether
pathogen adaptation had actually occurred in the field, since we
evaluated all combinations of pathogen population and cultivar in
a factorial set of treatments.

The presence of a significant main effect of pathogen popula-
tion in this study made the analysis of cultivar-specific selection
of M. graminicola complex. For example, in experiment 1, M.
graminicola populations obtained from the susceptible cultivars
Malcolm and Stephens had high levels of aggressiveness, and,
thus, produced more disease on the cultivar Madsen than the
spore population secured from ‘Madsen’ itself. Calculation of
expected values, under the assumption of no population x cultivar
interaction, made such comparisons clearer (Tables 3 and 4). The
highly significant homologous versus heterologous linear con-
trasts and the fact that observed disease severity was, without
exception, numerically larger than expected disease severity for
homologous combinations indicated clear cultivar-specific selec-
tion in this study. Similarly, Ahmed et al. (1) found that M.
graminicola isolates from California were more virulent on Cali-
fornia cultivars than on Oregon cultivars, while Oregon isolates
were more virulent on Oregon than on California cultivars. Eyal
et al. (9) reported that M. graminicola isolates obtained from
tetraploid wheats were more virulent to tetraploid wheats than
hexaploid wheats.

Detecting statistically significant host influences on quantita-
tive variation of pathogens can be difficult, especially when such
differences are small. In experiment 1, in which four replications
per treatment were used, only 2 of the 16 pathogen population x
cultivar combinations deviated significantly from expected val-
ues, based on ¢ tests. In experiment 2, in which use of eight repli-
cations per treatment increased statistical power, half of the
pathogen population x cultivar combinations deviated signifi-
cantly from expected values. For both experiments, the more
powerful approach of using a preplanned, linear contrast to com-
pare all homologous versus all heterologous combinations pro-
vided very high levels of statistical significance (Tables 1 and 2).
Thus, statistical power should be a prime consideration when
designing studies to detect quantitative variation of plant patho-
gens.

Many studies have addressed the question of whether selection
for increased virulence of a pathogen occurs during cycles of
asexual reproduction on the same host (2,3,5,7,12-15,18,22-24),
but results have varied considerably. Expression of pathogen ad-
aptation to a particular host depends, in part, on the starting ge-
netic diversity in the pathogen population (12). As in other parts
of the world (28,31), field observations in western Oregon impli-
cated ascospores as the source of initial inoculum for Septoria
tritici blotch epidemics (C. C. Mundt, unpublished data). Further,
RFLP analyses indicate patterns of genetic diversity in western
Oregon populations of M. graminicola that could occur only
through sexual recombination (4,6), and the number of initial
infections resulting from fall ascospore showers was very large
(on the order of hundreds per square meter; C. C. Mundt, unpub-
lished data). Analysis of infections on trap plants have shown that
ascospore showers usually peak in late fall/early winter in both
the United Kingdom (31) and western Oregon (M. E. Hoffer and
S. M. Coakley, unpublished data). Subsequent progression of dis-
ease is highly correlated with rain events favorable to splash
dispersal of pycnidiospores (32; M. E. Hoffer and S. M. Coakley,
unpublished data), and such rain events occur throughout the

winter and spring in western Oregon. In addition, M. graminicola
strains of known RFLP pattern inoculated once in December
1994 (to competitively exclude peak ascospore infections) domi-
nated experimental plots when sampled in June 1995 in western
Oregon (C. C. Mundt and B. A. McDonald, unpublished data).
Splash dispersal of conidia after the initial ascospore infections
also greatly restricts asexual dispersal of M. graminicola (4,20)
and the potential for migration of pathogen genotypes among
different cultivars. Thus, we studied a very large and diverse
pathogen population that had significant opportunity to be select-
ed for increased pathogenicity in the field before being collected
and tested in the greenhouse.

In experiment 1, heterologous population x cultivar combina-
tions showed disease levels both higher and lower than the calcu-
lated, expected values. Though lack of sufficient statistical power

TABLE 3. Area under disease progress curve (percent days) caused by popu-
lations of Mycosphaerella graminicola collected from four winter wheat cul-
tivars in the field and tested on the same wheat cultivars in the greenhouse

Pathogen population derived from

Tester

cultivar ‘Gene’ ‘Madsen’ ‘Malcolm’ ‘Stephens’  Mean"

Gene 26 2.7 1.3 27 23d

2.0% L5 30 27

Madsen 55.9 43.5 86.8 52.5%% 59.7¢

Malcolm 100.5 75.6 149.2 123.0 112.1a
99.0 742 145.2 130.0

Stephens 79.0 56.5 111.5 134.0* 953b
842 63.1 123.4 110.4

Mean" 59.5B 44.6C 87.2A 78.1A

Mean of homologousY combinations = 82.3
Mean of heterologous” combinations = 62.3

¥ Means followed by the same letter are not significantly different at P = 0.05
according to Fisher’s protected least significant difference.

"Underlined figures are expected values under the assumption of no patho-
gen population x cultivar interaction, and were calculated as follows: ex-
pected disease = (pathogen population mean over all cultivars x cultivar
mean over all pathogen populations)/grand mean.

* An asterisk indicates that the observed value is significantly different from
its expected value at P = 0.05, based on a 1 test.

¥ “Homologous” indicates disease reaction of M. graminicola populations on
cultivars from which the isolates were originally obtained in the field.

* “Heterologous” indicates disease reactions of M. graminicola populations
on the cultivars from which the isolates were not obtained in the field.

TABLE 4. Percent leaf area covered by lesions of Mycosphaerella gramini-
cola for pathogen populations collected from two winter wheat cultivars in
the field and tested on the same wheat cultivars in the greenhouse

Population derived from

Tester cultivar ‘Madsen’ ‘Stephens’ Mean"
Madsen 12.6 12.4%w 125b
9.4* 156
Stephens 11.4% 27.4 19.4 a
146 242
Mean" 12.0A 19.9B

Mean of homologous? combinations = 20.0
Mean of heterologous* combinations = 11.9

¥ Means followed by the same letter are not significantly different at P = 0.05
according to Fisher’s protected least significant difference.

" An asterisk indicates that the observed value is significantly different from
its expected value at P = 0.05, based on a ¢ test.

* Underlined figures are expected values under the assumption of no patho-
gen population x cultivar interaction, and were calculated as follows: ex-
pected disease = (pathogen population mean over all cultivars x cultivar
mean over all pathogen populations)/grand mean.

¥ “Homologous” indicates disease reaction of M. graminicola populations on
cultivars from which the isolates were originally obtained in the field.

* “Heterologous™ indicates disease reactions of M. graminicola populations
on the cultivars from which the isolates were not obtained in the field.
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prevents definitive conclusions, this result suggests that there may
have been pathogen x host interactions caused by mechanisms
other than cultivar-specific selection. In fact, unexplained patho-
gen X cultivar interactions have been reported previously in the
M. graminicola/wheat system. Ahmed et al. (1) found that Cali-
fornia and Texas isolates of M. graminicola caused very low lev-
els of disease on Oregon cultivars with the exception of the culti-
var Madsen, on which California and Texas isolates sometimes
caused more disease than Oregon isolates.

Our data indicated simultaneous selection for both increased
aggressiveness and increased virulence in M. graminicola. Simul-
taneous selection for both virulence and aggressiveness was
detected by Kolmer and Leonard (17) for Cochliobolus heteros-
trophus on maize (Zea mays). They used the sexual state of
Cochliobolus heterostrophus to conduct recurrent selection for
increased lesion size on a single maize genotype over three gen-
erations. This selection resulted in increased aggressiveness of the
pathogen on all maize cultivars tested, as well as increased viru-
lence for the cultivar on which the selection for increased lesion
size selection was carried out.

As our study indicated adaptation of M. graminicola to its cul-
tivars of origin, the long-term use of a resistant cultivar might be
endangered. Thus, gene rotation, cultivar mixtures, and other
resistance deployment strategies might be useful to sustain the
stability of resistance to Septoria tritici blotch. The simultaneous
influence of the host on both virulence and aggressiveness of M.
graminicola may, however, make predictions of the effectiveness
of different deployment strategies very complex for this
host/pathogen system.
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