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ABSTRACT

Al-Mughrabi, K. L, and Gray, A. B. 1995. Competition between triadimefon-sensitive and tri-
adimefon-resistant isolates of Erysiphe graminis f. sp. tritici. Plant Dis. 79:709-712.

The competitive abilities of randomly selected triadimefon-sensitive (S) and triadimefon-
resistant (R) single-pustule derived isolates of Erysiphe graminis f. sp. tritici obtained from
triadimefon-treated and -untreated fields of the Annapolis Valley (AV), Nova Scotia, were
tested. In 1991, mixed inoculations of S/R isolates in 75:25, 50:50, and 25:75 ratios were stud-
ied in vitro in the absence of triadimefon on wheat cultivar Absolvent. In 1992, a 50:50 (S/R)
inoculation ratio was used to study the competition between R and S isolates collected from
triadimefon-treated fields in the AV. Results indicated that in the absence of triadimefon the
mean ECs, values of mixtures of various S/R ratios tested in 1991 and of the 50:50 ratio tested
in 1992 decreased significantly (P < 0.05) after five generation cycles. Resistant isolates were
less fit (less competitive) than sensitive ones in the absence of triadimefon.
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Powdery mildew, caused by Erysiphe
graminis DC. f. sp. tritici Em. Marchal, is
a foliar disease that occurs throughout the
world (7,21,24,25,33). Yield losses of up
to 30% (23) may result if infection occurs
early in the growing season and conditions
remain favorable for disease development
(28).

Triadimefon, a triazole fungicide, is re-
puted to be a good protectant and eradi-
cant effective against powdery mildews
(9). Triazoles are members of the demethy-
lation inhibitor (DMI) group of com-
pounds, which inhibit the C-14 demethy-
lation step in the synthesis of ergosterol
(11). Powdery mildew control in wheat in
Nova Scotia may include one or two foliar
spray applications of DMI fungicides.

In the absence of the fungicide, some
resistant strains are less fit than sensitive
ones (5,6,10,18,19,26). This may have
consequences for commercial practices, as
it may slow down the build-up of a resis-
tant pathogen population in the field by
favoring its decline in the absence of the
fungicide. Fitness of resistant strains can
be estimated by growing mixtures of resis-
tant and sensitive isolates for several gen-
erations while monitoring the change in
sensitivity (21,34). Resistance to DMI
fungicides is often accompanied by poor
conidial germination and reduced mycelial
sporulation, which contribute to a lack of
fitness and poor viability of the fungus
(16).

Competition experiments have been
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conducted on various pathogens to test the
relative ability of resistant strains, com-
pared with sensitive ones, to infect plants
in the absence of a fungicide (1,5,18,22,
31). Such experiments may determine
whether resistant strains will become less
fit and then disappear as a result of com-
petition with sensitive strains in the ab-
sence of the fungicide (36). Two reports
indicated that the competitive abilities of
DMIl-resistant Erysiphe graminis f. sp.
tritici and Erysiphe graminis DC. f. sp.
hordei Em. Marchal isolates were inferior
to those of sensitive ones in absence of
fungicides (5,6). The degree of resistance
in the mixture of sensitive and resistant
isolates (50:50 ratio) to the triazole fungi-
cides decreased from 50 to 32% after five
transfers. Buchenauer et al. (5) found that
triadimefon-resistant isolates of barley
powdery mildew fungi were more sensitive
than triadimefon-sensitive ones to ethiri-
mol. The results of their competition ex-
periments of a mixture of triadimefon-re-
sistant and -sensitive isolates (50:50) of E.
g. f. sp. hordei showed that in the absence
of triadimefon, the portion of resistant
isolates in the population decreased after
five passages. Ethirimol- and tridemorph-
resistant isolates of barley powdery mil-
dew (19,37) also showed reduced com-
petitive abilities compared with those of
sensitive pathogens in the absence of the
fungicides.

Measuring fitness in the field is a diffi-
cult task because of the migration of con-
idia within the field and from outside
sources. For this reason, a test tube method
was adopted to test the competitive ability
of triadimefon-resistant and -sensitive iso-
lates of E. g. f. sp. tritici in mixed-isolate
inoculations of the fungus.

MATERIALS AND METHODS

1991 experiment. Collection and
transport of samples. Thirty individual
isolates of E. g. f. sp. tritici were randomly
collected during the fall of 1991 from both
triadimefon-treated and -untreated fields of
the winter wheat cultivar Absolvent in the
Annapolis Valley. Plants and leaves with
freshly sporulating pustules of E. g. f. sp.
tritici were collected in plastic bags and
brought to the laboratory and either trans-
ferred immediately to host plants growing
in test tubes or kept at 4°C until the next
day.

Host plants. Test Absolvent plants were
grown in 25 x 250 mm glass test tubes
with plastic closures. Each test tube was
filled with 20 ml of perlite and 10 ml of
Hoagland’s solution (13). Fungicide-free
wheat seeds were surface disinfested by
submerging in 0.6% NaClO for 10 min
and then rinsing in sterile distilled water
for 10 min. After 12 h pregermination in
sterile distilled water, five seeds per tube
were placed on the surface of the perlite.
The tubes were then incubated in a growth
chamber at 18°C and 12 h daylight at 293
to 390 UE - m™2 - 5™, At night, the tempera-
ture was lowered to 15°C. Plants were in-
oculated when the first leaf was fully ex-
panded (about 7 days).

Preparation of inoculum. For each
field population of 30 isolates of the fun-
gus, inoculum was prepared by inoculating
30 host plants in test tubes. Small sections
of leaf, each bearing a single pustule, and
selected at random, were cut from seed-
lings and added to each tube. The tubes
were capped and shaken on a rotary shaker
to disseminate the available conidia. Test
tubes were then incubated as described in
the section on host plants.

The inoculum was ready to be used in a
sensitivity test as soon as sporulating pus-
tules occurred on seedlings (approximately
14 days after inoculation). Old spores were
dislodged from leaves by shaking the tubes
1 day before inoculating plants in the
sensitivity test. Fresh sporulation normally
occurred within 24 h (28).

Maintenance of isolates. Powdery mil-
dew isolates were maintained on disease-
free wheat seedlings (cv. Absolvent) in
tubes as described previously. Subcultur-
ing of isolates onto disease-free seedlings
was carried out every 2 to 3 weeks. To in-
crease the amount of inoculum produced
by single pustules, each isolate was sub-
cultured onto host plants in two test tubes.

Fungicide preparation. Foliar spray
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tests were carried out with the formulated
product Bayleton 50% WP (a.i. triadime-
fon). Bayleton suspensions (1 mg a.i. per
ml) were freshly prepared in Hoagland’s
solution and diluted with a suspension of
blank formulation of Bayleton (i.e., formu-
lated product without active ingredient), so
that each concentration including the con-
trol contained the same amount of the
blank formulation. The concentration
range adopted for concentration-response
tests was 0.0, 0.1, 1.0, 10.0, and 100.0 ug
a.i. per ml.

Application of the fungicide. After the
first leaf was fully expanded in the test
tubes (7 days), the fungicide was atomized
with compressed air. Plants were then left
to dry for 24 h before inoculation with the
fungus.

Shaner (30) found that powdery mildew
pustules of similar size produced approxi-
mately the same number of conidia. There-
fore, infected wheat seedlings were cut
into a 3- to 5-cm leaf sections. Two leaf
sections, each with three to five similar-
sized mildew pustules, were added to each
tube of the host seedlings grown as de-
scribed previously. For one test series with
the concentrations (5 tubes with 5 seed-
lings and 2 replicates), two test tubes of
single-pustule-derived  inoculum were
needed for inoculation. After inoculation,
tubes were capped, shaken, and incubated
under the conditions described previously.

Based on the responses of these isolates
to various concentrations of triadimefon,
isolates that showed growth at 10 pg tri-
adimefon per ml were considered resistant
(R), and those that did not grow were
considered sensitive (S).

Preparation of mixtures of R and S
isolates. For isolates from each treated and
untreated field, two R and two S isolates
were randomly selected and used in this

Table 1. Analysis of variance for log(ECs)
values of mixtures of ratios of triadimefon-
resistant and -sensitive isolates of two isolate
mixtures of Erysiphe graminis f. sp. tritici se-
lected from populations collected in 1991 from
triadimefon-treated and -untreated fields of
wheat cultivar Absolvent in the Annapolis Val-
ley, Nova Scotia, and tested in three generation
cycles in the absence of triadimefon

Mean
Source of variation df* square P>F
Treatment 1 11651 0.1114
Isolate (treatment) 2 1.552 0.4301
Mixture 2 1.870 0.3753
Treatment X mixture 2 0.262 0.8440
Isolate x mixture 4 1.478 0.0019
(treatment)
Generation 2 40.108 0.0001
Treatment x 2 1.328 0.0162
generation
Mixture x generation 4 0.254 0.4940
Treatment x mixture x 4 1.159 0.0078
generation
Error 48 0.295

2 Degrees of freedom.
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study. Disease-free wheat seedlings were
inoculated with various mixtures of pus-
tules of S and R isolates to produce ratios
of 25, 50, and 75% of resistant isolates
(two replicates per ratio). After sporula-
tion, the mixed cultures were used to in-
oculate untreated disease-free seedlings.
After 14 days, the resulting conidia were
used to inoculate fresh untreated disease-
free seedlings (two replicates per S/R
mixture). This procedure was repeated
four times (i.e., five generation cycles),
and the change in sensitivity of resistant
and sensitive isolates (expressed as ECs,
value) was tested for one, three, and five
generations on triadimefon-treated (0.0,
0.1, 1.0, 10.0, and 100.0 pg triadimefon
per ml) wheat seedlings. The experiment
was repeated twice. Fungicide preparation
and application, and inoculation of treat-
ments with the various S/R mixtures was
done as described previously.

Data collection and statistical analy-
ses. For each isolate mixture, mean per-
centage of surface area covered with pow-
dery mildew on the primary leaf of five
seedlings per test tube (2 tubes per isolate)
treated with various concentrations of tri-
adimefon was estimated using standard
area diagrams (20). Values estimated for
treatments were expressed as percentages
of the control. Percentages were trans-
formed to probits, and ECs, values were
calculated by linear regression (i.e., probit
analysis) from the concentration-response
curves (14). Analyses were made with the
Statistical Analysis System (SAS) (29).
The change in sensitivity of S/R isolates
grown in the absence of the fungicide was
tested after one, three, and five generation
cycles (two replicates per S/R mixture) in
the absence of triadimefon and averaged
for the two experiments. The two repli-
cates were not averaged for each mixture.

The experiment was a split-split-plot
design, with the whole plot in a complete
randomized design arrangement. Treat-
ments (treated and untreated fields) were
considered as the main plot factor. Isolates
were nested within treatments and were
tested as an error term for the main plot
factor. Mixtures (three mixtures) were
considered as the split-plot factor. The
isolates X mixture interaction was nested

within treatment and was tested as an error
term for the split-plot factor (mixture) and
for the treatment X mixture interaction.
Generations (three generation cycles) were
considered as the split-split-plot factor.
The overall error was tested as an error
term for the spilt-split-plot factor and its
interactions. All factors and their interac-
tions were considered fixed effects, while
error terms were considered random ef-
fects. Analyses were done using the Gen-
eral Linear Model (GLM) procedure on
SAS (29). Prior to analysis, all ECs, values
(two replicates per mixture) were trans-
formed to 1og(ECs) values using the natu-
ral logarithm. A least significant difference
(LSD) test was applied to separate experi-
mental means (8,27).

1992 experiment. Based on the results
of the competition experiment of 1991, no
significant difference was found between
treated and untreated fields in terms of fit-
ness of isolates collected from each of
these fields (Table 1). Therefore, isolates
in this study were collected from treated
fields. Thirty individual isolates of E. g. f.
sp. tritici were collected during the sum-
mer of 1992 from treated fields of Absol-
vent in the Annapolis Valley. Materials and
methods followed in the 1991 experiment
were used in this experiment to test the
response of isolates to triadimefon.

Based on the results of the 1991 com-
petition experiment, all mixtures of ratios
of S/R isolates showed a decline in fitness
of the R isolate when kept for five genera-
tion cycles in the absence of triadimefon.
Therefore, the 50:50 ratio was chosen to
study the competition between R and S
isolates in 1992. Five R and five S isolates
were randomly selected and used in this
study. Five isolate mixtures were made by
mixing five different R and S isolates
(50:50 ratio). Each isolate mixture re-
ceived only one R and one S isolate. The
effect of keeping mixtures of R and S
(50:50) isolates in the absence of triadime-
fon over three generation cycles (G1, G3,
and GS5) on the ECs, values was compared
in a randomized complete block experi-
ment, with generation cycles considered as
treatments and isolates (5 isolates x 2 rep-
licates) considered as blocks; the two rep-
licates were averaged for each isolate. The

Table 2. Mean values of log(ECs) and their slopes for mixtures of ratios of triadimefon-resistant and
-sensitive isolates of Ersiphe graminis f. sp. tritici tested in 1991 in three generation cycles in the

absence of triadimefon

Source of isolates?

Generation T™M1 T™M2 T™3 UM1 UM2 UM3
1 0.66 0.83 0.10 -0.34 -1.02 -0.99
3 -0.78 -0.94 -1.26 -1.31 -1.69 -1.22
5 -1.47 -291 -2.69 -3.02 -2.58 -3.51
Slope® -2.13 -3.74 -2.79 -2.68 -1.56 -2.52

2 T: treated field; U: untreated field; M1: mixture 1 = 25% resistant isolate; M2: mixture 2 = 50%
resistant isolate; M3: mixture 3 = 75% resistant isolate.
® Slope of mean value of log(ECsg) = [(mean value of log(ECs,) at generation 5) — (mean value of

log(ECs) at generation 1)].

¢ Standard error of the slopes of mean values of log(ECsg) = 0.38.



experiment was repeated twice, and values
were averaged for the two experiments.
The analysis was done using the analysis
of variance procedure (ANOVA) on SAS
(29). Prior to analysis, all ECs, values
were transformed to 1og(ECsp) values us-
ing the natural logarithm. An LSD test was
applied to separate experimental means
(8,27).

RESULTS

1991 experiment. There was a highly
significant difference (P < 0.05) among
generation cycles of powdery mildew of
wheat in terms of log(ECsy) values of
mixtures of R and S isolates (Table 1). Re-
sults of the LSD test demonstrated that the
mean value of log(ECsg) of all mixtures of
R and S isolates for isolate mixtures sig-
nificantly decreased from -0.13 + 0.11 to
-1.20 + 0.11 and -2.70 £ 0.11 pg triadi-
mefon per ml when kept for one, three,
and five generation cycles, respectively, in
the absence of triadimefon.

Significant interaction (P < 0.05) among
treatments and generations (Table 1) in
their effects on the log(ECsp) values of R
and S isolates, and results of the LSD indi-
cated that for mixtures of R and S isolates
that were collected from treated and un-
treated fields, the mean values of log-
(ECsp) decreased significantly after five
generation cycles in the absence of triadi-
mefon. In the case of those from treated
fields, the log(ECsq) value decreased from
0.54 + 0.16 pg triadimefon per ml in the
first generation to —0.99 + 0.16 and -2.40
+ 0.16 pg triadimefon per ml in the third
and fifth generations, respectively, in the
absence of triadimefon. A similar trend
was observed in mixtures of R and S iso-
lates from mildew populations collected
from untreated wheat fields where the
mean value of log(ECs) of mixtures of R
and S isolates decreased from -0.79 + 0.16
ug triadimefon per ml in the first genera-
tion cycle to —-1.40 + 0.16 and -3.04 +
0.16 pg triadimefon per ml in the third and
fifth generation cycles, respectively.

The significant interaction (P < 0.05)
between treatments, mixtures of R and S
isolates, and generation cycles (Table 1) of
the fungus in their effects on the mean

Table 3. Analysis of variance for log(ECs)
values of mixtures (50:50) of triadimefon-re-
sistant and -sensitive strains of five isolate mix-
tures of Erysiphe graminis f. sp. tritici selected
from the population collected in 1992, 2 weeks
after triadimefon application from fields of
wheat cv. Absolvent in the Annapolis Valley,
Nova Scotia, and tested in three generation cy-
cles in the absence of triadimefon

Mean

Source of variation df* square P>F

Generation 2 19.274 0.0001
Isolate 4 6.225 0.0014
Error 8 0.477

2 Degrees of freedom.

values of log(ECs), and the slopes [(mean
log(ECsp) at G5) — (mean log(ECsg) at
G1)] of the mean values of log(ECs,) for
mixtures of three S/R ratios (Table 2)
demonstrated that for each mixture of S/R
ratios, the slope of mean values of
log(ECsp) was negative, indicating that the
mean values of log(ECsy) decreased after
keeping these mixtures for five generation
cycles in the absence of the fungicide.

1992 experiment. There was a highly
significant difference (P < 0.05) between
generation cycles in their effects on the
log(ECsp) values of all isolates tested
(Table 3). Results of the LSD test indi-
cated that the mean value of the log(ECsg)
of all isolate mixtures decreased from 2.39
+ 0.22 pg triadimefon per ml in the first
generation to 0.80 + 0.22 and -0.38 £ 0.22
pg triadimefon per ml after keeping the
mixtures of R and S isolates for three and
five generation cycles, respectively, in the
absence of triadimefon. The significant
difference (P < 0.05) between isolates
(blocks) indicates that blocking isolates
added to the precision of the ANOVA
(Table 3) with regard to treatments
(generations).

DISCUSSION

The highly significant difference be-
tween generation cycles of powdery mil-
dew in terms of the mean values of
log(ECsp) in 1991 suggested that R strains
of E. g. f. sp. tritici are less fit than S ones
in the absence of triadimefon. Regardless
of the ratio of S/R in all mixtures, there
was a significant increase in sensitivity of
the fungus due to competition between R
and S isolates over five generation cycles
in the absence of the fungicide. The sig-
nificant interaction among generation cy-
cles of powdery mildew and treatments
also suggested that, for mixtures of R and
S isolates from both treated and untreated
wheat fields, there was a decline in resis-
tance after keeping the mixtures for five
generation cycles in the absence of triadi-
mefon. Negative slopes of the mean values
of log(ECs) for all mixtures of R and S
isolates over five generations indicated the
decrease in resistance of the fungus in the
absence of the fungicide. Our results agree
with those reported by Dekker (10), Fuchs
et al. (15), and De Waard and Van Nistel-
rooy (12). Dekker (10) reported that the
competitive ability of mixtures of beno-
myl-resistant and -sensitive isolates of
Sphaerotheca fuliginea (Schlechtend.:Fr.)
Pollacci (90:10, 50:50, 10:90) has been
tested in the absence of benomyl for five
generations. He found that the percentage
of resistant isolates had declined and al-
most disappeared even from the mixture
with 90% resistant isolate. Our results are
not in variance with these results. Similar
results were reported for triforine in the
fungus Cladosporium cucumerinum Ellis
& Arth. (15) and for fenarimol in Penicil-
lium italicum Wehmer (12). In other cases,

scientists reported that resistant strains
were more fit, and competed better with
sensitive ones in absence of fungicides
(3,4,17,22,32,35).

The highly significant difference among
generation cycles in terms of the mean
values of log(ECs;) for mixtures of R and
S isolates in 1992 indicated that there was
a decline in the proportion of R isolates as
a result of competition with S ones for five
generations in the absence of triadimefon.
R isolates of E. g. f. sp. tritici were less
competitive than S ones in the absence of
the fungicide. These results are similar to
those reported by Buchenauer et al. (5),
who found that in mixtures of triadimefon-
resistant and -sensitive isolates of barley
powdery mildew (50:50), the proportion of
resistant isolates decreased after five pas-
sages in the absence of triadimefon. Hol-
lomon (19) and Walmsley-Woodward et al.
(37) also indicated reduced competitive
abilities of ethirimol- and tridemorph-re-
sistant isolates of barley powdery mildew
compared with sensitive isolates in the ab-
sence of the fungicides. A similar report
(18) indicated the disappearance of the re-
sistant strain of Botrytis cinerea (Pers.:Fr.)
in mixtures of R and S isolates (50:50,
10:90) cultured on vinclozolin-free me-
dium for four generation cycles. Moorman
and Lease (26) found similar results.

When fungicide resistance is accompa-
nied by decreased fitness such as in our
studies, the risk of development of resis-
tance problems in commercial practice
may be considered as moderate or low,
since low fitness counteracts the build-up
of resistance. This is in agreement with
Dekker (11) and Beever and Byrde (2). In
order to be able to extrapolate our findings
to the field situation, a more extensive
competition study involving a larger num-
ber of resistant and sensitive isolates, and
repeated over several years, might be
needed. If the outcome of such a study was
similar to our findings, then this might
suggest that if the use of triadimefon in
Nova Scotia is discontinued for a certain
period of time, and reintroduced thereafter
with caution, this might help decrease the
proportion and frequency of resistant iso-
lates, and, eventually, achieve better dis-
ease control. Reentry of triadimefon must
be done with caution, following monitor-
ing studies to indicate when this might be
worthwhile. The risk of reentry must be
minimized by the use of fungicide mix-
tures, careful timing, and growing resistant
cultivars of wheat.

ACKNOWLEDGMENTS
We thank the Canada/Nova Scotia Livestock
Feed Initiative for funding this research.

LITERATURE CITED
1. Al-Mughrabi, K. I, and Gray, A. B. 1993.
Resistance to the fungicide triadimefon in
populations of Erysiphe graminis f. sp. tritici.
(Abstr.) Page 90 in: Int. Cong. of Plant Pa-
thol., 6th. Montreal.
2. Beever, R. E,, and Byrde, R. J. W. 1982. Re-

Plant Disease / July 1995 711



11.

12.

13.

14.

15.

sistance to the dicarboximide fungicides.
Pages 101-117 in: Fungicide Resistance in
Crop Protection. J. Dekker and S. G. Geor-
gopoulos, eds. PUDOC, Wageningen.

. Bollen, G. J.,, and Van Zaayen, A. 1975. Re-

sistance to benzimidazole fungicides in
pathogenic strains of Verticillium fungicola.
Neth. J. Plant Pathol. 81:157-167.

. Bruin, G. C. A. 1980. Resistance in Perono-

sporales to acylalanine-type fungicides. Ph.D.
thesis. University of Guelph, Ontario, Canada.

. Buchenauer, H., Budde, K., Hellwald, K.-H.,

Taube, E., and Kirchner, R. 1984. Decreased
sensitivity of barley powdery mildew isolates
to triazole and related fungicides. 1984 Br.
Crop Prot. Conf. -Pests and Diseases 2:483-
488.

. Buchenauer, H., and Hellwald, K.-H. 1985.

Resistance of Erysiphe graminis on barley
and wheat to sterol C-14-demethylation in-
hibitors. EPPO Bull. 15:459-466.

. Cherewick, W. J. 1944. Studies on the biology

of Erysiphe graminis DC. Can. J. Res. 22:52-
86.

. Chew, V. 1976. Comparing treatment means:

A compendium. HortScience 11:348-357.

. Clark, T, Clifford, D. R., Deas, A. HB,,

Gendle, P, and Watkins, D. A. M. 1978.
Photolysis, metabolism and other factors in-
fluencing the performance of triadimefon as a
powdery mildew fungicide. Pestic. Sci. 9:497-
506.

. Dekker, J. 1976. Acquired resistance to fun-

gicides. Annu. Rev. Phytopathol. 14:405-428.
Dekker, J. 1985. The development of resis-
tance to fungicides. Prog. Pestic. Biochem.
Toxicol. 4:165-218.

De Waard, M. A, and Van Nistelrooy, J. G.
M. 1979. Mechanism of resistance to fenari-
mol in Aspergillus nidulans. Pestic. Biochem.
Physiol. 10:219-229.

Dhingra, O. D., and Sinclair, J. B. 1985. Basic
Plant Pathology Methods. CRC Press, Inc.,
Boca Raton, Fla.

Finney, D. J. 1971. Probit Analysis. 3rd ed.
Cambridge University Press, Cambridge.
Fuchs, A., DeRuig, S. P, Van Tuyl, J. M., and

712 Plant Disease / Vol. 79 No. 7

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

DeWries, F. W. 1977. Resistance to triforine:
A nonexistent problem? Neth. J. Plant Pathol.
83:189-205.

. Fuchs, A., and Drandarevski, C. A. 1976. The

likelihood of development of resistance to
systemic fungicides which inhibit sterol bio-
synthesis. Neth. J. Plant Pathol. 82:85-87.
Georgopoulos, S. G., and Ziogas, B. N. 1977.
A new class of carboxin resistant mutants of
Ustilago maydis. Neth. J. Plant Pathol. 83:
235-242.

Gullino, M. L., and Garibaldi, A. 1981. Com-
petition in vitro and in vivo between strains of
Botrytis cinerea Pers. sensitive and resistant
to dicarboximides. (Abstr.) Neth. J. Plant Pa-
thol. 87:243.

Hollomon, D. W. 1975. Behaviour of a barley
powdery mildew strain tolerant to ethirimol.
Proc. Br. Insect. Fung. Conf., 8th. 1:51-58.
James, C. 1971. A manual of assessment keys
for plant diseases. Canada Dept. of Agric.,
Pub. No. 1458. American Phytopathological
Society, St. Paul, Minn.

Jgrgensen, J. H. 1988. Erysiphe graminis,
powdery mildew of cereals and grasses. Pages
137-157 in: Advances in Plant Pathology. Vol.
6. D. S. Ingram and P. H. Williams, eds. Aca-
demic Press, London.

Kadish, D., and Cohen, Y. 1988. Competition
between metalaxyl-sensitive and metalaxyl-
resistant isolates of Phytophthora infestans in
the absence of metalaxyl. Plant Pathol. 37:
558-564.

Kasper, H., and Kolbe, W. 1971. Biology,
economic importance and control of cereal
powdery mildew Erysiphe graminis DC.
Pflanz. Nach. Bayer 24:327-362.

Large, E. C., and Doling, D. A. 1962. The
measurement of cereal mildew and its effect
on yield. Plant Pathol. 11:47-57.

McFadden, W. 1989. Foliar disease survey of
winter wheat in Saskatchewan: 1988. Can. J.
Plant Pathol. 11:279-283.

Moorman, G. W., and Lease, R. J. 1992.
Benzimidazole- and dicarboximide-resistant
Botrytis cinerea from Pennsylvania green-
houses. Plant Dis. 76:477-480.

27.

28.

29.
30.

31

32.

33.

34

3s.

36.

37.

Petersen, R. G. 1977. Use and misuse of mul-
tiple comparison procedures. Agron. J. 69:
205-403.

Prescott, J. M., Bumnett, P. A,, Saari, E. E,,
Ransom, J.,, Bowman, J., de Milano, W.,
Singh, R. P, and Bekele, G. 1986. Wheat Dis-
eases and Pests: A Guide of Field Identifica-
tion. CIMMYT, Mexico, D.E

SAS Institute Inc. 1983. SAS User’s Guide:
Statistics. Cary, N.C.

Schein, R. D., Nelson, R. R., Thomas, G. G.,
Royer, M. H., and Borges, O. 1984. Compari-
son of the effects of sublethal doses of triadi-
mefon to those of rate-reducing resistance to
Erysiphe graminis in wheat. Phytopathology
74:452-456.

Schepers, H. T. A. M. 1985. Fitness of iso-
lates of Sphaerotheca fuliginea resistant or
sensitive to fungicides which inhibit er-
gosterol biosynthesis. Neth. J. Plant. Pathol.
91:65-76. :

Shaner, G. 1973. Estimation of conidia pro-
duction by individual pustules of Erysiphe
graminis £. sp. tritici. Phytopathology 63:847-
850.

Smith, H. C., and Smith, M. 1974. Surveys of
powdery mildew in wheat and an estimate of
national yield losses. N. Z. J. Exp. Agric. 2:
441-445.

Ulrich, G., and Taehle-Csech, U. 1988. Resis-
tance risk evaluation of new candidates for
disease control. Pages 101-106 in: Fungicide
Resistance in North America. C. J. Delp, ed.
American Phytopathological Society, St. Paul,
Minn.

Vigo, M., Romano, M. L., and Gullino, M. L.
1986. Biological characters of phenylamide-
resistant isolates of Phytophthora nicotianae
var. parasitica obtained in the laboratory. Atti
Giomate Fitopat. 2:347-358.

Wade, M. 1982. Resistance to fungicides.
Span. Prog. Agric. 25:8-10.
Walmsley-Woodward, D. J., Laws, E. A., and
Whittington, W. J. 179. The characteristics of
isolates of Erysiphe graminis f. sp. hordei
varying in response to triademorph and ethiri-
mol. Ann. Appl. Biol. 92:211-219.



