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Abstract

Isolates ofSclerotinia homoeocarpaere collected from across southern Ontario from areas where demethylation
inhibiting fungicides reportedly had never been used. Forty of these isolates with propiconagpleld€s ranging

from 0.003 to 0.069:g mI~* were inoculated onto creeping bentgra&grostis palustriyin summer 1995 and
summer 1996 to assess virulence. Each isolate was grown on mixed cereal grains, dried, ground up and applied
separately at a rate of 10 grhto 0.25 n? plots with three replicates per isolate. For both years, no spots were visible

on the plots at time of inoculation; however, by the end of each experiment, there were up to 180 spots per plot with
significant differences between isolates. Growth rate in culture was not significantly related to fungicide sensitivity
(log-EG5 values). Statistically significant negative relationships were found in both years between AUDPC and
log-EGp values. These significant relationships imply that in the absence of propiconazole use, isolates that are
more sensitive to propiconazole may out-compete isolates that are less sensitive. However, further study is required
to determine the time frame for this to occur, and whether DMI-resistance prevention strategies can feasibly be
based on the existence of resistance-related fithess costs.

Fungicide resistance is an increasing problem as moretory Agency database, Ottawa, Canada). Myclobutanil
taxa of fungi are discovered to have resistance to fungi- and other DMI fungicides are in the later stages of
cides (Eckert, 1988). This problem is further exacer- development for use on turf in Canada, but because
bated as fungicides, particularly older ones, become DMI fungicides may have the same mode of action
banned or withdrawn from the market (De Waard et and show cross-resistance (Scheinpflug, 1988), there
al., 1993). Many of the more recently introduced fungi- are strong concerns that field resistance to one would
cidal active ingredients are systemic and have specif- render the others useless.
ic biochemical target sites in fungal cells, and thus Dollar spot disease caused 8glerotinia homoeo-
are more prone to resistance development (De WaardcarpaF.T. Bennett is the most common disease prob-
et al.,, 1993). With these types of fungicides, such lem of high maintenance turfin the Great Lakes region.
as benzimidazoles and demethylation-inhibitors, eco- This disease is called dollar spot because it forms small
nomically significant resistance problems often have brown patches on closely mown turf up to the size of
been observed in areas of intensive use (Staub, 1991).a dollar coin. In southern Ontario, the disease can
The demethylationinhibitors (DMI) are arelatively  be found from mid-June through October. Numerous
new group of systemic fungicides that control a broad fungicide applications are made annually to control
spectrum of pathogens from all major fungal groups, this disease, especially in preventive programs based
with the exception of Oomycota (Scheinpflug, 1988: on 2-week schedules throughout the growing season.
Sisler, 1988). Among the DMI fungicides in Canada, This high frequency of use provides a selective advan-
only propiconazole is registered for use on turfand only tage for isolates that have some decreased sensitivity to
since fall 1994 (Canadian Pest Management Regula- the fungicide. DMI fungicides have been used for the
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control of dollar spot and other turfgrass diseases inthe ing, 1990), but there is insufficient research 8n
United States for more than ten years. Recently, sev- homoeocarpao say whether there are high costs in
eral cases of dollar spot resistance to DMI fungicides fithess associated with decreased DMI fungicide sen-
have been reported in lllinois, Kentucky and Michigan sitivity. Anti-resistance strategies, whether to prevent
(Doney and Vincelli, 1993; Golembiewski et al., 1995; resistance development or to combat resistance prob-
Vargas et al., 1992). Because fewer fungicides are reg-lems, are often based on the premise that isolates with
istered for use on turf in Ontario (Anonymous, 1994) decreased fungicide sensitivity have a decreased fit-
than in the nearby American States, and because aness in the absence of the fungicide selective pressure
DMI fungicide for turfgrass disease control was just compared to wild types. More data are needed to test
recently registered in Canada, there are heightenedthis premise.
concerns about development of DMI fungicide resis- The purpose of this study was to sample natural-
tance in Canada. ly occurring isolates ofS. homoeocarpaarying in

In a previous study (Hsiang et al., 1997), we sensitivity to propiconazole, and to test whether this
found that there may have been non-labelled use of variation was correlated with fitness as represented by
a DMI fungicide in Ontario in the recent past. The growth rate in culture and field virulence on creep-
DMI fungicide sensitivity distribution of one popu- ing bentgrass in the absence of the fungicide. Spe-
lation of S. homoeocarpdiffered from seven other cific hypotheses tested include: 1) growth rateSof
populations with a skewed tail toward less sensitivity. homoeocarpan culture is correlated with DMI fungi-
Some isolates 06. homoeocarp#& this one popu- cide sensitivity; 2) growth rate d&. homoeocarpm
lation had significantly decreased sensitivity to DMI culture can be used as an indicator of field virulence
fungicides approaching levels reported for economi- and hence fitness; and 3) field virulencesohomoeo-
cally significant field resistance (Golembiewski et al., carpaas represented by disease progression is related
1995). Unfortunately, there are no verified accounts of to DMI fungicide sensitivity. Because of the selection
when, where or how much DMI fungicide might have of naturally occurring isolates &. homoeocarpthat
been used on the turfgrass. reportedly did not have exposure to DMI fungicides,

Growers often ask how quickly economically sig- this study is particularly relevant to the formulation of
nificant fungicide resistance will develop after the strategies that prevent DMI resistance development.
introduction of a new fungicide. Predictions on the
development of fungicide resistance have often proven
wrong; the ease of producing fungicide-resistant Materials and methods
mutantsin the lab often is not correlated with the devel-
opment of economically significant fungicide resis- In 1994, isolates ofs. homoeocarpavere collected
tance in the field (De Waard et al., 1993). Growers from diseased turfgrass across southern Ontario, Cana-
often also ask if a fungicide can be re-introduced in da, where DMI fungicides reportedly had never been
later years after resistance to that fungicide has devel-used. These isolates were used in a previous study
oped. There is controversy in the literature regarding (Hsiangetal., 1997), and a subset of these isolates were
the fithess and persistence of fungicide-resistant bio- used for the current study. There were eight sampling
typesinthe absence of the fungicide selection pressure,locations: Cambridge, Guelph, Barrie, St. Catharines,
with great variations by pathogen and fungicide. For London, Windsor, Toronto and Kingsville. This area is
some pathogens, the mutations which impart fungi- bounded by Windsor in the west, St. Catharines 385 km
cide resistance also lead to decreased vigour and per+o the east and Barrie 185 km to the north. At least 50
sistence (e.g. Engels & De Waard, 1996); while for samples from each location were collected systemati-
other pathogen-fungicide combinations, the fungicide cally using a grid with at least 1 m between samples.
resistant phenotypes have been found to be very stableApproximately 20 leaf blades from an infection center
and persistent even after many years (e.g. Johnson &nearest each grid point were collected and placed into
Theiling, 1990). The issue of fithess and resistance hasa 20-ml vial. Vials were returned to the lab the same
been discussed previously for DMI fungicides (Leroux day and stored at 4C. Fungi were isolated from each
etal., 1988, Peever & Milgroom, 1994). sample according to the method described by Cole et

The fithess and persistence of some benomyl- al. (1967). Each isolate was grown on potato dextrose
resistant biotypes of several fungi are notorious (e.g. agar (PDA), confirmed &S. homoeocarphy compar-
Hsiang and Chastagner, 1992; Johnson and Theil-ison with known isolates, and stored &t@. Since this
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fungus does not produce sexual nor asexual spores, aapplied to these plots, and no DMI fungicides had been
series of subcultures were made to ensure purity. A used previously on these plots.
single isolate was retained per grid point sample. Out of over 400 isolates (Hsiang et al., 1997), 40
Allisolates were tested for sensitivity to propicona- isolates representing a range of propiconazole sensi-
zole using an agar plug assay described by Detweiler ettivities were chosen for field testing by arranging iso-
al. (1983). Technical grade propiconazole (courtesy of lates in order of fungicide sensitivity and systemically
Green Cross, Mississauga, Ontario) was dissolved in selecting every tenth isolate for further testing. Inocu-
acetone, diluted to target concentrations, and added tola were grown on autoclaved, water-saturated, mixed
molten PDA (60°C) while maintaining an equal final  cereal grains for two weeks, air dried for two days,
concentration of acetone (0.10% v/v). Acetone at this ground with a blender and passed through a 2-mm
concentration did not inhibit growth (data not shown). mesh to remove large particles. This inoculum was
A 5-mm-diam PDA plug was taken from the growing mixed 1:9 (w/w) with whole wheat flour for more uni-
edge of an active mycelium and placed onto a PDA form application, and the mixture was stored &G
plate amended with 0, 0.001, 0.01, 0.10 or 1P until used. The inoculum for each plot was weighed
ml—1 of propiconazole. There were 3 replicates per out separately into small envelopes just prior to appli-
combination of isolate by fungicide concentration. cation, and the inocula were carefully sprinkled by
Plates were incubated at 2C, and radial growth ~ hand onto plots that were marked out with spray paint.
measurements were made after 48 h. A mean radialEach isolate was applied at a rate of 10 g inoculum
growth rate (mm growth / 2 days) was calculated for mixture per nd onto 3 replicate plots of 0.25%n
each isolate with data from unamended medium (con-  To enhance disease establishment, plots were inoc-
taining no propiconazole). The fungicide sensitivity of ulated in the evening after they had been irrigated for
each isolate was estimated by fg@alues (effective 5 min with an automated sprinkler system. Plots were
concentration to cause 50% inhibition). EGralues also irrigated the next day for at least 5 min at 10 am,
were determined for each isolate by calculating the per- 2 pm and 6 pm. Plots were rated weekly for 6 weeks
cent inhibition by each fungicide concentration (= 1 - by counting the number of dollar spot patches per plot.
(the mean colony diameter on propiconazole-amendedThis field experiment was first conducted in summer
medium divided by the mean colony diameter on medi- 1995 and then repeated againin summer 1996. AUDPC
um with no propiconazole)) X 100% and subjecting (Area Under the Disease Progress Curve) was calcu-
these data to probit analysis (S%PROC PRO- lated to represent disease progression where AUDPC
BIT). Probit transformation serves to straighten out = Sum of (diseasgy.x+1 + diseasg.x )/(time 11
the dosage-response curve and allows more accurate timex), modified from Campbell & Madden (1990).
estimation of Eg, values compared to untransformed Correlation coefficients were then calculated between

data (Sokal and Rohlf, 1981). A copy of the Rs all pair-wise combinations of means of _AUDPC, radial

program statements for probit analysis can be obtained 9rowthrates, and log-Egvalues. In addition, analysis

upon request via email to thsiang@uoguelph.ca. To Of variance was conducted on AUDPC and logs&C

correctfor the log-normal distribution of the EgZlata, data, and when aggmﬂcantt_reatment effectwas found,

the values were log transformed for further analyses. the test of least significant difference (LSD) was used
The test plots were laid out in a 0.5 m 0.5 m (O Separate means.

grid pattern on a native sand putting green. There were

three replicate plots per isolate in a fully randomized ) )

design. This research green had been established inResults and discussion

1994 with Penncross creeping bentgrass at the Guelph ]

Turfgrass Institute, Guelph, Canada. The green was Prior to fall 1994, there was no registered use of DMI

maintained similarly to intensively managed turfgrass fungicides to control turfgrass diseases in Canada, and

on golf courses. Management included fertilization in @ccording to records, no DMI fungicides had been

spring and fall to a total of 1 kg N per 10Cpirrigation used in the areas sampled before the time of collec-

as needed to prevent water stress, and mowing 3 to 610N in summer 1994. The sampling sites across south-

times a week during the growing season to a 7 mm €M Ontario were chosen to give a broad geographical

height. Only for research purposes had pesticides beendistribution of the fungus. More intensive sampling at
each site allowed us to look at the within- and between-

site variability of this organism. Based on molecular
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149 i ECso between the most sensitive and the least sensitive
» 12- LSD isolates (Figure 1).
2 In 1995, the plots were inoculated on 27 Jul (day
% 10 I’—‘ 206) at which time no symptoms of dollar spot were
@ g visible (Figure 2). Inspections on 31 Jul and 3 Aug
‘s also yielded no symptoms. By 9 Aug (day 220), symp-
o 6 toms were visible in every plot with an overall average
'g 4 of 48 spots per 0.25 frplot. By the end of this field
2 ”. : season, there were up to 180 spots per plot (Figure
Hﬂ H” 2). In 1996, epidemics were much more difficult to
0 , I f induce. An inoculation in early July resulted in symp-
0.001 0.01 0.1

toms two weeks later which completely disappeared in
the following week. Another round of inoculations on

. o - _ the same plots on 16 Aug (day 228) produced results 3
Figure 1 Distribution ofSclerotinia homoeocarpaolates by degree ks | 10S dav 253). Di . d
of sensitivity to propiconazole. &g values were determined by weeks later on ep ( ay ) Isease continued to

growth on propiconazole-amended media at several concentrations increase up to the last day of monitoring (day 281) but
compared to growth on unamended PDA media. LSD (p=0.05) was at a much lower rate than in 1995.
calculated after obtaining a significant isolate treatment effect in an In 1995, in an experiment nearby that tested

analysis of variance of log-Bg values. fungicide efficacy, disease progression on the control
plots which were not inoculated with. homoeocarpa
showed that natural inoculum was able to cause dis-
ease, but at a level lower than that in our inoculated
markers, very little genetic variation between Ontario plots (Figure 2). Some plots may have been serious-
isolates has been found (manuscript in preparation). ly contaminated by natural inoculum and this would
Rainaetal. (1997) have also recently found that Ameri- have contributed to experimental error and reduced the
canisolates 6. homoeocarpshow very low levels of  strength of correlations between AUDPC and other
genetic diversity based on molecular markers. Becausevariables. However, the higher disease severity in our
S. homoeocarpdoes not appear to be differentiated test plots than in uninoculated controls and in areas
across aregion such as southern Ontario, this permittedjust outside our plots indicated that the disease seen
us to pool all samples from southern Ontario, test for in these plots resulted at least partly from our inocu-
propiconazole sensitivity and then select a subsamplelations. During both the 1995 and 1996 field seasons,
of isolates that varied in their propiconazole sensitivity some plots were heavily diseased while others had low

Propiconazole EC50 (ug ml~)

for use in virulence tests. levels of disease (Figure 2). This gave a very obvi-
Golembiewski et al. (1995) found that the mean ous checkerboard pattern among the plots which again
propiconazole E€; values for isolates o6. homoeo- indicated that at least some of the disease resulted from

carpawhere DMI had never been used was 0.0@p our inoculations, and that there could be differences in
ml—%, while field populations which were not ade- virulence between isolates.

guately controlled by DMI had mean EB§&values of AUDPC summarizes disease progression and is
0.103ug mI~1. EGso values of Ontario isolates used thus better than single point measurements of disease
in this study ranged from 0.093g mI~* to 0.069ug9 severity and simpler than complex mathematical mod-

ml—! (Figure 1) and encompassed most of the variation els. Berger (1988) and Waggoner (1986) discuss AUD-
of that previous study. In past studies on resistance to PC in detail. AUDPC can be regarded as a measure
DMI fungicides, resistance factors (defined as mean of virulence for plant pathogens. Virulence is proba-

ECs of resistant population / mean B£of sensitive bly a major component of fitness for plant pathogens,
population) of 1.8 up to 10 have been associated with and can affect long-term persistence including that
unsatisfactory field control (Braun and McRae, 1992; of fungicide-resistant isolates (Sanoamuang & Gaunt,
Smith et al., 1991). Fo8. homoeocarpahe data of 1995). Through analysis of variance, significant differ-

Golembiewski et al. (1995) yield a mean resistance ences invirulence as represented by AUDPC (p =0.05)
factor of 52. While none of the isolates in our study were found between isolates in 1995 and 1996 (Figure
originated from areas of reported disease control failure 3). The large range of AUDPC in both years (Figure

with DMI fungicides, there was a 23-fold difference in  3) demonstrates that variation in virulence was present
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Figure 2 Disease progression of dollar spot on 0.25areeping bentgrass plots during summer 1995 and 1996. The lines represent overall
means for inoculated (1995, 1996) and control (1995) plots, and each point represents the mean of 3 replicate plots per isolate.
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Figure 3 Relationship between virulence (AUDPC) of different ~ Figure 4 Relationship between virulence (AUDPC) and mycelial
Sclerotinia homoeocarpsolates in 1995 vs. 1996. Each data point ~ growth rate ofSclerotinia homoeocarpan unamended media. Each
represents the mean of three replicate plots in both years. The barsdata point represents the mean of 3 replicate plots (AUDPC) and 3
near the axes are LSD values (p=0.05) obtained after significant replicate plates (growth rate) per isolate.

isolate treatment effects in analyses of variance.

ure 3) and correlations with other variables. Also, plot

in southern Ontario isolates &. homoeocarpaAs contamination by outside inoculum may have played a
far as we know, aside from hypovirulence caused by role.
double-stranded RNA (Zhou & Boland, 1997), this is Our 1995 data showed that isolate growth rate was
the first extensive report on variation in field virulence not significantly correlated with AUDPC, however a
of Sclerotinia homoeocarpa significant negative relationship between these two

The correlation between the AUDPC of the two variables was found in 1996 (Figure 4). There was
years was highly significant (p=0.0006), but the coef- no statistically significant relationship between log-
ficient was mid-range at r=0.52. The weather in 1996 ECs value and isolate growth rate (Figure 5). This
was much less conducive to dollar spot disease devel-may be surprising because ECvalues incorporate
opment, and this may have contributed to some of the growth rate as part of their calculation. The differences
year-to-year variation as seen in this correlation (Fig- between isolates in growth on propiconazole-amended
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Figure 5 Relationship betweeBclerotinia homoeocarpsensitivity Figure 6. Relationship between virulence (AUDPC) and propicona-

to propiconazole and mycelial growth rate on unamended media. zole sensitivity (EC50) oSclerotinia homoeocarpolates. Calcu-

Calculation of correlation coefficients (r) and probability values (p) lation of correlation coefficients (r) and probability values (p) used

used log-EGp values. Each data point represents the mean of 3 |og-EG; values. Each data point represents the mean of 3 replicate

replicates per isolate. plots (AUDPC) and 3 replicate sets of propiconazole-amended plates
(ECsp) per isolate.

media may have been sufficient to mask this inherent

relationship between growth rate and fungicide sensi-

tivity calculations. Some previous studies on fungicide none of the isolates used came from areas where the
resistance have found that DMI-resistant isolates are fungicide was reported to fail to control disease. Inclu-
slower growing in culture than their sensitive relatives sion of such isolates would allow stronger conclusions
(e.g. Lerouxetal., 1988; Wellmann and Schauz, 1993). to be made about the fate of resistant isolates after the
Growth rates in culture have been used as predictorsfungicide selective pressure is removed. The second

of fithess (e.g. Dekker, 1988; Dekker and Gielink,
1979), but forS. homoeocarpahis assessment must
be approached with caution.

There were significant negative relationships
between AUDPC and log-&g value in both years
(Figure 6). The strength of these relationships<{p

limitation involves the potential for inter-plot spread
of isolates and contamination by naturally occurring
S. homoeocarpaAlthough differences in isolate vir-
ulence showed up distinctly in a checkerboard plot
pattern, and although disease was much more limited
outside the test plots, we could not ensure that inter-

0.01) allowed us to reject the hypothesis that there was plot contamination did not occur. The use of buffer

no significant relationship between the two AUDPC
and log EGp. Because the Efg value points were
well distributed over the range of Bgvalues, it was
possible to derive a coefficient of determinatiorf (R

zones with applications of non-DMI fungicides on
these buffers could possibly ameliorate this situation
for future work.

In summary, the results supported the hypothesis

0.171in 1995 and 0.200 in 1996) for the regression of that isolates 06. homoeocarpwith reduced sensitiv-

AUDPC on log-EG values. This indicated that up to
20% of the variation in AUDPC (virulence) could be
explained by log Egp (sensitivity to propiconazole).
The low amount of variation accounted for indicates

ity to propiconazole showed a lower virulence. This
relationship was statistically significant, but moderate
as indicated by the moderately low correlation coeffi-
cient (Figure 6). The practical implication of this result

that there were many other factors which contributed is that in the absence of propiconazole use, isolates
to variation in virulence. Such factors include climatic with less sensitivity to propiconazole could be out-
variation between the years, and inter-plot spread or competed by isolates with more sensitivity to propi-
natural contamination by the pathogen. conazole but greater virulence. However, further study

Two possible limitations of the current study can isrequired to determine the time frame for this to occur,
be remedied in future work. This study dealt only with and whether DMI-resistance prevention strategies can
naturally occurring isolates that presumably had not feasibly be based on the existence of resistance-related
been exposed to a very strong DMI selection pressure; fithess costs.



Acknowledgements

This work was supported by funding from the Ontario
Ministry of Agriculture, Food and Rural Affairs, the

Solaris Group, and the Ontario Turfgrass Research
Foundation. We are grateful to the staff at the Guelph

Turfgrass Institute for maintaining the research plots,
and wish to thank two anonymous reviewers for their
useful comments.

References

Anonymous (1994) Recommendations for Turfgrass Management.

Publication 384, Ontario Ministry Agric., Food & Rural Affairs,
Toronto

Berger RD (1988) The analysis of effects of control measures on
the development of epidemics. In: Kranz J and Rotem J (eds)
Experimental Techniques in Plant Disease Epidemiology (pp.
137-151) Springer-Verlag, New York

Braun PG and McRae KB (1992) Composition of a population of
Venturia inaequaligesistant to myclobutanil. Can. J. Plant Path.
14: 215-220

Campbell CL and Madden LV (1990) Introduction to Plant Disease
Epidemiology. John Wiley & Sons, Toronto

Cole H, Taylor B and Duich J (1967) Evidence of differing toler-
ances to fungicides among isolatesSzferotinia homoeocarpa
Phytopathology 58: 683—686

De Waard MA, Georgopoulos SG, Holloman DW, Ishii H, Leroux P,
Ragsdale NN and Schwinn FJ (1993) Chemical control of plant

diseases: problems and prospects. Annu Rev Phytopathol 31:

403-431

Dekker J (1988) How to detect and measure fungicide resistance.

In: Kranz J and Rotem J (eds) Experimental Techniques in Plant
Disease Epidemiology (pp. 153—163) Springer-Verlag, New York

Dekker J and Gielink AJ (1979) Acquired resistance to pimaricin
in Cladosporium cucumerinurand Fusarium oxysporunf.sp.
narcissiassociated with decreased virulence. Neth J Pl Path 85:
67-73

Detweiler AR, Vargas JM Jr and Danneberger TK (1983) Resistance
of Sclerotinia homoeocarp® iprodione and benomyl. Plant Dis
67: 627-630

Doney JC Jr and Vincelli PC (1993) Cross resistanc8dierotinia
homoeocarpao DMI fungicides (Abstract). Phytopathology 83:
1338

Eckert JW (1988) Historical development of fungicide resistance in
plant pathogens. In: Delp CJ (ed) Fungicide Resistance in North
America (pp. 1-3) APS Press, St. Paul, Minnesota

Engels AJG and de Waard MA (1996) Fitness of isolatdsrg§iphe
graminisf.sp. tritici with reduced sensitivity to fenpropimorph.
Crop Protection 15: 771-777

Golembiewski RC, Vargas JM Jr, Jones AL and Detweiler AR (1995)
Detection of demethylation inhibitor (DMI) resistanceSnlero-
tinia homoeocarpgopulations. Plant Dis 79: 491-493

169

Hsiang T, Barton W and Yang L (1997) Baseline sensitivity
and cross-resistance to demethylation-inhibiting fungicides in
Ontario isolates oSclerotinia homoeocarpd&ur J Plant Pathol
103: 409-416

Hsiang T and Chastagner GA (1992) Production and viability of scle-
rotia of fungicide-resistant and sensitive isolates of tiFetytis
species. Plant Path 41: 600-605

Johnson KB and Theiling KM (1990) Frequency of benomyl-
resistantBotrytis cinereacausing gray mold of wild blackberry
in the Willamette Valley of Oregon. Plant Dis 74: 331

Leroux P, Gredt M and Boeda P (1988) Resistance to inhibitors of
sterol biosynthesis in field isolates or laboratory strains of the
eyespot pathogefseudocercosporella herpotrichoideBestic
Sci 23: 119-129

Peever TL and Milgroom MG (1994) Lack of correlation between
fitness and resistance to sterol biosynthesis- inhibiting fungicides
in Pyrenophora teresPhytopathology 84: 515-519

Raina L, Jackson N and Chandlee JM (1997) Detection of genetic
variation inSclerotinia homoeocarpaolates using RAPD analy-
sis. Mycological Research 101: 585-590

Sanoamuang N and Gaunt RE (1995) Persistence and fitness of
carbendazim- and dicarboximide-resistant isolateMofiilinia
fructicola (Wint.) Honey in flowers, shoots and fruit of stone fruit.
Plant Path 44: 448-457

Scheinpflug H (1988) History of DMI fungicides and monitoring
for resistance. in Delp CJ (ed) Fungicide Resistance in North
America (pp. 77-78) APS Press, St. Paul, Minnesota

Sisler HD (1988) Fungicidal action and fungal resistance mecha-
nisms. In Delp CJ (ed) Fungicide Resistance in North America
(pp. 6-8) APS Press, St. Paul, Minnesota

Smith FD, Parker DM and &ler W (1991) Sensitivity distribu-
tion of Venturia inaequaligo the sterol demethylation inhibitor
flusilazole: baseline sensitivity and implications for resistance
monitoring. Phytopathology 81: 392—-396

Sokal RR and Rohlf FJ (1981) Biometry, the Principles and Practice
of Statistics in Biological Research. W.H. Freeman and Co., New
York

Staub T (1991) Fungicide resistance: practical experience with
antiresistance strategies and the role of integrated use. Annu Rev
Phytopathol 29: 421-442

Vargas JM Jr, Golembiewski R and Detweiler AR (1992) Dollar spot
resistance to DMI fungicides. Golf Course Management 60(3):
50-54

Waggoner PE (1986) Progress curves of foliar diseases: their inter-
pretation and use. In: Leonard KJ and Fry WE (eds) Plant Disease
Epidemiology (pp. 3-37) MacMillan Publ. Co., New York

Wellmann H and Schauz K (1993) DMI-ResistanceUstilago
maydis 1. Characterization and genetic analysis of triadimefon-
resistant laboratory mutants. Pestic. Biochem Physiol 43: 171-
181

Zhou T and Boland GJ (1997) Hypovirulence and double-stranded
RNA in Sclerotinia homoeocarp@&hytopathology 87: 147-153



