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In order to know the baseline sensitivity to fludioxonil, 106 isolates of Botrytis cinerea were collected from vegetable fields, where
fludioxonil had not been applied before, in 6 prefectures during 1996 - 1997. The tests were conducted by dilution plate technique
using PDA (potato dextrose agar) medium. The EC50 value of each isolate was determined based on the mycelial growth. The EC50
values varied from 0.001 to 0.011 mg/l with a median of 0.004 mg/l. About 95% of the tested isolates showed EC50 values below
0.008 mg/l. All the isolates which showed EC50 value above 0.008 mg/l were confirmed to be sensitive to fludioxonil in vivo. Since
the isolates varied in resistance to benzimidazoles, dicarboximides and N-phenylcarbamates, but were all sensitive to fludioxonil, the



results demonstrate the absence of cross-resistance between fludioxonil and the other botryticides. No cross-resistance between
fludioxonil and anilinopyrimidines was also indicated in vivo.
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In Japan, the strobilurin fungicides kresoxim-methyl and azoxystrobin were registered between late 1997 and early 1998. However,
soon after the commercialization, control failure of powdery mildew by these fungicides has been reported frequently in cucumber
growing areas. Bioassay data clearly showed the wide range of distribution of fungal isolates resistant to strobilurins. Subsequently,
resistant isolates have also been detected in the population of downy mildew pathogen against which control efficacy of these
fungicides was inadequate. Fragments of mitochondrial cytochrome b gene were PCR-amplified from fungal DNA and their
sequences were analyzed to know the molecular mechanism of strobilurin resistance. A single point mutation, l.e. one base change at
codon 143, was found in the gene from two resistant isolates of Pseudoperonospora cubensis. Substitution of glycine at codon 143 in
cytochrome b by alanine seemed to result in high resistance to strobilurins. The same mutation was found in one resistant isolate of
Sphaerotheca fuliginea. In this fungus, however, mutations in other sites of cytochrome b gene might also be related with resistance.
The background involving in the rapid development of strobilurin resistance is discussed.
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The strobilurin fungicides were first used, commercially, in Western Europe for the control of cereal diseases in 1996. Subsequently,
this new group of fungicides (classified by FRAC as STAR's: Strobilurin Type Action and Resistance) have been developed globally
on a wide range of crops. The STAR fungicides have a novel single site mode of action, exerting their effect on fungi by blocking the
ubiquinol: cytochrome c oxidoreductase complex (cytochrome bcl) thus reducing the generation of energy rich ATP in the fungal cell,
and constitute a new cross-resistance group. Resistance to single site inhibitors is well known in fungicides (Brent and Hollomon
1998) and is often characterised by changes to the target protein of the fungicide (Hollomon et al. 1997). Resistance to strobilurin
fungicides was first reported in strains of Erysiphe graminis tritici from northern Germany, in 1998. We report here on the detection of
resistance by our laboratory and on recent attempts to detect strobilurin resistance in two other important cereal pathogens,
Mycosphaerella graminicola (Septoria tritici) and Pyrenophora teres. Ve also report on a more recent case of strobilurin resistance in
Sphaerotheca fuliginea. Sensitivity and survey data are presented with a molecular analysis of resistant strains which has helped to
indicate the mechanism of resistance determining strobilurin resistance in these pathogens in the field.

Resistance to strobilurins and management strategies
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Fungicide resistance as a phenomenon already known since the late 1960's, but has become an increasing concern during the
seventies and the eighties. Table | shows an updated list of different fungicide groups, their market introduction and first appearance of



resistance. Isolated cases of resistance under trial conditions are not listed.Factors influencing the risk of resistance development or
selection stem from two sides. On the one hand there are the properties of the fungicide (active ingredient) itself. Higher risk has to be
assumed for single site inhibitors, chemicals with high intrinsic activity, systemic compounds and products with curative properties.
On the other hand there are target pathogens that are more prone to develop resistance than others. Higher resistance risk lies with
pathogens with an abundant production of spores and means of widespread spore dispersal, short generation times, pathogens against
which applications are commonly curative or even eradicant, fungi that can infect all crop growth stages, have a high spontaneous
mutation rate and diseases which need to be sprayed many times per season or where other control measures are not available (Brent,
K; Hollomon, D.; 1998).Generally there are two main types of fungicide resistance, one being the quantitative or stepwise selection of
less sensitive strains, the other being the qualitative or disruptive type, with a clear separation of sensitive and resistant strains within a
population. In Table 1, both types are included; l.e. with the benzimidazoles the qualitative type, where efficacy is insufficient to
control for example grey mould in many regions. Sometimes qualitative pathogen resistance is closely linked to a more a less severe
competitive disadvantage for the pathogen, an example being phenylamide resistance of potato late blight (Staub, T; 1994).

An example for quantitative selection are the prominent DMI fungicides against powdery mildews. Although there is a widespread
shifting of populations to more insensitive strains, efficacy can still be sufficient to control the disease. In the case of the strobilurin
fungicides, failure to control powdery mildew of wheat, Blumeria graminis var. tritici occurred only two years after market
introduction in North Germany. A different species, cucumber powdery mildew (Sphaerotheca fuliginea), showed strobilurin
resistance in Taiwan only one year after market introduction and in some Japanese regions after only two applications with strobilurin
fungicides no disease control was achieved. To date only found in Japan were resistant strains of cucurbit downy mildew
(Pseudoperonospora cubensis) (Ishii et al.; 1999). For three further pathogens isolated cases of insensitivity are reported. These .are
barley powdery mildew (Blumeria graminis f. sp. Hordei) grape downy mildew (Plasmopara viticola) and Black Sigatoka on
bananas (Mycosphaerella fljiensis) (STAR-FRAC WebPage, 1998 & 1999). Resistant barley powdery mildew was found under
practical conditions, whereas grape downy mildew and Black Sigatoka where reported from trial sites. Tests showed for the above
mentioned diseases a clear cross-resistance with all fungicides exhibiting the same biochemical mode of action of inhibition of
mitochondrial respiration resulting from a blockage of the electron transport from ubihydroquinone to cytochrome ¢ by means of a
binding to the ubihydroguinone oxidation centre (Qo) of the cytochrome bcl complex (Complex 111) (Ammermann et al., 1992).
Sequencing showed a point mutation in the cytochrome bcl complex to be the cause of resistance (not yet confirmed for cucurbit
downy mildew and barley powdery mildew). Fitness and stability tests for the mutants are in progress. Results for wheat powdery
mildew and cucumber powdery mildew indicate only slight disadvantages in pathogenicity for the resistant strains. Spore mixture
tests of 50% sensitive and 50% resistant spores do not show a practically exploitable reduction of resistant strains under conditions
without selection pressure [Cronshaw, 1999 personal communication]. Other pathogens like Plasmopara viticola show less stability
without selection pressure in some tests, in other test no significant reduction in vitality could be found. In field conditions on the
isolated trial area where the resistance was found in 1998, only very few resistant isolates could be found after one strobilurin free
season; this could indicate some competitive disadvantage.Monitoring activities of all three companies presently involved in the
STAR working group of FRAC in 1999 have yielded no further evidence for resistant strains of any other pathogen than the ones
stated. Monitoring though cannot practically cover all regions, where STAR products are used and also not every pathogen which is a
target.



