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Sensitivity to anilinopyrimidines and phenylpyrroles in Botrytis
cinerea in north-Italian vineyards

M. Lopovica GuLLINO, DoMENICO BERTETTI, MATTEO MONCHIERO and ANGELO GARIBALDI
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Summary. Several commercial vineyards, located in Piedmont (Northern Italy), were monitored in order to evaluate
the sensitivity of Botrytis cinerea Pers., the causal agent of grey mould, to five classes of botryticides: benzimidazoles,
dicarboximides, phenylcarbamates, anilinopyrimidines and phenylpyrroles. Strains of B. cinerea resistant to
anilinopyrimidines were easily detected, particularly in 1999, a year characterized by high disease pressure, even in
vineyards not sprayed with that class of fungicides. Fludioxonil-resistance, on the contrary, was not detected. Resist-
ance to benzimidazoles and dicarboximides was at previous observed levels. For the first time, resistance to
phenylcarbamates was detected in the field. Strains of B. cinerea showing multiple resistance to benzimidazoles,
dicarboximides and anilinopyrimidines and maintaining a good level of virulence, as shown by tests carried out on
wounded apples, are present in Italian vineyards. Strategies in the use of the botryticides are discussed, in order to

avoid a loss of disease control.
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Introduction

Botrytis cinerea Pers., the causal agent of grey
mould, causes severe losses on grapevine, particu-
larly on the cultivars Moscato and Chardonnay, and
also affects wine quality. In Italy, chemicals are
regularly sprayed at least twice per season (at
touching of berries and changing of colour) on these
cultivars. In years with weather conditions highly
favourable to grey mould, a third spraying is often
carried out before harvest (Gullino, 1992). Several
families of synthetic chemicals are now available
for the control of B. cinerea. They include non-spe-
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cific fungicides (dichlofluanid, thiram, chlorothalo-
nil), which are only partially effective, and a
number of specific botryticides, such as benzimi-
dazoles, dicarboximides, phenylcarbamates. More
recently, anilinopyrimidines, phenylpyrroles and
the hydroxanilide fenhexamid have also been de-
veloped to control grey mould.

The anilinopyrimidines inhibit the biosynthe-
sis of methionine, affecting cystathionine--lyase
(Fritz et al., 1997), and block the excretion of hy-
drolytic enzymes involved in the pathogenic proc-
ess (Milling and Richardson, 1995). The phenylpyr-
roles affect cell wall synthesis and cause the accu-
mulation of glycerol in mycelial cells: their primary
target sites are possibly protein kynases involved
in the regulation of polyol biosynthesis (Pillonel
and Meyer, 1997). Cross-resistance to phenylpyr-
roles has been observed in strains of B. cinerea
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selected in vitro for their high resistance to dicar-
boximides, but has not been found in field isolates
(Leroux et al. 1992). The mode of action of hydrox-
anilide fenhexamid is still unknown (Gullino et al.,
2000).

Taken together, these groups of chemicals give
Italian growers a good range of choice. Among the
new botryticides, the anilinopyrimidines pyrimeth-
anil and cyprodinil and the phenylpyrrole fludiox-
onil are registered. However, fludioxonil and cy-
prodinil can only be applied on grapevine in mix-
tures with other agents.

Anilinopyrimidines started to be applied in It-
aly in 1997. Pyrimethanil, the first registered ani-
linopyrimidine, has often replaced dicarboximides,
on cultivars, such as Moscato, where dicarbox-
imide-resistance was widespread (Gullino, 1992;
Gullino et al., 1998). Fenhexamid was registered
in Italy only in 2000.

It is well known that repeated applications of
fungicides having a specific mode of action lead to
the development of resistance with target strains.
This phenomenon has been particularly serious on
grapevine in several regions, leading in some cas-
es to failure of control of grey mould in the field
(Faretra and Pollastro, 1991; Gullino, 1992; Hilber
et al., 1995; Leroux and Descotes, 1996).

Recently, in some vineyards located in Piedmont
(Northern Italy) strains of B. cinerea resistant to
anilinopyrimidines were detected, although at low
frequency (Gullino et al., 1998). The anilinopyri-
midine-resistant strains of B. cinerea developed in
those vineyards where this group of fungicides had
been widely used (Hilber and Hilber-Bodmer, 1998;
Leroux et al., 1998).

During the past two years the state of resist-
ance of B. cinerea in Italian vineyards has contin-
ued to be evaluated, as has the effectiveness shown
by new groups of botryticides in field trials.

Materials and methods

Isolates of Botrytis cinerea

Field strains of B. cinerea were isolated from
diseased berries in 1998 and 1999, at harvest (Sep-
tember) in botryticide-treated vineyards located in
Piedmont.

One laboratory mutant, highly resistant to di-
carboximides (V 21), one strain of known sensitiv-
ity to both benzimidazoles and dicarboximides (Gr
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70/89 S) and one strain with double resistance to
benzimidazoles and dicarboximides, (Gr 146/86
RBD) were also included in this study. One strain
of B. cinerea, isolated from rotted apples (Ro 1),
was used as reference in tests carried out for eval-
uating the virulence of any resistant strain. All
strains were maintained on potato-dextrose-agar
PDA (Merck, Darmstadt, Germany) in tubes at 4°C.
Cultures were prepared on PDA and 7-10 day old
colonies were used as inoculum for the different
experiments.

Monitoring

A total of 42 and 30 commercial vineyards, all
located in Piedmont, were monitored, respective-
ly, in 1998 and 1999. The fungicides applied dur-
ing the same seasons to control grey mould were
recorded. Grey mould infected bunches were sam-
pled randomly and transferred to the laboratory
in paper bags. Moreover, a monitoring was carried
out in two field trials, in which infected bunches
were sampled randomly from different plots. Co-
nidia collected from grey mould lesions were trans-
ferred to sterile water and processed following a
previously described method (Gullino and Garibal-
di, 1986). If sufficient conidia were not available,
diseased bunches were incubated in a moist cham-
ber at 20°C for 24-48 h, to enhance sporulation.
Three subsamples/vineyard (or three subsamples/
plot in the case of the field trials) were prepared.
Spore suspensions were transferred to a medium
containing glucose, 10 g; KH,PO,, 2 g; K;HPO, 2 g;
agar, 12.5 g; distilled water, 11 (Leroux and Gredt,
1996). Benomyl, vinclozolin, fludioxonil and py-
rimethanil were used as representative of the ben-
zimidazoles, dicarboximides, phenylpyrroles and
anilinopyrimidines respectively. Benomyl, vincloz-
olin, fludioxonil were used in the form of technical
grade compounds kindly provided by the manufac-
turers, pyrimethanil as commercial formulation
(Scala, Aventis, 37.4% a.i.). The compounds were
dissolved in ethanol or acetone and added as 100
fold concentrated suspensions to the molten medi-
um (50°C) after autoclaving. The concentration of
solvents (ethanol or acetone) in all media, includ-
ing those lacking fungicides, was 1 ml/l. The final
concentrations tested were 10 mg/l for benomyl,
vinchlozolin and fludioxonil and 3 mg/l for py-
rimethanil. The concentrations were higher than
the MIC (Minimal Inhibitory Concentration) base-



line values. Conidia germination and germ tube
elongation were evaluated after 24-36 h of incu-
bation at 20°C in the dark. The percent germina-
tion of 200 conidia/treatment and the length of
50-100 germ tubes/treatment were determined
under the microscope.

Fungicide sensitivity

Twelve isolates of B. cinerea isolated from grape-
vine during in 1998 and fifty in 1999 were tested
for sensitivity to benzimidazoles, dicarboximides,
diethofencarb, anilinopyrimidines and phenylpyr-
roles, and compared to strains of known sensitivi-
ty to the benzimidazoles and dicarboximides. The
strains used, as well as their origin, are given in
Tables 2 and 4. Most of the tested strains were se-
lected from those isolated in vineyards where the
surveys permitted to detect resistance to some of
the botryticides under evaluation.

The EC;, (Effective Concentration 50) and MIC
of the following fungicides (technical grade, except
pyrimethanil) were determined: benomyl, di-
ethofencarb, fludioxonil, pyrimethanil and vincloz-
olin. Fungicides were added as methanol or ace-
tone suspensions to a medium containing glucose,
10 g, KH2P04, 2 g, K2HPO4, 1.5 g; (NH4)2804, 1 g,
MgSO0,7H,0, 0.5 g; agar, 15 g; distilled water, 11
(Leroux and Gredt, 1995). Fungicide suspensions
were added to the molten medium at 50°C, after
autoclaving. The final concentrations tested ranged
from 0.1 to 300 mg/ml™*. The concentration of sol-
vents (ethanol or acetone) in all media, including
those lacking fungicides, was 1 ml/l. The plates
were inoculated with mycelial disks (6 mm diame-
ter) of B. cinerea, taken from colonies actively grow-
ing on PDA. Three disks/plate were inoculated and
three replicates were used. Incubation took place
at 20°C in the dark. The diameter of fungal colo-
nies was measured daily for a week. The data are
expressed as EC;, and MIC values, calculated on
the fourth day of growth. All experiments were re-
peated at least twice.

Virulence

The virulence of the selected strains was evalu-
ated on apples (cv. Golden delicious), disinfected
with sodium hypochloride (8% chlorine), rinsed
under tap water and punctured, when dry, at the
equatorial region (3 punctures/apple) with a ster-
ile needle (3-4 mm deep). Each apple was inoculat-
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ed with a 30 ml/puncture of a conidial suspension
of one of the strains, at a concentration of 1x10°
conidia/ml. After the inoculation, fruits were kept
at 20-22°C for 7 days, when the diameter of the
lesions was measured. Rot caused by the different
strains was expressed as percent of rot in compar-
ison to that caused by reference strain Ro 1 of B.
cinerea. The virulence tests were repeated twice.

Field trials

Four experimental trials (two each year) were
carried out in Northern Italy in commercial vine-
yards planted with cv. Moscato, which is among
the most susceptible to B. cinerea. Individual rep-
licate plots were 10 m long and consisted of 10 vines
each, with an untreated row marking the border
between plots. All treatments were arranged in a
randomized complete block design with four repli-
cates.

The following fungicides were applied at the
rates and phenological stages B: touching of ber-
ries; C: changing of colour, as indicated in Tables
8-10: cyprodinil+fludioxonil (Switch®, Novartis,
Basel, Switzerland, 37.5+25% a.i.), fenhexamid
(Teldor®, Bayer, Milano, Italy, 50% a.i.), pyrimeth-
anil (Scala, Aventis, Milano, Italy 37.4% a.i.). Spray
suspensions were applied with a knapsack sprayer,
using 400 l/ha. Treatments against powdery and
downy mildew were carried out by using the equip-
ment, spray practices and timing regimes of the
co-operating farms.

At harvest, the percentage of infected bunches
and infected berries in 100 bunches carried by the
eight vines in the middle of each plot was evaluat-
ed and the data obtained were arcsin-transformed
and analysed with Duncan’s multiple range test
(P=0.05).

Results

Monitoring

In 1998 grey mould was not very severe, as
shown by the disease incidence in the control plots
of the field trials (Table 9). In 5 out of 42 commer-
cial vineyards, more than 50% of the conidia of B.
cinerea were resistant to the benzimidazoles, and
in 10 more than 50% of conidia germinated on a
vinchlozolin-amended medium (Table 1). In the
case of the anilinopyrimidines, conidia able to ger-
minate and showing normal germ tube elongation
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Table 1. Results of a survey in Italian vineyards of the cultivar Moscato in 1998 to detect resistance of Botrytis
cinerea populations to different classes of botryticides.

% of conidia resistant to:

No. Farm and location Sprayed in 1998 with Vinclozolin  Pyrimethanil
10° 3°
1 Borello, Valdivilla Procymidone 3 51 5
2 Saglietti, Valdivilla Pyrimethanil 0 0 2
3 Filante, Cossano Belbo Pyrimethanil 0 13 4
4 Rivetti, Neive Vinclozolin 0 0 14
5 Giachino, Valdivilla Procymidone 0 0 1
6 Giachino, Valdivilla Pyrimethanil 33 80 1
7 Aimasso, Valdivilla Pyrimethanil 57 46 2
8 Galletto, Valdivilla Cyprodinil+fludioxonil® 0 0 2
9 Saracco, Castiglione Tinella Iprodione 0 929 0
10 Donadio, Valdivilla Iprodione 0 0 1
11 Efflandrin, Valdivilla Procymidone 3 44 0
12 Amerio, S. Stefano Belbo Procymidone 0 17 1
13 Bussi, S. Stefano Belbo Procymidone 0 1 21
14 Alcalino, Cossano Belbo Pyrimethanil 0 13 4
15 Masoero, Neive Procymidone 0 1 2
16 Rivetti, Neive Procymidone 0 0 1
17 Tropea, Neive Iprodione 0 20 1
18 Ressia, Neive Procymidone 3 4 2
19 Rivetti, Neive Procymidone 0 26 1
20 Giachino (Carretta), Valdivilla Procymidone 18 15 0
21 Morando, Castiglione Tinella Procymidone 0 0 1
22 Soria, Castiglione Tinella Iprodione 20 33 2
23 Saracco, Castiglione T. Iprodione 0 19 0
24 Soave, Castiglione Tinella Vinclozolin 0 0 2
25 Scarrone, Valdivilla Iprodione 41 90 34
26 Zizzi, Moncucco Procymidone 0 0 1
27 Bussi, S. Stefano Belbo Iprodione 6 72 1
28 Boma, S. Stefano Belbo Iprodione 81 69 0
29 Boma, S. Stefano Belbo Iprodione 0 28 3
30 Alcalino, Cossano Belbo Procymidone 35 94 4
31 Ghignone, Cossano Belbo Procymidone 0 0 1
32 Balbo, Cossano Belbo Procymidone 0 41 1
33 Molinari, S. Stefano Belbo Iprodione 5 4 0
34 Colli, Cossano Belbo Iprodione 100 100 0
35 Cauda, Trezzo Tinella Procymidone 95 24 2
36 Bazzano, Trezzo Tinella Procymidone/Pyrimethanil® 3 36 0
37 Bazzano, Trezzo Tinella Procymidone/Pyrimethanil® 0 6 1
38 Meistro, S. Donato Mango Procymidone 0 0 0
39 Came 1, S. Donato Mango Procymidone 0 31 1
40 Came 2, S. Donato Mango Unknown 0 51 0
41 Aimasso, Trezzo Tinella Procymidone 0 0 0
42 Aimasso, Trezzo Tinella Procymidone 70 74 1

2 mg/l.
b Mixture.
¢ Rotation.
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Table 2. Results of a survey in 1998, to detect resistance of Botrytis cinerea to different classes of botryticides in
2 vineyards (cv. Moscato) where experimental trials were carried out.

% of conidia resistant to:

No. Farm and location Sprayed in 1998 with Benomyl Vinclozolin Pyrimethanil

10° 10° 3°
S 1/98 Saracco, Castiglione Tinella Untreated control 0 0 0
S 2/98 Saracco, Castiglione Tinella Untreated control 41 0 3
S 3/98 Saracco, Castiglione Tinella Untreated control 0 0 0
S 4/98 Saracco, Castiglione Tinella Pyrimethanil/Fenhexamid® 0 0 0
S 5/98 Saracco, Castiglione Tinella Pyrimethanil/Fenhexamid 0 0 1
S 6/98 Saracco, Castiglione Tinella Pyrimethanil/Fenhexamid 0 0 1
S 7/98 Saracco, Castiglione Tinella Pyrimethanil 0 0 0
S 8/98 Saracco, Castiglione Tinella Pyrimethanil 0 0 1
S 9/98 Saracco, Castiglione Tinella Procymidone 0 14 1
S 10/98  Saracco, Castiglione Tinella Procymidone 24 0 1
S 11/98  Saracco, Castiglione Tinella Procymidone 64 35 3
S 12/98  Saracco, Castiglione Tinella Procymidone 0 0 0
S 13/98  Saracco, Castiglione Tinella Cyprodinil+fludioxonil® 0 0 0
S 14/98  Saracco, Castiglione Tinella Cyprodinil+fludioxonil 0 0 0
S 15/98  Saracco, Castiglione Tinella Iprodione 0 3 3
S 16/98  Saracco, Castiglione Tinella Pyrimethanil 0 0 1
S 17/98  Saracco, Castiglione Tinella Pyrimethanil 22 0 2
A 1/98 Aimasso, Valdivilla Untreated control 7 6 1
A 2/98 Aimasso, Valdivilla Untreated control 6 43 2
A 3/98 Aimasso, Valdivilla Untreated control 16 14 4
A 4/98 Aimasso, Valdivilla Fenhexamid 44 0 1
A 5/98 Aimasso, Valdivilla Fenhexamid 94 39 0
A 6/98 Aimasso, Valdivilla Fenhexamid 3 3 6
A 7/98 Aimasso, Valdivilla Pyrimethanil/Fenhexamid 23 13 2
A 8/98 Aimasso, Valdivilla Pyrimethanil/Fenhexamid 15 8 5
A 9/98 Aimasso, Valdivilla Pyrimethanil/Fenhexamid 3 7 0
A 10/98 Aimasso, Valdivilla Pyrimethanil/Fenhexamid 57 24 1
A 11/98  Aimasso, Valdivilla Pyrimethanil 0 0 0
A12/98 Aimasso, Valdivilla Procymidone 0 0 1
A 13/98 Aimasso, Valdivilla Procymidone 20 20 1
A 14/98 Aimasso, Valdivilla Procymidone 49 0 0
A15/98 Aimasso, Valdivilla Cyprodinil+fludioxonil 25 0 1
A 16/98 Aimasso, Valdivilla Cyprodinil+fludioxonil 0 0 0
A17/98 Aimasso, Valdivilla Cyprodinil+fludioxonil 2 1 2

&b ¢ See Table 1.

on pyrimethanil-amended medium, were found in
31 vineyards, but at a very low frequency except
for vineyards No. 13 and 25, where more than 20%
of conidia were resistant (Table 1). No germina-
tion was observed on fludioxonil-amended medi-
um (Table 1).

In the experimental vineyards, the same trend

was observed. The treatments carried out in the
different plots did not seem to influence the re-
sponse to fungicides (Table 2).

In 1999, grey mould development was favoured
by frequent rains during the month of August, as
indicated by the high disease incidence in the un-
treated plots of the two experimental trials (Ta-
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Table 3. Results of a survey in 1999 to detect resistance of Botrytis cinerea to different classes of botryticides.

% of conidia resistant to:

No. Farm and location Cultivar Sprayed in 1999 with Benomyl Vinclozolin Pyrimethanil
102 10° 32
1 Scagliola, Neive Moscato  Procymidone/Pyrimethanil® 0 0 17
2 Rivetti, Neive Moscato  Procymidone 87 94 50
3 Ressia, Neive Moscato  Procymidone 0 63 73
4 Rivetti, Neive Moscato  Pyrimethanil 1 1 29
5 Barbero, Neive Moscato  Procymidone 44 100 100
6 Perrone, Valdivilla Moscato  Cyprodinil+fludioxonil® 76 62 18
7 Giachino, Valdivilla Moscato Iprodione 11 4 80
8 Donadio, Valdivilla Moscato  Procymidone 11 100 96
9 Efflandrin, Valdivilla Moscato Iprodione 3 11 29
10 Saglietti, Valdivilla Moscato  Pyrimethanil 5 3 70
11 Saglietti, Valdivilla Moscato  Pyrimethanil 27 14 37
12 Lolli, Cossano Belbo Moscato  Procymidone/Pyrimethanil 1 0 4
13 Alossa, Moncucco Moscato  Procymidone/Pyrimethanil 0 100 100
14 Morando, Castiglione T. Moscato Iprodione 49 82 35
15 Soria, Castiglione Tinella Moscato Iprodione 0 100 94
16 Saracco, Castiglione Tinella  Moscato Iprodione/Pyrimethanil 4 73 24
17 Rabino, S. Vittoria d’Alba Barbera  Procymidone 0 100 1
18 Tarasco, S. Vittoria d’Alba Barbera Procymidone 0 0 35
19 Oricco, S. Vittoria d’Alba Moscato  Procymidone/Pyrimethanil 1 2 4
20 Borsa, Alba Moscato  Procymidone 19 96 15
21 Bazzano, Trezzo Tinella Moscato  Procymidone 27 80 74
22 Monchiero, Pocapaglia Arneis Cyprodinil+fludioxonil 0 0 0
23 Rabino, S. Vittoria d’Alba Nebbiolo Iprodione 0 88 96
24 Benevelli, Monforte d’Alba Barbera Procymidone 0 0 2
25 Rabino, S. Vittoria d’Alba Barbera Iprodione 77 91 55
26 Dallorto, Pocapaglia Barbera Pyrimethanil 0 0 49
27 Messa, Pocapaglia Barbera Procymidone 0 0 23
28 Monchiero, Pocapaglia Barbera Cyprodinil+fludioxonil 0 0 0
29 Tibaldi, Pocapaglia Barbera  Pyrimethanil 0 97 0
30 Bosio, Pocapaglia Barbera Procymidone 0 0 57

&b ¢ See Table 1.

bles 10 and 11). Under such rainy conditions, re-
sistance to the benzimidazoles, dicarboximides and
anilinopyrimidines became much more frequent. In
commercial trials, in 3 (No. 2, 6, 25) out of 30 vine-
yards more than 50% of conidia germinated on a
benomyl-amended medium. In 15 vineyards more
than 50% of conidia germinated on a vinchlozolin-
amended medium and in 11 vineyards more than
50% of conidia germinated on a pyrimethanil-
amended medium. In 1999 there was no germina-
tion on the fludioxonil-amended medium (Table 3).

Resistance to anilinopyrimidines was quite wide-
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spread in the two vineyards where the field trials
were carried out (Table 4). A high percentage of ani-
linopyrimidine-resistant conidia was detected even
in the control plots. Dicarboximide resistance was
more widespread on the Aimasso farm (Table 4).

Sensitivity to fungicides
Benzimidazoles.

As regards in vitro sensitivity to benomyl, two
phenotypes of B. cinerea were prevalent in this
survey in both growing seasons: benomyl-sensitive
strains and highly resistant strains. Their respec-
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Table 4. Results of a survey carried out in 1999 to detect resistance of Botrytis cinerea to different classes of
botryticides in two vineyards, cv. Moscato, where experimental trials were carried out.

% of conidia resistanto to:

No. Farm and location Plot sprayed with Benomyl Vinclozolin Pyrimethanil
10° 102 3°
S 1/99 Saglietti, Valdivilla Untreated control 1 1 99
S 2/99 Saglietti, Valdivilla Untreated control 0 0 91
S 3/99 Saglietti, Valdivilla Untreated control 0 11 0
S 4/99 Saglietti, Valdivilla Pyrimethanil 0 0 100
S 5/99 Saglietti, Valdivilla Pyrimethanil 0 0 35
S 6/99 Saglietti, Valdivilla Pyrimethanil 0 0 44
S 7/99 Saglietti, Valdivilla Pyrimethanil 12 15 52
A 1/99 Aimasso, Valdivilla Pyrimethanil 1 2 92
A 2/99 Aimasso, Valdivilla Pyrimethanil 0 89 26
A 3/99 Aimasso, Valdivilla Pyrimethanil 35 70 100
A 4/99 Aimasso, Valdivilla Pyrimethanil 19 82 56
A 5/99 Aimasso, Valdivilla Untreated control 0 0 100
A 6/99 Aimasso, Valdivilla Untreated control 5 6 95
A7/99 Aimasso, Valdivilla Untreated control 6 28 13
A 8/99 Aimasso, Valdivilla Procymidone 13 62 77
A 9/99 Aimasso, Valdivilla Procymidone 0 99 61
A 10/99 Aimasso, Valdivilla Procymidone 82 73 1
A 11/99 Aimasso, Valdivilla Pyrimethanil 1 1 85
A 12/99 Aimasso, Valdivilla Cyprodinil+fludioxonil® 0 0 100
A 13/99 Aimasso, Valdivilla Cyprodinil+fludioxonil 1 61 100
A 14/99 Aimasso, Valdivilla Cyprodinil+fludioxonil 0 0 0
A 15/99 Aimasso, Valdivilla Fenhexamid 94 91 0
A 16/99 Aimasso, Valdivilla Fenhexamid 0 0 77
A 17/99 Aimasso, Valdivilla Fenhexamid 1 0 95
A 18/99 Aimasso, Valdivilla Fenhexamid 0 10 28
2 mg/l.
» Mixture.

tive EC;y values for mycelial growth were 0.2 mg/l
or below for the sensitive group, higher than 70
mg/l for the resistant one (Tables 5 and 6). Four
strains (Gr 157/98, 118/99, 141/99 and 166/99)
seemed to belong to a third group, that was char-
acterized by low sensitivity to both the benzimida-
zoles and phenylcarbamate. While negative cross
resistance to the phenylcarbamate diethofencarb
characterized all the strains belonging to the first
two groups, the last four strains, moderately re-
sistant to benzimidazoles were not hypersensitive
to diethofencarb (Tables 5 and 6), and thus did not
show the negative-cross resistance pattern.

Dicarboximides.
The laboratory mutant (V 21), highly resistant

to the dicarboximides was confirmed to have posi-
tive cross-resistance to the phenylpyrroles. How-
ever, such a phenotype of B. cinerea, with positive
cross resistance to both dicarboximides and phe-
nylpyrroles was not detected in the tested vine-
yards. All dicarboximide-resistant strains detect-
ed exhibited a moderate level of resistance (ECj,
between 0.7 and 7 mg/l) (Tables 5 and 6). Such
strains were not cross-resistant to the anilinopyri-
midines.

Anilinopyrimidines.

Eleven isolates out of 12 in 1998, and 44 out of
50 in 1999 showed EDj5, values equal or higher than
0.2 mg/l and MIC values equal to or higher than 3
mg/l. In several cases, resistance to the anilinopy-
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Table 5. Efficacy of botryticides of different classes against isolates of Botrytis cinerea isolated from Italian vine-
yards in 1998. Results are expressed as Effective Concentration 50 (ECs,) and Minimal Inhibitory Concentration

(MIC) in mg/1.
Fungicide
Strain Origin Vinclozolin Benomyl Diethophencarb Pyrimethanil
ECs MIC EC; MIC ECs MIC ECs MIC

V21 Bari Collection >300 >300 <0.1 0.1 =300 >300 <0.1 300
Gr 70/89 S Di.Va.P.R.A. collection 0.7 10 <0.1 0.3 =300 >300 <0.1 0.1
Gr 146/86 RBD Di.Va.P.R.A. collection 2 >300 70 >300 <0.1 0.3 <0.1 300
Gr 8/98 Borello, Valdivilla 2 >300 >300 >300 0.2 1 0.2 30
Gr 9/98 Scarrone, Valdivilla 7 >300 0.2 0.3 >300 >300 20 300
Gr 21/98 Saglietti, Valdivilla 0.7 3 <0.1 10 >300 >300 0.2 300
Gr 37/98 Filante, Cossano Belbo 0.7 3 <0.1 0.1 >300 >300 0.2 300
Gr 58/98 Rivetti, Neive 2 >300 <0.1 1 >300 >300 0.2 >300
Gr 72/98 Giachino, Valdivilla 0.7 3 <0.1 1 >300 >300 0.2 30
Gr 78/98 Giachino, Valdivilla 2 >300 0.7 >300 <0.1 1 0.2 100
Gr 90/98 Saracco, Castiglione T. 0.7 3 <0.1 0.3 70 >300 0.2 100
Gr 133/98 Saracco, Castiglione T.? 0.7 3 0.2 1 >300 >300 0.7 >300
Gr 157/98 Saracco, Castiglione T.? 0.7 >300 0.7 >300 >300 >300 0.2 >300
Gr 223/98 Aimasso, Valdivilla® 7 >300 >300 >300 0.2 1 0.2 30
Gr 333/98 Galletto, Valdivilla 0.7 3 0.2 0.3 =300 >300 <0.1 1

2 Strain isolated in one of the vineyards subject to the experimental trials of Di.Va.P.R.A. in 1998.

rimidines developed in strains already resistant
to the dicarboximides. Strains Gr 78/98, Gr 157/98,
Gr 142/99, Gr 151/99, and Gr 167/99 showed resist-
ance to the anilinopyrimidines as well as to the ben-
zimidazoles and dicarboximides (Tables 5 and 6).

Phenylpyrroles.

Most of the tested isolates, were sensitive to
this group of fungicides in both growing seasons,
with ECs, values <0.1 mg/l. Three strains (Gr 22/
99 Gr 166/99 and Gr 124/99) showing a still low
EDs, value, but a higher MIC (10-30 mg/l) than
the others, were detected in 1999 in vineyards that
had not been not treated with this class of fungi-
cides (Table 6).

Virulence

Most of the strains showed a good level of viru-
lence when tested on artificially wounded apples.
In 1998, only three strains (Gr 8/98, Gr 9/98 and
90/98) showed reduced ability to cause rot. Also
strain V 21, which is in vitro resistant to the dicar-
boximides showed a only limited ability to infect
apples (Table 7).
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In 1999, most strains (except V 21, 161/99 and
162/99) were highly virulent on apple (Table 8).

The strains showing multiple resistance to ben-
zimidazoles, dicarboximides and anilinopyrimi-
dines infected wounded apples (Tables 7 and 8).

Field trials

In 1998, grey mould incidence was low, as shown
by the low level of disease in the control plots (4.5
and 11.2% infected berries in trials 1 and 2 respec-
tively). The best control of grey mould was with a
mixture of cyprodinil+fludioxonil or with an alter-
nation of pyrimethanil (applied at B) and fenhexa-
mid (applied at C). Two treatments with only fen-
hexamid (at either tested dosage) or only pyrimetha-
nil were slightly less effective (Table 9). In 1999,
the rainy month of August favoured grey mould de-
velopment: 57.6% of berries were infected in trial 3
(Table 10) and 33.5% in trial 4 (Table 11) in the con-
trol plots. Pyrimethanil, applied in two treatments
(B and C), showed an efficacy ranging from 40% (tri-
al 3, Table 10) to 64% (Trial 4, Table 11). But fen-
hexamid, applied twice, at B and C, did not pro-
vide complete control of grey mould (Table 10).
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Table 6. Efficacy of botryticides of different classes against isolates of Botrytis cinerea isolated from Italian vine-
yards in 1999. Results are expressed as Effective Concentration 50 (ECs,) and Minimal Inhibitory Concentration
(MIC) in mg/l.

Fungicide

Strain Origin Vinclozolin Benomyl Diethophencarb Pyrimethanil

ECs MIC ECs MIC ECs MIC ECs;, MIC

V21 Bari Collection >300 >300 0.07 0.1 >300 >300 0.2 300
Gr 70/89 S Di.Va.P.R.A. Collection 2 3 0.2 1 >300 >300 0.2 1
Gr 146/86 RBD Di.Va.P.R.A. Collection 7 >300 >300 >300 0.07 1 0.7 100
Gr 17/99 Saglietti, Valdivilla® 2 3 0.07 0.1 >300 >300 0.07 1
Gr 22/99 Saglietti, Valdivilla® 2 3 0.2 0.3 >300 >300 0.2 100
Gr 25/99 Saglietti, Valdivilla® 2 3 0.07 1 200 >300 0.7 10
Gr 67/99 Aimasso, Valdivilla® 2 3 0.2 0.3 >300 >300 0.2 1
Gr 73/99 Aimasso, Valdivilla® 7 >300 0.07 1 200 >300 0.2 >300
Gr 77/99 Aimasso, Valdivilla® 2 3 0.07 0.3 >300 >300 0.2 10
Gr 113/99 Scagliola, Neive 0.7 10 0.07 1 >300 >300 0.07 >300
Gr 116/99 Scagliola, Neive 2 3 0.07 1 200 >300 0.2 30
Gr 118/99 Rivetti, Neive 20 >300 200 >300 >300 >300 0.2 1
Gr 119/99 Rivetti, Neive 7 >300 200 >300 0.07 0.3 0.2 30
Gr 121/99 Ressia, Neive 0.2 3 0.2 0.3 20 >300 0.2 100
Gr 124/99 Ressia, Neive 0.7 >300 0.07 0.3 200 >300 0.07 1
Gr 125/99 Rivetti, Neive 2 10 <0.01 0.3 200 >300 0.2 3
Gr 127/99 Rivetti, Neive 0.7 1 0.07 0.3 >300 >300 0.07 >300
Gr 129/99 Barbero, Neive 0.7 >300 0.07 0.1 >300 >300 0.7 10
Gr 131/99 Barbero, Neive 7 >300 200 >300 0.07 1 0.7 30
Gr 132/99 Barbero, Neive 7 >300 0.2 1 >300 >300 0.7 1
Gr 133/99 Perrone, Valdivilla 7 >300 >300 >300 0.2 1 0.2 1
Gr 134/99 Perrone, Valdivilla 2 3 0.2 1 200 >300 0.2 10
Gr 137/99 Giacchino, Valdivilla 2 3 0.07 1 200 >300 0.2 3
Gr 141/99 Donadio, Valdivilla 2 >300 >300 >300 >300 >300 0.2 3
Gr 142/99 Donadio, Valdivilla 7 >300 0.07 1 >300 >300 0.7 >300
Gr 143/99 Donadio, Valdivilla 7 >300 0.07 1 >300 >300 0.2 3
Gr 144/99 Donadio, Valdivilla 7 >300 0.07 0.3 >300 >300 0.7 30
Gr 145/99 Efflandrin, Valdivilla 2 10 0.07 0.3 70 >300 0.07 30
Gr 146/99 Efflandrin, Valdivilla 2 10 0.07 1 200 >300 0.2 3
Gr 147/99 Efflandrin, Valdivilla 2 10 0.07 1 >300 >300 0.7 10
Gr 148/99 Efflandrin, Valdivilla 0.7 3 0.07 1 0.7 >300 0.7 >300
Gr 150/99 Saglietti, Valdivilla 0.7 10 0.07 0.3 >300 >300 0.2 30
Gr 151/99 Saglietti, Valdivilla 2 10 0.2 1 >300 >300 0.2 >300
Gr 153/99 Saglietti, Valdivilla 0.7 3 0.07 1 >300 >300 0.2 >300
Gr 154/99 Saglietti, Valdivilla 0.7 10 0.07 3 >300 >300 0.2 30
Gr 157/99 Lolli, Cossano Belbo 0.7 10 0.2 1 >300 >300 0.7 >300
Gr 159/99 Lolli, Cossano Belbo 2 10 0.2 3 >300 >300 0.7 3
Gr 161/99 Alossa, Moncucco 7 >300 0.07 1 >300 >300 0.2 >300
Gr 162/99 Alossa, Moncucco 7 >300 0.07 1 >300 >300 >300 >300
Gr 163/99 Alossa, Moncucco 0.7 >300 0.07 0.3 >300 >300 0.7 300
Gr 164/99 Alossa, Moncucco 0.7 10 0.07 1 200 >300 0.2 >300
Gr 166/99 Morando, Castiglione T. 0.7 300 0.07 100 >300 >300 0.07 10
Gr 167/99 Morando, Castiglione T. 7 >300 >300 >300 0.7 1 0.7 300
Gr 169/99 Soria, Castiglione Tinella 2 >300 0.07 1 >300 >300 0.2 300
Gr 170/99 Soria, Castiglione Tinella 2 10 0.7 1 >300 >300 0.7 >300
Gr 173/99 Saracco, Castiglione T. 0.2 3 0.07 1 20 >300 0.2 >300
Gr 193/99 Aimasso, Valdivilla® 0.07 3 0.07 0.1 >300 >300 0.2 3
Gr 206/99 Rabino, S. Vittoria d’Alba 7 >300 0.07 1 200 >300 0.2 100
Gr 209/99 Tarasco, S. Vittoria d’Alba 2 3 0.2 1 >300 >300 0.2 >300
Gr 211/99 Tarasco, S. Vittoria d’Alba 2 10 0.07 0.3 200 >300 0.2 >300
Gr 229/99 Monchiero, Pocapaglia 2 10 0.07 1 >300 >300 0.2 >300
Gr 237/99 Benevelli, Monforte d’Alba 2 100 0.07 1 200 >300 0.2 >300
Gr 257/99 Tibaldi, Pocapaglia 7 >300 0.07 0.3 >300 >300 0.2 100

2 Strain isolated in one of the vineyards subject to the experimental trials of Di.Va.P.R.A. in 1999.

Vol. 39, No. 3, December 2000 441



M.L. Gullino et al.

Table 7. Reaction of strains of Botrytis cinerea to different classes of botryticides, and virulence of the strains as
evaluated on apple (cv. Golden delicious), tested in 1998.

Reaction to*

Strain
Dicarboximides Benzimidazoles Phenylcarbamates Anilinopypirimidines. % rot®
Gr 8/98 R R S S 40
Gr 9/98 R S R R 38
Gr 21/98 S S R R 71
Gr 37/98 S S R R 117
Gr 58/98 R S R R 118
Gr 72/98 S S R S 94
Gr 78/98 R R S R 118
Gr 90/98 S S R R 18
Gr 133/98 S S R R 119
Gr 157/98 R R R R 94
Gr 223/98 R R S S 77
Gr 333/98 S S R S 172

2 R: resistant; S: sensitive.
> As compared to rot in apple fruits inoculated with strain Ro 1.

Table 8. Reaction of Botrytis cinerea strains to different classes of botryticides, and virulence of the strains, as
evaluated on apple (cv. Golden delicious), tested in 1999.

Reaction to*

Strain
Dicarboximides Benzimidazoles Phenylcarbamates Anilinopypirimidines. % rot®
Gr 17/99 S S R S 120
Gr 22/99 S S R R 124
Gr 25/99 S S R S 136
Gr 67/99 S S R S 141
Gr 73/99 R S R R 219
Gr 77/99 S S R S 168
Gr 113/99 R S R R 125
Gr 116/99 S S R S 78
Gr 118/99 R R R S 257
Gr 119/99 R R S S 115
Gr 121/99 S S R S 87
Gr 124/99 R S R S 114
Gr 125/99 R S R S 121
Gr 127/99 S S R R 59
Gr 129/99 R S R S 138
Gr 131/99 R R S S 130
Gr 132/99 R S R S 165
Gr 133/99 R R S S 113
Gr 134/99 S S R S 122
Gr 137/99 S S R S 125
Gr 141/99 R R R S 107
Gr 142/99 R S R R 92
Gr 143/99 R S R S 121
Gr 144/99 R S R S 153

(continued on the next page)
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Table 8. (continued from the preceding page)

Reaction to?

Strain
Dicarboximides Benzimidazoles Phenylcarbamates Anilinopypirimidines. % rot?
Gr 145/99 R S R S 90
Gr 146/99 R S R S 163
Gr 147/99 R S R S 178
Gr 148/99 S S R R 116
Gr 150/99 R S R S 111
Gr 151/99 R S R R 113
Gr 153/99 S S R R 217
Gr 154/99 R S R S 128
Gr 157/99 R S R R 122
Gr 159/99 S S R S 129
Gr 161/99 R S R R 0
Gr 162/99 R S R R 6
Gr 163/99 R S R R 124
Gr 164/99 R S R R 124
Gr 166/99 R R R S 104
Gr 167/99 R R S R 256
Gr 169/99 R S R R 122
Gr 170/99 R S R R 175
Gr 173/99 S S R R 127
Gr 193/99 S S R R 197
Gr 206/99 R S R R 139
Gr 209/99 S S R R 154
Gr 211/99 R S R R 237
Gr 229/99 R S R R 212
Gr 237/99 R S R R 220
Gr 257/99 R S R R 311

&b See Table 7.

Table 9. Efficacy of different fungicides against Botrytis cinerea on grapevine, cv. Moscato. Trial 1: Saracco Farm,
Castiglione Tinella; Trial 2: Aimasso Farm, Valdivilla, 1998.

% infected % infected
Treatment Dosage Phenolo%ical bunches® berries
g a.i./ha stage

Trial 1 Trial 2 Trial 1 Trial 2
Untreated - - 384 a 52.7 a 45a 11.2b
Fenhexamid 500 BC 279 a 372 a 1.3a 6.1 ab
Fenhexamid 750 BC 294 a 34.6 a 1.7a 5.7 ab
Pyrimethanil 748 B 199 a 36.8 a 1.8a 1.8a
Fenhexamid 750 C
Pyrimethanil 748 BC 26.9 a 29.1a 1.3a 7.1 ab
Cyprodinil+fludioxonil 300+200 BC 18.3 a 22.0a 16a 23a

2 Trial 1: dates of treatments: B, 8 July; C, 7 August; assessment 7 September. Trial 2: dates of treatments: B, 8 July; C, 7 August;
assessment 3 September.
b Values of the same column followed by the same letter do not differ significantly according Duncan’s multiple range test (P=0.05).
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Table 10. Trial 3. Efficacy of different fungicides against Botrytis cinerea on grapevine, cv. Moscato, Aimasso farm,

Valdivilla, 1999.

% infected®

Treatment ng;). Sf %ﬁa Phesléglgoe%ical Assessment 1° Assessment 2¢
Bunches Berries Bunches Berries
Untreated - - 91c 44.5b 93¢ 57.6b
Pyrimethanil 748 BC 72 Db 25.3 a 76 ab 28.2 ab
Cyprodinil+fludioxonil 300+200 BC 56 a 13.8a 67 a 20.8 a
Fenhexamid 750 BC 70 b 24.7 a 81 be 38.2 ab

2 Dates of treatments: B, 9 July; C, 11 August.
b See Table 9.
¢ Dates of assessments: I, 6 September; II, 13 September.

Table 11. Trial 4. Efficacy of different fungicides against Botrytis cinerea on grapevine, cv. Moscato, Saglietti Farm,

Valdivilla, 1999.

% infected®

Treatment gD; sf g/{}ela Phesréglgoegaical Assessment 1° Assessment 2¢
Bunches Berries Bunches Berries
Untreated - - 66 b 21.7b 76 b 33.5b
Pyrimethanil 748 BC 45 a 7.8 a 58 a 125 a

2 Dates of treatments: B, 9 July; C, 13 August.
b See Table 9.
¢ Dates of assessments: I, 3 September; II, 9 September.

Discussion

Monitoring in 1998 and particularly in 1999,
when disease pressure was high, confirmed the ex-
istence of dicarboximide resistance in North-Ital-
ian vineyards. This resistance remained stable, com-
pared with levels reported in Gullino et al. (1998).
Dicarboximide-resistant strains in the field were not
cross-resistant to the phenylpyrroles, contrary to
what was observed with laboratory strains (Fare-
tra and Pollastro, 1993). Phenotypes of B. cinerea
with positive cross-resistance to the dicarboximides
and phenylpyrroles were not found, confirming what
has been reported from Italy (Faretra and Pollas-
tro, 1993) and France (Leroux et al., 1999).

Benzimidazole-resistance was stable, when
compared with previous levels (Gullino, 1992). The
benzimidazoles, never widely applied on grapevine,
have not been in use for many years. The phenyl-
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carbamates too have only very rarely been sprayed
in Italy, in mixture with benzimidazoles, contrary
to what occurs in France, where they are widely
applied in anti-resistance strategies (Leroux et al.,
1999). For the first time, strains of B. cinerea re-
sistant to the benzimidazoles and not hypersensi-
tive to the phenylcarbamates have now been de-
tected in North-Italian vineyards, after being ob-
served on Table grape in southern-Italy (Faretra
and Pollastro, 1992).

In 1999, resistance to the anilinopyrimidines
spread to Piedmont, apparently following the same
trend as that observed in 1986 and 1987 with the
dicarboximides: resistance was observed first on
cv. Moscato, a cultivar frequently sprayed because
of its high susceptibility to B. cinerea (Gullino,
1992). The presence of strains of B. cinerea able to
germinate and grow on pyrimethanil-amended



medium, already noted in surveys in 1996 and 1997
(Gullino et al., 1998), increased rapidly in 1999 and
is now quite widespread in the area under study.
Strains of B. cinerea that grow in the presence of
the anilinopyrimidines were also detected in vine-
yards that had not been sprayed with that group
of fungicides and in the control plots of experimen-
tal fields, confirming previous observations (Gul-
lino et al., 1998). All the anilinopyrimidines-resist-
ant strains showed a low level of resistance, as in-
dicated by the relative low ECs, values.

Observations in Switzerland indicate that, as
with dicarboximide-resistant fungi, anilinopyrimi-
dine-resistant isolates decrease substantially in
winter (Hilber et al., 1998).

The risk of the development of resistance to the
anilinopyrimidines was experimentally demon-
strated in Switzerland (Forster and Staub, 1996).
To reduce this risk, an anti-resistance strategy was
agreed on by companies producing and/or distrib-
uting this class of fungicides. In Switzerland, where
the first strains of B. cinerea resistant to the ani-
linopyrimidines were detected (Hilber and
Schuepp, 1996), anti-resistance strategies have
been developed in concert with the registration
authorities: only one treatment per season with
anilinopyrimidines, or two with a mixture
anilinopyrimidine+fludioxonil are permitted. This
anti-resistance strategy has proved successful
(Hilber et al., 1998).

Surveys carried out in Italy in an area and on a
cultivar where fungicide resistance generally de-
velops quickly, clearly indicates the risk linked to
the repeated use of anilinopyrimidines. This risk
is confirmed by the fact that resistance already
occurs in Switzerland and France, two countries
where the anilinopyrimidines were first registered
(Ruegget al,1997; Leroux et al., 1998). The degree
of control achieved in our tests, with two sprays
containing pyrimethanil in 1999, was already sig-
nificantly lower than that shown by the same fun-
gicide only a year earlier (Gullino and Monchiero,
1998): this poses yet more questions concerning the
risk of repeated applications of the anilinopyrimi-
dines in the field.

The frequent occurrence of disruptive selection
towards resistance, the fact that anilinopyrimidine
resistance is encoded in a single gene (Hilber and
Hilber-Bodmer, 1998; Chapeland et al., 1999) and
that resistant isolates have good maintenance of
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virulence, support the hypothesis of Hilber et al.
(1998) that the anilinopyrimidines carry a high risk
of selecting for resistance in B. cinerea.

The careful use of anilinopyrimidines is there-
fore strongly advised. This should not be difficult
on grapevine in Italy, where, at least on wine grape,
most growers spray only twice per season. Under
such conditions, one spray per season with an an-
ilinopyrimidine, fludioxonil or a mixture of the two
should not create excessively high selection pres-
sure. Moreover, since a wide range of compounds
are already available to protect cultivars such as
Moscato and to be effective in situations of high
disease pressure, it may also be advisable not to
rely on botryticides with the same mechanism of
action two years in succession: an alternation of
products could again bring resistant populations
to below treshold levels.

The occurrence of isolates of B. cinerea with
multiple resistance to the benzimidazoles, dicar-
boximides and anilinopyrimidines, and also cou-
pled with a good level of virulence, threatens to
reduce the effective control of grey mould in the
field if strict anti-resistance strategies are not fol-
lowed.

The anilinopyrimidines and the phenylpyr-
roles are important new chemical tools to con-
trol grey mould: their careful application includ-
ing the observance of anti-resistance strategies
will prolong their effectiveness under practical
conditions.
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