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Abstract From 2003 to 2006, a total of 426 single-
conidial isolates of B. cinerea collected from
greenhouse vegetables in China were characterized
for resistance to benzimidazole fungicides and
diethofencarb according to inhibition of mycelial
growth. Rapid development of double-resistance to
benzimidazoles and diethofencarb was observed.
Three types of benzimidazole-resistant isolates, Ben
R1, Ben R2 and Ben R3 were detected. A new
phenotype, Ben R3, which showed low level of
resistance to benzimidazole fungicides and resis-
tance to diethofencarb, was detected with frequen-
cies of 6.8%, 10.0%, 13.2% and 12.4% from 2003 to
2006, respectively. Further studies indicated that Ben
R3 was caused by a point mutation from GAG in
sensitive(S) isolates to GTG at codon 198 in the β-
tubulin gene, predicted to cause a change from
glutamic acid to valine. Ben R3 isolates had

comparable growth, sporulation and pathogenicity
ability as isolates of other phenotypes but were more
sensitive at lower temperatures.

Keywords Botrytis cinerea . Vegetable grey mould .

Benzimidazole resistance .β-tubulin gene . Double
resistance

Introduction

Botrytis cinerea, the causal agent of grey mould
disease, is a ubiquitous plant pathogenic fungus
worldwide (Rosslenbroich and Stuebler 2000). Grey
mould is one of the most destructive diseases in
greenhouse vegetables since it severely reduces the
yield and quality in crops such as eggplant, tomato,
cucumber and pepper (Prins et al. 2000). In China,
control of grey mould is based on the use of
fungicides applied in 7-d intervals from November
to May. Negative cross-resistance between the benz-
imidazole and N-phenylcarbamate (NPC) fungicides
has been observed in B. cinerea (Elad et al. 1988;
Leroux 1992; Leroux et al. 2002). In China, the
mixture (carbendazim and diethofencarb) has been
extensively applied since the late 1990s.

Resistance to benzimidazole fungicides has been
reported in China since 1994 (Zhang et al. 2007; Zhou
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et al. 1994). Resistance of B. cinerea to benzimidazoles
has been detected in Europe (Beever et al. 1989;
Dianez et al. 2002; Leroux et al. 2002; Pappas 1997),
Asia (Yarden and Katan 1993) and Canada (Noethover
and Matteoni 1986). However, only two types of
benzimidazole-resistant isolates, Ben R1and Ben R2,
were widely detected in previous field studies. Ben R1
isolates, caused by a point mutation from GAG in
sensitive(S) isolates to GCG at codon 198 in the β-
tubulin gene, are highly resistant to benzimidazoles
and simultaneously more sensitive to the phenyl-
carbamate diethofencarb than the wild type isolates.
Ben R2 isolates, caused by a point mutation from
TTC in sensitive(S) isolates to TAC at codon 200
in the β-tubulin gene, are moderately resistant to
benzimidazoles and insensitive to diethofencarb,
just like the wild type benzimidazole-sensitive
isolates. Ben R2 isolates were detected after the
introduction of the mixture of carbendazim and
diethofencarb (Leroux et al. 2002; Yarden and
Katan 1993; Zhang et al. 2003).

Resistance to benzimidazole fungicides has been
reported in many fungal species. In most cases,
resistance is associated with point mutations in β-
tubulin gene which result in altered amino acid
sequences at the benzimidazole binding site (Davidson
et al. 2006; Koenraadt et al. 1992; Ma et al. 2003;
Maymon et al. 2006). Most field resistant isolates of
plant pathogenic fungi show codon changes that seem
to be restricted to positions 50 (McKay et al. 1998),
198, 200 (Albertini et al. 1999; Koenraadt et al. 1992),
and 240 (Albertini et al. 1999). Only a few exceptions
to these point mutations have been reported in Venturia
inaequalis, Penicillium expansum, Penicillium auran-
tiogriseum (Koenraadt et al. 1992), Gibberella pulica-
ris (Kawchuk et al. 2002), and Gibberella zeae (Chen
et al. 2005), but the exact molecular mechanisms for
their resistances have not been clarified.

Mutations in the β-tubulin gene may have pleio-
tropic effects on fungal growth at high or low
temperatures (Davidse 1986). Several benomyl-
resistant mutants of model fungi exhibit temperature-
sensitive phenotypes. For plant pathogenic fungi, only
low resistance isolates of Monilinia fructicola which
were sensitive at low temperatures and low resistance
isolates of M. laxa which were sensitive at high
temperatures have been reported (Ma et al. 2003,
2005). Ma speculated that temperature sensitivity of
different benzimidazole resistant isolates could be

used to manage resistance but no methodology was
reported.

The current study was conducted to (i) monitor the
evolution of resistance to benzimidazole fungicides and
diethofencarb of B. cinerea on greenhouse vegetables
in China, (ii) determine the temperature sensitivity in
benzimidazole-resistant and -sensitive isolates of B.
cinerea, and (iii) investigate molecular mechanism of
benzimidazole resistance of B. cinerea.

Materials and methods

Fungicides

Technical grade diethofencarb and benzimidazole fun-
gicides, including carbendazim and thiophanate-methyl,
were dissolved in acetone except that carbendazim was
dissolved in 0.1 mol l−1 hydrochloric acid (HCl) to
prepare the stock solutions (Zhang et al. 2007).

Single-conidial isolates of B. cinerea

From 2003 to 2006, a total of 426 single-conidial
isolates were collected as described previously (Zhang
et al. 2007) from 32 commercial greenhouses of
vegetable crops (strawberry, tomato, eggplant and
pepper) located in Zhejiang and Jiangsu provinces,
which are the major vegetable production regions in
China (Table 1). Five to ten isolates were collected
from each greenhouse. In the sampled greenhouses, the
most frequently used fungicides were the mixture of
carbendazim and diethofencarb, and dicarboximide
fungicides.

Quantitative assessments of the fungicide sensitivity
of B. cinerea

Inhibition of mycelia growth was assessed through
measuring the radial growth on solid PDA plates
amended with 0, 0.0125, 0.05, 0.2, 1, 5, 10, 25, 50,
100, 200 and 500 mg a.i. l−1 of medium (Yarden and
Katan 1993; Leroux et al. 2002) according to the
method described previously (Zhang et al. 2007). For
each isolate, the average colony diameters measured in
two perpendicular directions was used to calculate the
EC50 (the fungicide concentration that results in 50%
radial growth inhibition) by linear regression of probit
% inhibition of radial growth as a function of the log10
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fungicide concentration. The experiment was per-
formed twice.

Test of temperature sensitivity of B. cinerea

To determine the temperature sensitivity of B. cinerea,
10 isolates were chosen at random for each phenotype
of benzimidazole-sensitivity. Each of the 40 isolates
was tested for its ability to grow at various temper-
atures on PDA amended with 0,1, 5, 10, 50, 100, and
200 mg a.i. l−1 of medium as the method described by
Ma et al. (2003) Three replicates of each fungicide
concentration were used. After respective incubation at
10, 16, 22, 28, and 34°C for 10 d in the dark, radial
growth was measured for each plate. The experiment
was performed twice.

Characterization of Ben R3 isolates

Five isolates for each phenotype of benzimidazole
sensitivity were chosen at random to compare some
important biological characteristics; hyphal growth,
sporulation, and spore germination according the
method described previously (Zhang et al. 2007).
Pathogenicity was determined according the method
described by Elad (1992). Eggplant plants were grown
in pots in greenhouses with a minimum temperature of
15°C. After about 30 d, each developed leaf was
inoculated with one mycelium disc. The discs were cut
from the margin of a 6-d-old colony and were placed in
the centre of leaves. To create favourable conditions for
infection, inoculated plants were maintained in the dark
with 95% humidity at 23°C for 24 h, and then moved
back into the plant growth chambers. The plants were
then kept at 23°C with 85% humidity and 12 h light/
dark cycle. Five days after inoculation, lesion devel-
opment from mycelium discs was determined by
measuring two diameters at right angles. Three plants
for each strain were used and the experiment was

performed twice.Mean lesion diameters were calculated
to represent the development of disease.

Isolation the β-tubulin gene fragments of B. cinerea

Eight isolates were chosen at random for each
phenotype of benzimidazole sensitivity. To extract
DNA, each isolate was grown at PDA plates for
5 d in the dark. Mycelia were harvested and
washed in sterile water, frozen in liquid nitrogen,
and lyophilized. DNA from each isolate was
extracted by using a CTAB method (Kachroo et
al. 1995). According the known complete sequence
of the β-tubulin gene in B. cinerea (GenBank
accession number U27198), the PCR primer pair
Bcb-F (5’-CACTGAGGGTGCTGAGCTTGT-3’) +
Bcb-R (5’-GAAGCGGCCATCATGTTCTTA-3’)
was designed to amplify the β-tubulin gene fragment
containing the codon 198 and 200. All PCR
reactions were performed in 50 μl volumes and
contained 100 ng of template DNA, 5 μl 10 × Taq
DNA polymerase reaction buffer, 2.5°Cmmoll−1

dNTPs, and 1.4°CU Taq DNA polymerase (Invitro-
gen, Shanghai, China). The PCR program was
94°C × 5 min, (94°C × 1 min, 53°C × 1 min,
72°C × 1 min) × 35 cycles, followed by a final
extension at 72°C × 10min. PCR products were analyzed
by agarose gel electrophoresis, and purified using 3 S
Spin Agarose Gel DNA Purification Kit (Shenerge
Biocolor Company, Shanghai, China) following the
protocol of the manufacturer. All PCR products were
sequenced by Scigene Company, Shanghai, China.
Sequences were aligned by using the software Clustal
W (http://www.ebi.ac.uk).

Data analysis

EC50 values were calculated by linearly regression
of probit % of inhibiting radial growth as a

Host Zhejiang Province Jiangsu Province

2003 2004 2005 2006 2003 2004 2005 2006

Strawberry 6 16 10 8 21 13 23 10

Tomato 8 21 12 12 15 17 15 12

Eggplant 10 26 21 15 16 8 19 16

Pepper 6 8 13 8 6 11 16 8

Total 30 71 56 43 58 49 73 46

Table 1 Number of isolates
of Botrytis cinerea from
each year, region and host
crop tested for fungicide
resistance
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function of the log of inhibitor concentrations.
Multiple comparison tests (least significant differ-
ence, LSD) were used to detect differences among
means such as EC50 values. Statistical tests were
performed using SPSS (Statistical Product and
Service Solutions), version 11.0.

Results

Benzimidazole resistance and diethofencarb
sensitivity of B. cinerea greenhouse populations

Three different levels of benzimidazole resistance
were detected in the tested populations. Sensitive(S)
isolates could not grow on 1 mg l−1 carbendazim or
thiophanate-methyl and had EC50 values <0.1 mg l−1.
Low resistance (LR) isolates could grow on 5 mg l−1

but could not on 10 mg l−1 carbendazim or
thiophanate-methyl and had EC50 values ranging
from 0.8 to 8.2 mg l−1. Moderate resistance (MR)
isolates could grow on 50 mg l−1 but not on
100 mg l−1 carbendazim or thiophanate-methyl and
had EC50 values ranging from 15.4 to 22.6 mg l−1.
High resistance (HR) isolates can grow on 200 mg l−1

carbendazim or thiophanate-methyl and had EC50

values >50 mg l−1. From 2003 to 2006, the total
resistance frequency was 62.5%, 71.7%, 77.5%, and
80.9% respectively. This suggested that severe resis-
tance of B. cinerea to benzimidazoles was widespread
in greenhouse vegetables in eastern China.

Two different levels of sensitivity to diethofencarb
were detected. They were sensitive (S) and resistant
(R). S isolates could not grow on 25 mg l−1 dieth-
ofencarb and had EC50 values ranging from 0.01 to
16.5 mg l−1. R isolates could grow on 100 mg l−1

diethofencarb. Close association between benzimid-
azole resistance and diethofencarb sensitivity was
found. All the diethofencarb S isolates were benz-
imidazole HR isolates (hereafter referred to as Ben R1
isolates). Sensitivity of the diethofencarb R isolates to
benzimidazole fungicides was divided into three
types, benzimidazole S, LR, and MR isolates,
respectively. Hereafter, benzimidazole S- diethofen-
carb R isolates were referred to as Ben S isolates.
Benzimidazole MR- diethofencarb R isolates were
referred to as Ben R2 isolates. Benzimidazole LR-
diethofencarb R isolates were referred to as Ben R3
isolates. From 2003 to 2006, the frequency of double

resistance to benzimidazoles and diethofencarb was
27.3%, 38.3%, 46.5%, and 50.6% respectively.

Sensitivity of Ben S, R1, R2 and R3 isolates to low
and high temperature

After incubation at various temperatures for 10 d, the
Ben R1, R2, and R3 isolates showed similar high-
temperature sensitivity on PDA amended with car-
bendazim. At 34°C, no isolate could grow on PDA
amended with 1 mg l−1 carbendazim. At 16°C to 28°C,
all isolates showed the same phenotypes of mycelial
growth as those on 22°C. However, only Ben R3
isolates could not grow on PDA amended with
1 mg l−1 carbendazim at 10°C (Fig. 1). This suggested
that Ben R3 isolates could not express their resistance
at low temperatures.

Growth, sporulation and pathogenicity of Ben S, R1,
R2 and R3 isolates

There were significant differences between isolates in
growth, sporulation and pathogenicity (P<0.05). How-
ever, there were no significant differences between
phenotypes in growth, sporulation and pathogenicity
(Table 2).

Fragments of the β-tubulin gene of B. cinerea

The sequenced fragment of the β-tubulin gene of B.
cinerea includes the positions in B. cinerea known to
affect the sensitivity to benzimidazole fungicides. The
sequenced Ben S isolates show 100% homology to
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Fig. 1 Effect of temperature on mycelial growth of Ben R3
isolates of B. cinerea on PDA plates amended with carbendazim
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that for B. cinerea in Genbank (accession number
U27198). As expected with previous reports, all the
Ben S, Ben R1, and Ben R2 isolates had the
respective sequence GAG (glutamic acid), GCG
(Alanine), and GAG (glutamic acid) at the codon
198 of β-tubulin gene and TTC (Phenylalanine), TTC
(Phenylalanine), and TAC (Tyrosine) at the codon 200
of β-tubulin gene. All the Ben R3 isolates, a new
phenotype, had the sequence GTG (Valine) at the
codon 198 and TTC (Phenylalanine) at the codon 200
of β-tubulin gene. Apart from the differences at codon
198 and 200, all isolates had identical sequences.

Discussion

One of the objectives of this study was to monitor the
development of double-resistance to benzimidazole
fungicides and diethofencarb, an N-phenylcarbamate
which has negative cross-resistance with benzimida-
zoles (Elad et al. 1988; Leroux 1992; Leroux et al.
2002). Frequent reports of control failure for carben-
dazim in China could be attributed to the dominance
of the benzimidazole-resistant sub-population. Three
different resistance levels, Ben R1, Ben R2, and Ben
R3, were detected in B. cinerea isolates from
greenhouse vegetables with the total resistance fre-
quency of 62.5%, 71.7%, 77.5%, and 80.9% from
2003 to 2006 respectively. Among them, Ben R1
isolates are highly resistant to benzimidazoles and
simultaneously more sensitive to diethofencarb than
the wild type isolates. Ben R2 isolates are moderately
resistant to benzimidazoles and insensitive to dieth-
ofencarb, just like the wild benzimidazole sensitive
isolates. These two levels of resistant isolates of B.
cinerea were extensively detected in Europe (Leroux
et al. 2002) and China (Zhou et al. 1994; Zhang et al.

2006). Although three benzimidazole-resistant pheno-
types had been recovered in laboratory mutants in B.
cinerea (Ziogas and Girgis 1993), Ben R3 field
isolates of B. cinerea, which have low resistance to
benzimidazoles and are insensitive to diethofencarb,
is reported for the first time.

The negative cross-resistance between the benzi-
midazoles and N-phenylcarbamate (NPC) fungicides
(Elad et al. 1988) has resulted in the mixture of
carbendazim and diethofencarb being extensively
used since the late 1990s in China. Two different
phenotypes of double-resistance to benzimidazoles
and diethofencarb, Ben R2 and Ben R3, were detected
in this study. From 2003 to 2006, the rapid develop-
ment of double-resistance was observed with the
respective frequency of 27.3%, 38.3%, 46.5%, and
50.6%. This suggests that the mixture of carbendazim
and diethofencarb should not be used to control B.
cinerea in greenhouse vegetables in China without
reasonable resistance management strategies.

Several benomyl resistant mutants of model fungi
exhibit temperature sensitive phenotypes (Davidse
1986). All these mutants might have decreased fitness
under field conditions. However, for plant pathogenic
fungi, such effects have only been recently reported
for Monilinia fructicola and M. laxa (Ma et al. 2003,
2005). In M. fructicola, isolates with low and high
resistance to benzimidazole fungicides were sensitive
under low and high temperature conditions respec-
tively. In this study, all resistant isolates, including
Ben R1, Ben R2, and Ben R3 did not show resistance
at high temperature (34°C). Only Ben R3 isolates
were sensitive at low temperature (10°C). The
difference in sensitivity of low resistance and high
resistance isolates of M. fructicola to temperatures
could be used for control stone fruit brown rot in
California (Ma et al. 2003, 2005). Our study indicates

Table 2 Growth rate, sporulation, germination and pathogenicity of Ben S, R1, R2, and R3 isolates of Botrytis cinerea

Phenotype Colony diameter (cm) Spores
(×106 ml−1)

Germination (%) Disease lesion diameter (cm)

Ben S 4.38aX 2.18 aY 98.2a 1·74 a

Ben R1 4·68 a 3·20a 98.8a 3·26 a

Ben R2 5·62a 2·14 a 95.6a 3·18 a

Ben R3 5.34a 2.52 a 98.2a 2.32 a

XMean of five isolates for each phenotype
Y Figures followed by the same letter within a column were not significantly different with LSD (least significant difference) test at P=0·05
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that the application of this difference in B. cinerea in
greenhouse vegetables needs further research.

Analysis of the β-tubulin gene of B. cinerea has
shown that Ben R1 and Ben R2 isolates had the same
resistance mechanisms as previously reported (Yarden
and Katan 1993; Leroux et al. 2002). In Ben R1
isolates, a point mutation from GAG in sensitive(S)
isolates to GCG resulted in an alanine replacing the
glutamic acid at codon 198. In Ben R2 isolates, a point
mutation at codon 200 from TTC in sensitive(S) isolates
to TAC resulted in a tyrosine replacing the phenylala-
nine. For the new phenotype, Ben R3 isolates, a point
mutation at codon 198 from GAG in sensitive(S)
isolates to GTG resulting in valine replacing glutamic
acid, was detected in all eight sequenced Ben R3
isolates. The GAG to GTG point mutation at codon
198 of β-tubulin gene has been detected in Penicillium
spp. (Sholberg et al. 2005) and Venturia inaequalis
(Koenraadt et al. 1992), both resulting in high
resistance to benzimidazoles.

Acknowledgements This research was partially supported by
grant no. Y3080042 of Zhejiang Natural Science Foundation
and grant no. 2351000971 of Zhejiang Forest College funding.

References

Albertini, C., Gredt, M., & Leroux, P. (1999). Mutations of the
β-tubulin gene associated with different phenotypes of
benzimidazole resistance in the cereal eyespot fungi
Tapesia yallundae and Tapesia acuformis. Pesticide
Biochemistry Physiology, 64, 17–31.

Beever, R. E., Laracy, E. P., & Park, H.A. (1989). Strain ofBotrytis
cinerea resistant to dicarboximide and benzimidazole
fungicides in New Zealand vineyards. Plant Pathology, 38,
427–437.

Chen, C. J., Li, J., Qi, Z. Q., Wang, J. X., & Zhou, M. G. (2005).
Cloning ofα-tubulin gene from Fusarium graminearum and
analyzing its relationship with carbendazim-resistance. Acta
Microbiology Sinica, 45, 288–291.

Dianez, F., Santos, M., & Blanco, R. (2002). Fungicide resistance
in Botrytis cinerea isolates from strawberry crops in Huelva
(South-western Spain). Phytoparasitic, 30, 529–534.

Davidse, L. C. (1986). Benzimidazole fungicides: mechanism
of action and biological impact. Annual Review of
Phytopathology, 24, 43–65.

Davidson, R. M., Hanson, L. E., Franc, G. D., & Panella, L.
(2006). Analysis of β-tubulin gene fragments from
benzimidazole-sensitive and -tolerant Cercospora beticola.
Journal of Phytopathology, 154, 321–328.

Elad, Y., Shabi, E., & Katan, T. (1988). Negative cross-resistance
between benzimidazole and N-phenylcarbamate fungicides
and control of Botrytis cinerea on grapes. Plant Pathology,
37, 141–147.

Elad, Y. (1992). Reduced sensitivity of Botrytis cinerea to two
sterol biosynthesis-inhibiting fungicides: fenetrazole and
fenethanil. Plant Pathology, 41, 47–54.

Kawchuk, L.M., Hutchison, L. J., Verhaeghe, C. A., Lynch, D. R.,
Bains, P. S., & Holly, J. D. (2002). Isolation of the β-tubulin
gene and characterization of thiabendazole resistance in
Gibberella pulicaris. Canada Journal of Plant Pathology,
24, 233–238.

Kachroo, T., Leong, S. A., & Chattoo, B. B. (1995). A rapid
method of isolation of genomic DNA from filamentous
fungi. International Rice Research Notes, 21, 2–3. 47.

Koenraadt, H., Somerville, S. C., & Jones, A. L. (1992).
Characterization of mutations in the beta-tubulin gene of
benomyl-resistant field strains of Venturia inaequalis and
other plant pathogenic fungi. Phytopathology, 82, 1348–
1354.

Leroux, P., Fritz, R., Debieu, D., Albertini, C., Lanen, C., Bach, J.,
et al. (2002). Mechanisms of resistance to fungicides in field
strains of Botrytis cinerea. Pest Management Science, 58,
876–888.

Leroux, P. (1992). Negative cross-resistance in fungicides: from
the laboratory to the field. In I. Denholm, A. L. Devonshire &
D. W. Hollomon (Eds.), Resistance9: achievements and
developments in combating pesticide resistance (pp. 179–
189). London: Elsevier.

Ma, Z. H., Yoshimura, M. A., & Michailides, T. J. (2003).
Identificantion and characterization of benzimidazole
resistance in Monilinia fructicola from stone fruit orchards
in California. Applied and Environmental Microbiology,
69, 7145–7152.

Ma, Z. H., Yoshimura, M. A., Holtz, B. A., & Michailides,
T. J. (2005). Characterization and PCR-based detection
of benzimidazole-resistant isolates of Monilinia laxa in
California. Pest Management Science, 61, 449–457.

Maymon, M., Zveibil, A., Pivonia, S., Minz, D., & Freeman, S.
(2006). Identification and characterization of benomyl-
resistant and -sensitive populations of Colletotrichum gloeo-
sporioides from Statice (Limonium spp.). Phytopathology,
96, 542–548.

McKay, G., Egan, J. D., Morris, E., & Brown, A. E. (1998).
Identification of benzimidazole resistance in Cladobotryum
dendroides using a PCR-based method. Mycological
Research, 102, 671–676.

Noethover, J., & Matteoni, J. A. (1986). Resistance of Botrytis
cinerea to benomyl and iprodione in vineyards and green
houses after exposure to the fungicides along or mixed
with captan. Plant Disease, 70, 398–402.

Pappas, A. C. (1997). Evolution of fungicide resistance in
Botrytis cinerea in protected crops in Greece. Crop
Protection, 16, 257–263.

Prins, T. W., Tudzynski, P., & Tiedemann, A. V. (2000).
Infection strategies of Botrytis cinerea and related
necrotrophic pathogens. In J. W. Kronstad (Ed.), Fungi
pathology (pp. 33–64). Dordrecht: Kluwer Academic.

Rosslenbroich, H. J. & Stuebler, D. (2000). Botrytis cinerea-
history of chemical control and novel fungicides for its
management. Crop Protection, 19, 557–561.

Sholberg, P. L., Harlton, C., Haag, P., Lëvseque, C. A.,
Gorman, D. O., & Seifert, K. (2005). Benzimidazole and
diphenylamine sensitivity and identity of Penicillium spp.
that cause postharvest blue mold of apples using β-tubulin

514 Eur J Plant Pathol (2010) 126:509–515



gene sequences. Postharvest Biology Technology, 36, 41–
49.

Yarden, O., & Katan, T. (1993). Mutations leading to
substitutions at amino acids 198 and 200 of beta tubulin
that correlate with benomyl-resistance phenotypes of field
strains of Botrytis cinerea. Phytopathology, 83, 1478–
1483.

Zhang, C. Q., Yuan, S. K., Sun, H. Y., Qi, Z. Q., Zhou, M. G.,
& Zhu, G. N. (2007). Sensitivity of Botrytis cinerea from
vegetable greenhouses to boscalid. Plant Pathology, 56,
646–653.

Zhang, C. Q., Zhang, Y., Wei, F. L., Liu, S. Y., & Zhu, G. N.
(2006). Detection of resistance of Botryotinia fuckeliana

from protected vegetables to different classes of fungicides.
Chinese Journal of Pesticide Science, 8, 245–249.

Zhang, Y. J., Yan, X. Q., Han, J. C., & Liu, H. P. (2003).
Detection of resistance to diethofencarb (NPC) in Botrytis
cinerea Pers. Journal of Shanxi Agricultural University,
23, 308–311.

Zhou, M. G., Ye, Z. Y., & Liu, J. F. (1994). Advance in fungicide
resistance in China. Journal of Nanjing Agricultural
University, 17, 33–41.

Ziogas, B. N., & Girgis, S. M. (1993). Cross-resistance
relationships between benzimidazole fungicides and dieth-
ofencarb in Botrytis cinerea and their genetical basis in
Ustilago maydis. Pesticide Science, 39, 199–205.

Eur J Plant Pathol (2010) 126:509–515 515


	Detection and characterization of benzimidazole resistance of Botrytis cinerea in greenhouse vegetables
	Abstract
	Introduction
	Materials and methods
	Fungicides
	Single-conidial isolates of B. cinerea
	Quantitative assessments of the fungicide sensitivity �of B. cinerea
	Test of temperature sensitivity of B. cinerea
	Characterization of Ben R3 isolates
	Isolation the β-tubulin gene fragments of B. cinerea
	Data analysis

	Results
	Benzimidazole resistance and diethofencarb sensitivity of B. cinerea greenhouse populations
	Sensitivity of Ben S, R1, R2 and R3 isolates to low and high temperature
	Growth, sporulation and pathogenicity of Ben S, R1, R2 and R3 isolates
	Fragments of the β-tubulin gene of B. cinerea

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


