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ABSTRACT

LaMondia, J. A., and Douglas, S. M. 1997. Sensitivity of Botrytis cinerea from Connecticut
greenhouses to benzimidazole and dicarboximide fungicides. Plant Dis. 81:729-732. and

Botrytis cinerea was isolated from infected plants in six greenhouses in Connecticut. Forty-five
isolates were evaluated in vitro to determine fungicide sensitivity to benzimidazole (benomyl
and thiophanate-methyl) and dicarboximide fungicides (vinclozolin and iprodione). B. cinerea
isolates with fungicide resistance were recovered from each greenhouse sampled. Benzimida-
zole resistance was more common than dicarboximide resistance (74 to 76% versus 36 to 43%,
respectively). Multiple fungicide resistance was common. Nineteen isolates were resistant to
both a benzimidazole and a dicarboximide fungicide. The level (ECs) of resistance to dicar-
boximides was low compared with resistance to benzimidazoles. Isolate growth rate was not
correlated to fungicide sensitivity or ECsq. Fungicide resistance was apparently unrelated to the
patterns of fungicide use in greenhouses sampled.
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Scotts Company, Marysville, OH), or to

the dicarboximides, vinclozolin (Ronilan

50W BASF Corp., Research Triangle, NC)
iprodione (Chipco 26019, Rhone-
Poulenc, Research Triangle, NC). Com-
mercially formulated fungicides were

added to molten, sterile, one-half strength
PDA to create stock solutions of 10,000 ug
a.i./ml (ppm a.i.). Fungicide concentrations
of 0, 1, 10, 100, and 1,000 pg a.i./ml were
prepared by dilution of the stock solution
into additional sterile molten agar and by
using unamended media. Media were
poured into 15 x 100 mm petri plates, and
a 2 mnt plug of mycelium cut from the

edge of an actively growing culture on
one-half strength PDA was inverted and

Botrytis cinerea Pers.:Fr. is an important
pathogen of many greenhouse-grown
crops. Current recommendations for con-
trol of this fungus suggest an integrated
approach combining environmental modi-
fication to reduce inoculum, humidity, and
leaf wetness with the use of several fungi-
cides, including the site-specific benzimi-
dazole and dicarboximide fungicides. In
many cases, B. cinerea populations are
repeatedly exposed to site-specific fungi-
cides, creating selection pressure for the
development of fungicide resistance. Re-
sistance (insensitivity) to both fungicide
classes has been described from a number
of crops in the greenhouse and in the field

(1-4,6,8-13). Resistance to these fungi-

placed in the center of each fungicide-

amended plate. Each of 45 isolates was
cide sensitivity and fungicide efficacy are transferred to two plates of each of five
unknown, and both benzimidazole and concentrations of four fungicides. Plates
dicarboximide use continue to be wide- were incubated in the dark at 20°C, and the
spread and common. This study was initi- experiment was done twice. Colony di-
ated, in part, to address grower concernsameter was measured daily from day 3 to
regarding the presence and prevalence ofday 7, and mean growth rate (mm per day)
fungicide-resistant isolates Bf cinerea in was calculated. Growth rate was normal-
the state. The objectives of this researchized as a percentage of isolate growth on
were (i) to determine if fungicide resis- unamended media (0 pug a.i./ml), and re-
tance exists in Connecticut greenhouses,gression was used to determine thesEC
and (ii) to determine the levels of sensitiv- (ug a.i./ml concentration that suppressed
ity of B. cinerea isolates from several growth to one-half that of the fungus on
Connecticut greenhouses to benzimidazolefungicide-free media) for each fungicide—
and dicarboximide fungicides. isolate combination. Isolates were consid-
ered resistant to benzimidazoles and dicar-
boximides if EG, values were greater than
10 pg a.i./ml or 1 pg a.i./ml, respectively.

MATERIALSAND METHODS
Isolates of B. cinerea were recovered

cides was first reported in 1979 (12) and from a number of flowering or foliar or-
was found in Pennsylvania greenhouses innamental greenhouse-grown crops from six RESULTS

1992 (10). Fungicide resistance has beengreenhouses in three counties (Hartford,

Fungicide-resistantB. cinerea isolates

assumed to occur but has not been reportedNew Haven, and New London) in Con- were recovered from a number of different

from New England.
Fungicides are routinely used f@o-

necticut (Table 1). Greenhouse managerscrops in six greenhouses in Connecticut
were surveyed for previous fungicide use (Table 1). Benomyl resistance was the

trytis control in Connecticut greenhouses, in these crops. Fungicides reported for most common (occurring among 75.6% of
often with variable results. No dramatic each greenhouse were used in multipleisolates sampled) (Table 2). Resistance to
control failures have been documented, butapplications. thiophanate-methyl was also common
control measures are usually integrated, B. cinerea was either isolated from sec- (74.4%), and all but one of the benzimida-
and monitoring for Botrytis incidence, tions of lesions in infected plant tissues on zole-resistant isolates were resistant to
efficacy of control, and the relative control water agar, or conidia were transferred to both benomyl and thiophanate-methyl.
achieved by different fungicides has not water agar from individual, sporulating EGCs, levels for benomyl-resistant isolates
been done. As a resuB. cinerea fungi- lesions in moist chambers. All isolates ranged from 25 to 251 pg a.i./ml (mean =
were single-spored and transferred to po-101 pg a.i./ml). Eg levels for thiopha-
tato dextrose agar (PDA, Difco). Single- nate-methyl-resistant isolates were much
conidium isolates were maintained on one- higher than for benomyl, greater than 1,000
half strength PDA. ug a.i./ml for 26 of the 45 isolates.

Each of 45 isolates was tested in vitro The incidence of resistance to dicar-
for fungicide sensitivity to the benzimida- boximide fungicides was lower, 43.2 and
zoles, benomyl (Benlate 50 WP, DuPont 35.6% for vinclozolin and iprodione, re-
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Agricultural Products, Wilmington, DE) spectively. EG, values for vinclozolin-
and thiophanate-methyl (Domain FL, The resistant isolates were also lower and
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ranged from 2.7 to 30.5 pg a.i./ml (mean = DISCUSSION

11.1). EG, values for iprodione-resistant

were resistant to both benzimidazole and
Resistance or insensitivity to fungicides dicarboximide fungicides. Fungicide re-

isolates ranged from 4.3 to 13.9 ug a.i./ml has been defined in several ways. We con-sistance was not absolute, however, as over

(mean = 7.1). Resistance to more than onesider the use of fungicide E{as the most

20% of the isolates recovered were sensi-

fungicide was common, as 19 isolates weremeaningful in vitro test. Resistance to ben- tive to both benzimidazole and dicarboxi-

resistant to both benzimidazole and dicar-
boximide fungicides. Ten of the 45 isolates tently been defined as E{values greater
evaluated were sensitive to all fungicides.

The level of resistance (Eg to dicar-
boximides was low compared with resis-
tance to benzimidazoles.

The growth rate of fungicide-sensitive,
benzimidazole-resistant, or multiple fungi-
cide-resistant isolates did not differ (Table
3). Fungicide Eg was not correlated with
growth rate for any fungicide examined
(benomyl:r = 0.139,P = 0.36; thiopha-
nate-methylr = —0.042,P = 0.79; vinclo-
zolin: r = —=0.015,P = 0.92; and iprodione:

r = 0.159,P = 0.30), and there was no

zimidazoles such as benomyl has consis-mide fungicides.
In this study,B. cinerea insensitivity to
than 10 ug a.i./ml (2,10,11). Resistance to benzimidazoles was greater than for dicar-
dicarboximide fungicides such as iprodione boximide fungicides. The average &oOf
has been defined as ECvalues greater B. cinerea isolates resistant to benomyl
than 1 or 2 ug a.i./ml (7,10,11,15). was approximately 100 pg a.i./ml, similar
Our results demonstrate thBt cinerea to levels described by Moorman and Lease
isolates with resistance to benzimidazole (10) in 1992. However, we found that &C
and dicarboximide fungicides are common values for thiophanate-methyl-resistant
and widespread in greenhouses in Con-isolates were much higher, generally
necticut. Most isolates resistant to benomyl greater than 1,000 pg a.i./ml. The consis-
were also resistant to thiophanate-methyl, tently higher level of insensitivity oB.
and most isolates resistant to vinclozolin cinerea isolates to thiophanate-methyl
were also resistant to iprodione. While when compared with benomyl may be an
they were cross-resistant, we found that theindication of the continued selection pres-

relationship between fungicide resistance levels of resistance may be quite different sure associated with benzimidazole use

or EGy and previous fungicide use in the
crop (Table 1).

Table 1. Host plant, previous fungicide exposure, and radial growth rate on PDA (20Bojryfis

cinerea isolates from Connecticut greenhouses

for different fungicides in the same class. over time.

In addition, a number of these isolates The EG, of dicarboximide-resistant
isolates was in the 1 to 10 pg a.i./ml range.
This level of resistance has been associated
with the ability to cause disease in plants
treated with label rates of fungicide

(approximately 600 pg a.i./ml vinclozolin)

. . Growth (10,15). While the percentage of isolates
Greenhouse Isolate Host plant Previousfungicide use (mm/day) resistant to vinclozolin was similar to lev-
A 1  Begonia None 12.8 els reported in 1992 (10), the EGralues
2 Begonia None 13.8 that we observed for dicarboximide-resis-
3 Lamium None 9.5 tant isolates were several times the values
g ;am!“m None 117 previously reported (10). The level of di-
alvia None 11.9 L . . .
6 Salvia None 133 carbo>.(|m|de resistance may be increasing
7 Strawberry None 10.7 over time and should continue to be moni-
8 Strawberry None 93 tored in the future after additional selec-
B 9  Swedish ivy None 12.2 tion.
10 Swedish ivy None 12.0 All fungicide resistance in our experi-
11 Pelargonium None 9.7 ments was naturally occurring acquired
g Ee:argon!um Hone %é resistance, with no mutation or previous
14 Pglg:ggmm Ngzg 116 selection_ for resistanqe_ perfor_med. Th_e
15  Pelargonium None 55 assumption that fungicide resistance is
16 Pelargonium None 10.0 closely related to fungicide use patterns
C 17  Hebesp. Dicarboximides 12.6 does not hold, as we were not able to cor-
18  Hardenbergia sp. Dicarboximides 12.6 relate fungicide resistance with fungicide
19 Plumbago sp. Dicarboximides 12.1 use in a particular greenhouse. Fungicide-
20 Chrysanthemum sp. Dicarboximides 111 resistant isolates were recovered from
5% Veronica sp. Dicarboximides 11.9 greenhouses that had no recent history of
Oxalis sp. Dicarboximides 12.0 . . .
23 Carissasp. Dicarboximides 113 fungicide use. For_e_xample, while resis-
24 Thunbergia sp. Dicarboximides 11.1 tance to _bOth fungicide classgs was very
25  Pelargonium sp. Dicarboximides 11.6 common in greenhouse F, which had pre-
D 26 Boulevard cypress Dicarboximides 9.6 viously been treated with both fungicide
27 Boulevard cypress Dicarboximides 114 types, greenhouses A and B had no recent
28 Boulevard cypress Dicarboximides 12.6 fungicide use and also had a high propor-
gg ggﬂ:gg;g g;’g;gzz B:gg;gg’;:m:ggz gg tion of resistant isolates. Conversely, iso-
E 31 Tomato Benzimidazoles & dicarboximides 6.2 lates f_rom_greenhoqses C and D.‘ treated
32  Tomato Benzimidazoles & dicarboximides 8.1 only with dicarboximides, were resistant to
33  Tomato Benzimidazoles & dicarboximides 11.0 benzimidazoles but not to dicarboximides.
34  Tomato Benzimidazoles & dicarboximides 13.7 This may be due to the persistence of re-
35  Tomato Benzimidazoles & dicarboximides 5.9 sistance genes iBotrytis populations over
F 36 Impatiens Benzimidazoles & dicarboximides 9.5 time, to the movement of fungicide-resis-
37 Impatiens Benzimidazoles & dicarboximides 10.3 tant B. cinerea between different green-
gg :mpat!ens Benzimidazoles & dicarboximides 2.8 houses with infected plant material (10), or
mpatiens Benzimidazoles & dicarboximides 11.9
40 Impatiens Benzimidazoles & dicarboximides 9.2 both. . .
41 Impatiens Benzimidazoles & dicarboximides 8.3 ~ There has been some disparity concern-
42  Impatiens Benzimidazoles & dicarboximides 11.5 ing the fitness oB. cinerea isolates with
43 Impatiens Benzimidazoles & dicarboximides 115 resistance to fungicides. Several research-
44 Impatiens Benzimidazoles & dicarboximides 10.6 ers concluded that dicarboximide resis-
45 Impatiens Benzimidazoles & dicarboximides 9.3

tance was correlated with reduced growth
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rates (8,14), while others suggested that
there were no differences in growth rate,
sporulation, or pathogenicity (1,6,10).
Benomyl has not been available for green-
house use in the United States since 1991.
Moorman and Lease (10) speculated that
the long-term persistence of benomyl-re-
sistant isolates for years after the fungicide
use was discontinued (3) was due to the
fitness of isolates. While our level (ECsp)
of benomyl resistance continues to be
similar severd years after benomyl appli-
cation was stopped, we suggest that this
may aso be due to further selection by
application of other selective cross-resis-
tant benzimidazole fungicides such as
thiophanate-methyl, or to the continued use
of benomyl on other crops for control of
this ubiquitous and nonspecific pathogen.

The heterokaryotic nature of B. cinerea
may also add to the persistence of fungi-
cide resistance. The multinucleate hyphae
and conidia of B. cinerea allow nuclei with
fungicide resistance genes to remain in
populations at low frequencies long after
selection has ceased, with little genetic
cost to the fungus (5). Our results did not
demonstrate any relationship between
growth rate and fungicide EC5, for any
fungicide tested.

Information convcerning the status of B.
cinerea fungicide resistance in Connecticut
or in a particular greenhouse will aid in
gray mold management by incorporating
modified patterns for fungicide use to bet-
ter deal with resistance in B. cinerea
populations. Control failures under green-
house conditions have been and will con-

tinue to be difficult to document. Growers
commonly attribute unsatisfactory control
to weather, application method, or fre-
quency and rate of application, and quickly
follow up with another control tactic.

In the absence of knowledge about fun-
gicide resistance, growers select fungicides
for B. cinerea control based on factors such
as codt, re-entry interval, efficacy (or re-
sidual), range of plants on the label, pres-
ence—-absence of visible residue, tank-mix
compatibility, and potential for phytotox-
icity. As a result, it is not uncommon for a
grower to use the same fungicide for the
entire production cycle of a particular crop,
thereby encouraging the development of
resistance in theB. cinerea population.
Discussions with growers indicated that
while most were aware of the phenomenon

Table 2. Benzimidazole and dicarboximide fungicide sensitivity (ECsy on fungicide-amended potato dextrose agar for 7 days at 20Bo}refis cinerea

isolates from Connecticut greenhouses

Benomyl Thiophanate-methyl Vinclozolin Iprodione
Isolate ECg? SE ECsg SE ECsy SE ECsy SE
1 115.2 1.4 607.6 1.8 10.1 2.0 5.9 2.0
2 <1.0 b <1.0 <1.0 <1.0
3 127.8 1.4 >1,000 7.5 <1.0 <1.0
4 251.8 2.5 >1,000 45 12.0 2.0 8.0 1.8
5 177.8 15 552.0 2.8 8.9 2.0 <1.0
6 124.9 1.6 >1,000 5.3 7.6 2.1 3.6 2.0
7 159.2 15 409.9 1.9 NT <1.0
8 <1.0 <1.0 <1.0 <1.0
9 131.6 1.7 >1,000 88.8 11.0 1.8 5.9 2.3
10 209.9 15 27.6 2.9 21.9 1.3 5.5 1.8
11 162.6 1.7 >1,000 2.9 <1.0 <1.0
12 76.0 1.4 >1,000 8.7 2.1 6.8 1.9
13 88.2 1.6 811.8 2.1 30.5 1.8 13.9 2.4
14 53.7 1.6 >1,000 24.9 10.0 2.0 5.0 2.0
15 27.1 15 >1,000 3.9 11.8 2.0 <1.0
16 63.8 1.4 >1,000 115 2.1 4.6 2.3
17 <1.0 <1.0 <1.0 <1.0
18 <1.0 <1.0 <1.0 <1.0
19 76.7 1.6 >1,000 29.4 <1.0 <1.0
20 100.5 1.3 868.3 32.8 <1.0 <1.0
21 25.4 2.0 <1.0 <1.0 <1.0
22 <1.0 <1.0 <1.0 <1.0
23 <1.0 <1.0 <1.0 <1.0
24 65.4 1.6 >1,000 <1.0 <1.0
25 41.3 1.7 >1,000 2.3 <1.0 <1.0
26 <1.0 <1.0 <1.0 <1.0
27 1415 2.3 >1,000 93.6 <1.0 <1.0
28 95.6 1.7 >1,000 12.8 <1.0 <1.0
29 188.5 1.9 >1,000 295.1 <1.0 <1.0
30 <1.0 <1.0 <1.0 <1.0
31 <1.0 NT 3.2 2.2 4.3 2.6
32 67.0 2.1 NT <1.0 <1.0
33 <1.0 <1.0 <1.0 <1.0
34 31.9 1.2 >1,000 13.2 <1.0 <1.0
35 <1.0 <1.0 <1.0 <1.0
36 47.7 15 >1,000 2.9 12.3 1.9 <1.0
37 90.7 2.1 >1,000 13.6 16.8 15 5.0 2.1
38 154.5 2.0 >1,000 6.1 16.3 15 5.7 2.0
39 68.8 1.8 >1,000 125 <1.0 <1.0
40 120.3 1.4 >1,000 11.7 3.7 2.3 <1.0
41 27.7 1.6 >1,000 9.3 3.6 2.2 <1.0
42 85.4 1.6 >1,000 28.5 <1.0 11.3 2.0
43 89.2 1.6 >1,000 13.9 2.7 2.3 11.3 2.0
44 125.8 1.6 >1,000 21.4 8.1 1.9 115 2.0
45 29.1 1.4 >1,000 51 <1.0 5.5 2.3

a EC,, is the concentration of fungicide a.i. (ug/ml) that suppresses the growth rate to half that of the fungus on-freeymighe, calculated from the
regression of normalized growth rate and log pg/ml fungicide.

b Regression not reported, no significant regression relationshig;dé@rmined directly from data.

¢ NT = not tested.
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Table 3. Growth rate of Botrytis cinerea isolates sensitive or resistant to benzimidazole and dicar-

boximide fungicides

Number Growth rate
| solate type? of isolates (mm/day) Standard error
Sensitive to al fungicides 10 10.83 0.56
Resistant to benzimidazoles 12 11.23 051
Resistant to benzimidazoles & 19 10.96 041

dicarboximides
ANOVA, P=0.86

a Resistant isolates with ECsq > 10 pg a.i./ml for benzimidazoles, and&€ 1 pg a.i./ml for dicar-

boximides.

of fungicide resistance, only a limited
number actually incorporated resistance
management into their disease manage-
ment programs (S. M. Douglas, unpub-
lished). This included several of the green-
houses in the present study found to harbor
resistance to benzimidazole and dicar-
boximide fungicides.

Documentation of the presence of B.
cinerea populations with fungicide resis-
tance aso has important implications for
nongreenhouse crops in Connecticut. For
example, resistance to benzimidazole and
dicarboximide fungicides can be important
for small fruit and vegetable production.
Some current recommendations for com-
mercial growers (eg., New England
Vegetable Pest Management Guide 1996—
97) do not mention fungicide resistance or

management; whereas others (New Engs g4

land Small Fruit Pest Management Guide
and New England Greenhouse Floriculture
Crop Pest Management and Growth
Regulator Guide) briefly allude to the po-
tential for resistance. Given the ubiquitous
and nonselective nature dB. cinerea,

movement of resistant populations to and

732 Plant Disease / Vol. 81 No. 7

»7.

»s.

from field and greenhouse crops would not

be surprising.
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