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Benzimidazole-resistant field isolates of Botrytis cinevea, Cercospora beticola, Fusavium
nivale and Mycosphaerella melonis showed an increased sensitivity to methyl N-(3,5-dichloro-
phenyl)carbamate (MDPC) on a nutrient medium as compared with the wild-type isolates.
The difference in the sensitivity to MDPC between the resistant isolates and the wild-type
ranged from about 8 times in F. nivale to about 80 times in C. beticola. In pot tests, MDPC
was found to control gray mold and powdery mildew of cucumber, and Cercospora leaf spot
of sugar beet caused by the resistant isolates, but not to be effective when the wild-type
isolates were inoculated. Furthermore, MDPC showed systemic activity in plants and cura-
tive activity as well as preventive activity in controlling gray mold of cucumber. When mixed
inoculation of the resistant isolate and the wild-type of C. beticola was made to the seedlings
of sugar beet, mixed application of MDPC and benomyl was required to control the disease.

INTRODUCTION

Since the introduction of systemic fungicides
in practice, resistance of phytopathogenic
fungi to fungicides has become a serious prob-
lem in crop production.!™ In the field where
resistant strains appeared, failure of disease
control by the fungicides has been experienced
in many locations. In order to cope with
resistance of plant pathogens, it appears that
one of the most effective ways is the use of
fungicides to which resistant strains show
negatively correlated cross-resistance.

Georgopoulos and Sisler® reported that
carboxin-resistant Ustilago maydis showed an
increased sensitivity to antimycin A as com-
pared with the wild-type. Similarly, nega-

* Parts of this paper were presented at the An-
nual Meeting of the Phytopathological Society of
Japan (1983) and the 4th International Congress
of Plant Pathology held in Melbourne (1983).

tively correlated cross-resistance of phos-
phorothiolate-resistant isolates of Pyricularia
oryzae was demonstrated to phosphoramidate
compounds by Uesugi ¢ al.® Van Tuyl et al.”
also found that some thiabendazole-resistant
isolates of Aspergillus nidulans appeared more
sensitive to benomyl than the wild-type. More
recently, Leroux and Gredt*—'® reported that
benzimidazole-resistant strains of B. cinerea and
Penicillium expansum exhibited negatively cor-
related cross-resistance to herbicidal N-phenyl-
carbamates; barban, chlorpropham and chlor-
bufam. White and Thorn'" pointed out that
carboxin-resistant strains of U. maydis were
more sensitive to thiophene carboxamide com-
pounds than the wild-type. Furthermore, de
Waard ef al.*~** indicated an increased sensi-
tivity of fenarimol-resistant isolates of Penicil-
lium italicum and the other fungal species to
fenpropimorph and dodine.

However, most of the compounds described
above showed an increased fungitoxicity only
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Fig. 1 MDPC, methyl N-(3, 5-dichlorophenyl)-

carbamate.

against resistant strains isolated in the labora-
tory, and negatively correlated cross-resist-
ance was not demonstrated in field isolates.
Although herbicidal N-phenyl carbamates were
indicated to be toxic to several field isolates of
B. cinerea and P. expansum resistant to
benzimidazoles,®*~'® they were phytotoxic and
not useful in practice. In this paper, we report
another compound, N-(3,5-dichlorophenyl)-
carbamate (MDPC, Fig. 1), which is more
fungitoxic to benzimidazole-resistant field iso-
lates than to the wild-type and exhibits protect-
ing activity against the disease caused by the
resistant strains with little phytotoxicity.

MATERIALS AND METHODS

1. Isolates
1.1 B. cinerea

The wild-type isolates, Bc-2, Bc-024, Be-039
and Bc-058, and the benzimidazole-resistant
isolates, Bc-044, Bc-074 and Bc-105, were iso-
lated from orange, strawberry, tomato, cucum-
ber and grape cultivated in various locations of
Japan. The resistant isolate, Bc-11, was
kindly provided by Dr. A. Kiso (Vegetable and
Ornamental Crops Research Station, Kurume
Branch).
1.2 C. beticola

The wild-type isolates, C-3-1-2 and Cer-5,
were kindly supplied by National Institute of
Agro-Enviromental Sciences and Dr. T. Sugi-
moto (Hokkaido National Agricultural Ex-
periment Station), respectively. The wild-type
isolate, Cb-024, and the benzimidazole-resistant
isolates, Cb-016, Cb-021 and Cb-085, were
isolated from sugar beet cultivated in Hok-
kaido. The resistant isolates, Cer-116 and
Cer-175, were also provided by Dr. T. Sugi-
moto.
1.3 M. melonis

The wild-type isolate, No. 4, and the re-
sistant isolate, No. 7, were kindly provided by

Tottori Agricultural Experiment Station. The
wild-type isolate, Dka-12, and the resistant
isolate, Dka-2, were supplied by courtesy of
Dr. S. Murakoshi (Kanagawa Horticultural
Experiment Station).
1.4 F. mivale

The wild-type isolates, 3a and 81-FS-22-12,
and the resistant isolates, 4-1 and T3-1, were
kindly provided by Dr. I. Saito (Hokkaido
Prefectural Kitami Agricultural Experiment
Station).

2. Culture Medium

Isolates of B. cinerea, M. melonis and F.
nivale were maintained on potato-dextrose
agar (PDA) and C. beticola isolates on V-8
juice medium.

In all fungitoxicity studies in vitro, PDA
was employed. For the inoculation to the
plants, conidia of C. beticola were produced on
tomato juice medium.

3. Fungitoxicity Studies

Wettable powder formulations of the test
compounds were suspended in sterile distilled
water to obtain desired concentrations. The
solutions were then mixed well with melted
PDA which was immediately poured into
sterile plastic petri dishes. Mycelial plugs (5
mm in diameter) with the agar were placed on
a center of the solidified plates and cultured at
18°C for B. cinerea and F. nivale, and 23°C for
C. beticola and M. melonis. Colony diameter
was measured after 20 days for C. beticola and
3 days for the other species.

4. Chemicals

MDPC was synthesized by reacting 3,5-
dichlorophenyl isocyanate with methanol and
formulated as a 50%, wettable powder, which
was employed throughout the experiments,
unless otherwise stated. Benomyl was ob-
tained as a commercial product of a 509,
wettable powder.

5. Pot Tests
5.1 Gray mold of cucumber

Cotyledonous plants (cv., Sagami-hanjiro)
grown for 8 to 10 days in a greenhouse were
employed as host plants. Mycelial plugs (5
mm in diameter) of B. cinerea (Bc-074), which
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were cut off at the margin of a rapidly growing
mycelial colony, were placed on a center of
cotyledons for inoculation, before or after the
application of the test compounds. For preven-
tive treatment, the chemical solutions were
sprayed on the plants 4 or 5 hr prior to inocu-
lation. Curative application was made by
spraying the chemical solutions 18 hr after
inoculation. For a systemic test, the roots of
cotyledonous plants were washed by tap
water and dipped in the chemical solutions for
4 days at 18°C under fluorescent lamps before
inoculation. The inoculated plants were
incubated in a humid chamber in darkness at
18°C for 3 days. Except for the test of cura-
tive application, the disease severity of cotyle-
dons was rated on the following indices; 0 (no
symptom), 0.5 (slight infection under the
inoculum), 1 (infection of less than 20% of
leaf area), 2 (infection of less than 50%,) and
4 (infection of more than 509%,). Percentages of
control (A) were obtained by the following
equation;
(Sum of indices in>

the treated plot % 100

(Sum of indices in)
the control plot

Curative activity was expressed as percent-
age of inhibition of ‘lesion development by
measuring diameter of leaf lesion just before
the chemical application (18 hr after inocula-
tion) and at the end of the experiment (3 days
after inoculation).

5.2 Powdery mildew of cucumber

Cucumber seedlings (cv., Sagami-hanjiro)
grown in a greenhouse for 2 weeks were sprayed
with the chemical solutions to run-off. Spores
of a benzimidazole-resistant strain of Sphaero-
theca fuliginea were dusted on the leaves and
the plants were cultured for disease develop-
ment in a greenhouse. The photograph of the
primary leaves was taken 12 days after inocu-
lation.

5.3 Cercospora leaf spot of sugar beet

Sugar beet seedlings (cv., Monohill) cultured
in a greenhouse for 6 weeks were sprayed with
the chemical solutions to run-off. Conidial
suspensions of the wild-type isolate, Cb-024,
and/or the resistant one, Cb-085, were sprayed
on the leaves for inoculation 1 day after the
application. The inoculated plants were

A=100—

incubated for 8 days in a humid chamber in a
greenhouse and the leaves were photographed.

RESULTS

1. Fungitoxicity of MDPC against the Benz-
tmidazole-resistant Isolates and the Wild-type
Isolates

MDPC was highly fungitoxic to benzimida-

zole-resistant field isolates of B. cinerea, C.

beticola, F. nivale and M. melonis, whereas

toxicity to the wild-type isolates was relative-
ly low (Fig. 2). On the contrary, benomyl
inhibited the growth of the wild-type isolates
at low concentrations and exhibited low tox-
icity to the resistant isolates. Negatively cor-
related cross-resistance was clearly shown
between MDPC and benomyl without exception
among the isolates tested in this experiment.

Benzimidazole-resistant isolates of B. cinerea
were about 50 times more sensitive to MDPC
than the wild-type, when judged by the differ-
ence of EDso values for inhibition of radial
mycelial growth on PDA. Similarly, MDPC
was about 80 times more toxic to benzimida-
zole-resistant isolates of C. beticola than the
wild-type. The resistant isolates of F. nivale
and M. melonis were also more sensitive to

MDPC than to benomyl, but the difference in

the sensitivity to MDPC between the resistant

isolates and the wild-type was low; about 8

times for F. nivale and 11 times for M. melonis.

2. Control of Gray Mold

MDPC effectively controlled gray mold of
cucumber caused by the resistant isolate, Bc-
074, of B. cinerea in a pot test (Table 1). On
the other hand, preventive spray of benomyl
at a concentration of 200 gg/ml did not sup-
press the disease development of the resistant
isolate-inoculated plants. Curative application
of MDPC controlled the disease as effectively
as preventive application. = The chemical
treatment to the roots of cucumber was also
effective to prevent gray mold of the leaves,
suggesting systemic movement of MDPC in
plants.

3. Control of Powdery Mildew of Cucumber
When a benzimidazole-resistant strain of

S. fuliginea was inoculated to cucumber

seedlings, disease development was completely
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Fig. 2 Inhibition of radial mycelial growth of benzimidazole-resistant and wild-type isolates.

A,B: B. cinevea (O: mean value of the wild-type isolates, Bc-2, Be-024, Be-039 and Bc-058;
@®: mean value of benzimidazole-resistant isolates, Bc-11, Bc-044, Bce-074 and Bc-105).

C,D: C. beticola (O: mean value of the wild-type isolates, C-3-1-2, Cer-5 and Cb-024;
@®: mean value of benzimidazole-resistant isolates, Cb-016, Cb-021, Cer-116 and Cer-175).
E,F: M. melonis (O: mean value of the wild-type isolates, No. 4 and Dka-12; @: mean
value of benzimidazole-resistant isolates, No. 7 and Dka-2).

G,H: F. nivale (O: mean value of the wild-type isolates, 3a and 81-FS-22-12; @: mean
value of benzimidazole-resistant isolates, 4-1 and T3-1).
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Fig. 3 Control of powdery mildew of cucumber caused by a benzimidazole-resistant strain.

a: untreated, b: benomyl-treated (100 gg/ml), c: MDPC-treated (100 ug/ml).

Table 1
caused by benzimidazole-resistant strain by
MDPC.®>

Control of gray mold of cucumber

Concentration Percentage of control
of MDPC
(ug/ml) Preventive??> Curative Systemic
200 95 71 —
50 59 57 98
12.5 12 0 88
3.1 — — 85

2> MDPC formulated as an emulsifiable con-
centrate was emloyed in this experiment.
®) Type of test.

prevented by spraying MDPC at a concentra-
tion of 100 ug/ml (Fig. 3), whereas treatment
with benomyl did not show any protection.
Phytotoxicity of MDPC to cucumber seedlings
was not observed in this experiment.

4. Control of Cercospora Leaf Spot of Sugar
Beet

MDPC was also effective in controlling
Cercospora leaf spot of sugar beet without
phytotoxicity, when the resistant isolate was
inoculated, but did not exert any effect on the
disease development of the wild-type isolate-
inoculated plants (Fig. 4). On the other hand,
benomyl controlled the disease caused by the
wild-type isolate but not the disease by the
resistant one. When mixed inoculation of the
wild-type and the resistant isolate was made
at a ratio of 1 :1, application of MDPC or

benomyl alone did not suppress disease de-
velopment and mixed application of both
fungicides was required to obtain complete
control of the disease.

DISCUSSION

MDPC is a derivative of 3,5-dichloroaniline
and first reported to show only a limited fungi-
toxicity against the wild-type isolate of
Sclerotinia sclerotiorum.'” Among the family
of derivatives of 3,5-dichloroaniline, dicarbox-
imide fungicides, procymidone,'® iprodione!”
and vinclozolin'® were the most effective
against Botrytis and Sclerotinia spp. and their
activity was not influenced by benzimidazole-
resistance of the strains. However, the pres-
ent investigation indicated that MDPC was
much more active against benzimidazole-
resistant strains than the wild-type and nega-
tively correlated cross-resistance was apparent
between MDPC and benzimidazoles.

The present results further indicated that a
fairly broad range of fungal species resistant to
benzimidazoles showed negatively correlated
cross-resistance to MDPC. This suggests that
those fungal species acquire benzimidazole-
resistance through the same mechanism of
resistance. Moreover, great attention should
be paid to the fact that all of the resistant iso-
lates tested in the present experiments were
field isolates. This raises the possibility of
using MDPC to control the resistant strains in
fields.

Herbicidal

N-phenylcarbamates, barban,
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chlorpropham and chlorbufam are known to
be mitotic inhibitors of plant cells.’*2*> Methyl
benzimidazol-2-ylcarbamate, the conversion
product of benomyl and thiophanate-methyl,
is also proved to be a mitotic inhibitor of
fungi.? Taking this similarity in the mode of
action into consideration, Leroux and Gredt®—?
tested fungitoxicities of N-phenylcarbamate
herbicides to benzimidazole-resistant strains
of B. cinerea and P. expansum, and found an
increased sensitivity of the resistant strains to
those compounds. Among N-phenylcarba-
mates, barban was reported to be the most
effective against the resistant strains of B.
cinerea. The present compound, MDPC, is
however more fungitoxic to the resistant
strains than barban and its phytotoxicity is
much lower than that of barban.

Systemic activity of fungicides in plants is
important to achieve effective control of the
diseases in fields. MDPC was found to show
systemic translocation in plants without phyto-
toxicity. Moreover, the compound inhibited
further development of gray mold lesion on
cucumber leaves by curative treatment. These
properties may contribute high activity in the
control of diseases, and MDPC or related com-
pounds are useful candidates to cope with the
resistance problem in practice.

REFERENCES

1) J. Dekker: Amnnu. Rev. Phytopathol. 14, 405
(1976)

2) S. G. Georgopoulos: ‘‘Antifungal Compounds,”’
eds. by M. R. Siegel & H. D. Sisler, Vol. 1I, Dek-
ker, New York, p. 439, 1977

3) J. M. Ogawa, J. D. Gilpatrick & L. Chiarappa:
FAO Plant Prot. Bull. 25, 97 (1977)

4) C. J. Delp: Plant Dis. 64, 652 (1980)

5) S. G. Georgopoulos & H. D. Sisler: J. Bac-
teviol. 103, 745 (1970)

6) Y. Uesugi, M. Katagiri & O. Noda: Agric.
Biol. Chem. 38, 907 (1974)

Fig. 4 Control of Cercospora leaf spot by
benomyl and MDPC.

la, 1b, 1c: inoculated with the wild-type isolate 7) J. M. van Tuyl, L. C. Davidse & J. Dekker:
(Cb-024), 2a, 2b, 2c: inoculated with the benz- Neth. . Plant P;u‘hol 80, 165 (1974)
imidazole-resistant isolate (Cb-085), 3a, 3b, 3c, 8) P. Leroux & M. Gredt: C. R. Acad. Sci. Paris
3d: inoculated with a mixture of Cb-024 and Ser. D 289, 691 (1979)

Cb-085, 1a, 2a, 3a: untreated, 1b, 2b, 3b: treated 9) P. Leroux & M. Gredt: Phytiatr. Phytopharm.
with MDPC (200 ug/ml), lc, 2c, 3c: treated with 28, 79 (1979)

benomyl (200 ug/ml), 3d: treated with a mixture 10) P. Leroux & M. Gredt: Weed Res. 20, 249

of MDPC (100 ug/ml) and benomyl (100 pg/ml). (1980)

11) G. A. White & G. D. Thorn: Pestic. Biochem

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 9 (3), August 1984 495

12)
13)
14)
15)
16)

17)

18)
19)

20)
21)

22)

Physiol. 14, 26 (1980)

M. A. de Waard, H. Groeneweg & J. G. M. van
Nistelrooy: Neth. J. Plant Pathol. 88, 99 (1982)
M. A. de Waard & J. G. M. van Nistelrooy:
Neth. J. Plant Pathol. 88, 231 (1982)

M. A. de Waard & J. G. M. van Nistelrooy:
Neth. J. Plant Pathol. 89, 67 (1983)

A. Fujinami, T. Ozaki & S. Yamamoto: Agric.
Biol. Chem. 35, 1707 (1971)

Y. Hisada, K. Maeda, N. Tottori & Y. Kawase:
J. Pesticide Sci. 1, 145 (1976)

L. Burgaud, J. Chevrel, M. Guillot, G. Marechal,
J. Thiollifre & R. S. Cole: Proc. 8th Br. Insect.
and Fung. Conf., p. 645, 1975

H. Buchenauer: Meded. Fac. Landbouwwet.
Rijksuniv. Gent 41, 1509 (1976)

J. D. Mann & W. B. Storey: Cpytologia 31, 203
(1966)

H. G. Burstrom: Physiol. Plant. 21, 1137 (1968)
T. L. Rost & D. E. Bayer: Weed Sci. 24, 81
(1976)

L. C. Davidse: Pestic. Biochem. Physiol. 3, 317
(1973)

= 3|

Ry X4 35— LRBEEHIE & U methyl N-
(3,5-dichlorophenyl) carbamate [(CdsT D&
izle B0
HIEEFRR, SAET, ®iEED, WTR=
Methyl N-(3, 5-dichlorophenyl) carbamate (MDFPC)
VX, Botrytis cinerea, Cercospora beticola, Fusarium
nivale, Mycosphaerella melonis O~V XA I XV — b
EEEE L, BEHEERTEVYHENZRL, vV
RA I &Y — VR EH & O HMBIASER 2558 D
bhi.. Sz cd, MDPC 3 Xv XA
IEY - ATHEECX S ¥ 2V YV REPOYR, *a27Y
5 EATR, TV ABEEREDORER LT 2R
Bdhhic. ¥z, HBHEANDRBES TR X CEHEDE
bdbotk. —FH, TV ABEREELHERZRAL T
EELBE, </ I %/ MDPC o BURAsE Tk
T BRFIRBEBD LN T, SIREFEE T 52D
X, MEOEGRBEPLETH 7.
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