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The
EDs of benomyl to that of Pleurotus spp., Agaricus bisporus and Flammulina wvelutipes was

Abstract: The mycelial growth of some mushrooms was inhibited by benomyl treatment.

25ppm, 50ppm and 200ppm, respectively, which indicates the former was the most sensitive to the
fungicide. The mycelial growth of mushrooms growing on artificial media amended by benomyl
was increased when they were cultured successively 5 times and 10 times on the media. The incre-
asing rate of that of each mushroom was the highest at the concentration of EDg of benomyl. The
mycelial growth of P. ostreatus was increased progressively as the number of successive culturing
increased, while that of P. florida and A. bisporus was increased until they were cultured successi-
vely up to 5 times and 7 times, respectively, but they were decreased after that. Mutant sectors of
mycelia were induced by successive treatment of benomyl. Mutant sectors of P. osireatus appeared
earlier than those of P. florida and all of them were induced earlier on the media of low con-
tration of benomyl than on that of high concentration. The mycelia of mutant sectors induced by
benomyl treatment grow faster than those of mother colony treated with benomyl successively, but
there was no difference in resistance against the fungicide between them. The increase of myceliai
growth of the mushrooms culturing successively on media containing benomyl indicated that they
might obtain the resistance against benomyl.

Keywords: Basidiomycete, Pleurotus, Pleurotus ostreatus, P. florida, Agaricus bisporus, Flam-
mulina velutipes, Benomyl, Mycelial growth, Mutant sector.
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7} gov BTEEY BEEEA L Ul 4L BRER
Bre Ztm 9l&o] w3 A =24 (Edgington et al.
1971) ¥l AR FHAYE & A= BERZA FEE
WAl = glel. Wuests (1970)8 Fo0l9] Mycogone
perniciosa, Verticillium malthousei B Trichoderma
spp. 5 B AUREERC] o 3kl benomyle] =% #RE
44 Budtgz 2% benomylsl 4ol U <A
= G (WuestS 1973, SnelZ 1974). S ke A 5
benzimidazolesh FEHIZL # AMHS WEKRA HED
Aol %1975, 19790 o st HEER S o W AR B
Kol Al de A& et

Benzimidazolesk FEEMI= AR EEH SHEHT
Mg EEsIa \hitke B it REEEle i
T 9% aF Fe& AolelA Cercospora spp., Peni-
cillium spp., Sclerotinia spp., Venturia inaqualis %
oA 47g £AE desA =k (Dekker 1976,
Uesugi 1978). »

Benzimidazolek #%EHl= DNAQ AKRS #fsto
MR A MRE, BR ARESESTS £ES
WIEA 7 224 BREEAE vYerd o webA benzimi-
dazoled #E BEAT Seldeoz HEEHE X
o o] HEML 1 FHEMI EQHel2A DNA
HREE 29 HEd =& BEEHEE 18 F
9} (Dutsch 1973). '

AR gol8 X=Fv(Erysiphe polygoni)el w3}
o benomyl& g A3 14ERY FHIE R #
e o PREES 2A Zasgc. =3 A
Cercospora apii, 2F99 C. beticola, =Lz} L.
& &9  Fusarium oxysporum, L.°012] Sphaerotheca
Sfuliginea, 2719 8. humuli, 2719 Verticillium
dakliage S A% TR % = 2& benzimidazoleZRgl
thiabendazole} thiophanate-methyle] A = & 75 Q1 ¢},
Thiabendazoled] o} &t #HHlIEG ML &L Adse
Penicillium digitatum, P. italicumd] A, Thiophanate-
methylol ol 3 #&Hith e 71A e Botrytis spp., ZHE2]
Penicillium spp., 8719} Sphaeroteca humuli, »}5}2]
Venturia inaqualis 5o A s = A v} (Dekker 1976).

Faole]l - Ago ol Mycogone perniciosa,
Verticillium malthousei, Dactylium dendroides, Tri-
choderma spp., Ostracoderma spp. 5 TEE 2 EE
BN EYES] benomyle] HH W& FEEEHH:
#1445 9} (Edgington et al. 1971, Ercegorich et al.
1973).

v =] QAP A= Trichoderma spp. Rhizopus

spp. Aspergillus spp., Penicillium spp. 5 B} E2d
£t BEmERE 2 TEE kEd 22 #EE T2
gdid @FAAL o] 58 pHkels]l 9A3te] benomylg
Rt g, welel BE&el olAl benomyld]
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2 [E%d 8 BFRAA =wew A benomyle
gy BEs e
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£ Agemz ARHAY Bk BRET 9 BH
¥ RES BE wdld e WA REE BRN
olm 2% & benomyl RS EBE Harstzx
* Hrs: Bmstdd.

wE R FE

HEE% X B
& Rl AT Hikke BRERBEHFERAA o
=0 Pleurotus ostreatus, Pleurotus florida, Agaricus
bisporus, Flammulina veldtipes% Agatgdch. R
#2 % PDAe] malt extract 5g& %inst PDMAS) #
IERHE R e A2t a . #IEkhHKElE A2
bl WAMIE 50g WAl dol 1050 B F
Arzzsz Bt & BB Ul dextrose
20g, malt extract 5g, agar 20g% 9o} ﬁiﬁz‘s}ﬁu}.
eatsEm ‘
feaRgEm 2 = benzimidazoleh Al  benomyl
(Benlate 50% W.P.) [methyl-1-(butyl carbamoyl)-2
~benzimidazole carbamate], thiabendazole [2-(4'-
thiazolyl)-benzimidazole], thiophanate-methyl (1, 2-bis
(3-methoxy carbonyl-2-thioureido benzene)] =z# =
Myco AFIEI[2-(methoxy ecarbonyl amino)-benzimi-
dazole] & &34
BEHZE :
BEH Aol benomyld W = ABEH=
benomyl pE¥iK#ES 2] dlo] I G & HiRIA
£ 9em petri AAol ofef o FMHEERKE £% 0.4ml
A BEgie] gl REEEE WA HAAEED
benomyl f B k¥ & = el2] #| Ae] A4 25ppm, 50ppm,
100ppm, 200ppm, 400ppm, <%%ole] A4 12.5ppm,
25ppm, 50ppm, 100ppm, s§ol¥ A2 F ¥ 50ppm,
100ppm, 200ppm, 400ppm, 600ppm. 5o] et
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Fig. 1. The mycelial growth of Pleurotus ostreatus,

Agaricus bisporus and Flammulina velutipes

on media containing different concentrations

of benomyl for 9 days.
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Table I. The mycelial growth of some cultivated mushrooms successively cultured on PDMA containing

different concentrations of benomyl.

Concentrations Colony diameters(mm) cultured successively

Increasing rate of

Mushroom of mycelial growth®
benomyl(ppm) 1st 5th 10th A B
Agaricus bisporus Control® 55.0 56.0 59.0 0 0
12.5 44.0 56.0 55.8 25.5 19.5
25 37.0 58.0 44.0 55.0 11.6
50 25.5 26.0 33.0 0.2 22.1
Pleurotus ostreatus Control 72.8 72.3 80.3 0 0
25 35.0 49.2 58.4 41.3 54.6
50 18.6 21.0 24.7 13.6 22.5
100 9.0 11.2 12.4 25.1 27.5
Pleurotus florida Control 74.0 74.0 80.0 0 0
25 41.6 49.8 40.4 19.3 —11.0
50 20.3 26.7 21.4 31.5 —2.7
100 7.6 9.3 8.1 22.4 —1.5
Flammulina velutipes Control 65.0 65.0 — 0 —
50 55.0 60.5 — 10.0 —
100 41.5 50.0 — 20.5 —
200 33.0 41.8 — 26.7 —

a) A= 5th/1th <100 Increasing rate of control
b) Control means benomyl was not added.

B=10th/1th x 100 Increasing rate of control
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Fig. 2. Changes of the mycelial growth of three
mushrooms successively cultured on media
containing 25ppm benomyl. Index 100 indi-
cates the mycelial growth at the first benomyl
treatment.
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Fig. 3. Changes of the mycelial growth of three
mushrooms successively cultured on media
containing 50ppm benomyl. Index 100 indi-
cates the mycelial growth at the first benomyl
treatment.
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Table II. Occurrence of mutant sector from the colony of Pleurotus spp. successively cultured on PDMA
containing different concentrations of benomyl.

Concentrations
Mushroom

Number of successive culturing

of
benomyl(ppm) 1 2

4 5 6 7 8

[3=]
ey
(=}

P. ostreatus 25
50

100

200

P, florida 25
50

100

200

+ o+ o+ o+
+ o+

+ 4+ +
+ o+ o+

+ o+ + o+

+ : Sector appeared

fRUE HESHE (RS oo web AR nucleo-

tldeo] 5t W25 Qo= benomylel ¥3h FHUEKH M|
BEEE Ao 994 oz benomyld WENZ
RS 10 R7AX #BAEEN=A mutant sectord)
HBLE #A A (Table II).

Table ITo] A ®rel o] webelu] AB#ENA be-
nomyl &5 A EREMET ERo) BHA
£ mutant sector’} MBS sectord] HIEHIE
e Ao @A) wel 23] = benomyle] pEEREE
o =k 2R} g5l ehele) 39 benomyl 25ppm
o] A & 5HRAA, 50ppme] A& 7HAR, 100ppmel
A= ofitfR, 200ppmel A& 101{%e) mutant sectorst
B8] benomylel BEE E&4F sector HEKH
7t A e A Fol g

A4 = ¢he] & 25ppm L iR o) $6) 50ppm, 100ppm,
200ppmel] Al = 9] o HEIIG T Ad=E e
e8] 2o} mutant sector?] HEe 5= HEER o}
A benomyle] W& Wik ol A HA FL &
4 7t A dleh. FFel9 A= 3t EHiM: sector
7t HiE st el vl AR benomyle] o 3 itk
o] ofF HA A& BET & dh

z8e] 9@ Abxehe] & benomyl AN A B
%#ste] HE 8 mutant sector®} . mutant sectors}
HEG D HE#E (normal colony)d) ERKEMS FE
st ot

Table I11-& benomyl 200ppm FREIE ] A 9ftfLe] H
H.3 mutant sector$} normal colonyd) BWHEERL Al
EE R

Table IIIefl 4 =¥te]e] RE#HS 16mmeld v)ste
o2 He 343 mutant sectors 35mm=A HikERE

Table III. Comparisons of mycelial growth between
the normal colony and the mutant sector
of Pleurotus spp. appeared 9th successive
culture on PDMA containing 200ppm of

benomyl.
Mush Colony diameter(mm)
ushroom
Normal  Mutant
L colony sector B/A X100
Pleurotus ostreatus 16mm 35mm 218.7
Pleurotus florida 18 24 133.3

SEE 2ol A4 walzw AAdrvield A$E mutant
sectore] BifkLEHE ME Y} normal colony 2t} 33% W
2reh. Mutant sectore] #3t of8] EHEAA BHED »)
normal colony¢t mutant sector$}o] HREHZS F4
QAT zlol oyl HMBMAR, benomyl JEE, HBR
#%9 HAREY wet 2R/ dgdcl. & Table IS
BEREES HEE Ay 2ol

Benomyl &5l A #AEES BiERY 1§
g Belx 9+ =e+e 2] normal colony$} o] normal
colonyZ %8 benomyls] 9] %3 % mutant sectord
50ppm3} 100ppme] &7H% Mol Bl Benomyl
benomyle] o} & HHidE st Ao (Table IV).

Table 1Vo) 4] Ei#h:E-& mutant sector’} 2E B
ol A pormal colony2 v} T2 & Wing novt &
BEnZEe 50ppm 2 100ppm HME ZF EREY
%2R 29 © #BEFE mutant sector® normal
colony 2t} BifiEf£-e =21} benomyl EHHES =
7l 962 JeElE Aold. & mutant sectoryte]
benomyl #Hii:-g 743 ZAo| o5 normal colony:
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Table IV. Mycelial growth of the progenies from the
normal colony and the mutant sector of
P. ostreatus.

Colony diam. at different
conc. of benomyl

Progeny of
Control 50ppm  100ppm
Normal colony(A) 67.9mm  13.6mm  10.6mm
Mutant sector(B) 80.9 15.1 12.2
B/A %100 119.1% 114.1% 115.2%

benomyl &HEol VS E F ¢ benomyl 4T
Mg BiEsdd Aes A4g) Table I3t Fig. 2
9 Fig. 30]4 RE uls} 72 benomyl EiHlie] o]
REEEA 2 oA HY ERIEINE benomyl ]
Filol 71T Aoz £ 4 9.

Benomylel fk#te} 2Egd €29 benomyl EHidk
BE#hk7l o+ & benzimidazolek REaHlol Bsld WL
Hitk e Hol=AE W7 $3te thiabendazole,
thiophanate methyl @ Myco& M2 BHE #£R:
Tablel Vo 7t},

Table Vo Al %}2]9 benomyl EHitLEBKS be-
nzimdazolesk MEHIT 45T Hie] BESQLH

Table V. Response of the benomyl-resistant mycelium
to benzimidazole fungicides.

. Ct(i):;:n;;a- Mycelial growth , /Bx
Fungicide chemicals m 100
(ppm)
Thiabendazole 100 18 13.5 133
200 17.3 13 133
400 15.6 11 142.8

800 13 7.3 178

Thiophanate 100 35.3 28.7 123
methyl 200 32.7 23.3 140
400 28 21. 3 131

800 14.7 14.5 101

Myco® 100 46.7 37 126
200 45 37 122

400 45 35.7 126

800 34 29 177

Control 65 56.5 1156

a) BR (A)=Benomyl-resistant mycelium

b) BS (B)=Benomyl-sensitive mycelium

¢) Myco=2-(methoxy carbonyl amino) benzimida-
zole
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