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Abstract Botrytis cinerea isolates were obtained from various crops such as strawberries, cucumbers, and
tomatoes that were infected by the pathogen causing gray mold disease. The inhibitory effect of succinate
dehydrogenase inhibiting fungicides (SDHI fungicides) on the mycelial growth of B. cinerea by using the
agar dilution method was investigated to determine whether resistance to occurred. Of the 52 strains in 2011,
5 isolates of B. cinerea that showed resistance to boscalid were detected, but no cross-resistance with other
SDHI fungicides was observed. However, in the strains in 2015 and 2016, the number of isolates showing
resistance to the SDHI fungicides increased compared to that in 2011. Among the isolates in 2016, high
resistant isolates of fluopyram and fluxapyroxad were isolated in 23.4% and 26.9%, respectively, and high
resistant isolates to penthiopyrad and isopyrazam were also isolated in 3.7% and 0.9%. However, 19.6% and
23.4% of isolates moderate resistant to penthiopyrad and isopyrazam were obtained, showing a higher
isolation frequency than boscalid, fluopyram, and fluxapyroxad, of which the isolation frequency were 15.0%,
16.8%, and 9.3%, respectively. Four susceptible isolates (T3-3, 11-10, 11-90 and 11-94) and 4 resistant
isolates (11-26, 11-27, 11-29 and 11-30) selected based on the results of the agar dilution method showed the
same sensitivity and resistance to bosclaid in the seedling assay in which cucumber seedlings were inoculated
with mycelial disc and spores of B. cinerea. As seen from the above results, the isolation frequency of B.
cinerea resistant to SDHI fungicide increases as the period of use increases, so careful management of field

use of these fungicides is required.
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2 WS AREste] WA 7hselAI R, 2HE Al dAgell
21&381aL S8 3 Hol= AHAIE ol %
dukg o7 AMLE T It} 239 B. cinerea
S sk AEALe B EAE At
Hedstol 7] wjitol] AtAle] gt g o] T gE
o] o} =& WAt 5 dh}o|th(Brent et al., 1998; Leroux
et al. 2002). WEHA B. cinereas AAE o|-&3lo] |4
Aoz WA HslMe A A #rt vis &
Q3jth E3) A ARl e benzimidazoleA A,

dicarboximideZ] AF#A, anilinopyrimidineZ] AF#A, strobilurin
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Al Aol el A Weto] 7HAAL e Al 2839
S787-910lA EAmol7} st A Aol WSt
moll 2 Aol TS FofsioF drk(Ishii et al., 2009;
Myresiotis et al., 2007). 2] 7lEe FAlgrAga
E4d A3l 4ktA (succinate dehydrogenase inhibiting (SDHI)
fungicidey= AL Folg+ WAE AdAZA, 2872
o] HlEZ=g|o} Yutel] EA)8k= complex 112] ubiquinone
binding-site (Q-site)l] F-2Fate] HAke] AgE Aoz
A Ao AE SFS AAIg. olelet 58 284
g 71Fo 2 Q3 strobilurinl 9} benzimidazoleAl,
anilinopyrimidineZl|] A#A9he WA Y-S UERHA] &
=THAvenot et al., 2010).

SDHI #+tA] Z% 5 7P Al5o® AREAE datA
= 196639 FEEo] gAtRol e Tk AEW
o] "kAll| AFE-3F carboxin®]tH(Mathre, 1971; Tucker and
Lillich, 1974; von Schmeling and Kulka, 1966). == 5 t}F
gt 8}8} +2E Zk= boscalid, penthiopyrad, fluopyram &
o] AAthe] A= NEEAs], hF AEEdd
olol] gt EAE 7L oA thdstal | A8 W
g 7h= Zo] EAo|tk(Klittich, 2007; Morton and Staub,
2008; Yanase et al., 2007). =S *4 = boscalid, fluopyram,
fluxapyroxad, isopyrazam, penthiopyrad 53} 752 SDHI
A e AEES BAE] flete] AREE AL Sl
SDHI 4h#A| = AktA|7F zh= Sl 218712 wjite]], ]
g A IETE FolA a9l AR BERETH Amir
et al., 2014; FRAC, 2017). A& &= SDHI 24|
E ga AldkE 24 HR sy A A A3
O]AAIRE, boscalid7F 2] 7FA] 214 Ao E4E o] F
A dhlo] F53F3tHAvenot and Michailides, 2007;
Avenot et al., 2012; Leroux et al., 2010; Miyamoto et al.,
2010). Boscalide PIEZEg]o} Yutel] EAshs Al
TG A(SDH)2 Q-sitedl] FAZAE Fall AFshHA A
Yoo S dAlsk=dl, o] 2% #2919 opv]ie
Aho] thE opn|Ato 2 X|SEA HW AL geh 8
oF AbtAe] AgtEo] JAEHA AP o] HAYS)
A Hth(Sierotzki and Scalliet, 2013). ©]*}% SDHI A
of ek Wde] A3 71282 283 ARt A B
HEAdolol] e AtAl7E 28] F-2bekA] Xl
ol WY sh= A Agdolnt, Wto] dstAlol thal
A Zk= A3do] SDHI tA| o] 73-9-9f ko] A& A3y
ojghal Fhh AtAl el BT FASH FHast] wiEel,
FNAM W A G3E IA A Eok kA At
Aol gk WdFe] A wkgo] A MY Hol=
FA B AFAQA A A3 U A7t 2
L3} (Deising et al., 2008).
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ol

B Aol 20114, 20158 28]aL 201630 thst
7152 5E A3 B. cinereas AHE-8147 boscalid, fluopyram,
penthiopyrad, isopyrazam, fluxapyroxad &3 72 SDHI
Aol ek w5 2Absted R A Ve
ARstaat siion, AAg 71E 7Ne s A3 udl
of-5 ZARSIAT B9 A AT et
2.01(Cucumis sativus) B 3-& ©]&3 24 Aol A&
ol thgk SDHI A+#A9] B3} Hishe 9] o F-5 Z
A7ttt

Ut HE o Hadel 22
A7 A, UM, SHEE =, AP, S E
= AT, BAEE DA, A, A E S

2 2011490 = B7|(Fragaria ananassa), EVVE(Lycopersicon
esculentum), 201914, 223 201533} 201630 271,
EntE, E7M(Perilla frutescens var. japonica), 2’H(Panax
ginseng), 28 Cucurbita moschata)?|A] ALFgo|y o] &
g1k Wato] 9% dufet o, 7] 58 AU Lee
et al. (2007)¢] WS weby Tdgt 7|FA =R E He

< @A st Wdwe] vxA 2EE flsiA
A Wuk glof] P9 BAXAE B 93 §o=
oA BdsHTl st 1x10°%~1 x 10° spores/mL
7F HEE WeE st FHsE ZHhe] xA) el
olA] 50 uLA 2] NS FHalo] m]g] ]S PDA (potato
dextrose agar; Becton, Dickinson and Company, Difco™)
wjA]oll 50 uLA FHESHL 20°C w70l 29 7F wjksiiTt.
o] w] PDAR|A|o= A2l 2HS WAS] H8ted strep-
tomycing 300 pg/mLA H7FsIATE viA] ol FAE
29| Aol #FAF 27ES wlofjo], =8 PDAUIA] o
Al ool 20°C 719 wjd71olA wiFatdet. $ol
A AR A 22 g2 £2E FaA 2011d9E 52
w5, 2015990 3875, 201690E 107475 #]3h]
Aol ARE-skATh
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717F BAs7] flElA PDARRA]l HEste
Fuoket Wi 4°Co)A Basin A
ARSBITE. WEHS A BAs] flEiA 20°C9]
PDA HiZJol| A 447k vl kst W] AL AhiolA
ol #AF ZZHA7; 5 mm)S 300 ug/mLe] streptomycin®]
A7he W#Z559} 5% DMSO (dimethyl sulfoxide)’} &
71 cryotube™ vial (37; 12 mm, %=°]; 48 mm, Nunc Co.
Ltd)oll 2+ 1027+ 3 223} -70°Coll 28l
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AE ALSE A7

B. cinerea®l] 3+ AtA| AR A=gE ZAlsl7] 918t
B Ao AMEE A= bosalid (ai. 49.3%, WG),
fluopyram (a.i. 40%, SC), fluxapyroxad (a.i. 15.3%, SC),
isopyrazam (a.i. 12.57%, EC), penthiopyrad (a.i. 20%, EC)
T F 559 AHAE AHEEIT

HEH =yl
GxARg sl B o' B cinerea o 20°C]
PDA iAol HEslod 44 FF wmgstar, o Aol

A 278 wojio] HEUORE ARGt ¢
NN = 447 wiFst #F2] AdtelA A7 3 mm
1 oo} AREEITE Qo] wel AR J
WAFe] Aol TAZAE ARSI AL
oz AL 73_%(3“_* s N S8t
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Lee et al. (2007)01 ARS-E s 8] -8 ARE-3te] SDHI
AHAAC] B cinerea dAE AEHE ZASIAH
PDA =] A 7} ofA¢] HEF %7} boscalid, fluopyram,
fluxapyroxad: 0,001, 0,01, 0,1, 1, 10, 100 pg/mLe] =%
=, isopyrazam¥} penthiopyrad= 0,01, 0,1, 1, 10, 100 pg/
mL7} B =5 A7sISlt). o] wf Aol 2H9E WAE] <
&llA] PDARIA|9]] streptomycing 300 ug/mL7} =5 A7}
SHATE HEY2 20°C2] PDA wiA|o|A] 4 F<b st
B. cinerea®] dAF Aol A7 3 mme] dARRZS o
o] ARSI TH 8 AtAl v Ao ] FAER
S HES T, 200C0A 39 SF wigRtaL #Fe] AEE
S5t Al S A Al E s ofef e A 2

o AtAl WA Aolx #F] ARE AtA7E HIHEA

2 A FelA 75 HAF vlaLste] #AF A A&
(%) AT

A A EIH%) =
(1A A Al #5273

- ) x 100
HEA FAF A 5] 47

AENA A ECsowke] AFE 7L Aol AL
HA4S q%:,q. 7o) 7V\H = xﬂzﬂ-}d I Ao =
ST, [sopyrazams Xﬂﬂs} 4%9] SDHI 24419 739
ECso#ko] 20 pg/mL w]¥R1 #55 774, 20 pg/mL ©]%
100 pg/mL PRI #75 AT, 100 pg/mL o131
FE I AP ARSI [sopyrazam 2 pg/mL ¥
Tkl 5, 2 pg/mL ©]/do]al 10 pg/mL WTR1 5, 10 pg/
mL o[l #F TOo' FEste] ks A, TA,
3L AR O AT
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106 7H/mL) el Sl 20 uly Bojz=y HESIT
Ate] A HEFLOR ARgstd HES AL, B
cinerea dA} ATlA A7 3 mme] FARRZFS wojo]
el Sl T—M}fﬁo 2 7N ARy d25990.
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R EEDE N

2 A 0E
2011 2F9 MY 2UEY

20113 7], EnlE, Qoo E2|3t B. cinerea 5249
thate], S 3|4 02 SDHI AtAIR]
fluxapyroxad, isopyrazam, penthiopyrad®] A% oAl &
He AR THFig. 1). BE97e] B ECsfk- boscalid
o thalA 11.56 ug/mL, fluopyrame= 4.91 ug/mL, fluxapy-
roxad= 1.45 ug/mL, penthiopyrad= 1.04 ug/mL, isopyrazam
2 0.48 ug/mLe] AT}, Boscalidol A 11.56 pg/mLE 7F% =
ko™, isopyrazamollA] 0.48 ug/mLZ 7173 SUATHTable 1).

boscalid, fluopyram,
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Fig. 1. Inhibitory effect of fungicides inhibiting succinate dehydrogenase on the mycelial growth of Botrytis cinerea. The fungicides
used in this study were boscalid (A), fluopyram (B), penthiopyrad (C), isopyrazam (D) and fluxapyroxad (E). Each fungicide was
amended on PDA by an indicated concentrations. After incubating at 20°C for three days, it was measured the diameter of colony. All

isolates of Botrytis cinerea were collected in 2011.

Table 1. ECs, value of Botrytis cinerea to each fungicide inhibiting succinate dehydrogenase

. ECsvalue (ug/mL)?
Fungicides — -
Minimum Average Maximum

boscalid 0.14 11.56 >100
fluopyram 0.36 491 19.62
fluxapyroxad 0.04 1.45 6.54
isopyrazam 0.01 0.46 2.06
penthiopyrad 0.03 1.04 5.87

* All isolates of Botrytis cinerea were incubated on PDA at 20°C for 3 days to investigate the inhibitory effect of each fungicide on the

myecelial growth of the pathogen.

® The inhibitory effect of each fungicide on the mycelial growth of Botrytis cinerea was calculated by comparing the colony diameter of B.
cinerea in PDA without each fungicide and that in PDA containing each fungicide by the indicated concentrations.

¢ The mycelial growth inhibitory effect of the fungicide was compared using the ECs, value calculated by the following formula. ECs, value
(ug/mL) means an inhibitory concentration of reducing mycelial growth by 50%.

Inhibitory effect of mycelial growth (%)= (1 —colony diameter on PDA with each fungicide/colony diameter on PDA without the

fungicide) x 100

4 All isolates of Botrytis cinerea used in this experiment were collected in 2011.

53] boscalidoll HHelX= ECsgte] Alto] F-ojvwigh A3
4 d57t ST AEEAE, B A= ECyitel
100 pg/mL7t Hol7he #52] ECs &t 100 pg/mLE #]78
sto] Axtsiith. 2] A3 #FE GR1E B. cinerea
11-26, 11-27, 11-29, 11-30, 11-70& 38 Fx71 ©&
SDHI AFFAQ1  fluopyram} fluxapyroxad, isopyrazam,
penthiopyrad 5 WaireE 5 74 WHS BT
200458 2013 Atolol] ml=k Z2ejrte] EIEAAM £
&k 100718 A goBtS AHE-Ste] SDHI A=tA17F
o] wx} S A3 AollA] boscalide fluopyram=}
kel 0.0302 FAAATE 8 AR EA FUAT, pen-
thiopyrad®} fluxapyroxadell tallA= 0.4803} 0.5299] =&
HBA 7} QA = ATH Amiri, et al., 2014). =3+ penthiopyrad
9} fluxapyroxadZtoll = r7to] 0.8652 £ JaaA7} 9
A=A} o]9} 7] boscalide} fluopyram 7+e] -] A
HAE B. cinered®®5t o2} Qoo 22|t Corynespora
cassiicola®|X| &= o2 4= 91t (Ishii et al., 2011). Boscalidl]

3l M 3 AeLS Hol= C. cassiicola= penthiopyrads
7Kk YBA Wi M = A FARYo] A=A B
HhHol|, fluopyrams H7FgH wiA] AolMe #AF Aol
ZdatA A=A, ol AF= Corynespora H5-H 2
A7pEel i Qo] FE HANME boscalidell 41373
ol C cassiicola®} Podosphaera xanthiis %3199 1,
boscalid®} penthiopyradi= 3] WAl G35 HolX| Ud
HhHe, fluopyrame % 73 WA g5 Ho|w, w2}
Aepdol el AR FUh 2hH 2 A AFolA
£ boscalid A FF7T fluopyram7t ofuz} Tt of
" SDHI +tAlel tiair e A g o] IR b=
AH}E BTt o]dl A= SDHI a+tA19 28712
o] TUFNE EFslal d+tAle] s}eF 728} i W+t
o webA At Aol tEA YEH, AE
Tl A8 fAxke] dEddoe] Fil et E A9
A o] th27] mEo vehdth(Ishii et al, 2010; Scalliet
et al., 2012).
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Fig. 2. Inhibitory effect of fungicides inhibiting succinate dehydrogenase on the mycelial growth of Botrytis cinerea. The fungicides
used in this study were boscalid (A), fluopyram (B), penthiopyrad (C), isopyrazam (D) and fluxapyroxad (E). Each fungicide was
amended on PDA by an indicated concentrations. After incubating at 20°C for three days, it was measured the diameter of colony. All

isolates of Botrytis cinerea were collected in 2015 and 2016.

SDHI & =X o cHst MU FHo|HAol ZbrMa ety
7|F& MAE 2 201543 20169 ZFo| XMEM TLIEEZ

4,
3ol 2011 #5-9f= thEA], Aol RS 5
9| SDHI A+tA| B thellx AFgAS Yehlle +5
Eo] VeIt ECs3te BEXEE Holk 2015937 2016
dol AH3S B cinerea ¥F o+ boscalid 21+ oy},
fluopyram, fluxapyroxad, isopyrazam, penthiopyrad®] @A}
A QA Bt ashe w57 Bol7] ARk th(Fig.
3). B AFolA A& ECs,wte] A3E 7L B. cinerea®)
Agy 7S AASIA Isopyrazams A9 459
SDHI A4 2] 739, ECs@kol 20 pg/mL gkl 455 7+
44, 20 pg/mL ©)4F 100 pg/mL PIRKC] #5F2 FA A,
100 ugmL el #FE 1 AFAow FEIAL.
Isopyrazam 2 pg/mL PI¥H1 55, 2 pg/mL ©)/de|al 10
pg/mL PRkl #3510 pg/mL °)4el g5 So7 FE3)
of Z47be A, SAE, I AR iR
Boscalidoll T8t ECs,7k©] 100 pg/mL ©]74<1 2 A
FE 20119, 20159, 201639) Al&H o2 2718190 W
ok oYz}, boscalidS #19)3F 452] Aol 3t ECsa
o] 100 pg/mL ol #F7F 2015990+ fluopyram
fluxapyroxadol| M ¥t 2424 1959} 2@57F EEEHuoL
20160l = BE AtACA 7] ARttt Wl
o] £l dArof upeba] Ao B o] Mgtk A
SDHI %417} 5550 E4oA AREH 7] A2 wy
Eo] AR 717t BAI7E A Aos Azbeitt, A
o] B Hiert 7P =49 boscalids 200337E] =l
SEEo] ARH7] AlEFeEle™, fluopyram¥} penthiopyrad
= 201197E FEEo] AT AR 717ke] 71 4
S boscalide= 20111 o]v] %= A FF7) SHF
AEFAeH, A= AP #59 F2] W=7t 2015974
20163901 10.5%9} 33.6%%2 S71sPaA F32] % 471
o} 36712 Z715F9TH(Table 2). 2011 FFolA = A3+
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Fig. 3. Distribution of ECs, values of Botrytis cinerea to

boscalid (A), fluopyram (B), penthiopyrad (C), isopyrazam (D)
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Table 2. Isolation frequency (%) of Botrytis cinerea sensitive, moderately resistant and highly resistant to fungicides in 2011, 2015

and 2016
Fungicides Year Sensitive Moderately resistant Highly resistant

2011 boscalid 90.4 0.0 9.6
fluopyram 100.0 0.0 0.0

penthiopyrad 100.0 0.0 0.0

isopyrazam 100.0 0.0 0.0

fluxapyroxad 100.0 0.0 0.0

2015 boscalid 89.5 0.0 10.5
fluopyram 94.7 2.6 2.6

penthiopyrad 94.7 53 0.0

isopyrazam 94.7 53 0.0

fluxapyroxad 92.1 2.6 53

2016 boscalid 514 15.0 33.6
fluopyram 59.8 16.8 234

penthiopyrad 76.6 19.6 3.7

isopyrazam 75.7 234 0.9

fluxapyroxad 63.8 9.3 26.9

* Isolates with an ECs, value of less than 20 pg/mL are classified as susceptible, isolates from 20 pg/mL to 100 pg/mL are moderately
resistant, and isolates over 100 pg/mL are classified as highly resistant. In the case of isopyrazam, the criteria for sensitivity, moderate
resistance, and high resistance were determined as ECs, values of less than 2 pg/mL, from 2 pg/mL to 10 pg/mL, and above 10 pg/mL.

#3571 Ae BaEA &od Uw x| SDHI AHAe] tha)
ME 20159 #FRHE T AT I AFHS Hole
#57}F 22)57] Atk 53] 201640 £ 3 B
ZFo e L A B BTt 23.4%S} 26.9%% boscalid
o2 =% fluopyram?t fluxapyroxad®] 3 A3 o
FE 47t 25059} 29757} B E%e, penthiopyrads}
isopyrazamell tjet 2 A #F= ek U7t B

t}. 2# ], penthiopyrad®} isopyrazamel] st A& +
T 19.6%%F 23.4%7F w2 =0, 15.0%, 16.8%, 9.3%7F
2% boscalid, fluopyram, fluxapyroxad .t} & &2 1l
TE HA.

20| HAA boscalide] & HM ST HA
Boscalid A& #5291 11-26, 11-27, 11-29, 11-30 5 4

(A) 100.0

80.0

60.0

40.0

Control value (%)

0.0
0.001 0.01 0.1 1 10 100

Concentration (ug/mL)

Fig. 4. Control effect (%) of boscalid on cucumber gray mold caused by Botrytis cinerea on the cotyledons. Botrytis cinerea was
inoculated with mycelial disc, which was cut off from the tip of colony incubated at 20°C for 4 days. (A); controlling activity of
boscalid on the cucumber gray mold according to its concentration, (B); controlling activity of boscalid on cucumber gray mold
(pathogen; B. cinerea 11-10 sensitive to the fungicide) on cucumber cotyledon, (C); controlling activity of boscalid on cucumber gray
mold (pathogen; B. cinerea 11-26 resistant to the fungicide) on cucumber cotyledon.
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Fig. 5. Control effect (%) of boscalid on cucumber gray mold caused by Botrytis cinerea on the cotyledons. For inoculation of the
pathogen, B. cinerea was incubated at 20°C for 5 days, subseqeuntly incubated for 2 days with 12 hrs-irradiation of fluorescent light.

After harvesting spores with BP broth, the spore density of the suspension was adjusted to 1 x 10° conidia/mL. (A); Controlling
activity of boscalid on the cucumber gray mold according to its concentration, (B); Controlling activity of boscalid on cucumber
cotyledon against B. cinerea 11-10 sensitive to the fungicide, (C); Controlling activity of boscalid against B. cinerea 11-26 resistant to

the fungicide.
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