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Occurrence of MBC and DMI resistant isolates of Apple blotch in Akita Prefecture

K R SRAL A b b i LRy e TS
Ve
Yutaka Sato, Akita Prefectural Senboku Regional Development Bureau, Agriculture and Forestry
Department, 13-62 Kamisakae, Daisen, Akita 014-0062, Japan

Abstract

In Akita Prefecture, the method of applying MBC from July to August to control apple blotch
(Diplocarpon mali), an important disease, has been implemented since around 1980. However, in
1998, MBC-resistant isolates were detected in the southern part of Akita prefecture. Since then, the
number of orchards with detected resistant isolate has increased, and in 2014, resistant isolates
were found throughout Akita Prefecture. Therefore, the use of MBC has been discontinued in
orchards, which have a high density of MBC-resistant isolate. When we measured the susceptibility
test of apple blotch obtained from fields where MBC use had been discontinued for 14 years, MBC-
resistant isolate densities remained high. I selected Cyprodinil and Tebuconazole as fungicides with
an equivalent therapeutic control efficacy to MBC agents against apple blotch. However, DMI
containing Tebuconazole is used as a preventive measure against apple scab during the flowering
season. Therefore, Cyprodinil is predominantly used as a successor to MBC in apple orchards across
Akita Prefecture. In 2020, a strain with significantly reduced susceptibility to tebuconazole was
detected for the first time in Japan in an apple orchard in Akita Prefecture, and a reduction in control
efficacy was also confirmed in an inoculation test. Furthermore, these isolates exhibited reduced
susceptibility to Fenarimol, and cross-resistance to DMI was observed. When using DMI to control

Appe Blotch, it is necessary to consider in advance whether the control effect can be expected.
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D F V5 HE 2 N RAITINEE U TR YR & R Sl
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3 BEFIFRE & FE S IR ¢ DMI Az Mg s rlRE & 72 o 7= (Yaegash1etal.2020)o _OD&WTu
D\ U o T EERRPRAE LT A EM T, W O 5 B E RS MR E I 2 U 72 RFA] 25 KR L2 E S
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HBLL72Z & X0, Hii-/eipEBhBRA & LT Cyp A& L O Teb A% %8k L7=, Cyp Al. Teb AlL 1
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BARIZE T ARENVREOEFMEESRKRRAERVE DG

Monitoring of fungicide resistance in Botrytis cinerea and its response in Aichi Prefecture

T e B R
TE) TR
Kenta Tsunekawa + Aichi Agricultural Research Center * 1-1 Yazako Sagamine, Nagakute, Aichi,
480-1193,Japan

Abstract

A Fungicide Sensitivity test using the green bean leaf disk method was conducted on gray mold
(Botrytis cinerea) collected from vegetable greenhouses in Aichi Prefecture, and revealed that the
rate of resistance acquisition was high for Qol and SDHI agents. In vegetable greenhouses, the
status of resistance acquisition varies with the fungi in individual fields. To investigate the
acquisition of resistance to Qol and SDHI agents by genetic testing, we established the AS-qPCR
method, which is a simple and rapid test method. Using this method, we investigated the acquisition
of resistance mutations in many fields of gray mold fungi, and found that resistance mutations were
predominant. Currently, we are working with extension organizations to develop appropriate

countermeasures against resistant fungi and disease management.

1. IXUBIC

ZHIRIL, b~ A RE 3 MLOMEHEET 168 M., A FAN2E 6 1> 104 M., FAN4E 6 /7
D 34 EM &5 2ETHIEEOMERE ZAEM TH 5 EMKES. 2021), sk B 25 CRHIC M
(72 DI ER, RO OYE (Botrytis cinerea) T 5, JRENOIRIL, INHEY) CTh 5 RIZITEBEEGEN
EUDIET TR, EOXKICHEE L, XIZASTGA, BAMEI Y BRI 72 &K & 720 ERI
B|ND,

JREDNOVR L, SEAITPEES Y 27 @2 L b s (B AN HREL S B d A E E A 7E 2
2021), i <UF 1970 AU XA 2 F Y — /L REHI TR~ Il S (LA, 1975) THE L%
< OHEAFITHHEERMEROBMEDHRNTND, TD7=H, ZEHIEOHARZR CEEH D VITEER &
WZiEE =2 U o Vit 2 Fhi L CWAEBER IR b 20y (IR, 2021 ; R4, 2019), —F. BMIRT
XETT(997) MAIRIRE DN XA I H Y — )L RHEHNE OB MERRERE ROV Tl LD & Ktk
2, 20 LA EIRANMMEE =4 VU > 72 E i L TR o7o, I TlE 2020 4F ) OF 2028 47128 H1 RN
FRPIERAT D AFOEEMREERDBBEREIND R EREENZVVELH Y (I, 2020 ; EH,
2023a ; B, 2023b), & HIZAFEBY TIE, AN SO 2 F6 HEN L T\,

AEH TIIEIRICBIT 5 20X 5 Rl maxi), BaERa e LTIV MA NG, BAFE Lo Bl
W N AR & HE U 7S AR D,

2. AVFT V) =TT 4 RV EIT X DIFERSZHARE T SDHI A, QoI A RRIZTEBEERNE o=
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AN T DIEESOEREREZA O NCT 5720, 2021~22 FIThiEED b~ . I=hF~ b,
AF A, FTA, Fav Lok RIEE FODICAIFIRE 95 Fika IUE L, Qol AlM& Y SDHI %
N~ NREDUYRIZEBERD B 531 16 FEFEOIEA] (F 1) (KT DS MRE & 550 L7z (56 J)1.,
2022 4F), 2B, HEFA LV F L~ AL DV =TT 4 ATIEICTHTo72 (X 1), 2B, A7~ A
ZHND Z LIZOWT, N (1987) 28~ ABHMEY & FH T K B0V B O AW IR IE & fat L 7o kiR
AU~ A e LR L72IED, AR S (2013) 134 U~ AMAEE WS A, $av ) 1
BEITH, MR T & SN ORBLP ERLEE R 2RO NMEA 27T H 00 B
(2T D IRBEHIRIZ RIS IS Em <, RO GIEO—2 L L UEATE 2 Lm0 T,

AN CINEE U7 Bk 2 UE L 7o R RRICITRPEE 1503 B 3L 5 72 D1, Qol Al (FRAC =— K : 11)
Th o7 BARITIZ QI ANCEETNDT Y FT A b u B U /kKFFIT 51/95 Eitk, vV~ J /07 KFn
FIC 25/95 B, JRBLIR LS 30% A & 72 0 MHEHE & 72> 7=, SDHI Al (FRAC =— K : 7)
IZOWNWTIX, X FAET RARIAL, ©F7 270 RKFAL A Y7 % I RAKFIFITERER 7/95,
9/95. 3/95 kK. Qol KI+SDHI AIDIRAHKI THLHIE T /7 a A hr by - RAH Y RAFF TS 49/95
R CIRBEM R FLE 2R 30%A0H & 72 0 ifEHIE & 72> 7-, Zh 5 SDHI £ T, RBEHELESR) 30~
59% % 9 MEIR T H 2 < #ERE S 41, Qol Al K O SDHI A CAYR R O Mt &S A BRI LT\ 5
BLR DS & 272~ 72,

# 1 IREDOIREIRET 2 FEANES MR E I L 72 384 —
FRAC BRIV

PERIEHI4
a— K ENEY-

A 7a A kAl 2 1,000
NUFFE T RAKFHF 7 2, 000
AV 7 =& I RKFAl 7 1, 500
BT U7V KA 7 2,000
A=Y SIKFNA 9 2,000
7YV XU b a e KFaR 11 2,000
Y R L7 K 11 2, 000
TIVT XY =L KFH 12 1, 000
PENG AN i 17 2, 000
R A v KA 19 5, 000
VENT 2 ANT  FAT 7 R— h A TFAIKFA 1-10 1,500
7 kot s RAHY RAFIH 117 2,000
AT BT ARUEEEE « 7 = o ~F 2 Rkl 17 - MO7 1, 500
X v 74 LKAl MO4 800
TPN ZKFn#il MO5 1, 000
A2 7B DT R VR K Mo7 2, 000
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RHRRAZER(%)=
(1 - BHRPIIFRHER

TR
— ‘ —p ° ° FIBXPIRHIEE) x100

AT RNEE 20°C. 12L /12D
FHLIE, R _ 3EREEE
TRHIEEAIE

i 600 - 000

H@?H/E‘Z R - FHEE ‘rzf‘/%/&IIOpL
1/2PDB, 10/54E/ml

X1 A7 V=TT ¢ A7 EOHE

Qol #l, SDHI AN TIZ, Y= b7 = BT « FA 7 75— b AFAKFH (FRAC =—F : 1+
10) T 10/95 Fikk, RV A X AR (FRAC 22— R 1 19) T 4/95 FERE CREAEIE & 72 2 HERE D e
RENT=D, ZIER AR EIC X SN A% EA] (FRAC 2— R - M O 7 A—7) Tk, AFECE
WCIIHAEIE & 72 2 BERRIXISIEMERE SN2 h o 72,

Qol %% O SDHI Al Tt 03 BEAEAL L7 RBUE, Fox M2 50 NHD, BE AR N T A
H AV Qol AIX° SDHI Al &2 5 KA OBEM E L TR L CE TR THH L E 2D, ZORER
ZEIZTIED, BEEZRELTWHD, LrLans, BN T THEMRIZIZED L 2=, Bk
e KRR S — B A L CA B — R & Ffo T, MMEEE R OSEE) 2R E 2 b —uZ oW, A
BIGIRBESELTODORYHAEITH L & L,

3. ~RIREZED D=0, toKE2EE EBREBATH

MisX B DB A, 4 OIS CHATBREN R AR BANEL AL THY | FEHEHNRZETHH 720D
BOWHLIRENTH D LHREIND, TDOd) \@ﬁ®i%fméf%%ﬁﬂﬁﬁéﬁﬁkﬁéo_
D E1E, THERER RIS D AEEEOZ T IED FICHLEBEL TS EEZLND, RBRESHIE L
THEHEDN A GG OEKTRWGS, [H9LDIFG TIIRRLIMERIEAS ) EBZXL0IXARRI L
Thod, o, FFEHEMONLIZLE > TH, *%i%fﬁﬁ%ﬁ%ﬁénk:&%ﬁmﬁ\@%¢¢@
9 7RI N E T REDNE S MFHIENIC o

_®%%%%&Loo\Wéﬁﬁ%_waﬁﬁ®%%%&ﬁiﬁﬁﬁiD%%%@%%%ofﬂ@
TEDHLEIICT D0, AT TEHETEL OIFES THER (TRETHUE 1 B H 72 EEEK) %
INEEL . @a@iﬁ féﬁﬁl%ﬁ%ﬁ“%ﬂé%%%%xé ExFEZT, THoKREE K AE
B ThoH, Zhic « E &2 DIF T OMMHESIR LR TE 5720, FEEE M S mHERE <RIz
wfi@ﬂ%%ﬁ%:%ﬁo_kﬁﬁ%éio 2725, 72720, MEEEET D AR - 571 & BERAMN
o1, FEERMICET, RHICHEREZNE 2 BETRECEET LI L L LT,
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4. SEAITHE & EORETER & OBIR £ B8 - BETER
T AN L ORI ORI, st Oy, S P
KOBIRIZ L BT 5 L EbIb, HOBKIZHT- fi:;

LBARTFATER N A TRRDIENED D & BTH
ARD M

BHEEFEN AL 72 < 720 it 2 #1595 (K 2), Qol A REHUEE REHUEE
EHICE B L REDTHRETIE, Qol HDIE RIS (ZRMRL)

H1-HIbar RIT7H ) A EOF N7l b iEs 2 FEHI & B~ OVER S S8 & X
FTO 43 FHOT I /BN G (7Y > GGT) — DERIZH D

A (77=2:GCT) (&b -7= G143A % (cyth
-G143A &) ZFFo L Qol AlfitEZ RTZ LN STV 5 (Banno et al., 2009), F72, JKEATUYH
B ClE eyt BIEFIZE BN 720 Qol AR ER (eyth- BFAM) DAMZ, 22 R 143 L 144 3FH O
WA b BEASND X AT (eyth-intron ) HAFTET D723, cyth - intron & FFOK 70 UYH
F1E Qol ANz A2 /R & &5 (Banno et al.,, 2009 ; Grasso et al., 2006), Z® 3 ¥ A 7 Di&fr
S % B3 B FRETFES LT, PCR-RFLP {EMNBI% STV 5 (Banno et al., 2009), L2 L
PCR-RFLP (% PCR il Ol |2 il PREE SR ALEE K OVEE S vk B, DNA YetalZ K 5 a[f{b BB TH 5,
REMREZHR D LT, fFEEZDLTHHOT D, TxIIZHEEITHIS LY 7% A4 5 PCR &
EHAWDEN T 1 —7 _X— 2D allele-specific qPCR £ (AS-qPCR) %S, L7, BEOENTn—7
1% Qol AIMHEZEFL D X 5 70 1 HFEEBRZTHAT 5 Z E R LV, 7 7 Bk % bl UFFRERm B L
a7 e —T WA LIk, BN AEREL 7o TN D, %ﬂ%“h@if%%?é%?ﬁ%ﬁ‘é 7n—
TIIENAREEZ TNDTeD, vAF T Ly 7 ATHETE 5, AFEICEY ., x5k DNA il
H#%. 1 B ORISTHREE THERREN 3 XA 7D ENNZFHNTED LD _7260720

o e T

" cytb-BF4EY | tcacterea GGT  GCTACAGTTATTA- >
<
— Primer-R -
b
- D :

QoIFIRZ1%E cytb-intronZ! rocees GGT  |—] intron |—] GCTACAGWATTA---> E|\/E5X
pun e

HYE

=

0 10 20 30 40 50 60
PCR cycle

P >
Y ~TCACTGTGA GCTACAGTTATTA- HUENE
<« -

3 QoI ANCPEET % 3 # A 7 DBUn T 25+ %5 AS-qPCR DA%

SDHI ANZ DWW T HIKENUYHE Tl sdhB Bin 1A RIZE D EEZHER TR S D 2 &R
S T35 (Leroux et al., 2010 ; Veloukas et al., 2011 ; Amiri et al., 2014 ; Zuniga et al.,2020 ;
Alzohairy et al., 2023), Z i1 b #E TlX sdhBiE{n1 0 H272, N230, P225 (728757 I /B
\Z& Y SDHI AlOBEZMR T RA T2 Z LR E., ECso bR SN TS, F7IZ sdhB -P225F 255
%, %< @ SDHI HI CTREZMAR T NAE LD Z E R SN2 -> TN D,
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AlElFk 2 1%, 27 SDHI FlfitEZRICOWT il aRe72 AS-qPCR IEA L LT (K 4), AF
BTG 1 MUG B C, sdhB-H272 A1 (BpERY) | - H272R %Y, - H272Y A A 58513 %, 2 5B T, - P225
A (BpAERY) . - P225F AL - N230 B (BpAAY) | - N230I B 235k 517- 5.

Qol A, SDHI AI® 2 it ® PCR &£IFIFT X THIZ TWAH T2, 3 F 2 — 7 HETHIZE R OB
TR %[RRI E TE 5,

1RIGE 2RSB
H27 20831 H272Y o3 P22 50251 N2300%z51
o Cy5 —
Cy5 TigiE— H272Y HeE o TEX =
HEETERL ot Cy5 »o - WT BE
AL SITVAN
IREDTNREDNA [REHTIREDNA

Xl 4 sdhB#faER%#HET 25 AS-qPCR EOHEE

5. BHRNKIIMERETFEENESILL TV

2023 A2 H ZFNRN O FEHZ I THER Z 8 EL L 2021 420> b OFEF 281 Bk IZx L T AS-gPCR
w7223 5 Qol AllfiEZS 5 & O SDHI AllfittE28 7 2 384 L 7=,

Qol AIMHEZA BTIrX, £ 78% 13 cyth -G143A Bl % 7k UMHEZ BAME Sk L T iz,

SDHI AliitEZ BB W T Y sdhB - AT 18.9%I2 T X3 EIG N E - 1A 81T sdhB -H272R

(30.6%), H272Y(23.5%)C, F %72 SDHI Hl3 X T CRESMML I Z % sdhB - P225F & 23.1%/i

WENT=, oM, H272V(2%), N230I1(1.4%), P225H(0.4%) & HEsd & 7=,

WIRIIIZ, Qol A2 Kk 1Y SDHI AlfittEERAEAHICHE T 2EROEI G L&, &FE LT
cyth - G143A+sdhB -H272R %03 &2 < . cyth - G143A+sdhB -H272Y ¥, cytb - G143A+ sdhB
-P225F BRSE UTHE T,

MRS B OFEFFRBUIIE B IZ Ko TRA DM AR Lz, Bl xIE, b~ K Tid H272R KO H272Y 28
2 MBS, P225F 1372 notz, —J, A F 9 « 20U Tk P225F DR SN D EIR B ED -
776

FR AR EAT EIE & e HELCRE L CiE, JIE (2021) 1%, Qol AliAs B8 CTlFFI O8RS 203 »
7~ X0 B IPEEA S < M SN A H D1FEH, Lo F 4T RO ERE CHE L SDHI & TH
HARAHY RMHEEIEML T LG L TWD, SRIOFFEIZOWT S, BB AIEch B & o B
Wb LEZ, BIEMTEEDTNDHEZATHD,

6. V=T 4 RAJEOKRLMEERDOBEREE LD, EERNIZEMBRLLTVWARICLE
B &7z a2 R LS & ORRICOW T, BUGIREE CREEEMIR L OFRIEE 35 LT,
ECs0 2 W TOFBITOoRHE T 5, Iz T, SDHI A%, KL BMEOE BT R OB T I/ ik
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Hicko-T, SDHI%IJOD%EE FTONRNEIL D EMETH D, BIRENEURZAIREICEE L. 2 OxRIC
DV T 272 0IIE. ZIT AN T W Z AW A Em LTV, 22T, Hxld, AR
T%ﬁ%@&;éa@ﬂﬂrf\sz‘ﬁot% YUY =TT 4 A7 EORBE R & A Bk & OBk 2 R
L7, ZOREE, BEH D ECso L BB LEFEORWRERNE N, ERHIBRETEBTHII —T7T «
A7 FEITEBEOBRGE & BTS00, BEMRRE#EN R THA A—=URorBreTnEBEILh
%o IDIT, FlanFOEIT Lo T, IEEKE] [PCRI &) FENIRS KNI -T2 86,
A PEBLG M O PRAREER DT L & 72 o T2,

7. THEERIRA~OXG & BE TORG

ZORREZIT T, BRMRTIE 2022 FLURE, Y AEEEZSHE L@ ot 4 BB L, BT
DO ERE OBLR Z A | Z ORI O N T LT\ 5, i B30 &2 A 2 L R % LTIk
W R & U CIREAD YR OFEARIMMER R 2 &S T, PiREORE L, EHe—7T— 3 /@@Tj‘\
ZHEHIRNENBAE LWL D RSV | ZAGHINZ X DWE LT ORAE LT WGATORFER,
FEIINEZ: & OFRBRICE D LA TV D, BSOS LTk, WSS [RERER EEO TB®E
HOBBRRIZE W 272 2 A, RELMADZENTECWTHRECTH D ERENDH DL, MmMERE
v%?%y%’kof%ibﬁmﬁﬁﬁ’F%%%%wa<%%ﬁ%iofmé

A PER RO B FARTR B M 121X 2023 4 7 A e A BRME U LSRR A LG 32 & & BT,
REAER AT A 74 /ODJ%—J‘ MHEAER Sz < WE EN TV D FRAC 22— RIZ M 32 < ABfED
R A A=Y 2 HWRPR LT 570 L, MEEXRICOWTIHA L,

8. Bbviz

A (2022) 1 FHPUEF BRIV T, BRI 27 ala=r—v 3 VOEEMEZR LT
TR0 b TEAN A PER ~SEANRUE ) 2 7 OBERMEOHE - HEAROBREZIEL <{BEx., IEHEDE
KR =N EEZ DN RTLHHT D, £ LT, AEEDDLOBRGIER - MEZ KA LT 5, 20
BT OIFEROVEINS L > THAFMARE D | WPHEEADNE LT 2,1 L LTWD, TPEEIZ OV T
bRIRE B XD, A% bBEMRE &l UMt m e 38 4 324 U, A ESY TRFVED m Wi 2200 &
I bR —URAREE 72D X OITE I L TnE T,

9. PEE
WRROERPUZH /) L T2 & oI AR R OREB R ATRE ., & RIEER, AbIJiE L bICED T
W% BRI O L FFIEE 2R SEILH L BT 5,

51 M TR
S E R BABRAT (2020) JRENOYRTEHRE 1
R FE B BBRAT (2023a) Pé?ﬁ%ﬁf%?&% 175. (2023 4= 3 J1 3 HAFT)
RN BBABRAT (2023b) JREAUYRIEWA 1 5. (2023 4F 12 H 26 AfHT)
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BERTHESINE=-2IRXAXERREORFIEZME & FEREROHERIR
Susceptibility of causal agent of onion bacterial rot to bactericide in Shiga prefecture and
control effects of various bactericides
VoB R E N IR o 2 —

/N
Yoshiya Obata, Shiga Prefecture Agricultural Technology Promotion Center, 516 Dainaka,
Azuchicho, Omihachiman, Shiga 521-1301, Japan

Abstract
Along with autumn planting onion cultivation in Shiga prefecture, bacterial rot of onion bulbs can
occur at storage facilities and shipment destinations, leading to complaints from processors and the
necessary disposal of bulbs. For this study, we tested the susceptibilities of Burkholderia cepacia,
Burkholderia cenocepacia, and Burkholderia gladioli isolated from onions to various bactericides to
select effective bactericides for suppressing onion bacterial rot. Furthermore, we tested the various
bactericides to assess control effects in the field against bacterial rot of bulbs. The three
Burkholderia species were susceptible to oxolinic acid. In the field, application of oxolinic acid
wettable powder was effective for controlling bacterial rot of bulbs. Both B. cepacia and B.
cenocepacia showed resistance to copper sulfate on PDA medium, and no effect was observed on
control of bacterial rot of bulbs by spraying copper wettable powder in field. Validamycin showed
growth inhibition of three Burkholderia species on CDA medium containing trehalose as the sole
carbon source, but no effect was observed on controlling bacterial rot of bulbs by spraying
validamycin liquid formulation in the field. Spraying oxolinic acid wettable powder was inferred as

effective for suppressing onion bacterial rot occurrence.

1. XTBIT

B OBIZ I 1T HKHRIT 93% & RET 2 FHICE S (BWKES, 2023), KHTOKRE, LF
B LY A X7 EO TR RHEWEM 2 b & LTKBEENERINTWS., — 5T, BEEHEDOIE
M A2 D720, KEERFEOEIISIEDOBEALLED TN D (Yzzi%f}r 2023a). FFlZ, AKHE
KOERME & LTH 2R ETX ¥ XYV EON TEFHEZOEM T RSN TWD. ZORE, ¥
~ F X OVERHFEIL 2012450 40 ha 705 2021 421X 83 ha &I 25 IZHAMN L TV 5 (A IR, 2023b) .
BB O X2~ XX RFRTTIL 9 AICHERE, 11 BIER, 6 AT SHERA — R Th L (RE R
Rl = R PERBL a2, 2019) . AERUCISWT, ApiEfiia 3 X ONHTE T & = 1 X0 A ZKITHIBE RIS IOR
ENRREL, MTEENSD I L—LR0F v XX OREEIZORND ZENRKRERMEE /> TND.
K~ XN M O O JF N 2 K5 E 9 5 72912, 2020 45705 2022 4F (2 IR PN 19 Hius G M8 Ik
RENBELTEABYMT O v A FELCV AED L IIINEZ O X <~ 32X 0 XN OMEZ 7Bk
L7=. 5/ PCR, 16S rRNA OMFEMEREL L OEHE DO NT ZAF —E v VB FI2HKS<
Multilocus Sequence Analysis (MLSA) OfEEN S, B S 7ML Burkholderia cepacia,

Burkholderia cenocepacia, Burkholderia gladioli, Pantoea ananatis 3 .\ Erwinia persicina  If]

18



EINiz UMES, 2023). D5 H, <32 XY AENLIL B cepacia, B. cenocepacia 5 X1 B.
gladioli DHNPHBESI, ZNOBPERIR E T REFEME CTH D B2 bz, R, SRR
A 19 HiSH 10 M b 22 LD, B cepacia DWEERDO X~ A XIB A G & 29 EER
RIEMECH D LB b,

AARTIZZ 2B & LT, B cepacia % &L 9 OWFEFMENFH I L TWD (M4 Y —
N 7,2023). LIeh->TC, [Al—4 Th > THIREME 2B UE, BREFN 3 2 HAERs )
ROV DD, FRT, R FIEGT D MR OFERIREZVEIC BT o, RO O # =k F
JRIFARE COFFIIRHNTND (%, 2022) . ARE TILF ~ 3 FHIEE MG 0RO BLBR HR ORI
M C, EORRAEMENA RN 3A 2 RET D02, B. cepacia, B.cenocepacia XN B. gladioli
DHEANEZEERET D & & BT, 1FHTD B cepacia |2 & %%~ X XIEHURIC KT 5 & FEIEAI DL
Brah 2 et LI R 2R T 5.

2. WEERANODF <X XFHIEMERERORAE OB ERRDL
A~ 2 M B0 B OB BRI, RN A RS 0 R RAHR LR E T S L <X JA IRV IER SN D
PIBRECHHE S E R A B BICE SN TND. MR EITRERRO LB THDHN, ¥~ FMEME
JERIRE D BREEAF] & LT H~ A VUARAFICA T Y U = 7 BRI, KT 2SR I % < £
AENTWD., Fiz, —EHIETIIA ML T R~ A VoM AT~ A U B EGRARRA STV .
Z 2T, BBRBICE <A SN TV A RERERI D & 0, RERCHBESN - Z ~ 32 X OJRIFEMEIC
%% Es i BT ORKIESZMEREB L O B, cepacia I3ME ST BRI B & ~ R X AME ML HOR E
WX AIFEE CORIRREBR 2 FEhE UT-. %~ R X O EE O A& M 231+ 5 /=912, /b
BIHIEEE (MIC) Bk (& « 47, 2023) BLO— —F 1 27 3Bk (Ishikawa et al., 1996)
7o 7.

3. WEERCHBEIhZF ~ XX REME OEKAIRZE

(1) ZFEFIREZMERRE DRBR T IE
OMIC R
MIC &5 (RAIR - Ak, 1998 ; &5, 2014 ; LA 5, 2014) OHGEEERE LT, A% T b T A2V
VIR GREE), A MUY b A v URBE B3R, Ax vV =y i GREK), NI F v (N
U E~<A 2 RAD) B XOWRERSI(ID fkFfY GRIE) &2 Hv o, SEEEE 2 5 mE R (NA) Kl L,
BRGy (X T R ITHA TV, ARNLT hvAv Y, XV V2w ZBBIONRNI XA ) O
BASIREENY 0.78, 1.56, 3.13, 6.25, 12.5, 25, 50, 100, 200, 400, 800 F7-i% 1600 ppm & 725 X
INCHHE LT, 7ed, WRERSA(ID) HKFIZ LML 2 Potato Dextrose Agar (PDA) HiHil L, Hilig
FADBMIRE A FRRICTHE LT, A%V =v 7T 0.1 N KERMET N Y v A, ZOMOSERITIREFE A
RAKICEIR U=, 3ik120.22 um D7 4 V2 —TABKEBZIHEH L.
108cfu/ml (ZFR%E L 7= M SRR 2 7 ¢ AR — 712 L 0 A% G et iz i L=, 28°CThHi#% 3 H
BOMBEOEBTORELRHEL, EBFXIRD LR WVER/NEE (ppm) 2 MIC & L7-.
OR—R—F 4 AT HER
Ralstonia solanacearum TIIME—DRFPLE LT mm—RAEZIRM L7z Czapek Dox Agar (CDA)
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B b AN X~ v 2G50 R—T 4 A7 FDICEBTHIEFANTE S Z ERRESNLTND

(Ishikawaet al., 1996). & Z T, fE3EAIL LT, 100 ppm O/ Z<A 2 (100 fEHRONY &
~ A VARAD) EERH LA R—T 4 AR AT o7 A 7 V=T PE L7 8 mm D2—3—
F A4 AZICHAEZ 30 pL @ FL72%, 7 U —r_RUFHNT 1~2 BEEL L7Z. Me—DRERE LT
0.8%D kb m—2 (Fbaa—X K bLLIEZva—x (D-W 7 va—R) ZiRINLE
Czapek Dox Agar (0.3% NaNOs, 0.1% KoHPO4, 0.05% MgSO4 - 7H20, 0.05% KCl, 0.001% FeSOs
7TH20, 1.5% #XK) (Ishikawaetal., 1996) ZEagssie U CEHA L2, #EKIL0.22 pm D7 4V H
— CAHMMPE I L.

108 cfu/ml OFMFE R 100 11 % Yem DPKFE > v — LI F L, 50CITHRL LA — 7 L—7 %
Bt 10 mL % > v — LTHE Liddx, IR L7, BEiomi{bik, 100 (GA RO X< A 2 %A
aieX— =T ¢ A7 R EIZE WS, 34 C TR 5 HIXOAFIEMH OF A FRHA L.

(2) FAIRSZ MR E DORER
OFF LT I A 7V VBROR FUT Mo T D RARZ M (MIC 3BR)
FXT T b TH A2 VD B cepacia (X3 % MIC 1% 400~800 ppm T, B.cenocepacia \Zxt3 5
MIC /X 800ppm CTh-o7c (£ 1). £72, ANV T b~A D B.cepacia ¥ LN B. cenocepacia =
xt9 %5 MIC 1%, 1 WD B. cepacia #FxE 1600 ppm Th-o7-. Z D B. cepacia 3 L B.
cenocepacia ® MIC 1%, X7 FI7HA 27V UBILORRA N7 h~A U OFREHOFHRE (4
XVT F I A2 U2 ;10~20ppm, AL 7 h<A 2 ;100~200 ppm) LV HEN-T-.

@OAF YV =y Z7BRITHT 2 A= (MIC FABR)

XV V= IO B.cepacia \Zxf3 5 MIC % 1.56~12.5 ppm, B.cenocepacia (%3 % MIC |%
1.56~6.25 ppm, B. gladioli \Z%4 % MIC (£ 1.56 ppm LA FCTH-o7= (1), ZoAFVV=v7
2D B. cepacia, B. cenocepacia ¥ X B. gladioli \Z%}79 % MIC 1%, 4%V U=y 7 BOKEHD
HHERE (100~200 ppm) KV biE-72 (R 1.

QN F=A KT 2FAESME (MIC REREB L OR—3—F 1 X7 HABR)

NA REriZz Bzt & L7z MIC BB TliX, NU X~ A v AT ThoOMEOAEET LRE LR o7z
(F1). —FH, ME—DRFEIRE L TR m—RE2RM L7 CDA Bz W= 58ClX, B. cepacia,

B. cenocepacia, XUV B. gladioli 1%, XHEHKD R. solanacearum & RIRRIZNY X~ A v Gt

N=N—=T ¢ 27 AR MRIEMA R S (K1, £2). 2B, ME—DRFFRE LTI/ La—A

ZUWSILT- CDA £5Hi ETIX, 2@ TOEKOEBENEI N -T2,

@HRERG 53 5 HFIEZME (MIC RBR)

JLEERS 2 PDA £5#iE L7236 OB O B. cepacia \Zxf3 % MIC X 400~800 ppm, B.
cenocepacia \Zxt9 % MIC 1% 400 ppm, B. gladioli (Z%}3 2% MIC 1% 200~400 ppm TH 7= (E
1). Goto b (1994) 1% 1.25mM (199.5ppm) LL LD CuSOs Z&Eie PDA ETAEF L7l & s
PE &N LT, 1 WRD B. gladioli #Fr&, 31D Burkholderia J&#ME T 200ppm @ CuSOs %
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aie PDA ECAEFLE. 7o, 25 L LT L7 Pectobacterium carotovorum (2~ 154y
Bf), Pseudomonas cichorii (V% A6 438E) @ MIC X 100 ppm L F CTH - 7.
R 1 ZAFNOoHES VT IRIEAREE o6 D A FEEEA O i/ NMERLIERE  (MIC ; ppm)

S U e AR Y=gy Sy s )

A e R Bkt 173 Al TR A
RS NA NA NA NA PDA
B. cepacia (n =9) 400~800 400~1600 1.56~12.5 >1600 400~800
B. cenocepacia (n =4) 800 1600 1.56~6.25 >1600 400
B. gladioli (n =3) 50 1.56~50 <0.78~1.56 >1600 200~400
P. carotovorum (n =1) 6.25 6.25 <0.78 >1600 50
P. cichorii (n =1) 12.5 3.13 <0.78 >1600 100

FAMFEIC DOV TR 2 il & B S - ik 2 el L7z,

F2 N E~ AU L AEBHIEMOA M

FLpfERs
CDA-Trehalose CDA-Glucose
B. cepacia (n =12) + -

il e e

B. cenocepacia (n = 4) +
B. gladioli (n =3) + -
+

R. solanacearum (n =1)

+ AFMHEMN® Y. - AFHEMZRL.

1 NV E~ A 2 BRI K DA BRI
75 ; B. cepacia, 45 ; R. solanacearum.
R b5 HROEZ O ThD.

(8) 3D Burkholderia JBME DB FEZEHN 6§ 5 FARZ DB IO T

MIC R DFE RN G, 31D Burkholderia IBE DA XV ) = v 7RI T 5 ETEmNEE 2B
7=. —JF 7T, B. cepacia 3 L B. cenocepacia 134 X7 h W% A7V, AL T b~ rBX
ORISR L ClittER & 5 LB 2 b,

WAL D # <~ X X0 S0t S vz B. cepacia 3 LN B. cenocepacia TiX, XYV =v 7N
FHVREE 20 HARVEREE TR OB ZBLIE L2 2 EAWE SN TV D (2, 2022). 51T, 1%7 L
I —RERIM LT Ayers Bil ECOMME I T DA ML h~A 2 >@ MIC 7 1000 ppm LA
b, BRERER LK Fndn > MIC 25 1000 ppm UL E, A% 7 FF9 427 U o MIC 2% B. cepacia T 750
~1000 ppm, B. cenocepacia T 1000 ppm LLETHL Z ENMEINTWD (2, 2022). ZDZ En»
O, AR THEE S VR DO FERNRS T, R o 3L s Tyl S 4072 BRK O FEAIRSE M O 1) & A8k
R—E LT,

BB TIIAKBZTER LIcZ v R FHIEH 7O, X XREESND Z LIRIFEAERWED, [FH
— I T OB OMEE 7o HIZIEARIIT DLW, L L, B. cepacia 3 5O B. cenocepacia D
G LA b L7 b~ oA 2 ATHT D ARSI IE TG L 72 2 TO WK TRl b v/, Hulic
£ 6T EROIERN OB Z L RRIR TOREAOMPRILEZBE T H L, T OGO HEH
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B MEITFERFA OFETIT RV EHERI SN S

NR= =T 4 RV RROFERNG, RFERE N m—RUKFET 2581, NI EX~A BRI X
W 3 T Burkholderia Wi O/EFTMH NS S s d B2 b/, R solanacearum <
Xanthomonas campestris pv. campestris 72 & TlL, R COAEBMAIZE N H®E I THhDER (A
JII, 1996 ; Ishikawa et al., 1996 ; Ishikawa et al., 2004), AHWFZECEH L7- 3 fid> Burkholderia J&
IR 69 2 A FHHEIR R TNO TOMETH D.

PLEOE:H | COIBNESZ HMRE DFRERMN D, 4%V Y = VW) 3 # Burkholderia J&HHE D LEH M
FUCHDTHD Z &, W) F~ A U ULRFERE b La—AKFT DA A M 5 2 5iE 4
% i b,

4. B.cepacia BMEET BITHBITBIT D ¥~ X XHBEMEEBORE I3 5 & A OBHBREIR

(1) 1B TORRERABRD Fik
Ve B H IR B o 7 — (R R\ T2 HRT R ) N # ~ 2 FEEIZS (IEREEIZS T
RIVED & ~ 3 XULHEL 2> D IRNED & ~ X X EM £ TOMMIIIEM T 72 L) TF ~ % T HIEMBERUR EIC
XD A OB R RRBREIT o772, ZDIEH TIX B cepacia, B. cenocepacia ¥ L1 P
carotovorum OWHIBRENH 2. RERATE (2022 4E) OULHER (234 LB RER D5 U & 84 L7
L%, B cepacia D/YEEEIAIT T1% (10 B4 ER) &, AROMESRETH D L EZ BN,
HERSEAR & LT, A%V U =y ZEAKFAl (1000 (5478, NY 2~ A ikl (500 AR B KO
KERALEE 8K (1000 (575 2 Lz, 728, A%V ) =y 7 BEi2ETeREmAITIRIER, Y
B A 2 G R AN R 3 X OMRIE R, #0430 @ AL v AR IR 3 K OMRIE R 12 Rt
3 D (RIEBERIEH T AT 15,2023). BEH L LT, VAT FAANLKans@EF ) oL 225%:-
RYAFTZF LT AT NT—T )L 50%ERZNA Lz, fBXE LT, EBHAXEZRE L. AR
K 2 FTE R AIRE, 200 L/10a #Afi L7=. 1.5 x 3 m (Z 100 BRFEEE D % ~ 3 X % &4l L 7= B X
EIEE L, MEIX LT X A2 3 K ARLE Lz, fflE, T4 0 35 2L, ek,
JRIFAREE OBEfRIS L OV Y X U~ ORI TR o 7.
ARERIE 2022 £ 11 AERE T 2 RAEMERLCHEIE L= (£ 3). HBREFI 2K 10 B Z &I 5 [mhEf
WAL (& 3), I 8 HANIR LUTE 42 H L DBHCR A4 L. IHERTIZZES OIFRN A NS
NORPBHO>TNDLHD (K 2a) b LR AZESNBREIL TWD b DEBERRRE L CTOMBID HIRA
L, I TR OFIZONWTY AZXEZON L CRE L. £/, I OBRBIRIE—FI/MID 0 A
A L= b O &SRR (K 2b), IO D AR EI2I3WNAMEE DV A AR L 7= b 0 % NERIE
B (X 2¢, d) ML CRigk L7z, 7ods, INHERFIZ D AX~OBERIFES DL, IEE3
CBEFEL, Wik DR EIC v v b LT

# 3 1FETORFRS R OBE I L OHAIN BR A

- ~ AT R TR
E‘ i = = 7 °
W EW o 2mR smB 4m8 sER E Em&  wa
2022/9/14 11/15 2023/4/24 5/6 5/16 5/25 6/6 6/13 6/5 7/25
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2 FRXMEMEEROREIC XL D
FEOEIR

a; BEH DIFIN Y LVENERA~DRN - T
WDEE, by —FIMUD Y A SERR L 72
EK, c; WRIO D AR DSERR LTk, d; N
INEELD Y A DSIER L T K.

(2) v PRT 4 v 7 ERSITIC K 5B EEABAR D F <~ 3 SHBEHEBRURERE~DEEDHEE
HEHAT X D &~ 20 I 09 3512 & 2 FERCRITINFERT D 15.0% 7> B IFRIZ IZ1E 41.5%IZH#n L7

(£ 4). XV = 7 EKRRABAR XD ~ 3 FMEMEREROREIZ L D ERERITIERT T 3.6%, iF
% T 17.8% Th o 7o, INEEBE IR, SEBEBRFANOBMOFEL Lica P27 1 v 7 [H
JRaATIZ LD, Z OUHERTE L OMEE O ¥ ~ 2 FME MR BORFIC L DBBOREAIL, A%V )=y
7 /K FNAIBAN IS & 0 o & ik LT T 5 LHEE ST (5, p<0.05). K2, A%V =y
7 WEAKFIAIBAT XTI, BPsig O NEBIEICRIT 0.7% &, BEHURIX.O 10.6% & g L CTHEIZD 72 b
7= (6, Ryanis, p<0.05).
ZHUTK LT, KBS K FNATECN IS & 0 Iyt OBROR I AT 5 LHEE S e (£ 5, =
VAT v 7 EYREGHT, p<0.05).

# 4 IUHERTFS X ONITA4 1S3 1 D & ~ R X HIBE MR IOR 512 X 2 R
KEZ LD n %k R Z L DR (%) SEEE IR

A A IRp ] KA

1 2 3 1 2 3 (%)
Z% VU = 7 EEKFA 92 94 89 1.1 4.3 5.6 3.6
A R F~ A RHA 100 90 88 16.0 21.1 205 19.1
KAl 55— 4K Fn 93 91 95 86 286  16.8 17.9
AT 101 93 90 119 129 222 15.5
FX VY = 7 KA 92 94 89 10.9 170 258 17.8
Wi AR A V2 71l 100 90 88 480 444  B5.7 49.3
IR EA L5 S K Fn 93 91 95 462 484 558 50.2
AT 101 93 90 38.6 441 422 41.5

P EReRIL (8 AR DA RHENE/3 FAE DGR n¥0) X100 (2 XV R L7,
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Kb R XAMEVEEIORE 12 K 2RI 2 FAIHA OB O HEE

AT IRF 1) BILEEA FlUFRE AR S zfH p fiE

Z% VU = 7 WKFA -1.54 0.4 -4.3  <0.001 *

A WY B A 2 EA 0.28 0.2 1.3 0.21
KA L 55 SRk Rl 0.19 0.2 0.9 0.39
Gk -1.73 0.2 -10.6  <0.001 *
Fx VU = 7 KA -1.19 0.2 -6.0 <0.001 *

Wi AN e V2 71 0.31 0.2 1.8 0.07
VI Y b 0.35 0.2 2.1 <0.05 *
gl h -0.34 0.1 -2.8  <0.001 *

JEBEEB A ERCR, AR A SREAOHWAMOAHEL Licn D27 ¢ v 7B L0 i L7z,
*p<0.05 THD.

* 6 Uitk O & ~ 3 AR M ROWE & OEEAL Z L 0BG (%)

FEHA n  INBER Y NS
AU = 7 ERKFH 275 171 b 07 b
N B A 2 A 278 38.1 a 11.2 a
IRIRAL A —8R/K Fnl 279 409 a 93 a
AL B 284 31.0 a 106 a

*B72 5 CFE Ryan SEIC K D A UBBOFH Z L ICHBEERH S Z L 2= T (p<0.05).

(8) Z =R MBI BORE X 5 B EERA OB5ERZIR
Fx VU = 7 ROFEREEH FTO Burkholderia B39 5 B MHEIIFRIEE <, ¥~ R XMEF
PEBROREFIZS T 54 F Y U = 7 BAKRAIBAGIC X 2135 COREMBIZNEIRBO . FRZ, Uit
Wb, BEE DT WNEEIOIMEIZh RS Em o T=.  BERIES OIRIFHNE OE ST B cepacia
ThHoHT s, XYV = 7 BKRAEARIC L DPERDRIIARTEI T 2BRIR TH D L HER S
5. ek, ARBRILS ~ 3 TR OREN LA L, F—3A % 5 BREM L2 HE ORBRO 790
BRI DA T CEHAEEDN DR WGEDHR L LETH DL EEZDND. FHIZ, RIKROPEREE
TRIRA « DRBNTBIBRT 272012, Z = R FME MRS &G Lo T WRBE RS ~ RT3
LT WAEFTAT—VEHLMNITHZ LIS ®%ROBETH D,
KBV B 8 ARFNAIBATIC & 2 2~ R Ml M O & 1283 5 135 T O BRD R ITRD b igino
7o, Fio, EXREH LTI B cepacia 1I8ATHENH D Z & D, B cepacia HMELTETH HRBRIZ
TORIRMREBIRNEZ X BT,
NN F AT ARABLEIZ LV, 2~ R FME MR ORE 6T 21335 TOBIBREIRITFE D Hiven-
oo WU H~ A AEIZ LD b~ MEME (R, solanacearum) <0 v~ 2GR (X, campestrispv.
campestris) DBAERNFIIRED RN OB HEFEIH d X O EERNAZIEE OAFEROMGNC L V5 &E
SNDHZENRHALMNTEIN TS (Ishikawa et al., 1996 ; Ishikawa et al., 2004). F7=, ZDOIEFH
H A =X LE LT, [AHLEIZL D R. solanacearum RO k Lot — R iRl S5 PED BLE D H A
HoNcsnTnsd Call E, 1996).
INHDZ LG, N Z=A 2 AP LY 27~ 32 RN E (269 2 DIBRSIR G0 /e
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Mol ERE LT, XX OMME LS L IENETIX, MR OHEFEIEIN R IMER N ATREMEN & 5 .
KBTI, hme—2%2M—DRHFP E LG, CDA B ETONY X~ A 2 ALK 5 B.
cepacia =° B. cenocepacia DEEMHIN R. solanacerum & FFRISGRO bz, —F T, N X~ A
VIR AT R O Z ~ 2 X O E b L IIREICE T 2IREME O F Losm — ZR0Z O o RER
OFACHEEEOERBIIAHTH S, ZOZ L ZHLNICT LD, N XA T A% X
Y ARFXFOMEME LS L IZHE COMBEBEOBERENLETHDH. £z, ARBRIL, EHAMXOIL
FERL DI 41.5% L @O THEM LI Z 0D, BAEREMEOEM TCOBBRIFEOBREFTTZ21T 5
728, BEUFEOREBRE RO Z ORI Z M T 5 LEN D D.

5. Bbbhic

AWFFETIEA XY U = v 7 ERKFFIOBAGN B, cepacia MME ST HI1EH TO X ~ 3 XMl M IR &=
DFRAEMFNCADTH D Z EEZALI L. —FH T, RRBRIT Y ~ 3 SHIEMEERORE NS84 L,
[l —3H 28 LR R TH Y, HEFHHO BIRFEA S0 T T O b 22 BEBRIEIEC B BRBAAA R 18 &
TRV, BZ, B. cepacia L [FRl)& Tod b Burkholderia glumae Ti%, 4%V U=y 7 BOIMEED
TEENfER SN TEY SPI6H,1997), AFIOLZHITRET 5 Z EREE L. R CREAITZ TR L
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TRV, ZOMIZ, BWERIZEBWTIE, 6 ALY v~ X FUHER MR ER 258030, ¥
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b= FEHSUWREICHT 5B Z% SDHI FIDERE
Selection of effective succinate dehydrogenase inhibitor (SDHI) fungicides

against Fulvia fulva causing tomato leaf mold

RERRZENIER R v 2 —
BB IE I
Shunsuke Asano, Nara Prefecture Agricultural Research and Development Center,

130-1 Ikenouchi, Sakurai, Nara 633-0046, Japan

Abstract

Leaf mold caused by Fulvia fulvais one of the economically important diseases of tomato in Japan.
Resistance to several types of fungicides, including succinate dehydrogenase inhibitors (SDHIs), has
been reported in isolates from Japan. In this study, we evaluated the sensitivity of F fizlva to SDHI
fungicides and SDHI fungicide efficacy in control of sensitive and resistant isolates. The minimum
inhibitory concentration (MIC) of six SDHI fungicides, excluding isofetamid, ranged from 0.1 to
>100pg/mL against mycelial growth of 45 F fulva isolates collected in Nara Prefecture, Japan,
whereas that of isofetamid ranged from 0.1 to only 10pg/mL. The peak MIC distributions of
fluopyram and isofetamid, inpyrfluxam, and remaining SDHI fungicides were 10pg/mL, 100pg/mL,
and >100pg/mlL, respectively. In an inoculation experiment, only isofetamid controlled the highly
resistant isolates. In addition, moderately and highly resistant isolates were controlled by the
application of isofetamid 6 hours or 7 days before inoculation or 3 days after inoculation. Our results
indicate the presence of cross-resistance and different levels of sensitivity reduction among SDHI
fungicides. Isofetamid showed the lowest resistance development among the tested SDHI fungicides

and was considered effective in controlling tomato leaf mold.

1. IZC®IZ

k<~ NEENOYFIL Fulvia fulva (syn. Cladosporium fulvum, Passalora fulva) \Z X V5l &z &
., EAO R~ MEFEICBIT 2 EEREO—>ThH D, ENVIROHBITERIIKA~FY —T A0
EENEC, TR E D LBEIZR D, BENE CIEMLOERIIZEAOHRNRO HND
(Thomma et al., 2005).

ENTHIE SN T2 DL IE, ELUIRITH T 2\IMEIE - Th D CF2. Cf4. CF6%T-
X CF9ZRALTVD, LinL, ZNODOEBMELZFTIT 5 L —ANENFHTHRAELZZ LD
(Iida et al., 2015), ZEEHI~DEFEENE E > T\ D, AR 5 B E3H121% SDHI #. Qol
#l. DMI A, MBC #l. N-7 = =/ B3 A — b5 JOSAEH R EAIN & £, (ERBEIEITZ
2D, LavL, MHERE O HEBIZ X 0 KR OBPUTHIRA 03D D RBUZ D D, MHEE 2R S 7z
DX, AfROTETH S SDHI AN Z. Qol Al. DMI Al, MBC Alis L O'N-7 = = /L 1 /L8 A — |
Th5 (1), SDHI ANZIW T CORZIMEDILT &AM IR T ORI O T 3 B Sz o
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i, XUTFAET R, KRBT R A VETFLA EIVTLIR, ILFETLEEZHBD (PR
2021; ¥ 2017 ; AFf 5 2023),

SDHI ANTHE—DEMAREZIERN E LTV, 7 = A (tricarboxylic acid cycle) ® I k= K
V7 BFEREGERL TH L a7 B KFAFRZNE T2 2 LIk, Moz L —pEA%
FHE3 % (Sierotzki and Scalliet 2013), oD%t & [AEkIZ SDHI AT £ < OAZEMMEDHE A3 %
— 5T, BBRIRW T LIS EMME ORI FEHRIM 2N E T 2 F0I0 R ST\ 5, il 21X, Botrytis
cinerea, Corynespora cassiicola, Podosphaera xanthii Ci% SdhB ® H272R %7213 H272Y £ %%
AT LHRAHY FBEXOXCFAET FIMEREICH LT, ZAFE T AIEWEIREZ R LT
(Veloukas et al., 2013; Ishii et al., 2011), B. cinerea ® N2301 ZEKIIHR AN Y K, XUFAET R
BLORTINVAET AT HIliEEZR~RT—HTA Y 7 = I NIk LTI TEORRE MK > 72
(Fernandez-Ortufio et al., 2017; Zuniga et al., 2020), [F£EIZ b~ FENOYFEIZOWTH SDHI A
M B DS VIR AN 2SR D B AL, ZDOHRTIAAE T AT DS EITEm <. — TRy
FAET R, RABY K, A YETHFA TV T70I MROMERICH 72 (FiIBS 2021), Fiz,
AV 7 x# I RNiX, Alternaria JEX> B. cinerea TlX, o> SDHI #l & ORI RN MM 7R S 720
FHHDHE SN TWD (Zuniga et al., 2020; Forster et al., 2022), ZA 5D Z EnE b~ FEENDYR
B ClII#E D SDHI A3t T AMHTEE A ER I AL TWD OO, BIgCOME T % 5 2 A D FE
T 5 AREMENNE 2 b LT,

BB, WRBRTO b~ FENDIRITH L THIZRIEANT TAITH LS TPN, v BT, ¥ 74
VAT BT AR ULVERBE & Do T SAER S EAIN ETH D (R 2), B ORR
DR CEXDDIEIDMIFIDOY 7 = ) aF Y — VDR THY | WPIEORIZED Y AT ZF[ET D L 3HA|
DBRPLZI{LT Z LM ROLN TN, ZORIRBEZEDRH Y b~ FENOIFOPIFRIZA 272
SDHI Al % #5% U755, Asano et al. (2024) [2BW\WTA V7 =¥ I ROMRP R b E L AE R
LAV THERAERD D Z EEHABLNICLIEDOT, TONEERINT D,

&1 b7 P EPVRETHERIRE S N7 EH

FRAC N FHH| 51F

NRYFAET R, RKZAAHYU K, D 2017; FIE S 2021;
7 SDHII ~ \ - -

27N AVETY LA Asano etal. 2023

. . . EiZ 2017; Watanabe et al. 2017,
11 Qol#l TUFLZRbBEY, BURVAHLT
EEF S 2023

3 DMIZ| FU T —L D 2017
1 MBCH] FA 77— XFIL D 2017, KM 5 2023
10 N-ZxZIh—n"N,—F PTbrTzvhiLT D 2017
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xK2 RERETO MY FEAQWIBICHT 2 EELEA EPBRMR

FRAC %k SEH| B R Ah®

M5 TPN 100, 100. 99
M3 ZER = w7 99
M4 EHMEER v T4 77
M7 A/ 7R UVTILRIIVERIE 66
3 DMIZ PT7x/aF/—L 99. 97. 79

EHOHBRDERE T,

2. RERA® b~ MEIUYSE O SDHI FiZxtd 5 B 4

2018~19 FITHREIRND 16 ikl 5 b~ FENDIHORIFIEN D 45 FEEZHI L 72, Zhb
ERRD SDHI A 7 AN x4 Dz iE %, 0 (2017) 12HE - CEREM TRl L=, MBIV
HHNL, v TFAEITI R (T 7z h7aT770), RABIY R (B AZARITAL 70T IN), £ /F
TYL (7 AZ—7uaTTN), EF3TVT7NIRK ONL—F2070T7 70, A VELTLIH A (B
FRATaTITN), TNVFETEE FvT o7 TIN), AT 2HXIK (KoY T7uaT 7)) T
HD, 212U, A VENLTAFTYLETNNEET AT b~ MENOYRITHT 5881720, YB B
(Yeast bacto agar ; FERE= % 2 10g, <7 b 10g, X 15g) & 4% SDHI #|% 0.01, 0.1, 1, 10
BLO100pg/mL (2725 K5I L7T-, PSA 5 T L7 EiK%Z bmm fAiZ9)0 L, 1.5mL 7
2 — 7 N CIREZAE 7K 800pL (ZHRE L 7o, 1557 EEENKR 10pL & SERIIS B U T L,
25°C, WEA N T 10 HEHEE Lz, BMROABTOREZFHE L, f/VEBIERE (MIC) ZKH7-,

A4 Y7 x4 RO MIC X 0.1~10 pg/mL LIRVWEHFIZH U | ZOfh 6 A% 0.1~>100pg/mL T
Sl NUFAET R, RAB Y FBLOA Y ETH A0 MIC i 0.1~1pg/mL &>100pg/mL (25375
NTEY, 80%LL EOEKIZ>100pg/mL Th-o72, BT Y703 K> MIC 73 >100pg/mL Tdh - 7=
FEDOEIAIT 60% TH Y | AHRD 3 F L D ORE o072, ks, MIC OO E— 7134 ENLT )L
¥4 AT 100pg/mL, 7V AETAEAL Y 72X I RTHEH 10pg/mL TH Y | HOIEAF & b~ TR ME
mAzRL7E (323) .
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RIEFZRETHERLAZ MY FEIVFERICBITA2ESDHIFIOR/NAEBHIEEE (MIC) BIOBEKOES
RNEBRIEEE (MIC) (ug/mD) BloEKOEIE (%)

A EHREK

0.1 1 10 100 >100
RYFAEZ R 13 (6)° 4 (2) (0) 0 (0) 82 (37) 45
RzAY R 13 (6) 4 (2 (0) 0 (0) 82 (37) 45
1YL 18 (8) 2 (1) (0) 0 (0) 80  (36) 45
ESY 7R 18 (8) 0 (0 7 (3) 16 (7) 60 (27) 45
AVELTILFH L 18 (8) 0 (0) 33 (15) 44 (20) (2) 45
TILFES L 4 (2) 13 (6) 78 (35) 0 (0) (2) 45
472K 11 (5) 13 (6) 76 (34) 0 (0) (0) 45
EMRE

RUFAET RERAHY Ko MIC 28 0.1 721 1pg/mL Th - 2 EKIT, o 5Kl MIC E2
0.1 £721% lpg/mL TH Y FIFEOREZ 2R LTc, FERIC, XUFAET RERADY FIZXT 5
MIC 73>100 pg/mL T 7= 37 EkH 34 @WERIE, fthod 5 Al> MIC 7% 10~>100 pg/mL T v &3z
PERET LTV, 704 8T AIzxd 5 MIC 28 10pg/mL TH -7z 35 BERIZ ST, A ELT L
XY A2k 25 MIC 28 10pg/mL F7213 100pg/mL TH o772, A V7 =X I REFRL 6 AT TO
MIC 73 >100pg/mL %/~ L7=DIE 2 Bk O A TH -7 (F4) |

x4 RRETERBRLA N N EAVREOERZN TN OEZRESDHIFNC T 2 B3
RAEBHIERE (MIC) (ug/ml)

— : \ - - BRI
RYFAETF RRAYEK AVYEIHYL EIVT7LIF AVYELITLFYL TILFETL AV T7zXIR

0.1 0.1 0.1 0.1 0.1 0.1 0.1 2

0.1 0.1 0.1 0.1 0.1 1 0.1 1

0.1 0.1 0.1 0.1 0.1 1 1 3

1 1 0.1 0.1 0.1 1 1 2

>100 >100 1 10 100 10 0.1 1

>100 >100 >100 10 10 10 10 1

>100 >100 >100 10 100 10 10 1

>100 >100 >100 100 10 10 10 4

>100 >100 >100 100 100 10 10 3

>100 >100 >100 >100 10 10 10 10

>100 >100 >100 >100 100 10 0.1 1

>100 >100 >100 >100 100 10 1 1

>100 >100 >100 >100 100 10 10 13

>100 >100 >100 >100 >100 >100 10 2

ait 45

MR ERRIZ k5 3T SDHI A DO &HAKD MIC 1% 0.1pg/mL Th 7=, Z OfEFRITFE 5 (2021)
CIFIERIZETHY, TZTEHUFAET R, RADV R, A VETT L EIVT7LI RBLOY
WA ET AOEAKO MIC 1Z 0.5pg/mL L5 ST\ D, KRETIENCTFAHET K, RAHY K,
AV ETTLABLIORE T V73 RO MIC #3>100pg/mL Th > 72 FHROEIA 1T 60.0~82.0% & >
o, TOZEMNLRBRTIIIND 4 FEOREAZ ENOYH ORI 3~ & TiZAw L5
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Jize Fio, IAAFETLEAL Y T 2Z I RO MIC D440 E—2 3 10pg/mL, A > B /L7 L%
A CIE 100 pg/mL, OO A TIE>100pg/mL T v . SDHI A CREEZMEIC K E =R/ Hh
oo NUFAET RERADY RO MIC A 0.1 8LV lpg/mL Th o ZEKIZT T, fhod 5 A%t
9% MIC 28 0.1 £721% 1pg/mL Thoto, EHIZ, XUFAET FERZAAY R MIC 25>100
ng/mL & 725 - EkED % < X, oo 5 FEED SDHI AN 54 2 EZMEAME T LTV 223, Z OFfEEX
BIM TR o7, D OfER) S, SDHI AIMIIIRZ ZAMERFET 2 b O 0, B2 T
FEICITEEFIE =N H D Z ERH LT/~ T,

3. BEMHORZRHEKRICH T % SDHI Al DRFERZNE

TR C ORI AT T D72, B2, PREMMES X OV MM PEO BEEA 1 @EkE b~ MZ
PR U CPIbRaR 2 920 U 7o, SRR I1X SDHI A 7 419 To MIC A% 0.1pg/mL, HHREEEMmHEEE X
AVENLNTILEXY LA IAFETLABLOA Y7 =43 RO MIC 28 10pg/mL, £ OfthdF| D MIC A3
>100png/mL. EEMYEEIZA Y 7 =% 2 Koo MIC 728 10pg/mL., # Do #|o> MIC 73 >100pg/mL
EEF LT, AT PSA PARESH T 25°C, HEER N C 14 ARG Lz, W@EARRKEMZ, T
TIREIL % 3X105 A F/mL T Lz, b~ b PEKEB 8 1 15em A v FTHbE L, AZE 5 #.
B 80em BFIC V2, 2021 45 10 AU 7 Al Z 2 BB EIRE AR L Tl L, B % Ol B
IZ b~ b 1EEHTZD 5 ml OETRBIRAESE LT, FRHHAS, B 20 B, BRY720 4 HES
RIGUZLL F OFRHERCCTIME L7z, 0 JWBEZR L. 15 IS5 O D WBERAEAY 1~5%., 2 ; 6~25%,
3:26~50%. 4 ;51~100%, HEEIL. (1A+2B+3C+4E) /4F x 100 & L CEHE L7-, A, B, C. E
X, ENTNORFEHNCKIST 2EEDOETH Y | FITRHE L7 EEORETH 5, BikRMEFm
FENGREH LT,

B MR % LC SDHI A 7 A9~ THBABRAN 97 L LD W R Z 7R LT2), HRREEMIMER Tk L
TRUFFET R, RRABY R, A VETHL, BTV T RBLUA » EL 7% AT 2
~35 THVRITRBO SN hoTe, —HTINFETLEA VT =4 2 REBBRMNE N 56
& 100 TH VRNPWD Bae, @EMPEREICK LTEA Y 7 =4 I ROADBPRRSRETR L, €D
Bibfliix 92 & mholz (R 5) .

®5 REMORLD b~ FEAUBEE IS 2 SDHIF DO BRRENE

FEEE RS EETEE
SEZ | VE T 2R VE T 2R E T R
=7 %ﬁ(i* S DI w!ﬁ» %ﬁ(jj S BIAE <uh2|/iﬂ) %ﬁ(jj S DA <#“2'/i.>
RyFAET KR 5 1 99 0.1 100 93 6 >100 100 90 10 >100
RRAHU KR 7 2 98 0.1 100 97 2 >100 100 97 2 >100
1AV EZY L 12 3 97 0.1 100 85 14 >100 100 90 9 >100
S 73K 0 0 100 0.1 88 64 35 >100 100 80 19 >100
A EILT7ILEH L 2 0 100 0.1 100 90 8 10 100 92 7 >100
JILFET LA 0 0 100 0.1 72 44 56 10 98 78 21 >100
AV 7zXIF 0 0 100 0.1 0 0 100 10 20 8 92 10
AR 100 99 100 98 100 99
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BrEHuRg E T o> MIC & H2ERRER C OBHBRAMGIZIXBIEME 23588 Hdv, MIC 23 0.1pg/mL OERRICKT LT
IEBBRA 23 8 < . MIC 23>100 pg/mL TIFRITRD D o7-, ZORERIT L (2017) il
5 (2021) & —%T %, Z2d. MIC 28 10pg/mL ORI L TIXBHEREA 8~100 & HEA 0 S
2o A Y 7 x4 KX MIC 28 10pg/mL OFERIZH L TRV R Z /R L2, A v EL TS
DETNFET DTNER 20 D VITEL . MIC 235 W R CIEBIRR R KA =N E T 5 2 b
BHLMTR -T2, 2SO Z Evh, MIC 1% SDHI MM 1264 2 BiBah 42 4 2 B2 F
EEThy, 47X NI MIC 2 10pg/mL OEFEIZx LT HEWBBREI R ZRT 2 & B3 5l
ol

4. 4 Y7 x4 I FOFRHEB I ONEERDR

FEHh T LR RO, BS54 Y 7 =X 2 FOWAMM 24 25 2 & TEME L1z,
BEREIZHN L IcA V7 2 X I RO b~ b~OBARIL b~ MEENOYRE O 534 TRBIROBRE 7 A
Aif, SRR P (PRl 6 FFRRIAT) | E7o 3B 3 HARICEN Lic, REEMMER & & ML o 1 Bk
TR MWT, HETIBERIE 1X105 534 F/mL (CFH# U=, FWRA TR 27 A%IC1T -7,

A Y7 =& RITHRERS L O EREREEIC T UC, BEFE 7 ART, BN A3 X OBRE 3 A%D
A D9 CCTRARR 77~100 OE W R E R Lz, 7ed5, B5RE 7 A RTECRIZ, o BfmREl &
TR L e o7 (F6)

#6 P MEIRICHT 24V 7 x24I FOBERERMNTORHBRNE

B FREMEE BEMEE
SHH) iAo — —
REER RBE BWE RRER RBE PR
AV 7xRIF ERETHE 3 1 95 42 14 77
EEHH 0 0 100 20 8 88
EEIHE 0 0 100 15 4 93
RyFFET R EEHH 43 23 0 84 52 13
HEALIE 40 18 95 60

IO LML, A Y7 =X I FiE v FEPORICH LTTRRIRIIMZ, IBRAZRIREHT D
ZEBMLPITIe o7z, [RIERIC, SDHI AI3ER % 22 F IR U CRYE OB TORIFRIR 2R LT
B, XUFAET NI FE fuluva, 1 Y T Y 5L Sclerotinia sclerotiorum, X2 v Y 7 )L E )L
X C. cassiicola \ZBT HWENH S (&4 2011; Huang et al., 2019; Zhu et al., 2021),

5. BbbhiZ
ZRBULTIX SDHI ANCK T2 b~ MEENUYRE O MEDOIR T A3 mEE TR SN, 20Xk
W FTH SDHL A 7 FIOHFTA V7 = I ROREMEDORREN R HIK . ORISR
W, PREEMERER L OEEMTEEO VTS L ChENo Tz, EDITA VY 7= I RITPRishE
72Tl IBREDREBEMEREICH L ORLTE, 202 EDLAAIIRBRIZEBIT S b~ FEM
WIRDBIBRICEZN E B 2 Hivd,
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BURD b~ N EEDOYE OFBRAR O HL T TPN S0 SAEA sl ERTH 0 . Zh O IXMkRh R
DENZ AT MEY A7 MRS DD | G ORRITIFTE R, ZHUTKH LA Y 7= Z 2
RIZERBZICOIRERT ZEND, B LT WRHTOMfEAEZEE L T\\W5D, HL, fho> SDHI
F & ARSI TR E D ATREM RN S 5720, MHARRUT 1B 1B ETH&LEZ D, £
7o, BEAIBAUNOBRGEETH Y | ARQBEROMERNIE R T2 L, AIFO—RAZGRIT 54
TTHY ., FEENCEMICAE L TEFEL TV D, O KBEWHENETH Y, 45°CT 3 KL
FOZEFETHERL, ESChIUIt =— AT 2EHARDUIL T TansRrfsons (LN - &
H 2020), ZEAITZ < OFRFICHT HHBROFLTIES 503, MEEOREEZMZ 2 Z LIz,
FHIMLE L CAEZFIT DT DIC b RERERTZTICHE L 2 WG R BRI R MEIT L D 2 & &2 B
e LTz,

5| FH TR
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Fungicidal properties and sensitivity study of a novel fungicide KINOPROL® (MIGIWA®)

HARH ERA S WFJERREASES /s | SERT
VG B A
Shigeki Nishino, Nippon Soda Co., Ltd. Odawara Research Center,
Research & Development DIV. 345 Takada, Odawara, Kanagawa 250-0280, Japan

Abstract
KINOPROL® (code name: NF-180, common name: ipflufenoquin, product trademark: MIGIWA®) is
a novel fungicide discovered and developed by Nippon Soda Co., Ltd.. KINOPROL® inhibits
dihydroorotate dehydrogenase (DHODH) of phytopathogenic fungi, therefore it can be classified as
a dihydroorotate dehydrogenase inhibitor (DHODHI). KINOPROL® is the first fungicide with this
mode of action to be commercialized for agricultural and horticultural use. KINOPROL® has
outstanding fungicidal activity against fungi in Ascomycota such as Venturia spp., Botrytis cinerea,
Sclerotinia sclerotiorum and Colletotrichum spp.. Cross-resistance between KINOPROL® and
existing fungicides has been not observed in V. inaequalis, B. cinerea, Colletotrichum fructicola and
C. perseae. In the field trials against apple scab and grape ripe rot, KINOPROL® showed excellent
effectiveness. To prepare for the resistance management of KINOPROL®, it is important to
understand its sensitivity distribution before actual use. Hence, it is required to establish its
methods for sensitivity monitoring. In order to obtain the sensitivity monitoring data of KINOPROL®,
the inhibitory activities on mycelial growth were tested using the isolates of V. inaequalis, B. cinerea
and Colletotrichum spp. causing grape ripe rot. As a result, the range of ECs0 values against V.
Inaequalis and Colletotrichum spp. was estimated as less than 0.2 ppm and the range of ECso values
against B. cinerea was estimated as less than 0.08 ppm. The ECso values of KINOPROL® for these

three pathogens formed single-peaked normal distribution.

1. I IUBIT

X/ 7 —® (IFXUe) [ THAEERASHLHEN - AR L7 =170 ) — L EEEZHT 5,

BREMZEAE L CERbENYIOY e Fuadta M7 e e s —€ (DHODH) FHEHITH Y
CGERLD, 2022), KB 3E 72 EOEMIZ R AT 5 A FN FICEN B R 273, EANTIX, NF-

180 DBHFE 71— R T 2014 4 & 0 —fthHIiE N B AMEMB 5 s 2008 U C AR 2 BAs L. 2020 4

7TH 14 Bff TCIXUerya7 7 e U CERREEBISG LT,

¥ 7 — LOTRNR D & 3 0 HHUEEEOREH TH D720, ERRTORSZ S A g T2 2 &
IXMPEREEBICB W TEETH Y | EZEREEOHELPILETH D,

AL ¥ T a— AeDERFHEICOWTRMN T2 L EBiT, /7 — R egha Rkd U o I REN

B, 7 RUBEIRE. IREDOIR IS DS MR E L & £ ORER RIZHOWTHET 2,

35



2. WEALFERMERG I OR ek

X ) Fu—LepkEE (4 1),

WA LARPEIR S KOV
X L CREN DI N T

U IYAF LI LD LT LA M E ROREUS

F

Y EACFER R

— A
JRAR PR
B0

OH

b4 (IUPACFI44)

B A% 53
CASE Gk 5

YEER S (RACE &)

ke

EMEIZOWTIZLL T D@ Th b, F72. A

CERERL TS (F 1),

s A 777 =% (Ipflufenoquin)

P Sa—®

(KINOPROL®)

XX UNTo T I R W)
D IRuC10ve T (BEH)
22 (27,8 TN E2AFNNX Y 3 A A FY)

. xm*‘ﬁ

6-7 AT =] T a2 — )b
7¥52 (DHODH[H %)

: 1314008-27-9

F SR (i) : CioH1FsNO, (347.3)
e : 114.4~1155°C
KRR JE : 9.20 mg/L (20°C)
1. ¥ 7 a—Lepfsd F 7 & —NIKG AR (LogPow) @ 3.89 (25°C)
AKE :© <1.0x10® Pa (20°C)

AE&&(EW F 1. ARAEYM~DOEE
ﬂi (Fv 2 5 >2000mg/k %S

§ 0 Ry 7 Gt 4

MIRARE (v k2. &) . LDs, >5.06 mg/L ERYL A7 —> P ik %
&gﬂﬂ@ki@ﬁﬂﬂ@<¢ﬁ%):ﬂﬁﬁ@b AT VAT B HEOB G 4 A%
KRR AERE (ELE > ) LR L ~ A28F D AL L 8 WAL
KEBM~DOBEB (EH) SvabTVEF= - AR [EKE3: il %ﬁ%iﬁb
FORAPERME (21) . LCy, >6.02 mg/L, (96ief) [ ZUAZYV H = puh » KA I A L4 LS
LU AN K E . LGy 25mglL (48Kf) |74 35775 2 F & (F34§?NA%) B L
A B HE : LrCs >3.6 mg/L (72M5H) = e EVEEAS o VISR, W7 L

VIOBCIZ L % FFAI ML T LV, BB 360~ 30% Rl & L & LT

Y 90194 HFHRIRFELEHM L &4 — 0 A SIHEFTETRR

3. EHEY - RE
Bl - FXHELTIFU®20 70770 (LR, £/ 70 —1®220% 77 7)V) OfFmsa Tl oratk
FUOBERR O AT, 7 RGO - BEE R, T ¢ BRI &2 ORISR B R 2 R L,

£ 2DOEY - IREZRIBIREEZEGE L WD, £7-, BEHALLTCIXUI0 7a7 7L (LIF, ¥
)7 a—® 10% 7T TI)V) OPFERLTT AXBLOS V7~ A & BEHEDOIRAIOYRE « FEGHR.
PRAELIF % HODM IR ISR E IR 2R L, 2% 3 OEY - I EZ RIS E TS L T\ 5,

4. TERHE

X 77— LOIRIRE D de novo BV IV UAERRIZEIT D, Yk Fuda MNgEMLL AT NBRA~OE
WAt 252 Fede MNg7 e Frs ) —+8 (DHODH) ZHET 5 Z L2k o T, WEBRDER
ERETLEEZLND (X2) GRS, 2022), FRAC 21— REOEA BB O THHEO/ER
BORTZEMD, X/ T — A TR0 a— K [52) (2o Eniz (FRAC, 2022),

ZIZT,F T u—®10% 7 v T TNV ORBEE AT LIcF 2 7 U OFHEIL, 7T IVEGHRIZE T D
RATBR AR S 1 OV Rl R A 2 & i (R Bt 2 VRO U 72 JR B 0 OV 1 OO B 1SR TB iE & 1 L T B2 S & 5
fliL7=, ZOfEHE, L-¥t Ruto Mgnb EROWEIZAR O TN RICEE L )-8, 41 k

36




BRI D NTIOME DAL T TTUZERMET L7z (M3) GERD. 2022), ZD72d, ¥/ 7 m—/L8%D
PR L OEZHEREIL, BV IV VEHESERWETITOLERS D EEX DN LD,
TNHEEA L7 SD Agar 2% Glucose (Formedium #:82) (BLF, SD 5#h) (245 B L. LA OME

T o7,
#£2. IXU0 7T TNOEAEY - ER KO HAE (2023 4 10 H 25 HHE)
e . AT ITNT =) Fo
s | ammiss | e | B e | SO e s nmge  wm
i 6 i R [ 2
) ENTIR
. |mEm
A [ e
K 570 U9
L %%ﬁ, 2000~
PREIVReA 4000
B5L5 |Rak
e KR
. LT AR
X7 B2 g
X 5, O o
LB [IOR AR (6 ) 200~700 | HETLT | amans SIS
e 2000 i
5 8N TIR
. BRI ~
N
W I
s RENOTE
SED germ 2000
15 5
AED RO 2000~ _
% BRI 4000 2m~momﬁﬁwjzﬁuw PEI)
#3. IXUI0 7T TOEY - BARER XOBEHSE (202349 A 1 HILE)
B - LT INT =) ¥y
T4, G | TR | SRR | e | KA T ke |
(%) (L/10a) i |4 o %
{1 [
TR 7 O
b¥x  |FEER IS 7
v RIS T
“ﬁiﬁ%mﬁéﬂwﬁ
S hw b K% 99
AN
Ry |EER
5 ¥ b T 100~ N \ \
Lk 1000 o Wfiﬁ S AP SIS -
x5y |AEA
BB
2 5 Kk
o, P EAMTH
TV IRen v
SYEET, —
S TR ey st FE i~
/\Zg—/;/;T IR A2 7y ONF S 130

37



F N
F
¥/ Ta—n1®
o o o J_ o o
DHODH
HN HN HN
HzN’u\/\./lLOH ‘
Xh, - —> O T ;\ —>—> A,
H o) H
Lonsiy Ve Frdo b A b V7N

X 2. %/ 7 o— LoD E R

=

L

L-ZnEIv
ANIREANVY BE
N-TD ST VLT ART X
L-¥b Fadu M@
Ao g ]
I el BV S —

vy @

U7 :I )

0 10 20 30 40 50 60 70 80 90 100
BARAl

8. ¥/ 7 —A®10%7 17 7 VORI RS & S FRIRINIR SR X5 T

5. {ER%E:
5— 1. BEFORAIMME CXI 2HEENE GFHRE)

BEAFRE AN IME £ 72D Y o FREFEB L OKEAPOIRE I T 5 F ) 7r— 2O HiHE
T % FE R RIE TR LTz, %7 7' e — LoD TEVERR HUREE A 5560 2 728D 0.05%EERET b U T A
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& C. perseae) |2k L CHENT-PLETE 2R L, R Z2MPEITFRD e o7 (R 6) (HE 5, 2022),
# 4. X 70— PO FREANCIHE E 72130 Y o TREIRE ISR 2 PrEiE Tt
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L7z,

7—1. VVIBRBRREORKRSZERE
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EEIem DT T AF v 7 % — L2 SD B A 20 mL i LIAB AR ZVERL L2 DI, Sy BfEE A fi
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Czapek H5H#11Z 1/100 &2 AN L TRUEREHIZ (ERL L 72, 7ods, MEALER XTI A S OWE K 2 IR L7z,
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TOXNSERMREHER (%) 2EH L7, BRI 3ETITo72, BB, BRKOEFZEL 4mm &
ZLIWTE L OEFXOEFEBERE L,
FARMEER = (EUMXOEEBER - WHKOEZEELR) /| ELFXOEEBL) X100
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Abstract

The purpose of the global Fungicide Resistance Action Committee (FRAC) network is “prolonging
the effectiveness of fungicides and limiting crop losses due to resistance”. At its inception 40 years
ago, the global FRAC focused primarily on the intensive European fungicide markets, particularly
temperate cereals and grapevine. Until recently, in most Asian countries (except for Japan), there
were no national FRACSs, nor any other committees with responsibility for managing fungicide
resistance. To address this gap, the Asia FRAC was formed in 2017, supported by the industry
association CropLife Asia. The role of the Asia FRAC is to drive implementation of resistance
management throughout the region, through educational and communication initiatives and

establishing national committees.

A challenge for the FRAC network in Asia is that most farmers lack a basic understanding of how to
address resistance risk. This challenge is amplified by the need to reach 450 million smallholder
farmers. Successful management of fungicide resistance requires multi-stakeholder engagement,
involving all those who supply products and give advice to farmers (e.g., fungicide manufacturers,

the distribution channel, governments, scientists, advisors, and farmer associations).

The Asia FRAC has built a solid foundation for resistance management. It is spearheading a campaign
to explain the meaning of “mode of action”, and to encourage the inclusion of this information on
product labels. The Asia FRAC has supported numerous national initiatives for driving resistance
management, particularly in China, India, Korea, and Southeast Asia. Finally, the Asia FRAC also

links national FRACs with the global FRAC network, ensuring the flow of information and expertise.

However, one fundamental challenge remains. The homepage of the Fungicide Resistance Action

Committee (FRAC) website reminds us that “The loss of a fungicide to agriculture through resistance
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is a problem that affects us all.” Farmers need to understand that it is in their interest to implement

practices that preserve the long-term effectiveness of fungicides.

The author would like to acknowledge the contribution of CropLife Asia and Asia-FRAC members
who have been instrumental in establishing the Asia FRAC, and have catalyzed resistance
management efforts in Asia (Victor Alpuerto, Ashutosh Bhaik, Luis Camacho, DeYou Zhao, Dietrich
Hermann, JinSuk Hong, Horace Hu, Ganesh Kakade, Sudhakar Kandru, Susan Knight, Janghoon Lee,
Jenny Panopio, Srinivas Parimi, David Penna, Dorin Pop, Andrew Roberts, Makoto Shiraishi,

Wenshyaun Fong, Sianghee Tan and Alisa Yu).

Introduction

The global Fungicide Resistance Action Committee was established in 1981 to address the emerging
problem of fungicide resistance in the intensive farms of North-West Europe. For the first time,
fungicide manufacturers acknowledged that a collaborative effort was required. Furthermore, the

creation of an industry group fostered effective engagement with scientists and policymakers.

The global Fungicide Resistance Action Committee (FRAC) network has evolved over the last 40
years, while maintaining its purpose of “prolonging the effectiveness of fungicides and limiting crop

losses due to resistance”.

Until recently, in most Asian countries (except Japan), there were no national FRACs in existence,
nor any other committees with responsibility for managing fungicide resistance. To address this gap,
the crop protection industry cooperated to form the Asia FRAC in 2017, supported by CropLife Asia

(the industry association for crop protection and biotechnology companies). (Knight et al 2017).

The role of the Asia FRAC is to drive the implementation of fungicide resistance management
throughout the region, by supporting the establishment of national FRACs and driving training and
education. The term “Asia FRAC network” refers to the members of the Asia FRAC and Asian
national FRACs.

In Asia, a challenge for the FRAC network is that farmers in most regions lack a basic understanding
of how to manage resistance. They need simple and compelling guidelines, which can be easily
understood and incorporated into farming operations. These guidelines must be based on scientific
data (field, laboratory, or modeling studies) that are locally relevant. This challenge is amplified by
the need to communicate with 450 million smallholder farmers. Moreover, in most Asian countries,
there are many companies involved in the manufacture and sales of fungicides. Successful
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management of fungicide resistance requires multi-stakeholder engagement, involving all those who
supply products and give advice to farmers (e.g., fungicide manufacturers, the distribution channel,

governments, scientists, advisors, and farmers associations).

Asia FRAC structure, priorities and achievements
Structure and constitution

The Asia FRAC structure and constitution align with those of the global FRAC, and it adheres strictly
to CropLife International anti-trust guidelines. Members represent each of the CropLife member
companies. In the Asia national FRACs, the membership is often broader, including local crop
protection companies, which fosters greater inclusivity and capitalizes on the knowledge and

experience of an extended community.

The Asia FRAC is guided and supported by the global FRAC. The Asia FRAC Chairperson is a
member of the global FRAC Steering Committee (FRAC-SC), which facilitates alignment and the

transfer of information and expertise among the global and Asia FRAC network.

The support given by CropLife Asia provides the Asia FRAC with highly relevant expertise in
product stewardship and communications. It also fosters valuable connections among the Asia FRAC,
Asia HRAC and Asia IRAC (Asia RACs), which were formed concurrently in 2017, and share a

common goal of improving the implementation of resistance management throughout Asia.

In several Asian countries (e.g., Indonesia, Malaysia, Philippines, Taiwan, Thailand, Vietnam), the
crop protection company members have responded to Asia RAC encouragement by forming “cross-
indication” RACs or Resistance Management Working Groups (RMWG), which address resistance
management for fungicides, herbicides and insecticides. This aligns with the individual members’
responsibilities (many of whom have roles that encompass disease, pest and weed control) and
ensures that effort and resources are channeled into the common goal of driving awareness of
resistance risk. In general, farmers and stakeholders in Southeast and South Asia show greater
concern about insecticide resistance, compared with fungicide resistance. This cross-indication
approach therefore helps the Asia FRAC, reinforcing a message that resistance management is
important for all crop protection products. It is also valuable to share ideas across the RACs, and
some of the approaches used for insecticide resistance management may be worth considering for

fungicide resistance management, such as area-wide synchronization of modes of action. Similarly,
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a lesson from herbicide resistance management is the integration of non-chemical practices such as

destroying harvested weed seed and other strategies to reduce the weed “seed bank™.

Resistance management priorities in Asia

In most Asian countries, national priorities for fungicide resistance management (crops, pathogens)
have been communicated by governments, scientists or other groups representing farmers. Attention
and resources are deployed for these priority crops and pathogens, mainly focused on generating
sensitivity monitoring data (Asia FRAC network members, pers. comm, 2017-2024).

In 2020, CropL.ife Asia and the Asia RACs conducted a survey of industry member companies across

Asia to seek feedback on their priorities for fungicide resistance management.

National priority for fungicide resistance

Country

Barley Blumetria graminisf. sp. hordei.
Australia Canola Leptosphaeria maculans, Sclerotinia sclerotiorum
Wheat Blumeria graminisf. sp. tritici, Pyrenophora tritici-repentis, Zymoseptoria tritici
Cereals Fusarium graminearum
. Various Botrytis cinerea
China Oilseed rape Sclerotinia sclerotiorum
Potato Phytophthora infestans
India Grapevine Plasmopara viticola, Uncinula necator
Indonesia Potato, tomato Phytophthora infestans
Rice Pyricularia oryzae
Japan Apple Venturia inaequalis
Vegetable Powdery mildews
Apple Colletotrichum spp., Botryosphaeria dothidea
Citrus Diaporthe citri
Korea Hot pepper Colletotrichum spp.
Peach Monilinia fructicola
Rice Pyricularia oryzae
Strawberry Botrytis cinerea
Barley Ramularia collo-cygni
T Wheat Zymoseptoria tritici
Philippines Banana Mycosphaerella fijiensis
Vietnam Rice Pyricularia oryzae

Table 1: National priorities for fungicide resistance research, monitoring and farmer extension

activities in Asia-Pacific
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“Top three crop/diseases for pathogen for fungicide resistance management in your country?”
Bangladesh Wheat blast; potato late blight; tomato wilt

China Qol (broad); SDHI (Botrytis, powdery mildew); veg (esp cucumber) and grape powdery mildew & downy mildew; potato late blight

India Rice diseases (blast, leaf spot, sheath blight, sheath rot, false smut, grain discolouration); chilli diseases (powdery mildew, leafspot, anthracnose, twig blight,
damping off); wheat powdery mildew; grape diseases (powdery mildew, downy mildew, anthracnose); potato late blight; apple scab

Indonesia Potato late blight; tomato late blight; cucumber downy mildew

Japan Rice blast; Apple Venturia; vegetable powdery mildew

Korea Cucumber downy mildew; cucumber powdery mildew; hot pepper anthracnose; apple anthrachose; rice blast

Pakistan Vegetables, rice and wheat

Philippines Banana sigatoka; tomato late blight; potato late bight

Sri Lanka Potato &tomato late blight & early blight; onion anthracnose

Taiwan Cucurbit downy mildew & powdery mildew, veg and fruit anthracnose
Thailand Corn downy mildew

Vietnam Rice blast

Table 2: CropLife National Association and member company survey of national priorities for

fungicide resistance management in Asia (2020)

The priorities identified by the crop protection industry respondents are very well aligned with those
of governments and other stakeholders. The priorities of the crop protection companies are more
extensive in some countries, reflecting the focus of individual companies on specific products.
Diseases which were identified as universally important for resistance management include rice
blast; cucurbit downy mildew; cucurbit powdery mildews; potato and tomato late blight; grape
downy mildew; grape powdery mildew; apple scab, and anthracnose of fruits and vegetables. In all
these cases, the risk level is high for at least one of the three factors in the FRAC risk evaluation

(chemistry, pathogen and agronomic practice).

The survey feedback also revealed the main obstacles to the implementation of resistance

management, based on the perception of crop protection manufacturers:

1. [Insufficient farmer awareness on how fungicide resistance evolves, and how to manage

resistance
2. Poor understanding of the concept of mode of action
3. Lack of evidence or information demonstrating the value of managing resistance

Underlying these challenges is the limited availability of fungicide sensitivity monitoring data in most
Asian countries. In China, Japan and Korea, extensive data has been generated by national institutions
or fungicide manufacturers. Elsewhere in Asia, sensitivity monitoring work has been limited, and has
been primarily conducted by the fungicide manufacturers. An exception is the fungicide sensitivity
monitoring programme in banana black sigatoka, Mycosphaerella fijiensis, that has been conducted
for 30 years in the Philippines by the banana producing companies. An area over of 80,000 hectares

on the island of Mindanao is planted with the variety “Cavendish”, which is well-suited to export
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production (anon., 2022). However, it is highly susceptible to black sigatoka, creating a favourable
environment for disease development across a large area. Control of black sigatoka is based on
disease scouting, sanitation and a programme of synthetic and biological fungicides (up to 50
applications per year). Resistance has evolved to MBCs, DMIs and Qols (https://www.frac.info/frac-
teams/working-groups/banana-group). Due to the high resistance risk associated with this pathogen,
a FRAC Banana Working Group was created in 1987, with membership drawn from the crop
protection industry and banana companies. The fungicide monitoring data are used to guide
sustainable deployment of fungicides. Sensitivity to DMIs and Qols has stabilized in recent years,
despite the high intensity of fungicide programmes. This is testimony to the success of a unique global
collaboration, with information and ideas exchanged among diverse organizations and across
continents. A cornerstone of this programme is the frequent application of multi-site fungicides, due
to their low resistance risk. Fungicides from other mode of action groups are only applied during
periods of high disease risk, with strict adherence to FRAC guidelines. However the vulnerability of
an extensive monoculture has been exposed again, with the spread of Fusarium oxysporum f.
sp. cubense Tropical Race 4 (TR4) threatening the economic viability of banana production. F.
oxysporum is soilborne and there are few effective fungicides available for its control, and the
solution for producing bananas for export will need to include other measures, such as varieties with

tolerance to this devastating pathogen.

Resistance to multi-site  fungicides has never been confirmed in any fungal pathogen and the risk
of resistance is classified as low by the FRAC. The loss of multi-site fungicides due to regulatory
restrictions would create a significant challenge for managing resistance in multiple-sprayed crops
such as banana. Vegetable farmers in Asia typically control Oomycete diseases with a similar strategy
based on frequent applications of multi-site fungicides, reserving more efficacious site-specific
fungicides for periods of highest disease risk. Multi-site fungicides, together with biological control
agents and plant defence inducers, are important tools for disease control programs and resistance
management. Multi-site fungicides contribute to resistance management strategies by reducing the

entire inoculum potential. (FRAC statement on multisite fungicides).

Asia FRAC network Achievements
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Since its inception, the Asia FRAC has led and supported several fungicide resistance management
workshops and training events across the region. The aim of the workshops has been to engage a
broad group of stakeholders (government regulatory agencies and policymakers, scientists, farmer
associations, distribution channel, industry associations, and extension officials) to align on fungicide
resistance management priorities and approaches for helping farmers. In most countries, governments
and external stakeholders are increasingly requesting support with training on fungicide resistance,

particularly with providing simple educational materials.

The training and educational efforts have focused on providing up-to-date science-based guidance on
fungicide resistance management. The CropLife National Associations and national FRACs have led
these activities, using the communication style and media best suited to reaching the relevant target
audience. The COVID-19 pandemic accelerated the adoption of online events, a trend that will
continue, complemented by face-to-face events. These initiatives have been successful in reaching a

large population of farmers and stakeholders, often exceeding expectations, e.g.:

¢ Indonesia: webinar with >1100 online participants (online meeting and livestream, i.e., live
online event using social media). The presentations is currently being published in a
handbook. (Erwin Cuk Surahmat, lwan Rahwanudin, pers. comm., Dec 2023;

https://www.croplifeindonesia.orqg/)

e Philippines: webinar with >300 online participants and >600 subsequent Y outube viewers.
The training materials have been adopted for inclusion in university curricula. (Beth Jacildo,

Florinda Vasquez, pers. comm., Sept 2020; https://www.croplife.org.ph/)

e Vietnam: livestream, with >10,000 viewers and >800 audience comments. The participants
represented a broad community, including government, academia, industry (crop protection
manufacturers and distributors) and farmer associations. (Le Pham, Pham Quang Hung, Son

Nguyen Hoang, Vinh Dao pers. comm., Jan 2024; https://croplifevietnam.org/).

The success of these events has set a precedent for the RACs to communicate with an extended
stakeholder community. An interesting outcome from the Vietnam livestream was the significant
number of questions raised by participants on wider issues of disease control, for example, on how to
identify pathogens or how to apply fungicides correctly. This underlines the importance of including

resistance management in all fungicide educational and stewardship activities.
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Country Activity Details

Cambodia  Stakeholder Resistance management training workshops
engagement, training & engagement with government (2018);

online training (2020)

China Stakeholder FRAC-China workshop (with global and Asia
engagement FRAC) (2018)

India Stakeholder Stakeholder engagement seminar (2022)
engagement

Indonesia Seminars, training Training seminar (2021)

Korea Stakeholder Stakeholder engagement workshops and
engagement meetings (2021 to present)

Philippines  Seminars, training Online seminar (2020)

Vietnam Stakeholder Fungicide resistance management
engagement, training livestream (2023)

Table 3: National workshops and training events for fungicide resistance that have been led or
supported by the Asia FRAC

The Asia FRAC has also made significant efforts to support farmers and stakeholders with education
on fungicide mode of action codes (e.g., Knight and Elias, 2021). The global FRAC Mode of Action
Expert Panel assigns fungicides to a mode of action group, based on scientific data. Each mode of
action group is given a unique numeric code. CropLife International member companies have all
committed to printing this mode of action code icon on product labels. This will help farmers to
implement resistance management programmes based on the limitation, alternation and mixing of
different modes of action. However, mode of action labelling is only fully useful if it is adopted by
the majority of fungicide manufacturers. Across Asia, significant sales of fungicides are made by
companies that do not belong to CropLife International. As a result of the educational campaign by
CropL.ife Asia, these companies are beginning to acknowledge the benefits of mode of action labeling.
CropLife Asia and the Asia RACs are also encouraging Asian governments to mandate mode of
action labeling, which has been accepted in many several (Indonesia, Malaysia, Philippines, South
Korea, Thailand). CropLife International has provided guidelines on how to add the mode of action

icon, to ensure consistency, with the goal of providing farmers with clear guidance.
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A unanimous request to the Asia FRAC from Asian national FRACs has been to provide support with
creating practical and detailed resistance management guidelines that are crop-specific and can be
customized in each country to reflect local agronomic practices and available technology. To address
this request, the Asia FRAC has created a framework for resistance management guidelines for

important crops (rice, mango, potato, tomato, cucurbits).

Throughout its history, the Asia FRAC has paid particular attention to fungicide resistance
management in rice, since 90% of global production is harvested in Asia. Although the number of
fungicide applications per season is lower in rice, compared with many fruit and vegetable crops, the
crop is often grown as a monoculture, with two to three crops per year, and there is high reliance on
a few modes of action. The erosion of effective products through resistance could have a significant
impact on productivity. In Japan, the evolution of Qol-resistant populations of Pyricularia oryzae has
reduced the effectiveness of Qol-based fungicides against rice blast. In the Mekong delta of South
Vietnam, sensitivity monitoring has also confirmed the presence of resistance to Qol fungicides in
Pyricularia oryzae, with recent results suggesting a highly heterogenous population based on
molecular analysis of the G143 A target site mutation (Knight ez a/, 2019). Rice farmers in this region
will continue to use Qol-containing fungicides for broad-spectrum disease control but must include

fungicides with alternative modes of action to ensure robust control of rice blast.

The cultivation of rice for seed production presents a specific challenge for managing resistance
because the seed must be disease-free to meet the acceptability criteria of seed companies and local
farmers. Across Asia, similar disease control practices are generally followed, irrespective of whether
the rice is grown for food or seed. Hybrid rice accounts for more than half of the production in China;
outside of China the global adoption of hybrid rice is relatively low, accounting for less than five
percent of global production (estimated from FAOSTAT and Durand-Morat et al).  Seed-producing
companies in China typically entrust local farmers to produce seed (hybrid and inbred varieties). The
companies provide a list of approved fungicides, which farmers use to create their own disease
management programmes. Fungicide applications are prompted by a combination of crop growth
stage, disease scouting and weather warnings. There is no testing for seedborne fungi, nor is there
any industry standard, although hybrid seed is purchased from farmers based on visual quality at
harvest. Rice seed fetches a slightly higher price, compared with rice grain, which incentivizes
farmers to ensure rigorous control of seedborne pathogens, e.g. blast and bakanae (Fusarium
fujikuroi). (George Lu, pers. comm., Feb 2024). In Korea, the situation is similar; around 50-70% of

the rice seed is purchased by farmers from a government organization (Korea Seed & Variety Service).
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The disease management regime is the same as that used for rice grown for consumption (JangHoon

Lee, pers. comm., Feb 2024).

Currently there are no reported issues of fungicide resistance in rice seed production in China or
Korea. FRAC guidelines for Qol fungicides used for rice blast control emphasize the high fungicide
resistance risk associated with seed production: “Although Qol fungicides for seed production should
be avoided, the very limited number of different modes of action available for rice blast control could
justify Qol uses (in mixtures) only in areas without confirmed Qol resistance”. Fortunately, there are
currently sufficient modes of action available to manage blast and other rice pathogens, but the Asia

FRAC will continue to pay attention to rice, due to its vital role in food security for the region.

>75%
>30-75%
>10-30%
>2-10%
0-2%

Fig. 1: Resistance to Qol fungicides in Pyricularia oryzae based on pyrosequencing to detect the

G143 A mutation

Concluding thoughts
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The Asia FRAC has built a solid foundation for resistance management in Asia. Its primary role has
been to encourage the formation of national FRACs that support farmers with the implementation of
resistance management. The Asia FRAC has worked with CropL.ife Asia, Asia HRAC and Asia IRAC
to spearhead a campaign to include mode of action on product labels, that will empower farmers with

the information needed to adopt resistance management practices.

The Asia FRAC has supported many national initiatives for driving resistance management,
particularly in China, India, Korea and Southeast Asia. The generation of sensitivity monitoring data
needs to be accelerated, to allow the design of science-based disease guidelines. These results could

also be used in future modeling studies to guide fungicide resistance management strategies.

However, there is a long way to go in Asia. A particular challenge is to ensure that the following
statement on the Fungicide Resistance Action Committee (FRAC) website resonates with farmers:
“The loss of a fungicide to agriculture through resistance is a problem that affects us all.” Farmers
need to understand that it is in their interest to implement practices that preserve the long-term
effectiveness of fungicides. Creating compelling educational materials is part of the solution.
However sustained efforts are also needed from the crop protection industry to partner with respected
leaders and influencers in farming communities, to gain the trust and commitment from farmers to

follow sustainable fungicide resistance management practices.
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