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fa ] U O BB L XG> S BRI T THER L=, 2 o#miZeEN et O T,
H RS T B F ORR BRI LE O ATE K HEM] RIZ L2 RBREE Oz Z -2 & Lz,
S BT, WA 30~40 FFITEA SN2 ARV =i E O e 3AITBRIE L, TV BERSC
IREIRFEOFRAEZ M L, 90 EH B OFEAED O I EE R OBE; 2 HEdE L 72, i3 D 16 411X
ABOWINZ DA, HFBEOT B U ORELHEAHE L T 1784 ha, 1084 ha 35 L 18322 ha
D, BUEORBIE:ORBIMES . LavL, §REEF I, BIEOFENCH 2 hilk
=aFr, MRS, AR JOWIRERE S O REEGM N RZ LicTob, k5 RE BN R
2720, RBEIIRRE L CWhvo 7o, Bk12, BARORBEEBLCEY, R B EBLL, 1970
D B BUE ORGSR DHE: SR 7o (Z21E, 1963 ; fm il WA 5 25 R W RIRL G A 2=
1981). HUE, MR THEE SN TOD B2RENE, BN A A GREFEE 1260 ha, 4
[ 847), 7% CBKGmfE 1430 ha, £E241), 7 MU CRksmfE 802 ha, &[E 6 17)
BLOT Y GkEsmfE 400 ha, 22 9/7) T, ZMEFEPRETHD (BHKEA KR
B et EB 2018) .

fE ] BT ST B (Pyrus pyrifolia Nakai var. culta Nakai) D 3= 2 i fll | XRE 4F
D@ =K ThDH. RWMFIXEBN ORIRE, Alternaria alternata (Fries) Keissler)
WZIRPIETH D b O D, IR GRIREE, Gymnosporangium asiaticum Miyabe ex G. Yamada) ,
BRI O RLE , Venturia nashicola Tanaka & Yamamoto) 33 & OV #0% (FJEU# , Botryosphaeria
berengeriana De Notaris f. sp. piricola Koganezawa & Sakuma) (Zf&52 T, FRICEERICT
< AR U CHEIR ORI HUG STV S AR OBRIER & LTFTroTr oy,
VAT, Fx T2 B IO EOZAEMAIERSE B ISNTE 0, )
BB T DR FIE 0 Tidle o 7o, 1971 RIS GRS NIz Ry A I X4
—NVHIDOF AT 7 F2 = AFABIOR ) JVTEREFICH LIENEL, IR LT

(VBRI - REE 1970, A 1994, AR 2004). LasL, fEAEAFE®ZIZIZN D007

VPEEHIT AN A I ZY = VB OB FARE RS S A, £ OJR R FEA M E o B K
5 ENHBMMZENT (Ishii & Yamaguchi 1977). D%, 1986 H-IZ U 7 /LI Y — )b
RETNH )= EF LD EL, WAIZH LV DMI Al (demethylation inhibitors, A7 &
— VIR A FIACBLEAD 385 L, Wb BERE LORERICK LIERFITEN 2R
oL (A 1993), BIETHIEGRPFRAIE L TUAKEL LTS

KB O7 Ko (Vitis spp.) 1L ‘B ZHOICHERE SN TWD. \RREEE A0 LT
PRAAREE S ANTAT oA, FIEHEAEOK 8 FIDNINE F 72 1T BEANR D/~ 7 23 E: 01 5 ik
HEE T, BHUEENI 2FIRE TH LS. N ARG CITBETHEIND 12D, BROKLE
AT DR FEORAEITD IR, ERBRMEHEITT R UK UW ORJRE, Botrytis
cinerea Person) ¥ L OMBEEE (A, Pseudocercospora vitis (Lev.) Speg.) CTh 5. il



B CIEEmIRIC L A WMEIR T 28T 5 BT 7 ABICEE N RE SN D129, ik O
WEITINZ, &9 URJRE, Plasmopara viticola (Berkeley et Curtis) Berlese et deToni) ,
WeE I O, Glomerella cingulata (Stoneman) Spaulding & H. Schrenk) 35 JX O[5
(R H, Diaporthe kyushuensis Kajitani & Kanematsu) OFSFRPMLETHD. I HIC
BHEAEE TN S OREICERLE 9% ORJEE, Elsinoé ampelina (de Bary) Shear) % /I
AW BB L 72D TR D OREORAEHIIRLRD OO0, WTNOREERDY
BRAEMI D S OBBRNEE L SNb. 7 KU 2 K@ ERANIT A LV R —iF
R BT TH oM, 1999 F 2RO ERfEH 218 <172 Qol (quinone outside
inhibitor) DT /' FT A a7 LY FUAAFIIPE AR T ADBJEL,
TID DI FITENTZ DB Z R L, PESE 2K T S8 5 REOTH SR O W
DI D 7Tz oh, BB~ & gh IR o JEepBiBRAl & L CIAS EH &S T & 7.

LA L, 2000 4E 28 X 7= 2 A0 5, i@ OSRAKILL R 2 i LTV DI b i 59,
FUBRER, REW, 7 RURELIRB X OMBER N Z R T 5 FFIR RN L DITRD,
AEPEFR OB O JEEFR R D B IXIERIMME O LR b lz. T3 O E@pBERA T H
% DMI Al L OV B U O SEBIERAITH % Qol LA A ALEAIT, MmHEEIEA
U A7 i35 g A Tdh % (FRAC 2013, 2018¢).

DMI FNZ k9 Bkl AT T O E  (Mycovellosiella nattrassii Deighton), &
27U 9 EAZHE (Podosphaera xanthii (Castagne) U. Braun & Shishkoff) 3 KO F =
9 EAZIHE (P aphani (Wallroth) U. Braun & S. Takamatsu var. aphanis) 5% < O H
THAELTWD (shii er al. 1990, HE S 1992, EAFIDH 1994, [L1HH 2000, FRAC
2018a). AP O DMI AVEIC L, ARIOEERS TH D AT v — VA F ik
%3 cytochrome P450 sterol 14a-demethylase (CYPS1) O 7 X/ FRE#az (F 5 AH, 7o
T —HEOERIC LD CYPS] BIRFHRBIEOM KR, I JOWgE S 7 Bl
T OIEMEALIZ X 2 AP RE T O 72 E O NABEES L EEX LN TND

(Schnabel & Jones 2001, de Waard et al. 2006, Ma et al. 2006, Cools et al. 2013, Villani et
al. 2016).

Qol ANEZ < DIFFEICENIZNREZFHIET L Lne, SESERMEDTHEN S
TEN, A FIIREDOYNE (B cinerea), A F T RZIWHHE (Glomerella cingulata
(Stoneman) Spaulding & H. Schrenk), ¥ = 7 U 95 & A Z K ( Golovinomyces
cucurbitacearum (R.Y. Zheng & G.Q. Chen) Vakal. & Kliron.) B X OF = 7 U X L JHEH

(Pseua’operonospora cubensis (Berkeley & M.A. Curtis) Rostovzev) 72 2 X 5% < OfiE
TMPERE 23RS ST D (S 2006, Fii B 2008, Ishii er al. 2009, FRAC 2018a) .
Qol AN DOHEANMPEI AR DIEM R L RV ETHDHF h 7 u—LbDT I/ BEEHRA R,
FriC 143 FHOZER (G143A) NBES DD o TWD ZENMBILTWD (Gisi ef al.
2002).



ZOXD RIS, @RI IS 1T DV 5E RN 5 00 SEANMHE B 0O F8 AR DL & BhBRs oK
(BT 2 8F 78 % Sl L7-. AiCiE, SO EREEZRY 000 THD FHF -
i 2008, A5 2014a, 2014b, 2018a, 2018b, Kikuhara er al. 2019). 72k, AL
BT H SN Z @A OVERFEIE & iR 742 Y 2 71220 TC Table 1 1IZ/R L7zZ.

Table 1 Fungicides sorted by mode of action ?

Mode of action Group name Common name Resistant risk
Nucleic acids PA — fungicides Metalaxyl High risk
metabolism (phenylamides)

Cytoskeleton and MBC - fungicides Thiophanate-methyl  High risk

motor protein

(methyl benzimidazole

carbamates)

Respiration

SDHI - fungicides

Penthiopyrad

Medium to high risk

(succinate dehydrogenase  Boscalid
inhibitors) Pyraziflumid
Qol-fungicides Azoxystrobin High risk
(quinone outside Kresoxim-methyl
Inhibitors) Mandestrobin
Famoxadone
Amino acids and AP - fungicides Mepanipyrim Medium risk.

protein synthesis

(anilino pyrimidines)

Sterol biosynthesis in

membranes

DMI-fungicides
(demethylation Inhibitors)

Difenoconazole
Fenbuconazole
Hexaconazole
Tebuconazole

Fenarimol

Medium risk

Cell wall biosynthesis

CAA-fungicides

(carboxylic acid amides)

Benthiavalicarb

Mandipropamid

Low to medium risk

Host plant defense Ethyl phosphonates Fosetyl-Al Low risk
induction
Chemicals with Quinones Dithianon Low risk
multi-site activity Phthalimides Captan Low risk
Inorganic Copper Low risk
Dithiocarbamates Mancozeb Low risk
Thiram

3 Excerpt from FRAC cord list (FRAC 2018c).



W1E FIREICBIT A DM FIfHEE O R A & Bk
1.1 FIRER

FTUREBRIE=FR TV OESLCRREIHAET H. AFITHEESCTERZA T IE, L
BERBILUOBBORTZOEBZTEENRETH S (Fig. 1). FIFIE Gymnosporangium
asiaticum T, SOYHEO —FETH 5. KFEIZER 2K, F£ 1 HROERE DRI
FHEEEOE Y 7 > (Juniperus) BRI VETH S (ks 1989) (Fig. 1). Ex
7 UBORTHEZMEO R WA Y AT X (J chinensis L. cv. Kaizuka) (343X
BIEEHICRHEND Z &L, 207, FEHIZT I CIEAR S 2589 2 1
W2 5. RROFVRIZILFRTC AW T T <, FEMIZITVEEIZ F7E L T
W5 2oz, IRLORMTIEIARLoHEL L PbZT TS,

i Teliospores produce basidia and
basidiospores

- -

Basidiospores
germinate on pear
tissue

Pyenium on upper leaf surface and
young fruit

« |8 °

i Aeciospores *
Galls on twigs germinate on

Tehial homs, composed
of teliospores i the early
spring

maturing during Juniper tissue Aecium on lower leaf
summer and fall surface
! Juniper . . Japanese pear

Fig. 1 Life cycle of Gymnosporangium asiaticum, created with reference to Kitajima (1989)
To analyze DMI fungicides sensitivity, aeciospores were inoculated into juniper plants ?, and
basidiospores were inoculated into Japanese pear plants ®




FE IR BT 5 AR O F A2 BB R IT > ~ OB FEHAIEAT TH D . AIFOH— RAGYIR
THDL/NETFIRE Y 7 VB O T RREELIZRICERENDS. o), %FE
AT AR T ORIRDL, T7bb, LRT-HEORARKIL & T3 &4 5 /T OFEH
HEICAEDECHEiSND. AT ORFYMITRRBRMC I > THERIEICR RS D
O, RIRTIX, BXZ3HATNLL5 A EATHL (HF 1966). Z OREHIZT > o g
e H7= v, EWH R IRANEA ORI AE LI 3RAIA M Ly, 2ok, B
I L > CRibRE 283 2% &, RY = 32—~ D I 5 ITIEG % O A Tl
DIRPEF LN WEERO%A, B LTEHEORR A <2 LN TE Ry (B H 1983,
HE 1986). KU W= "2 — K LFERRICTIIROHL LI CERNWF T T V000
X772 OB EIHEH STV 2 1960~1980 45 (FEIIR 1979) £ Tix, +o7%
FNE ST, ARTEEGRRE S STz (B 1977, B0 1983). R U TV AR
YEIITO LT D DMI AN, B TR & RN % OB C &R 2 A L
Tk (o 1983, HEH - EAF 1987, FHE 1991), Zh6OIFEFOEKIZE bR,
AIFORANTID L=, 0%, BRODMIAOY 7 = ) aF Y —L~Fhaty—u
WDIEL KT HIZED (Table2), AFORAITIEIE L 7= FEEE 1994). & Z A4%, 2008
FEE D B FROAIF O R AEN NN U 72 (Rl I 2007, fa ] Bops 55 5 BRAT 2008) . 2 O E[H
D—->& LT DMI ANt P 2 7= 2R S99 B O HBUC K D BABRZI R OWHRR B b LT,

—XENCIRAE I 1T 2D SEANN M O A I EAEZ T o _XR—RA T4 v T —H &
DT X o CTHIlr S 4, BUEICHE, 3RS B3 T 2 ERAFRBREZ i35 2
EMBN (A 1998). —J7, FUARERNE LM TR TR N T E T, KA R E
DD DB T ZWIE LN STV, 7 A UYE  (Puccinia horiana Hennings)
TIEANAA-HEDN & D /NEF TR E LA N F DI F ORI K 54 F VAR ¥ st
BEEDNRE SN TWDHD (BRI 1976), MU FEREEIA 72 <, ATEDMURHE A 512
FHTEL20NIARATH LS. 207D, WEITAEMREZIT O RERND LS. EWRIED,

Table 2 Fungicide spray program on Japanese pear diseases in Yame region, Fukuoka Prefecture ?

Date Growth stage Fungicides

Late March ~ Bud blast Dithianon

Early April pre-blossom A mixture of Difenoconazole ® and Thiram
Middle April After artificial pollination A mixture of dithianon and thiophanate-methyl
Late April post-blossom A mixture of Difenoconazole and Thiram
Early May 20 days post-blossom Hexaconazole

2 Fungicides against Japanese pear rust are extracted from spray program of Japanese pear in 2013
and 2014.

® DMI fungicides are shown in bold letters.



PERRIR & 72 2 AN 1-HESR S DA 7 O BRI I 25 (R E S 4y, 4 1 [l OFRER L 2220 T X 72
V. ORI I IR ORISR A LB L T 5720, IR ICAEMRE ORE S & H
TZEBRWEETH S, Lo, T UREFHIZ I8 1T 5 MHEE ORI 5 #idE 2 [k
%728, DMI Bl OB IHE T 2 A EUS O FIRIC I Y, RAICKRGET 2 BN H - 7=,

ITHE, B LUV ERE BLE & U CIEE STV % EBC (Evidence-Based Control) (i
W2 AR IR ORI (= B o 2) Z2 i & 4% EBM (Evidence-Based Medicine)
O Z M F~NGH L2 O TH S (HIR 2015). EBM OARHL L 72 HHFFEIC L &
NDBLEEFIZEL, BREFOREDOITHOFR FFHEET TREE)) &P ORE
ORRE ST AETICBIEIZ L > TRETT 20987 1 o Th D (PHf 2013). Kz, #l
ERPEEMFGEDO L & 72 D 3R — MFSE (cohort studies, & DHEMIZIHAE LT-giE &0
BATHAE LT BN OBIE M A B & 22T D 0P8 TF1E)  SOREGIRT BT FE 1 X EL i A 0D &
TETFUANGELNDZO (A 2012), T4, MEWESLISISHT 2 2 & OF AMEN )
HENTHD (AERS 2003, HiED 2009, YL - #4281 2012, Kawaguchi 2014, &
IR 5 2015). D7 UAEFEE KT D7 v — NSRS EFERMRNT I,  SEA
M= 2 AR B O B K 2B E AN O I OIR T 2 HEE T, MPEFE IS 332 Ra7s
KREMEDZENAREL D EB X BT,

AETIE, £7, TURBWNEOMMEEEEL RSN 5720, EFRR
WFFETFE A2 A TAEBLG 2 31T 5 ARG R & F60 & OB EZ A Lz, S, &
7R FERE R 2 Sl 5 726D, DMI AR PR E 2 i L7z, S 618, #ERMH Y T
DMI F DOBLERZN R O feid & AREFEA OBRFE 21T > 7.



fER RN O FEERO 5 5, FEHIZELS, T UVREBROBAEDL O\l o T 3%
B 35T 2 5 p0IR I & BHBRERE OBEIZ DUV T, 2013 4E & 2014 AR ICBIEE 7R
— DO ThDHHBAIME ad— MMIFSE (retrospective cohort studies) % Ffiti L, AJHFIZHT 2
DMI F O PERBIFAR T O ATREMEIC DWW TR L7z, & A & 2k — MIFJEIE = A — MFsE
O—FET, WECBOTIRBEF RIS IR > TOBLEMICOVWTEEND SHhDIE-
TR EZ MR T D2MET A ThHD (PR 2013).

Mk E ik

1. 20134RICBITHHAME R — MR

1) 7vr— bk

2013 4 12 HiC, RN\ ZEERERRGOFT M8 WA 109 A, 500 [,

RIG ALK 113 ha) (2 [HcEG M), ERTE), T8 % 7 2 O] B L ORERO
[EAERRE ] OTHHA CTT7 7 — MRt 2940 U=, [HREs g 1, Fig. 2 (2910 4 il
MChsd. THEEEME) I INTOD M, =K F21F EK Ths. TeExs v
VHORR ] IZoWTHE, @D RADMEICHRTE 5, OEND R0, Bt

HHEOTE, O TE Ry (RE726720), (d) (Ex 7 v B END) 2B,

DA4ANT A —THREL, @BICOZMHEEAY, (OZMRMEL, XL, ()T
DXRIRPBERW . TRAERE ] (2O T, (ARFEICHEFEBLFHAE, B)RFEICHHEAD
PERSFEAE, (OEIEE B4, (D)VREITHEADOBERDIAE, E)RFEWHE, OS5 T
U“T@ﬁ@%@%ﬁ%ﬁOk;F%E%ﬁjkbf,my%@wwfﬂ#@@%ﬁ%of
W5 & 2R, TNUNEDRIELIXYy Lz, ZOhT ) = k55T RICL
FELEEMESNDL T 7 — FHETHNLATEY, MEAMENTHD Z LD, B
DOREEEDSEN &R L7272, ARFFRICIR VTR L.
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Fig. 2 Location of Yame region in Fukuoka Prefecture

(2) FREFE/INET OB D HEE S h 5 Bk

FREHAEAT & Rl & OBIEZ B 52T 572012, MUFEEIC T 5 BhkRiE 0 4 He
LT BYHRCH D/NMEF OFRBOIM Z @l & L, 2 O £ &R 123 58421038
FTLOENO TN TOXMFORENRKOLEETOME Lz (#FH 1970). 2013 423
AMBIEAE 4 BIZHNT T, ki s E R ERET S AR RN OF AL P AR A 4 FE0 L T\ D
NETHD AT NATH BT, KR BHMOKER NS - LR E R
2015) CHMBIMIC BRI (B2 LA 7HiX4 A1 B OMERSh, 4 ASH
(2 90% (23 L 7= (@l W5 2 U BRAT 2013, —¥FARAT — %) . Z ORi% ORKE (7
AR AR KIS (34 H2H 22mm) & 6H (30.5mm) THotz., LhTHDE<
DA LT- 4 A 5 HOBICHEIFICLER 10 mm LLEORER (B0 1970) 2 -7-4 H
6 HIZZ L O/WNETHRIL, KE L EHLZRINZ. 2O Enh, YEFEOMRiE
a2 48 1~5H EHEE L.

(3) fEMT RIS & 9 B BHERIEA

BEBR ISR VLI R AR A IR SN TV D AFERIEZ R Lz, 20T, JREW
ICBERRBH L DMIAI S M (Y7 =/ afy—, 7JorT7ary—iu, ~Fihafy
—J, TTaty =, NUTTARY) LIEDMIF 4 FEE (2T KSR RESE PR
Al (succinate dehydrogenase inhibitors, SDHI #l)) DX F AT K, HE&EAIDOF v



TLBLO~ BT, X/ RO TFT ) BRTRIRE Llc., ARICERDBROAH
@, A7 HT T IANIOVIRIE R KU RANTRET T R B RS L7z, Rk oo 5 H ]
(2 1 ML ORI & FEh L 728 & 2 BIBR M & L7z,

2. 2014 IZBIT DB AME aF— MR
(1) FExG L FEFIE
014 FETIET — X OREEZ LT 57120, HIEEHENEE T, OSSP RIZN TS
T 44 W28k L, 5 H 8~9 HIZTH T ORFELE 200 KORFOAEEZTE L. W
FHRAETERFEOPTEFZRALE (BHOKERHE - ZRRMEMIER 2015) 22812,
FIRKER 16% LN L2 ZHEEL L, 16% K2 /DR REE Lz, 7235, 2013 FIZRIFIRDLE D
A BRI B IR Do T B AR LLA O BRI A ST 520 B RSN L 72,

(2) FREWRE/NEF ORI > b HEE S 45 BbriE

BibrE I OHEE I 2013 ARICHE U 7. KIRFRA CHOMBINIZ BRI i L 7o 4l HEl 3
H28 H22b 4 A 16 A £ CICHERR S 4L (I W5 mBLbRET 2014, —ERAHT —4),
ZOMITNEF O ERTERNZ? 6 AMH Y, 4 H 17 HO 16.5 mm OFER&EICED, £
SO/PNEFTDREL, BE LIz EHRENT (TAX AR K R). o b, Pikk
WA 3 H 28 H~4 A 16 H & HEE2 L 7=,

(3) fEMT*IE: & 3 2 BhBRIEA

PibREARAIL 2013 AFICHE U7z, FERIZAERER (A AP 2 2016) CHtd )
FrEEHE (Table 2) (23T 2 AR O — XA BAENRIZ 10 B CTH D Z &b, Ak 20 A
MO BABRIE I 2 [A1LL B3RS 8o S =36 & BhBR S & L 7.

3. WEEHEHT

2013 ARICIUNT, Dbk, DEIGMRE), T8 v 7 & O] B8 LU [FEHIRDL
DOBSEZ DUV T Pearson O 2 BEZ1TVY, PAEZRH7=. FE DMI Alid DMI Al g o
FAEV A7 RS ES AT DML ARG L TR SN 2L H 5729 (Table 2),
[ DMI Al L 5B5BR) & TDMI ANIZ K 2B6bR) I3EBELR Cikzzvyy. 2o, g
HH B OEEOYBRN R v P AT ¢ v 7 BT 21T\, P EE Ay X Z R 7.
F 72, 2014 FZHOWT G [FRIEED J7 1L CRERHIENT 2 520t L 7=. #EEHIENT >~ 7 K iZ IMP version
9 (SAS Institute Japan K=z tt) & W7o, LUT OFEFHENT & ReBIZR FEIR 23 70 W R U AR Y
7 bW,



wOR

1. 2013 4RICBIT HHAME a R — M

T r— RREORR, NMErbl&ERE, 73 B TEARIENSELNZ. ZhbD
& %% AR E al— MIEOT—4% & LTERHALE. fohizTy — X IEtE0EHO
JWEFEFIZLEDLOTHY, ZORMITHIRKOFZEEIREI > TEEINLTEY, &
BRBREOMBILR o7 7 — NOFHEERD 5 LEZFERIL 41 i, DFERE
% 32 Bl CHo7= (Table 3). [HIEHIL (COWTHDE, HET TOLREOEI AT
44% TR HIK O 72 3 Cldic b @ o 7228, DIHRED 56% L0 bikno72. —F, &
T OZFEEL 32% T, DFREEO 19% L0 bEho7z. Lo, 1A 4 T Codkss
W& RO B BtRIZ /e o 72 (P=0.621). FAEXEG & 7o =GO [HEs
fofE] X2 FEOA T, BT (1) kb =K (62 61) BEnod. FEAK
X HBETIL 90%, DVRBETIL78%% Hd7=. UL, ShFEE FERIRI & ORI BE T
BN oT- (P=0.151). F7- T8x 7 OB A%, LTI 60%,
DHEBETIL 50% 2 H 7208, FBIRILE OBRRIZAE TR0 o7z (P = 0424). A
FIHAT A O BRI A CRIFIRIL & B L2 o 72, X 5IC, ZEAIRUE & Pkl o
BAEME A fRHT L7 R, TDMI AN K HF5ER) 132 38HE (41 #ilo> DMI ASEEIHCR R
0.3+0.5 8], HFEHEMRZE, LATREE) Tl 34%, D FERE (32 il oo DMI Ao 1% 0.5
£0.5 [1]) TIE 50%% 57228, FEIFIRDL & OBIRITA B Tld7e 0> - 7= (Table 4, P = 0.394,
F o R 0.647, 95%IEEXM (0.237-1.772)). —J7, [FEDMI AN X 2 B5BR 1223581

(41 B> FE DMI FI X HAGEH 0.2 £ 0.4 [B]) TlE 24%% (5D T eDlzxf LT, A%
B (32 Bl FE DMI FI AR5 0.6 £ 0.5 [8])  TlE 56% T, FERN & OBIFRITAE
Tholz (P=0.011, F v X 0275, 95%EFEHXME (0.097-0.746)) . Z OF5EHIL, DMI
Fl & bl LT, 3 DMI A3 F R BEREIC L 2582 ARl L w2 L 2R LT
W5,

_10_



Table 3 Corelation between the factor of cultivation and the occurrence of Japanese pear rust in
2013

Number High-grade disease = Low-grade disease P value ©

Factor
of cases  group (%) group (%)
Chikugo 36 18/41 (44)¢ 18/32 (56)
Hirokawa 13 7/41 (17) 6/32 (19)
Location? 0.621
Yame 19 13/41 (32) 6/32 (19)
Tachibana 5 3/41 (7) 2/32 (6)
‘Kosui’ 62 37/41 (90) 25/32 (78)
Cultivar ® 0.151
‘Housui’ 11 4/41 (10) 7/32 (22)
Kaizuka Present 37 24/40 (60) 4 13/26 (50)
0.424
Absent 29 16/40 (40) 13726 (50)

2 Classified by local governments.

b Cultivars in the assessment orchard were only ‘Kousui’ and ‘Housui’.

¢ Number of cases of respective factors in 41 cases of high-grade disease or 32 cases of low-grade
disease (rate %).

4 Answers "I don't know Kaizuka" (1 case of high-grade disease and 6 cases of low-grade disease)
were excepted.

¢ Pearson’s 2 test.
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2. 2014 IZBIT DB AME aF— M

2014 FEIZIB VT TDMI AN K D B5ER) 12238 RE (13 410> DMI A R4 1.9£0.6
[m) Tl 77%, 2 FEE (31 510> DMI APEA B R 1.5+ 0.8 [1]) Tl 42%% 7273,
FEIRARDL & OBNCBHR T 725 > 7= (Table 4, P = 0.292, A Xt 2.333, 95%f3#H X [
(0.491-13.338)). —J7, [FIEDMIANZ X 2BFR) 122388 E (13 #iloIFE DMI A2 HCA [F]
$0.2+0.4 [8]) TiX 0%, FRE (31 FHIOIE DMI FIFELEAGRIE 1.2 £ 1.0 [A]) TIiX 45.2%
ZED TV lfEOEITIFETHDZ D (P=0.003, 4 v XL 0), I DMI AIZ DMI
AN A_TIIF 2 il L7 & T 2R B4, 2013 I/ o A2 T 5 b0
ThoT-.

Table 4 Correlations between the occurrence of Japanese pear rust and spraying fungicides

High-grade
. Low-grade )
. disease . QOdds Ratio
Year  Fungicide disease group P value © q
group %) (95% CI)
0
(%0)
DMI fungicides ® 14/41 (34)®  16/32 (50) 0.394 0.647 (0.237-1.772)
2013
Non-DMI fungicides 10/41 (24) 18/32 (56) 0.011 0.275 (0.097-0.746)
DMI fungicides © 10/13 (77)f  13/31 (42) 0.292 2.333 (0.491-13.338)
2014

Non-DMI fungicides  0/13 (0) 14/31 (45)  0.003 0 (0)

2 The fungicide was sprayed one or more times from 1 April to 5 April

b Number of cases of spraying the fungicide in 41 cases of high-grade disease or 32 cases of
low-grade disease (rate %).

¢ A logistic regression analysis was preformed using fungicide factors as explanatory variables and
the disease-grade as a dependent variable.

495% confidence interval.

¢ The fungicide was sprayed one or more times from 28 March to 16 April.

f Number of cases of spraying the fungicide in 13 cases of high-grade disease or 31 cases of

low-grade disease (rate %).
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1.1.2 MR Z 7= KBNS R

B0 TUE, BRkx R ER OB EOLF & BT 2 ER A R 2 L 23AEe
Thsb. L, ZOBEEIBIGOFESRERL TODICTET, FIK EREROBMRZ FEY]
THHOTIERY. LIz o T, BIEEEIECH BT 72 o 7o B ZA & oo i 7855 R
EDOBEVEERRGET 5 2 & T, IRIEBHRZGEAT 2 2 L8 TE 5 (hA 2013). Z 7=,
EMBREC LY, THEEOFEEAFTEA T 5 2 LITHEETHD.

ZIZTIE, ET, FURNCHEAE L TWAIREE IZER S SO 2R & L,
HREETHD DAY A TX (\THF WL, ZOBBRIRERG Lz, iz, W
AV HATH THEL TWADERTHEZERILL, TR b/ NMET 2RI E L
T, T¥ SEK ICERFIEQBLL, ZOBGRRFE R LTz,

kEE & J5 ik

L. ‘AT HATX EARLZ - DML FES MR E

(1) HEREJROINEE

2013 4 6 AICFEREMO AR K, Fith, Nhio—feokiE o R LW, HUEsy
IZ b 2 15 ] B B AR 3R B R BRSO R BR R 7> & 85 TIE SRR S QU 2 R HE A BRI L 7=,
E 512, DMI FRE A OBATE O 72 WIS IR O AW BB hF 22 O REBR[E 7> & £R L S 7= P
B2 X (HEE O DML MER) & L CRIA L7,

(2) RN MR E 7 15
FURBREIEZYEO @S CHA YA TR BV BEREIScm DT T AF v
RNy MK 40 em O S OFEIRZ RN HE 2, BENNR O THREF L7-. 201346 H 18
HIZY 7 =/ a Ty = (FRROTHRIE 25 ppm, LUTFEER), 7 =7 Y/l (30 ppm) O
WIS L ORI E U CKEKRZHUA L7z, REREED DRI L 72 SUWE 7% 0.05% (wiv) 7R
VAFTZFLUYAEZ E Ty L— b (FOGMSETSE, KR 280K I
WS, K 2310 I/ mL (ZFRHE Lz, HaFREEIER 50 mL 2 B¢ AILEE 1 A2 OfEMIC
VETEERE 7o, BERE LR A N ENE S VR TE, EIREEICHERR L7, BRI
R EEFREZ#VIRL, 6 A 21 RIZE = VRAE L. #MEO89 » A% 2014 4 3
H2HBIZEE Sem U EOTRTo/ME R H 7= 0K 40 KD/IME) OFIFHOF FEIZ-DU
TR L, Fiteds LOBIBRMM (100 - GRERXOFEIFER/AKALBEX DR ILE) % 100)
AR U 3BT KRR, 3KETIT 7. 2B, Y7 =/ aty— B LU
% HEREL L 72 a7 R CALEE L 7oA 1 IR & LT,
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2. FUEAREHWT- DMI ARz R E

(1) HEREPR O UNEE

e e YRR NET, Biterhi, N&fids KOWETICR T 28T v E O H 2 ko R
B DA D D VI E N R EAERSRERG O F URBRE S O < ICEE I TS
DA A THR OERFHENELEL TODHEZE 2015 4E & 2016 4ED 3 HICERELL 72
E BT, HANBSE b e 0 KIKVE O SZ5R [H 45 T DMI ZH Al O BRI B HER SN TV D
AN HEZ B R ORI E L TR, BRI 72803 3% £ ¢ SCCRAF L.

(2) FEANRESEMERRE 71k

FEAEYIIZ T SEAK RV 30 cem DT T AF v Ry MCHEARE 1 AR Z,
I~2 FEMAEBESE. 2014 4 A 22 HEFIZ20154F 5 A 18 HIZY 7=/ )ty —)b
(25 ppm), 7= F UE/L (30 ppm) HDHVIIRIRE L CKiEKE 8 MARENEIEL -
BRI Hof L7z

TRE (1995) OFIEIZTEY, LM ORFLRET H720, i KEKIC 1 REFRR{E
L, WWT30x38x 13 ecm HHARGBHTOVZ o3y b EICEE, 200C 1 HH§FEL-.
TERR ST /INVE T2 RBOK P ICBB S 72, 005% (wiv) RUAF T F Loy eH
VE T U L— N EETRAREKHICERE S, F 11007/ mL IR L. R AIALEE
OFEHIZ, HHT=D 20~25 mL O FREIRAZEEHERE L, RO CEIEZRD7TZD,
70 L~90 L OE=/VRTHY, EHNALEZZTRVBENTERLZ., #A, FEOHE
THRZ T2, WiEL 2 HREMER L72tk, BE= 4820 R, KL IR
A7 AETER L., 2014 FTIE 1 X 1R, 2 KB T, 2015 4FETid3 KIETITo 7z,
AR 3 WIS, FRLo B AWM E R (2016) OFMAEEICHEL T, 1 Y
720 6 HE, 1 $kHTm 0 20 FEIZOWTHRIFOA M L RFREZTAEL, BIRESR, RBF
FER L OB Bl 2 B L 7.

FIREE =X (IR ES < FINFEED / (GEREL x5) x 100

SRR 0 0 BERE, 1 1I~S OB, 3 6~15 HOIFEE, 5 : 16 LA EOIRBEEUS
Bkl = 100 - G B FIALEE X 0D F8 95 BE /K ALBR X O FE IR L) - < 100

3. WEEHEHT

AT A TR wHWZRER TR, BRIE Z LI, BEACREE SN RO
INBRIZ 31T B3I DA HE & KALBRIZ DWW, B P RATF ¢y 7 BURSHEC & 0 #EHIC
L7z, FUEARZ WIS CIE, BRIE Z &I, BEAI TR S NI IR DO HED
FIRFEE L AKLFIZ DWW, HF e AT 4y 7 BURSHTIC K0 BRI L7z, @
fie] U R T A L2 59 % % B A1 00 B B SR & skl B oD R VR BR TR L s 3 2 B B SR o B AR
IZDOWT, “IAY A TH ZHWEZRBRTIE, Y27 0 v Z7EUEGH, TUHEAR
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ZHWTZRBRCIIEF v 27 v 7 [Blm o B i K0 Beatiic ki Uz, BREE & B A
DB BN D o7z & &, ] VRERHRE 1k 2 B R Al ORI BRI A & R BRI A
OSBRI B2 E=ZNH D EHEE LT, 4 O d%, Bonferroni-Holm 512 X1
S LT,

MR

L. ‘AT HATHR EAR%Z Tz DML AR MR E

PR K 9 » AITiE, KOUEX DDA Y B A T XA T HEDOTE DB S, TR
JEECRIT 54.4~853% Td o 7= (Table 5, Fig.3). —7J5, REAVLEOMMAIT, HEREIR
FORRHANC L 0 BFREN R e o7, Thbb, Y7z /atby—AB8l07oFUE
JVALVERE, RSB ICRT L C, BREZ A B & (Y 7=/ 2y —,
Bibffi = 100, P<0.05; 7=FVE/N, PikRfli =79.7, P<0.05). 7=FVUE/MZL, &
i 70 B ER I S 72 4 HU T XTI B W TR DMK D o 7o AR EREA ;  BABRAM
=9.0, P>0.05, FETEHEE ; Bkl =5.3, P=0.05, J\ZHEREUA ; BikRM =29.0, P<
0.05, el REMER A BRI ; BhBRMN = 26.5, P <0.05). WM, 7=/ =
T =g, AR (Bl =57.3, P<0.05) 38X OWUEEE Mk = 54.0,
P<0.05) 12Xt LCBABRIRER H o7, L L, T XCOMERERE T2 7=/ 2
T =V ORIERZIRIE, IR K 0 (Ko7 (P<0.05).

2. FUEARE BT DMI FERSZ R E

PAERFIZIB T 2 TN TOKLIX DOFFEER (92.0%L0 F) EHIWHEE (552 LLE) 133E
WIZmro 7= (Table 6, Fig. 4). FERHUE O IANLBLXIZDUNT, FEIFIER & 3L 1
FRIL =@z R Lz, KWRRIEICHT 57 2 F VELBIORY 72 /) a )Y — /Ll
B, RHOAKMEL & e U CRIFE L A B S8 (V7 =/ a7y — OBl
=99.1, P<0.05, 7 =7 UENLDOEERMM =963, P<0.05). xtHAIIZ, W3 1o RER
BEICH L TH 7 = F U EADBRM (0~8.7) X&) o7, F/-, V7= /) afV—)L
RN (BFRAE = 12.8, P>0.05) 35 X OHZERIA (FibRfli =0, P>0.05) %}
U CRIBRBIR A 2oz, —J7, \ECEREA, WA ERIA, b W AR A AR s BRI
FCHRT L X T MICHBRR R FE O S ii=2y (F5BRfl = 25.0~44.0, P<0.05), ZD%)
ST L 0 & o72 (P<0.05).
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Table 5 Efficacy of two DMI fungicides against the aeciospores of Gymnosporangium asiaticum,
collected from the diseased leaves of Pyrus pyrifolia ‘Kousui’ in inoculation tests on Juniperus

chinensis L. cv. Kaizuka

Prefecture Location of Treatment Total no. DI ¢ CPd  Statistical analysis
sampling of twigs® (%) Control ¢ Ibaraki
inoculum?

Fukuoka  Kurume Difenoconazole 132 36.4 57.3 * *

Fenarimol 175 77.6 9.0 - *
Water (control) 134 85.3
Chikugo Difenoconazole 40 25.0 54.0 * *
Fenarimol 128 51.5 53 - *
Water (control) 138 544
Yame Fenarimol 132 59.8 29.0 * *
Water (control) 127 84.2
FARC Fenarimol 104 452 26.5 * *
Water (control) 144 61.5
Ibaraki Ibaraki Difenoconazole 126 0 100 *
Fenarimol 126 12.8 79.7 *
Water (control) 143 63.2

2 The inocula from Fukuoka Prefecture were collected from commercial orchards in Kurume,
Chikugo, and Yame, and from the experimental orchard in the Fukuoka Agricultural and Forest
Research Center (FARC) in 2013. The inoculum from Ibaraki Prefecture was collected from the
experimental orchard at the National Institute for Agro-Environmental Sciences in 2013, where
no DMI fungicides had been sprayed.

b Total number of twigs on three plants (approximately 40 twigs per plant), with the exception of
one treatment, in which there was one plant treated with difenoconazole and the inoculum from
Chikugo.

¢ DI, disease incidence is expressed as the total number of infected twigs as a percentage of the
total number of tested twigs.

4 CP, control proportion is expressed as the value calculated by: [1- DI of treatment with
fungicide/DI of water (control)] % 100.

¢ A logistic regression analysis was calculated to compare DI based on treatment with fungicides.
Significant levels were adjusted using the Bonferroni-Holm method. * Indicates a significant
difference between the control (water treatment) and treatment with each fungicide at P <0.05.

f A logistic regression analysis was calculated to compare DI based on treatment with fungicide
and pathogen population. Significant levels of interaction between the treatment with fungicide
and pathogen population were adjusted using the Bonferroni-Holm method. * indicates a
significant difference between the population from Ibaraki Prefecture and each population from
Fukuoka Prefecture at P < 0.05.
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Population

Fukuoka

Ibaraki

Difenoconazole Fenarimol Water (control)

Treatment

Fig. 3 Signs of DMI fungicide resistance in the population of Gymnosporangium asiaticum from
on juniper twigs in Fukuoka Prefecture, compared with that in the fungicide-sensitive population

from Ibaraki Prefecture
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Table 6 Efficacy of two DMI fungicides against basidiospores of Gymmnosporangium asiaticum
formed from diseased twigs of Jumiperus chinensis L. cv. Kaizuka in inoculation tests on Pyrus

pyrifolia ‘Kousui’

Prefecture  Location of Treatment Total DI¢ DSd9 CP¢ Statistical analysis
sampling no.of (%) (%) Control f Ibaraki ¢
inoculum? leaves ®
(year)

Fukuoka Yame Difenoconazole 94 862 615 271 * *
(2015) Fenarimol 90 97.8 85.1 0 - *

Water (control) 101 100 844

Hirokawa Difenoconazole 108 944 641 128 - *

(2015) Fenarimol 124 92.7 67.1 8.7 - *
Water (control) 117 940 73.5

Chikugo Difenoconazole 37 100 100 0 - *

(2014) Fenarimol 36 100 967 3.3 - *

Water (control) 40 100 100

Asakura Difenoconazole 52 88.7 414 250 * *

(2014) Fenarimol 28 89.3 593 0 - *
Water (control) 50 920 552

FARC Difenoconazole 92 932 515 440 * *

(2015) Fenarimol 88 98.9 93.6 0 - *

Water (control) 85 989 92.0

Ibaraki Ibaraki Difenoconazole 112 1.8 0.7  99.1 *
(2015) Fenarimol 110 14.5 29 963 *
Water (control) 103 97.1 775

3 The inocula from Fukuoka Prefecture were collected from juniper hedges in Yame, Hirokawa,
Chikugo, and Asakura, and from experimentally grown juniper plants at the Fukuoka Agricultural
and Forest Research Center (FARC). The inoculum from Ibaraki Prefecture was collected from
experimentally grown juniper plants at the Japan Plant Protection Association Tsukuba Research
Center, which was sensitive to DMI fungicides.

b Total number of leaves on two plants (approximately 30 leaves per plant) in 2014 or three plants
in 2015, with the exception of one treatment, in which there was one plant treated with fenarimol
and the inoculum from Asakura.

¢ DI, disease incidence is expressed as the percentage of the total number of observed leaves that
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were infected.

4 DS, disease severity is expressed as the proportion of leaves with severity (S) scores. Calculated
by X (number of diseased leaves x S score)/(total number of leaves x 5) x 100. S score: 0 = no
visible rust spots; 1 = 1-5 rust spots; 3 = 6—15 rust spots; 5 > 16 rust spots.

¢ CP, control proportion is expressed as the value calculated by [1- DS of treatment with
fungicide/DS of water (control)] x 100.

f An ordered logistic regression analysis was calculated to compare DS based on treatment with
fungicides. Significant levels were adjusted using the Bonferroni-Holm method. * Indicates a
significant difference between the control (water treatment) and treatment with each fungicide at
P <0.05.

& An ordered logistic regression analysis was calculated to compare DS based on treatment with
fungicide and pathogen population. Significant levels of interaction between the treatment with
fungicide and pathogen population were adjusted using the Bonferroni-Holm method. * Indicates
a significant difference between the population from Ibaraki Prefecture and each population from

Fukuoka Prefecture at P < 0.05.
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Population

Fukuoka

Ibaraki

Difenoconazole Fenarimol Water (control)

Treatment

Fig. 4 Symptoms of DMI fungicide resistance in the population of Gymnosporangium asiaticum
from Japanese pear leaves in Fukuoka Prefecture, compared with that in the fungicide-sensitive

population from Ibaraki Prefecture
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1.1.3 EFICBIT 2 S EEHR oLz H

FANRZMERGEIC LD, @RI T ERARAEL THWD Z e SN, 20
&9 7R PE R S A IZ B 1T D DMI AlDBLERZI A 78 & ONE DMI A O RAEA 2 B 5 229
D7, HANRN R & BRI 5y C 92k L 7.

kEEL D7k

1. DMI AlDBikrzhH

BRI T AR ERR & SRR FE BRI 3 A CRllR 4 S5 L7, 1983 4FIZHERE 2 m FHIfRE Chi
LTV sk & TR AW VBB 3 m B2 ATIC 2009
FAZIARD DAY A TR ZRERL, ARBEAETRIESE, RFOBRFEE L. 4
faf-23 %3 LI-WiRE, T 7cdbh, 20134134 H3 BB W12 H, 20144134 H3 H, 11
HBE XU 24 HIZUTOEFZ 1 BH-0 SLOREEEMALZ. 7=/ a)ry— (f
BHRE e 25 ppm, BAFEEE), 7 =F VUV E/ (30ppm), FAH— A —FRAIDOF 75
2 (800 ppm) IS K OMERUAT 2 M 2 72 4 KIZDOWT, 1 X 18 3 5K T L7z,

A& TR 3 I FR] 7 |2 8 I3 B 238 & 8993 J8E 4 il 00 = S B R % FH 72 DML AN PERR E O
B ITIEICHE D CA L7, R % Box-Cox Z8#a L, ALHLX, 4R L OVLHERM O 3 ol
BT HT (ANOVA) & W CRERHIIC R L7=. %tV T, Tukey-Kramer ¢ HSD & & %
MW TEM D&z RE L.

2. REFEHOBRRK

PR B T AR e G R G FE R B 3 B C A A O FEATEABR 22 2013 4 & 2014 4212 FE i
L7z, 1983 #FICHERE 4 m RIfE CRER S iz o dbfl “sgKk” & 8K ZMviz. 2014
1L, DMIFIOY 7 = 7 2> —)b (25 ppm), 7 =F VU E/L (30 ppm), SDHI FlD~>
FAEZ K (75 ppm), Qol HDE YR B /LT (200 ppm), BL ORI F A I —/8 2 — Ll
DF U Z L (800 ppm) & EEEA AN A T2 6 KIT-OWT, 1 X183 8 CHFEf L7z, 2015
B, V7= ary—n, XUFFET R, IRV ALT, FUTABLUQol &
SDHI AlOIRAFI THHET 72 hr by B4ppm) « RAH Y K (68 ppm) & MEf A%
MMz 726 KIZOWT, 1 X1 K3 KE Tl Lz, BYiE LT, BRIk L C
PR SN TOWAERFHEREA LT A Y I AT X ORE 2014 4E L 2015 4E L HIZ 4
A 7 BICHEBRBSGIMCERE LT, AR % 2014 4F & 2015 4612, 4 H7THB X W17 H
WM L 7.

AR 4 T 12 IS F8 IR HE R & T80
T

N

Z ARTERTHED 1.1.2 OB E 71k 2028 Tl



wOR

1. DMI Al DB;kRzh R

AR & SRR O F U AREYR ORI LIS B 7R A2 1T 787 o 72 (Table 7, dhfil; P> 0.05).
A NATHRITETEICERL, TICEALA LIZREREOE LN L7z & b,
2014 FFEOFIFHEIL 2013 £ LV bmdo7c (B P <0.05). FAEAILEFICAEEDRD L
iz (PR P<0.05). 7= VE/NTRUELL 72T Y IEORBEX, EDMIAIOF T T A
TREL L7260 X 0 AEICE < (Table 8, P <0.05), HEE A & 250N L 5720 - 72 (P>0.05).
V7 afy =L, 7=FVEALID BRBRELZAEICETSER (P<0.05) 23, F
U5 AL VNRATIER D572 (P>0.05). ZHAHORERIE, B CEMNUETRRD 5
NAORBIRENEEL, V7 =/ afb =t 7o) UENLEDOBICARTERZRZAEMMEA
HHZLERTFE L. FYE WAV IATE OEARZHWEZERE THO ST
PERER D — D13 Z O B L 7. K SRERIZI1T 2 2 o> DMI A OBLERZH I3
ZMERRE ORGSR & A CEm &R L.

Table 7 Results of a 3-way ANOVA on the disease severity scores (transformed by arcsine

square root) in the field performance test

Factor Df SS F value P value

Treatment 1 1.498 22.6 <0.001
Year 3 0.833 37.7 <0.001
Cultivar 1 0.074 33 0.105
Treatment x Year 3 0.116 1.8 0.233
Treatment x Cultivar 3 0.449 6.8 0.014
Year x Cultivar 1 0.001 0.0 0.841
Treatment x Year x Cultivar 3 0.004 0.1 0.979

df; degrees of freedom; SS, sum of squares
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Table 8 Field performance of two DMI fungicides and a dithiocarbamate fungicide against
Japanese pear rust on leaves of Pyrus pyrifolia ‘Kousui’ and ‘Nijisseiki’ in the experimental
orchard in 2013 and 2014

Treatment 2013 2014
Statistical analysis ©
DI (%) 2 DS?® DI (%) DS
Difenoconazole 61.7 353 75.7 48.6 a
Fenarimol 87.7 57.9 100.0 94 .4 b
Thiram 25.3 7.9 80.3 479 a
Control 91.7 67.7 99.7 94.6 b

a DI, disease incidence is expressed as the mean percentage of infected leaves per tree; three trees
were observed per treatment, with 100 leaves assessed per tree.

b DS, disease severity is expressed as the mean proportion of leaves with severity (S) scores.
Calculated by ¥ (number of diseased leaves x S score)/(total number of leaves % 5) x 100.
S score: 0 = no visible rust spots; 1 = 1-5 rust spots; 3 = 6—15 rust spots; 5> 16 rust spots.

¢ Same letters indicate that mean DS values are not significantly different according to the
Tukey-Kramer HSD test (P < 0.05) with data transformed by arcsine square root transformation
after a 3-way ANOVA

2. REIEHOLRRK
2014 FO AL X O FEIFHEHRIL 94.5%, FFHEIL 61.4 T, ARBRIIZHEMHTH T
(Table 9). DMI IO Y 7 =/ aF Y — L b 7 =F U ELDORBMIZZE N EF N, 63.1 & 27.1
TR L o7z, SDHIAIDORU F AT R bFIBRM (953) @<, YF4H—n
A— MIOF v F 5 (B4 90.0), SDHI A O EZ 2703 K (BhBRAl 84.7), Qol Ao &
U A7 (BGBrAl 81.3) A3y 7z,

2015 EOBEALBR X DOFEIFHHEAR 1T 80.3%, FEIW L 28.1 T, AFERIZL 2014 4F L 0 FIw 3D
BNbOD, R OPBRHEZ TN T 2 DIZ, +537e3ER 57 (Table 9). DMI D
U7z ) af = )LD 54.8 &K A 072, SDHI IO FAE T RGP
FRfli (89.8) @<, WWT, FAN—"RA—= R IOF 7 Z L5 (BBl 81.5), Qol Al
& SDHI HlORAGHITHHIE T /7uaAxhabey - RAL Y K (BHERM 80.5) DOB5ERZNF A
mrolo. Qol AlOE U XU AT OB (47.8) XK, ¥ 7=/ aF Y — L%
Tholz.

AR ORI T, Bk ORI Z2 F O MR E ClPEE SRR S (Table 6),
35 A (2351F % DMI FIOBIBRZVERBRCRIH LI A Y A 7% b RIILTEY,
DMIFIDOY 7 =) aF =t 725U ELOBFREARNZ & DR SNTWD . ik
B8 UC, SDHI HlORFAET REDFA I =2 = EIDOF T 7 LOBEBRDFN
BT, —J7, Qol HlDOE ) Ry N TIHERTHBRDEIIES D& N H o 72, HAEEE
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DOREFETH DD, SDHIAIOE Z Y7L K& Qol A& SDHI FIOIREGAITH DR AL

UR-EF770Z oo RiEnorz.

Table 9 Field performance of various fungicides against Japanese pear rust on leaves of Pyrus

pyrifolia ‘Kousui’ and ‘Housui’ in the experimental orchard in 2014 and 2015

Treatment (mode of action ?) 2014 2015
DI (%)° DS¢ CP DI (%) DS CP
Difenoconazole (DMI) 59.2 22.6 ad 63.1 51.5 12.7 a 54.8
Fenarimol (DMI) 77.2 448 b 27.1 Nte Nt Nt
Penthiopyrad (SDHI) 13.2 29¢ 95.3 13.7 29b 89.8
Pyraziflumid (SDHI) 41.3 9.5d 84.7 Nt Nt Nt
Pyribencarb (Qol) 4.2 11.5d 81.3 51.0 14.6 a 47.8
Picoxystrobin (Qol) Nt Nt Nt 22.0 55¢ 80.5
+ Boscalid (SDHI)

Thiram (Msl) 27.2 6.2d 90.0 25.3 52¢ 81.5
Control 94.5 61.4Db 80.3 28.1d

3 Mode of action of fungicides. DMI: demethylation inhibitors, SDHI: succinate dehydrogenase

inhibitors, Qol: quinone outside inhibitors, Msl: multi-site inhibitors.

b DI, disease incidence is expressed as the mean percentage of infected leaves per tree; three trees
were observed per treatment, with 100 leaves assessed per tree.

¢ DS, disease severity is expressed as the mean proportion of leaves with severity (S) scores.

Calculated by ¥ (number of diseased leaves x S score)/(total number of leaves x 5) x 100.

S score: 0 = no visible rust spots; 1 = 1-5 rust spots; 3 = 6—15 rust spots; 5 > 16 rust spots.

¢ CP, control proportion is expressed as the value calculated by [1- DS of treatment with

fungicide/DS of water (control)] x 100.

d Same letters indicate that mean DS values are not significantly different according to the step

wise test with data transformed by Box-Cox transformation.

¢ Not tested.
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1.1.4 #%

INETIZ, FTURERHEICKIT S DMI AlfitEo#REFNL2 V. E-EEHED G
yamadae Miyabe ex G. Yamada (U > ZJREH), G. juniper-virginianae Schwein. (cedar-apple
rust) 3 XV G. sabinae (Dicks.) G. Winter  (european pear rust) (2 & 720 O F(E %N
BTV, —fKAIIZ, S OYREIEEAIMMERE A Y 27 ORVWEECH L EEX DR
Tz (FRAC 2013, M3 2017) 28, ¥4, 77 20T DMI Al & A4 X & O i

(Phakopsora pachyrhizi Sydow & P. Sydow) (2 X A #E 034 STV (Godoy et al. 2016,
FRAC 2017). & BIZ, SOYWEOEAIMPEEFEA Y 2 7 3l Sz g, S OWEIE
ATRBRDNE, BFORRENSZWED Z EOIEREEEY 27 @V EEZA L TE
0, AN MEZ ST D AR Em W2 E RSN TWS (Oliver 2014). —J7, — %72
SOYREE & TR, FURRBREICBW T, F—ofFEIC /g 5l 172 KX,
ATEBRITAE 1 ISR DN D720, SEAIMPERE A Y 2 7 TRV & B 2 b,

BRI D — D TH L Al & 24— ML 2 f@h I\ ik ¢ 2 4506 L 7=,
I DMI FNZ & 2 i HIBLBRIZAR IR O F8 A= 2 B RTINS L Tz, Zhickt L, Y%
& BEERZED R 23 B 0, A BIFR<C B bR 12 FE DMI NG & k& (2 5F D B2 e\ (BP0 1983,
BEH - BT 1987) DMI AIZ X BBGBROA B, FRIRDILE OBEMENTRD Hiie o7z,
7E, BRESHEERICAIR IS T 2B MO 1T 72 0o (A6 1989), ARBFZETH (L FE]
IR FVRDUC L 5 2 ootz LB 2 btz /INVETORBIEEHTN 1.5 km & RiE#EC
HoHI=D (HEAD 1989), HLFIILEL, B v 7 U EomMEzHIRY 5 X5 722 its
BO7R BREEIC =D T W R — RPN G, TSRk o T8 7 O SO 138 Im I 2
BHZ ol BEZbNE. XoT, TURRBREZHERO—>L LT, DMIAIDOBER
IARDOR, T70 b DMI FIMEE R AEDRTREMES R SN, S 61, SO ¥ 7
LT VRNV EEMEREIC LY, @R OER S & FEERE S b RIS v T
FREFRHEICHT D DML BlOY 7 =/ 3+ — B L7 = U E/LOBEERMEITRS M &
HEE SN D RO KIRIRER IS L 0 K2~ 7=, FERIS, 25 O E A OBGER) F 13 fE ]
VLoD FEERBLG H 57 C ARV 2 & AVR S, @l BT DMI AMHE T S R BRI 3 FE A L T
D ENRENTZ. ZOMFITBIEEFRIC K o il S - Bl &2 AT, IEFE0
2R OJFRICHIHERE 2B G- L CWnD Z E 2B 6T Le, AR, T REREICET
% DMI B OB BRI O T 2 11 5 TR OFED R OHE TH 5.

DMI AP AR B8 B AT DR AED BN N\ L HRHE T2 T <, A0 7
WHIA T CHMERR SN, FUREBREO/NE IR AR T 52 LR TE L2 L
5 (MEARD 1989), DMI AIMHEE LGB LIz EZEx bnde. —J, KRR L,
el U7~ & HUEE A2 35 it T, DMI OB ERZIR MK T U725 13X 2018 FBI{EMERR
TV, DMI AT AR EBIREIXUMNAGTICERE S TV a b o L E SN S.
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Venturia inaequalis (Cooke) G. Winter 72 & D% < O IR I3 L C DMI AlE AR 58478
RAEMMEZ /RTZ EBRMEN TS (Cools et al. 2013, R 2017). KRB bH Y7 =/
aF =72 FUEADOYBRMFIZENH D, DMI FlORZEMHEITIRTERTH -
7=

REBIEAN OER OFER, SDHI AlORF AT ROFBRSERPRbEL, TV T A
R TV TI RPN, 2 OFEFNT IR O 7= 12 FE s S 5 Fr 3R AL
R IC BV T H ERAMERE W EHIE STV A& 2 0o 7o (B AL 5
2002, 2003, 2004, 2005, 2013, 2014, 2015). 723, 2018 4EHAE, B U N B TE
FOEIZ7ux bbby - RAHY ROFTIRERICHT 28803700,

AGRBR AR 2 BUH A U, ROEEHI O K 2 X > 72, 2015 4EE37>5, SDHI #|D
HCOAT L CHIIRE NI F 48T RIS OB S -, =0k, i)
BRERWEEZZT DHEIV 2L ooz, UL, NLHIRO—HCIXHEEL LR F
BIOWENRH D . \LHKRTHA R Z OHIRIT T v EICH#ET 2 7 VRBZHEFMEL T
5. 2018 AEBUTE, T AREW & F ¥ i ICHAPRER S LTV 2 9E DMI Al 72 vy, B
IO RV 7 MED B ORBSHEE 2> THEY, 2O X > TR TIEF v
(BN 72 O FE DMI AN A Sy, BIERiE I 1T DMI A Bk A7 U 72 ARG BRAs 5=

Jiti S DA H 5. T OBIFERFIC W T ¥ OFFERFE I S 5 B ITF v (1
FRi Lo <, B R EZ 0 72 SIS W T &R0 Z ORFHIC F v ICE E 5 0358 2E
L7222 o, FilcRek SN 5 2T D720, Y 7 MR A O — N ORECH
ffE EOERPHAL EN TV ED, HEE MR~ OHEMERI T ONT, %O L
LCkEnTn5s

A U7 BLESE P78 Tl dRx BRI O HIRE O L3 & Bl 5 2K 4
AT Z LB ARECTH o7z, FriT, RRESCIAM, Hisk 5 O filK o 72 & B2 2 S Hii 3
5 2 & PHEEERRRBEIC OV T, AN AR RSB FRIMRIL A 5 2, REOBER
MREFHCDTDDOHENRFEIIRDbDEEZ BN,
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1.2 FUEBENR

F I BEIRI Venturia nashicola \Z X V5| X Z ENDHHET, =FH U 0EBS IO
FICBAOT TR Z AL, REOIMLME DK TR EOBBEN#iEL 52 5
728, FURBHCRB T2 EERETH DS (Fig. 5) (L 1989, /AR 2004). AJHICEN
7= BiBRH & o3 DMI FI23 5 gk S 7= R, MM B W, RREO U > T R E (V
inaequalis) |2 DMI F|OBWFAX T3t T CFAH: 1995, Villani et al. 2015), AJp
B DWW T HMHERE O3 A 2 5% L Cu 7= (Ishii ef al. 1990). & Z TIRANUSIE:HLZ v
TR MERUE 3 2k S AL, 1991 RIS RIRIR-CHEE IR 72 & C DMI Bl —D>ThHhH 7 =F 1
FEMTHT DM TEA R S (BEHB 1992). £0#%, kR 3§k 2005),
iAW (%S 2000) BIOEEE (ZHD 2003) 2BV TG R EEZ VR T #E S B
HEniz. L, 1992 127 = F U E VB MK T B3 50 B S A7 RIRIR-So e I oo [/
ORI SN T VEREREZ AW CTH Y EEELHOZAMRE LT /ER, 7=
F U MIENERHIEZ R L7 (BHS 1995, Tomita & Ishii 1998). Z D7z, 5
Hi ECORZMR IR O RZ LT L O LN ERH L e D, BEIZBN
THEADOHRERT SEDL L) RfHEEIZEZIZEA EOM LTV RN EBbniz (A
1994, Tomita & Ishii 1998).

R TIE, FYBRERICH LT DMI Al 7 = /) af V' —, ~FHafy—iLE
L7 =7 atby — A BEMICOZ ) EaplhERA & LT & vz, 2005 fFEN D,
BB ] o BAFE R 2> S BRI L7212 b 2o 597, BRI EH U= SRR S N,
DMI AlONFAL T i S 5 L 9127z o 7.

AFETIE, 9, AHEO DMIFIESZMEE 2006~2007 4535 L1V 2015~2016 4EI2F i
ARz HW =AWk CREl L 7=, > XS, MPEE AR Y X 7 &8 & MR BR R O 7= 9,
REAOBER & 2 ORFEHIF KO DMI Al & ZEH AEAIORM I L ORI OBER %
ITo7z. S 51T, DMI HIHH: S AL B 31T 2 3A O BRah 2R 4wl L7z
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b)

Fig. 5 Symptoms of Japanese pear scab by Venturia nashicola
a) Scab lesions on leaves and fruitlets

b) Scab lesions on fruit
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1.2.1 FEAESZMRE

AIFN T DB ME DK T A3 R 72 2006 435 KON 2007 S PERUE 2 50 L 7-.
ZOREE, —iB0o> DMI AN U TS MEDME T L7 RS SAU7208, S MR N 23 e
SN7eho 7= DMI AN A5HKRE S 072, DMI AN 2 955 5 OS2 VR T A5 T L
7o 2 E N XD HBN OSBRI FE O T2 kb7, 2015 F3 LU 2016 FFITHE, B
PERRE % 2k L 7=

kEEE 71k

1. BEREJROINE

2006 4 5~6 HIZAEM RN O3 F3pEH 5 il 11 [#35, 2007 4E 5 7 12 4 Hilk 8 [H35,
2015 4F 5 H 1T 6 Hulilk 13 13538 L 082016 4F 5 H 1T 4 Hiulilk 6 [H145 & 4 i U AR e i & iR
OFRER 7> & IR EE, FEp R 2 55 400 b IEVEAIZ 30 £ 5\ i 30 LI BB L 7.
2006 33 LTV 2015 AR IT RO RIFEARNAIC & 0 AIROFEADN L <, ZOFED 2007 H35 &
O 2016 FEOFEITRIFAT E TR o720, ZRMEMTh o7, kR E LT, 2006 £
IRV & 2 AW BREZHFFTT 0> DMI B 18 7] O WA I 0D 72\ O GRER N353 12 0N 2015 4F & 2016
L2 DMI FIOHFAR T OREN 722 <, BEZMERHERES QD EHIFF S LD TEEIROES
[F1355 70> S ER L L 7 R R & -

2. BEREROFRS 1k

EREL U 72 P 3E, SRR ORI AR Z & A XTIV LY, BH T &I 50mL OF = —
TNz, BETEDFERLILSERT 272D R )V AF 2 F LU AVEX E ) T T L—
k% 0.01%RIN L7 I8 K 24 20 mL N2 CTHRE 5 L, RiE&BURL7Z. Ziuzlalig v
WL, [\ L7 g 250 1600 xg, 5 4TI 0oBE U Coy s 14 i L, BRI /K CBed L,
FIREIRAG L7212, BRELESEL7-0V afiz 0.1%RM L7 0.01~0.5%K VU AF =
FLUINEZ T T Y L— MR O RREIR 25 1x10° 8/ mL ORI L 72
FHIR T2 T 25813 TR 24 13100 ff/ mL ORISR L, -80°C CHR7F L7-.
fifi R H S SC ik i Tt L C vz,

3. FEHIRSMEME T 1k

(1) BEREY

2006 G368 J U 2007 FEEREE O SEANESMEE I T B I HE N L2720, BHFEELED
WU Z 2 L7=. 1 HICT Y Sk o VAR ARZEA L, SCORBISREICHRIT L.
ZINZI 2006 -4 H 18 HIB X UN2007 44 A 19 HIZHkMEx 2L, S@HICEMLT.
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2015 -3 LUV 2016 AFEER LR O SEA S PERE Tl MR RAF D43 412 H72.30 em
Ry NTERLEZ I~2FE4A0F Y S5k ZAWIICHETEL, S cEHLT-.
WTNORBR S ERIHESE L2 1 XK 1B CRBRAITo 7=,

(2)  FEHBA

2006 FEIUE ORRE TIL, 2006 45 H 18 HIZEEE 4~5 I OB A 3~4 AE L
THARICERREDO 7 = F UV ENL (BRI IRE 30 ppm, LLTEER), Y7 =/ aF Y
—/L (25 ppm) BL O E L CTKEKE NS RAT L—TCTHoBEHAMA L2, 2007 8
U O E T, 2007 4F 5 H 28 HITHEKE S~6 B OHRIN 3~7 AR LAY
7 x /) a3}y = (25 ppm), ~FH2F > —L (10 ppm), 7 = > 7 3V —/L (22 ppm),
7 =F U EN (30 ppm) I L ORI E L CKIEKE +5r EHUE L7z,

2015 FEEREE OME TiE, ZAED 2016 4F 4 A 18 HICHEHE 5~6 K CHky M E T ofiy
K12 2007 4E & [RIRE O 38FN & 0y A L7=. 2016 4EERIUE OBED 9 b, 5 W14
R O RFHNE R IR & RIRFICE L7272, Bk &3 5. 5% 0 0 2 @5 I2OW T, 2018
4 H2HICY T/ aFY = 25ppm), ~FHaF Y — L (10 ppm) B L O%HE
ELTKEKRE o EEE LT

WL OFRER S AN O MIE 2 B8 L C, AR 2 8 B IR U 3EA 2 #cm L
7.

(3) HEMEF 1L

2006 £33 L0 2007 AEEREUA ORE TIE, 1181 H o AR B IR 13105 8/ mL 127
BLIEN BB Z N RAT L —TH AR 1 RKH72V 50 mL % 40 [ [ (S ZHERE L7z,
PR Lo AR B A i C, Ml A BEMEAE =L CHE L2 S S 1.8 mx
BATEA2 mxEf 2 m ORI ANTH%, Ry N RICERE L2k 2 —7 CTHuok L,
2 HMENZ BRIk, 20Kk, SBERBANGH L, BHISRMFCEVT:.

2015 AFERIUE 38 L OY 2016 A8 IR O E TIE, 1 [0 H O3EAIHAR ¥ H 12 0.2~2.5%10°
i/ mL (2% L 72 fa i 2N RAT L—T 1 KH72 0 40~50 mL % ZE D [ [ (T 7%
BREL, 75L 55T 90L OR Y E= VR THMKZ B, ERE Z2 %o 7=, EHneE

T L DMEFERBFEGHT-0 OkH - =% 2012), TOERICS AR HRLZ 0 K
L7z, A SHEMEEZBNTERMLZ. S6IC2 ABICARI bR E2BEL, &
H&HHVTEINEON T AR CTERLT-.

7B, WTNORBRTHL T A7 UXRELL <0, @MEEBRFOBAMEIT- 7.

(4)  FEPHE STk
FETE 4 JH [A11%, ACALBLIX TR A MRS & AU 7o BRIy oD R PR e AL HELLT 4~6 K &z
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WCRIEL 2 3 BAMA Lz, AR OAEE L TREOFBHFRE I > TTW, IR L
Byl 2 G5 L7z
R (FRK 0 1 D72 O TR EEEL)
0 :%¥7eL, 1 1, 2 :2~5{f, 3 :6~201#, 4 :21~801#, 5 :81 fHLL L
FIRE =3 ERIEECRRERIERD 7 (5 x GRAEZES)) x 100
Pibrffi= (1- CGERLEIXORFE)  CGERIELF X OFRE)) > 100

4. WEEHRMT
% DMI #l & BEAEFE CRRAS L 72 2007 4E & 2015 4EOBLERE Z i35 728, Box-Cox Z
%, Welch I & FE0 L7=. RIZ, 2015 FEOBLERIIC#iR 0 2016 FORERZ M2, IR
LDV T = af =Rt aF Y — L OSBRI OV TR T A FE G L 7.
HIZ, ZAUH OB I DT, R FEFEHEIZ 31T 2 3550 O BBl & Lefie 3 2 72
R 2550 L, AREZEDROLNTZHEITFIC Tukey-Kramer @ HSD fRiE C£ i bl L
7. 7ok, AR CTF ¥ DR 1L <, Fry~D KU 7 bR 72 DMI HlO %\ B
BRI 2 5 C HUX T Z LIS OHIEX & 531 7.

H# =0

Nk

S

wOR

SEAN AP X (330 ) 2 BRI O W) I THRE 3 MBI MR S Ay, Bl 4 MR I8
g D e EAZEBAZELL T 4~6 B~ b Bz ICIREE L7 3 BUTITRBE N 2 < 388 B 4172, 2006
R ORUE T, FEA LB TR IER DY 59~100%, FEIRELD 32~51 LLFEEL
7= (Table 10, Fig. 6). FEHEETHAM L= 7 = ) a5V — /L KOFRIFHEITL 0~9, B
1% 80~100 TEREUELGZ X 21X B2 X172 <, WO b L 727 v B2 H
Wt L Th @O RE R LTz, —F, 7=F VEARDOIIFEIL 15~47 TH Y, PR
fliix 0~67 & F&IECHBRMOIE DD E N KR E D o7, BRI )@ 2o 7o AR
99 B VAR KR i U2 36 KON KR KT 22 HERELL 72 b D Th o 7z,

2007 EERINEA ORE TIE, FEAIEALBIX OFETRHERDS 36~79%, FEIHRELN 16~32 L
342 L7= (Table 11, Fig. 6). RN TR L= BEREICHTHY 7=/ aF Y — LK
OBFBIZ VTS 100 THo72. 7 =2 F U BI/VKORFEIL 4~12, B5ERMIE 35~79 T
ETHOENRE L, FEWEED HLIHR < BIBRAM2S & 2> - 7= BISG LA il A2 38 K OVAHR
KHilk U3 Toh o7z, 2 ke ClRl— MY 2 i U728 A Hililk A1, A2 B3OV Cl1 o
V7 x /) afy =X e T =TV ENXOBERTIE 2006 4F XV &0l £z, 2007
132006 4F L 0 RRRIZHIRE MK S, BIBRIAS @ WMEA Ch o 72, ~F ¥ at >y — L Xo
FEIFEEIL 1~5, BIBRMMIE 75~96 CTHibRZIRZ R L, SIESIC L 21X 621370
o ., 72T 3t = VK ORIFEL 0~5, BRI 85~100 TiEH o & 137 <,
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HRFE IR K1 & I\ Al K2 725 O Ik L Tld~F 2 Y — VX OB AN & 7% T,
o> 5 BEHZHOWTITE BIZI RN E Do T-.

Table 10 Efficacy of DMI fungicides against Venturia nashicola from Fukuoka Prefecture in

inoculation tests on Pyrus pyrifolia ‘Kousui’ in 2006

Inoculum? Control proportion ©
Year Location Water control of DS * Difenoconazole fenarimol
2006 Asakura Al 34 83 5
2006 Asakura A2 32 100 0
2006 Asakura C1 51 92 21
2006 Kurume U1 46 80 28
2006 Kurume U2 45 94 67
2006 Kurume K1 46 89 61
2006 Kurume K2 50 -d 35
2006 Yame T1 32 88 23
2006 Yame K1 46 - 21
2006 Tagawa A1l 44 97 52
2006 Keichiku Y1 48 - 22

2 Inocula from Fukuoka Prefecture were collected from commercial orchards in Asakura, Kurume,
Yame, Tagawa, and Keichiku in 2006.

b DS, disease severity is expressed as the mean proportion of leaves with severity (S) scores.
Calculated by ¥ (number of diseased leaves x S score)/(total number of leaves x 5) x 100.
S score: 0 = no visible spots; 1 = 1 spots; 2 = 2-5 spots; 3 = 620 spots; 4 = 21-80 spots; 5 > 81
spots.

¢ CP, control proportion is expressed as the value calculated by [1- DS of treatment with
fungicide/DS of water (control)] x 100.

4 Not tested.
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2006 Asakura Al

20015 Yame T1

2015 Chiba

Difenoconazole Hexaconazole

Treatment
Fig. 6 Symptoms of DMI fungicide resistance in the populations of Venturia nashicola from

Fukuoka Prefecture on Japanese pear leaves in 2006, Asakura A1, and 2015, Yame T1,

compared with that in fungicide-sensitive population from Chiba Prefecture in 2015
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Table 11 Efficacy of DMI fungicides against Venturia nashicola from Fukuoka Prefecture in

inoculation tests on Pyrus pyrifolia ‘Kousui’ in 2007.

Inoculum 2 DS of Control proportion °
Year location water Difenocona- Hexaconazole Fenbucona- Fenarimol
control  zole zole
2006 Ibaraki 21 100 100 100 100
2007 Asakura A1° 16 100 77 91 35
2007 Asakura A2 19 100 75 100 79
2007 Asakura A3 23 -d 96 - 50
2007 Asakura C1 21 100 85 100 46
2007 Kurume U3 31 100 93 100 77
2007 Kurume U4 32 100 90 94 65
2007 lizuka K1 30 100 89 85 62
2007 Yame K2 31 100 88 89 61

3 Inocula from Fukuoka Prefecture were collected from commercial orchards in Asakura,
Kurume, lizuka, and Yame, in 2007. The inoculum from Ibaraki Prefecture was collected from
the experimental orchard at the National Institute for Agro-Environmental Sciences in 2006,
where no DMI fungicides had been sprayed.

b DS, disease severity is expressed as the mean proportion of leaves with severity (S) scores.
Calculated by ¥ (number of diseased leaves x S score)/(total number of leaves x 5) x 100.

S score: 0 = no visible spots; 1 =1 spots; 2 = 2-5 spots; 3 = 620 spots; 4 =21-80 spots; 5> 81
spots.

¢ CP, control proportion is expressed as the value calculated by [1- DS of treatment with
fungicide/DS of water (control)] x 100.

4 Not tested.
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2015 RO E T, KRABLXOFEFEIL 45~91 TWT N OBHEJR G FEH O PhBR%h
RAEHET DO 073K %2 157- (Table 12, Fig. 6). ¥ 7 =/ 2 — )L OBL M
26~100 T, K& < BZMEMET LB S, 2006~2007 4F & [FER IS M HERF S
NIBREE £ T, EEBESIC I KRE< Bl orz, R, BiBRIMERV )\ ek C1 B &
O T2 DI ITA~F Y 27 — Loz TlElo7z. ~FtaF > — L OBk 43
~85 (F#) 63.6), 7= 7 3}t — /ORI 26~44 (F¥) 349) BLO 7 =FVE
L OBLBRAMIE 31~50 (44 40.4) T, 2007 FFEOFAER: L 0 A EIZHEA LTz (P<0.05).
F iz, BEMEPHERF STV D & WIFF S5 3RO T HERERIUA O % DMI AR 75
~95 TT 7 AtV — L inRfK D o 7278, 2007 IS THAE U 72 B M & [RIRR IS BABR DR 8
Eo Tz,

2016 FFERINOMRE T, KRLBLXOFEGEIL 24~68 TWT N OBHEJR & FH O PBR%h
BAEPEST DO 073 &&= (Table 13). ¥ 7 = 7 a5+ — )L ORI 20~92,
A~FY 37— L OB 14~100 T 2015 4E & [FEE 77 Td - 7=,

2015 EB LU 2016 OV T = /) aF =L~V at ) — L OBRMICE B R ED
FHBH OB 23 Z 5 AL, AR ZEMMMEN 8 D T & AR STz (y = 0.47x +29.1, 12 = 0.3944, P = 0.004)
(Fig. 7). Z< OHEBETY 7 = 7 aFV — L OBBRAMIT~F % 2+ — Lo %
B, REERBRREMEZ R L. BUFRNG, Y7/ a7y — VORI 549 LT
TlEAF Y 2+ — Loz TR, Y7 x /7 a5 — OB MR R 13~
X3 — Ot 2 TE R & o 7z,

015 FERB L N2016 FEDO YT = ) af—)b b ~Fiat ) — L oSk & #ilk & DR
A 2 EHARAT L 72 (Table 14) . \ &R C HIKIZH 1T 52 7 = 7 2 — L O PFRAfhI,
I\ Az Hds LA o it (2 kF L CA ISR o T2, — 7, o~ o — L o Bl He R
WCHBZEITIRONR -T2 b 0D, )\ ik C HIK T KW Em Ch - 7.
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Fig. 7 Relationship between control proportion (CP) values of efficacy of difenoconazole and
hexaconazole in in vivo test against Venturia nashicola from the orchards in Fukuoka Prefecture in
2015 to 2016

Table 14 Comparison among regions by efficacy of difenoconazole and hexaconazole against

Venturia nashicola collected from the orchards in Fukuoka Prefecture from 2015 to 2016 in vivo

tests
Region Number of  Average of CP @ value of Average of CP value of
tests difenoconazole hexaconazole

Asakura 4 78.1a® 65.3a
lizuka 3 79.2 a 60.0 a
Kurume 4 86.4 a 70.1 a

Yame excepted C area 3 53.4 ab 71.4 a

Yame C area 3 303 b 332 a
ANOVA P =0.009 P=0.093

2 CP, control proportion

b Same letters indicate that mean CP values are not significantly different according to the
Tukey-Kramer HSD test (P < 0.05) with data transformed by Box-Cox transformation after an
ANOVA.
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1.2.2 EAIMMMEEIA Y 2 7 &8 L REBEA O

2006 433 L O 2007 AR AR R OFREEFE M2 HERE L 72 ) o B Tl DMI ANz k4
DIZHEPER T LTS Z BRI BN E o7z, IRAIMMERE U A 7 &FBo—o & LT, it
PEREFREAEY 27 O 2 3HANTMMEE OFAEY 2 7 IR ER AL ER ZEAG LTl
HZERHEREESN TS (FRAC2010). 518, V7= /afFy—WIA I ) 0507
NRUNVIER 2R T 5 LB RN A BT 5 Z S TnD (FF 2009). 22
TIE, DMI I & ZER RLEFEAIOIRH OPBRIRIZ OV TR L, T, T ERRRICR
kSN HAND BB OWEREIT o7, I HIT,  TH S Re B E R R BRE AN B 84
YR Ro 510, ZAERRREA & ORMADFIZONT B RRET L.

kEEL D7k

1. BRI

2006 FFERILE IZ L D alBR ClE, RIHEO A MR E CHEM L7 ﬁmWAlﬁ%ﬁﬁ
B2z, 2016 AEEREEIC X 2 RBRCIX, Rl U728 E o 9 B 4 #ulik 4 [/#35 & &l
F*A(% fi muﬁ%ﬁ%ui%ﬁ.%mg@%ﬂgb\f;

2. FEHNEZ MR E T 1

FEREY), SEANEATR J OB I ATE O RARZ MR EICHE U=, Em) & L C,
30em ANy NCHER LI I~2F£EDF > S2K ZAHNCHREIE L, SHcER L.

2006 FFERERE IZ X 23BRCiE, 2007 424 A 11 HIZEYE 5~6 OMMIKIZY 7 =/ =
T = (B IREE 25 ppm, LLUFRIER), ~FH a5 — (10ppm), A1 I /7 XY
VT NRUOVERME (400 ppm), ~FH Y —b (10ppm) A X ) 7 XU T IR U)L
feta (400 ppm) ORAGWB IO E L CTKEKE NV RAT L —THoBHAM LT, 4
H 26 B b [AlR o0 A 2 BMNHcm U 7. A 32 712K 3x10* f#/mL (ZFiEd U725 4+
R Z NN AT L —TC1 AKH7=D 50 ml ZMEFE L7z, ZEBICKEO v = ViR
MCEY, MBELRo7TZ. 02 HRICHEMBEZREL, BHTERELZ. 1 X1 #&
L, 13ANZ>X 3 K18 Ehi L7-.

2016 AFERELEEIC X 3B CIE, 2017 424 H 20 HITHEYE S~6 KU CTHiH M E F ofid (K
WY 7=/ a2t —25ppm), ~FH a3 — (10 ppm), ¥~ 7 A ha B (133 ppm),
A7 BT IRUVEER (200 ppm), U 7 A (800 ppm), VT A hrE L (133
ppm) & A X T H T IVRIOVEER (200 ppm) OIRGW), ~ T A hra e (133 ppm)
EF T L (800 ppm) DIREW, Y7 x /) =aF Y — 25ppm) & F U T A (800 ppm)
DIRAEMEB L O L L TKEKRE N RAT L —TCHor&idi Lz, AW 4 A% O
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4 H 24 HIZ 2016 FITERIN L 720 A IR % 0.3~1x10° fl/mL IS L, N> R
L—TC1HWESHTZ0 40 ml ZWEEE Lz, BHICFEKROBERAZITY, 727261700 5
WIZ 9L DE=ARTHE, £D2 HRICHRELL. £O&%, BINEOT 7 2= TEH
L7z 1IRANC DX 1 R L 7=

3. WEFB

2006 FEREUEE OFRER T, B 4 B BRI EATRBIZELLT 5 M & B 2 Mz o
T, 2016 FEREUE ORI, BEREK 5 HEB%ICBERREO R EAEBABELLT S D
B, HAIBATRHBIE L T 723EIC DWW T, RIFE O SEANESZ MR E O A I HE T C
A LT,

4.  FREHENT
DMI A& 5\ i Qol Al & Z1EH S EAI ORI RIS\ T, 2o HAl L IR H
DIIFHEI A I, WEF P 2T ¢ v 7 [EIRSHIC X 0 bl L=,

wOR

AALER X DFIFENL 56.7 THFAE LT (Table 15). ¥ 7=/ at ' —LBLOY Y
/) af =) A ET T IRUOVERE OR A OEERfIE 100 T, 7 =/ 2
T = VBB OR RN E <, BRI X 2R om BiTpikE Loz, ~F b=
T VOB 74.2, A 2 7 XD T IVRUOVERE OBLERNT 84.9, T 5 DR
MOBEAGIL 97.2 TENENOHA LY maro7z (P <0.001).

AALERK D FEIFE 13X 24~68 THI~Z 54 L7- (Table 13). @] RERIE 2545 ¥
7 x ) aF Y = OPERAIE 46~92, ~FH 3 )Y — L OPERAMIIL 45~100, v T A
kB ORI 38~100, A X/ 7 X V2T IR OVERME OBEREIE 34~100, F
7 7 LOBABRIE 1~89 T, EIEGH IS o&NA LN YT = afb Y —LH
FIOBBM L i LT, Y7 =/ aF Yy — L &F T A0RMOMMMhIL 88~97 T
otz (P<0.001). ~>F A o B HAIOBBRMEE LT, <0 F A E
A7 BTN OIRM ORI 89~100 CTHAETHIZRAEATR LN
IRVISEVMEF 3B B AL (P=0.063), T A hu by b F Uo7 AOFERMIL 94~100
THEICFE»->T= (P=0.038).
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1.2.3 [EFICBIT 2 SEEHR OBLERZhH

FUBERITT 54 DMI AlO P BRI RIS VR TIEIEF @R T e (A
1993, EH & 2003). —J, MHEERSAERBZICIST D DML HlOBBRZNRIIRKE CTH
5. Fz, BAIC K HHRERR Ok L2 ROBRAICZEH APLEA & ORI ONWT b,
BB D RERAMBETH 5. ARIETIE, DMIFIESZ MR T 2358 S - ikBRE L <
#H DMI Al X ORBAIER O~ 7 2 v e v 2R L7z 3EAI BRASR O30 F % 7
T

Mk E ik

2016 36 LU0 2017 AR HUER BT T AR R ARG N Y B T2 Eia L7=. 2o
357 HERE L 72 BRI 2 W BRI R E R S, YT 3 f Y —
T ab S — VORI ZE NI, 82 & 43 UKALELX OFEIFE 48) C DMI
(24 2 S ME R LTz (Table 13) . 9 3.5x4m bR THO S - @@ Hofk s o ‘s
AL BT Of) 30 FEAR A RBRICH V. TIK TR, KT 2 KIE, BRI
HTITo 7.

2016 AEDRERTIEL, DMIFI DY 7 = ) 3 — )L (B 2hK 5 FE 25 ppm, UL FRIER),
~x P aF Yy — 20ppm), T aFV—L (50 ppm), B LOSAEH ELEAIOF T
Z 2 (400 ppm) ZBAAERIHIZ2-HK 10 HREIFE T3 M (4 A5 H, 158XV 26 H) 12
B M ZEe A Y, 500 L/10 a AR &2 8 Lz, 7=, WM 4 A 11 /) 1, &
X Z & ORI, I ) 7 X T IO_UOVEES (200 ppm) &8 L7=. #x
KBAA2H 15 %O S5 A 11 BIZ 1 ER4720 200 3EO RN O A 82 G4 L7z,

2017 I~ 7 A hr ezl e LIPiBREREBRZ T o7, ~ 7T A hr Bk
H, V7)) aF = EKRBIOF U T ARAKREREL, ThThic, B{ERio
4HSHICw>TARrEY (133ppm), ¥ 7=/ a3tV —/L 25ppm), v T A hn
' (133ppm) &F U7 A (800 ppm) DIREWE ENZENOERRAKICEAMA LT, &6
2, WO 4 A 13 BICEEEX 2 Z 07T X TORIZA 2 ) 7 X T ARUVER
# (400 ppm) ZHAG L, BFAMO4H 19 BT AR EVKREY T2 ) a2 )Y
—UERICIFY 7=/ afy—, FUuIARRAKRICEIY 7= afry—nFuT
LD % 500 L/10 a a5 52 8 S Fas ik L=, IR&EBAH 25 19 HE D S A 8
HIZ 185720 200 BEDOFIE O A A4 LT,

HAIM OMABDEZNENICONT, BkEEKTHEIMEL, WTFholg T bR
PEN B 2 DM E C & % Cochran—Mantel-Haenszel #i%E 1T\, Bonferroni-Holm % CZ% &
fiffT A2 AT o 7.
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wOR

2016 FEORRBRTIE, “SEK° & EUK OB X ORPHEERIL TN LN, 10.5% & 45.5%
TH Y, IH OB Z PG5 DI+ 72 380 H3 8 o 7= (Table 16).  DMI Fl OB BrAM
Y7 aFy—VX (‘K T8716, ‘BIK T747, LIFREIE), ~FHa)—
JVIX (733, 59.3), 77 a2tV —L X (66.7, 33.0) DIEIZE»->T= (P<0.05). F7 7 A
K OBBRM (6.7, 57.10)13Y 7 = ) aF Y — )V EKe~F o — LK DK<L (P<0.05),
TT At EFEENEN ST E T, FIE MR =K TREBRAm 2 i ME R 23 8 o T

2017 FEDOMIRBLBRABR I, T2k & “EK OMUEEX ORBRERTZNLE, 5.0%
L 46.0%TH Y, EFNOBLIRNZ ST 2 OIS+ 7R3 7= (Table 17). ¥ 7 =/
= URRIXOBGERIIE (60.0, 71.7) 1E~> T A br EURRKX (750, 87.0) BX
OF 77 MEHAMBRIKX (950, 83.7) LVWIEKMh-o7z (P<0.05) 73, T A R bEUK%R
XEFUT AMRHEARRICEEZITZAONR o T-.

Table 16 Field performance of DMI fungicides and against Japanese pear scab on Pyrus pyrifolia

‘Kousui’ and ‘Housui’ in the experimental orchard in 2016

‘Kousui’ ‘Housui’

Treatment®  Number Number Statistics
of DI® (%) CP¢ ofleaves DI (%) CP analysis ¢
leaves

Difenoconazole 400 1.3 87.6 200 11.5 74.7 a
Hexaconazole 400 2.8 73.3 200 18.5 59.3 b
Tebuconazole 400 3.5 66.7 200 30.5 33.0 c
Thiram 400 9.8 6.7 200 19.5 57.1 c
Control 400 10.5 - 200 45.5 - d

a Spraying difenoconazole (a.i. 25 ppm), Hexaconazole (a.i. 10 ppm), Tebuconazole (a.i. 50 ppm),
and Thiram (a.i. 400 ppm) at 5 April, 15 April and 26 April in 2016

b DI, disease incidence is expressed as the percentage of infected leaves. Two trees of ‘Kousui’ and
one tree of ‘Housui’ were observed per treatment, with 200 leaves assessed per tree.

¢ CP, Control proportion is expressed as the value calculated by [1- DI of treatment with
fungicide/DS of no treatment (control)] x 100.

d Same letters indicate that DI values of ‘Kousui’ and ‘Housui’ are not significantly different

according to the Bonferroni-Holm test (P < 0.05) after Cochran—Mantel-Haenszel test.
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Table 17 Field performance of fungicide spray program using mandestrobin, difenoconazole and
thiram against Japanese pear scab on Pyrus pyrifolia ‘Kousui’ and ‘Housui’ in the experimental

orchard in 2017

‘Kousui’ ‘Housui’
Fungicide spray  Number Number of Statistics
program of DI4(%) CP¢ leaves DI (%) CP analysis f
leaves
Combination ? 400 1.3 75.0 200 6.0 87.0 a
Combination +
thiram b 400 0.3 95.0 200 7.5 83.7 a
Difenoconazole © 400 2.0 60.0 200 13.0 71.7 b
Control 400 5.0 - 200 46.0 - c

a Spraying mandestrobin (a.i. 133 ppm) at 5 April, and difenoconazole (a.i. 25 ppm) at 19 April.

b Spraying a mixture of mandestrobin (a.i. 133 ppm) and thiram (a.i. 400 ppm) at 5 April, and a
mixture of difenoconazole (a.i. 25 ppm) and thiram (a.i. 400 ppm) at 19 April.

¢ Spraying difenoconazole (a.i. 25 ppm) at 5 April, and 19 April.

4 DI, disease incidence is expressed as the percentage of infected leaves. Two trees of ‘Kousui’ and
one tree of ‘Housui’ were observed per treatment, with 200 leaves assessed per tree.

¢ CP, control proportion is expressed as the value calculated by [1- DS of treatment with
fungicide/DS of no treatment (control)] x 100.

f Same letters indicate that DI values of ‘Kousui’ and ‘Housui’ are not significantly different

according to the Bonferroni-Holm test (P < 0.05) after Cochran—Mantel-Haenszel test.
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1.2.4 #%

fEH R 1T 2 VBREFOYPERNT 5 A BRI T, FEE, REER L OWRICR
EL, WETERITE 2NN L 25 5 AR TH 5. @, EHskE;C
EHENToHARDORFELELH MR BT D AN IS D e b = W TR EE o0 4 ¢
HY, 5 APAIITEOBLIZ XV EZHEMET L TWD. 207k, 54T ORI
WEEZMEORmWT VAR ZMET 2 2 EREEET, EMBEDOFEMBZELIEICR L. K
AR T AR DO WIRIRAFIC X D F R ORI 2 R 7oA R, BEWE ORI H 7
%5 AR ZMEORWIELZ BESE D 2 L CYEORRIEMMS TREIC 2V, B MER
TEOREL K BTz,

R R 0 BT 1X DMI FI OB F4E 03 72 WIEIE 2 6 2006 FICERINE 726 O T
HY, SBFHE LT~ ToO DMI ANEZ MR Er o7, ZHUsxt LT, fal k< 2006
& 2007 FEAZE 19 B2 BERIS N2 BEFHIZT X TT7 =7 U VS EME S, it
PEREDIES 940 LT D 2 E B HER STz, AR U 7= 3534 e 35 Gl s O BhRR
DT, Y7 =/ aFy— i LTHER 3~6 Bl DMI AIMEH S v TV 723,
RERNEIZ VAN LR LT, A=A NI TN T TCEHAFEOLERECTHDH Y T H
SRR LT, DMI AN R S U723, IR OAR T 2 4 o i 23 8L L 72
(Hildebrand et al. 1988, Hermann ef al. 1989). F 3 B EJF CHBRZIEOIE T Z2 £ 5 DMI #l
it PE B OO HHBUTAR R BIZ BT 2 b OB EAI TH D (HIHH 2007, A H - 57 2007a, 4 -
G 2007b). LocL, WTNOREBRIZBWTH Y 7 =/ aF Y — LORRIEEL, £
e thafy— A7 27 af Yy —LORRILTT7 = F VEALLD EhoT-. DMI
AN 2 MHPERE 23> DML ANZ T U b [RIFREE DAL 22 M & 7R S Zp WA A A% 5

ZJ% i (Hollomon & Butters 1991) 72 X CTHILNTERY, FUEREFREICB W THRE
MPEIEARERTH -T2,

7 =TV BVIPEE SRS S LT D, K 10 2 D 2015 4E(2 DMI A OS2 PR E & B
FEEN L7z, oMb DMI FNEANR I 5 EKapBhbrAl & LT 7z, 2015 IR
BanizFrvRBERE BTV 7 /) afry—b, ~FHhatry—i, 77 afry
—NBIOT =T U /M D BBRAIE A RRYIZ 2007 4F K AR <, FANESZ HEOAR T 23
HITLTWeE. $£72, V7= aF Y — Lo~ F % 25 — L OR5ER G & 1IE O
BBRHBNIZb D0, BRI ERS 6 DRE L, REaaZ AN MR SN (Fig
7). —J7, 2015 FEO I\ HIER T2 MG ERIE O X 927 = /7 aF Y — OBl & D ~
X3 — VOB @ OB < O HERR S 47z (Table 12, 13). 2007 #£E T
PRI O 5B RS R M ORI OB R GE 2016) TiE, ¥ 7 =/ 37 Y — /L OB
DT a2 — L OFR &2 LAl > Tz, ZEmEN R e 7e il & LC, AR
93 i BRI ~ 0D I2 I R B ODEE WA IR SR ~ O BUFME O W SRR S vie (A - 26
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2007a). —Ji, VA BERECTIEI I a7 ¥ = VRS E»DOY 7 = /) at ) — Lk
ZYEEE DT 208, HANRZENZ OWOEK G IAET 52 L h, EERZEE
KFEED A= RANWE TR D 2 En#EL2 S 7= (Villani ef al. 2015, 2016) .
B C b FRIERIZ DMI AlOSEZ R T S5 A 0 = X AP EEAFAES % ARetED
Ez b,

2015 4E00 )\ etk C HIXERINE XY 7 = /7 2 — )L O Atk 0 K<, ~
X at S — O HRVMER TH o 7= (Table 14). C HIX o 3 [ & FIERIC Z 0
HIKIZZ W F v QBRI T, T OBBRIERO KU 7 MR D720, F v (28D
& 2 FEHITRIBRZ i LT D, —MRIIS, BRFIMPERE SR Y 2 7 BB, FrE O 3R

RO OELEE, R OHIBRIS L OMHPER Y X 7 ORWEEH & ORI B Ch %

(FRAC 2010, 2018b, JFRAC 2017a). F ¥ (28D & % DMI ANTEE S 575, MR FE
BV 27 OIRNZAEH RAILERNZR 55 72, DMI AR EOBBR?S ki S 4u, Mt
B A EBEITHICERS N TR o7, —J7, CHIK LSO )\ & O BRI ©
X, V7= at = L OEZ RN DD, AT o — L0 L [ERE
WCHERF S LT e, N HIBR O BEBRIE CiE, 2013 4E0 by 7 =/ aty— e F T A
DRSS, WPEERA D 27 BN Tb-. £70, S RIKTIE 2009 45>
52011 A FE T, AR KHUE & fUFE MR I 72 < &b 2011 0 DIHEERAEY R 7 &
HEA O, BRI BT DIPEE R A Y A 7 FEIT T A DMIAIAMEH S Tmnb
20 Rkl L7212 ICBRAA S 7z, My, THEWR T DMI A O F B AR 24 417> & M4 b 78
AV A7 ERNRE S (A 1993), BUEE T DMIFOZRIK T O®mEIT2R <, A
B C PRI B S A7z 2015 4R35 K0 2016 4E O T-HERL O A FE R IGER U © B M A3 HE
Fran Tz, AT, DMIAIOBIBRIFITAR L VIR L7zb D0, Hillic k- T
TIEDMI AL Y &<, & 518, ZAEMAREAIE ORI XLV M B3 %729 (Table 13),
BIfETH DMI Al A3 ke ST %

2007 FFIZA~F Y 2 — U CEZMEDME T L7 - BERFRE 2 v, ~F 8=
+7~w&4:/7&9y7w&yw%ﬁ&m@%%%éﬁﬁtt#% BibREh R 1w
En@EH BT (Table 15). S HIZ, 2016 Y 7 =/ 2V — Tk U TS DMK
T UZEEREZ W, y7:/n+f~wk%ﬁ7Ak®mmﬁ%%%§LkF%
BB Bl LR B, A 27X DT AR VEE & ORI R R
T LM & > 72 (Table 13). DMI Al M HER STV ARWEGRERCTY 7 = / =
T AR T T AR OIRRICB W TR RO [ 3w S
TW5 (TS 2007, 2009). F 7 AN FRIEMEINENH O, DMIANIESLAEE
DR D D . A D Fde 2O KA ORI RN BN D ATREMED & 5
(FRAC 2010).

AR % N T2 S8 PR RBR TR MR DM FEAE L TN D T & D37 S AU 72 A ] VR J
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MEERR A TR O FZEREZ 351 D DMI AlOBIERZIERIZAE 2 72 (7 =/ aF Y — Db
Bl 74.7~87.6, ~F % 25> — /L OSBRI 59.3~73.3). EHD (2003) A5 L 7= M
FRER CIE DMI B OB RIIIEF o T2 (P 7 =/ aF ) — VOB 95, ~F
2 — L OFSBRAN 94) . EARIZ L D DMI A MR E O f RIZEREUHE S5 1235 1) % DMI
HIOBLBRNF & —Bd 5 L HEL S, RIRICHES CHFRZIRIR T %2 5] & Z 3 DMI Al
ENIASAFEL TS Z EBRHEE ST,

DMI AlfPEE ICxf L T~ o7 A2 ha B OBRIRIIEN, SbliivrTArE &
F U7 LORHOEERGRDEN -, WA T, BHSIC X Dm ERfERE 2 )
ST, MHEETEEY A7 BHEET HEANL, ZFOXEKE L TEERHABRER & ORH
IIVETH S (FRAC 2010).

FTUREIRE O DMI AN T 2SR T &~ T 2 he BB f_UEHlE LTHET
b5 &% 2016 FITERIFERICHE L, PIBRBOEEZR L7z, 72720, MMHEFEAY
A EREBE L, F1RZHLE L. 2017 F10b72 < &b FE 4 RO BRIEIC~ T
A2 hmrbernEfisn. FURRERITIAFTEIRZE L CHRBLE TS LH720, +HE
SN HPERIER O 5 B, R 1 R S CHBIMZRPIERZIR O M FIZRIAD S
IR, A & B I DL ENCBEBR T 2 728, B —IRIEYEBREZ B E L2 5ED
SLER (KA 1993) 7o & ORPFERIPIFR, BALESIRTE O AR Guli 2 38 & 3 2136 L OB BR

(A 1993, HF6 2003) I L OFFOPERnZ M ESE 5@ R A — K27 L—F
—OETE GFF - R 2007) OFES%E, RERRIERXIERZ T T 20N H 5.
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B2E T FUIREICEIT S Qol AL DA L BiER* K

2.1 7 FUtastn

7 R UGBEHIE Pseudocercospora vitis \Z X 0 5l &l Z S5 C, 7 KU (Vitis spp.)
DG OBRERATERR LIztk, #HAERESE (Fig. 8), BEOKRTLZIlsI T (&
KIET, 2004 5 &, 1950). f@RMEIZISIT DA OFRAEIL, 1960 FREEE TLIEME A
BENTWER, v BT REOHROEMLFEERBRENFEHN SN Ko d e, K’
B L Thodz. &2 AR, 2000 RIS 5 AR E 1T Ui B AR o fitigk kb
TEH L, MEIZR->T& (FE 2009a). WSO TRAZRNOFHERTHOR,
2006 BRI S M7 o3 BEBERR 2~ B EEERBH BRI 0 Qol Al B 23 fERd = ALz (PR & 2008,
L 2009a, EADL 2010). D72, KBRIZET L5 O Qol AN S
DFELEZ BT,

AN PEROE R I (R 2 W T2 AR EESCBIE TRIEER ERH L0, 28D
FE OB E ST R/ NEBLIERE (MIC) CHIBIT 2R ERARIENENLD. 2T
TOYREE (Mycovellosiella nattrassii Deighton) Tl Qol & B2 HUIZ U % 721F T MIC
\Z R DB VEOHIBIAFRETH D (REF - JIIH 2003). —J, %< OEIE Qol AT
S Rhary RYTHREHOEEKRII Y N7 ExlET 5L, RBFRE T alternative
oxidase (AOX) MBMIX4ED D=0, MIC I LD HBINKEEC 7225 (A 1999). =2
T, b (2009b) (FIRENVYFE R E T MIC IZ &V EEZMEE R4 5 L X Il Sh
% AOX BLEAIO —FETH DB TIE n-7" 2 BV ERINT 5 2 & T, BEFEO MIC (2
KB HBIEAIREIZ Lz, ARBFZETIX, £ OFERTMARIEZ i L7, EWRiE Chk
ZYEEE CHORER L E ThPTNCHESRA N AEET T 572 L, MIC IZ L5 HBIRKREETH -
. —J, ¥ (2009) 1%, b~ NENUYEE (Passalora fulva (Cooke) U. Braun & Crous)
IZBWT, FROMEREZUET 720, @FEBRERMA~OMEHIZHWONDEET 4
2R AT, HEAREREEZ W5 2 & T, MIC 12X 5B % ATaElc L7=.

ZITIE, ET, L (2009) DN EEZBIEHROERERARE (G E 2009b)
YR L. OFIL, RIRANICEIT D Qol MO ERBMELITo72. I HIT, itk
P2 W7o BRI 0, OB EERI 2 HRR LTz, ;fR1C, Qol Fl&bfieh &9 5 A%
BIOBBRI I 2 BREET D 7200, MitPE 3 AL 8 551 351 2 FEAIB bR 2 F2 6 L 7-.
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Fig. 8 Symptoms of grapevine leaf spot on the leaves by Pseudocercospora vitis
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2.1.1 EABZHEREHFEOKE

Bk E D51k
1. HEERERR

JEZNEDOW SRR 2132 720, FRIREERICY EO 2007 212 Qol Al fl @
JERH D, MHPEES G EN D TREMED & 4 35, il N, S HE P, &1 Atk
S, WIAHIE H 76 0B SN RO D, AT R MRS S A7z 4 HEE (07KN4,
07NP6, 07AS7, 07AH7) &, FEFIELRINCY4FE0D 2008 4FIZ Qol Al O B HE <, &k
VR 2N E E D ATREVEDS i WA K iU T O 35 O3B RR D 5 B, 43 BT TR e
RWENT- 7 HEE (08T1, 08T4, 08T5, 08T6, 08T7, 08T8, 08T09) %A, HIKDSy
BEILL T OFNETITo 72, W ISR SN 04 T2 BEeH CREmy, FEREH
WCEBR L, 1~2 HERBIE L DETE2ERE/M LYV HL, 7 FUuBimHY v 71 €
RO REEHL (PDA ; ¥ % A E 200 g DRV, 7 FUBE20g, K18 g, ZABKTH
1L ICHHER) [CRHLL, SBEEEE L. & 512, Qol ABERRTIC BRI THRES L,
S EEIR Y — N 7 B hyEE SUT- MAFF 237623, [ LR EAR K EER G o & —
JEEEM AT OH B KV 0% = T EMROE L BIR FREIC L0 L fE S
72 034 35 L ONEE FIREIC L 0 S ME & HIl S 72 O11-1 OFF 14 Bk & i L 7=,

2. HSREBEWHEE AW BRI RS

BEH OFER AR A PIEIHE L, EROAEMIREIC LY E DTN - M Rk
DIREZMEZ IR LTz, Thbb, 7Y R R o 2480545 T 25, 100, 400 ppm
2725 X 5125 mMER 1B n-7" 2 E VI PDA BSHLIZ U U, e s 2 SR L 7.
B, BTN -7 1 EVITERAER R IA O 1% 0D Y A F L ALK F v K (DMSO)
R, WML 7z, RESVE - I PEFEEE R 2 PDA SRR C 25°C, 3~4 M niiEE &
%, HMEORZEE»OERAmMm OV T R—TF THET 4 A7 2 L0, HERDPBRE
BEHIICHE 32 KX 9 ICEIK L7z, 25°CC 10 HIRIRGERICH RAEBT O B2 HBI L=, K’
2, HECREPHEZ R L7230 (2009) O FikEBEIL, Eil ORI AREE LR
Lz, T72bb, EROEKERHGE Lk, WEORGE»HER 6mm O /LR
— T TCHHET A AT Z2KED,200ul OWEKE EBIZISmM OV, 7 BF2—TN
TRV 7L 8oLy I F T —2 O CTERL, 10 1l 2R ERHICHE T L.
MERHIE T V%V A b B BB C 25, 100, 400 ppm (2725 X 5 IZHRMLT-
5mM B8 n-7 1 EUVI PDA & 7z, 25°CTHI 10 B RIS BICH R EBTOR
MmAZNIRTHBI L2, Bz hen, 2~4 KEIT-7=.
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3. AbkE
EREIZ LY BB 14 EEED 5 B 07KN4 35 X TUV07NP6 14 2008 4= & 2011 412, 07AS7,
07AH7 3 LTV O11-1 1% 2009 4F & 2010 4212, AR KHUE T M4 0B 7 Hks 0034 1%
mmi:,MM¢B%Bjﬂ%&%’?ykyxkmt/’ﬂﬁé@%ﬁgﬂmbk_¢
bbb, 5 QLT AETKMR Y M7 Ry (‘B BXO ‘Fo7vu=7") © 1
PO WERHERN 6 Kz, ERRETHLI T VI A hrvy (BRIAS 100 ppm) &
WK Z N RA T L—"TCH i Lz, A, SEKROSAEFRRER (K 1x104
fEl/ml) % 1 3EHZD 3~4mEEHEFEL, BEHICE= VR TEVRELREF L%, #A
WCBRE L. DA TORRFTEIZENS (1998) (CHE U=, $EREK 2 » H I TRt ke
(ZHE > CRIFFEE 2 BE T L ICTRA L, IR O I G ED) 7> & BhBRAMN 4 i L7z
FEIRTEEL 0 - FIi7e L, 25 JREEDS 1~3 f#, 50 : JWEEDS 4~10 fH, 75 : JHEEAS 11 {H LA
FE IR RS RO 1/2 A, 100 @ FREEEAESKED 12 L EETZITHEEL b D
Pibrfti= (1 —FEALBLIX DIEIHE BB OFETE) %100

4. BETHRE

B - THPEFSEE R R IC DWW T, F b7 o — A b {5 F D PCR-RFLP f#Hric &k % s+
ZWr GFE 2009b) #{To7-. 723, DNA OMHIEATE O BEREMGE 100 ul 225, JIIF
(1997) OFHEZHWTIT o7, TR OZREAL (7 K 143~144 : GCTGC) % adik
T 5 HlFREESR 11X FrudHL GRERELS : GCNGC) & Hv 7z,

wOR

WiET 4 A7 & HOTZ R IE, ESREMR 2 W2 R A IRE, AYE
B L OB FREORE S % Table 18 12, MERM EORE#EDOEFIRIE Fig. 9 IR LTz,

EMRETIE, B X0 FIU=T OFIEENoTZ, HERE 2 4 A%
EH KRB NTHORBL, 7Y R ha B Ak 2SO EATREIC 72 -
7z. 07KN4, 07NP6, 07AS7 I LN 07AHT BRIZIBIT 27 V' F X b v OBERliIL 15
LIF SRS, mitEZR Lc7z, MRk S L7z (Fig. 10). —J7, ARPKRHEL T [#5;
@ 7 FAR, MAFF 237623 3 L TN 034 BRIZ I 1T 5 PiBRAMIE 57~100 & & <, Mz L7
7o, BESPERRERRRE Uiz, 7238, O11-1 FRICEIT HPBRMMIEL 16~39 TR & itk
DOHMZR LT

MPEFREE IR CIXE#ET + A 7 B XL OERBIMK 2 O 7= R IRIE & B s T RE
OFERITWTNGMMEZ R L, EVREORRE —H L7z, BMERIEEKROWET «+ A
7 Z DT ERE RIT 08 T8 HRTIE T V' 3 X ha B DPREEA 25 ppm TIIE M TR
5HH DO, FEENE 100 ppm 3 K TN 400 ppm TIHEZ M TH-7-. L L, 08TI, 08T4,
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08T5, 08T6, 08T7, 08T9, MAFF 237623 35 KUY 034 Bk CIFIRE D L3 51T & HIE 23 ik
PRI AR BEIANT 7 <, B b IREE O & 400 ppm T 08T KRIZIM 27~ L, TSN
HE TR 7= —JF, ERBMEE AT RERR R & B R T RE O RIT T~ Tz
PEZoRL, AMBEORE L —E L=, O11-1 BRTIE, EHET 14 227 Z AW BE i
PECH oTey, BESREEVRZ W E & BB 708 Tl M T, B PR BRI
FAPLLT=.
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MAFF

Sensitive 237623
isolates

034
Slightly
resistant Ol1-1
isolate

07KN4

_ 07NP6

Resistant
isolates

07AH7

07AS7

Disc  Susp. Disc  Susp.

Azoxystrobin ~ Control

Fig. 9 Representative results of in vitro azoxystrobin sensitivity test with mycelial disc or

suspension of sensitive or resistant isolates of Pseudocercospora vitis. Azoxystrobin: PDA medium

with 400 ppm azoxystrobin and 5 mM n-propyl gallate. Control: PDA medium with 5 mM n-propyl

gallate. Disc: mycelial disc. Susp.: drop of mycelial suspension
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Isolates

07TAS7

Not tested

MAFF 237623

Fenbconazole Azoxystrobin Water (control)

Treatment

Fig. 10 Symptoms of Qol fungicide resistant isolate of Pseudocercospora vitis from grapevine
leaves ‘Kyoho’ in Fukuoka Prefecture, 07AS7, compared with that of the fungicide-sensitive
isolate, MAFF 237623
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2.1.2 RN RT 5 AR DR

kEEL D7k

2007 725 2009 R RTR OMLERE IR 2 0B L7z 5 MY & 50k o [ R 2 F ki L
TR PER 2 G & G e, fRRE RN B PE L 4 il T R U BBER AN L% LT D AR
B 12 WS OREBEABILL, AR OIAESZ MR E FIEOL B OFIEICHET T, |1
BEND 1 EREDBEL, 106 HEZ 2. X512, 2017 452 3 Hk 7 B350 5 59 Hikk
o Y

THBDOEBRIZOWT, Bl O R R BRI 26 U 72 i B 5% O FERFARATIEIIE,
TRV A R B EAZEKS T 100 ppm L7225 K 9 IZ 5 mM EE TR n-7 1 BV
PDA [ZUSIN L 7= ER 2 WO M2 RE L. RBuxzheh 2 KET-7-.

MR

2007 H-~2009 253 STV - P ERRIEE R A S e, RN O 12 3505
SyBE ST 106 BERK O B SR EERE 2 O T2 R BRI IS X 2 0E O F % Table 19
s Lo, ARCKHIUER T M55 123V Coilf S a7z 9 Bk A BR<, 3 Hulsk 11 @350 97
BEDY Qol MM E & HIE S 7=, 2017 45Tl 3 Hulsk 7 #1359~ T O[3 ¢ Qol At
DHER S I, ZOREMEKONRIL 59 R 53 BECTH 7=, 7033, REZPEE X )] Mk
D 1 @G TOHRMER I NI,
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Table 19 In vitro azoxystrobin sensitivity of Pseudocercospora vitis isolates from the Fukuoka

Prefecture ?
2007 to 2009 2017
Location No. of resistant No. of resistant No. of resistant No. of resistant
orchards ®/No. of  isolates /No. of  orchards /No.of isolates/No. of
tested orchards tested isolates tested orchards tested isolates

Asakura 2/2 13/13 - -
Kurume 0/1 0/9 1/1 575
lizuka 4/4 25725 3/3 25725
Tagawa -¢ - 3/3 23/29
Yame 3/3 22/22 - -
Tests in Yame
Kuroki I-Qol ¢ 1/1 9/9 - -
Kuroki I-Teb © 12/12 -
Hirokawa-Qol 1/1 4/4 - -
Hirokawa-Teb 12/12 -
Total 11/12 97 /106 7/17 53759

a Sensitivity was tested by dropping a mycelial suspension onto PDA medium amended with 100

ppm azoxystrobin and 5 mM n-propyl gallate.

b No. of orchards where Qol resistant isolates of P. vifis were recognized.

¢Not tested.
4 Obtained from leaves treated with tebuconazole.

¢ Obtained from leaves treated with Qol fungicides.
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2.1.3 REHFOBER

kEEL D7k

7 RO B 5 Qol AILUSRDHEHAID 5 5, Qol HDIEIEANZ /2D 5 2L TFD 2
& Qol Al & DBbrh R Z i L=, §72bh, 7 RURALUIRICEEENH Y, K3
DOIBLEE D 720 DMI B DT 7 35— )L (B 85 B 50 ppm, BL R [EEE)
L7z 7atry—n (27.5ppm), Qol FlDT V' F A hr ' (100 ppm) % #kBRIZ
MAWiz. &5IT, Zhb DMI Al &R ENUYE, BUERE, e SIcsagndbo, 1
FIE BN DI NT VT UF A (1975 ppm), X EJFBLFRAIE L CHUMHI G & LT
WHX XY T H L mETF L (ZREI 500 ppm) (22T, Qol Al E Kzt 5 Bh
Bruh iz mesd U7, BEERERR T Qol AlMitED 07AS7, 07AHT7 Bk L OV O11-1 # % H
2. 7o, BEBHCIAE LR o FI2iE O11-1 ¥k X 9 7o RS FEAE+ 5 ATREME 2
H57=, O11-1 Bz MR OmMERE & LT, FEFEKCMmZ 7. 3BT 2009~2011
TR L, PERDTE & IR TR RTE 0O RS PR E T TE O BIZHE L 72, Qol Al
EENUANDEANDPIBRNR TIE, BHREZOWTHIEOH D t BEZITV,
Bonferroni-Holm O J5{E CL E L # 1T o 7=, #i5t /' 7 b ¥ = 7 1 Windows ilf ® R version
2.15.0 (http://www.R-project.org) % F\u 7=,

MR

Qol Al & Z L LIS D FEH DB BREN AR O 5 % Table 20 35 L OV Fig. 10 IZR L7z,
AALBRX O FEIFE 1 2011 4E0D O11-1 & 07AST FRT 25~50 &Ko7z b OD, B
BRENROFIEIC A3 70 R CTh o7, 2009 FOT V' F LA br B RKOFERFEIT 55~
98 T, KAPLOREIFHE 76~100 LV HEIE o720, T 7 aF Y —LIXDORIFE 5
~63 LV HEICHEN-T2 (P<0.05). 2010407 V' F A b B RKOFERELIT 50~
79 T, KIBEOIFE 71~82 L HERZIT R, 7T afF ) —/VXORPHE 0~
18 LW AEICEN-T- (P<0.05). 2011 FEOX v 7 H >« REFIVIKORFHEIL 0~
T, TNNT VT LARXORIFE 4~54 LR EETEO N0 E DD, ARWERI & > 7.
Fio, TNENDBKAEX OFIFE 25~83 LV FAREICK -7 (P<0.05).
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Table 20 Efficacy of fungicides for the control of grapevine leaf blight

Disease severity 2

Isolate  Cultivar Tested in 2009 Tested in 2010 Tested in 2011
Teb Cap
b Azo Wat Fen Azo Wat Flu Wat
+Fos
07AS7  Kyoho 13 98 100 8 67 79 0 14 38
Delaware 5 58 84 0 79 75 0 4 31
07AH7 Kyoho 63 92 100 17 70 75 0 54 83
Delaware 9 56 76 4 75 71 0 50 79
Ol11-1 Kyoho 15 55 96 13 50 82 0 11 50
S Delaware 44 69 98 18 .6 .15 .. 7] 1 25 .
Mean © 25a 71D 92 ¢ 10 a 67b 76D la 24 a 51b

3 Mean severity from 3 to 14 leaves using index: 0 = no visible lesions; 25 = 1-3 lesions; 50 = 4-10
lesions; 75 = 11 lesions to lesions on less than 50% of leaf; 100 = lesions on more than 50% of
leaf or defoliation.

b Treated with fungicides; Teb = 100 ppm tebuconazole, Azo = 100ppm azoxystrobin, Fen = 27.5
ppm fenbuconazole, Cap+Fos = 500 ppm captan and 500 pm fosetyl, Flu = 197.5 ppm fluazinam,
Wat = water.

¢ The same letter after data for test year indicates no significant difference (P > 0.05, paired ¢-test

with Bonferroni-Holm correction).
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2.1.4 BRI IT B EFEEA ORI R

kEEL D7k

Qol O FHIC & 23 B THBEER 2325 L, Qol AlMHER DI AN g 5 I\ & Mtk
OFEFMEY (LLF, K ¥, H B (28T, Qol AlL T LAt 3KAIDOS R H %
Lol U7z, BARMYZ2BARR 346 A Table 21 (SR L7z, 7238, K ME X OVH M TR
WA ATE S IIFHEE TORICT 7 2 — VKB L O Qol Kb ERIELZERIN L,
53 B S T HBEEIN B 0O Qol AN 39~ 2 Jasz 1 % Rk o B R BE ML 2 L 7o e R 5%
FOPRARIEC X 0 ik L.

AR 1132009 12 K B ONMEAN T 2D B ORORTHERM L7, 2008 4 12 77>
SINE LD, Wi BIEX3 A 1NN HThHoTz. 77 ary— XKt 7zr7aty— LK
WZENZEN3a L EZEID YT, b E Qol K& L, KEZHIT A>T, Qol X
TIE, Qol AllZ LI L T 2 Ml O TEATRIBRIARICHE L, BAMERTD 3 H 7 HIZx
YT mETF (BRERSIREZZET 500 ppm, LLFREER) & A/S=EU A (200
ppm) OIRH, /NERIKH (SR OEZRMN 5~10 mm) © 3 H 21 HIZ Qol Hld 7 LY %
T AAFIL (250 ppm), BB FEOELAN 20~30 mm D 4 H 28 HIZ Qol Al 7 7 &
X Ry vEXRF=/L (56 ppm + 75 ppm) A L7z, T7aF Y — VXD 3 HTH
DOEANTIEITBERICAEETHREF L (1000 ppm) ERAL, 7x=v 7 afF Yy —LXoD
3A 7 HOHAIZ Qol KEF—D#F A A LIZ.3 H21HE 4 A28 HICT 7T a2ty —
NWEFRITT7 =T a by — BB Lz, 728, WT U H K 200L/10 a FH X4 & O IR 2 A
E— RRAT L —Y =Tl LTz, 0%, WINoX b IR £ CRAIBG 217072850
7.

FRER 2 13 2009 AEIC H BIGOMEAY 2O EIgE ORR THEME L7z, 2009 4F 1
AR LAGD, Wil HIZ 4 A 11 HTH o7z, FBRXKIEHEER 3 &6 UL A TRl
DR AT, RER 1 & FERO S IR ZBIERTO 3 H 30 H, /NERCRMIO 4 H 21 H, #
5% 5 H 20 BIZHECE L7z,

INHEIELRTIS, RER 1, 2 TIEAERN 20 A, 5 10 EEOBEER ORI O 4
AL, FIREERARM Lz, £, EHEAR SRR OMNLE (5, RBHE) 12
5.2 8O, INERNICAIR CRlZE L7z,

Qol Al & ZN LIS D FEF DOBLERN R T, BBROFEIHRIERIC OV, P BE % FE ki
L7, Ryan O HIECTELEKZ{To7-. #EHY 7 b ¥ = 713 Windows hjit® R version
2.15.0 (http://www.R-project.org) %\ 7=.
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wOR

5 BRICE 1T D Qol Al & DMI Al & 1% & L= 5% OBREN R O LLi sk B O fit % Table
21 1R L, #RBR 1 &3RBR 2 DREZYERE OGB4 Table 19 O\ ik K @B L O H
MG~ L7z, 28, HHLZEFAOS 6, »EFH =L A=Y AFBERHICRTT
DIEPEIX 72 <, SIS PERRRES T A OF AR L 0 B ORI HU S =72, ZTnbo
IHIDNHERFE RN G 2 2 BIPr e BEx BT,

RER 1 T, Qol KOFIHER 73% LV, 772 F Y — /I KiL3.7% CHEICKL, 7
7 af V=XKL 0.1% TSI BICHRIE» 72 (P < 0.05). £7=, Z OO Qol
KBRS 9 BB I OT 7 a - Y — LK b0 S 7z 12 BERATH Qol it
PEBE &HIE S 4L, PR 23 @ B IAAE L Tz,

ABR 2 TlE, Qol KOFIFYER 23.0% LV, 77 afF Yy —LRETzrTarky— LK
DFIFEEFRIL L BT 2.7% THEILK 272 (P<0.05). £72, Z OO Qol X b 4rHf
SN 4 FERB LT 72 — VX b B S L7z 12 B4 TOY Qol AliitPEE & &
S, MHPERED SR ICAFAE LT,

Table 21 Comparison between DMI and Qol fungicides for the control of grapevine leaf blight on
the heating cultivation methods in 2009

Fungicide ® and growth stage when sprayed

DI ¢
Test Location?® Treatment Diameter of berries
Pre-bloom (%)
=10 mm 20-30 mm
7 Mar f 21 Mar 28 Apr 9 June
No. 1 Tebuconazole Teb+Fos Teb Teb 3.7b
Yame K 4
Fenbuconazole Cap+FostMep Fen Fen 0.1a
Qol CaptFos+tMep Kre Cym+Fam 7.3¢
30 Mar 21 Apr 20 May 21 July
No. 2 Tebuconazole Teb+Fos Teb Teb 2.7a
Yame H ¢
Fenbuconazole Cap+Fos+Mep Fen Fen 2.7a
Qol Cap+tFos+tMep Kre Cym+Fam 23.0b

2 City and orchard name.

b Qol fungicides, Kre = kresoxim-methyl, Fam = famoxadone; DMI fungicides, Teb = tebuconazole,
Fen = fenbuconazole; Other fungicides, Cap = Captan, Fos = Fosetyl, Mep = Mepanipyrim, Cym
= Cymoxanil.

¢ Means followed by the same letter did not differ significantly at the 5% level in a Ryan test.

4 The greenhouse was heated from December.

¢ The greenhouse was heated from January.

f Date when sprayed with fungicide and investigating date.
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2.1.5 #%2

7 R BB 1L PDA EARES L COAE ML, B 0BEER Ch o THEEDN
RE)=IZe D Z &5, AWIEOMKERICIE, FEREBRAPIEIMS L5720 D H0HE
M ORMERICB W CTHEREET + A7 22 HMNET 2 2 &L DREEZREK &AL L7223,
R EHE 2 O DB X 0 D BEOEET Qol ANEZMEDRENAIREIC 2 > 7. FR
PERIG 2 D2 FER R AR E DR R & —3 L, W#ET 4 27 25 BE
LEEVHEAREBORBOHENKS T, BiaREEIVEBRENEECTH LD, BEn
TeRETEE B Z BT, 72720, EWE ClittE & B o i 275 L7z O11-1 BRI
EAGFE B R BRI K D R0E TIRESME & HE Sz, R BIES LR
ELBBTREN R L FE L LT, MM PEZL R BT OF h 7 a—2A b i
BFEAETHI P2 RUTHNRETH~T a7 72— (fAH 5 2006, Ishii et al. 2007)
OGN BN TWDN, ZORE, FERERAHTIESAEMBRE Ttk %2 7~ LT HEER
TRRE CTIHEZMEZRT. Oll-1 BROIEA =X LZHOWTIE, F 7 e—2A b #Ex
T Gl43A LISNDOEE, & 5\ MTE ORI OHEIC L 5 PREETPER IC &2 6 DD,
W DR HNETHS.

2007~2009 FIZfE RN O 12 W55 0B S A2 ERO 9 B, AR KIS T #3550
STBERERR 2 B <, 11 BT O BERE IR DY Qol AIMHHERE TH v, WO LI I & RIZ
MHPEEN DA LT D Z ERHLNE o7, BIROT R AEFER O % TR
DR E BB BR 21T > TRV, PIREBIORR S 7z 1999 ELCkRD 72 < & b
2005 AFFE TITIZIRN BRI DT & A L DOFIFRIEIZ 1~ Qol A2 &4, MiHE
HARELLTWRILTH o712 B DT, —J7, ARKHIR T W35 ClIpleE, g
IR EIFOREN DTN D, THETIZ Qol ABEHINTW oz, ZD
720, BZMERHEREF S Tz s Bz bz,

Bao (1971) (XEEH T N DI 5 A998 OGN OWT, B ~g48 %
e L7 0hi%“ TH L LML, FRES (1985) 1IT 27 Rz CRREER
B BRIEHNCBABRA R IET D ERAEDR LW 2R L TWD Z E0vh, BhkRiE
XBAEE AT~ A S HEER S 5. AR ER 238 1T 2 Z Ol o0 = 22 B Broet I X 1B B
I3 DIVE DN R OYF & BB T 5720, _ﬂ%@ﬁ%:@ﬂt%%%mﬁQaﬁw
TYFXRVARRBEURZ LY F U ARAFIUPBHBEIHEH SN TWAD. Qol Aldit ki@t
SR ETE DS BN 2 &N BRAEZ MG L C7edy, @B 1~%nlo Qol AlZ i L
GO TSR, BEZMEME T L, & 512, Qol FILISDOIEKIBLRIN D725 =78, JEIK
SR LI-EEZBN. —F, BHIEETIIIN S OREUSMCERL 99, HERE
BRI S0 &I I3 D BRI EE A T2 D, uﬁﬁideﬁu%®%HEﬁ¢%<
TBABRIEIEL S 2. RIRTOMBBER ILZ IR TIXIg L A ERELTE LT, Qol AlLL
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AOIANZ L0 FAERIH SN TND EEZx BT

AIFIZXT D AW EIZ LD Qol Al & £ LIS DIEF OB ORE R, MR IZ
SHLTTYFIRA a7z 7ary —LBLO0T 7 aty—u L0 Bnaieh 5
NEY, BRZDEOWEAHER SN, Zhb 2 FlEETe Qol AlLIFM 4 FNEF5BRE S 23 e
WENTZ. EBIL, 7=y afy =TT al = i B OB EN 72 <, Qol
RIORER L e 2 I BbRAIE LCHERTE 2 6B 200, —F, Sx 7 ¥ - FeFu
FRRIOHENDR L, TAT VF MHMEREERFLERN~% Y CTh 570 E ORI H
55, Qol Al<> DMI #| & fEFIMAERS 72, MHEFEARE LT, v—FT—T 3 VHAEOH
THIEMICHHATE S EX N, £ 2T, Qol AlithEOIRAENE DN D MBI
T, BhbriE & HeEE S S BEERTI~ ST T a Y AT T a Sl =k
TR & Qol Al & W ARRITIS T 18BN DI ERRE 2 i L7z, ZORER, s
B33V TH Qol AlDBLBREIFOWIRDHER S L5 & RIREIZ, Qol AR (2% 57
Tafy =BT 2T af =V OFIERERES LTS, T, KA OYESOBEE
W5 A BRI ERIIC S vy T X > - e F A FIIT T AT VT A BRI RIS AIA
TrZ LXKV, BRI LT ORISR E D AR R Sz, 2018 4FBIfE, 7
T aF e T T at = VBRI BN H D, TVT U Ay TS H
B F IR ER 7202, R OBRIEKNEENRD.

AHFFERE R A BRG] L, (RBFFI O K 2 X > 7. 2012 FFE12132% < O Hiulik T RERAIHS
PObRIEICRii S, Bl REREEL =T 2 WEITD R R o7z,

2017 4FI 0Bl S U728 BE I O Qol AN K9~ DIk MElE, 2007 4:~2009 E DR H & [F
BRICTHERE 23 LTz, AIRICxET % Qol FISEEAIZNE & L CLAKE Y, Qol AliXmh/E
WX 5 B BABRIER & UCHEM Skt o729, MPERE A mWEIS CHERE Sz & F
z b,
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2.2 T FRUNRLIEH

Plasmopara viticola \Z 55 7 R U7X EJHIE, 7 F U OBESCIER O EE X O RO TR,
EHIEE IO, T RUBE CTROBEERWEDO —-DO>THDH (Fig. 11 ; dLE 1989).
R R CE, PSR D Ty oL s T U= (T Y RO CEE 3
BASITURE, MERMOEICARNBEZRL, HEL L L TWD. KT 2010 4
FFEBR AL, EOLROTHRICERH L, REREELZ T, ARITHBITD Qol
AR IE 1999 1A Z VT L7 T U ATHOI I, ENIZEBNTS, 2008 I
IIFLIRSO R WP I 7 B O L CHER8 S 7z (Furuya et al. 2009, Furuya et al. 2010). &3
T8, ARBIZBIT D ZHO KD Qol AN DMMPEDFEE LB X b,

T, FT, 2011 E~2013 FERB KON 2017 FE IS EE A BREL L, PCR-RFLP #:%
AT Qol AlDIHEEREZIT>72. DXIZ, Qol itk F %A M 23T, Qol Al
DOBIBRDN R DI & JE Qol Al e & OFIFIHIH FIZ OV TR L 7.

o

Fig. 11 Symptoms of downy mildew on the grapevine leaves by Plasmopara viticola
a) Lesions on leaf
b) Rot on berries
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2.2.1 ZABZMERE

kEEL D7k

L. R DI

wHEOEELECHD B BLO ‘A —x" ZiAgLE L. 2011 48 A»
5 9 FICHm A RN O FERERLD 5 HIUKK 8 M3 LUV 2011 4 8 A & 2013 42 9 H 2l Ik 2
MERG BRSO 1 BI5» OERICAAOEE L L UL 10 UL ERIL72. &6
(2, 2017 4F12 4 Hilik 13 352 D8RI L 72, xR e LC, AR R ek 0 b il &
T T2 B A & T 23 e U T R E A R Tz

2. DNA O
2011 A5 ClE, HRHUEG 1 » FTic-o X 3 #, 2017 4 ClX, 1 Moo 58, HNELIT
2011 4E L 2013 4R ICEFNFNTEICOWT 1EA 1YL e LT ToREICHE L.

B L7-EOREMmMICEAEL TWDHADOEE) S DNA 2 L7=. %ﬁ’%%#+\%
L TWRWETIE, BEIC200C, H2 HMHEL, HEERAZIEL7Z. DNA OfitHix
Saitoh et al. (2006) OfE G HHETIT- 7.

3. PCR-RFLP ¥EIZ X % QoI Al ifit4: Bk &

Furuya et al. (2010) DJ{EICHEL T, B 27T A4 ~— (5-GGGGTTTGTATTACGGATCT-3")
BLOT v FEU AT T A ~— (5-GGATTATTTGAACCTACCTC-3’) Z v, F h 7 r—
I b BB 1 D0 PCR-RFLP fi#HT 24T o 7= i B O 28 BEBAL (=2 R 143~144:GCTGC)

% BT D HIBREE 121 FrnudHI (New England Biolabos) (GGRFRAZS! : GCNGC) % 7=,
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wOR

PCR OfER, T _XTOH 7 ILVTHIE 7254 300 HiFED DNA Wi OHIE 23 iR S
iz, R CRAE L7 R ERHEIZI T 5 PCR-RFLP 1LIZ X % Qol Al 4 4 # &
OFERA Table 22 1278 L7z, 2011 4EICERILE 7z 5 Hiddk 8 [ 24 V-0 7L L iBRiG N
D2 KN4 H TN E LV2017 FITEIR S L7 4 Hilik 13 #3565 7L, 7 TH
MR DAL/ F— &R LTz,

Table 22 Sensitivity of isolates of Plasmopara viticola to Qol fungicides by PCR-RFLP
analysis of the cytochrome b gene in Fukuoka Prefecture

2011 2017
Location No. of resistant No. of resistant No. of resistant No. of resistant
orchards ®/No. of  isolates /No. of  orchards /No. of isolates / No. of
tested orchards tested isolates tested orchards tested isolates
Asakura 1/1 3/3 - -
Kurume 2/2 6/6 4/4 20/20
lizuka 2/2 6/6 2/2 10/10
Tagawa - - 3/3 15/15
Minamichikugo 1/1 3/3 - -
Yame 2/2 6/6 4/4 20/20
Total 8/8 24 /24 13/13 65765
FARC ?
2011 1/1 7/17 - -
2013 1/1 7/7 - -

a Collection from the same experimental orchard at FARC (Fukuoka Agricultural and
Forestry Research Center) in 2011 and 2013

b No. of orchards where Qol resistant isolates of P. viticola were recognized.
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2.2.2 BEERBRICEIT S Qol Al & AREAI DOBLER%hH

kEEL D7k

Qol A F A D3RS S 7= N EE T, Qol HOBLERZ R DK T OMEFE & Qol AlLL
SO ARIEAN 72 & OFIFINHI R & R 2728, 2011 4525 2013 412 3 [BIERER % F i
Lz, RBEH L LT, QIHTHLT VIR by (ARSI 100 ppm, LAF
[FRE) % 3 4 U CHWE. JE Qol AlCE, MHEREIEEY 27 DRV F A B —/" A —
D~ > 7 (800 ppm) % 3 # 4E U CHW, ITEBREE SN VR VBT 2 RAI (CAA
A) O~ 7rRI K (78 ppm) % 2012 4EIZ, CAA AL DREHITHDHXF TN
NNTAYTaEN < ET (375 ppm * 700 ppm) % 2013 4EICH W=, &6, 7K
TR EIFRV ¥ WA R EOINEREIC X D EIC R 2R IMHI R AHmE STy
% (Wicks et al. 1991, ffJIl5 2010, (LF5 2012) #iYU EEAEEL (P,Os 320 ppm, KO 250
ppm) % 3 H U CTHWE., BHUEE O M BEIE ORRE W, R 25m?) Lk
1 KEE LCEBRIEC 1 ABEKIC o %, 3 KET o) 72, BRI oBtG L,
R BRLARTI T HU DEATRIBRICHE UC, FEHIPIbRZ 20 L7-. 2011 481X 6 H 3 H, 13 A,
24 H, TH8HIZHAL, 7H 14 HIZHHA L. 201241X5 H30H, 6 411 H, 20 H,
7HOH, 26 HIZHKAL, 8 H6 HICHHA L. 20134 1X6 HSH, 14H, 24 H, 7H 8
H,22 AIZHAR L,9 H 10 BIZHA L7z WTHoORBRIZIW T, B e S TKI 250L/10
a®mABA Lz, 1 )KEHZD S0EL EORFOFELFEL, BWERZHEH L., A
IEHat%, PR Z & IZ Tukey-Kramer @ HSD M CHEILI 21T 7-.
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wOR

Qol AP~ & 55 B 58 A 13512 35 1T 2 &AM O A sRBR D 6 5 % Table 23 1278 L7z,
2011 FEDORIFITORRL, HEH O 7 A 14 BT X ORIFEERN 86.7% & £ 5
L7=. ZHICKILT, 7VF LA BV RKORIFEER (92.7%) 1T X & [[4%C,
~ BT REBIOHE Y VERIIWTUE 0.0% &Ko 72, 2012 FFOPIFEIX T A 12 HIZ
R S, AR O 8 A 6 HIITMLIE X OFIFREEFEN 80.3% & F Liz. ThITHL
T, 7TV VAP EVKORBRER (45.7%) 1TEAPX L AE2E TR, w08
T (5.7%), v TrRIRK (03%) BLOHY SR (22.0%) 130 EICEKD) o
7. 2013 FOHIFEIL8 A 12 H L, ZOROERGFEIE TH-7223, #HERD I H
10 AT EEALBE X DOFIFHEESRDY 98.0% L ZFE LTz, ZHICH LT, TV F T A hrbyw
XOIRIFER (85.3%) (FHMUPLX L [F%T, v~ BTK 2.0%), XUFT7NRY LT
AV TaENL - EBTX (00%) BEIOHY VX (22.0%) 136 EICEro7-.

Table 23 Efficacy of agro-chemical compounds for the control of downy mildew in the

experimental vineyards

Disease incidence (%)

Treatment

2011 @ 2012° 2013 ©
Mancozeb 0.0ad 5.7 ab 20a
Mandipropamid Nt © 03a Nt
Benthiavalicarb-isopropyl and mancozeb Nt Nt 0.0a
Potassium phosphite 0.0a 22.0 ab 22.0 a
Azoxystrobin 92.7b 45.7 be 853b
Control 86.7b 80.3 ¢ 98.0b

3 Fungicides were sprayed on 3, 13 and 24 June, and 8 July. Assessment was carried out on 14 July.

b Fungicides were sprayed at 30 May, 11 and 20 June, and 9 and 26 July. Assessment was carried
out on 6 August.

¢ Fungicides were sprayed at 5, 14 and 24 June, and 8 and 22 July. Assessment was carried out on
10 September.

dSame letters indicate that mean values are not significantly different according to the
Tukey-Kramer HSD test (P < 0.05) with data transformed by arcsine square root transformation
after ANOVA.

¢ Not tested
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2.2.3 &%

ﬁﬁigﬁﬂwﬁﬁl%sl%k& VAR G B AR 135 7> DR L 7 L

BIFDHF NI a—L b#EETO PCR-RFLP fEHTOFER, 143 FEHOa FUnER LT
wé_&#m@émt Z OERENTAEWHE T Qol Al DOMFRZNE DMK T AR ST
%728 (Furuya et al. 2009), Fi# L7 BRANT X TOREIRFEITMMER & HE Sz, ~&
993 O RFE B AR E 1R E A C O S, IRECHERRARE, (WER, WS, AL,
FPPIR, RIS X O 10 R 7e BRI PEE 23 & 7= (Furuya et al. 2010, #7475
2011, MEZED 2013). dEMRE TIEH &b EREFOREAEND 2L, Qol HDOMEM & 727
Sf=7=®, EESRHE SN2 ol B2 b, AR L7 RN O A ESR OGRS
FECIE, Qol AlAMEK 5 Bl X, RFICEHIARES CIE S HICEVEE T STz
7o, MEREAERICHR SNz E B2 bz,

Qol A FE LB 31T 2 B FEEM OBATRBR ORI, 7Y % 2 b u ok
PR OAE T HERR Stz RN ORES R O PR O =R 1% 2 O FR BRI 5 & [FIERIC 100%
ThoToT2, FEFEY TH Qol Al E 7 AT X 2 ARFI OBHERZD R OAR T A3 LI F 4
LTWbEEZLBNTZ. TRHEDOZ ENE, Qol AlMHE & IRE DI ENDITHED R L%
Ol o> TS LR SN,

it P B AR 45 Tt Qol Al & R 23 B 7p 2 FANT & W BIFRZIR D3RR S 41, $FIZ CAA
HToHH VTR REBIUORVF TR ANTA YT aE )L - v BT OBRIE
Imnole., ZHET, CAAFIIREHFEMNFRTH D Z Lonh, BEORE ORI
W= HBERIE N SHBRBICHH SND Z i eholz, =~ BT ERUSMI LB
BER PRI IS & VR D 20, REZAIK TIHT 720, RENTRTO RN S 7z
ot Eiz, dHU CEEIEER S BIEIHSEE 0 BT, IREPERER O BT RS S 2
=%, Bz B E LTHEATE 220, Qol Al & FEEOME 28 - - UEEANIZ /<, #Y)
PR o G 2 LT U CBABRIRAI 2 IR T 2 BN & 5.

ARG EE A B U L, (BRI O K A2 K572, 2012 D, CAA Azl &
L 7= (RO A R O B BRIE I8 S iz, 2 otk, Bl b K& pgiE L2 =0 2 #5130
el 7eol.

2017 TR EJHE O Qol AL MM E 2 FEhts L 75 H, 2011 FEOFER &[RRI A 56
BET X THMPEREChH o 72, ABITHT 25 Qol AIRERAIZ I LCLES, Qol AliXHiE
5 O FEERHFRIEA] & U TSk S =720, MEESEWEIS THEFF S b &5
b,
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FIE KRAEBLE

Pt

DMI il > BRI 14 36 L OURER B 356 4E L 7= /@ [ R o F S FiBRa R & Zhu b i
MiHE 5 A2 DA D3 7 DT EER OBBRA R 2 el L7-. 7eds, ARWFZEIZEBWTH THERN
RIS N BEFEICHT 5T 7 2+ — VOB R ITORED - 7248, oo DMI
ANIBLBRR D & <, RO X5 ZRltEE O A TR S/ h o7 (Table 12).
L%mimmﬁ@ﬁ%%@ﬂ%%y%%ﬁamﬁiﬁﬁT)xﬁﬁ@@k&u§¢%MM%
#il & DMI AR I JOME HEEOFIBRZ HELE L 7= (A 1993). BEARHIIZIEL, DMI #|
IEBRAERT, BB X OREREKRMIOE 3 BICHIRS L, EnEh, A IxXvyafy—iu, ¥
Tx/)afy—, ~FdHhaFy—AnfiHINL. ENENICTT L F T A (BUE
IFBERRN DT80, F U T LH) DA X ) 72T T NARIOVERE PR S (M
KB 2003). ZOERED R EH 1995 FEDPLBIEE TREL LEbo TR, 5T
FUREIRI LI TEER T (1978), faF i (1977) B X OAERH (1978) FZ£<
ORI CHEIE EO By 7 & ORI A HIRT 5 &E0830E ST, FHErpibRs
RS LTz, —J, WAl DMIFlOr —7 —3 g VB ITRE ST b 0
O, A E TREELOFIBR-CER A IR IS S u7e ko 72 (Table 24). DMI Al723¥% & L
721990 fEE 6 7 = F U E VI T 3 BER T ASfERE S 4172 2008 4F £ TOR 20 4EH, &
PREHL O BABRIE LB RIS HAIC 3 |, AFHICH 1~3 S Tune, S
1% DMI FNZDOWTIE, 7 = F U B MMEE S s S CLARE, BIBRGIR DB E N 7 =/
afy = AnFaFy—cER L. £, FURERICH L TR, mERANTE
¥ 7 OB A IR 2 %610 & 5 HHTAIT 2 <, FU~opiRphoTh ol Z
DT, FTURBEHE & FRRICIPEE S EAE Lz B2 o, RIRTITTRERE KL
TR Y R 7 FEOBHRERI BRI ARA+4r T o 72 2 & A3 BRI L ORISR O it
HRAZBE L SR EINT-.

7 R OBHAE D 5 RN B 1T 2 BB G E & Qol Al B AR A oD B B 4
RICOWTELET L. 7 N o EEPEM O Qol Al %I 5K F2hi AT & 1% OBAAEH OPIER 4%
[ZOWT, BHRRIED HEkFE L TR LT (Table 25). ZHET, BAMERT DRI I AT
ZWEIEEIR, IR OYE, BB KL OV EIRICH L C Qol FIMH ST & 7=, BRI
BRIOT7 27 atry— T 7 atb )= IRENOIFIC LRSI RH Y, Iz T,
T 7 A = VIZIIBEIR IS b — EOBIBRIR R B 5. REIRRER O FT AN T A
VTBREN s VEXTF o ABI O U7 a8 ROBBRIRIIREFOARTHD. I
5 ORBHN OB A LY BHICE T AR L O EFEOFB LT L7260 D, Qol
FNZE L2 < DIFFEITNRD Nz, EAOEEDE 2 28238 > 7= (Table 25). fiF
Hidele o A B2 K iUk CIEBRTER Ic~ U BT H D2 WIEZ ORAFIVFEH I CWE., ~ 8T
XBEIE T, BBERI L O IR D & 5 S EA RLEAICTH 5. ARENTIHEDIZ
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OB Y LT WRENH B0, BERTIIc~ BT, ShiRicT 72y — i v
72 Qol AlMMMAB B (x4 2 BIBR ISR IZPIBRDR D m W Z s s nTnsd (L
2009¢c). v BT @RI L O EHOREAI L U CRIBRERICHEN 2 2 & C, miE
HFAEY 27 DI % DMI Al L OV CAA #l (FRAC 2018a) O A [alEk dHE N Z il ¢ & %
EEZ LN BIE, Qol ANIMEIEIR & KA OYRRIRICHW SN TWD . BEHEBS L O
AR EJFLA D Qol AlMHPER X, JREANUYHE TS ClE 4L (FRAC 2018a) , & B4
(X, I U, B LR, BRSO RS ST b GIEE 2011, 455 2014, filBF 5 2015).
BUE, IEICIT D Qol AlMHPEREIE R # D3 A1 — 3O il CIRRICHR SN TVWDHD

Table 24 Number of times of DMI fungicides, mixtures of DMI fungicides and others, Qol
fungicides, and SDHI fungicides in spray programs from 2008 to 2017 in regions of Japanese pear

production, Fukuoka Prefecture

Region fungicide 2008 |1 2009 1 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
DMI 2 4 2 3 3 2
Mixture of DMIY 0 1 0 0 2
Asakura
Qol ¢ 2 2 | 1 3
SDHI ¢ 0 0 0 1 1
DMI 6 5 4 4 4 4 3
Mixture of DMI 0 0 0 2 2 2 2
Yame
Qol 2 2 3 2 3 3 4
SDHI 0 0 0 0 0 1 1
DMI 4 4 4 4 4
Mixtureof DMI 0 | 0 | % 2 2 | 2
Kurume &
Qol 2 | 2 B 2 2 |3
SDHI 0 0 0 1 1
DMI 4 4 43)¢ 3 | 2
Mixtureof DMI 0 | £ | % 2 2 | 2 1
lizuka e e
Qol - 2 2 2 | 3
SDHI 0 0 on | 1 | 2

aDifenoconazole, hexaconazole, tebuconazole, fenbuconazole, and biteranol.
bMixture of DMI fungicides and thiram, Iminoctadine albesilate or cyprodinil.
¢ Azoxystrobin, pyraclostrobin, and Kresoxim-methyl.

dPenthiopyrad.

¢ Hexaconazole or penthiopyrad is sprayed after artificial pollination.
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FCHFILZ T TR, Qol ANEBERICHIBRIE D & <, BiBRIER D BAF LD 7 hn
SPMELZZITD (B 2018). Z D72, Qol ANIMHERxRICHETHS. —J7, IR
O OEIZIE Qol LM RO & 53K & 5 7=, BIAERTIE Qol FlILAFh > FFH o> i
DARETH 5.

AMFFECIEAI & L Cistdk L7z SDHI A, Qol I, DMI Al XU CAA AliE4 Tttt
RAEV R DHLHEANTHS (FRAC 2013, 2018c). H AW IF B2 2% B AL B 22
ST, MHEEAEY 27 0bHEANZHOWTHA RITA v EFRELTWD. FURER
(Zxk LT DMI A, Qol 3 X O SDHI Al X HEERe ] (BHAERT#:) (248 2 MIINZ2SHERE S
% (JFRAC 2017a, 2017b, 2017d). T-HEIR Ci% DMI Al O 8Ai [ 50T 2 EH s A & 1R A
L7z B¢, BIAERTRIZAE 2 BIBINIZHIBR 27T 5. Qol AlE L O SDHI A1 DMI Al X v
MR R AE Y 2 7 23 (FRAC 2013, 2018¢) . Qol A3 L U SDHI Al Z1EH Mk # Al &
RALZEC, EERIC 1 REZNLATILENCHIRT 20BN H L. 7 RUREFFIC
% LT, CAA ANXZAER SBHER & IR CHE 2 [N, HAlZ: B4 1 BIDINAHERE S5
(JFRAC 2017¢). 7 R v & RBHAOHEFE IR 5 Qol Hl O FHBIE X & 7 H B4 D
300 1 FTCITHIRESND Z EAHELEEN D (JFRAC 2017b). 7 R UiEICxd % DMI
FIOFLHEITHEN D, B3O E M, AFHEREEO 3 550 1 £ TITHIR I D <&
Td % (JFRAC 2017a). BRIEWE S OMBBERG (233 2 BABREIBULBHAE AT 2> B A0 T il E
TOSREEIL 4 BRI THDH. 2O, 7 KRR CIEmAl o FIEAE 1 RIS HIR
HWENHD.

bR, 2R LOLEMITHREBELRT 2 FETH Y, REHEOIRN
BB EXRICA R TH L. FHULFREIEOZL ITBBRD R B, FEAIMTEREFEE Y
AT D0 DR RRER N W2, MPEEB-IEAS % bk B2 oD, MittEE
FAE Y A BRI FEASBE 721 ORI T X S CIE ARV AEER ~OREHKE, B
WA =D — B I OEEHENMEERA) 27 2 E LR L, xHREZRS 20 Ee 57
W
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O

AR, F YRR & BER O LA Td 5 DMI Al (demethylation inhibitors) 3 X V7 R
TGEL & X &R O ILERHI T D Qol Al (quinone outside inhibitors) D FLIEEAR A EE DI
To. AWFZETIE, T BIEFNCKT DR OFEEZH LI L, £ORBRxRE L TR
BAIOBER & 2 DA DT 21T > 72,

1. FYRER

Gymnosporangium asiaticum \Z X 5 72 REIFIE T UNCHEESCHEREOKHE L 52 5 E
BIREDO—D>ThHD. RWOLRHER LM T 5720, ki I\ el O 15 B 4 kF 4
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Summary

Occurrence and control of fungicide resistance in plant pathogens of deciduous fruit tree diseases

in Fukuoka Prefecture

Recently, heavy outbreaks of Japanese pear rust, Japanese pear scab, grapevine leaf blight, and
grapevine downy mildew have occurred in Fukuoka Prefecture, Japan. Sterol demethylation
inhibitor (DMI) fungicides and quinone outside inhibitor (Qol) fungicides have been used in the
control of Japanese pear diseases and grapevine diseases, respectively. The purpose of this study is
to identify occurrence of fungicide resistant strains of these diseases and to find effective
fungicides for them.

Japanese pear rust, caused by Gymmnosporangium asiaticum, is one of the most important
fungal plant diseases affecting Japanese pear cultivation. A retrospective cohort study of
commercial orchards in Yame region was carried out to analyze the cause. Among the factors
investigated, the use of non-DMI fungicides was related only with the damaged groups graded on
disease severity in 2013 and disease incidence in 2014. However, DMI fungicides did not control
rust effectively. Moreover, the sensitivity of the fungus to DMI fungicides was estimated based on
fungicide efficacy trials in vivo. Young juniper trees pretreated with DMI fungicides were
inoculated with aeciospores collected from infected pear leaves at four orchards in Fukuoka
Prefecture in 2013. Difenoconazole and fenarimol were ineffective against all inocula. Similarly,
these fungicides were ineffective against basidiospores collected from infected juniper twigs of five
areas in 2013 and 2014. Efficacy of fungicide for control of the rust was evaluated in the
experimental orchard. Difenoconazole and fenarimol have lost their ability to control the rust. In
contrast, penthiopyrad (succinate dehydrogenase inhibitor, SDHI) and thiram (multi-site inhibitor)
were effective. These results indicate the occurrence of DMI fungicide-resistant Japanese pear rust
in Fukuoka Prefecture.

Japanese pear scab, caused by Venturia nashicola, is one of the most prevalent Japanese pear
diseases in Japan. The sensitivity of the fungus to DMI fungicides was estimated based on
fungicide efficacy trials in vivo. Conidia were collected from infected leaves and fruitlets at eight
orchards in Fukuoka Prefecture in 2007. Young pear trees pretreated with DMI fungicides were
inoculated. Difenoconazole showed a high level of efficacy. However, hexaconazole and
fenbuconazole showed slightly lower levels of efficacy, and fenarimol showed an even lower level
of efficacy. Subsequently, the efficacy of DMI fungicides was evaluated against the inocula at 13
orchards in Fukuoka Prefecture in 2015. The efficacy of four DMI fungicides in 2015 significantly
reduced in comparison with those in 2007 (P < 0.05, Welch test). The efficacy of non-DMI

fungicides and a mixture of two fungicides with a different mode of action was evaluated in vivo.
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Mandestrobin (Qol) was effective. A mixture of difenoconazole and thiram, and of mandestrobin
and thiram were more effective than individual fungicides. Field trials were performed to evaluate
the efficacy of fungicides in 2016 and 2017. The highest efficacy in DMI fungicides was
difenoconazole, followed in order by hexaconazole and tebuconazole. Mandestrobin and the
mixture of mandestrobin and thiram were more effective than difenoconazole.

Grapevine leaf blight, caused by Pseudocercospora vitis, results in leaf loss through etiolation.
Sensitivity tests against Qol fungicides were performed using medium amended with azoxystrobin.
Some of the sensitive isolates were mistaken to be resistant when mycelial discs were placed on the
test medium in the method followed in the previous study. Sensitive and resistant isolates could be
distinguished when mycelial suspension was used instead of mycelial discs. The Qol fungicide
sensitivity of isolates collected from infected leaves at commercial orchards in Fukuoka Prefecture
was determined using the modified method. Ninety-seven of 106 isolates collected from 2007 to
2009 and 57 of 59 isolates collected in 2017 were resistant. Some fungicides were evaluated to
control for Qol resistant isolates in vivo and in two commercial greenhouses. Tebuconazole and
fenbuconazole were effective. However, Qol fungicides were ineffective.

Grapevine downy mildew, caused by Plasmopara viticola, is one of the major dangers to
grapevines worldwide. The sensitivity of the fungus against Qol fungicide was assessed by
PCR-RFLP analysis. Thirty-one leaves were collected from nine grapevine orchards in Fukuoka
Prefecture in 2011 and 65 leaves from 13 orchards in 2017. All samples were determined Qol
resistant. The efficacy of some fungicides on the disease was investigated in the experimental
orchard with the pathogen resistant to Qol fungicides from 2011 to 2013. Mandipromaid
(carboxylic acid amide inhibitor, CAA), a mixture of benthiavalicarb-isopropyl (CAA) and
mancozeb, and potassium phosphite were significantly effective. However, azoxystrobin was
ineffective.

This study revealed the occurrence of fungicide resistance in fungal plant pathogens of
deciduous fruit tree diseases in Fukuoka Prefecture. Furthermore, effective fungicides were found;
penthiopyrad and thiram against DMI fungicide-resistant strains of G. asiaticum, a mixture of
mandestrobin and multi-site inhibitor fungicide against DMI fungicide-resistant strains of ¥/
nashicola, tebuconazole and fenbuconazole against Qol fungicide-resistant strains of P. vitis, and

CAA fungicides against Qol fungicide-resistant strains of P. viticola, respectively.
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