Phlyctema vagabunda Desm. 12& 3 ") Y TRED/PNEBFERD
REICEHT SR

Dark-colored spot on apple fruits caused by
Phlyctema vagabunda Desm.
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KR ORBIRE X, V) v THOEGHER &2 RIS S TR0 | BT Y
> = 1,350ha, 7 K7 199ha, F 3 179%ha, E€E 117ha, 47 F 7 94ha £ 72> T\ 5
(BRICAEBMOKEER L, K R BAAMRKERT ) o B 23 5 b A% A 7 Hisk 1 3 R
HSORE T A ML E T AR T CUARESE ALY > 2 701ha(£& Rk 52 %), 7 K 7 120ha
(7 60 %) . 73 42ha (A 23 %) . E-E 48ha ([A 41 %) . A7 kv 42ha (7 45
%) ZiHOTWD (FFICHFERKHE R ) o BT 0 K8 o 362 AR IR 2
KT 40.7 M (&R 48%) T, TOWNY > 29.3 M (F56 %) &72->TW5
(BFICFEMOKERS . TRTA AR ER G (HEED ) o

2011 4% 10 A R A R FA O RIS E T 28 F ¢, KRR O =S L
RFERENERL L2 FKBALDH 20 O RiE I, Bah S BEE THEAD 5 mm PA T OB
AU DEERNLH Lz, ZHICEBILZEERT 2011 FLATIC b B Sz 2 &
EHoTe b ODOFRABENMES | BELRM ThoeZ b HEEH I NPT, U
T AGERE VNEBE) LRSI LT, ZOMBEIE, ZBRERRERFREICAT
TWe, b HENRKEDL ST S U TIHNHED 1 7 AIZERIN D LA MD, IEHIZT
ST EBEREL, BAERBDHM LT, BEASITEARICZ WEAN R DL, KRR T
FFE ST AL NS DR o T, /INEBEOFRATBITIImY NdH Y, fzmm kv
HEFEENS, F 2 RTEEIC H LARE 2 D BRI 2 < R o7, AREITINHER Oy
I BT AE LT, /NBREET S Uoftlici AR T R oo 2, RAERTIIA
S, AT CIE O TR S, BiERTETH S UL IR 23[R & e
DEMTORAEITR LN o7, INBRBEEIL Y v 2 R IFE O RILIF L EOR . 1B
REEFROYMIHREEE LLITRY, AERSGTIIINLOREBZHICHEE L,
ALY, NEBEORAEHIBIIBFHICET L TWD ERoNTR, 20k, BT
B EIRT R OVR O BRIAET THREO Hiv, BAMBIIKHEESEDO Y o I
FED 2/3 \ZF Y9549 1000 ha (Z DS U ORI FEIL 600 ha, Fhk 23 45 FFpE R
FHAPEBNREE A L V) THER STz, 2011 FELARRIE, RALER D FEMA T, BEIR o 111JE IR
(FEREBEIEIC FAME) F AR CEIUS 2018) 126 FREOBAIERATHRE S, LA
DU TEMTIEBICEAEL TS EBE BT,

INHE SN REDOL TR RIGITHLIAE N, BEAERZ 2 L2 LRSS
D, ZNOEBRFELWGEITIIHBICRET 5 L EMOFFMICEEL 52 58N’ H D 2
EMD, FHRBEETIIHASEREZ R LY T FICY 2 — RAREEE G & 72 B IR
OMLTARFEEL L THRONLDDFEFESND, FFIT, 2011 FLUREICRIE Lo/NEBET S
Pl O E VRSN AE T D Z ENEL JAMBS DS E~OME I AEICLD & #
FEEIFZREAKICOLA DL TIMTARFEL LTS, BEICHEL 7TERERZ D
WBIEEE 720 AFEZFONEERESERDIER E -7 JAKHSD X &R
FEH DX, 2015 4RI JARKH S D & EENOILRRESICH AT S RENS, IMTH
ELTEM SN RFELPFAL, NEREARK L L7z 2015 F5E Y » T O EFEL%E 5700
FTHERRE Lz, DEREEN 2011 ENLRELFIT TNDEZ EnG, NRIFIC X DHE
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BORFHIFEAHBIC R LHESHT, RO » IFIFEIED 6 HIFRA 5T T
HO., NBERZOESMHEICEAE L Z EORENEEL KE L, AL DIX
AR AR & B E BRI O BR TR < R BT,

INBBEORAFRINE LT, Y9I L —y b, EATORENMOEN TV D
lenticel breakdown 72 & OAEFEEO AIEEME b e Sz, Loc L, BAEDRD L £
HAEMEE LIIZEZE» -T2, EFITNERPMEREEORFEIC L DN H D &5
A AL, JREEER D OSRKRE OB 2 TW e, U A0 FEERZERUR
PMERIRE N R RTINS Z & ided o7, L LV IR LSRR ZITo72 8 2
A, BOHFEORKEDZ < O/NERBEE O DBES D Z D, T X DB YRR
ETHDOLAREMELE 2, ZOMEN DR ZITo 7o, ZORE. 2011 FLBEZ I T 5/
BEIRIREIC L DBRERETCH L Z NN oT, o, TORFHHERETZ
ORREN, FEREE L CabNnD U v IEER LT 2 BRURKRZ IR T 5 Z &
o, HERE ORBRICOWT O Lc, & 61T, EHEHROBBUER T4 5ME T bull
‘s-eyerot & FEXNL D ATERNE EEHUT 5 Z Evn . WIREOBBRIZOWTHME LT,
F 72, 1940 FFITHEFIFIT K o THIO THE SN2 HBERIL, H< DR E & LTmbH
NTWDHDODIATHITEIIRD TH 72 < BALRESCHIFREIZ OV TOARPARER L,
% 2T, AEEBRSG TOBEENED - T2BIRIRICOWTER Y A, A 203ER %2 BT
2D A Y Y —= 7 RO TORIERTER 2 F2fi L7,

ANREE R OV BRBEIZEEELS 2 BEAUEIR 1T, 2 < DV o = R0 E O 4 BT BES0 A2 PR
FICL-oTHAEL, ZHODOIEMARDBWITERS TIEv, FiZ, WIRBIZEOZRIZL D%
RO EDOZWIITE WVERAENLE T, AEECEBRELOMRAEBCTEEHE O E 2
EMICZET 201N CTH 7o, £ 2T, Ml#lNOf 5 THRE O E W2 Wi 23 22
EEZ . B FHTOFEZIRD ANTZZBEIZ OV THRE Lz, 2222 b a2y
FLOTHET D, KWIZEO—EIE A AEYHRE T2 TAE LI,



I WrgEse

AWFTEIE, BRI WT, U TREIZ 2011 FENDERET /MR (BENLHE
DN S IRBERIER) OFERMH . FER & BERO U o TIPSR E Th 5 H1EHR. K&
OEATHAELTWD Y v TEFEIRE bull’s-eye rot & DGR, UNFEH 2 5 BFE 2 H
TCRAET D/NEREED D OJREEMR IR, & SRR OB EREIN DB 3 21T - 72,
ARETEHELPETRENZED LT bull’s-eye rot ® EK D —->T&H 5 Phlyctema
vagabunda |\ZB83 2 BEIE DM ZEZ FLIZERY £ & o7,

1. Vv awEn
BAENCET DY o THEHORANOREIL 1939 FEETHL, Z0FED 3 A, mif
(1940) &, I O EEIZ B W TIRIEN & B2 2 BBUER ORE 2580 7=, FEEY
I LD L, ZHICEDAHEEIZI0RICE-T2L ED, RIECTERI NSRBI, F
P ERE R O TR AT, FEPBAELET D20 b O ThEMFIZIER L7z, K
JED BB SN TRIREIZOW T, AEEEAZITWREDIHR SN b, RiEE
TR (R) & LT Lz, £ 0%, &1 (1950) 1%, Z DRILE % Gloeosporium
sp. & LCat# L. ZTHLIFRR., HEIE WX Gloeosporium sp.Z & > CTHIEEN THAET D
IR & L TR b TE2 (B 1998) . LaL. B (1950) O#MEI2iE, FH
B % Gloeosporium sp. & [FE L 72ROV TOFRHIT Y 72 5720,
ZOEDITHBRITELS POMONTHRETH LN, THIZET 2 8EITmD T
W, BKHEIZE W T, @6 (1974) 2T OBIBERICI T Gloeosporium sp.IZ
LOHBERZONT, PRAETEH LN/ WHFZ®RE L TWDH, E2@F (1981) T4
DOFAERPUNZDONT, THFHRBICBT2RBEREITDV2L, SEVRETIT RV, FLEXR
AL —=F T T Y Uy ATHBRIRAENR S ] LBRDICE EE-oTND, HERIC
B9 2 BHREAY & D W ITEEA 2 O T B BREI I B 2 PR Re sk I3 R D 722,

2. U2 =3® bull’s-eye rot I

AL, UV oraReF v (B 3 vFy) THASHIZLS AL, —HOE T Bitter
rot, Gloeosporium rot, Lenticel rot & LS TW% (CICEOI & 2019) , U=
DORETHRONDHEEIIAIE THEHENORINE A, 1 TEA DA, BEAT, HOLEIX
LN EEEITBEEZEL TS (Suton b 2014) , RETIE, IHER O ITERIZE
WTCOARRBEET LI ERMONTEY , WHERTOR EIZH D RETORAEITMS T
220N, Z OFEIRITATET TR A7 FE IR OFERITEERIT 225, 2 E THHE DOBHRIZ O
TP ESNTZHREITR Y- 57220, 4 B, bull’'s-eyerot DJiJE & L C., P. vagabunda,
Neofabraea malicorticis, N. perennans, N. kienholzii ® 4 FERFNHILTW D, kG
L2 IFRBIEIWDTROEIC L > THRKOHEZIEKT 25 (Cao 5 2013, Suton
5 2014) .

Phlyctema J& 1% Desmazieres,J. B.H.J. (X > T, KOAETE/NBETFEZIEKT S
AREEEEE LT 1847 HFIZAIGX &7z (Desmaziéres 1847) , P. vagabunda IZ[F&
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DX ATFEE LCRFICHE S, ZO%ROREOTNTE T 5 &1L Verkley

(1999) ®E/ 77 Z7IZFHM I N TW D, 1870 FFR A5 1920 FRITH1T T,
Gloeosporium J& & & 5\ ME Cylindrosporium J&H & L TARE D Y ) = A% < @iE
STz, KREIZ, BN DFRGHIZNT TELS OETHE STV a0 UIisw
ETHZEND, WIBITESE & L TV WA TEIIBRTE SN TV SRR, BTER
FLLTHMTRAEL, ZLOv/ =apEShize b LfEREIND, TOTD—
. Gloeosporium albam Osterw. 13V > IR O F v DAFEE R OFHEE & LT 1907
FAZA A 2D Osterwalder (2 X > THID TRk 4L, £ D%, ~bF— (1921 4) |
A XY A (19354F) . FT=aZxAu XY (19374F) KOA T =—7 2 (1941 ) T
H I 7o, Guthrie (1959 ) 1IAFE D EAEMAIL Pezicula alba Guthrie THh 5 & L
Roget RiE P.vagabunda & 35 Z EPEYE THDH & Lz, ZDOEFRIE von Arx (1970)
ko ThIFF N,

Verkley (1999) (% Pezicula J&IZ DWW TIEREFRIFHE & 0 FAMFRIRE A & L1,
Pe. malicorticis, Pe. alba., Pe. perennans & (X Pe. krawtzewii ® 4 f&|3 Pezicula J&
LIXHE D L L, Neofabraea BIZZivb 4% L7-, Pe. albalx N. alba (E. J.
Guthrie) Vlerkley & L, D7 7 &/ 7 % P. vagabunda Desm. & 35 Z &3 @Y &
L7z, Abeln & (2000) iZ, ITS DIFN\ < DO OB An T HEIR Z H VN2 50 1 AR 2
1T\, Neofabraea Jg& & Pezicula & 3H#EALIIIZHIRK TH D & LT Verkley (1999) D%
R XFF LT,

Z D% Johnston & (2014) 1%, ERSEA - HHE - Mim4 HK (International Code
of Nomenclature for algae fungi and plants) (McNeill 5 2012)DETIZFEVY, [FIFR
BAtRIZ & % Neofabraea J& & Phlyctema J&|\Z 2O\ T, B FRICHEFNIEA TWD
Neofabraea (Verkley 1999, Abeln © 2000, de Jong © 2001) %# @4 & L CLRi#ET
LT ENHEYITHDLE LT, ZHUTES T, Noalbald, KEOKRL HTWELEH TH D P.
vagabunda ODFE/ N % #EFF L CN. vagabunda (Desm.)P.R.Johnst. & 95 Z & ##%
L7z, 2Tk LT Chen & (2016) IZ. Neofabraea Jg #3704 1 8 % . —J7 Phlyctema
BRI ETEEZERT D52 OB TE S Z & £ FRMMBITIZED
N. alba & P. vincetoxici 7> Neofabraea B DD OfE L B/e D 7 L — REFEKRL
72 Z &5 Phlyctema O Jg 4 %= 1H1% &, N. vagabunda |Z >\ TiX P. vagabunda
Desm. D4 EHEFRFTHZ L ZE LT, £ ET N. alba X G. album [TV T 10 h
FDOYV ) =ALThHDHE LT,

N. malicorticis 135 #)]. apple tree anthracnose ®J5J5iE Gloeosporium malicorticis
Cordley % & L T &7z (Cordley 1900) , & D%, Jackson (1913) 2L - T5E
RO THEIND & L b, T %E b & 1T Neofabraea J& 2/ S iz,
Neofabraea J&1%., N. malicorticis H. S. Jacks. % % A 7'ffi% & L C Jackson (1913)
Lo TChHIRENTZE CTH D, Dk, Nannfeldt (1932) IL. Neofabraea |% Pezicula
DY) =ALTHsDE LT, N malicorticis 1T Pe. malicorticis (H.Jackson) Nannf. & 9
HTENEY EINTZN, BT, AR O X 912, Verklay (1999) (2 L - T Neofabraea
Bl I,



N. perennans 1%, %4, Zeller & (1925) (ZX > TV TV E D Z4 L DI
Gloeosporium perennans Zeller & Childs & L CT#H&E vz, D% . Kienholzii
(1939) 2L » THEEMRMNHE AL I, Jackson (1913) 23AIE% L 7= Neofabraea J&IZ
¥ Ziu. N. perennans Kienholz & S 7z, [FI4:IZ Wollenwebr (1939) 1ZAE D A58
21X % Cryptosporiopsis perennans (Zeller & Childs) Wollenw. & L 7=, Dugan 5
(1993) XA H % Pezicula J& 2% L Pe. perennans (Kienholz) FM. Dugan, R.G.
Roberts and G.G. Grove & L7273, Verklay (1999) |Z X o> TH O Neofabraea J& 2%
LY e

Neofabraea kienholzii |%. de Jong © (2001) {2 X - T bull’s-eye rot @ 7= 7295 LA .
Neofabraea species & L THE S 7=, £ D% Spotts © (2009) (2 & 0 BEEND bull’
s-eye rot DJFJHFH 3 FLD /31 & OIERELER ) & Cryptosporiopsis kienholzii Seifert,
Spotts & Lévesque & LT X4, & 512 Seifert (2013) 12 & » T C. kienholzii 7>
o N. kienholzii (Seifert, Spotts & Levesque) Spotts, Lévesque & Seifert & Siv7-,

P.vagabunda lZ & %V > = ® bull’s-eyerot |Z, A ¥ U A (Wilkinson 1944) ., 7 «
> 7> K (Talvia 1960) . "—7 > K (Michalecka ©» 2016) . &= =2 3F1[E (Hortova
5 2014) |, AT HFE (Vico H 2016) . 77+ % (dedong & 2001) . 7 AU D

(Spotts & 2009) . F VU (Soto-Alvear & 2013) , =—A ~ 7 U 7 (Cunnington 2004)
ThZ=2——7 2 F (Brook 1957) 72 FHHRLHTRAEL TWDH, KEIZY »TD
GRS R IZDIE D, B OFEITEY:, W35 (Verkley 1999) . £IZiTnv X 9
JEIR &L Z 9 (Wilkinson 1944, Rooney-Latham & 2016) Z & 723, BEfEFEERIZ L > T
R LR LTV 5 (Corke 1956, Lockhart & 1961, Henriquez » 2006,
Rooney-Latham & 2016) , Corke (1956) 1X 1 %% i# L T A~OEEHEFREZ 1TV, B2
DREGIT T~9 HICR b, BEREORIIFRITR KT 20 %72 o7z Lk ~7o, Z OHBEIL
T 1A FITT, IR THOETORRITA LT H~DFEMEITRN
& L7z, Lockhart © (1961) [XIRENIZHIT D G. album |2 L 5 BRI L - THIZ
DPWEDTERD AT D Z L 2R Lichy, BN T 2 BB TIXIRBE O TE AL
Lo E Lz, L2 L. Rooney-Latham & (2016) (X= v 7 3k ah
‘Newtown Pippin’ DFIZA U D WK 5 EFEILIAZ DS N. alba %778 L. 578
W aE W EREABRIC L > TI D OERD L S 4L, JRBEHR 2 ORI H W T E 25
TEESNT-Z EEHME L, INHOZ ENDAREIT, KL o TUIKICHEMED 5
WTREMEE AT Db D EE R biLT,

P.vagbunda 2L > TV UV IOEITIHANBE LT EORETR SN2, LAL,
Tan © (1972) iX.5 H»5 11 A £ TDORH, ‘Cox’s Orange Pippin’ ® |24 U 7= Cox-spot
EPFIN D EEEZ A U EORERN G, G. album Bk L ToBES =& L, 72,
ZDE % Cox-spot Z#EUT-IEICHER LT-L ZANETE (acervul) NE Uiz Ll <7,
Kéhl 5 (2018) (X PCRICE - TY » TO%EMMI D N. alba ML THY | 4
REETITHRBEZ IR L 72V s . DM CIEAEMICHEIT 2 AfetEn 3 x bivd,

RIE~DRAIL, lenticel (L H) KOBHAZBL TREIND EBZHILTWND (Edney
1958, Giraud & 2019, Nybom & 2020) , 2004 42 U T N.albalZ L > TA U
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bull’s-eye rot {Z-2>W\ T L 7= Henriquez (2005) (%, JRBENFS F - 13E S R4 L
7o L7z, Cameldi (2015) 13RI EMRA L2/, K93 » ARIIRHE LN 2 L 1T
ONT, RENOD > ala &G L, IERILIED > G b5 2 Lick»T
RBIFT D AREMEN B D &k 7=, F£ 7= Dugan (1993) (2K 25 &, BFEH 2795 L 7= bull
‘seye rot [IRENLRFEIZIAN D Z LTk shd,

Edney & (1977) 1%, G. album & O® G. perennans % R\ 7= 8RBT, U
A RFELEFANKTHREFT 2 ERBRBM L 0D & Lz, BEFIZ XD lenticel 05
L FE o 2 WIIAEMIZ X D BEWE D S 4v, B Z 2 REMEDR & 5 &b~ 7z,
Everett & (2017) 1%, o 8@k %2 AW T2 RE~DOEEHERIC L > T, R DB,
METH HRMETHY . 2 HETITEEN R R oTo & L, 590 & IVERFH O
BIFRIZ OV T Cameldi & (2016) 1E‘Cripps Pink’# 10~12 HIZ 4 B2 5501 F CTULHE L |
INHERF AN LS 725 & & 11T bull'seye rot D RAEENELL D Z E2H LM LT,
Kohl & (2018) 1L PCRIC & D P.alba OBEANZBHE L, ZHhIiZX->T, Va0
INEDINNE IR I A TR, BNORNE, U TOEEMM, SELEREND
FEA Sz L, RBEKOY T m, I A4 7R ERK ETomitiEix4 A
MH8AFETHAL, 9 AN 12 AIThT TN L7z &k ~7-,

Cameldi (2015) IZARENS AN LEHITHETFEZIZA LIS WERXTWS, Soto-
Alvear © (2013) (% N. alba ® 409 Efk%Z PDA 55H1T 20 HREIEE# Loy, oET%
R L ERIT R o emno7c b Lz, £72. Romero & (2018) (%, P.vagabunda19
FEE%Z PDA Ofth 5 FEOFEREEM THEE L7222y, WO TL LTS RO
oo ik Lz, Trouillas & (2019) X P.vagabunda 2 Etk% 4 — kI —/LFEKE:
., PDA KO b~ FEREMZ AW TEERBR TN EF I/ N7, —
7#5C. Clarkson (1945) |Z PDA Es#iicB8 T, F£7= Cameldi & (2017) | b~ FFEX
BT, Wb OETREFICEMRINTE L, 20X 912, EEE TOR T
IZENRHD, SOICHEREENFC ORI L TERERR NS,

. P. vagabunda O %7 FHiH & sz Mo Sn il ) 22

P. vagabunda 3V >3, B4 3 U F T OREEE L THLNTEY, REFETIZZ
DIFMT, AV —7, wvAita, XA FIHIHFETH (Verkley 1999, Henriquez
2004, Romero » 2018) ., ZOfh, EABHTII NI 7 MNE (Aconitum) . L7 3
EX (Erigeron) . KA TII=7 s 2)g (Sambucus) . =% FX)& (Euonymus) .
27 %R (Chaenomeles japonica) . "V A ~7 v =2 (Fraxinus americana) X°7
— 7 v = (Fraxinus pennsylvanica) \Z&HAETHZ ENMBNTWS (Verkley
1999, Rossman © 2002, Norin & 2003, Henriquez 2004) , Putnam % (2005) (X7
v ¥ 2 |ZFAET % coin canker N Y ART U A~DEGLR L e H A REME A R LT, 2
NHOEEIZONT, WAEICKIT 2BEOREIT R, 728, REITEDIERLS O
ECHE L 7= FFIRH Y, Tan & (1972) 13X =K [ty PRSI G
album & G. perennans O3 /ETREREZEFZ LA, ELIIMHEL TV
Panonychus ulmi (V) > 3 Z =) O EIZ acervuli 238D H L7 EHE L TV 5,
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P. vagabunda \Z%} U CIETRFE R ORI MR CREZMEICEZN A LILD, Blazek 6
(2006) 137 = =2 [ENIZB T DRTEIFREOREREZ S L I1Z G. album (2T 54 & fE
D&M E T L. ‘Topaz’. ‘Golden Delicious’, ‘Rubinstep’. ‘Jonagold’. ‘Rucla’iF/@5
PEosE <. ‘Angold’, ‘Gala’, ‘Florina’, ‘Melodie’, ‘Meteor’, ‘Zuzana’|ZHFEE, ‘Gala
', ‘Melrose’|Z1EkW & L7z, F£72. Hortova & (2014) (X N. alba % H\\ 7= #fABRIZ &
- T‘GoldenDelicious’. ‘Florina’. ‘Rubin’, ‘Rubinola’, ‘Sampion’® & M: % i L .
‘Rubin’ | b B2 F <, ‘Sampion’ 3 b HFL I 23V & Lz, & HIZRubin’& ¢
Rubinola’® 2 FLFEIZ DWW T D23 L 9 IR DT FR FE % ik L, ‘Rubin’ © b /) 23
FXDHE L., MFEICK > TREBZMEKDBZMEDRRLGG1H D LB~

4. BibrEdf

PRI LEN TR AT o 7o diE X RS 72 6720, L LIESNTIE, bull’s-
eye rot (239 2 BBRET & L CREAIZ AT 5 FENHFE S, EFREI L TWS,
Giraud & (2012)i2 kB &, I —1r v/ TiX N. alba |2 & % bull’s-eye rot @ T [5l5
& & L C. fludioxonil, pyrimethanil, boscalid pyraclostrobin &4 %)} OF thiophanate-
methyl 73, 4t N1 T trifloxystrobin & OF captan 23 AR EF OB ERIEH & L Tl
TW% (Weber 2010) ,

Cameldi © (2016) . thiophanete-methyl % X 14 H X Y7 HAE{D 1 [0l F 7=
1% 2 [EIEAT T 5 & bull’s-eye rot OFEAEIF RN E N L2 52T LT, £72 Wood
5 (2017) 1% P. vagabunda \Z X % bull’s-eye rot (Zxf L T, IXFER~DFHEHEFRIC
& o T carbendazim 23 EWIFRIEZ R LTz Lk ~_7-, 246 MBC #1395 i E O e
NREMETLEE 2R 5. ZRRRHERIREISEWIBRD R 2R~ —T7, mEE O
BUAZPRENZEHHEBILTWS (HZ 2013) , Weber © (2010) iX R+ >t U
v IARERIZ IV T N. alba )2 OY N. perennans |\~ MBC AlfiPEE O A2 HwE L T\ D,
Minar (2006) (%, Qol #Al®d 2 #l (trifloxystrobin, kresoxim-methyl) % UNHED 3~4 i [
A 1A LIZE 2 A, MEITFE%IZBT 5 G. album kO G. perennans (2 £ 5
Gloeosporium rot @ FE I 23 H B2/ L7z &k _7=, Wood 5 (2017) i% Qol #l
trifloxystrobin 7% bull’s-eye rot {Zxf LIIBRIR B mWE LTc, £2DE0, 7=V /B
X VU AID eyprodinil (Wood & 2017) <° SDHI 4™ isopyrazam (Wood ©» 2017) .
7 = =)L t'r — LA|® fludioxonil (Lolas & 2015, Cameldi & 2016) T bull’s-eye
rot DFEAEMFIDRNDH L L S, —HMOKREAZ OV TIEFH I —r v N TEASH
T3 (Giraud 2012) ., bull's-eye rot (Z%F7 % [hFxR1E & LT MBC AI<° Qol #l I F#
1~4 BEFTBAT @S W BIRZIR S RIAEN D20, 2D ORKEANTZ < OIFIFE ISR L
TMHPERE HEL Y 2 7 3@, BEIZ MBC A I PERE 2B ST D kS & 5720,
FIAT 25T ZNEN OB CTHBRDIRZ MR T2 L & bIT. 2 DOFEFNIR
LIEZMEDHERIZONWTOEMNRE=2Y IR RELE X D,

— 7. BBEALSL TS bull’s-eye rot OFAEIHIZ R Z R TEM & 2 WX HIER R
SN TW5, Bryk & (2012) 1%, [UHEE B O REICEGR L (48~49°C, 2 47f#)
IZ X > T, bull’sreyerot DFAZHILTE 25 & L, IWGQUEEMFIZOWTIZERND Y
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VARFETITEMMEEN NI, Maxin 5 (2012) 13V > TRFEORKIEGEE
ZIERLL . 50~58°C Diid/k & REIZ —ERFMIRIEDH 2 WITHE T2 Z & T, N alba X
N. perennans \ZDEFED IR EFIC X DB E A BITIE TE 2 Lk~ 7, EEAM
IR TE 2 HMfio—>2b LT, &%, EAEBEIRFESND, o, HERFEM TH
% 1-methylcyclopropene (1-MCP) % bull’s-eye rot D FEMHIZNERH D & D

(Cameldi &5 2016) , AANIREOUTEMLCHEZR MR T LI 0D, HHR
THRHNEATWD S, T E THPBIE E OB LI SWTHRET S 7z 2 & idan



IT. /NERBERERFEE O FEINZEH

AEBEBE COFRRAERMN G | /NEBEDOIRAE T DORRE TH 5 A HEMEN IR < g X
Nz emn, RETEH, a2y SOFMFIZHER L ONBBEO FREH 1T - 7,

1. MBS

1) /NEBED D ORI O 5y B
BRAONS, RFEICHAEL/NRBEZOFLIZT5 %X J — )V EEHE L CREME
L. 103IEERFZL T, 7 U —v R_RUFNTRESERBO R & RO/ &2 3E L
TAATYID H LTz, I L2/ A% 2%BREREHIEHICER L, 20 °C, BFET
TH 1R L, ZOMICAT LIZE%% BD Difco™ KT hFF &2 ho— 2R
(LLF PDA) SEARESHUZREAR L7z, /0B S 7 BERE O T4 T2 R L - Bk
WTCIXH T BE 21TV 3T OIS AL S e o T2 ERRIZ DWW TiE PDA AR
Bedh a2 O CHE R DBER (T o 70, B SN ERIZ. W ivh PDA #HE B H CER AT
L7z, W TrBEix, oo e E k2 PDA TEARE I © 7~10 A, 20 °C, HFE T T
AR LTc, 20%, AF LICHE#E 2 MR RBRE 1AL, DEOBEKEZ ML TLLIE
L. M TRREIR A S, 507 TRRIETR 100 pl JRE K % PDA SEARE: HILZ i T
L. %z LIS L UEE =7 v A& v, BEfERmICE# Lz, 20 °C, K
BTCT1~2 HIERER L%, ERBEBEET CIHH—0an=—% JA#E# C PDA R
BEHICRBAE L. Z Az Hia T oBik & Lz,

2) NEEEP DS N A ERIREOIEZ O U o T REICKH T 2R MR (B 58
fi)

ATEIZ K0 /NBRBED B 0B S U7 RIREE 8 ik, 977206 2012-1, 2012-7, 13J-5,
STD. 15MO2, 0123-18, AITC-KH92 } O} AITC-KH54 ¥k& T, ‘5L DORZE
(ZxET DR R 2 SRS L 0 AR L 7e, (R SEIE, 2018 ARIZ 55 N [ 35 C il U
IR REE Lz, REKD > oA T2k Lz 2 B (2012-1 8, STD £)
X, AT E O CER L, Bk LA mERIC OV TR, GRHERMEE R
ECEE O AT 2 51 CHEfE L7, #EREIC e » ¢, R 3EIC, 18 0.2mm £ & 1~3
mm, %I 2 mm OEE FATIZ 3 KT, MHEICHT->Tix, REAEZM LT L
WHRHEWICHW, TEETH—REEZFTHZENTELEIICEE L, W4T
IR LT ERIL, £ 9 PDA ST 5 AR, 20 °C, 12 BRREMRE (A @t
) FCHB LI, AB LICHEELIE A AT 5 mm AICMETL TR 7rE L
VELEEE (50 ml &) ICHio7o, ZAUS, CEAREIH (B 90 mm < kUML) 1 4%
H720 10 ml OPWEKZMZ TELSEHE L%, 2EOAT—E TR L THETZR
L7, 2D, b—<IMERFHFEEZ AN TOEFORELZFE L2, H4&FRBIED
FEREIE, 2012-1 #6238 1.0x10* ff/ml, STD ££2% 1.5x10° ffl/ml & L7z, #¥fEX, S5
TR 200 pl ZYRAGAERT- 2em O —B CTHERZE 5 HIETITo 7=,



BEFEFDELNR DS EEKICOWTIZ, FEREFRUFETHE L%, 20
ERATIT 50 wl OPEEAKER T L, ZOKME EIC, &5 L PDA PR HI TR 10 A
52 (20 °C. 12 FFEDEHRG) U TR E & OBZE N D 2L 7 RN—T7 — THICER
S5mm OFHERMMEE, HERNHESIZET D X5 I8 HiF72, WTFhoBa b
PEREAL 1, IRE 2R K Tl B 7B 2 B 72 AfE I 0 &4 (800 ml A &) lunix ware
(PS-30) :ASVEL #| |[CHFE L= REEZ AN TEE L, 15 °C OKE T T 2~3 HfH
RIF L, BRIFOFA AR L, MEEXE LT, BEKEZE T2 —B I3 EH
D FE R PP 2 AT RS 0 AF T 7o X AR ISP L - K2 72, WThoOXTH
JRBEZ A U803, REICT X ) —L (75 %) 2% L, BERIC, JRE A A%
THRNEOFRBEMEZ R E Y . PDA B B U CHEREE OB 2 i 2 7=,

3) NEEEN DSBS L AESRIRE O U TR BRIk 2 e R R
(1) AEEMRER
2019 FIZFK B SRR EAER G 5 N [ 55 | SRR S L 72 I RT O 5 07 o ER & RS

LT, A CoOEERBREI T2, 10 H S HICH U O 6 Faxtsl LT, 1 £b
720 2T (B 12 207 ICAHE L. STD #Ro /A ik (2.2X10° {E/ ml) 50
pl 2R A £ 72 2 cm A OWE T —E % (HEERITRE O 1) THAE & U7z, RREIK
OVERLE VR FEOAEIT I 2 181 2 IR LI HECTRERICIT - 72, #ERITE B
RVZF LU BIOSTRELZEE L TRIBL, SHICEXT 70T VIRANE
TH5 AT, ZD®%IT, HEAREORFEEFZN o, 7 FUHRER ()
I 7L — 7" T15) (TASHR L, INFEH & TR EL PR L7z, Eo, [ UK
DOHID 6 Flz, FRICAHE L%, WEKERERAAERTZT—EBEZAE0 FiF, £
D% B FEEDOEHR 2TV, B E Lo, #5623 H2D 10 A 31 HIZIFEL |
BRREZIToT2, WTNORTHRIEZ A UG 1E, AEi2) (R LEZFEICK
D BEFEE O SR A AT,

(2) EAGERRER

INREEDN D B S VT SRIRE A W T BN ISR S vz U o A okt BRI
TOWE MR A E Lz, BB 1 LD 21350, B3 1S UL FHAaRME FK
H 195 IZ2WTEML, WTHORBRIZEBW T, HERPERMEITIEICH > TE
M S iR & W, EERE R X, STD # & GM3 k& L7z, A& 1T 2013 4RI FE
BOS U TRONTZ/NEBEND . F%E L 2018 FICNERIOR EIZh 5 A E4
ACA Uz /NRBED B o0 S Uiz A SRR O a7 Bk T h 5,

SUERGE LT, B 1 TIX 201549 A 5 HIZ STD RO B RBE IR Z T
5 H1C, ABR 2 TIX 2018 4£ 9 1 21 HIZ STD ¥R /34 IRk 2 VT 5 iz, £7-
Bk 3 TIL 201949 A 12 HIZ STD ¥, [FI4FE 10 A 18 HIZ GMS3 Bk fia T3 ik %
HANTENZEIL 4 KO 6 RICHFE L7z, F-REEIKRIT. aE K2 PDA FEHss
(B 90mm ~ kUL IZ&Y 2 EREE (20 °CHERT) L, £FH LICEHENHIK
WEF T E MR- Tew AR A &2, SEAREEH 1K H72 D 10 ml OEKICEEBEL, 2z 2
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EHOH—Y TEE L TEZ, SETRBIIKICOWTIL, FifiofaEEERARICBWT
1T o TR EICHE U e, BEFRIE, HRIREIR & D W04 FRREIK 50 pl 2 YA &
H7z 2em AOWE T —EZ&, REOKREHR~1RHTD 202572/ 1T THT o 72,
PEREZIIEBICR ) =2 F L MO TREZEEH L TRIEL, SDIZTAIKRANLE
TREZE- T, B L7, B 1 CIXERERORBAINEREE THERF L., HBr2 &
V3T, TRENEETAERRS HRICKRY =F L o8- L 70 R A VE %2R
ElLl, Z0%IFZ, AEI1HSHED (1) IR Lo AE#EMERR L FRICEL, UL
HE R ICHIRMA 21T o7,

FKH 19 B0 BRI o HefaER L, 3R 3 1Tk W T, GM3 #RAZ W T 6 K%
$fE L LT, REEKRIC A FRRBIKR A EESEE S 2 HECER L, #EXS00
PERERRER & IR H o 2019 4= 10 A 18 H IR — D fa TR EiE 2 HV T L 7=, #fEk,
EHIZRY) ZF L (ORTRELEE L, TVIFRANETS A, RELE T,
ZRLSNE, A TIREIR O, SEREEOMER:, FEILXFE B ICER L5 U545
ELTRBR kL RIEEE LTz,

FkBR &b TR B 2 WO ITE SR EREIR O IR E K & WV TR O LB %
1TolRAERT, EAFX L Uiz, #EMEICL > TRIFENRONTZHEEIT. R & F0
JENZ 15 %% ) —NVEWEFELCRIZL, 7 U —r_XUF N THRER O RE &3
A, FREREETOBE LZRRNEZREE L A ATY D H L, PDA VAR E:HC &K
U CHRE OB o2 il 7o, RRBROFEM A R 11-1 ITFE LT,

Table II-1. Method for pathogenicity test for isolates of whitish slow-growing

fungi obtained from DCSs® on apple fruits: the test was conducted by
inoculation on intact fruits on the tree

Isolate Inoculum ® Inoculated appples ) Harvest &
Inoculation .
used  (no. of spores/ ml)  Cultivar  No. of fruits observation
Test 1
STD —o Fuji 5 2022/9/5 11/11
Test 2
STD 1.0x 10* Fuji 5 2021/9/21 11/12
Test 3
STD 1.7%X 10° Fuji 4 2021/9/12 11/14
Test 4
GM3 6.0x 10* Fuji 6 2022/10/18 11/14
Akita No. 19 6 2021/10/18 11/28

a) Dark-colored spots

b) Conidial suspension was used as inoculum.

¢) Mycelium suspension was used in this test. The isolate was grown on
PDA plates for 14 d at 25 °C. The mycelia on the surface were harvested
with 10 mL sterile water per plate. The mycelial supension was filtered
through double gauze, and used as inoculum.
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4) BERIREOTEREBIZ
INERBEMN S 7B S Tz 2 kR (STD £k, GM3 ) 125\ T, B, AT
DR ZBIEZ LTz, WEKIE PDA SEARES A VT, 20 °C, g6 HRET (B 12 K
/] 12 KEfE) Tl W TR S, A TOBIE LY T~14 HH., BEEMEROBIZE
Z7~36 A To7z, ZOMICEFEL L VTR SN EHETARBRLZICEY . o4
TS (U 82 4R BH-2) 12XV 200 £5~400 7 TR Z B L, BE
SR EFILT,

5) W TAEWFENREIC LS ACRREORE
(1) fEEERE
KARANTIES LY 2 (WS UHDIWVITSAELA) (/NBRERREEL
TERFEORED O ITEES L 12 Bk, K OVH BN TUUER O 5 U/ NRBERF
LEEREORED OBESLe 1 EE (RS T — & & o HRREERMNE ¥
— 0 AT G 4rRE) OAFE 18 Bk A L7 (R 11-2),

Table I1-2. Isolates of whitish slow-growing fungi obtained from
DCSs and used for molecular phylogenetic analysis

Isolation
Isolate
Apple cultivar Location Year,Month
2011-6 Fuji Hiraka, Akita 2011,12
2012-1 Fuj Hiraka, Akita 2012,12
13J2 Fuji Hiraka, Akita 2013,3
STD Fuji Hiraka, Akita 2013,11
15MO2 Fuj Omori, Akita 2015,12
15NAG-1 Fuji Jumonji, Akita 2015,12
AITC KH92? Fuji Soma, Aomori 2015,12
0123-18 Fuj Hiraka, Akita 2018,1
0123-2-31 Fuji Hiraka, Akita 2018,1
0123-2-32 Fuj Hiraka, Akita 2018,1
0123-23 Fuj Hiraka, Akita 2018,1
0423-14 Fuji Hiraka, Akita 2018,4
GM3 Gunma Meigetsu Hiraka, Akita 2018,11

a) The isolate was provided by Apple Research Institute, Aomori
Prefectural Industrial Technology Research Center.

12



(2) DNA #ithh & PCR

B FIATIC W D R S)IX, VAR Y — 2 DNA @ 5.85 # & 1e ITS (Internal
Transcribed Spacer) fHlk, LSU (Large Subunit) fEIKM OBF = —7 VU VBT O
tub2 fElk & L7e, 3 E KA BD Difco™ A7 F 7 % A b — XL HT 20 °C D
R TIC 1 REREEE LG, AT Ly 74 Z—2 A0 R3IEEIC L > TH
KEGT, ZOEEEKS PEX L (Nakahara & 1999) (21 VW DNA ZAHHH L
7=, % DNA Z#8 & U ITS fEik, LSU fEl & O tub2 fEi% % PCR (2 L Y HEHE

L = . 7 7 4 ~ — F ITS # o # E & ITSUITS4:
TCCGTAGGTGAACCTGCGG/TCCTCCGCTTATTGATATG . LSU #H ik (Z LROR /
LR5:ACCCGCTGAACTTAAGC/TCCTGAGGGAAACTTCG ., tub2 fHIH(Z Bt-T2M-
Up/Bt-LEV-Lo1:CAACTGGGCTAAGGGTCATT/GTGAACTCCATCTCGTCCATA #%
TNENEH L7Z, PCRIERIEIZ 1V Fdbizv . it o 1 ng/ul DNA I 1
LICHE K 12.5 pl, 1 mg/ml 4Fifii{E 7 /L7 2 > 2 ul, GeneAmpl10X PCR Buffer
(Applied Biosystems f1:f) 2 ul, 2 mM GeneAmp dNTP Mix (Applied Biosystems
8L 2 pl, 20 WM 7' 7 A v —2FifHZ L4 0.2 ul, & T 50U/ ul AmpliTaq Gold
DNA Polymerase (Applied Biosystems %) 0.1 ul 2% CTE&FF 20 pl (IZFHFE L 7=,
PCR (¥ —~ /%A 7 7 — (TaKaRa PCR Thermal Cycler Dice Gradient : % 77 7 /\
A4 (BK) ZEHL, 95 °C. 10 /3% 19 A 7/, 95 °C T14MH, 556 °C T1%
fil, 72 °C T24M%& 35 %A 27, 72 °C TTh%E 1V A 7 VORKIGEREE LT,

PCR # OIEIREEY DA X, PCR KSK & ERUkE) (2.0 %7 e —R5 v, K
55l 450, 100V) 2 = & CHR L, BXIKHICIE 100bp DNA Ladder (%
NI AF BR)) 2o fE~v——E LT L,

BRKANZOTF VT TF Uy A7 o~ A FEK (B{b=F 7 A 10 pl+ TAE (Tris-
Acetic acid EDTA ¥%#%) 100ml) T 10 ot L, UV A /L I 3 — & — L TEHIHRIR
4t (302nm) L 7=, HIEEY D HEE S 7= DNA IA#K 15 pl 1% Ilustra GFX PCR DNA
and Gel Band Purification Kit (GE Healthcare Life Sciences) #Zffif L CTHifl L 7=,

(3) BLAST #5R72 b NS5 F R At AT

FE#L1% o PCR FEY O g Ffid 5112 ABI PRISM Genetic Analyzer 3700XL % Fi\C
AT L7z, RE L7 AL % T NCBI (National Center for Biotechnology
Information) @ BLAST (http://www.ncbi.nih.gov/) (2 X AMHEIMEMRBEEZIT-7, &
7o HEHEBLHIFEAT IR L2 & TOREBKICIB W THRE L7z ITS fEik, LSU KO tub2
BIGTOWEERY Z BT CT I AV MHERL, TOTF—X %2 & IRk KREE.
T BEAE GVE K O BB Ko TRBEB 2 /ER Lz, BBt oFERIZIZ, higks LTH
BRIRE & T E & 2 b D P vagabunda (2 %2 . [AJ& @ P. vincetoxici K O
Neofabraea J&# 7 f? Genbank database DX &REKEHH L7z, 7V h A —7 L
L C Parafabraea eucalypti DB EkFEKEZHH L7, WIhb 77— A NT7 v 7 E%
1000 [ElGH 5 U Corile DR 2 5Pl L 72, f#ATIE, SREEREREYT Y 7 b 7 =7 MEGA
5.2 12Xk »7z,
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2. fER
1) /NEBEER

BB Y O W55 T A U 7o/ NBBHER L OB F i H O (2018 4= 12 )
EOEHKREBFNOEZNAOEEE (20194 2 A) IHREFESLTWEY v IicsEt
L7/ hBRBUERZFEICBIZ L, 23T b S UTRELLELDOTH -T2,
BEAUE, EERASHIRR 22186 b BB AO MIE £ 7213 MK T, RREADTNICMA
ZHoNEZL . EAIZ04mm 25 3. 7mm. T 1.5mm THo7= (¥ 1I-1a), F
DEICRRELITIBHERALND Z NS, BlE LI/NEBEOK T0~80 % TH. 5
iz (FR11-3), MEHEOERLEZUVIVED E, ZO FTORAITAR L VR THRBOEZ S
LT (KII-1b), 2021 FHFE TOBLE T, NEHE LIS AT BIEA S L7261 7
bNlehote, BRECHRETIHAIUII. 1 D70 BE~BEE EENKE o7,
I O/NRBEE 10 A FRES R A0, BmEicE < EAT LMD S,
EOICHFEPRIFRERARICEZH L, RAR TSN Dieholz, WNEBENEL
TWOIRELZ 1 7 HIZEERSFMF TR TH, DMEEOZ S BROPLCMATZIENITE
fLIFA SN o e, T ENICKRBOBRUER & 72 o7z (KIT-1d), I OEHBUE
WiV v I8ER (@I 1940) LEEEIL Tz (X 11-3a),

RRERBR S O B IR S - AR MAEFKE 19 B2l 2\W T, wHl (2018 4 11
H18 H) TSN REICHAEL/NBRAZBIEZ Lo, RFICHEA L/NEB
b, BE~BEE T, MBEERIEHEAETORMI S DRLh o7, 7RI 0.3~2.2
mm (*£%) 1.0 mm, n=90) T, /MEBEOHFLHICETIED 2 VIR AONT NN
biviz, AELZEATIE, M THTHLHICERENA LN, IR, AR KR
XS U TALNZ/NERE IS EITWER, <R ABHICRGD N — % f£
STEBY, ZOETERE>TWE (K II-1c),

F72, 20194 11 A 14 B RRHERE CH I HE X725 U137 B2 mErAIE L
(2 °C), TDHO/NRBEOR/EMEZME LIz, 11 A 17 BICAF 589 (8D /NEEE &
1 O JERORBE 2 ReR8 L 7=, 2020 4F 2 A 27 BIZIE, #H7-iC 177 HO/NEREE 1 1HO
JERURBEAHER S A, 3 H 12 BITIZE B 76 [HO#H =72 /NEEBE & 1 18 0 J& R BE A
Aoni, 11 ARO2 AOBRIRSIL, BIENOEANLORIFE R b, 3 H D
BORBEI/ RN DER L L Aoz, TS O/NRBICEIZR N o7,

Table I1-3. Characteristics of DCSs on apples found at three locations in Akita Prefecture since 2011

No. of No. of Site of lesion development (%)
Location Apple cultivar ~ fruits lesions Length of
v ; :
. . 1 Trichome .
examined examined o O0° (mm) base Lenticel Wound
Masuda sorting facility Fuji 25 39 0.8 - 3.7 (1.54)* 84.6 154 0
Oyati hi, Yokot: .
va ey TR Fuji 5 100 0.4 - 3.1(1.43) 79.0 19.0 2.0
(farmer's field)
Akita Fruit-T .
T T ree Akita No.19 3 90 03-22(1.03) 700 30.0 0

Experiment Station

* Mean length of lesions.
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2) /NEEED D ORI O Sy

2018 4F 11~12 H (T H H8 35 K O 2019 4F 2 H IR F 3 L8 THREL L 72 TH
L7250, KU 2018 4F 11 HIZHRK H RSB EABR S TR L 7 s R n il C A £ 44
H OWHERIZHA LT/ NEREN O RRE 2 08 L7 i b MR Tl S 720X . PDA
PREEHIZB W TAHAN L EARZH N7 UV —A 0% 2 L, R ESCBE A K S5
P U T B MITAEB N BVSRIRE (B, AERIRE EFES) ThoTo, 2 2P
DR FLG K O R BR G O MSG TR LW THOREO/NBENS S, 20 AR
WHE P e b ®m OB (45.5~60.4 %) THBEI L7z, IRWT, Aureobasidium sp..
Alternariasp.. Cladosporiumsp.. Fusariumsp. 23778 S7=25, DEERITONT LY
11 %L FThoTe (RII4),

EECRIRE R, EEEE CHOWRHTREAZR S, FREIID LEY B> T,
Z < OERTITEENRE K 2DIT280, FIED S HUIHRICEARD LA S 1
7o (X II-4b, 4c), ENIC PDA NG R L b AFREZELAT HIEMKLRO HiLT,
HIRIZE > TiE, EERELA LV VEREZE L, BRELITBEDO R —RER TP
REWEARBEDATER S NN, ZoWgIcBWTHRTIERIZER N o7 (K 1T
4d),

Table II-4. Isolation of fungi from DCS lesions on apple fruits obtained at sorting facilities in Akita Prefecture

Fruits from which the DCSs obtained Isolation of fungi DCSs no
No. of (Perecentage DCSs each fungus appeared) fungus
DCLs - i- - 1 appeared
No. O.f the Cultivar Sampling location Sampling * WSGF AJ'ter Au}f cobasi C].adOSp o- Fusarium others pp((y)
fruits naria sp. dium sp. rium sp. sp. 0
118 20 Fuji Mas?i"’i‘ﬁs;tmg 2018 50.8 12.7 10.2 5.9 5.9 13.6 0.9
99 99 Fuji Sak?aiisl‘i’gmg 2018 455 5.1 10.1 5.1 2.0 4.0 28.2

Gunma  Akita Fruit-Tree
96 5 Meigetsu Experiment Station 2019 60.4 8.3 11.5 94 2.1 7.3 1.0

a) Sampling of fruits was conducted in November and December.

b) The isolated colonies were whitish slow-growing fungus.

3) /NRBEN S B S i BESRIRE OISR O U v T R IR D IR EE

INEBEN B ABES TR 8 R Z W TIT o R ERBRICB VT, WFNOHE
FRZBERE L7 & T CH/NBBE O AEIL R o T, B 7~10 A% bR A 184
Lias, 2~3 R ICITER 3~5cm O KB OEIFHE & 72 -7 (K 11-2e), Z4H
DIRBEIL M TE D BAE T TORM A, FREBARG A O HG A, ENITHE T, FMI
2122 TIHRAICIELS 7 D BN LB A E B Lo, ARERIE, IVHER O R ED IR
HFICHRIFT D VU o TR OMEIRICESEL L Tz, BRI R & 72 8 O BE >
HlI, Wb ERICHW b O L RRORIREDNEG T oSz, o, EEEREX
& LT IR KB CIER IR IXFR D bR hr o 7z,

15



4) NERBED D B S e BESRIRE O BRI KT 2 RN
(1) A=
INBEEN B AEE S LT A ESRIRE 2t E O RFEITH L CTIT > A S TOREMRER T

I, R L7212 20081 (63R) @955 11 MFricB W T, FRENE N L HEE R T, Jb
BN DN R 2 IR < 72 0 BB & 7e B FTE D B AE P O KRB O JEBUREEDS |
INEREIZFR O baLTe (K IT-2f), 240 OFERITATE ISR AT 5 U > THEE I OFER
IZEEEIL TW e, 26095 10 22T DJEBURBED R AL O . #EFIZHWZ b D
R CEE RO RREN DS, WTOERERBRICEBWNTYH, /NEREITAS
AP, PR K & QLER U7 LB X CIR B UEIR OB AT R o e o T

(2) M5

S UEAWTHE ERERRE L CER L7z 3 BIOEMRABROVTICE T, #
FEEBALICIB WD THRB AN D BBEOEL 1 mm FLEDO/N S RFERNEE Sz (& 11-
5., [ II-2a, 2b, 2¢), ZALHDIFHEED FRIBITIFTBHESLE AN A SN, FERIC,
FKH 19 5Ok EREZxG L Lo G 3) Tk, L6 Koo H 11
TN RIRBEN TR S Tz, 2 OB, B 3 mm Hif: D FRME ) b BAS D BE A
T, FLICBERSCRAN AL (K1T-2d), 72, —#OBEAICITZ OF IR
o —EfEos T, S DR 19 572 AW TIT-o 72 200 5 OB R T A
DAV ANRBERERIL, WIS JFURBICERIL Tz, Fo, BRI A U7 ptd
SARIREDONEEARRT- L Z A, HREICHW b0 LR UBBREORRENESIC
B S LT (R II-5), PGB /K 2 AL U 7o AL X C i, JWBED AT AL b iv7e o 7=,

F7-. GM3FRa M L CO/NBHZ R LB 3 DRFE (H1) 6 1%, 2°CT
K27 A, Rofzl 2A, 1 RIZBWTEBURIEE 725 b O A B (K 11-3¢), =
DIFBENS S, R L-bD LR UENRS I HBEESNnT-,

Table II-5. Pathogenicity of whitish slow-growing fungus isolated from DCS on

apple fruits
Inoculated apple fruits No. of
Isolate disesglse d Re-isolation
used Cultivar No.of = No. of (%)C)

fruits  inoculations  sites” (%)

Test 1 (2015)

STD Fuji 5 10 6 (60.0) 100
Test 2 (2018)

STD Fuji 5 10 6 (60.0) 100
Test 3 (2019)

STD Fuji 4 8 3 (37.5) 100

GM3 Fuji 5 12 12 (100) 100

GM3  AkitaNo.19 6 6% 1 (16.7) 100

a) The entire surface of the fruit was inoculated with a spray.
b) DCS developed at the inoculation site.
¢) Rate of re-isolation of the inoculated fungus from the diseased sites.
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5)

F SRR B O T BE R

U REO/NRBEN DSBS N Z < OEESRIKREICOWT, BEMEEBIESEIC

THETOEMREFTE LN, LA EDOEK TS E%@%ﬂi@bf&&w#ﬁ

B3N hote, WAETHEZEICEMRINTZEFHFKIL STD XOGM3 ® 2 FEOHTH -
oo 2T T, ZRHOERIZ OV T PDA ARG IS SN/ E T2 Bl L &
ZA, TR LM T, BiIxhREsniBthd sy —— VB VT EEAE~
FHEEIZ C. MW TN b AAZHOTE Y, MENICERCROBHEABD LD b
DL HoT- (K 1l-4a), BEREOFHMEIT STD #2° 18.3 um T GM3 ££2% 14.9 pm, %8

RIXTFNEI 4.1, 3.3 um T, 2EKTRE ZIZIIZLEDN A O (R II-6),

Table II-6. Comparison of morphological charasteristics of conidia of whitish slow-growing fungus isolated from DCSs

Macroconidia® Microconidia
Isolate/taxon Length X Reference
Length X Width”(um) Septum Shape Width(um)
STD? (WSGF) 14.3-22.8(18.3) X 2.9-5.0(4.1) aseptate allantoid, fusiform, curved _
GM3° (WSGF) 9.8-23.3(14.9) X 2.3-5.5(3.3) aseptate allantoid, fusiform, curved _ 0
Gloeosporium sp.? 516 X 3-5 aseptate oblong to fusiform ND # Togashi(1950)
G album® 13.8 -28.0(20.75) X 2.1 - 4.5(2.86) aseptate cylindrical, usually curved ND ? Talvia(1960)
Neofabraea alba® 17-30 X 2.5-3.5 aseptate cylindrical to fusiform- 15-18 X 0.5-1.0 Verkley (1999)
allantoid, weakly to strongly
curved
N. alba® 17-25 X 3-5 aseptate curved ND Gariepy et al. (2005)
N. malicortics 16-31 X 45-6 aseptate,becoming long ellipsoid to 6.5-10.0 X 2-2.5 Chen etal (2016)
1 - 3 septate usiform,slightly curved
N. perennans 12-25 X 3-6 aseptate,becoming straight or weakly curved 6-10 X 1.5-3 Verckley(1999)
1 - 2 septate
N. kienholzii 12-175 X 25-35 aseptate,becoming oblong-ellipsoidal, 2.5-6.5 X 1.5-2.5 Spotts et al. (2009)
1 - 2 septate sometimes weakly to strong

curved

a) Morphological characteristics were investigated by culture of each isolate on a PDA plate for 7-14 d at 20 °C under fluorescent lights for 12 h per day.

b) Means are presented in parentheses.

¢) Single spore isolate.

d) Pathogenic fungus of Kigusare-byo reported by Togashi (1950).
e) Synonym of Phlyctema vagabunda.

f) Not observed.

g) No description.

6)

DTAEFRREIC LD AESRIRE ORIE

fie3 L 72 13 B #k o ITS fE Ik o 5 HKE 513§ 4 & Phlyctema vagabunda
Desmaziere & & b AHEIMEZ < (99.59~100 %) . RV T Neofabraea kienholzii
(Seifert, Spotts and Levesque)Spotts, Lévesque and Seifert (98.19 ~ 98.67 %) .
Neofabraea perennans Kienholz (97.37~98.37 %) . Neofabraea malicorticis H. S.
Jacks. (97.17~98.17%) DIETH > 7= (FI1I-7), lFEREDLEIZH V7= STD £ &
N GM3 RIZEBWT, &b mWHEIEMEZ 7~ L7z P. vagabunda O57BERIZY =, A
S b abdrnigt ) —7Thotz (RII-8), tub2 HIELTH REEIZ., P
vagabunda (95.91~99.84 %) L& bEmWHEMEZ R L, W T, N. malicorticis
(90.55~92.49 %) . N. perennans (89.84~91.76 %) . N. kienholzii (88.08~89.81
%WDNETd >z (FI-9), STD ¥k KT GM3 RIZ DWW T, K bHFMED E W P.
vagabunda OyEERIZ Y 2, AV —7 ., /I T T v IV Thot (F11-10), LSU
SEIIC B W TR L e &2 T OB P. vagabunda & 100 % DOFHEMEN R 57z
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23, Neofabraea J&® 3 f & b Em\WAHFME (99.283~99.31 %) #/~xL7- (FRII-11),
STD ¥RIZS>WTiddx b AHIFEIED &y P. vagabunda Oy BERIZA UV —7 . A 3 7
V.U TTTvIN, B30 hxY aThoTo, —F . GM3 FRiX P. vagabunda O
fti. Rhabdospora lupini X° Neofabraea brunneipila 7¢ £ . bull’s-eye rot O iR H &
TR 550RE & bmWHRIMEDS R o (RI1-12), MHEIMERRICE W TR S
7= P. vagabunda 57 BERE OBEMITIE T AU B T AV B, BRINSCT 7 U 4 & IRE
I i TR PR G A

IO OEKD ITS, LSU K tub2 @ 3 DO OIS % & & 12 Rkt % 1F
Lz E A, IR EKRIZWT S P.ovagabunda (2 bW/ L— F&EALZ (K
II-5. 6. 7). LML, Zavbix2 0% 77 L—RiZhliv, — 5 (Z1L—FK1) IZP,
vagabunda iﬁkiﬁé\iz}/ﬁciﬁ HY)—DOD 7 L—FRK (ZL—F2) IZIZEGENRo
2o MPEREOBIZICH W STD KA O GM3 ITWIFnsb 7 L— R 2IZEFEN, 7
L= R LICEENTEERKRIZ, DT RTFIEERNRD biLgnol, HaEKE O P.
vagabunda & F 5 7 L — NI LD - 72 © L P. vincetxici T, IR\ T
Neofabraea BOEFETH -7,
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Table II-7. Homology with P. vagabunda and three species of Neofabraea in the I'TS region
of whitish slow-growing fungi isolated from DCS

Number of P. vagabunda N. malicorticis N. perennans  N. kienholzii

Isolate
bases (AF281369)*  (AF281379)*  (AF281389)* (NR_155471)*
STD 497 99.59 97.17 97.37 98.19
13J2 497 99.59 97.17 97.37 98.19
15MO2 497 99.59 97.17 97.37 98.19
15NAG-1 497 99.80 97.37 97.57 98.39
20116 497 99.59 97.17 97.37 98.19
2012-1 497 99.59 97.17 97.37 98.19
GM3 535 99.59 98.17 98.37 98.32
0123-18 521 100 97.57 97.77 98.66
0123-2-31 524 100 97.57 97.77 98.67
0123-2-32 521 99.80 97.37 97.57 98.47
0123-23 523 100 97.57 97.77 98.66
0423-14 524 100 97.57 97.77 98.67
AITC KH92 497 99.80 97.37 97.57 98.51

*k:Accession No.

Table II-8. BLAST search of ITS region of whitish slow-growing fungi (STD, GMS3) isolated
from DCS

Isolate Accession No. Taxon Homology(%) Source Country
STD(LC594621)*
AF281374 Phlyctema vagabunda 99.80 Apple Canada
MK174720 P. vagabunda 99.60 Olive America
MG969998 P. vagabunda 99.60 Apple America
KT923785 P. vagabunda 99.60 Apple Latvia
KY367507 P. vagabunda 99.60 Ash Switzerland
GMB3(LC594622)*
KT923785 P. vagabunda 99.63 Apple Latvia
KR859276 P. vagabunda 99.63 Crab apple  West Africa
KJ396077 P. vagabunda 99.63 Apple Italy
MZ493002 P. vagabunda 99.63 Ash Poland
MG970000 P. vagabunda 99.43 Appple Chile

* . Accession No.
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Table II-9. Homology with P. vagabunda and three species of Neofabraea in the tub2
region of whitish slow-growing fungi isolated from DCS

Number - vagabunda N. malicorticis N. perennans N. kienholzii

190120 ofbases  (AFosias2  (KRS50200%  (KM262219)  (AF281462)*
STD 562 95.91 90.55 89.84 88.08
13J2 562 95.91 90.55 89.84 88.08
15MO2 562 95.91 90.55 89.84 88.08
15NAG-1 562 95.91 90.55 89.84 88.08
2011-6 562 95.91 90.55 89.84 88.08
2012-1 562 95.91 90.55 89.84 88.08
GMs3 939 96.14 91.86 91.42 88.53
0123-18 888 98.87 91.94 91.64 89.48
0123-2-31 888 98.87 91.94 91.64 89.48
0123-2-32 944 99.84 92.49 91.76 89.81
0123-23 916 99.36 92.46 91.75 89.81
0423-14 918 99.84 92.34 91.75 89.81
AITC KH92 562 96.09 90.73 90.02 88.26

* !Accession No.

Table II-10. BLAST search of tub2 region of whitish slow-growing fungi (STD, GM3) isolated
from DCS

Isolate Accession No. Taxon Homology(%) Source Country
STD(LC594623)*
KT963914  Phlyctema vagabunda 96.26 Olive Spain
KX670868 P.vagabunda 96.10 Apple Italy
KR866098 P.vagabunda 96.09 Apple France
AF281458 P.vagabunda 96.09 Apple Yugoslavia
MK174829 P.vagabunda 95.91 Olive America
GM3(LC594624)*
KR866098 P.vagabunda 96.68 Apple France
KR866089 P.vagabunda 96.58 Apple Canada
MK174829 P.vagabunda 96.48 Olive America
KM253739 P.vagabunda 96.27 Apple Poland
KR859310 P.vagabunda 96.25 Crab apple West Africa

* . Accession No.
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Table II-11. Homology with P. vagabunda and 3 species of Neofabraea in the LSU region
of whitish slow-growing fungi isolated from DCS

Number of P. vagabunda

N. malicorticis N. perennans

N. kienholzii

Isolate
bases (KR859069)*  (KR858876)* (KR858878)*  (KR858873)*
STD 775 100 99.23 99.23 99.23
13J2 775 100 99.23 99.23 99.23
15MO2 775 100 99.23 99.23 99.23
15NAG-1 775 100 99.23 99.23 99.23
2011-6 775 100 99.23 99.23 99.23
2012-1 775 100 99.23 99.23 99.23
GMs3 894 100 99.27 99.29 99.31
0123-18 867 100 99.27 99.29 99.31
0123-2-31 810 100 99.24 99.24 99.26
0123-2-32 869 100 99.27 99.29 99.31
0123-23 868 100 99.27 99.29 99.31
0423-14 870 100 99.27 99.29 99.31
AITC KH92 77 100 99.23 99.23 99.23

%k :Accession No.

Table II-12. BLAST search of LSU region of whitish slow-growing fungi (STD, GMS3) isolated

from DCS
Isolate” Accession No. Taxon Homology(%) Source Country
STD(LC595231)*
MK160187  Phlyctema vagabunda 100 Olive America
KX768550 P. vagabunda 100 Pear Netherlands
KR859070 P. vagabunda 100 Crab apple South Africa
KX768550 P. vagabunda 100 Pear Netherlands
AY064705 P. vagabunda 100 Ash America
GM3(LC595232)*
MT156268 P. vagabunda 100 Plum Germany
AY064705 P. vagabunda 100 Ash America
MK160187 P. vagabunda 100 Olive America
MHS871119 Rhabdospora lupini 99.66 No description Netherlands
MK592004  Neofabraea brunneipila 99.09 No description Thailand

* . Accession No.
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Fig. IT-1 Dark-colored spot (DCS) lesions developed on apple fruits and soft rot lesions

developed on stored fruits.

a, b: DCSs on stored apple fruits of cv. Fuji (Dec. 2018).

c: DCSs with red halo on a fruit of cv. Akita No. 19 (Nov. 2018).

d: Soft rot lesions on a fruit of cv. Fuji that were presumed to have developed
from DCSs during storage (Feb. 2018).
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Fig. II-2 Symptoms developed on apple fruits caused by whitish slow-growing fungus
isolated from DCSs.

a, b, ¢: DCS lesions developed on a fruit of cv. Fuji on a tree inoculated with the isolate
STD.

d: DCS lesions with red halo developed on a fruit of cv. Akita No. 19 on a tree
inoculated with the isolate GM3. Inoculation was conducted on the fruit
without artificially wounding.

e: DCS lesions developed on a stored fruit of cv. Fuji inoculated with the isolate STD
on an artificially made wound.

f: Soft rot lesions developed on a fruit of cv. Fuji on a tree inoculated with the isolate

STD. Inoculation was conducted on artificially wounded sites of the fruit.
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Fig. II-3. Soft rot lesions of Kigusare-byo disease developed on apple fruits of cv.

Fuji.
a: A soft rot lesion of Kigusare-byo developed on a fruit stored at 2 °C.
b: A soft rot lesion (arrow) of Kigusare-byo developed on a fruit on a tree.
c' Soft rot lesions (arrows) developed from DCSs 57 d after inoculation of the

fruit with whitish slow-growing fungus (GM3 isolate).

24



Fig. I1-4 Colony morphology on potato dextrose agar (PDA) plates and macroconidia of

whitish slow-growing fungus (STD isolate) isolated from a DCS.

a: Macroconidia (scale bar 50 pm).

b, ¢, d: Colony of the isolate grown on a PDA plate at 20 °C under fluorescent
light with 12 h day for 14 d (b), 23 d (c), and 36 d (d). No conidia were found

on the white or brown mycelial masses in photo d.
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Fig II-5. Neighbor-joining phylogenetic tree based on the sequences of internal

transcribed spacer, large subunit, and tubZ2 regions of the isolates obtained
from DCSs.
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Fig. II-6. Maximum likelihood phylogenetic tree based on the sequences of internal
transcribed spacer, large subunit, and tub2 regions of the isolates obtained

from DCSs.
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transcribed spacer, large subunit, and tub2 regions of the isolates obtained
from DCSs.



3. BE

ARETIE, 2011 FOKFENPOLHKBRTEZIEL, TORBAKGL THEENRLOND D
Y AOPNREHERORR 2R Lz, U IORRBRERFOL Tk, RECET
HHEVER E L THREN L BATHEEZ R LIZHBOEKRD R oD, FRFELIEES®T
L/NBBER ZFEICBIE Len, Zo/hBREEE . 2D OB E O WIHER 2 A
ARIEIR TIXBIT 5 Z L IXE L TR oo, FRICHRIAR., ik, R, BEW. 5
REBER OPHIERIZ LSBT, KINIRETH 72, T 6 DO/NEEED B RRE
EOBELIZE A, DEERNERLE NS TOITARNSL 7 ) — At E R L, BEIRICEK
AKDOLLEELLARETHY, ZnEAERKRE SRKHR LT, 2k THRAETHRE
SNTWD Y »TIRFIEE O 72T REIZHEE T 2T RRIRE Z FFOBREIL RS 72 6 72
STz, 2018 FIZHENE LZFAEICB N TH, ZOHERREODBERN KL EroTz (F
I1-4), WWTERTHEESNTZDIX Alternaria sp. TH - 7205, EERILX 12.7~5.1 %
W E o, ARICH Y AR EMELZ AT 58 (A% 3EWE Alternaria mali
Roberts) 73& 0 . /NBEED EK & 7g o 7o AlREMEIL D - 7225 INBBENR L3 L 7o il 5
VNI EIZIC BV T, RIS ERE W CER @A S 1985) T/HNEEEOIAEN S
niginole (B EIRVHE) 206, 2R LI/NERIOER & 72> TV 5 ATREME
FENEBZ X BN, TN X DBERMED o T OIFEFE Y, JREWEFHIC T A L2/
BEEDOERN L 1THE L, b0 &b, 2011 FLIEERET H/NERET, U 2o
REICHLORMEZECHBHOREILLDLO L35 28> 7,

INBEEN D D BERN R bR o T AERIRE A ERICERE L L 2 A, WG
IZ X > T/RNBRBCEERI T D BE RN TER S, S BT, HREICK > TEUHREEND .,
BERICHOWEHESRIREN SR TSN Z b, REIZ/DNEBEKRO R E 720
BoHrb0EEZ LN, £, 2018 FICBITHRAEICEBNTOAREO JBERENEm M- T
T &6, 2011 LR, BKARICB W TER T HAIER O TR & 7> TH72 b D LS
STz,

SRR 2 IWFER DR EICH G 21T o 72 & 2 A BEFEERALIZ KB O 55 U BiE 3
B ENTe, ZORBEITY > TR ICEALL L Tz, Vo TR ORBEIL, fERE
MOHEBHEHATH D Z LT, B2 roFE egmat s (B 1950), AKRO
AR E L Gloeosporiumsp. & &5 (Ef 1950), LovL., AW CHREIC X » THIE
JEICE LT DIRBE 2 TR L 7 R DSE R L T2 0 1k, RIE O E T X VB o KE
<L TBR bR o Tn (RI-6, MII4a) Z &b, MEITIAETHBHREE LT
WE SN TWDRIRE Gloeosporiumsp. L IX R D B2 b=, —F., ZOMERE.
F#AMEIZ B VT bull's-eye rot & M D AT E EEELELL TWEZ &b, HIER &
Mo OREENH D Z LR Sz, BIfE, bull’s-eye rot DR RE L P. vagabunda
KON Neofabraea malicorticis. N. perennans. N. kienholzii ® 4 fE|\ZHEH I 5 &
HHENZ, ZHiE, WD bull's-eye & FHZIL D IERURBEZTERL L. Z DK
LOFNITEVB A SN0,

Phlyctema J& & Neofabraea J&1%. 13 II §i Tl _7= X 512, M TFEKIZL > TK
IS, BT 0 2E 7 (eustromatic conidiomata) Z BT 5 DIZxf L, $%#F Tiday
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4+ )& (acervular conidiomata) % JZE9 % (Chen & 2016), X7, Neofabraea &
EORSETIL, IZUOHEMIETH D213 %ICHEEEEZ 1~2(~3) fH/E L (Verkley 1999,
Spotts © 2009), H< 5 LB TH L IND (Verkley 1999) 73, Phlyctema J&H T
L2 DX D BRFEEHEIT R Y7 5700, RUFZECToHRE S 7z A ERIRE Tld, PDA 54 T
F L VEORIE D D WIIANETE O A2 F#E LICEERRL L2, Z oMk Ttk
FORHITIA b ole (KIT-4d), F7-BHEARKREO—EHOEK T Sz m4E
FIXEDOREIVDDORDGEFLEEZEZLNDLN, ZNHDOEKERKRE ZIX, bull's-eye rot
DIFRIE & SND 4AFEOWT I & b RERN->T- (K II-6),

HESRIKE T/ AE T ORIT R & L7 2y > 72, bull's-eye rot D JF)FUE TlX 4 FED
WTIUZBW TR EN DD, ETOEKRTIEK SN DD TIHR, 7 A U I e
DFVRELOEALETIMEON)L YT — RO U > TRIFIZITHA LT bull's-eye rot
B HES L2 P, vagabunda 13O0 G /NS EF DIER S 7 B 1722 5o 7= (Henriquez
5 2004, Vico & 2016), ZHN O DFEDIEEIZ &7z > TN AT DOTEASCTE RERY RS
HEINTZHETRY 520,

bull's-eye rot ® 4 FE DR R E & JEREAIFFEIC K > TEfICFEET 2 2 L DB REETH
Dl IR LS STV A, Gariepy © (2005) 13 bull's-eye rot @ Z 41 5 DR
HIZHOWT, FE] CORRERIZREVIT DT ) TRERDIZRER) 70 FEHEIZ I 5 #Rk5IX R # &
L7-, F£72. Michalecka & (2015)iX. N alba (P. vagabunda ® '/ =2X) & N.
malicorticis, F7- N. perennans & N. kienholzii D] TlX., pAET ORI ERKE T
BAE 2 RIT2 . ZHICKsTRBIFTHZ LT TE RV E L, EfERREDZDIZIE
DT EMFN R AR T A MENH D L LTz, Chen & (2016) (X Neofabraea J&
R Pezicula B DB EHRLZITOHF T, TNOHOEIZOWTIIEEREOERENKRE N
L FTERTEERN RN OCEKENZ WD LD IERRINFIC X 2 RIEIEREET, 4
THEWFHBRREAR AR TH DL E Lic, ZRHDOZ &6 ACRIRE OO R EIZIE
DT EYTFHIRE OB B LELEZ BN,

AWFFEDOEFERIZ DWW T, I W2 s i E, LSU ik, ITS fEig & O
tub2 HIkE L7, 2T b OMKIE, Chen 5 (2016) 2% Neofabraea J& & M (Y Pezicula
BHE ORI ETSTZBEICHWEZbDOTh DS, b OFEBOEERSNIZOWT
BLAST I L A2 MMM KR ZIT o722 A, WTHOMHEKICHE W TH I EKIZ P
vagabunda & b @S WAHFEINEZ 7R Uz, ITS fEk T, RS 7e@ R o iz v b
o (Ff 2005) . JEIEEOFE L~V OREICHWVTEERRILE LTLXLIERHSH
%5 (JEIL 2014), MHEMED 99~100 %D & T3 L< DG, F—MTHLLBEA TR
WS, FRIC K > IO BT 2T T2 2 L LB /BICANTEBE W EOERLH D

(J#iT 2014), Rooney-Latham-Soriano & (2016) (%, B U 74 /=T THAELL
V2 AOKREIIEDIRIREIZOWT, DETFOREAA LN &b, KiEEEZH
W AR AR SR D T N. alba (P. vagabunda ®3 /7 = 4) LREIELTW5S, —J, ITS
IO L HREE LT LHEYS ThNEO®RELH Y, Cameldi & (2017) 1% tub2
PEIZ [RIEZHIH L7z, F7-. Kingsnorth 5 (2017) 134 XV XAEND Y > FIZHKAEL
7= bull’s-eye rot {Z-DVNT, ITS fEE & OY tub2 8k D ] J5 O X FLBL 51 O 8 [8] HE fREHT 12 X
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STHODFEEZIT o1, AFFRICBNTIE, R0 X 51z, ITS fEk L tub2 FEEKD W
THILOFFRIMERRICE > TH, 2 TOMKE N P. vagabunda & b @ W HRIMEZ R L
7= (EFI-7. 9,

Flo. RBBEATICE W TIX, AERREOWTILOE S Neofabraea J&H XV
Phlyctema BE L -7, 7272 L, R LEEEKIZ 2 2OV 7 7 L— NZanii,
L)L, ZRBHD7 Lb— RIZBET D EKMTIX, AEERIC L2 EHUERICH 2T/ 5
Nigrotz, 727 L— R 1LIZBEBTHEKOPIZITDEF IR T 2 EES A b n
ST EMD, ETRZDOTERICL HEENFBIZ OV TOREIT TE R o1z,
IHRHEDZENS AT 7L —F1 & 2@ T2 NOEKS., P. vagabunda
Desm. L FRIET DI ENEY LB ONT, 4%, OB FEETOMEME, &R
PERL Y v TSN DO ~DRFEEE IOV TR EZZER-L, 2207 L— ROBMREIC
DWTHFT O MERD D,

UbDZ inb, BARICEWT 2011 FE0 62575 U o To/NEEHERIT, 8k
F OB DR FNTHA LT/ NRBED b B E Tl s o BasRREIC L 5 2 &
HonrERote, KX, Exdo@my | BEANL TS FAEM TR HEEZ S LI P
vagabunda L [FE STz, KEZE EHDHWDVITINHERORZICEHEERE LAY
A HERICEE T AR AR Lz, Vv IEIERORIRE & L Tidd Tl
Gloeosporium sp. NE SN TWD (E 1950) 8, ZOEILDAETDOEEDN P.
vagabunda & 13 RKE Big o> Tz Z &6, P vagabunda % #JEH O & LT
MZ5ZENEIEEZ BN, 15T, 2011 ENHKMARTERET D U o 2 /NEBBE
X, UV AEEROERO—2 B2 b D, REIL, HHRKHO U o T EFEH T bull
sreye rot & L CHILINL TWAITEFED ERDO—D>THDH, KEIZL>TT—LT v
TV V¥ RNREO/N S RBERIER LT D L O#REILH D (Kennel H 1984) 73,
INBEEEA T D L ORFIXIINETRY LT, RFERENITRIITH 5,

2020 FEDOREFATIL, S U 0EF@EmE (2 °C) ORTEHRA (a2 4 Ta) @
REISTREFAE LA, DNEEICIE R AONT, TRHZEE/-3 AICAD, 1
TERERORBE & T o7, ZOFEOBEY | NEBET, ARIEE LT HERIEREE & 72 5
ZERIFEEAE RN oTE, o T NERENX, INETY VIHEEROER E SN TE
TERUREE (LT, ERMEEBUREE L FES) ST R DR THY . ERMEEBUREE D
FIMER & 135 280, 7272 L, AR T 2 I, I <URSRToH 2 2308 i M s B
ICHER U 72BN B STz, ZOWMBEITEMT DMOREIZIEN D Z LT nE s
(Dugan & 1993) 23, B7Eid D2V NI EFIC AT D L F LS EMIEME T35 2 &
MOEBENLETH D,

BT, EERICE, LB RORB I8 FORETBEINIZ bbb o (KT
3b), T D DOEHHLRE D S 1% P. vagabunda 7353 B S Fu. I IE 00 3 R ME G O BE VLI
RIS HIA T DM, INHERTOR ERICHRBERFRELZELDZERHALNE R T
(FeE & 2018), #f ERICAE T 2 Z OFROREEIL, [RIRHICRB B CRAET 2 RIAIHN,
WA . IR, DOOYROHER EHEE L CnD Z b, 5%, B LROFEDE
IZBWT, BEHROARERICOVTHIEETALERD D,
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Il. Automated Ribosomal Intergenic Spacer Analysis (ARISA) {EIZ2 XA U T RED
/NBBEALAR > D DR SRR R O H

U AOREID, LRI AT 20 KEREOIIE, BAEMHICHEEENS
B THENOHEAEORKEEZZKT 2 DNEZV, P. vagabunda (2 X 5/NBEE% =
o &KL CIEMICZWET 2 DIEES TRy, £ 2 TRIFETIL. 2 ORMICHA
T HREB AN D BEO/NREEO EME OIRELZENICHHT 22 2 HWE LT, 4
FAMFRIFE L O TREHSRRE ORI 2% Lz, 5 e LcmEIL, P
vagabunda \Z X 5V > IAWEH OIEH . RIAEW  (Colletotrichum spp.) . ki
(Botryosphaeria dothidea (Moug.) Ces. and De Not. ¥ (" Botryosphaeria kuwatsukai
(Hara) G.Y. Sun & E. Tanaka) . #8555 (Diplocarpon mali Harada and Sawamura) .
HEYN (Venturia inaequalis (Cooke) G. Winter) . H % (Mycosphaerella pomi
(Pass.) Lindau) . BEA% 3% (Alternaria maliRoberts) . 284 L Wi (Neonectria
galligena, Nectria galligena D> /) =1) ThbH, ZOIHLR AL HEFRS THEIL
WTINHBKHERICBWTHAETHZ ENHLIALTWND,

1. MPEHE G
1) /NERBEK OV B O B SRR 5 O DNA il
FEREOBHICHWZ/NBHEDOH 5 ) T HRIT, 2017 4E 11 H #2005 2021 4
3 AT T, Bk R RARABR G 0 BRI O B, AT, HH, RO S X
B DBEMF CERBLZ, 1R (W 50) 226 I~THOFBRKREZE T, AT
337 HDFEEMNS 490 HDO/NEEEAZ BRI L7z, oTic VN, R ERAE2E
TIRBEER O (HER 5 mm LA T, S 3mm LA TF) | & 25 \WILIREESS O F A%
DOFE U, AT 197 8, R 293 EERE L7, D O/ ITHRE L7z
FA 7 EHANTEIY H L 50~100mg % 2ml D7 T AF v 7 F 2 — 7 I AN THIK
JiE (4 °C) THRAFL., 1EMLIANIZ DNA il A2 1To 7=, fiHicdH 7z - Tk, TR
Btz ANz 2ml Fa—7 I8RO a— % A ., WIAZERITEEL THSE2
%, vVFE—RXva v h— (ZHEBRAS) ko TREZ MR LT, £,
WAL L7253k D5 . DNeasy Plant Mini Kit (QIAGEN) (Z L& > T DNA #fHi L 7=,
REIONEHEEZAET DY TORKMEELSBYMERIRE (RI-1) OBEEEHENS O
DNA fliffi &, . DNeasy Plant Mini Kit (2 L > TiTo 7, E%Z, BEHEZ6cm O~k
UM AN 5ml DY % H A TR T 2~3 AR, 25 °C OBHT Chs#&E L7z, &
BLEEHKEZ, WEHERZHOTT 7 —FFCk5 A L CEIY L%, HEAE
KCHENE L, A TERR TR Z RV 2, 5 572 WIRIE 2 ml 7= — 712 AfL, DNA i
9% E£TiE-30 °C THRAF LT, IRIFITR S TH 3HEMFEE Th > 7=, DNA flith O
2, HiK05gE U La=TE—X (FLrrxy MEXSH) 2 AN 2ml Fa—7
12 &Y, BugCrasher GM-01 (¥ A 7 v 7 X)) #HWTH#L 7=,
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2) Automated Ribosomal Intergenic Spacer Analysis (ARISA) i

Vv A REO/NBBEEM & N BEE O R SR 2 B il L7 DNA IT>W T, ARISA 75
Kot 2R AT, ARISA (2B I 2 7 7 4 ~ — 1406f / 3126T:
TGYACACCGCCCGT/ATGCTTAAGTTCAGCGGGT (Hansgate © 2005) (% 18S U
AR Y — 2 DNA ® 3Kl o —E, 2->?D ITS (Internal Transcribed Spacer) &1k,
KON 5.8S rDNA A5 1% & TefH 2 HEE L, 77 A ~—3126T 1%, 5K % VIC (Applied
Biosystems. Foster City, CA., USA) TH =% L CEH L7,

PCRIEAWIE, 0.2ml ~A 7 0 F 2—7|Z, 200 uM @ ANTP {EH#%K. 0.2 uM ©
FVIXIT VAT RS TF4~—1406f, 0.1 pYM OF YV IX T VA F KT T A ~—
3126T & O 3126T., 1xPCR #Effik. &% 0.05 U/ ul ® AmpliTaq Gold DNA 7
U A7 —+¥ (Applied Biosystems 1) % & e 20 pul OKINEGRZFHE L7, PCR
& iiE DNA —~ L1 27 7 — (TaKaRa PCR Thermal Cycler Dice R Standard;
2T NAFHRAEE) 2, 95°CT10mZ&2 1A 271, 95°CT14%, 556 °CT1
3. 712 °C T3 %3/ A 70, TDHT2°C T100% 1V A7 WIZERE LT,

AR EY) O A X PCR KGR 5 pl # W T, Tris-acetate- EDTA FEE R 2 & A 72
2% 7 A —AT ML DE QKN L%, =F Vv Ls7m~A R (10 mg/ ml)
TYA KO UV i Tl L CHER L7z, £D%., PCR TH O HEIEEYD 1
ul % 0.15 pl @ GeneScan™1200LIZ® ¥ A XA % % — R (Applied Biosystems) &
W 9.85 ul @ HiDi™Formamide (Applied Biosystems) &AL, 140 xg T 30
wOsrHE (B2 CF16RXII, LA —T 1 7 A(WK) Uiz, MWREM O 7 F 7 A v
kA R OVESEFREE (46 HAAT) 13 ABI 3700 Genetic Analyzer (Applied Biosystems
o, KED) ICE - THNT LTz, 2O 7T 7 A2 MY A Rk, weeta U uERE s o
FHE L LTROONDEDTH Y, EEOEEH L ITLT L —H LR, HEDIFE
JFREOZ DD 7 Z T A " A XF 1FEAEN600bp LLETHD Z ERH LI
TWDZ e, YA ZEH 100 KO B — 7 XA L 7=, Genetic analyzer (2 X 5
FENTIZRK MBS RN, AT 7 ) u P —% o ¥ —|ZZ&FE L7z, Genetic analyzer |2 K
STHELNIE—IDTF T Ay A RO ERICLDEBZ MDD, WT L
@ Genetic analyzer (2 X 2 f#HTIZHB W TH P. vagabunda AITC-KH54 #£ D H5 38 F K
7250 DNA %, fEHERELE LTRER L7z, 72, stEONy 7 777 FiZ 10
~20 TTHHZ L, EHICOLThearZIx—vary Ty E—rRRtichs 2 en
bDHZ LD, HOEIRE 50 KO B — 7 IXMEBEN TS TRVWEE X ALl Eost
HBEOE—7 ZHshizcbo L L,

3) KR T I A ~—%fH L7 PCRIEIC K D
ARISA 2B W T E—7 YA AP HET 2RI E 2 KB L CTRINT A 72012, fE
HDOWITERRN T 7 A4 ~—% = PCR 217> 7, PCRIEATRIZ, 0.2 pM DT
A ~—~T LML ARISA & [FIEED 7L THEiE L, PCR &b ARISA & [Al U H1ETHE
i L7,
BB ~7 o A4 ~—& L. Colletotrichum E¥ ¥~ 7 A4 ~—1%. ColllF/3Rb :
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4)

AACCWGCGGAGGGATCATTA/TCCCTBCGRRTCCCRRTGCG (Mosca & 2014).
B. dothidea % % W 7 7 A4 ~ — ¥ . FaF / Bt2b
CATCCGCAGCGTGGGAGAACAT/ACCCTCAGTGTAGTGACCCTTGGC (Cheng-
nan © 2016) . A. alternata (A. mal) %% %)~ 7 4 ~—1%. LinF1 / LinR :
TATCGCCTGGCCACCTACGC/TGGCCACGACAACCCACATA) for A. alternata

(Johnson & 2000) . D. malli ¥ %177 A4 <~ —1%, MC forward/ MC reverse :
GCCTACCCTACCTCTGTTGC/CAGAACCAAGAGATCCGTTGTTG (Oberhiansli
5 2014) A LT,

Colletotrichum Jg ¥ 5] 77 A4 <~ —Coll1F / Coll3Rb % i H L THEIME S 7= BEEW I,
IR 7R B K T 100 5o IR L7215, 1 pl OFmBIK & FERRA) 7 7 A ~—ColllF /
Coll3Rb Z# MW T PCR 1T > 72, 13 DAVIZHIMEEMIZ, AR D X D2 2% 7 A —2A
TN W ESIKENS K-> TBIZ L., HEIEED & M LTz,

PCR 08 PEY) O Y5 FE 51 D IR 8
ARISA IZBWT, sz — 2724+ % PCR O¥EIEEY OIS %2, &

A VT b= AEIC L o TRE LTz, HIBEYZ T 272022 %7 Tr—2A
TR DESKENC Lo THBEL., TSR E T2 8 — 27 123 5 HEIEEY O b
FEBEIIVIIZESTYID L0, 1.5ml Fa—T7 I AN, HEESNW-HIEEY
% . GFX PCR DNA and Gel Band Purification Kit (GE Healthcare UK (#§)) 12X -
TR L7z, M8 L7 DNA W%, ARISAIZEH L7277 T A ~—1406f & O* 3126T
12X 25 PCRICE > TIIE 18 2 THIZ/R L7 HIECTHEHENE L7-%. Ready Reaction
Cycle Sequencing Kit (Applied Biosystems(k8)) . & OV ABI 3700 DNA > — /7 >
— (Applied Biosystems(££)) % FVCHEEEELH 2 AT L7, & O 7= AR SIX, 4
peaksver 1.7 (http://staden.sourceforge.net/) ZfHH L THIEL. 77 A ~—1406f
KON 3126T 12 L » TIRE SN A5 % GENETYX-Mac ver.20 (Genetyx Science,
W) Z#HWTHA Lz, o EEERS% b &£ 1Z, GenBank 7 — 4% ~X— X (NCBI
: National Center for Biotechnology Information) T BLAST % %17->7-, ¥ —/7
O ARMNTIE, HOEERE LUV 1,000 BLET, T A e—R SV ETar I x—T g

YETICUIR T E DREICHEN CW IR EM D A2t G & LT3 L7z,

U T RFICRAT HEFFEFE O ARISA

U o TORERUBEMIREE O 5 6, RFEIZ 2011 FLUEZ IS 2 /NBEEEET 2
JREE A /E L2 13 FORIRE D 7 7 7 A b ¥ A X% 3[ENZ/51F T ARISA I8 - Tl
HL, TORE, 1MIEORED T T 7 A2 b A X1E 650 15K 700 £TT, Lo 2
FiIX 1000 #2272 (RI-1) , KFFEOEKD 7 7 7 A v YA XX, V.inaequalis %
BRDNT, fEITEBRIC L > T 1206 3EEDOE N H - 72, V. inaequalis TILFHEERIZ X
STAHIEDOER D - T-,

AL 13D 5> 5, M pomi. Ne. galligena. P. vagabunda. D. mali. V.
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inaequalis, B. kuwatsukai D7 7 27 A2 FH A XE, o 12FE 4 L EOENH -
Too LD THEIX, ZNENLOMHTERICIW T, hOBEORE L Y XD A0 3 LA
NThole, ZOPITITT T 7 A A X 689~692 DE— 7 HFFDOH DN 4 Fi,
TR YA RX698~T02 DE— 7 HFEOLOMN 3Hb o7z, AIFIL.
Colletotrichum aenigma, C. siamense, C. fructicola ® 3fi L A. mali ThH VO, %E
X, C. fioriniae & C. nymphaeae & B. dothidea TH-o7=, ZiL5H 13 fEIZHOWT,
ARISA IZBWTHW 77 A4 ~—1406f/3126T |2 X 5 PCR OEIEEY = 8) v H L T
= U AT ATV MERE A Lz, ZOHETROTCEESIT, ARISA T
bNTE =7 DT T 7 A b AXEY | RFAEICE > T 1731277z (ERIT-
1D

Table ITI-1. Fragment sizes of major PCR products (peaks) assessed by genetic analyzer in automated ribosomal
intergenic spacer analysis (ARISA) with DNA samples of pathogenic fungi that might be involved in the formation of
dark-colored spots on apple fruits in Yokote region, Akita

Fragment sizes in ARISA

Taxon Isolate Disease No. of lopb> Trial 1 Trial 2 Trial 3
Mycosphaerella pomi MAFF 645022 Brooks fruit spot 627 652 650 650
Neonectria galligena MAFF 410257 Nectria canker 635 659 658
Phlyctema vagabunda AITC KH54Y Bull's-eye rot 639 667 - 668
Diplocarpon mali MAFF 645015 Marssonina blotch 659 686 685 685
Colletotrichum aenigma MAFF 244310 Bitter rot 664 690 689 689
C. siamense MAFF 244307 Bitter rot 664 691 691 691
C. fructicola MAFF 244311 Bitter rot 665 691 692 692
Alternaria mali HBA1 Alternaria blotch 661 692
C. fioriniae MAFF 306630 Bitter rot 674 699 702 702
Botryosphaeria dothidea 25-192A Botryosphaeria rot 673 698 700 698
C. nymphaeae MAFF 306546 Bitter rot 674 701 700 701
Venturia inaequalis MAFF 237305 Apple scab 1029 1046 1042 1044
B. kuwatsukai YTK-1 White rot 1072 1095 1096 1097

a) Pathogenic fungi causing DCS in apple fruit.

b) The numbers were calculated from sequence data of each pathogen.

2) /NEBED ARISA
U IORMIAE U /NBEERE A B ARISA 1512 K - TREE OB 2 3 7=,
FENT BRI 8RIFE M L., =D 9 LoD 4 A, HEHORADHN LA L7z DNA %
N oD 4 [BICIER L 2 & e 2k b L7z DNA Y- 7 v a2 e, fdTic i
W /NBBEIX 490 T, 20 b E—I PR EINT-DIX 452 i (92.2%) Th o7,
KLEZE BB SN0 A XMEDN 667~671 O — 7 T, 2D 68.4 %, H
HVNEIE—7 B SN2/ NBEED T4.1 % TRIB SN, 2o E— 7 IZRET B HEE
FEMYD > —lr v AT L, FORERE L L1 BLAST B 2 1T-72& 2 A, &7TCP.
vagabunda \[CHKT D5 Z LRGN E o7 (FRIN-3, 4) , EHEYS T L L LZ P
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vagabunda 5y BEE Ak (AITC KH54) o507 DNA DT 7 7 A v b A XX, 8
[611T > 7= fi# b T 667~669 TH - 7= (FI-2) .

/NBREBED RAFRR O 20 S L7z DNA B> 7L % 7= ARISA (&, Bk IR 48
RS DOEBAHB KL N3 OOBREL LD 62 REFIL, ZhbhbEbT- 197 #
DIRBEIZDONT 4 BNZT CTEM L, ZORE, 164 HOY LT 1M EOY
— BB EN, 209 H 154 HOY 7 (93.9%) TLlLEOE—27 o> 10 & T
B O —7 B s (RI-2)

RAMMENOHE LN DNA Y LT Z< M SN icDlX, 1 XEH 667
~BT1 DE—27 Tholz, ZNHDOE—7IZFY T 5 DNA EY O AT BLAST
MBOFER, P.vagabunda (2 bARFRIEN & - 72 (RIT-3, 4) , RRMGHRHE S
=27 T2HBAICEDST=DIEY A XMl 686~687 D’ —2 Thole, ZOE—7
(ZXT ST A HEIEPEY OMEFEEHIX, D. mali & bHEEMEN -T2 (RIM-3, 4)
2019 47 1 A ICH HBRRES CHE O/ EBEOFAE TR S vz 1 XfE 1096 O B —
J\ZXHT B HENEPFEM O YT FLEE 1L, Botryosphaeria sp. & fx HHHFEIMER &> T2,
F72 2018 4 12 HITEEL L 72 5 B35 0/ N RBE TR S8+ Xf 702~703 D B —
7 KON 2021 4 3 HICHE HIE RS CERELL 72 /NEBE TR S vz A X 697~699
DY —27IZx)sT HHEEEY O IEEINIT., £ 1% Aureobasidium spp. .
Penicillium sp.} " B. dothidea & %\ % Colletotrichum spp. & FHIRMEN &> 72,
E— 7 Bt &z 164 BO/NEBEED 5 6 156 il TR O EE SR S i, 4 #H )
SIBAEEORPME SN, Y Al — 271250 T, SEmENMEV., HDHU
ITEHET 28— 7 BFETE L2721, 3t 2 R EY ORI 2 kD 5 Z L3 T
XMoo,

INBRBE DR & FE AR 2 & Te i BE D AR 2 VT ARISA 21T - 70, FENTIE.
275 H DV o TARFENBELNTZ 293 HO/NEBEAZ W, 5 FIZH T TiT- 7, £ D
gL, 98.3% O/NEBETE—Z RS (LT%BE—27%L) | DI HD 71.6
% (210/293) TH—DOE—7 26.6% (78/293) THE OV —7 & nz (EII
2) o LELSBMHENTZDIZT T T AL MY A XN 667T~671 DE—27 T, 67.6%
(198/293) THiH &7z, WV T699~703 (21.2%) . 689~693 (11.9%) . 685
~686 (5.5 %) . 658~660 (4.1 %) DIETH o7z, VA XfEH 685~686 & 658~
660 O v — 7 \Zxfii T DR EY ORI, £ ZF 4L D. malli, Neonectriasp. &
K HHFEERE -2 (EI-3, 4) .

T TR MY A RN 699~T03 D — 71X 62 HO/NEEE TR ESNTZ, ZhH 0
v — 7\ xR B R PEY) O FEC Y 1L, Aureobasidium spp. F 7213 C. acutatum Fi
BEERONTNNITHRBELL TV (EI-8, 4) , £Z T, ZNHOE—7 ZFD
45 > DNA # > 7 /v % | B. dothidea % 7=1% Colletotrichum J&|\ZFF R 7 7 1 ~
— (Mosca © 2014, Cheng-nan & 2016) #H\\ T, ZNZHNPCR 21T7-7=, =D
FER, AIEOTI7A~—TIL 9V 7, FEBETIT 4V T MITBWTHIEEY
B S e (BX-1A, B) .

£/, 35 DO/NEEETY A RED 689~693 DE—/ NELNTZ, ThbDE—7
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(ki 2 BEWE PEY) O YR FERC A%, Alternaria spp. % 721% C. gloeosporioides fitE &
BonTnmn bk bMHEREERE-T- (RI-3, 4) , €2 T, TNHLOE—2 2 FFD
33 ffl ® DNA % > 7 /v % | A. alternata (A. mal) \[Z¥ RN 727 7 4 ~— ¢
Colletotrichum BI\ZHFi R 7774 ~—2HW\W T, £ £ PCR #17->7- (Mosca
5 2014, Johnson 5 2000) , ZDfEF, HIHDT T A ~—%& M\ iz PCR TIIHEE
PEMIIRONT  BEDOT T4 ~—%H\ 7= PCRIZEWT 6 HDO W > 7L CHIEEY)
PR STz (RiiBh-2A, B) . AHICH VT ARISA TR S L2 EIX T X T,
AMFFEEREHM I > TO/NBEEN SRS N (5 — % RiE#H) .

Table ITI-2. ARISA-using DNA samples extracted independently from sarcocarp and whole tissues with DCSs on apple fruits

Ratio of Frégl‘fw?t Fragment sizes of Fragment sizes of peaks
No. of DCSs szfgaid peaks detected in detected less frequently
No.of pDCSswith  with 10% or more of than 10% (number of
ARISA Apple DCS No.of  pCss peaks asingle DNA , DCSs having DCSs in which the peak
trial no. collection sampling apples obtained detected _ peak (%) _ sample” peaks(%) was detected)
sarcocarp
tissues”
1 Sakae sorting facility 20184212 15H 6 29 23 73.9 669 669-670 (87.0) 632, 660, 689, 693, 709, 713, 711, 752
702-703 (20.4)
2 Masuda sorting facility 20194E1H9H 26 26 20 95.0 667 667-668 (85.0) 658, 1094, 1095, 1096
Masuda sorting facility 202143 H29H 10 47 37 97.3 668 667-669 (62.2) 681 (2), 697 (4), 699, 761
686 (18.9)
3 Daigo sorting facility 20214:3H29H 10 47 40 100.0 668 668-669 (90.0) 649, 687, 701, 1095
Nonchemical sprayed 202143 H29H 10 48 44 95.5 668 668-669 (90.9) 683, 687, 691, 697, 700, 749
orchard®”
whole
tissues”
5 Nonchemical sprayed 2017411526 H 26 44 42 83.3 667 667-668 (55) 680, 681, 696 (2), 709, 728, 748, 1095
orchard 658-659 (19)
700-701 (15)
691 (15)
6 Nonchemical sprayed 2019414 9,100 88 88 88 78.4 667 667-668 (36) 616, 629 (4), 648, 650-652 (8), 660, 665,
orchard 699-701 (28) 672,673,676, 681, 694, 696, 705, 708,
685-686 (18) 709, 712, 722, 723, 738, 1045, 1093-1095
689-691 (15) (®)
6 Masuda sorting facility 2019414 9,100 44 44 41 73.2 667 667-668 (90) 629, 658, 690, 691, 692, 722, 723, 1094,
700-701 (17) 1095 (2)
7 Sakae sorting facility 2020%F1H10H 57 57 57 59.6 669 668-670 (83) 658, 659, 660, 664, 665, 674-675 (5), 698
702 (19) (3), 705, 709, 853-854 (4), 1096
690-693 (19)
630 (11)
8 Daigo sorting facility 20204E1H10H 60 60 60 70.0 669 669-671 (98) 630 (3), 652, 653, 675, 692-693 (3), 708,

702703 (22) 710,723, 725, 739, 749

a) The DNA was prepared from mycelia of an isolate of Phlyctema vagabunda.
b) The materials used in the analysis were whole tissues (skin and sarcocarp) of DCSs or only sarcocarp tissues.
¢) Collected from orchards at Akita Fruits-tree Experiment Station.
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Table I1I-3. Molecular identification of amplicons corresponding to peaks detected by ARISA using DNA samples extracted from fresh tissues of cv. Fuji fruits,
independently of DCSs

Determined

Sample  prgment nucleotide Nucleotide
Trial ID of sizesin  Fluorescence length @ sequence
no., DCS ARISA intensity (nts) identity (%) E value Closest organism(Accession No.)
No. 1
E01B 669 4442 116 95.69 1.00E-43  P.vagabunda (LC171685.1)
E26B 669 7417 536 99.81 0.0 P. vagabunda (KT923785.1), N. alba (KJ396077.1)
E71B 669 2826 475 95.76 1.00E-169 P. vagabunda (MH855316.1), N. alba (KJ396077.1)
E85B 669 2597 523 99.24 0.0 P. vagabunda (KY367507.2), N. alba (KJ396077.1)
E28B 702 3214 450 100 0.0 Au. pullulans (MT573468.1), Kabatiella microsticta (MT107050.1),
Metschnikowia sp. (MG906980.1)
E38B 702 1659 568 100 0.0 Au. pullulans (MT573468.1), Au. protea (JN712492.1),
Dothideomycetes sp. (FN868453.1), K. microsticta (MT107050.1)
E50B 702 6596 456 100 0.0 Penicillium corylophilum (MK450687.1), Penicillium spp.
(MH865722.1, MH858652.1, MH855058.1, MF475914.1)
No. 2
M42B 667 4461 535 99.63 0.0 Identical to E26B
M61B 667 2015 535 99.63 0.0 Identical to E26B
M64B 667 3454 535 99.63 0.0 Identical to E26B
M85B 1096 697 401 99.75 0.0 Botryosphaeria sp. (KJ80760.1), B. berengeriana (FJ441665.1)
No. 3
MF9 668 2590 536 99.81 0.0 Identical to KJA16
MJ1 668 2209 480 99.79 0.0 N. alba (KJ396077.1)
MM5 668 2062 406 99.75 0.0 Identical to MJ1
MI1 686 2987 556 99.81 0.0 D. mali (AB609191.1)
MI2 686 3581 528 99.60 0.0 Identical to MI1
ML4 686 1582 490 100 0.0 Identical to MI1
ML5 686 471 555 98.56 0.0 Ma. coronaria (HM368521.1)
MM1 697 1167 211 99.63 2.00E-84  B. dothidea (MT611222.1), Botryosphaeria sp. (MT587332.1)
MM3 697 988 258 100 8.00E-124 Identical to MM1
MM4 697 707 325 96.00 1.00E-157  B. dothidea (KC527826.1)
MG9 699 288 570 100 0.0 C. nymphaeae (MN7442717.1), C. acutatum (KU933355.1),
C. guajavae (KJ813590.1), C.simmondsii (JN121202.1),
Colletotrichum sp. (LC435466.1), Glomerella acutata (AY266405.1)
No. 3
DH6 649 2567 411 99.03 0.0 Ascomycota sp. (HQ166343.1)
DI1 668 2957 481 99.00 0.0 P. vagabunda (LC171685.1a)
DL1 668 7023 535 100 0.0 Identical to KJA16
DO1 668 2500 535 100 0.0 Identical to KJA16
DM6 687 1813 245 100 6.00E-120 D. mali (AB609191.1), Ma. coronaria (MN535182.1)
No. 4
KJA16 668 3447 535 99.63 0.0 P. vagabunda (KT923785.1), N. alba (KJ396077.1)
KJB10 668 2742 326 100 3.00E-168 P. vagabunda (LC171685.1)
KJG1 668 2671 369 100 0.0 Identical to KJB10
KJA7 687 2739 452 100 0.0 Ma. coronaria (MG984759.1)

a) Number of bases in the part of the sequence that could be analyzed.
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Table II-4. Molecular identification of amplicons corresponding to peaks detected by ARISA using DNA samples extracted from whole tissues of cv. Fuji

fruits, independently of DCSs

Determined .
Sample  pagment  Fluore nucleotide Nucleotide
Trial IDof sizes in scence length ® sequence
no., DCS ARISA intensity (nts) identity (%) E value Closest organism(Accession No.)
No. 5
17SD-A 658 2433 480 100 0.0 Ne. galligena (JQ434582.1), Ne. major (NR 121496.1), Neonectria sp.
(HQ166303.1)
17SD-C 658 4103 486 100 0.0 Identical to 17SD-A
17J0-C 668 6354 480 100 0.0 P. vagabunda (KY367507.2), N. alba (KJ396077.1)
17J0-E 667 7360 529 99.81 0.0 P. vagabunda (KT923785.1), N. alba (KJ396077.1)
25-1-9-P 691 1100 371 78.25 3.00E-77  Alternaria sp. (KM454902.1)
25-11-1 691 2413 500 100 0.0 Alternalia spp. MF602685.1, MK311341.1, MK311298.1, MK303973.1,
MH237662.1, MG589272.1, L.LC206592.1)
25-1-9-N 701 1991 509 100 0.0 Aureobasidium spp. MK460317.1, MK460806.1, KT6925262.1),
K. microsticta (MH858817.1), Metschnikowia sp. (MG906980.1),
Dothideomycetes sp. (FN868453.1)
No. 6
AK-20 667 1756 479 100 0.0 P. vagabunda (.LC171685.1)
AK-35 667 2268 535 99.81 0.0 P. vagabunda (KR8592175.1), N. alba (KJ396077.1)
AK-81 668 3475 535 99.63 0.0 P. vagabunda (KT923785.1)
AK-1 685 4346 248 96.75 6.00E-112 D. mali (AB609191.1)
AK-2 686 7217 547 100 0.0 Identical to AK-1
AK-14 686 4256 545 99.62 0.0 Identical to AK-1
AK-30 686 3375 536 99.81 0.0 Identical to AK-1
AK-69 686 3223 557 100 0.0 Identical to AK-1
AK-74 686 4306 556 98.20 0.0 Ma. coronaria (HM36852.1)
AK-36 689 3185 315 92.74 5.00E-134 A. tenuissima (MG569636.1), A. alternata (JQ625592.1)
AK-45 689 745 422 97.16 0.0 C. siamense (MG751903.1), C. gloeosporioides (KR704206.1)
AK-65 689 932 374 99.73 0.0 C. siamense (MK141761.1), C. gloeosporioides (KR704206.1)
AK-94 689 1127 557 100 0.0 C. siamense (1.C260490.1), C. gloeosporioides (KR704206.1)
AK-33 699 3448 558 100 0.0 C. fioriniae (MN077457.1), C. acutatum (MH931266.1), C. Iupini
(L.LC206489.1), G. acutata (JF288551.1), G. fioriniae (JN943453.1)
AK-40 700 259 567 99.65 0.0 Aureobasidium spp. MN077446.1, KX100335.1, JN712492.1),
K. microsticta (MH858817.1), Dothideomycetes sp. (FN868453.1)
AK-92 701 1003 459 98.47 0.0 Aureobasidium spp. (MK937952.1, KY436128.1), Kwoniella sp.
(MK613238.1), K. microsticta (MH858817.1), Metschnikowia sp.
(MG906980.1)
AK-47 1045 217 888 99.32 0.0 V. inaequalis (DQ887774.1)
No. 6
M91A 667 5584 487 99.79 0.0 Identical to 17JO-E
M59A 668 3363 481 100 0.0 N. kienholzii (KR859083.1), Neofabraea sp. (KU712233.1)
MT72A 667 43175 487 100 0.0 P. vagabunda (KT923785.1), N. alba (KJ396076.1)
M65A 692 471 557 100 0.0 A. alternata (MH844771.1),
No. 7
S12 669 2325 536 99.81 0.0 P. vagabunda (KT923785.1), N. alba (KJ396077.1)
S35 669 2128 535 100 0.0 Identical to S12
S49 669 5635 535 99.81 0.0 Identical to S12
S55 669 2955 535 100 0.0 Identical to S12
S2 692 5018 556 100 0.0 A. alternata (MN944587.1), A. tenuissima (MH-824257.1), Alternaria
sp. (MT035960.1)
S14 692 1214 556 100 0.0 Identical to S2
S19 692 1122 556 99.82 0.0 Identical to S2
S20 693 236 557 100 0.0 A. alternata (KY026591.1), A. tenuissima (MF405157.1), A. brassicola
(KF542.557.1), A. mali (AB470849.1), Alternaria sp. (KT264732.1)
S30 691 1370 554 97.82 0.0 A. alternata (KY026591.1)
S32 693 1886 558 99.82 0.0 A. alternata (KY026591.1), A. tenuissima (MF405157.1), A. brassicola
(KF542.557.1), Alternaria sp. (KJ527009.1)
S42 692 1370 554 100 0.0 A. alternata (MN822657.1), A. tenuissima (MN559435.1),
A. yaliinficiens (MK659955.1), Alternaria sp. (MN856304.1)
No. 8
D6 669 4101 535 99.63 0.0 P. vagabunda (KT923785.1), N. alba (KJ396077.1)
D26 670 2938 535 99.63 0.0 Identical to D6
D35 670 4696 535 99.81 0.0 Identical to D6
D30 692 2069 561 99.82 0.0 C. siamense (LC260490.1), C. gloeosporioides (KR704204.1)
D11 702 661 902 99.86 0.0 Au. pullulans (MH9312627.1), K. microsticta (EU167608.1)
D46 703 1272 823 99.86 0.0 Au. protea (JNT712492.1), K. microsticta (EU167608.1)

a) Number of bases in the part of the sequence that could be analyzed.
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3.

Eg =3

ARISAEZFIA LT, U TRFI/NBIEZ AT 5 8 HED 13 FEO IR R % 1Efif
I OMGEIZRI T D AT OBIR 2 AT, KNS, TNODOHIFED T T 7 A by A
RERELZEZ A, 6 ORI E (B. kuwatsukai, D. mali., M. pomi. Ne. galligena,
P. vagabunda, V.inaequalis) [3fih® THEE 4 LI LR > TR Y | o 7TFEOEW
L 3HELU T Cholz (RIM-1) , ARISAETIT 1AL TR 28— 7 S XA L THR
HEnsZ &b, 4BEU ERRLE—7 Z2FOREEIT, MomRE & XL Tk
HTEHARERS DL EEZX N, RIFRICE W TERRESGH 2 WOIXRA RS MG T
BERLY I RBEONREE G E LTARISA ZHWTHARZEZ A, 2D 6
D5 H M. pomi R 5RICHSE T 777 A A X0E—7 B’ mitishi, 2
NHDOE =271 O0WT, ST HHEBEDPBRT L2EOMEEEZ, v — 7 AT L
BLAST RBICL > CHRELILE ZA, 2TOE—7 BRI L O E OMFEIMNFE W Z
EBRH BN E TRl LLEDORERD G ARISA ICBW T 4R FoEWRH D i
5O 6L, AREEHTIZ X - THRBIZAIEE L B X b7,

ARISAIZBITAH 7T 7 A YA XDEFE NN ILL T TH -7 7HIL, VA X{ED 689
~692 (LL'F 690 f1it) v —2 %R L7 4fT7ebb A mali , C. fructicola, C.
siamense (X C. aenigma &, A XfE 697~702 (LLF, 700 f4if) OB—27 &R L
72 3% 9 725 B. dothidea, C. fioriniae 2 () C. nymphaeae D 2 D25y niLT- (I
‘1) . IRHLOE—=7RNERT HRIREEZH LN T D702, o FiEEZ WD Y%
HERbole, ZITH, TRENOY A XMEDOE— 7 IV E—7 23T H 5V IdE
IR R 7 T A4 ~—Z% Wi PCRIEZFIM LTz, 690 oA XfED v — 7 1Z%}
i3 BN FEW) % k5 & L7 PCR Tl A. mali & O Colletotorichum J&\Z ¥ 52172~
FTA~—% FI-V A ED 700 £1EO B — 7\ Zxbhiad D HEEFEY A %% & L7~ PCR
TIE B. dothidea } O Colletotorichum J&I\Z R B2 7T 4 ~—% H\\ =, Zhick -
T, 690 &2 \WME 700 DY A AfEZ /R T B =210 T, Bk 2 E 2 HE T
HZEMAIEETH T, 72, 690 (TiE DY A XMd% <7 Colletotrichum JEHE X, T
Lt C. acutatum FEEAIRIZ, £72 700 (LD YA X%z ~3 Colletotrichum J& B X
WG C. gloeosporioides FEE IR BE D WT UL E LT, 7725 Colletotrichum
B B REIZOWTIE, ARISA L2 D%, BRRNT 74 ~—ICL D5 PCRIZL->T, #
AL L THRIT DI ENARETH -7, 2012 FLLAT, BAENZEBWTY > ITRIEHRIT
C. acutatum & C. gloesoporioides \Z X% Z & 3F 6 TWiz, 2012 4, Damm &

(2012) 1%, C. acutatum FEESIRIZ OV T rDNA-ITS fHlk %2 & T 6 Bis O 0
FELHN D S RFAAT 21TV, B0 FRICHHIT D Z & 2K L, £72 Weir 5 (2012)
I%. C. gloeosporioides &% . rDNA-ITS fHIK A2 &t 8 DDEIF % HW T, 22
flE1HREICE B LI, U FRIAR CiX, R 21X C. fioriniae, C. nymphaeae }z Y
C. godetiae, % #21% C. fructicola, C. siamense }x (¥ C. aenigma ® 3 Fi)3 & 5D
Z LA &7z (Cannon 2012, Damm 5 2012, #EED 2013a, 2013b, F{i%E S
2015), L7 LEARMZRBAFREIIZ DOV TIL, 24 54T O RIAH E Ik L TR UHAf %
FRT2ZENRARETHY, FELSKE L TomEHEIFGANTH 5,
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ARISA TH LMD U v TOXFFEDOZETARYMIRIRE O 7 Z 7 A M A X%, g
FEBROKBIZ L > TEV R -7, RO X 512, SEUT-72FERT, AL 13FHD
% <%, RIEBICKDEREEOBEB NI 2HEU T Th o7 (RIM-1) , A XA 800 2
FEETIE, M0 iR UERICE 2EEBOLHT 1 EREUANTHIWEIIE WA, Zhzi@
25 EEEBEIIOCCELS 252 EnmoNTEY (Fisher © 1999) | AWML ORI
INEHE L, EEARMZET, UV I/ REEE AU ARISA ([CBW T, R
& L THWTE P. vagabunda ® & — 7 X, 8 [Rl4T o 72 ff#Hr TH A XfHIT 667~669 Th
D, REREHIAONroT- (RIM-2) . LorL, DI EIEEAMIERICE-
THA REICEBN RSN L5, ARISA IZ X BMHTICB W TIE, ¥4 AER KL<
HMONTWATE (FEHR) »oHi Lz DNA Y P2 EuEp s LM% 2 &0
EELWEEZ LN,

Uy TREFICAC/NBREEZ RS E Lz ARISA IZB W T, i@kl & L CRBEER D
RADHZHNTGE EREEEDEBMEMEHWESGE T, it Ehz v — 27 5icE
WAR LT, RAZ AW, L2/ BB (197 18) @ 83% T 1oLl k
OE—7 RS, 20 94% (154 ) DHE—DE—7 Tholz, THIIKL T, &
Mk ARV & xicix, 2R/ NERE (293 ) © 98 % T 1oL Lo —7 i &
., B—Obv—7 03 EN7=0xZ20R 73% (210f) THH ., REDOHLEH - &
LR VE,o T, AL CGHBENICBAT 2 EEIT, Mo E T
RALGDDITK U, FAEMEZRZRWEEIL, B TEREZEMEONTIZRAT L Z
ClIrTERY, ZoZ L, BEEBRWTRAOAZ/NREE) SEHIL T ARISA %
1Tolemh,. BMIEHENDHEEEIZZDOHRKOERTH D Z LRI R INT, -,
A D I F T AT TlE, JRBEIC RAICEAE L2 EEIC L > TEROBH S EE S
NRWFLE L H D, ZbiE, < ORECREEZ My 2 BIciTbh 5 Rk
HERIUIRTH D, NEEEND D EROBRIIZHTz > Tk, REEBRWTRADA %
R L LTHRHZIT) ZENRMELEEZ LN,

AMFFETHERM L7V o T REIAE U/ NREED ARISA I X - T, Ne. galligena 73 f&
MEic, REIZY »IRA L@ HOFHRIETH S (HAHEYIHE T SmER 4 B %)
N, ZOHIBOY v I THRIBENZOIEMDTOZ L Tholz, AHFRICENT, AR
X, BE, NEBED SRS, U I AORIEME LR SN (R¥EFE) . ARISA
IR RN TH D Z D, ZOXHITBECHED R WVRIRE B AT
HbH, WEZKIZEBWT, MHSNI2EELH L0 UOHET HMLERRN LXK
FEMTEMT DR X 2R RTH D,

kD X 51, ARISA LR ERINT T A4 ~—% H 7= PCR At by CHATS Z
CIZE ST, VN EBHEROER L2 VG5 SEOWNIRE & 2 DOMESIRE )
PSR FIEBECTH D Z EBRHA LN E oo, ZOHEIZE-T, VU TRFICRELL
197 HO/NEEE &G L LT, RAOLZHNTHITLIZEZ A, 80% (156 ) T
KRB MNEIRoTe, =27 1 Db IR0 o/ NREETABIEE CTh - 72 AlEE
MbdDZ b, ZER e, BOTEE (95%) THNBRBOERZHEHT 52 &
MNTE 7=, ARISA EIFMHEMRERET 5 Z & 72 < (non-specific detection), F7- 1
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FIOMET CHEBOEZ BRI CE L8N THY . EMTHEMEL DD, 61T, FFEP
7T A4 <w—FE R\ PCRIEICLZWFEEOBREICEE~N, L0 %< oFlE 2 ERE R Cfif
WCcErFlEbLHDH, RFFRICEWT, ZOHEMICE > T, ARSI W TRET
5V IAREO/NBEER T, HEHRE (P.vagabunda ) . #5%E (D. mali ) |
B E (B. dothidea, B. kuwatsukai ) M OVRIEWE (Colletotrichumspp.) (2K %
ZENEDTHE M ER STz, MAT, U IaNALGHE Ne. galligena FEIZ Z D
HIIZFE L, AESREINEBERZAET LW ONIRoTE, ZNHDOZ L
NH L REAME, DO ZNLIEICNT TY o TR AT LB a6 Bao
INRIDIRBEIC BN T, EKTH 5IRIRE & IEMED DI I8 AT RE 22 il & 5 % 5,

—J7 . RAEMOTHRE L 197 Mo/NEBED 9 5 33 T, JEERIRE I Sh
hode, ZhoIE, WEREORIICKB LA E L iz, B4 —Ey b r T
4T ey FEy N EPOABBEEICLDAEENEZ LD (Ferguson H 1990,
Raese & 2002) , AFEFEIZLVBET LHRMOZW LT LEEG TRV, WE
PZWEER, —HOHEMEFERERIC LTRSS Z ENE L, MR &SRB
DFRERD—FH L2 &0, ZHZoNThH, 5%k, Ef OBl 22t
MR EINDZENEEND,
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IV. BLEREf o B

P. vagabunda \Z £ > CV > TRFIRAT H/NBEER KT 2 B bR OBl 2
Rz, FEICKDAREROFAEIZZNE CEHNITHRER N &b, T2k
FANZOWTOMAITER CTH o7z, ZORORIINT, ENTY & FEICEERGEO
HHFRERERGE LT in vitro IZBIT DA V) —=0 73R EiTv, 2 O TR R
NRONFZEFNZRLE LT, EBHICWONDOEREFNTHONTY » TREZ VK
GefHIEh R ARAE L7, 2o OREBRFEREZ b L IC@RE SN AEHZHW, A1 A
RFEAT 2 FBE B WO TR 21TV /NRBEDO TGRSOV TEAMEZ M
L7,

1. P. vagabunda DA&F #HIET 2REH DOEE (in vitro IZBIFH A7 J—= 7K
B)

1) MELE ik

(1) EHRIERMMEDRBIFNIRIC X 25 R A 0O 54 A B AE 2 5

AEIL I 2 8 5 Tl L 910, BREHIR TR AE T ER L 72\ O B

WIEEALETHDZ END, in vitro (TR D2FEAOHIHE TR L ERET
EXIRE L, HERIERNTY o B FICRERENDH Y | EOREIIRET DHFIC
HWHOH 2 REAING 34 Ml aBATE, TR OV TIIKHEREE O JA LR
BRAEAE DS FEBROBANZ BT L TV D55 F 7M1 IR0 O E A DOV T
R OFIFE TG (LLT . WHIEE) KOEO 1/10, 1/100 AR A ER L7,
PDA PG TR 2 M. 20 °C ORER T TR E L2 B E RO B #E OB NS |
ANy R—=F = HWTHEZES mm OFFEERME 3 2D, BHHICHEMHERIERIC
1MRE L7z, ENOWRO L, 7V =0 _RUOFNTRELLZDOL, PDA AL
HUC R AT 2 L9 ICER L., ZORET20 °C, BETFTHEEL, 5 H%. @
RAEBERE Lz, EERPEMSEET CRAETOAEELBE L, PDA M LICHRAEF
DHOLTHRDOONTHAIT T+ HREBTRE oL RBO N2> 2GA81H T—)
& Lo, BRHAERMBZWEEKIC 1 oMRESEERKEAGRE L, BBRITEELD
FEAIT3EMEYIELITV, 1ATYH T+ b, ZORETEAEFTLZRD L
U7z, B RR I3/ N RBED & 0B S 4u7c 3 FRK (STD #£, 0123-18 #£, 0123-2-32 ££) |
BT SRV AR U 7o R RS O BE > B 0 BfE S 47z 3 HikE (AITC KH63 £k, CHO-1 k.
KuF-16 ) & OW LR CRA Lzt RIERBOREE 2 by B S iz 2 ik (5-3-B Bk,
25-1-9-L#k) & L7z,

(2) &HMEZEANCKT 2 P. vagabunda DJFE M

RBEANCKIT 5 P. vagabunda D&% | FEARIMEEHIZ I T 2 AL T & HE

T 5 HIETHRE LT, SHEEER O f 27 A 0.01, 0.1, 1, 10, 100 ppm & 72
% KO L7z PDA PRI HIAER L 72, 2z, 62U oRiEEE (20°C, BEET
TR 2HEM) LAREOR BB ZER S mm Oy R—T7 —TH bk TH
TEEHERMEE, HEENET DX OICER Lz, ZOIRIET S5 HE. 20 °C, KHE
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TCHHL, BREBFTORELZAEEFECFETHEL, £EAICB T 2 &/NEBMR
1By (MIC ) ZsRkediz, BERRFANT, A (1) THE L6, B2
ERORERE 1~2 KT 0, TROBLERITT =V UAIOA ) 72D EREETRA.
ryuana=hU/LEID TPN KFAl, HHELAEDOFESFKIIAL, 7214 I REIOFx v
Ta KR, v b A X RAIO T VAN A I RAKFIAL X2 CEHIOTFT ) v KFALL
UF A=A — NElDO~ BT KFIAL, DMI A OT 7 2F Y — LKLY 7 =
JaFy—=KMF, PINEFIA I RFIOAL T aoF KA, T=Y 8D
DURID LT =Kk El, SDHI AR F AT RAFH, & 512 MBC Ao~
J IVKFnEl R A, 18 Al e Uz, MEERERRIL, ICHERIC A U T/ NERBED & 47
BESAU7- 2012-1 #ikk & L, RBRIT 3 MMV IK L7z,

(3) MBC #licxtd4 % P. vagabunda D&M

[E4MZ B0 T bull’s-eye rot DFERICHNREN D 2 & S MBC Al (Cameldi 5
2016, Wood & 2017)CToH DT A7 71— b A FNKFNZKIF 5 P. vagabunda
Bz M . INHERIZAE UTo/NBBE) B r Bl S av7z 8 kK, Apek R FEITAE U 7o i
BORBED & /0B S 7z 4 FRE, B EFRICA U BB IURBED O /B S vz 3 HkE
D, G 15 WA AW THAE L, £ OWNERIE, ANERBEED D D53 BERR SR B I R AR
5 CHE L7z 3 bR, BEFHTTNORFRBIE CERILL 72 4 EHR, HARRBRIIET CTH IR
ST 1 EEOEE 8 ERK., HERMEIEUREED b O BERR X E AR R B AT R ORKHE RN
DI R BB S Tz 4 Rk, S HIZ, B HE R RBEBR IG5 N B I 3 VD TR R
ICBLE SN ERMEEURBEN O DB SN SEKCTH D, T4 7 72— K AF K
AN R DI, B AR E AR L7235 ECRARATAFAEL. &H
D MIC fli % K 7=, PDA FAREEHIH O F A7 7 F— b A F/LIRED 0.01, 0.05,
0.1, 0.5, 1, 5, 10, 50, 100 ppm (2725 X H5FHE L, HH L DOEFE (20 °C, KE
TTHR 2 LR EOREELZE 2 EA b mm O3/ Y R—F =T HHWNT
Bl amBERME A, R HICHBm ST 5 X 9 ICEIR Lz, ZOIRRET 5 HH,
20 °CORSETTHRREL, BARAEFTOAEAFAE L, RBRIX3EMV KL, 7B,
FTAT 73— b AFVEINEE TR EZR KPR (121 °C, 20 47) Sk, FrEREICH
BInktbor v,

Fo. NBEENLDBESHIZERICOWTIE, 28 1H 5 IR LIZHEICLY &
FCRIHRAT 24T o To i By W T L OREEE R & Neofabraea & L ¥V Phlyctema J&HZ
Ehotl, FEL, R LEBEKIZ 22O 727 L— RIgHhi, Zo—HFIiZ P
vagabunda 3 Z FN Tz (7 L— R 1) o £Z T, ARETHW 2R ORBE)
5B S NTZERRIZ O W T B [RER D FIEIC X 0 #\ B TN 21TV SRk 2 Bl L €
FHAT 7 Fx— FAFNEZMEE — oD 7 L— N & OBRBROAEEZ BT LT,

2) fEH
(1) & HEZRMEOIERIE I X 5 E A O %) F i A 5
HRENEFT T2 KRB 2 HRRIRET 2 HIET, EOKFEAICKT 2 P.
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vagabunda DJESZMEHE LT Z A, A X7 7 Z Y UEIBRIERANCK LT, b T
BWEZM AR L (FIV-D) , L SEKITWTFNYL., RAIOFHERETHD
1,500 5K & OV @ 1/10 # D 15,000 fHRICE W TR EAETR R 6N T, & 51
150,000 fFHRIZHBWVTH 6 B CHRSRAEBT N2 Aoz, A X 7 XV UH|
FERRHLIE A & [F CIEFMSIER RTERA T T =D U HIDA 2 ) 7 2D TN VR
KFIANZ I N T S BARREOH IR TH 5 1,000 5% M OF 10,000 {5 T 8 HEik T
T, £72100,000 (5 TH 1 EEOEREBTRAEINTZ, A /7 X T ARy
JVERHE « % v 7 LOKFRANTE IR E 0 1,000 {5 & O 10,000 {5 T 8 Rk T,
F£72 100,000 5 TH 3 HKROBEREFT N A bR oTe, F v 7% U AKFITE H
TEFED 800 (5 AN T, 0123-18 kDO A DE R AEFNHE SN2, o EA T,

WHIRE CREAREBTNLESINZLDIT o T,

Table IV-1. Effect of various fungicides on mycerial growth of P. Vagablmda”)

Dilution Mycerial growth of each isolate on PDA plates v
Fungicide multiples
(x100)  STD* 0123-18* 0123-2-32¢ AITC KH63** CHO-1** KuF-16** 2553 B*** 25-1-9-L#%*
basic copper sulfate mixture(58.0%) 5 +9 + + T T ¥ T T
sulfur(52.0%) 5 + + + + + + + +
kresoxim-methyl(50.0%)WP? 20 + + + + + + + +
azoxystrobin(10.0%)WP 10 + + + + + + + i
pyribencarb WP 30 + + + + + + + +
trifloxystrobin WP 20 + + + + + + + +
pyraclostrobin - boscalid WP 20 + + + + + + + +
fluopyram WP 40 + + + + + + + +
isopyrazam WP 15 + + + + + + + +
penthiopyrad WP 30 + + + + + + + +
hexaconazole WP 10 + + + + + + + +
tebuconazole WP 20 + + + + + + + +
myclobutanil WP 30 + + + + + + + +
fenarimol WP 30 + + + + + + + +
difenoconazole WP 30 + + + + + + + +
imibenconazole WP(30.0%) 40 + + + + + + + +
mancozeb WP 6 + + + + + + + +
propineb WP 5 + + + + + + + +
thiuram WP 5 + + + + + + + +
mepanipirimu WP 20 + + + + + + + +
cyprodinil WP 10 + + + + + + + +
cyprodinil - fludioxonil WP 20 + + + + + + + +
TPN WP(72.0%) 10 + + + + + n + +
fluoroimide WP 15 + + + + + + + +
dithianon WP 10 + + + + + + + +
fluazinam WP(39.5%) 20 + + + + + + + +
iprodione WP(40.0%) 15 + + + + + + + +
oxyn copper WP(35.0%) 8 + + + + + + + +
oxvn copper- CA® WP 6 + + + + + + + +
CA - fosetyl WP 8 + + + + + + + +
CA WP 8 + - + + + + + +
CAWP 80 + + + + + + + T
IMA” - CAWP 10 - - - - - - - _
IMA - CAWP 100 - — — — — _ _ _
IMA - CAWP 1000 + - + - + + _
IMA WP 10 — - — — _ _ _ _
IMA WP 100 - - — - _ _ _ _
IMA WP 1000 + + + + _ + + +
e LY 15 - - - - - - - -
IML 150 - - - - - - — _
IML 1500 - - + + - - — _
sterile water — + + + + + + + +

a) The agar discs with each isolate were immersed in the fungicide solution for 1 min, air-dried, placed on a PDA plate, and incubated at 20°C.
Mycelial growth was observed after 5 d.

* *

b) * : Isolate obtained from DCSs on storage apples.
byo lesions on preharvest fruits.

* : Isolate obtained from Kigusare-byo lesions on storage apples, *** : Isolates of Kigusare-

¢) + : Mycerial growth, even a single filatent of hyphae, was observed. — : No mycerial growth was observed. The test was repeated three times.
d)WP : wettable powder

e)CA : captan

HIMA : iminoctadine tris(albesilate)

2@)IM : iminoctadine triacetate

h)L : liquid
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(2) HFEZEEANIKT 5 P. vagabunda O %M
REARINEHICB T 2EBZMET 2 HET, Vo FoEEREMRICHN G
5HFc A 13 ANZxt4 5 P. vagabunda D&z EEHE Lz, TORR, 41X 72
> HERE R O MIC 11X 0.1 ppm T, WD TEWEZMER AL O (RIV-2) . K
WTTF T aF Y — L kFFl L U7 = 2 aF Y — L kFElo MIC fE1Z 10 ppm. & 512
TPN K Fnfl K& OV B K fnfli% 100 ppm T, ftho> 8 #ld MIC fEI% 100 ppm £ Y &
Moz,

Table IV-2. Sensitivity of P. vagabunda to several fungicides  ysed in commercial
orchards in Akita Prefecture

Concentration of fungicide in PDA plate (ppm)
0 0.01 0.1 1 10 100

iminoctadine triacetate L +2 +

Fungicide

+

tebuconazole WP

difenoconazole WP
TPN WP(72.0%)

oxyn copper WP(35.0%)
captan WP

benomyl WP
fluoroimide WP
iprodione WP(40.0%)
cyprodinil WP

penthiopyrad WP
dithianon WP
mancozeb WP + + + + + +

a) A PDA disk with a colony of the isolate 2012-1 of P. vagabunda was placed upside
down on a PDA plate in which each fungiside was dissolved at the concentration
indicated, and incubated at 20 °C. Mycelium growth was observed after 5 d.

+ o+ + + o+ o+ o+ o+ o+ o+
+ o+ + + o+ o+ A+ o+ o+ o+
+ o+ + + o+ o+ A+ o+ o+ o+
+ o+ + + o+ o+ A+ o+ o+ o+
+ o+ + + o+ o+ o+ 4+ o+

+ o+ + + o+ o+ o+

b) + : Mycelial growth was clearly observed. — : No mycelial growth observed.

(3) MBC Alicxt9 % P. vagabunda 15 Btk DM
FA 7 7 F— N AFNVANCKT DM A2, NEBE S B S v/ P. vagabunda

SEZHAWTHE Lz, TR, i Lz 15 BFkiX, 0.5 72 L 1.0 ppm LA LD
IR CHECRAEBMNIL SN DR MEREE (4 BER) & FRIE S MRS ERE (4
¥R W&oz (R IV-3) MRS MR, DNEEE CEREBBURBEE O W T D4y
HESNT-ERECTH b To, BEROBREMBITIX, HHREN D08 S - 3 Bk
THNHEZHETH Y . BEFHNORFEEG) O ERE SN2 4 FRITO TS R
P T o7z, FEBRBRGNOBIGO Y 20558 S iz 7 BRI, Bzt
EAREZMEENRIE L TV, T4 7 7 32— N XA F VRS MERRE 21T - 72 15 HK
HL NERBEDN O 3B S VT 6 BEAR K OE R VRSO BE ) © 40 BE S 4L 72 b BEK & SR A
fERTICHE L7, ZDORER. SEHEOEZMHE D 9 6 7T EIED P. vagabunda 73 £ iU
TWHZ L—FR 1, 1HEHMENZ L—FR2iZ&ENT, — . 3 HROZMER THE I
WL 7 L—R2iIEENT (RIV-3) .
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Table IV-3. Sensitivity of P. vagabunda isolates to thiophanate-methylm

Lesion from which Sampling loation of apples Concentration of thiophanate-methyl (ppm)C)

Isolatbe ode the isolate :th the lesi Clade No.

vagabunaa obtained” with the lesion 0 001 005 01 05 1 5 10 50 100
0123-18 DCS* AFTES " FCIEE . 1
0123-2-31 DCS* AFTES + o - - 1
0423-14 DCSs* AFTES + + + + o+ = = — — — 1
AITC KH54 DCs* Itayanagi, Aomori + + + + - - = - - - ND o
156NAG-1 DCS* Yokote, Akita + + + + o+ o+ o+ o+ + + 2
2011-6 DCS* Yokote, Akita + + + + o+ o+ o+ o+ + + 2
2012-8 DCSs* Yokote, Akita + + + + + + 4+ 4+ + + ND
STD DCSs* Yokote, Akita + + + + + + 4+ 4+ + + 2
AITC KH61 Soft rot lesion* Kuroishi, Aomori + + T — 1
AITC KH63 Soft rot lesion* Kuroishi, Aomori + + T — 1
KuF-16 Soft rot lesion* AFTES + + + + + - - — — — 1
CHO-1 Soft rot lesion* Yurihonjo, Akita + + + o+ - - - = = - 2
25-1-9-L Soft rot lesion** AFTES + + + + - - - — — — 1
25-1-9-C Soft rot lesion** AFTES + + + + + + + 4+ + + ND
25-5-3-B Soft rot lesion** AFTES + + + + + + + 4+ + + ND

a) A PDA disk with a colony of each isolate of P. vagabunda was placed upside down on a PDA plate in which thiophanate-
methyl was dissolved at the concentration indicated, and incubated at 20 °C. Mycelium growth was observed after 5 d.

b) *: Lesion on the fruit after harvest. ** : Lesion on the fruit before harvest.

¢) Thiophanate-methyl was added to PDA after autoclave treatment (121 °C, 20 min).
d) Phylogenetic analysis was not carried out with the isolate.

e) +:Mycelial growth was clearly observed. — :No mycelial growth observed.

f) Akita Fruit-Tree Experiment Station

3) BE

G ERMMEORENEIC XD P. vagabunda ® B/ A B BLIEZW R OFHAIZ BV T,
A2 7B UBBREIRAl. A2 ) AU T ARV KRB OA 2 ) 7B Y
VT IVNRUVERE « v X KRBT OB IES R E R LT, FCHLAI ) H Y
O EERR S A T3 O THRWHIEZh R BB bnte, 4 X 7 % ¥ U FEERE R M Y
A I TR UTNARUIIVBEKFIIANIZTN TN O ER T T = K THhHZ D,
ZORMANIARE OEAREFBIHINRERENE D EBZZ bz, ERATT =V %Al
i%. FRAC (Fungicide Resistance Action Committee) * =1— K2R\ TEA/EM S8
filiG b A & LT M7 2o s (S 2021) | MMERESRET 2 Y 27 13K &
HIREINTWD, RIC, HEFTMEEHIZBS T 2 EBE2HE L-RABRICB VLT,
L7 1BAOHTERT T =V FoA ) 7520 FIERREE A O MIC {725 0.1
ppm R BIKLS o Tz, TOHETIE, DMIAITH ST 7 a+ > — KA R OY 7
=/ 3 — KAl AR E CESRAEFREZE (MIC fEIX 10 ppm) 2378 b
7z, Zio DMIANE, BIfE, BKHARO U > TR ERBRIEROF CEICEERE x5 L
L CRIfEMIRT# 0 2 Mo ANHER S TWD, 2 b O EAZ . BIFEHIRT#% LISk
OERFHNCFIHT 5 & . DMI Fl O H B3 8 2 . DMI Al PEE 2338 £+ 2 Y 27
NEED, b L Z2EBETHE, DMIANZEARTER T T =V U AINBiBRAI & L
T, LVHEEEEBZLNT,

MBC #li%., [E4T P. vagabunda %2 X % bull’s-eye rot ®FLERICH W B L, B
PHEDREI TS, Weber 5 (2010) 1 K4 >V IEFE O U > IFEEMTIE 1969 42

) FRAC (3R OfitE U 2 7 288 L CEREA OB R 22 EbT 5 2 L2 B
(2, RO I LRSS HIC K - TS E N2, FRAC =1 — R FRIIFRE A O 7 R
WA BT TERLELD, 2— RROAARMIZAARBET XSOV T4 FTA
Y ONGAYR
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A &N 7= MBC #|® benomyl {2 Lk > T, N. alba X" N. perennans (= X % FFEBEH )
KIFIZHEAD LT L7z, Cameldi & (2016) (% thiophanate-methyl O IFERi#AR
2. F£72. Wood & (2017) 1% carbendazim (2 2W TR OHHIZ BN Em W E L,
MBC #I|® bull’s-eye rot (\Zxt 3 5 G %hHEE B ~XTW5S, LirL, —JFTMBCAIZD
WTIHE, MMEEOREL LN TE Y, Bryk(1997) 1L, A—7 > FEIN® bull’s-eye
rot 7> 5 7B X 4L 7- P. vagabunda 2>\ T, MBC Al #E %2 #H L. Weber 5

(2010) 1% KA VAL D U > TPEH T, benomyl (Z%}7 2 = EEMMH4: F 2350 34.8 %D H
BRI BRI STz Lk~ 7o, SRR HIC B T 2 FESRAEF 2 A L2 BR Cel L
T2 /NBBE B4y BE S 72 2012-1 EREIZA 2 S H] (MBC A 12k 2 B s L
IR (FRIV-2) | [FAIOEZMEETE CTh S EEN R STz, £, IFERET
IR U T2 SR IR O E R YEIE SR BE > & 20 Bl S VT BEER O HIS & RS2 D E L <URWVEA
RN Lo o72 (RIV-3) ., E6IC, FUBMORENS SEESNIZEHEOHIC,
PEREVEE & F L UBEWEBER RS0 > TRV, [F—BHITESZ O R 5 EHE SR
ET 208 R o, WAEICEWTIEL, 3 TIZ MBC AR § 2 B MERMME T L
P. vagabunda WFTELTWA EE X BT, MBCAIO—>THHLF A7 75— KA
FOLKFIFNIKHIEANO U > FTFEMTE =V TIHCEBEHBLBRA & LT 30 AL Eff
b Ty, ZOMIZEZHEORTREATZ LD LEX LD, KA, P72 &bk
HIRIZB W TIIBRICESZEFEIK TEAEAEL TR, /NEEEOFRAIE LTRSS
NEBF LN WAEEERN W E B 2 b,

DA BRIRNTIC XL > TZ L— K1 (P. vagabunda &= &te7 L — ) 2@ LT-#RRIZ
BTCTFT7 7 X — M AF KT DEEZERELS, 7 b— K2 OFEKTIEEZ < BNk
MR TE Cho7en, oKL Ao (RIV-3) . 7477 — MATFIT
M DEZMEEL ZOD7 L—FLIBT L —BE Lo 7eh, ZORICHOWTIE,
SO EEZESC L TRFNTOLERD S,

- BRI R A IO T A TR AR B A D S YL BHL LR B 2R o0 ] E

iR EBRICH WO R REAZRET L EE#HMELTIVELHICEBWNT, P
vagabunda |\Zxt LFRWABHIESNRA R LTz A 2 /7 7 ¥ ¥ U EEBRIE RS %2 ER E L,
SN EERMEN R DBREOBREANCONT, U TDRFEICHEZHEREL T
FEI S D EHCRIC K o TR I R A A L7,

FEEE 51k

PR SEBRIC BV CREE A ORISR 2 R < 23 BRIL 3 BTV, 9 H 2 [ (GRER
1, 2) JRINHER, oo 1 BNIMEGOM R EZ G L Lz, Wb AG#EEE L, 11
B 1H 2 BB WCHOBERER ORI ORBR CITo 2 FIEICHE U THE LTz, 2ihh
DOFRER I, K H RS EER Y O [ 35 THEATRIBR 2 Elii S V728 & 2 M d i & g
ICINE SN REZ W TEm LT,
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(1) WHEREZ AW T-ENRER

ARER 1

201742 10 A 2 RICINFE L, Z=72bicmdifefs (2 °C) L7zl U AORE (MfE ¢
R7=HY ) A, 10 A 12 BWEEG &V L CTHRREMTICE W, R, 1 1b7-
DAPFRIICITE1IH 2 HIOR LIcgw B2 HWTHE L%, N RATL—2HW T
MR A 2 RESRIC O EEZE L, SNICHE L CRIREZ RSS2 %, Zoft
GE . BT L 7= STD £k 704 FIEHe (1.0 104/ml) %, JEE Xy K TO0.1
ml T2 T L7z, A FRREIKIE I % 1 3 THIC W CEERERERRORER 2 T1T
ST HFETHEM LT, BREBIIREO ST 2F v 7 KA, RIE L7 R HE T Rt
RGN OWBIEFTIC 1 EFEE L, 2 O®%RIZFEFNICRAT L, EREERIL, in vitro
BRICEB W TEWEREBRHIEDIREZ R LA 2 /7 &2 2 U ERREIRHA 1,500 % & VT
7 a3 — LK FIA 2,000 %, [E4F T bull’s-eye rot DFGERICEZNE SvD Qol Hld T
VRV A R r B KA %)1,000 f5 & U XU LTk FaAl 3,000 fi5 K O SDHI
IO FF T RARFAS %)2,000 fi5 & Uiz (BT, 70 - A EATK) . e L
T, [FRRIC, HMEEALIC A K Z T LIk, STD BA A LI RE (BUF, #
Bl - SRAMEEAGTIX) | S DICAHEBICIRE K ZH T L2 R5E (LU, MR - SKAI MY
MX) kit 7c, R FEITZENENOFANHA XIZL>T 6~11 R, #2FrEid 24
~44 L U7, RN BRI 3 » A% (201841 H 5 H) | BEREIRIC IS 1T £ AR O
HOAEEZFE L, BBRBLE2HEB Uiz, £, 6 HEHAR X IR T 2 388K L
BN EERAR X ORIF R A2 S LI, WIS X ARG IE R A B L=, 2 OB
ELT, BROBPEHEICES AL NTWARENELRI L TH D,

JEYLPH 3R =100 — (BEFE - JEAI B X OFIH =, BEfE « SEA AR X D95 %) X 100

R 2

2018 410 H 10 HIZHFE L 7= 1L (MFESL) 12, 1 RS-0 40Tk 1 &
D FIETHE LIth, Ny RAT L—2 D TIEREEA 2 REL2 BRI+ EsE
P LTo, ENICHER, e L CRIRA RSS2k, I, RIS HEfR L7 STD
RO 53 A 7RI (1.8%X10%/ml) %, JRE > FT20 Wl T F L, EHIZHEAR
FRIZAIL, 20 °C THER TR o7z, AFRBIRITIE 1 8 3 I\ T EE AR
REROFRER 2 TIT o 7o FIE TG L7z, IERERANT, A 2 7 7 % U U BEERHR A 1,500
fis & 92— v /3T bull’s-eye rot DFERAI & L THEH SN TWD (Giraud 5 2012,
Weber & 2010) v 7% /KFHl 800 {5, FA4 7 7 — b A F/LKF#H 1,000 fi5 &
L. L LT, STD k2 AEER L, WBr 1 LIRS, BEFE - SRAIEEEOA X & S
T« BEANMEBAT X 2 5% T 7o, R R R X 2NN OFEAFAKIZE > T 14 HHWE 15
8, BERE DT ENE 56 & DN T 60 2 pT & L7c, #:fE D 20 HRRICHEREICH T 2 ERE
PEBBURBEO A AT L, BHRELZHEHE Lz, SEAODEOHEITRAE 1 LH T
FETITo T,
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(2) Bt EREZHN-A 2 72D R RANC K 5 YL 1E2h 5

2020 £ 10 A 9 HIZ, ‘5L (28, 1044, bWER) D36 HOREIZ, 11D
0 1gTo, IEL1IH 2BEIOR LEGEEZAWTHE L, WA, Bi)EHERT
HWTA X7 7 22 U EEBIIRA 1,500 {59 2 et A Iciofi Uiz, fEasAIL
ML, BEANILEHES, BmEIX 1 BHZV 10L& Lz, BERRSREZ L7z Z &
Z e L7zt . STD BROD Jaf R iik (fa 1R EE:1.0x10° f/mD % 1 K& 72V £ 2 ml &
FE T, MEE KR OZORIIC AN RAT L —2 AW CHEBEHERE L7, 0% 5 AR,
NI ZF LTy P TREREKREE N, SHICENOTEDITT VIRA NV TE-S
oo XA E U CRBRICHE G 2TV, AIZ BN L h o e KA RS, B - S
X & Uiz, Hefl « AR XL & B B X CEhENn 2 BHICOWT, 18 dH 7
D 16~21 £E2MRA L=, Z01E, 1O 10 i, HERICHEFEKEEE L,
i - SEANERARX & Lz,

RN D 35 HiE (11 H 13 H) (CHERRUR A IUHE L, S HFEEIC DV CHE R Rk
TRBED A A2 TA LT, ZIROUEIT, BFREOFEL S LITH I L7z ik
FIZ L o TUTo e, INHERITWEEITICRAT L, REFRIC OV TRk L T2 » AR
B LT, £, BBUREEO R AR O BRI H W T2 O B B2 R T,

2) M
(1) HFEEEAORYBH L E (MR 2 O 72 B NRER)
R 1

P. vagabunda % G5 L2 X C, MO 1 0 A% E THBREOERIZIA O
o TeN, 84 HERITIE, HEfE - FEANEBON X O RE DT T ORI TR
WORBENGRO HvTe, TSR LT, 4 X2 7 Z T 0TIV ik Al 1,500 595 .
T 7 3 — LKA 2,000 5 ONT Y F 2 A b o B v kTl 1,000 £k O %
XTI BIFNRD ST, B U B L7 KA 3,000 574 KL F 22 %
WRFRD biLTe (R IV-4) . XUF AT RAKFA 2,000 50 A K134 T OEEFREE
THRFRN A DIV, BER - FEAEBAX TIIRHEP LN T,

R 2

PERE - SR RO XTI, ERMEEBORBE DR FEEIT 55.4 % TH-o7T-, ZHTxt
LTA X/ 72 U ERER A 1,600 fHE AT X TR BIRN A b T, YL
FIX 100 % Th o7z, Fx 7 KA 800 ik AT X CTILFIBL L2’ 51.6 % T%)
RBRONTR, FA7 7% — b AFLKFH 1,000 FFEBAR X TIXIE & A ETHIER)
ERR LN o7 (FRIV-4) , JEEEME - EHHMPAAX TIIRBR R DN 72,
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Table IV-4. Control effect of various fungicides on the development of soft rot on apple fruits after

wounded inoculation of P. vagabunda

o No. of No. of No. of the sites,
Fungicide application 2 151111111;1:1(])11 fruits  inoculated a soft rot lesion
ples sed sites developed (%)
Test 17
iminoctadine triacetate Liquid 1,500 6 24 0 (0)
tebuconazole WP 2,000 11 44 0 (0)
azoxystrobin(10.0 %)WP 1,000 10 40 0 (0
pyribencarb WP 3,000 9 36 2 (5.6)
penthiopyrad(15.0 %) WP 2,000 9 36 36 (100)
inoculated, but no fungicide application - 5 20 20 (100)
neither inocluation nor fungicide application - 7 28 0 (0
Test 29
iminoctadine triacetate Liquid 1,500 14 56 0 (0
captan WP 800 14 56 15 (26.8)
thiophanate-methyl WP 1,000 15 60 33 (55.0)
inoculated, no fungicide application - 14 56 31 (55.4)
neither inocluation nor fungicide application - 15 60 0 (0

a)Harvested fruits were wounded with a small knife-like tool, and sprayed with each fungicide. The
next day, spore suspensions of the fungus were dropped on the wounded sites.

b) Apple fruits of cv. Yataka harvested in 2017 were inoculated: 100 uL spore suspension (1.0 X 10* /ml)

of isolate STD was dropped on each wounded site.

¢) Apple fruits of cv. Fuji harvested in 2018 were inoculated; 20 pL spore suspension (1.8 X 10° /ml) of

isolate STD was droppned on each wounded site.

(2) B EREZRMW-A I 729 UHERERIRANS X 2G4 PR 2R
FETE « FEANBERAT X OMERVEFORBED AR RIL 95.3 e REETH-TZ, TN
XL A X7 Z Y ERREE IR 1,600 fE RN X T Z OWRBED R AT A S
niginole (RIV-5) . SHIT, IR 2 » A2 L THH7RIMITRA SN h
STz, B LIZERALAN D Id, MR MR Tl S, B - B XI5

MR ENIRD 2T,
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Table IV-5. Effects of iminoctadine triacetate liquid on the development of

soft rot on apple fruits inoculated with P. vagabunda @)

I.mlnoctad!lne. Inoculation of No. of . NOI of
triacetate liquid . b) fruits diseased
L P. vagabunda fruits used
application (soft rot)
+ + 16, 21 0,0
- + 20, 21 19, 20
- - 10 0

a) Wounded apple fruits cv. Fuji were sprayed with fungicide diluted at

1/1500, and then inoculated with 2 mL conidial suspension (1.0 X 10° /mL)
of isolate STD. Effects on soft rot were examined 35 d after inoculation
(Nov 2020).

b) Number of fruits per tree.

3) B

IV % 1 #iCHEM L7z in vitro (28T 2B CRSRAEB OB DEN@mN o724
U2 HEERIRANL . IR OITECRE GRBR 1 & 2) KO EORFEL R E L
7RO WTIZB W T, P.vagabunda \Z X 5B O EZ R FHIE LT-, IUER
EHOWERBRICBWTL, 77 a by — KAl 7Y R R e e UkKFAlL B U
YANTIAKFF S @SSRS R o, 77 a2 Y — LI DMIAL, 7Y F A b
BERREYRHATIEE BIZ QI A THY | JRELREICE WIBRZI R E AT
D2 EMLRBIREE G OMA RBEDTHEH I TVWAH, Qol AllX bull’s-eye rot d
BiBRAl & L CHZhET2HMENH Y (Wood 5 2017), 7V F T A b u B KFIH KO
v U RN TIKFIANL, P vagabunda O R 52EGITKT ARSI ERNH D EE XD
iz £72 DMI HlI7 7 25— L KFnHl & EARIC AR IZ & 5 R F2RGe & fH 1 2 2h
NhbHEEZON, 2B, 77 a5 Y — kAl % &Te DMI AW T ESN T
bull’s-eye rot (259 % BhERFEAER O HAS 1T 2 72 72 vy, DMI ANEAEH EIE O #z X
S TIHEEDOREY 27 R@EmED T ERmbnTEY (A 2012, filH 2018) [E4t
DL O Y AFEEHIZ IV TIEL, AR L AR DMI Al BEMATROFE L LTY &
TIREFHYRAIE LTHESToN TS LB LN, BIfE, JKHRCTEES
TV DPBRIEZRICBW T, BEIC DMI AL Qol AlZER SN TR, U THEA
TEHEIR Tl Qol AlMtEE O AN H RN THR I TWD (R 2018) , £7-.
2018 F121E Y o T BE I E 0 DMI AL R 23Fk B RN THERE S 4v (R 30 4R =
TE s A TEER EEWRE 15 KHERFFHPERITER) | 20%, RAKHT
ARMHPEE SR ST b, DMI AL, Qol AlOFEHBIFMN S Hici x5 &, BRERY
B A RIRREOMMEE BB Y 27 2@ 52 FITRD ., Zhb 2 DORRANLELE
OKBRDO U » TPHRER TITE L ENMENEEB X 6T, £2% v 7% KA
P. vagabunda ® FZEGEBH LN FITFRO LN DN, T ORRE T o T, EFEF O
I, BESICER T 5 RIRETIEEWIRD RN RO OGN D Z &b RFNITE &M
BMEWEEBEZ BN, 26D Eh, P.ovagabunda (2 X 2 3G & I 9~ 2 b5
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BREEAI & L CiE, A 2/ 7 X VU ERERA 1,500 5N b AL EE 2 b,

3. VT REOWER CNBREER) X354 I 7 7 & 2 BRI IE A O Pibrh 5
IVE2HIEFTORBRIZBWNWT, 41 /72T U AIFFBERERAICL > T, P
vagabunda \Z X 2 EREBROREEO R ENR S HIE SN Z EDBH N ER ST, K
HClX, BARBAESHTIZBWTHEIZ X 2/NEBER OREAEZH T 205 (B
BHE) IZOWTHAE L,

1) MRS L

A2 7T UHBERAI OBFRRER A | 2014 005 2020 FFE T, THEER LT,
2014 725 2018 FF £ Tl {F M FETREBMB O~ LT A RTED 5T (2014
FETHHES 40 F£88) T, E72 2019 4E & 2020 4E 1T 13RK IR BB B S IR S s
POUWEEBED ST (2019 45T 39 4E4, 2020 4EE T 74E4) W=, W o
TH, RBORMHEE £ T, BEICDIE> TUNERENR SR LTV, 2014 4005 2019
FETORRTIZ, 4 X/ 7 &2 U FERRERA 1,500 (5% 1 o720 K 15 LA L
7o 2020 FF OB TIHHEB OB E <. B LR Ch o7 2 L, [FRAIZ
1B 720K 5 LA L7z, BESEANTEAH L, BAEANIMEHE I, BiEEass Hu
THAR L7, EAWAITFEIZEZY 9A FTAD 1EIOHR, HDHWFT9 AL, . THD
33 Li-, B BIIE - BRKICL > T 2~5 T, 1#HY . 15~170 £
A L,

55 NI ALK & R RRIX A2 3%, EREROD, A X ) 7 57T UERRE A%
AT DR E T, BEME CIEmX & bICHIROEITHRREZ . £ 72 2R o [ 5
TIRE R ORARN A BIEE Lpn HRERE, WXIZE CHEAZ 80 Lz, 2014 015
2020 fFF£ T, 1BITHIBRICZ IS 1T D & Bofn AR I X AEEAEER LAS D B BRANIAE FH L 720~ -
Too BERRFEAIZ UM LaWIENE, W UIREREHZIT o X 2K (2~56 i) &
L7z, T OMOFRERTIEDOFEMITE IV-6 128 LT,

INFEITES (11 A 4~18 H) 24TV, FREITINFEE L & 2 O X BB G N o 7 s
AT, WEARE (2 °C) | EIEWmERIE (2 °C) BICEIR (17 °C) ITFE L=k, fit
ARREEO/NEBEOFWMABLE Lz (FIV-6) . 2018 TR (10 H) OEEIZLD
AR EOL I NER, HE L2 &6, NERFOLHRE LT o7, iz, /INEBED
FIRERN OB 2 RO, 2 X o THBRVEZHE LT, BiBRMoR HEE T
LMY & Lz, 51T, 2015~2017 £ T 2019, 2020 FD 5 FORERT — ¥ % H
W, WEHENT Y 7 b EZR ver 1.54 (Konda 2013) # W, A X7+ v Rk~ T
BCAT g 1) 0D 200 S 2 i R A L 7o
kAl =100— (HEERIEAIHAR X DI FE KR ORFHEFE) X100
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Table IV-6. Experiments conducted to examine the effect of iminoctadine triacetate on DCS
development

Experi- Year, .. Observation of
mint experiment Funglclbc)ie Harvest Post-harvest soft rot
no. conducted ¥ spray storage development
1 2014 Sep. 22 Nov. 7 cool dark place Dec. 8
2 2015 Sep. 10, 17, 25 Nov. 11 2°C Dec. 2
3 2016 Sep.4.15,26  Nov.14,15 Cluntil Dec. 22) Jan. 5
17 °C(until Jan. 5)
4 2017 Sep. 5, 14, 25 Nov. 15 cool dark place Nov. 24
5 2018 Sep. 30 Nov. 18 —o Nov. 18
6 2019 Sep. 5, 15, 25 Nov. 4 2°C Nov. 19
7 2020 Sep. 6, 15, 26 Nov. 18 2°C Nov. 20

a) Experiments 1 to 5 were conducted at an orchard in Hiraka, Yokote City, where DCSs
occurred severely in 2013. Experiment 6 and 7 were at Akita Fruit Tree Experiment Station.

b) Approximately 5-15 L of iminoctadine triacetate liquid (1/1500) was sprayed per tree. No
spreading agent was used.

¢) Harvest was not conducted because of Typhoon Trami (Oct. 1).

2) AR
2014~2020 FFE TO 7THEM. NBEEDO BRFEAERIETTA I/ 7 2V U BRBREIK
H OB R ETAE LTz, Z O/, 2018 FFITHK T H R OFIFRRIL 4.9 %L EL
AL . HAMBAAONELZHET L LT TERN-T- (FIV-T) . FDIEND 64
T B X O SRR R 20.4~T6.8 % T, K4 Thx b iR 0o 72 HEHCA X O BBk
ffil% 82.4~97.0 &, W L BEBRGIENRD BT, BIFRZhFITHARREIC L 0 B
V. 2016, 2019, 2020 FDOERTIL 9 APAEA CTHRbE <. 2015 FTIL N, 20
17T T EATRb AN T,
Inoos b WEBRE A 9 LA, A, RO 3 [E5EHE T & 72 2015~2017 4,
2019, 2020 = 5 FIORBAEREZHNCTA X T F U U AT 2 To7-, ZTORER, 9
A EA, A, TEICEA LEXKO Y 27 OSVEEIX, £ 0.21, 0.16, 0.21
(p<0.01) THY (KIV-1~3) . WTFHOKHOEmIZBW L, A/ 72V
FERR SRR AT X BRSNS D Eona Tz, £72, 9 A LAIK O THBATOY A7
teizkbi U, 9 AHRAIEE CTO U R 7 HRITOo0Eh» 7,
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Table IV-7. Effects of iminoctadine triacetate liquid (IM) on DCS development on apple fruits (field experiments)

Mean

Experi Number of fruits percentage of Standard Disease
L trol effect
ment Year Fungicide Date sprayed used per tree fruits with deviation contro i) e

no-. DCSs on (%)

) 2014 IM spray Sep. 22 20, 30 10.0 * 14.1 82.4
no spray 30, 33, 50 56.9 26.0 -

IM spray 1 Sep. 10 30, 30, 30 8.9%* 2.3 85.6

9 2015 IM spray 2 Sep. 17 30, 30 13.4* 18.9 78.4

IM spray 3 Sep. 25 30, 30, 30, 30 5.0 % 8.0 91.9
no spray 20, 30, 30, 30, 30 62.0 13.9 -

IM spray 1 Sep. 4 51, 52 3.9% 5.4 88.2

3 2016 IM spray 2 Sep. 15 51, 52 1.0* 1.3 97.0

IM spray 3 Sep. 26 50, 52, 52 3.9* 4.0 88.2
no spray - 49, 51, 52, 52 33.1 13.9 -

IM spray 1 Sep. 5 54, 65 1.6 2.2 92.5

9017 IM spray 2 Sep. 14 57, 67 6.8 5.3 67.9

4 IM spray 3 Sep. 25 68, 62 8.6 3.8 59.4

no spray - 59, 59 21.2 13.2

5 2018 IM spray Sep. 30 15, 15 0.0 0.0 100
no spray 66, 65 4.9 4.3 -

IM spray 1 Sep. 5 76, 84 11.5 6.2 43.6

IM spray 2 Sep. 15 108, 43, 96 1.0 1.2 95.1

6 2019 IM spray 3 Sep. 25 83, 44 10.4 7.8 49.0
no spray - 152, 127 20.4 11.2 -

IM spray 1 Sep. 6 113,170 18.9* 0.9 75.4

7 9090 IM spray 2 Sep. 15 90, 175 16.2 * 14.8 78.9

IM spray 3 Sep. 26 69, 90 13.5* 10.8 82.4
no spray - 54, 92 76.8 4.0 -

a) IM (1/1500) was applied at 5 L per tree in experiment 7 and 15 L in others.
b) Disease control effect =100 — (mean percentage of fruits with DCSs in the fungicide sprayed plots,”
percentage of fruits with DCSs in an untreated plot)

c) * : Welch's t-test shows a significant difference from non-treatment (P -< 0.05).
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Disease/Subjacts, No. (%)

Experi- _ 4 Forest plot of 95% .
ment  Year Imnjmctad.lne : . Risk ratio  Confidence Wilght
triacetat Control I'lSk ratio . %)
no. e interval
application
7 2020 53/283 (18.7) 111/146 (76.0) ; 0.25 0.19-0.32 27.4
6 2019 18/160 (11.3)  55/279 (19.7) — 0.57 0.35-0.94 24.1
4 2017 2/119 1.7 25118 21.2) ———F——i— 0.08 0.02-0.33 11.0
3 2016 4/103 (3.9) 68/204 (33.3) — 0.12 0.04-0.31 16.3
2 2015 8/90 (8.9) 86/140 (61.4) _"' 0.14 0.07-0.28 21.1
Integrateted evaluation : p < 0.001 -;ﬁ:;- 0.21 0.12-0.38
Heterogenicity : I12=79%, 72 = 0.3210, p < 0.01 [ | | 1

01 051 2 10

Fig. IV-1. Integrated evaluation based on meta-analysis of the effect of Iminoctadine triacetate
liquid(1/1500sprayed in early Sep) on DCSs on apple fruits in field trials. The center and width of the diamond
shape indicate the value of the integrated risk ratio and 95% confidence interval, respectively.

Disease/Subjacts, No. (%) 95%

Experi- Year Iminoctadine FOI:eSt plo,t of Risk ratio Confidence Weight
ment no. triacetat application Control risk ratio interval )
7 2020 34/265 (12.8) 111/146 (76.0) : 0.17 0.12-0.23 33.3
6 2019 3/247 (1.2) 55/279 (19.7) —t 0.06 0.02-0.19 14.1
4 2017 8/124 (6.5) 25/118 (21.2) — 0.30 0.14-0.65 21.9
3 2016 1/103 (1.0) 68/204 (33.3) —— 0.03 0.00-0.21 6.4
2 2015 8/60 (13.3) 86/140 (61.4) T+ 0.22 0.11-0.42 24.3
Integrateted evaluation: p <0.001 <3 0.16 0.09-0.27
Heterogenicity:12=60%, 72 =0.2039, p <0.05 [ | | 1

0.01 01 1 10 100

Fig. IV-2. Integrated evaluation based on meta-analysis of the effect of Iminoctadine triacetate liquid(1/1500 sprayed in mid
Sep) on DCSs on apple fruits in field trials. The center and width of the diamond shape indicate the value of the integrated
risk ratio and 95% confidence interval, respectively.

- - S
Disease/Subjacts, No. (%) 95%

montno. Yo e Forest plot of Riskratio Confidence (5"
application
7 2020 23/159 (14.5)  111/146 (76.0) .. 0.19 0.13-0.28  23.9
6 2019 117127 87 55/279 (19.7) - 044  024-081 206
4 2017 11/130 (8.5)  25/118 (21.2) e 0.40 0.21-0.78  19.9
3 2016 6/154 (3.9) 68/204 (33.3) - 0.12 0.05-0.26  17.7
2 2015 6/120 (5.0 86/140 (61.4) ~ ——b—! 0.08 0.04-0.18 17.9
Integrateted evaluation : p < 0.001 'c':?"' 0.21 0.11-0.37
| T I 1

Heterogenicity : 12=77%, 72 =0.3350, p <0.01
01 051 2 10

Fig. IV-3. Integrated evaluation based on meta-analysis of the effect of Iminoctadine triacetate liquid(1/1500 sprayed in
late Sep) on DCSs on apple fruits in field trials. The center and width of the diamond shape indicate the value of the
integrated risk ratio and 95% confidence interval, respectively.
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3) B

K IZB W TIEE < ORMBIE T, BEAKIER, BER, RILFSCRERZR E O
fraBRIE LT 8 ARAICZ 7T =V U RAIDIREH (A 72V T VEEE
<Xy T X KA BEAR SN TWDD, ZHORBERICENTH/NREETZIE L
TW5, RERBRGICB T 28T, NEREOHRAEIX 10 AFArb Ao T Z &
DD RO FEREGRINL 8 A TAIND 10 AV E TCOMICH L EHEEL., 9 A
BATICBIT DBIBRIREME LT, TOME, THEFERLZRBRICBWT, 1 /7%
VU HERBR WA A 9 AT L 72RO PIBRAMIIAT 44 L ETH Y | FREEE D IRV R
IRDRBO BTz, TOM, FHRIXOFRIFEEDN 60 %z 72F0 2 £ (2015 4F,
2020 ) H V. T OFEDRIFIEATXOPERA X Z € 78.4~91.9 KT 80.5~82.3
L Wb ENoT, L L, IRHEAXKIZE W TS £ 7ZBERMlIE 100 (22 LT
FWRWZ Einn, A X 7 F Y UERRRE A 2 1 B L7272 00 CUEAR O FL 5K
P ZRIHIETE T RNnESZS 2O, 5%, T ORBIEHESCEIE~DRKY:
K22 EOMINC LD 9 AIC 2T EbEFO T, A X /7 &2 AIFRIE R
F DL NRAREH T IEEZRFT T OLERH D,

F7. 5 EORBRHIZ G EICAZT TV AR T8 2 A, 9 HhAEA To
URA7 N9 H EAKROTFAEAN L 0 IRWEAAFED Divic, BIAE, FKH RO —
R 72 E BRI R TIX 9 A EAICEDFEOREOBAANITHLN TS, 9 AICAD
EHRFEFEDLZITRAROY) v AREOECEREZ B E L THO NITRKFEEM (B
BHDLWVEREDY— ) ERET DL, ZOBMIIBRIEEON T b 2 %<,
BAEPHBRIZICHIRE S D Z L2V, BREHBREFE IV T ZAVUIFIF 9 A~ FaJE
AT D, RUFZEDRE RN D 9 A HANI/NBEEXR & L CRBEABMEZIT Y 2 &N
BFELWEEBZONTEDN, TN EMOERIEXEBRAETE/MAETHD, V
VADREANREY | BERRHIN R E S TGE T 9 A BRI E AR & 7 i3k
Eh SR THZENAEETH D,

Lk Z &b, P vagabunda Z¥iiHE & Lo/ hNBEERICRH L. A /742
FEmRE IR AL 1,500 (518 % 9 HICHUAT T2 Z L2 X > THRNICHIRTEZ b0 LB %
Hiviz, BARFEHIZ 9 AN E LW, EATH> THEEZIRIEE V., AAIT
Mt Y 2 7 BMEVWRETH Y . Z ORI OBEBRIELITY o IR EHEL L O
Ba bl En | P ovagabunda \Z Ko C/NBBEN LT D HUk T o LT
WwetEZobhi=,
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i

V. &5

AMFFEIE, 2011 FICKKHETEZHR L, TOBRLBENFENTWNWDH Y TREO/NE
BED K T2 & AR 72 BIRIT K - THE U 2/ BEEE K 0BG 72 Br 8 i o B 76 & OB BR
FEOHEFET ST DOTH D, /NBEERITZ LRI IS EE, FBEL TW
Too —MRIT, HEECREEN A L REIIHMRFICAEER IC L > THREI N, £0%,
I Z L OBEGIZED ONT-RFETIDIZHE L& SIS, ZOWRBETREIND
REOHIZ, AHFZE TG & LIo/NBBER D /L 5405 2 & 13 BB S 2 B
TR SN TV, BEDNRIRICIES, HOLWITHENRELSRDZ LITEI T,
LU 2011 4R ITId, INHERF S HITIXZ DB OHTIR I, DNREN RO L RENKE
WZHAEL, RERMEE 2T,

AREEFEDORKNZDOWT, M), HWERIZ K o8F & APESE O rTRetEn L e
SNz, EHEETIZ, B4 —F > b & lenticel breakdown 23 AL T 2IER A2 R T 5 2
EMHBNT W, BEX—Ey ME, REOKRAI S IFE A, B 5 mm LT O%
BOB R (FEH 1986) 28, FICRFEOREH L ON BANCHIT THAET D CEADL
1999) . AIEFHIN T T ARZIZED LD T, HESHSCEBEEHREBEOVERRD D,
2011 T8 L7 /DREEIX T O IERFE BN B2 5 IRVHEPH CRAELZZ &
FIREMMNARAERICEEL TV D, TN EERER &35 2872,
—% lenticel breakdown IX /% H Z /.0 & L CHE#E A CHBEXR 24 U HEET, 20
BRBENKHR TEZH L CWA/NBRBEICEL T 5, 779V, 7700, 7 AV,
FVIZEBWTFuji’, ‘Gala’, ‘Loyal Gala’, ‘Granny Smith’72 & 472 ML CTHRA L T
% (Tessmer ©» 2016) 725, FAETHAE L & oREEIT 2wy, KRR HOWTIE A2
RN IWHERFLARR ISR AT 5 2 &, BRI TITOI D KA~DRIEDRIELVE
HLBRPHD L SND (Curry H 2008) T, AUFFEAXISRE LTV DH/NEEES X
BiroTnie,

UbEDZ &nt, 2011 FLUBELIHE T 5/ EREEO R BRNABEE TH D & 135
ZHEEL  BBRMEREFEIC L D RBENE W EHER I, L L, BEAOREE O HIZiE,
IO DO/NBBEND@mEBTHEED 2 WITHRIE SN OEHEIE R o7z (RIT-4) 2D,
FREED D B Tl S 7= AESRIRE I W TR ET 21T - 72, T OREE., [F
B, NBREERZBEIELIWREEE AT LI EBHALNE T, EHIT, EFEE
HTo/NBEENOARENMITFICEETHHE SN (RIT4) Z &, £72 ARISA LIS
Ko THEEH N LMV IR LFEFEA@mECRE SN (RIT-2) ZLnb, FKERMEET
2011 FFLIBE LR T H/NBEEO ER L 72> TV D b D & ffam STz,

KEDOREIZHT= > TIL, FBET W EIEKT 2 EELSZEBIC L, ENTHAET
5V v TR & EATORFEAT D bull’seye rot TH D, AE & W TIRIEMERER
RS DM T, AEEREIC L > TEUREEN U > TR ORBE & Bl L T
ZEMG . ETIEREIEOREE & ORI Z G Lz, HERIEL 1940 FIZENTHIO T
WSk, B (1950) 12X - THIREIL Gloeosporium sp. & Si7=23, [RIED
LT FEE S TnZeny, BKEIBICEB W, @S (1974) 23, FKHERLTFH T 1971
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BICEMM SN T AT T U oY R RITHEEN TRAT 2 BB E A L,
BEREN 1.5 %EDRAERN DL, Gloeosporium sp. Al XD HEEIR DI EEZBDT-, L
L, ZORFLHEFEEICET MRS SN o7, 2o, 5 HE T, AHFO
FALHIREICBET 2 WA T RS2 50, AR CHA L AERREIX. 24EFD
AR & RE SITHNT, BB (1950) B L72E L LN Re > TkY (KII-6) |
Gloeosporium sp. L ILFRIETERWVWEE X L,

— 75 bull’s-eye rot O R A E & L Tik, Ak D X 91 Phlyctema vagabunda
Neofabraea malicorticts. N. perennans. N. kienholzii ® 4 fE3HM 5L TW5, /MR
BEALAR D D MRl SN D BESRIREIL, 2B FOIRRK E D FAMTFHIREE L &1
P. vagabunda & [FIJE SvTc, EF ORI TR, HFEMFRIFEEEL L T
[FE A 61, bull’s-eye rot DIFIFREIZIHB VTl 72 < 72y (Kingsnorth & 2017,
Rooney-Latham ©» 2016, Michalecka & 2015, Gariepy » 2005) ,

2011 HLIKE, 23 /N BEHERIZ S UoIEh, Bl 19 5, ‘A F4LH . ITbH %
AL, WTy Povagabunda \Z X5 Z WG Lo, ZO5 B 5L, BKH 19
IR, CCAFAAIIPTERTH L, BAEMEIZHOWT/NBBEERIZME ST
W2, INBEEDFRAEN R ONR Do T ENRITBARTH Y | [FSFE LS TIEMAIC
REM & 70D Z ENDREFMMLTIIINDG 2MFEMRH SN TWDEZ ENRZ, £
A IIINE B IZERCTH D, L UNEBORAEREITIREERY | PNEENS
FELTWDLEGHNTE EWRTIIRENRLONR P ST, ZNHDOZ LG, WHfEIZE
B RAEOEVITR R ER U HEI 2 D 1E W Tl 7 < . SFEEKHIME O ZEC K 5 ATEEME A
Exoivd,

KA T, 5 U OB HEEN Y & IREEHEO 60.3 % TH Y . HHRIE (47.7 %)
RAEFR (48.1%) ITHRXTEWI &b, RIEOHEIZ L o TEEE ORFRIZRE RN
REL o EBEREBZ OGNS, HEFWHENME D & BB ORRICE 2RO RRENE
CRF <0 fAOUHE R DRIV T Uil /1 A2 0~ 6 RFEME ~DHEZEN &
L7 KHETIZS UREORRSGEZ By & L TRAE, RAERBA~OLEREH 210
TW5%, P.vagabunda\Z X 2/NEBEORAIZK L, S UILEZMEMEEEZEZ LN, &
%, RO BZMERREL O 2E, AERICE 2 E Y 27 BHEOBLREND 6 |
e AR D FLE L 2 AT o MBH E R 0155725 5,

INERBED B B S V7e P vagaubunda %, [WHEZ OV CARFICHEERE L& 2
AL BBIRICEELT 2REENTER SV, 2 D ERICHWEERR S ICH S -,
— ., KR EHFRECERLIZAFET OV o I RIZITHA U2 BB ORBALRE D D
P. vagaubunda WAL, ZOEE ) CARFICHEGHEM LT & 2 AR
BRI 7R R BE DS TR S 3V, SEFE DB S IZH R S, ZhboZ enb, bl
HECA R EFRIEIZBW T, P.ovagaubunda ([l X B EEHRNFEEL TWD Z ERHL N
Tholo, RUFFETHEES NI RRE O AT ORRERIFEITER (1950) 23 L7z
JRIRE Gloeosporiumsp. & B HINZE > T2, T B OREREZ L LT, BEHROR
Ji& LT P. vagabunda #BN3 5 Z ENHEY B2 6., HAEMFEHEFESICTIERZL
7o (gD 2021) . AL, EHTbull'seyerot & SN A EE DL & 1L
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UIRIREIZ LD | JER BEEET 2, EERICITELADED LN TWRNoTZ LD,
H4 % bull'seyerot &5 2 &b TIRE L (EEDS 2021)

INEREED G 3 S LT P vagabunda % FFEICHGEFE L TG MRV RUREE DN AL
Sb, —JH, HEWOIREEN B Bt STz P. vagabunda OHEFEIZ L - T/NERBELER
DEIIN, BHELHEDHESNE (R¥EEK) , LD - T, P vagabunda %, 1€k,
HIEHROREE & SN TE T EREBBORE & /NBEEROM G2 EZTb0EE XL
v, ANEBITY IAEEROIERD—DEE o TRV, Ll II&E 2 #i 2 H TR~
Loz, EEBS CBEINT/NNEROIZE A EITZED%, JER U THERMIEBUREE &
B Z LT e ol TOZ L b/INBBHERIT, BRI O LI R BE O R R
EXE WV, P. vagabunda (&GS B Z I Ko TRNREE, ERMEERBUREE DWW
AUSTR D 0MF, RE ORI T) ., YR YL Sfk, REOREME, RAMPZR ENE
HELTWDHLEEIOLNDDVFEMICOWVWTIIAHTH 5, ARUFZEOEFERERIC L 0 G568
FECITERMEBRURB O AN RO Z D, HEONnD DR ADEA I3 R U
BEERDAEEMEITEWEEZ X BN D, IHERIZITAEL LS T O R G FEE L,
Konarska (2014) 13V > INIFHFICBABIERTH 2 2R/EL WD, £/, L
VUARZICEDHDEX —E Y FHERBAMI A OITERPICEAET L ENALNTEY (1E
H 1986) . Z ORI 2 EG03B ER S 5 WITATEFICAE T, REN~DRAFF &
7o THEBMEEMUREE & 72 DA REMEN B 2 b D,

NEREEOHLEICIXIZEFICEFEL 2 WIER AR ONTZZ 0 b £ < O/NEEE
T, ZOWMIBAREDRAGMN CTH -T2 ENBEZBND, £, DREIIE LRI
G 21T o TR IC O BT R S v, IR SR I G R L 72 RE I IRV T L O IR EE b TRk
SN hole, TOZENG, BEDRIERMEIC P. vagabunda 732 A FREZR B IX R
LBNTWD RN B 2 B, RALTHZIL, REOEPUEIZ L > THEE DI K3
&, NOREFREENEKR S 8B 2 5iv5, Botryosphaeria berengeriana (Z
2V TR CIERAKOCETFESRAMBP ERATWS (BF 1995) . B

(1995) 2L D&, RIFOBYIT 6~7T HlckE TR Y, 8 AHLMKIL, BHEDBE
IV ACITEWNVEZ DR T T 5720 L &b, 2D L5 e, REREMHEEDZE/L L/
BEHER O AEIZOR N DR IZ ST, 5%, HONCTHILERS D,

P.vagabunda \Z X %V >3 ® bull’s-eye rot ® ERRYRIL, VU > I Ok 7= 8 B
LR DN T D IER, B D WA L 7o B SEMERR O, JE 0O ZARA O FREERE Y OB
R (BA a3 v Fy AV—T B30 MR %) THFALTHAT LI L
BTV (Kohl 5 2018), Burchill » (1961) (%, fafiE—HF4 8 L CRHELL . TRHEL
BITKICIR R ERD E LT, BEBERIC K > THE SN, MO EYBIIARR O %3
R & b (BEdney & 1977), [EWN TRAT 2 8EH O @528 53 AEA BRI
HOBYERICOWTOHREIT AN 72 5720, AWFFEOME T, FEEBRGNITHER S
7o /N BBEFE AR A8 D 5 BURSOBERNIE OFRk A 2 A L2 & 2 A P. vagabunda D3 gt S 4L
7o CGR#EE) o 72, ARISAIZ X 2304 C. MR ERZ I Lo g SR E - 72K )
5 P. vagabunda RS TE Y CGR#Rd) | B LOIEWECE JEDS AT & 7
S TWDAMREMES R S iz, BN TOARIR IR OB LM R DI AL RRIZ OV T

60



RABRENEZL SBROMEPMETH D, SHICHEIHIZFHLIZEBD | HEHRO
HERMEEBORBEIIIERT OB ERTHRAETHZ ENRBIEINT, THETHERE
bull’s-eye rot [T T4 b U FE% D E (postharvest diseases) & AU, IXFERT O I
HORFETHRAT D EOREITR LN, 4%, WEHOREZEIZHIZ> T, KK
LEETHOILERD D,

MFEOEETHEATZMEY |, 2011 FLUE, KHRICEBNTY »IRETEZHET H/0E
BE & BP9 2R & T AT D An et & D WIT IR RYEEIRNIT 250 H v . R CIEREI
Pl 5 Z Ll THEEL W, & 2 TARMZEICIH VT, ARISA E4 W TRBEE 2 B
JREMERCIR B 2 R 2 D IEREIC KR N 3 D E I 2 BR%E L7z, ARISA 1. &#). WiKkZ x4 &
LU 72K EBRBE 36 1T 5 Ml B E D 2 kR & BREEAS & 2 B IZMfT T~ 2 7o I EICHIH &
7= (Fisher & 1999) , D% . +3 (Ranjard » 2001, Lerner & 2006) . 43fi#
FOEKY (Ciesielski & 2013) . AKAELESEE (Danovaro H 2006) | IO HN

(Jami 5 2014) 72 &, ZHRRBREEOME RO IESHTIZIE b TE 72, AEIR
G ERE L, BEMEOEWTr 7y AV RGNS LS5 (Fisher 5 1999,
Ranjard & 2001), Hewson & (2004) IAREZHWT OIZART 2 H&xES 7 7 B
Y DOSFEMEEZ S L, Feligini 5 (2014) X4 OELK OTF—XZE TN HMEY
L ORI 2 Z B A TR EEZ AV, EEHICFIHTE 52 & Z/R L7z, Pancher
5 (2012) 13, ARISA # W CT7 R U DX OWNAEREHORENIE 2 b Lo, RIEEHH
IR IR E OREIZH W 201X 2 < 720, Tkeda & (2007) (%, Kk S vz i dh 2 A=A
&L THAEMBREMIE 2 RISA I LV fENT L. 2 ORE TR ECSRIRE Rt s b
ZeERL, £ HES (2015) FKHEROT AT I AEMTRIE L 70> TV A&
B AR BIZ Phytophthora sp. .35 L TW\WA Z &%, ARISA IZ X AENTRER A2 & & (2
BT LTz,

ARISA {ETIEL PCRIZ K o TH LIV IR EED) 1 L a AT mk S 4L, HIRED O F v 7
V—DOBENEEEN, HEIEE R OEEBOEWVCL > TERRDLZ LG, ZEd b & ITH
WEPEEM DN KT DAEMFEOHEEN FIHETH S (Pancher © 2012) , Genetic analyzer
THRHESNTEENENOE =T DT F 7 A2 M A XL, BRIKBIOBEILEZ S L I2,
T A ARSI TVDAEREY T L DI K-> THAME TR EN D, RIEZFE
OWAEDRBICRIAT 2 L EICHREE R 50015, T#ET LY —7 2B 2 E,. &
o 2 WVITEHET 0 A AMEEFFOMOMAEY & OFH K O S5 A XEOfiE
MEBRIZED2EHTH D, FGEEIZ OV T Fisher 5 (1999) 1X, 1#HEOEWRH I
XBl4 b2 emTEbHE LT, ABFZEICEBWTS, P vagabunda & RE I NIz A X
i 668 (1T /R B — 7130 Z L ICEFBOFPIL 1 2L 2B ETH -7, T
O, BIZIE2HDVE3HEEREDOENTHS THE—7 DBEWEZRBITHZ L idn
BETHY, 4EKOBENRONIE, B2 —27 L LTKBITAH2Z ENAREEEZE X LN
7o

EEH DL VIIEET =213, NBEROFEREOM TH A 57z, Colletotrichum
gloeosporioides & # & {& & Alternaria mali. } O° C. acutatum T 5 & 1K &
Botryosphaeria dothidea T& 5, ZIHIZOWTIL, S HIZHIDOFETE —7 NH K
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TOWAEMEREST DMENDH > Tc, AWETIL, FFERNT T4 ~v—I1CL 5 PCRICXK
ST, INEFRETDZENTE, ARISAICL > TINLDORHDOAREMENRH 5 B —7
DM SN EITE, TORS D WVITHEFEN T 7 A~—Z2ZH W TPCR Z1TH Z &
T, ThoZzMHTHZENTE D, ZOFRPRVE ST, ThENOREO KR
T4 ~—% M2 PCR &, HKATO MENRHDH Z LTS L BHF#E 22X
ZRECHIETDZENARBTHD, SV LE, BEETOIHRAENHLLGETH.
ARISA EIC X DR IEH OB EINITAH TH %,

MHShHdE—2 D77 7 A YA X%, [ U DNARBIZ T L& &ich . fif
Mr&BRIC L - CEET 5 Al H 5, PCR THOLNHIEED X, AV AT LT E R
TEMEIETH%, Frv 7Y —BRIKBICE > TRTEND, ZOEBEKKENIE—22E
FEIZRTZN TR, SN bE 77 7 A M A ZIE@EmWEBRER S5 (Fisher
5 1999, Ranjard © 2001) , ZHNEEHTLHEREE LTE, v T U —0HnE
SN TWVD, TNHDAST T U ANEETHLH, BEITHET D Z 3LV, K
WFE CTIXHIZ P. vagabunda (AITC-KH54 #£) OB HHiH L7z DNA Z %S 7
e LT, BTOMFTTHEM L7z, ZOMRE. FLA LDV TAY 7LD
— 7 %A XL 667~669 TLEL TV, LaL 2O, TTIZIH W C—RIT7ZT,
RS 664~665 /R LT &b oT-, ZDX I RGEIZIE, ZOEESZEIZL T
WA OE = NIRRT OHEEAHET D2 LN TH T2, ZORIRIEND,
Genetic analyzer (2 X DfEMTIZH 72 > Tk, HIZBEROMAES 2 S flit L7z DNA %1%
W TNELTHERTZENMELEZIOND,

REITIE, BARSSEOWEENMMED D WVTAEFTL WL bbb HELZ L
no . PNEREEOER ORI H o> TE, RO 2 et LTHWD Z &
NEETHoT-, RAMEOARZHAE LT 52 8T, /NEREEOERTH 2 IR & i
HTE2rErnm< s s bz, MEEZHFT HMOMED ZHERT 52 LR T
5, MBRENOER BT BRI, T 2B ORIV EHETH L5 Z L I1T,
RIRE 2 BT 256 LRKRTH D,

ARISA EDFHEIL, BT 2% REZH LN UDRET 2 MENRRNT & E72iE
FEMI TR X % (comprehensive detection) Z & THh 5, AWFICIZIBT 2017 FI2H
LUV v ITO/NEBEHEE S, ARISAIZE > T, U I8 A LwJHE Neonectria
galligena 3R S L7z, REIXFEITK OB EECH IR, IR GRA L, BRI
BEICER L%, ROMROBFHRLZTERT 5, RETEIRALEZ FLICHIBITRK
NEEBT HIREDORFE CTH D, [EHTiX European canker (Xu & 2010) &H D \ME
Neonectria-canker (Talgoslash & 2011) & PFEEiL, U o TOREHLIZHPNE S &2, &
DIZREZBRAECHREL LTHMOLA TS, & (1998) 12X DL, 1903 FFIThk
PN A SV CTLRE, A ETRAEOLEKITIR, T D% b O TR IR CAR R E
B SNz & ofekiT e, £ T, ARISA OFEREZ L LITHE L& 2 A, /INEBEN
St I ARRBEOTICHAA L EZRO T2, ZOEOSETRERE ) o T RE
(CHEEEGHR L 2 A, BERIICERA AT, RENY CTITREEL AT L2 & bk
WENTZ CRAE) . ARISA IC X A2 TIX, TOMRHXRERD HMLENRNT L0
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7T T A M A XD 689~693 KN 699~703 D B — 7 1L, /INEBEO KD S Hh
L7z DNA o572y, RAMKEZ T 51572 DNA Lo Z< sz, Znboe—
71X, kT 5 R EY) O M IEBL SN R R E D 7T A ~—%& H e PCRIEIZL D |
D 30 %K N 20 %7)3, Alternaria spp. =° Aureobasidiumspp.7¢ &, JEAMERIREIC
HERTD2bDTho7e, ZTNODORKREIT, U IRHEOER (ML) TLmitish
HHEETHD (Andrews H 2002, Woody > 2003) , Au. pullulans 1%, BEE DR A
MN—=_Z NFONRA F 2 ba—LAOFRRE/MTLH S (Mari 5 2012, Vero
5 2009), HAMHEN 51X Alternaria spp. & Penicillium sp. 23 H S =73, BB
L. WHEZOBMORK &2 5%, HHVIEY IREC~Y A a b o2k T 55
NEENTWS (Escrivab 2017, Moslem & 2013, Sutton & 2014, Wenneker &
2014) . ZOXOIC, ARISAIERRAEMHEO T 7 7 A VU TICAMTHD Z L
5. B H D WITEBRORBEMHONEICBHRILSObDOLFE XL HNS (Shen b 2017)

INRBEEFEU T DIERE BT DR E L LT, mTIZR-> T, EATHE SR ED
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Sarocladium liquanensis G. Y. Sun and Yanmin Hou, sp. nov. } " Sarocladium mali
G. Y. Sun and Yanmin Hou, sp. nov. ® 3 f(Z & > T Brown spot & FEIZIL 2 BiliE %
WA Lo, ARITARROALTRAEL, REIZEAE 1~6mm O EBALCBADHNEZ AT
Do ‘5 UDRZMENHEF IZm\ & Shu, RSTEOREEHE O WA T b B O 4
MNd %, F7-. Fibulorhizoctonia psychrophila \Z X > TV 3L F T OREITHAET
LHBERMEDRBEIL lenticel spot & FEIEAL, /NEBEICHEELT 5 (Wenneker & 2017),
TUZTIE, VARt v OENMEICEE L, HEPKE V. ThbLOREFZIWTR
HHARTIIRBETH LD, G EL TOWRDDLMENRD ARISAETIE, 2 b
DIFFEIZOWTHMHAETH D, MH SN D ERICET 2R E —ILEE L
AR H BT T EN KRR E ORREOIH b WRETH D, 2D &Ik, MMz
fEMTEMT DR E AN TH 2,

AN T DT ORGSR, Z OO/ NBEEDO K & LT P. vagabunda 73 ¢ I HE
BEThDHZENRHLNERSTz, LrL, 2021 4 3 A ICHHERE TR 2/NE
BEDfENT TIX, & L7/ NEBED 38 %6 P. vagabunda LIS ORI E St S v

(RIM-2) , 2O &b, ZOHIEORTORMEICEWVTAREIN/NEBEOER &7
STWNDEFRLARNZ ERREIND, Hlkd D WITIRBIE Z & I2@E D) e mEE 4
T D72 DITIE, MR LR EMECTOERRFEZWNLINDZEBLETHD,
ARISA TIZRH AT FHETH D . 200 HLL Eo/NEBEE 3~4 HTHRET S Z &
MTED, ZHET, BAETLIHELRBEZ & ITHEBEOITRLET 5 FER. BAEIC
RO, BB TH Efi SN TWRY, BIED Y »ARGERIL, FIEREN BRI
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RIENZ 31T 2 ZBRB MR E O EZ WD SEH7-DI1I2X, ZNENOREBEICET 5
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ZWHZ BT, ARISA X IEME CEEMEO B W Z21T 5 DICHEZTH > 7= (Furuya b
2021) .

AWFFECRA%E L-BbREIR X, T Cla—8 0V v IEMTERICHEDNL TS, Zh
IZX > TZ oM TO/NBIEORAEITE L IKT L7, P.vagabunda ZJRK & L7z/h
BRI, BTREICBWTHIO TRENMONTRE TCh-ZIC bbb LT, EHIM T
JRE A Bk | BiBREf 2 ca -2 LTk, FAEwFEREIERHTE =
ENRKRELLEM LI, EROBEERGEMH TH - - AERIRE L, REFHEIZ X 5 [H
ENREETH > T2M, —4 o ZfEHT & BLAST MZZIZ & » TRWERS (2015 4F) TFff
BEWET D LN TE, TO%, M CTHERN T 7 A ~— CGRIE) 2 A= PCR
& ARISA IC X BN N STz, TS K> THEDIE L, /BB S RIE N
HEnzZ e, ZRUBKHROY v IEMTERT H/NEHOERTH D & OIGT
EHGEICHEET S Z LM ARECTH oo, T D O RIE, BRI O B3 & BB 4G
T5ETREEBR U, ARAFZE TSR LZBBREA X 2015 41013 B O FisE Tt
BRAICE AN S 4L, 2016 FEEICIE, BKARMEM CAS EmINL DL H12hoTe, ZHLL
e, 2011 FE OB DO ZFHIT R O 72 < 720 | ARBFIE CH%E L 72 BhBREN 3% & L 7=
ZELFEELELDEHERERIND,

2011 LIRS, FKHRCEHE LIo/NREEIC) LR WBARIRDBD bivicA 2 ) 7 ¥
U UEEBEEA (LR, IM AL (X, RO R DIKEICHATT D L PR SE
WEBZLNDD, —IC, KFEICBIT2EABAICIE, FETREAN 2D, —
DlF, BE T LT, EEECN B O B F CITEUR 2R 22 I AUE e B 7w BB Tk
DHNTND, REEICL > TIFEEOMFEREE SIS, HDWIEE—MFETHEREE
FHRBERMERCH B L > TERINEINORERH L Z L, ZOWNTHIZEN
ThH, BAAZBET RUTIERORVARICEERNBAR SNV E D ICERT A2LERD
Bo b, KEOEAIEAIINHESN E TICMLR2NZ D REOIFEYNE LR
TWETH D, KFRL—EHO 7 a7 7V FI TR L7 3Kk 03 8 iz U7 BR i, 3KeE &
LTELILEN DD, AN X2 REOIGRITIMEN S D120 TR HEE DLZA,
RLERODFICRIET D20, FICEET OILENDH S, IM KANTINHERTH £ Cff
RAARETH D Z Lnh, HAARFMIFE A LHIR SN2V, S50, AAlIxEATHD
CEMNDREICERAAE LD Z TRV, 20X Sz, IMANIKEBLRRA] & L T
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Abstract

The incidence of dark-colored spot lesions on apple fruits increased significantly,
compared with previous seasons, around harvest time in 2011 in apple orchards in
and around Yokote City, Akita Prefecture, Japan. The economic damage caused by
the lesions continued since then, considerably reducing the commercial value of
apples with the lesions. The lesions (DCS for dark-colored spot, hereafter) were black
to brown in color, circular or subcircular in shape with a diameter of 5 mm or less.
The lesions caused significant damage especially to cv. Fuji, which was the major
cultivar grown in the region. DCSs were very similar to the initial lesions that
developed in several air-borne diseases and physiological disorders of fruits, so that
it was difficult to diagnose and differentiate the disorders. A fungus was frequently
isolated from DCS lesions; its colonies on potato dextrose agar (PDA) plates were
white or brown in color, producing radial wrinkles on the surface, and grew slowly,
attaining a diameter of 16—28 mm in 10 d at 20 °C. The fungus is referred to hereafter
as WSGF for whitish slow-growing fungus.

When inoculated without wounding on fruits of cv. Fuji and cv. Akita No. 19 on
trees, 1solates of WSGF caused small reddish-brown to blackish-brown lesions with
a diameter of ca. 1 mm that were very similar to DCSs as described above. A red halo
was produced around some parts of lesions developed on fruits of cv. Akita No. 19.
Lesions with a red halo have been found on fruits of cv. Akita No. 19 in many
commercial orchards in the region since 2011. Isolates inoculated were readily re-
isolated from the lesions that developed in these tests. When WSGF was inoculated
on a wounded part of apple fruits on trees, soft rot lesions 3—5 cm in diameter
developed over several days. Lesions like DCSs never developed. Inoculated fungal
isolates were re-isolated from these soft rot lesions. These lesions closely resembled
lesions called Kigusare-byo, which means yellow rot-disease in Japanese. The disease
has been known since 1939 as a post-harvest disease of apples in Japan.

The spores were oblong-fusiform and 5-16 pm X 3-5 pum in size. The conidia of
WSGF were fusiform and curved, with size 9.8-23.3 pm X 2.3-5.5 um. Togashi
(1950) reported that Kigusare-byo was caused by Gloeosporium sp. Togashi (1950)
reported that Kigusare-byo was caused by Gloeosporium sp., conidia of which were
apparently smaller than those of WSGF. This suggests that WSGF could not be
identified as Gloeosporium sp.

On the other hand the soft rot lesions were similar to bull’s-eye rot lesions that
have been reported as post-harvest diseases of pome fruits in most apple growing
regions of the world. The morphology and genetic characteristics were compared
between WSGF and the causal fungi of bull’s-eye rot. Conidia of both WSGF and

Phlyctema vagabunda Desm., one of the causal fungi of bull’s-eye rot, were allantoid

69



in shape and aseptate. The sizes of conidia were almost the same, or those of WSGF
were slightly larger than those of P. vagabunda. The base sequences of the internal
transcribed spacer, large subunit and tubZ2 regions of isolates of WSGF showed the
highest homology with P. vagabunda. In phylogenetic tree analysis, isolates of WSGF
tested were divided into two subclades (clades 1 and 2), and both subclades were most
closely related to Phlyctema spp.

The isolates belonging to clade 1 did not produce conidia on agar plates. It was
known that some strains of P. vagabunda did not produce conidia. Since we could not
find typical differences in morphological characteristics in conidia, in conidial
production structure, nor in mycelium and cultural morphology, we considered it is
appropriate that both clades belonged to P. vagabunda Desm. On the basis of these
results, we identified WSGF as P. vagabunda, and proposed to the Phytopathological
Society of Japan that DCSs were caused by the fungus, and that it also causes
Kigusare-byo disease, i.e., bull’s eye-rot, the causal fungus of which has not been
1dentified since it was first reported in 1945.

Dark-colored spots on apple fruits caused by P. vagabunda at harvest time are very
similar to those found in several infectious or non-infectious diseases. The infectious
fungi, all found in the northern part of Honshu Island, Japan, include bitter rot
caused by the Colletotrichum gloeosporioides species complex or the Colletotrichum
acutatum species complex, Botryosphaeria rot caused by Botryosphaeria dothidea
(Moug.) Ces. & De Not. and Botryosphaeria kuwatsukai (Hara) G.Y. Sun & E. Tanaka,
Marssonina blotch caused by Diplocarpon mali Y. Harada and Sawamura [anamorph
Marssonina coronaria (Ellis & Davis) Davis, syn. Ma. mali (Henn.) Ito], apple scab
caused by Venturia inaequalis (Cooke) G. Winter, Brooks fruit spot caused by
Mycosphaerella pomi (Pass.) Lindau, and Alternaria blotch caused by Alternaria
mali Roberts, non-infectious physiological diseases include lenticel blotch pit (Casero
et al. 2009), lenticel spot (Brook 1968), and lenticel breakdown (Singh et al. 2016).

Because it is difficult to diagnose correctly such lesions and diseases, we conducted
an Automated Ribosomal Intergenic Spacer Analysis (ARISA) to reliably detect
fungal pathogens in the lesions. The fragment sizes of peaks for eight species and two
species complexes that can cause DCSs on apples in the northern part of Honshu
Island were determined on the basis of ARISA. The fragment sizes for B. kuwatsukali,
D. mali, M. pomi, Ne. galligena, P. vagabunda, and V. inaequalis were 1095-1097,
685—-686, 650—652, 6568-659, 667—668 and 1042—1046, respectively. These peaks sizes
were unique, enabling their detection in a single ARISA trial. However, C. acutatum
species complex, including Colletotrichum aenigma, C. siamense and C. fructicola ,
and A. mali, had similar fragment sizes between 689 and 692. Likewise C.
gloesoporioides species complex, including C. fioriniae and C. nymphaeae, and B.

dothidea had similar fragment sizes between 698 and 702. To identify these fungi, it

70



was necessary to use PCR amplifications using species- or genus-specific primers for
each PCR product corresponding to the peak obtained in ARISA as a target DNA
fragment.

By this method we examined 490 pieces of fresh tissue with DCSs, obtained after
removing the epidermis, on 337 commercially produced apples collected at three
sorting facilities in Yokote City and an orchard at the Akita Fruit-Tree Experiment
Station. Five fungal species (P. vagabunda, D. mali, B. dothidea, B. kuwatsukai and
Ne. galligena) and two Colletotrichum species complexes were detected in these DCSs.
These results were confirmed by sequence analysis and BLAST search of the PCR
products in ARISA corresponding to the peaks, and/or by PCR with the PCR products
corresponding to the peaks using primers specific to each species. Among the species
detected by ARISA(fragment sizes), P. vagabunda was by far the most frequently
detected fungus. From these results it was found that the increase of DCS incidence
since 2011 in the prefecture was most likely caused by this fungus. Ne galligena was
detected in the Akita prefecture for the first time. Thus, it was demonstrated that the
ARISA-based technique developed in the present study was useful for the accurate,
reliable, and comprehensive detection of pathogens causing DCSs on apple fruits.

The effectiveness against DCS symptoms of 34 fungicides that were already used
as pesticides to control fungal diseases of apples in Japan was investigated. Potato
dextrose agar discs of eight isolates of P. vagabunda were dipped in solutions of each
fungicide for 1 minute at 1/10 and 1/100 dilutions of the concentrations that were
sprayed for apple disease control in Akita prefecture. The discs were placed on PDA
plates and cultured for 5 d at 20 ° C, and mycelial growth was measured.
Iminocutazine acetate solution (IM) showed the highest inhibition of mycelial growth
of all isolates at the lowest fungicide concentration, 1/100 dilution.

Tests to control DCS development were conducted with IM at the orchards of
farmers in Yokote City (cv. Fuji, 15 L/tree) and the Akita Fruit-Tree Experiment
Station (cv. Fuji, 5—15 L/tree). A single spray of IM (666 mL/L) was applied in either
early, mid or late September, and DCS development was assessed at harvest time.
The tests were conducted every year during 7 consecutive years. In every test, the
incidence of lesions on apples on trees that were sprayed with IM was lower than on
trees without fungicide spray. Integrated evaluation based on meta-analysis of the
5-year trials results showed that IM treatment reduced the incidence of DCSs to
about 20 % of that with no fungicide treatment.

These results indicated that a single spray of IM (at the concentration of 1/1500)
in September significantly reduced the DCS development caused by P. vagabunda.
Thiophanate methyl (TM) has been reported to be effective for controlling bull’s-eye
rot caused by P. vagabunda, the incidence of which has not been reported in Japan.

But it was reported that strains resistant to the fungicide have also been detected.
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We confirmed with in vitro tests that susceptibility of some Japanese isolates of P.
vagabunda to TM was much less than to IM. Considering this situation, it seems that

TM would not efficiently control DCS development in orchards.
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Supplementary Fig. 1. PCR with specific primers using as template a DNA sample in
which a peak of 699-703 bases was detected by ARISA using whole tissue of DCSs.
Lane m: 100 bp ladder marker, lane N: negative control (distilled water). DNA was
extracted from samples as listed.
A. PCR with primers (FaF/Bt2b) specific for Botryosphaeria dothidea
A-1: Field at Akita Fruit-Tree Experiment Station
Lanes Ak-84 to Ak-89: DCS collected from non-pesticide treated field. Lanes P1,
P2, and P3: Botryosphaeria sp. (YTK12), B. dothidea (25-192A), and B. dothidea
(APS8-1), respectively.
A-2: Sakae and Masuda sorting facility
Lanes S-3 to S-51 and D-1 to D-58: DCSs collected from the Sakae and Masuda
sorting facility. Lanes Am and Ca: A. mali (AL-NASA-3) and C. aenigma
(MAFF244310); lanes P1 and P2: B. dothidea (AP8-1) and B. dothidea (25-192A),
respectively.
B. PCR with primers (Coll1F/Coll3Rb) specific for Colletotrichum sp.
B-1: Field at Akita Fruit-Tree Experiment Station
Lanes Ak-84 to Ak-89: DCSs collected from non-pesticide field. Lane P: C.
aenigma (MAFF244310).
B-2: Sakae and Masuda sorting facility
Lanes S-3 to S-51 and D-1 to D-58: DCSs collected from Sakae and Masuda
sorting facility. Lane Am: A. mali (HBA1); lane P: C. aenigma (MAFF244310).
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Supplementary Fig. 2. PCR with specific primers using as template a DNA sample in
which a peak of 689-693 bases was detected by ARISA using whole tissues of DCSs
(Lane m: 100 bp ladder marker, lane N: negative control (distilled water). DNA was
extracted from samples as listed.
A. PCR with primers (LinF1/LinR) specific for Alternaria mali
A-1: Field at Akita Fruit-Tree Experiment Station
Lane P: A. mali (AL-NASA-3); lane Ai and At: A. infectoria and A. tenuissima.
Lanes 17JO-H to AK-87: DCS collected from non-pesticide treated field.
A-2: Sakae and Daigo sorting facilities
Lanes S-2 to S-56 and D-17 to D-42: DCS collected from Sakae and Daigo. Lane
P: A. mali (AL-NASA-3); lanes Col, Co2, and Co3: C. aenigma (MAFF244310),
Colletotricum sp. (AK-94), and Colletotricum sp. (AK-33), respectively.
B. PCR with primers (Coll1F/Coll3Rb) specific for Colletotrichum sp.
B-1: Field at Akita Fruit-Tree Experiment Station
Lane 17JO-H ~ AK-87: DCS collected from non-pesticide treated field. Lane P:
C. aenigma (MAFF244310).
B-2) Sakae and Daigo sorting facilities
Lanes S-2 to S-56 and D-17 to D-42: DCS collected from Sakae and Daigo,
respectively. Lane Am: A. mali (AL-NASA-3), lanes P1, P2, and P3: C. aenigma
(MAFF244310), Colletotricum sp. (AK-94), and Colletotricum sp. (AK-33),

respectively.
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