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2<% (Allium cepa L.) X T ANTFROERTH
D, 3%, =7, == 20U ELORBHEMNE
FnoxxXEAlIumICET LS. (L LToZ~vxF
ORFITA T EFLELEBT YT ThdEEZLN
TW5A. flothf 27 - 25 A IZ 9 Tlcm o7 R THKE S
NWTWTEREEENH 0, BUAE TR B R4 il THibs &
LTV 5 (Shigyo and Kik 2008) . H AT AR
W L72Ds, EERORREIIINRIC A T s, dbifEbHE
ERT AV INPHEANLEZZ ERBEY EEND. 2018
FEORIFHEFRIT 26,200ha, 4F[H 1,155,000t O AEpE R A 75
LEEHRCTHD (RMKEAFRS 2019). E/2pEH
AR, R, EERZR ST, BB EA
AFEITAEER O 6 HlE HHREME Lo TND.
KICHERET 5 HARD X v 2 X BTk LT, Ak o
HIGHRRTIE, BICHEZEHL, EOKbyICIE, &
I L CA 2B L CHMEND (Fig. D).

HARTH v RFIZRATDHET 35 AL TN
5. ZDHH Botrytis BEIC K DHEEN 5 MR ST
BV, 7HD Botrytis J&E H ARG L TWa (NARO
Genebank 2020) . Z 415 O Botrytis J& # O s gl &
iz IER R EIT A S (R - FIP 1939). EnE
NICBRRLHRAEEZH6NTHDEHO0, WLy ¥~
FXOEITHEFEEEZFDL, LIELIEATFROBGO X~
AFXFECTH M LB VEBERORBEEZED Z L b, db
WEIEIC 3B TIT Botrytis BIEIC L > THlI SR SN L
iz THBERF) L L TH->oTWnd. 205 bk
JEE A R0 7 PR G0 S B 1, AR B R O BE 1T L
TULHER - BFEh o % THIET 5 (Chilvers et al.
2004) . UXHERZ I WA BRI A R 2372, 29T
% &Y B EN KR E V. 1970 ERITIE T O IR A5 Row
DALHEE O & ~ 3 FRFEER O B%FE EIZ 54 L CHEE &
HizbH Uiz (3 - M 1981) . 4R TIT B RIS i %
THIRETIERN L OO, 1993 DL IEA % 52 1 2 EHY
RHEMTONEFON D D70 L, EROREHRENR
AENDIHRETHS. LLARNE, KFOREIG I
RIS E D IRIBRI AL HIC OV TIERIARE SR % L,
Z % XX OIREEHANT S B ES 5 TR R PIERD KD
Sz, Fio, JKEBBUROFIFEIZ W TIXEWN T
Botrytis allii Munn & SN T&E 7228, EOHEY EOW
WOWTIHEEL TELT, AU FRADOGFHIZBNT
%, B. allii (XJERE E3%A 23K #E 7 Botrytis aclada Fresenius
LRIFEE e SN T& 7~ (Nidsen et a. 2001). 2003 4
IZ Yohdem & (2003) i B. allii 7% B. aclada & Botrytis
byssoidea J. C. Waker ® /A 7Y » RFETHDH Z L &2

1%

#

i

L, IRLEMNY LZEE LTS 2 a2mE L.
ZOZEND, EBRNORKABUIHEIZOWTS, AR
SNMERIZONWTHD THEFR T2 Z &R BTz,
ZEX 2010 D 2011 AR E T, AbiEE SRR G IR AU
H GERAE) 16 - B v % —T, 2012 55 2020
EFECRPREERREICENT, ITERETHHIKE

JEWURE O3 AEFERE, HEEEOFERER X OBRICET S
A - A T o0, KMEILZZO/-REZ LV E LD
LOTHD.
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a b c d
May |June |Ju|y |August |September |October ~April
Operation | Transplantation forced toppling harvest Storage - shipment

Leaf growth |Vesitative growth _ neck fall

Bulb growth bulb initiation development

Fig. 1. Growth Stage of onion in Hokkaido (e.g. middle to late maturing cultivars) .
a: Onion plants in early June; b: Onion field in July (bulb development period); c¢: Onion plants in bulb development period; d:
Onion field in mid-August (neck-fall period); e: Onion plants in neck-fall period; f: Onion plants in early September (after forced

toppling) ; g: Onion field before harvest; h: Onions sorted and shipped after harvest.
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1. 3R FREBEKRR
X~ XX KA (onion gray - mold neck rot) [X4EF
MO L CUNHES] - RrRh Ok TIRIET D

(Chilvers et al. 2004) . AJFDO HRFEAIZBW T, KET
EBETOEITHENPERIND Z ST EA LR, 1L
HEZIZERDOEIEIR & U CHRIEDER I D, MIFNERT
I DIRESE (R, B FICHIEORE%, B,
SETEEZEICHRL, NEIZEICER»SIKE - B
WS 5. RIREIZRBER O E TA D AT ARG
RO KD IREIRITIFE A LR,

Y- WM (1981) 1%, 1975 4ERi&ICH T HEN D
Botrytis J& 2 (2 & 2 BF 8 B O R IR ERER 1T 5% 1% CTHER
LTCHEY, ZOZL B~ FIKAERIFHETH 5 B. allii
WCEDHDE - EHMELTWD., KFITEAERT 5
ZENRHBNTWD A, REE & ERE U7 IHE% Ol
BRI S Atk 1981), 7z, BIfEOHE 7t
FRRR T T, BTEREES Lo REAFR LTV
V. EBIT, WEEOBEY v XX ~OREIEFHL,
BECITRGERNPRELSEETLILSNLDN, £FH
M ORYERCTIF LM T 2 8T Z L. 54, K
FILHE R L THEZ L L THECTIERN OO, 8%
BINZZRET D 2 & RRE THREICKSZ ~ 32T O
MIC—ERAET D EWENREL RDIAIEELRH DL Z &
No, PG LTERBSND/ETHD.

2. AR FIRBBERRDER

D ETIHEAFOFE & LCB. allii O Anit# ST
Wz, 7 PTICER W T, W ERCREEE 2 £ T gray - mold
neck rot ®JEE & LT B. aclada & 5 < T35 (Zhang
2010b; Hwang et al. 2016). Wi h # ~ % ¥ DO
B & 3 Bl S 0 D M FRIZTE BRI RF 0 L 2R R T
% % (Beever and Weeds 2007) . & & < Botrytis J& & D /%8
IZB T, B. aclada X 2 > DEEMIZE L 50T T —
7 Al & All THERk S 4, B. allii 1% B. aclada ® %7 7 v
— 7 All & B2 S Tx7= (Nielsen et a. 2001; Nielsen and
Yohalem 2001) . Yohalem & (2003) 1%, HEASIIZRFRNT
FERICIES X B, aclada 7 7 v—7 All(B. allii) 73 B.
aclada X B. byssoidea D ~NA 7V v RKFETHDH Z &%
HL, ZhbaBEmfERICE ST LS LT
W LEBELE. 22k, B alliog 7V v MR
%, 3 SO (VAT ATFE R3-U VBT b
Ke 7 —¥%a— R 925 G3PDH, #va vy X7
' 60 % =— K3 % HSP60, DNA (K71t RNAKR Y 2 T —
BY 7=y hll #2— K725 RPB2) 7°5H D DNA ~—

5 A

U AT = ZICHES LSRRI L o THER S TV D
(Staats et al. 2005) .

Z O TR O B IEER 25 & 4y Bl S v D Botrytis J&
& LT, B. byssoidea (F-%MEMHOFE), B. squamosa J. C.
Walker (= Botryotinia squamosa Vienn.-Bourg./]~ F&£% 5 BX
Ji#) B L OB, tulipae (Lib.) Lind 3B ENCTHED,
e <k, BFmh OEER S B, byssoidea 73 43 HfE X
nNazEH%w. £z, 205 b B, squamosa (X AN
JERZSI R T ERETH D L S, ERIVERND
VIR 273 OV i @ Botryotinia fuckeliana (de Bary) Whetzel
(= Botrytis cinerea Pers.) & 2yBE S 5.

3. RMUFREEICHRT 2FEH & EXME
—J57C, Botrytis BE AT LD ETARIRENFI &R
TEEOEMREICK LT, N XA X — LR IEH|

(MBC) T Xk Z2B5FR7S 1970 4R bR HTIT bR
T& 7=, dbfEO X ~ 32 X ICBWTYH, K OE RS

R L TR AL I ZY = VREHITH DR I LK
Fld BT TH 7 73— F AFVKFAINERS LTS
oo RURALIFS =T, B-FTa—T IV EoRI8g
WA T 52 IS XV MINEORRELZILE L, Zhick
ORI RET S ORI, FREAE BT 2
— 7V oo EBMMENKT L TH Y (Davidse
1986), /LTI, B-Fa—7 VU VBB DOEK
AL BE LTV 5 (Koenraadt et al. 1992) . PR 20 TR
DO¥EIEE B. cinerea O & it (benHR) Tix, 198 &
Ho=a RUn GAG (Z/v¥ I V) 6 GCG (77 =
V), GUC (NU V) EHIXAAG (U YY) IZEBESh
PALEE OitPE 2 R T (benMR) Tig, 200 FH D=
RN TTC (Z==AT =) b TAC (Frvy)
WCEHBHIN TN Z ERHE SN TWS  (Koenraadt et al.
1993; Yarden and Katan 1993) . %~ 3% neck rot T%
SRR (Nishiguchi et al.  2000), BLO==2—Y—F
K (Viljanen-Rolinson et al. 2007) T~ XA I XY —)L
it B, allii O LN H 5. £, WEEHARFRE RS S5
IR (Yamaguchi et al. 2002) [ZF8W\TH # ~ 1 X D neck
rot TONRYRAA IH Y —IVIEFEPRE STV D. L
72U, B. aclada & B. allii ® B [AZ>\Ti%, %% Lo
RILo=®, ZHETICB. aclada & B. allii % 1IERE(Z[A]
LTl O SEANTHE RAE A a8 L7z 120,

4. IIRFIRBEBROMER
AR EFHR P OEDOFRIFTTIEL AL ROENT, I
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FERL F s A AT S M7= 28 CIERUER S AT 5 &
IRIEREE LIE LIRS 720, HESsREETHD & &
U5 (Chilvers et al. 2004) . FZBEIC, JLEEICB W TH 3
T O REGE I B8 55 C O e O BRI BE 9~ 2 J0 LS
DI T, BFEERO B AR T 5 2 L2 R E LT
BRI & IR R & CHRANBAT BT Tnad. Lo
L7223 5, 2003 4 OMEFEICEL I LIZFHE Z OB T
Z BT, ZRTHBBPERZMA L2 ET, Thi
S BRI RIE DRESL N KD H AT W=,
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BI3E AVAFREERHEOFELERKR

IR E OISR T DR T <, PE LIS TR
TR Z D, ¥~ FXEIITE D Botrytis J& i 28 &
Yo L CABUER KRB N AT 5 720, IR
ORMDIFIRE OB, Y O RFICE LMo
TIEARBZRE N 2. ALE I BT 5 AR OR AT
1998 T LHE L CLARE, ImHFEIXERFEHIN V. Z Dl
B, RIFORETRE LFIREOBHEBIZOWTHTHELIT
7.

1. &/

AIFIREE O R T DI MITRHME TH 0 IS o kR
BEETHD. Thbb, AFFERSLTMEOEL, K
AR DGR A BEAE IR 72 & DJENR (Plate 1-A, B) %<9
ZERBLLOD, WMo LB % (Plate 1-C) .

AW, TIPS OB EEHICRET L. LU
32 NS AR IR BE DS AE U 5 28, BB IE R R
TE\ (Plate 2). WENHETe L, AKEIRIFELIIIRE -
RO EE L CTHENTICIERT 5. KR CORFEF
SRR Lo T, BRI BB ARk
HEEAL, ta— RRDOKEDNHOEET % (Plate
3). BEEITIEE A0,

2. HAEEBRE

(1) A&

2011 7> 5 2013 £EITIERIET > 15 F 3 L8 2011 A5 2014
FICE RETO 23 FOAPEFIT L0 U S CTREET
BFTE S 7m 2~ R XERIC DWW T, SR IR @I ROE O

FEIE AT Lo, TR TSR IS I T D4 L oo JE IEOE IR 2
DI L, JERCER D & RS BOp D JEIR & B2 L 7 Bk A i3
AL, MEZEIW L TR SRR R A e L, Gz
AREEZ LTSNS KB a7 FHALTHEL, =
YT h 6,000 BRE U CRIBEREERM L. @yl
BTC1E 20124 3 19 A2 4,3 26 AIC3 4, 4 1 13
HIZ3 7 (WPhvd 2011 4FFEHX ~ R ¥ A3 4r), 2013 4F 4
A 10 HIZ 477 (2012 4=p%), 2014 4= 4 A 2 HIZ 3 77 (2013
FEPE) [ZonWTHKFTary7F2 - 80kaMAELE. B
T CIX20124E 2 A 3 HIZA4, 2A 2T HIZ3 7, 4 A
10 HIZ 37 (W3°4ud 2011 4F7E), 201343 A 13 HIZ 3
77 (2012 457E), 201342 A 27 HIZ3 )7, 3 A 19HIZ3
77 (2013 #E7E), 201542 A 3 HIZ 4 77 (2014 4£5E) I
ONWTHE T2 7 1-3E4ME L. M ~<Tlt
# 7 L 20007 .

(2) #R

1) BRI CHE, FHELZVWINOELBENRD L
7o 3L T A5 T 8 FCHAEND TN, FIHEK
IR a7 1SV % T 04 {8, FHT 0.08 i
T o7 (Table 1) .

2) BEHHCTYH, HELZVTNOELBENED S
Nz, 3IMFHMLT23 7 9 FTHRAEND - T-H, FIH
EiZ KB a7 1 EH7 iR T 3, FHT 04
LT o7 (Table 2) .

Table 1. Incidence of gray mold neck rot of onion during the storage period (2011 - 2013, Yubetsu) .
Harvest Date of Number of Number of N umber of Ratio of
year Farmer survey  surwvey containers  diseased bulbs diseased b_ulbs diseased bulbs (%)
per container

2011 A 2012/3/19 54 8 0.1 0.00002
B 80 3 0.04 0.00001

C 2012/3/26 44 0 0 0

D 36 0 0 0

E 50 0 0 0

F 2012/4/13 30 0 0 0
G 40 2 0.05 0.00001
H 24 5 0.2 0.00003

2012 | 2013/4/10 24 0 0 0
J 36 5 0.1 0.00002

K 28 0 0 0
L 26 10 0.4 0.00006

2013 M 2014/4/2 2 0 0 0
N 34 1 0.03 0.000005
0 52 8 0.2 0.00003
total 560 42 0.08 0.00001
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Table 2. Incidence of gray mold neck rot of onion during the storage period (2011 - 2014, Furano).
Harvest Date of Number of Number of N umber of Ratio of
year Farmer survey survey containers diseased bulbs diseased b.UIbS diseased bulbs (%)
per container
2011 A 2012/2/3 2 0 0 0
B 2 1 0.5 0.0001
C 2 1 0.5 0.0001
D 2 0 0 0
E 2012/2/27 2 2 1 0.0002
F 2 2 1 0.0002
G 2 0 0 0
H 2012/4/10 3 2 0.7 0.0001
| 3 2 0.7 0.0001
J 2 0 0 0
2012 K 2013/3/13 2 0 0 0
L 2 2 1.0 0.0002
M 2 0 0 0
2013 N 2014/2/27 1 0 0 0
0 1 1 1 0.0002
P 1 0 0 0
Q 2014/3/19 1 0 0 0
R 1 0 0 0
S 1 0 0 0
2014 T 2015/2/3 1 0 0 0
U 1 3 3 0.001
V 1 0 0 0
W 1 0 0 0
total 38 16 0.4 0.00007

3. REICETIREERDEE

AR AEDFERMZEN K E L, 28T 5 HHITIEE
B, & < ICHEURFTE D DI T TO LN BT
LHELEbNTWS. Fi, EEDOEERRLIEEH T
H5 1993 EITIHEETH 1=, £ 2T, BFICHT L
BRHEKOEEBIZONWTRER, MELL. 2, EoMR
%, B 2 BEBEIZITOALIREIVICLY, INH#ETIZ
X XX OM B ORI B0 MERE X Fu, X O S
(B) DT 5. TOBRIER: - [UHEZICHEL DI L
Tk (k) BRI L TarTFTiFiaShs. 27T,
frmctEom EE A& LTITh B8 0 AFRIHIC &I
EEIZOWT LB L.

(1) EfRLI-BRoOFEE

2012 35 LY 2014 4RIC, ki L7 RN O EE REET 5
7o, BOKICE > THRSGEEZFHRL, BUkofF#Eic X
B & el LT,

1) A&

D20124 5 Ex

WX 1 RHIBSBOKX ERIEKH — I HEm) 7 A 17 A
— 9HTH, 2: EFHEHUKX (BRI —ICHERT) 8 A 5
H—9 H 7 BZ&T, X rRofukEE 2 HWTER
17 Wb 15 45k L7z, aRBRITEmSE T oM L
7o, PEfIX7 A 18-20H, 8 A6 H— 8 HIZAE 71 X 10°

spores/mL LA b 95 [ B 43 E T HR B % 100L/10a "E ZEHE
L7, Wi b EERERIL KL ST o2, RBRITmE
JIT NS TV (PR AE - Tdb s 4 U 2000 1), HER]
30cm, #M 13cm @ 1 [X 552 nf > 3 Ml & L7z, By
LTS D 2 BIC T TOHNRN S RERO R 4 FHAE L

JE5 UK % MELC BIWT L CIR G B BOm 8Bk &2 3t L, 2 [l
OFE DG 2 RIRERE L U, FREERE & 38 Ek 0T
BREDOEF, BEWERWIKEOFEY 4R L. A

20124 11 H 4 H & 201342 H 27 BT~ 7.

22014 5 Ex

WokiZl: BEMMBOKXK7H 1B —-9H 1R (ZEZ% -
INHERT), 2 @ AEBAEBOKK7TALIH—8A 6 H (JE%
P — IR, 3 ABRBHMOKK7TH 25 H—-9H1H
(ERIE KT — I HERT) 2 & 2 3% 1), I A PROBUKEE
ERWTER 17 b 15 5ok L. BROEELY
HEMRT 2728, 6 H 20 HIZ/SA I 20 Bz e =L
BRSO I 2R E Lz, BMIX 6 A 24 HIC KF87
ROBE: RREZ S L4 ~ 32Xk ETEKLZE
B 00) % F W L 72 KAy SRR ISR T D L D ITRI
Rae® T2 T T AF v 7 r— A AN O FIZTd,
FEHWTELZLT, 1 KICHOZHNEDOM 2 AR 17—
2P0, BRI O IC Y SICEE Lo, £72, 7 H 16
ARBIU25H, 250N 8H6H, 13ABLU27 AT,
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KF72 [#ikk & KF87 TH kD4 A IR & S iR S LT 1 H - 947 BoORKKEIL 167mm T, 8 5 HLIKE, #E#
X 105 spores/mL UL k& L, 100L/10a M FERAE L7z, W R H W B R 55 T TORBRE 272
NHMEBEERITHOKEICIT 572, BRI C (Fig. 2). Z D7, %IHOKIK & BEHUK X CHBE O
70 (SRR - TdE 2 U 2000 1), BERT 30cm, #ER 10em AVCRERBNEIRO O o72. LML, 7 A%A
D 1K 6.09 i 33EH & Lz, IFEH L iTE#% O 2 [ PO BOKE GO T R BOK K ORI IX, BRI 58
O TCH RN D RER ORI & A L, R & e O KEMD % LHARBEOERAKR LY S 1o 7z
LU CIKEIFRUOR R R 23 5L, 2 BIOFED GG % % (Table 3).

JREREL L L7z, PAEERER & BmEREII e E 0 A5, 5

SERWIIE D AR L~ J&EIL 2015461 A 8 HE& 4 2014 E

H2-6HIZ AT 7. 2014 FE, RIS BOK ZIT DR o e R HOK KB &

CHEEBKXIE, TEDICEVBERAAREY, 20 2 4
2) R HUSAERAICREI D B L e oTe. ZOSKIET T, £F
D20125 588 W% TR 21T 5 T BRI UK K & #%4-BOKk K To s

20124 7H 17 H - 8H 4 HOK/AKEILZ70mm, 8 A5 N7~ (Table 4) .

Fig. 2. Natural precipitation during the sprinkling test (AMeDAS, Takikawa 2012) .

Table 3. Incidence of gray mold neck rot of onion under different watering conditions (Takikawa 2012) .

Number of Number of Ratio of

water sprinkling treatment Watering period diseased  diseased bulbs
survey bulbs
bulbs (%)
Long-term from 7-Jul to 7-Sep 348 47 13.5
in the latter half of cultivation ~ from 5-Aug to 7-Sep 248 16 6.5
without water sprinkling 366 26 7.2

Onions were forced toppling on 21-Aug. Bulbs were harvested on 10-Sep and stored at 5 °C. Inoculation with spore suspension on
18-Jul, 19-Jul, 20-Jul, 6-Aug, 7-Aug, 8-Aug. Water was sprinkled daily from 17:00 for 15 minutes.

Table 4. Incidence of gray mold neck rot of onion under different watering conditions (Takikawa 2014) .

N . . Date of Number of ~ Number of R_atlo of
water sprinkling treatment Watering period . diseased
neck fall survey bulbs diseased bulbs

bulbs (%)
Long-term from 1-Jul to 1-Sep 3-Aug 305 77 25.3
in the first half of cultivation from 1-Jul to 6-Aug 3-Aug 314 39 12,5
in the latter half of cultivation ~ from 27-Jul to 1-Sep 22-Jul 294 73 24.8
without water sprinkling - 22-Jul 304 51 16.8

From 20-Jun, test area was covered over with vinyl to eliminate the effects of rainfall. The test plot, which did not water sprinkle
water in the first half, accelerated leaf fall due to drought. Onions were forced toppling on 19-Aug. Bulbs were harvested on 3-Sep
and stored at 5°C. Inoculation with screlotium on 24-Jun and with spore suspension on 16, 25-Jul, 6, 13, 27-Aug. Water was
sprinkled daily from 17:00 for 15minutes.



(2) BRELEEDOEER

1) Ak

5, 15 LUV 25 CORYEEREN T 9em R » MIfE X
724 - SEEHOW (HEELRE T d 2 U 2000 1) (2R
HAEWHEEMELT 1AMV RTRELRD, ZT0O%k
REICEBLCERL, BHafia L. BRI Y Y
HA T F A bno— AEXEK(PDA; Difco Laboratories,
Detroit, MI, USA) k 20 CT 2 #EEEL TELNE
KF-Bal4 £k (B. aclada) a1 #&# (1 X 10° {&/mL)
Z AV, HERE 20 B LU0 29 HARICLL F O3 s I © %
A L, W= 100 X X (FREE RIS EEEL X 540
S A X AEEROF AR TRFEL R L. S51Z, 29
B ORI 0 IZo oIy LI (&)

5 150 =

DHEOGHEEIT, FEFEE E SR CE N s s
FROAF TR %2 L L7z, RBRIE 5 BRIK > b x 3
Ry NOBLTITo 7.

RS 0 0, R L 1, NS E T
TER ; 2, b - RACEEIC B % ; 3, KK

2) &R

5, 15 BL U 25 CENEN DML IZI T DRI 138
FE20 HE TS5, 408 L WN71 ThHho7=. 29 HE TIX 6, 62
FBLONT0 & B O YRR O IR 23 @ OE E S 1
Molz. 29 B OBYE®%ITZFEh 70, 94, 88 T, 5
CHFET29 BRIZEMERORVETYH, M ERIT&EN
B TG LTz (Table 5).

Table 5. Infection of gray mold neck rot of onion under different temperatures.

Infection Disease severity Ratio of
temperature 20 days 30 days Infection
(°c) after inoculation after inoculation (%)
5 5 6 70
15 40 62 94
25 71 70 88
non-inoculation 0 0 0

a Disease index 0: No disease, 1: Withered or sporulated on lower leaves,2: Disease on upper to middle leaves, 3: Death

b Ratio of infection was calculated as the sum of disease-causing plants and plants in which the pathogen has been isolated without

symptoms.

(3) EREDFEE

FilE DB A2 T T 572, ZHEIEBOMIEREEZE 27~
PBR GEEMIEX - 18kg/10a, JKAEX : 6kg/l0a) %, 2013
B0 REEZ LT 5720, BIRRY (ZEH,
ERAEKBARAI) % 28 2 7= ol 4 0t L 7=,

1) A&

DEREDFE

) H N BT, BER] 30cm, AR 13cm @ 1 X 552 ni
? 3 HHTITo/m. 2011 45 A 19 HiIZX ~x ¥ (ff
AR Tded & U 2000 J) ZEGICHHE LAk, 8 A 4
HIZH T 1 X 105 {8/mL LA b o> KF87 B 52 i -k v
#i % 100L/10a W& ZEHEfE L7, WEEHREIZSY 123 2 F
DOEOKEE CBOKRBIT-o7-. BIRHZ 8 H 9 BT,
U % 8 A 24 AIZAT-72%%, 90 9 HICINEEL, B
#% 5 CCHPM L7=. b 2011 & 11 A 4 H & 7% O
2012 4F 2 H 27 BICH AL RERO {2 FHAE L, B
KA HMEIC O L CIR B ORI ER 2 5L, 2 BIOFR
BEORFERIFERE & Uiz, AR & BIFRKII2K
WOEF, FIFHERWILX AL D) %77 Lz, Botrytis J& 1
12 &2 AMERBOROD, 6 4 14 B7LT7 V) A

KA, 6 A 29 HAR AL U KkFHl, 7AH183HZ L V%
B AT IVKFOH B LTz

QiEIREE GBRE) OZE

BTN B T, BERT 27cm, BERE 10.5cm @ 1
X 2.7 nf®D 4 58#$H| TITo7=. 2013 4E 5 H 20 Al X~ 3%
T E MG ICBM Ls:, 7TH 160, 8 6H, 15H, 29
AICHE TR 7 1 X 105 fH/mL LA E o> Ya2C H#k &
KF87 Béfk Z % BiR & L 729 Ji i il 0%V i & 50L/10a Mg
FHEML, 8 A 15 HIZYV ¥ — L T3 L7z KF-87 O Hil%
ZLIRIZOE 1/ 4 T ORBK P JIcskE Lz, e
IERKICEF Sy 12kg/10a & FEAR L U Cii L, ZEETH O 7
A 1 B EEREXBAMGIAD 7 A 15 HIZ 6kg/l0a Z R L
7o BRI Z 8 H 9 HICH X, RUIV # 8 H 24 HIZAT-
7ot%, 9H 9 HICWHEL, BERif: 10 CTREE L7z, AT
oo 201441 H 14 A LIPEf%Eo 4 H 3 BICH B4
ERDFE P A A L, BOER A& MEZ BT L C K £ 5 B o6
JRERZ R L, 2 BORFEO GG ZRFEREE L.
FERE L BIFEREBI B E OB F, FEER%IZE O
¥) % 7k L7-. Botrytis J& B2 X A HEEEERE R O BHERD 72 9,
6 H 140707 TF LKA, 6 H29 AR Y KM



BHEH DI 7= IKEIEBOR O RIRE & BiERICE 4 2 b %E 9

Hl, THI3HZ LY X% N AF KK A LG LT-.

2) R

DEEENFE

TR K Iz 3 fé%%%hfﬁ@%é%éwi%mzf
BIR 7 EhEIC KT 5 & B 2 5N D EMIEOEEILR
DO o T2 FHIRXK THEK%IE 19.8, ZIEX T 20.5
EAHELZEN R, BEBEEDOZDVICE D RBF~DE

WITHERE Ligho 7= (Table 6) .

QrEiBEFER GEIE) DEE

2013 AE B EREA 2 4 2 72 3B T, BIRER%IL, B
JBZ2 LIXC 9.2 2%t L, FEZXH OB %1ET71£ME
KEABAHIOBAE 2 X T 11.0 & /e o7z, WLERRIZEN 72 <,
BIEIZ XD FIF~OEEITHIRE Lo -7z (Table 7).

Table 6. Incidence of gray mold neck rot of onion under different fertilization conditions with water sprinkling (Takikawa 2011).

Nitrogen fertilizer Ratio of
R L. L Number of Number of .
Fertilization conditions application survev bulbs  diseased bulbs diseased bulbs
(ka/10a) y (%)
with reduced fertilizer 6 308 66 19.8
with increased fertilizer 18 311 63 20.5

Onion leaves began to fall over on 9-Aug and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored at 5 °C.

The spore suspension was inoculated after watering on the evening of 4-Aug.

Table 7. Incidence of gray mold neck rot of onion under different additional fertilization (Kunneppu 2013).

Growing stage of

Ratio of

additional fertilizer Fertilization Number of _Number of diseased bulbs
- date survey bulbs  diseased bulbs
application (%)
Vegetative Growth 1-Jul 156 11 7.1
Bulb initiation 15-Jul 184 20 11.0
without additional fertilizer - 220 20 9.2

N=12kg/10a of fertilizer was applied before planting.

Onion leaves began to fall over on 13-Aug and forced toppling on 28-Aug. Bulbs were harvested on 11-Sep and stored at 10 C.

The spore suspension was inoculated on 16-Jul and 6-Aug, 15-Aug, 29-Aug and screlotium was placed on 15-Aug.

(4) WUV OEERER

2 32XV, ENEUR L b BN BN D F
TIEMEE IR Re < . ARED D EZEE, i Efofki B2
DERELCHETzmEsE, FEtErzmows 22 M
W2, @, RS 2 EEBEIITEND. L LR
O, AEBETIE, i BNV 2RSS TEIIRE b
JERZfkf S5 2 L 2> TRV IE%(42EBLES Z
ERHDH. REIVENT, RBEOEAELZLL, R
L7 Z v A FESLHHOEN LRHFENMRAT 5%
WLF Z EREESIND. Fiz, REUY BTV RE
LEND LEMBIMNELS 5. 22T, UTFTORRE
1TV, WEHLBEE LRI 2 1 - 2 HEEO -0, H D
VTR S ARG D - R L b 2 AR E & AL
PLCOIEN & i L7z,

1) A&
20124 5%)

[ERER (BoK - E|EERK)

w2 (PERGAE . TJbd 4 U 2000 1) % 5 H 15
HICHESH B UskRs Uiz, #fEi1x7 A 18, 19, 20 H, 8
H 6, 7, 8 BIZ KF72 Bikk & KF87 HEfkO A& Tk (1
X 105 fE/mL) % %% EjR A L C 50-100L/10a " F 4R L 7=,
BRI MER] 30cm, #ER) 13cm @ 1 X 552 i@ 3 j#
HCATVy, ARG) Y REH & HOK O F M4 4 2 72 B IX & 5%
Jiz. bbb 1 REVES GEok), 2 0 REIYEL
(oK), 3 RUIvEH (MEEoK), 4 @ ROV B (M
Bok) L L, INHEIZ—FKICiT-7- (Table 8). IUHERZIZ
JEFZ L 5 °C TR L 7=,
RIFEMTTZOOHKIZTHILTHMNS 9H 7 HETHE
A 17 K5 15 23 2 A2 b o Hok I E T - 7-.
FEIWHAEIIITE RO 1 A LIFE%EO 3 AE2iT 4 AD
2 [T/ T TH R D REROFIE 24 L, 8k Z it
WO L K B RUR R ER 2 5 L, 2 MoOREOH
AR L L. REERE ERBREREIIAEKEOS
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At FEIRERII AR D) 2R LTz,

2013 FIFRFERER (FEHIK)

Hw 3 Xh (R HE - [4bs 740 2000 1) % 5 H 20
HIZHEG IS Lakas L. $5fIX7H 16 H,8 H6 H, 8
A 15 H, 8 H 29 HIZ Ya2C Witk & KF87 1 ik D 75 A 11
IR (1 X 105 fifl/m) % %5 SR & L C 50L/10a " ZHfE L, 8
A 15 HIZ PDA £ (9cm X LMV IIL) THEEL-EEE 1
Kd7= 0 UaK sy BRI ic5RE L7z,

FRBR X I ZBERT 27cm, KRR 10.5cm o 1 X 2.7 nf > 3 5E#
HlTITV, AREIY C AR ] A 28 2 72 BRI A 5% 1T 7.
TR 5 1 ARGV R IR, 2 0 AREID R+
e, 3 MUV EN+HIEENE L7 (Table 9). IY
FER% 132 L 10 °C Tl L 7=.

TR IATRT O 1 H APt D 3 AE721X 4 AD
2 [T T CTH RN REROFFE 24 L, JEIER % it
WO U CIR ORI ER 2 514k L, 2 BIORED &
FHAERIREREE Uiz, AR L RIFEREIT 2 E O
it FERERWII AR D 2R Lz,

@2013FZNIEER (BRK)

H 3 X (EEFE : Tdbd A0 2000 §) & 5 A 21
FIUCIHG ISR Lk hs L=, BRI 6 H 22 AT KF87
BOEE RIFEZHEE L2 ~ 2 XK ETHRLEHE
EaE) ZEICREHT T I AF v 7 r—RICAh
W O LICEYE, BRI THELLT, 1 RicoE4E
DO 2 METIZ 17— A9 o, BB O IC )% 25
BL7. 72, 7TH9RA, 248, 84 9H, 22 I KFT72
R & KF8T HIE D A1l (1 X 105 fH/mL) %%
BIRA LT 100L/10a M FEpERE L 7=,

FRBR X X BERT 30em, KR 11.5cm @ 1 X 5.25 ni @ 3 jE#
HlCATVY, ARYIY & HERE 2 28 % T BRBR X A 3R T
Teob 1 ARE) Y G+ IR, 2 ¢ iRV B+

Table 8. Incidence of gray mold neck rot of onion at different
2012).

5 150 =

FEE ), 3:REIV BN+ IR & L7 (Table 10) . X
FE% 13z L 5 °C CHRYJE L 7=,

AT, RTORBRKIZBWNTT7 H 9 B
30 HETHEH 17 B 6 10 43 X A MO BUKEEE T
KL=

IR AIIATR R O 1 H iM% O 3 HEZI1T 4 Ao
2 [T T CH RN L REROBIE 24 L, JBEEK &t
WY L IR A MUR R ER 2 5 L, 2 MoOREO S
FHERBRERE L L. AEERE & BRI AR EO S
at, TR ERIT S D & R Lz

2) R
@2012& B NIRER (BK - EHK)

BAKICE D RBOMEITR D LRT, F - ZRAETO
R fp o T, WMHIXIZ L > TIRBID IFIHZ 35 L, 1L
ML —HF AT o7& 25, FBFEKRWITHE AR DOBEIIRE Y
XC 135, MRUIVIENXTIL, ME/KOBEHMRY Y X T
72, RUIVEBENRXT 1217 -7, REIY B OB &%
O & ORI EBMRITHIRE Lo 7 (Table 8) .

201353 FRFEER (HEBK)

oo ZRATORBRE -T2, BFEK®%IT, Ry -
ULHE & & WX C 9.2, AREIY EIL - U ] X T 12.4,
Y)Y - L HREOHETXT 195 o7z, TERBIMO
FEWIREID - WL LELE XK TR LBIFNDE -7

(Table 9) .

@2013FEZNIEER (BhK)

WKLo TRBEEL, £ - LREOWMIELEMLETT
DORBRE 2o T2, FEHEKRWIT, ROV - IE L b EIX
T 286, WUIVIE - INHEEHIX T 26.3, REID - U
EHIESETIXT 235 72572, WMERRIZEITHIRE LARd
- 7= (Table 10) .

watering treatment and pre-harvest cultivation treatment (Takikawa

Date of ]
with/without cultivation treatment Number of Number of . auo of
water sprinklin survey bulbs  diseased bulbs  01°¢5¢0 bulbs

P g forced toppling harvest y (%)
with sprinkling Normal®  21-Aug 8-Sep 348 47 13.5
with sprinkling Delayed® 28-Aug 8-Sep 217 18 9.1
without sprinkling Normal®  21-Aug 8-Sep 366 26 7.2
without sprinkling Delayedb 28-Aug 8-Sep 290 35 12.1

a Forced toppling: "normal” is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.

b Harvest: "normal™ is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.

From 17-Jul to 7-Sep, water was sprinkled daily from 17:00 for 15minutes. Onion leaves finished to fall over on 11-Aug.

Harvested bulbs were stored at 5 “C. The spore suspension was inoculated on 18, 19, 20-Jul, 6, 7, 8-Aug.



BHEDH DA 7= X IKEIEBOR ORI E & BIFRICE S 5 bF5E 11

Table 9. Incidence of gray mold neck rot of onion at different pre-harvest cultivation treatment (Kunneppu, 2013).

Date of )
cultivation treatment Number of Number of Ratio of
. diseased bulbs
. survey bulbs  diseased bulbs 0
Forced toppling / Harvest (%)
Normal? 28-Aug / normal’ 11-Sep 220 20 9.2
Delayed®  4-Sep / normal  11-Sep 228 28 12.4
Delayed 4-Sep | delayed” 27-Sep 210 41 19.5

a Forced toppling: "normal” is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.

b Harvest: "normal™ is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.

Onion leaves finished to fall over on 14-Aug. Harvested bulbs were stored at 10 °C. The spore suspension was inoculated on 16-Jul,

6-Aug, 15-Aug, 29-Aug and screlotium was placed on 15-Aug.

Table 10. Incidence of gray mold neck rot of onion at different pre-harvest processing time under watering condition (Takikawa,

2013).

Date of _

cultivation treatment Number of Number of Ratio of
. diseased bulbs
. survey bulbs  diseased bulbs

Forced toppling / Harvest (%)

Normal® 19-Aug / normal’ 2-Sep 315 90 28.6

Delayed® 26-Aug / normal 2-Sep 325 86 26.3

Delayed 26-Aug  / delayed”  11-Sep 300 69 23.5

a Forced toppling: "normal” is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.

b Harvest: "normal™ is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.

From 9-Jul to 30-Jul, water was sprinkled daily from 17:00 for 10minutes. Onion leaves finished to fall over on 6-Aug. Harvested

bulbs were stored at 5 °C. The spore suspension was inoculated on 9-Jul, 24-Jul, 9-Aug, 22-Aug and screlotium was placed on

22-Jul.

4. EE

AU - B (1981) 124k D L, 1975 5 1978 4EITH
AT 2R I B W CGEN O Botrytis J& 12 K 2 1T
JERR D3I ER %S B HitE THR L TERY, ZOLINF
~FFIKOBRRHE TH S B alli ik dbDiE-7z Lt #
HLTWD. 2011 - 2014 4R 22 TIEN O 2 Hilsk 38 77
DEFEZ CTRBPOIFE P ORERNEFTE L 25,
FEABRWIT IR KT 0.0001 &M THRNWIEEICE EE-o
7o, FRAEWIR ISR T D R T O RB e ZRE D 2R
MoleZ einb (F—2RKEBH), HEMMICIIT DA
OREFIMD TLRLHEBLTNWEEEZLD. v RF
32 < OBAEFR—OMSG CHESN S, FHA IR IT A K
OAMELITo LA, ERBHILCTIT-oCTBY, K
B THLNITR S TZHARRN D, APFORAICE G
AT OER (K4, MR, REEER, WHES) 2
WL (TR > T D ATEEMEA RIS S iz

—ICAFOL I ITREZR TR IS E5bd. &
fe Lo OB L2 HUKRBRIC I > TRHMm L7z & 25, 2
RERE B BOKHIFPEWK THRENR L eofe. AFH
A D VI E O BUK O EITRBRIC L > TR,
R O BITHIR E Lo Tz, AIFIC L DI
OISO, 2 I SRR O BE~ DY &
END & DVIXEEOWRRE OB ~DIRAINEZ 5T
WA E &5 (Chilvers et al. 2004) . AKRRBERIZEB VT,
B WREOWOKITIE~ORKYL A, % OBOK L~
DRANERTZ L ZHE L TITo 7288, Ao 6135
RIS ABRRORFMIIA LI TE R o7z, L
U, AfEs IR 208 L 7= Wi i 72 [ R 1 e ik oo i = 8 B
DIAEZET D Z ERR I Tz, 1993 40 %58 EEKI fif
Brcik, TR G W /E3E 0 RIBZ2ENIIN A, &
ERHMDL, REFRIEEPBI TH o722 &b, HEO
HLE S ARy &2 v, YA Lz, ) ST s (e
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WE B 1994) . RIRSCEZMOEHIC LY # <~ F D
EEMEWT D Z L THERMEAES Y, £z, #K
BOMEPEETEHMIALSLT S Aot BN 5.
DX, BEOZDITIIBEREDORGEEMNF ~ x
FOLEBFICOHEL 2L LHRIND. ARBRTIT-
T BOKRBROFRE R, BOKBBARE VI ERENEL o
722D, BARZWERIFEZIMET D B2 67z,
HEAEX CTHR L, WELR-s TREGEEZE LR
T, ZD#% 15 B LU 25 CX THI EERIZFEIFE R D &
Nz, ZoHa, 20 BZICEBTFERLRO LN, H
REM T TR LT MIEOBEITIRBITIZE A ERO B
NRnR, BRI LIZGEA, ETERBSELIHE
bbb, HEE, ZREREELRVELEBZZOND.
F7-, BEREIEE A 2 T O ER & il L2 B S
i, SREOEEOREIL 5 COMKIR TS RO £ £ &k
WS A 2 L b, RIBFF OGO BIBEN L2 -
THWRBPER LIZS W EBRHER S L.

5 150 =

Wi AE fFS KL ONE ERe I A2 28 2 7o R T, RIS
B BEEREIVE IR DR A B D IL S B X TR 72 E i e
WCEET 5 B2 6N 1EMEROBREGIIRD 5NT, i
fE LR & OBEIIER IR o T

Fio, AEEBS T, IR OIFEPICEM»EZ 5
AIFIZIRBNT, BUR HUINHEERNZEF T 6T 5 2
Ladin, ZORHEZBRESAFREH S LTS, KRB
T, AEBL T LI LIEIT b 2 BIR % 0 S o il
ERTIRG Y Z BT DTN BELETH0E 50
ZRET Lo, BB CIRINERF ORISR+ 53 & 72 2 4R 8]
0 DR ST K TIRRIE S NS, ARG D - R L
LELEIERTEL ol HoICHEEN T2 D
KCTRIFNEL Ieo =2 LG, 84O BN #1 [H
OEMYEIZER U, ULHERE D SHE O v 2 D3 O e
ERLEZEZEICEZbOTEHZVWEEZONTE. 202
EDD, RYYOREELED I ENEREER ATREME
[ERIEAREIT =30 gW
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F4E FRE

AFRZ F 1 D R EJEHUFE O JF 1T Z 7 E C Botrytis allii
1FENRHE STV, —F T, Botrytis J&FE O FEIZE
W, B.allii 1 B.aclada NV 7 7 v—7 L4570, il
SRR E T D RN T2 A, Yohalem et al
(2003) 1LBACHY R AT RERIC S & ENENMSIAE & L
TS Z L &#-E LT, AW TIX Yohalem et al. (2003)
OFEERICESE, L ENTRAE LY v XX Offk
JEROREAR 2> B A0 Bt L 7= kR IC DWW T, o EFork,
RE, ¥ L UVPCR-RFLP (Nielsen etal.  2002) |2k % (=
TN OREEIToT2. £72, TORFEMESLHAMITD
WTHRHA L.

1. EEFEMNBLIUREZMALFEICLIBRE
2009 =75 2012 T/ CEN G 4 Mk (e RAIR T,
W), BRIFNBIOHRE BRI T~ FOMx
JEWUER D 10 Bk & S BERZE L (Table 11), Zi b
DHEEIZONT, BEFEHB I OEERENSEICLDH
FE xRk Te. £z, BN RREEERIT T
(NARO) B¥AWEIEY— 27 (MAFF) 3 XUk
SEATBOE N B SR B S N A AT 7 s Y —t
> &% — (NBRC) IZfRfF & CTWiz B. allii ® 2 HEE
(MAFF712062 35 X T NBRC9430) & B. byssoidea 1 i# £k

(NBRC9431) & Z ik & L7z,

(1) BEGCFHEMCEIIBRTE

1) A&
D& A H 5 DDNAH H

A& DNA %, DNeasy Plant Mini Kit (Qiagen, Hilden,
Germany) Z AT, BT 20°CT5 - 7 H &% L= %
MO U=, i L7z DNA 13 50uL @ TE Ny 7 7 —
(10 mM Tris - HCI, 1 mM EDTA, pH 8.0) IZIAf# L,
i £ T30 CTERAF L 7. DNAREELX, 7 Hn—R47F
JVERUKENE DN RO SIZESWT, 0.01 - 0.1pg/pL
DI FREE L7z,

QPCRIZ & BB FEIEIEIRE S SIRBRT A RESE S (P
CR - RFLP)

Table 11 @ Hikk3 X O B. byssoidea ® Mk (NBRC
9431), BLUPETORBGEMKA N L7-. Nielsen &
(2002) (1T ko CREH SN2 HIEIZESHVTAHR MY F 2

¥R T 7 A ~—, BA2f I LU BALr % 7= PCR HliE
ZATo7-. k0 %< D DNA BIEEDEHE LD,

Nielsen & O J7ik% —¥#ckZs LT PCR WA 7 )V & HES0
Lz, A7 V7%, 94 CT3 00, 0%, %
‘CT30BHOEM, 60°CT3I0MRMOT =027, 72
CTL1IHMOME, REZEOMREZT2CE 3 5ME L.

A =T —OHELEICHE - T, PCR BEMEEEY (2uL) 1R
#%3 Apol (New England Biolabs Inc., Beverly, MA, USA) %
WL TR E 10uL IZFRFEL, 37 CTA v Fa— 3
U CIEAE U7, il BRI S5 ALEE %, DNA FE® (5uL) % 1.5%
T A=AV TESIKEI#% GelRed 12 XLV YL, UV
FA4 FTTHME Lz, B 24T >72. PCR - RFLP
WCHSNWT, 3 XFXFOWREICHET D 5 DOR NI F
AREA, LLTF DX 51 PCR EMOEEH L% D DNA B
FrEOENIE- THREISN D, 725, B. aclada, 413
bp; B. allii, 413 bp + 298 bp; B. byssoidea, 298 bp; B.
squamosa, 269 bp; B. cinerea, 250 bp & 72 % (Nielsen et al.
2002) .

2) R

AV FAERNT T A ~—, BA2f 3310 BALr % A
VN2 PCRESIEIC LD, 2KkD DNA T > 7 L— v 5 413
bp @ PCR HEEM NG O (F— X Ems). Apol 12 &
% R EY) O I R R LB, B, allii Z2IREkIZ 2 >0 7
T A (4138 110298 bp) AR L, B. byssoidea
ZWIL LoD 7 T 7 Ak (298 bp) A LEZ. Z
NoOFERIE, Nielsen 5 (2002) OFE—FH L. 5
ik (KF-Ba225, BaFS12-3a, BaFss12-2e, Ball2-6, Bal12-7)
TIL 413 bp 35 L1V 298 bp DX Rz S, VD5
Hikk (KF -Bal30, KF-Ba205, BaFS11-12, BaTH11-A,
BaNW11-a) Tix 413 bp DA DY K3z s (Fig.
3). t-» T, HHk KF-Ba225, BaFS12-3a, BaFss12-2e,
Ball2-6, 3 JU® Ball2-7 (% B. allii, H#kk KF -Bal30,
KF-Ba205, BaFS11-12, BaFS11-A, 3 X 1% BaNW1l-a % B.
aclada TH B EEZONT. £, ZTOFEBRTIE, T
T?D PCR i & & D# D PCR-RFLP 43 §1 C#J 100 bp &
Ny RNBNE, T=—=V 2 7REETFIF5E, 60 Cl
TNy RDBHBEIZ 22 o 72 (T — X EH18). Lizi»> T,
Z UL Nielsen 5 (2002) D7 THILZR SN H D &[]
BEOFER R R R TH D LT 7=,



14 biEE R A AT e RERBREG RS 5 150 5

M 1 2 3 4 5 6 7 8 9

10 11 12 13 M

500bp

100bp

Fig. 3. Apol restriction digestion of the PCR product of Botrytis spp. from onion bulbs.

Lane 1: isolate MAFF712062 (Botrytis allii); Lane 2: isolate NBRC9430 (B. allii ); Lane 3: isolate NBRC9431 (B. byssoidea) ;
Lane 4: isolate KF-Bal30 (B. aclada); Lane 5: isolate KF-Ba205 (B. aclada); Lane 6: isolate BaFS11-12 (B. aclada); Lane 7:
isolate BaTH11-A (B. aclada); Lane 8: isolate BaNW11-a (B. aclada); Lane 9: isolate KF-Ba225 (B. allii); Lane610: isolate
BaFS12-3a (B. allii); Lane 11: isolate BaFss12-2e (B. allii); Lane 12: isolate Bal12-6 (B. allii); Lane 13: isolate Bal12-7 (B. allii)
; M: 100-bp ladder.

Table 11.
fragment length polymorphism (PCR-RFLP).

Identification based on morphological characteristics of conidia and results of polymerase chain reaction-restriction

. . f i

Isolate g;z;z; Geographic origin Com&::)s'ze LB NN % Identification’
KF-Bal30 2009 Iwamizawa, Hokkaido 7.7(1.1)x4806) 16 1-2 413 B. aclada
KF-Ba205 2009 Iwamizawa, Hokkaido 7.6 (1.9) x 4.98 (0.6) 1.6 1-2 413 B. aclada
BaFS11-12 2011  Furano, Hokkaido 72(13)x42(0.7) 17 1-2 413 B. aclada
BaTH11-A 2011 Takikawa, Hokkaido 8.7(1.4)x458 (0.5 19 1-2 413 B. aclada
BaNW11-a 2011 Naka-furano, Hokkaido 11.5(1.5)x4.2(1.1) 13 1-2 413 B. aclada
KF-Ba225 2009 Iwamizawa, Hokkaido  10.1 (1.9)x5.7(0.6) 1.8 1-2 413+298 B. allii
BaFS12-3a 2012  Furano, Hokkaido 10.1(25)x6.3(1.1) 16 1-2 413+298 B. allii
BaFss12-2e 2012  Furano, Hokkaido 9.1(1.9)x53(0.6) 17 1-2 413+298 B.allii
Bal12-6 2012  Iwamizawa, Hokkaido 11.1(1.8) x6.6 (0.9) 1.7 1-2 413+298 B.allii
Ball2-7 2012  Iwamizawa, Hokkaido  10.2 (0.9) x5.8(0.5) 1.8 1-2 413+298 B. allii
MAFF 712062 2 - Hyogo, Japan 10.5(1.5) x6.3(0.6) 1.7 1-2 413+298 B.allii
NBRC 9430° 1971 Hokkaido, Japan 98(1.4)x6.3(06) 16 1-2 413+298 B.allii
NBRC 9431° 1971 Hokkaido, Japan ns - - 298 B. byssoidea
BALd (B. aclada)® Denmark 9.5 x 5.0 1.9 413°
MUCL 403 (B. allii)* Netherlands 9.9 x 5.3 1.9 413 + 298°
MUCL 94 (B. byssoidea)’ Culture of type specimen ns’ - 298"
SAL 001 (B. allii)® - 10.7 (1.5) x 5.7 (0.5)° 1.9 ns
SAL 003 (B. allii)* - 8.6 (1.1) x 4.7 (0.7)° 19 ns
SAL 019 (B. byssoidea)* Japan 13.0 (1.4) x 8.3 (0.9)° 1.5 ns

a MAFF 712062 was supplied as B. allii from the NARO GeneBank.

b, ¢ NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively. NBRC 9430 is SAL004
isolate in Shirane et al. (1989).

d Nielsen et al. (2001).

e Shirane et al. (1989), B. allii was identified only by morphological features.

f Average length X width of 100 conidia. Numbers in parentheses are standard errors of the means. ns = nonsporulating in culture.
g Length and breadth ratio.

h Number of nuclei per cell.

i Fragment size of polymerase chain reaction product after Apol digestion.

j Identification result based on PCR-RFLP.
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(2) MEREHIE
1) A&

Table 11 @ 10 Ei#k (KF -Bal30, KF-Ba205, BaFS11-12,
BaTH11-A, BaNW11-a, KF-Ba225, BaFS12-3a, BaFss12-2e,
Ball2-6, Ball2-7) #K;fiC20C» PDA EC7-14 HH
B LB T2 B S, JREMEE T TR XK
TIEBELL. DETELEYTIV /-2 -T2
4 > K— L (DAPI; NucBlue Fixed Cell Stain ReadyProbes
Reagent, Life Technologies Corporation, Eugene, OR, USA)
T L, B (Bk®H TV 50D ET) A HORBRM
BN CERIL.

2) R

SHEHIELCIE, R COBEKTHERIOHE L, BEEH
TAHZENBEINZ. SETRITE A O EEAELL,
LIELIE T £ =4 LTSI > THlk L=,
DEFITINEE I CTH Y, SETFH EICER S
U7z oy A 1A S S T 00 43 AR R ORI B s & HE 3R L 72

(Plate 4) .

5 ®#Ek (KF-Bal30, KF-Ba205, BaFS11-12, BaTH11-A,
BaNW1l-a) D434 11E, &2 7.2 - 11.5um, 1EAS 4.2 -
498um, NAETOES/ BOHIZ13-19 Tho7z. £
SEFIITL-2HOERS 7= (CF¥) :12). ZhHD5
DOEBIL, PCR - RFLP /3 #1123 T B. aclada & L
Tkl & 7= (Table 11) .

ftth> 5 F ik (KF-Ba225, BaFS12-3a, BaFss12-2e, Bal12-6,
Bal12-7) %, PCR - RFLP &3 #1255\ C B. allii & [F&E
L. AEFIFES 9L - 11.1pm, 1E5.3 - 6.6um, £ &
JIEOHERIL 16 - 1.8 T, B. alli ® 2 >O&RHE L
(MAFF 712062 35 X OV NBRC 9430) (2382 L Cu 7= (Table
11). FREFHIRHEIE, W3 v d Nielsen & (2001) 8 L
Shirane ©» (1989) |2 X o Ttk &7 B. allii # kK & JH
L, mECHAERETR bR o7

(3) "HEOREME
1) B
OEICx T 2mEME

H XX OEETCORBAE LT 57-DI1Z, Table 12

DE kR (KF-Bal30, KF-Ba205, BaFS11-12, BaTH11-A,
BaNW11l-a, KF-Ba225, BaFS12-3a, BaFss12-2e, Ball2-6,
Bal12-7) % /=. 5 Hi® PDA FEMH LU L
AR (ER6mm) # EETUY RozifiZx (U)
Wi OEALE 2 cm) ICE S, 10 COMFTCR# L. &£H
FRIZ 3Bk oBefE L7, R 30 A2 ICER A2 L7z,

QEADEEICKDKERNE

WEA DRI & D~ ORI D 72912 Table
13 OE#k (BaNWi1l-a, BaU2-8, BaK17, Ball2-7) % i
WT, BHTT T 2 —HRO#ERERBR AT o7, 2 )
A4~ 32X % 20184- 5 H 11 HIZ 77 % — (640
X 220 X 180mm) T 12 BT oML (M [ Fm—>
70222)), BAACHEEE LA, TH1IAET7TH 18 HIC, &
AR (10%spores /| mL) & REESMRICHEERE L C—
Bob = A CRWRE 2 - TG A{E L=, 9 4 20 A
\ZAER A IR U CJREL, 5C TR L, 2019451 A 16 H
WCHEIEEIR AT & A I RER 2 B - R ERIC O W T E R R &
H L. REBIT1IX 120 2 #iHH TTo7-.

2) R
OHBEICHT 2HEEHE

KR THN T RCOREKT, BEEsnicy~vxF
DI KFAR T, KR D - 2B G OIERIERZ R L,
THBEMN Y v~ XXX EZAT 52 L 2RL
7o, BERERIZTOBICHEREE SET THDbNL, FHENE
&7~ (Plate 5). B. allii & B. aclada \» "1 DOk %
PERE L7228 b [RIRE O UE IR 278 L 7=,

QE~ADEREIZKLIREAME

FeEE M ORI X X ~DREMEE, B. aclada ©
RPE% DI IRER% AN 41.7, 61.1, B. allii T 41.7, 60.0 &,
WRER] TR ) OEWVITFR O b 7e -~ 7= (Table 12).

(4) EREICEITHIEBLRFERK
1) A&
O&FEBEICB T2 B EDESE
Tablel3 (27~ L 7= B. aclada 6 ##k (KF-Bal30,

Table 12. Pathogenicity of Botrytis aclada and Botrytis allii for growing onion.

Ratio of
. T Year of o Number of Number of .
isolate identification . . Geographic origin . diseased bulbs
isolation survey bulbs  diseased bulbs (%)
BaNW11-a  B. aclada 2011 Naka-furano, Hokkaido 24 10 41.7
BaU2-8 B. aclada 2013  Ubetsu, Hokkaido 18 11 61.1
BaK17 B. allii 2013  Kunneppu, Hokkaido 24 10 41.7
Ball2-7 B. allii 2012 Iwamizawa, Hokkaido 20 12 60.0
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KF-Ba205, BaFS11-12, BaNWil-a, BaTH11-A), B. allii
5 M tk ( KF-Ba225, BaFS12-3a, Bal12-6, Bal12-7,

NBRC9430) #3 & O B. squamosal & i (NBRC9431) % PDA
B (9cm X R UL 25 CHEET) THiEEZE L, 6mm O
NI R—=T—=TH HBHEWEEHET I & 3 OTOH=7R
PDA B:#iicBMiL, 2, 5, 10, 15, 20, 25 B L 30 C

5 150 =

DOIFEETCREELL. 3 HRICEar=—0 2 DI

NWTaNVI R —F—DfxNrbDan=—0uE TOE
HEL, 3 >0an=—0FEHEERPEL LT

FRROAEZ Bl JUOEFBMEE T (40 £5) THERR

. RBRIT 2 EfTo 7.

Table 13. Strains used in this study for comparison of mycelial growth under different temperature conditions.

isolate identification Year of isolation Geographic origin
KF-Bal30 B. aclada 2009 lwamizawa, Hokkaido
KF-Ba205 B. aclada 2009 lwamizawa, Hokkaido
BaFS11-12 B. aclada 2011 Furano, Hokkaido
BaNW11-a B. aclada 2011 Naka-furano, Hokkaido
BaTH11-A B. aclada 2011 Takikawa, Hokkaido
KF-Ba225 B. allii 2009 lwamizawa, Hokkaido
BaFS12-3a B. allii 2012 Furano, Hokkaido
Bal12-6 B. allii 2012 lwamizawa, Hokkaido
Ball2-7 B. allii 2012 lwamizawa, Hokkaido
NBRC9430% B. allii 1971 Hokkaido
NBRC9431% B. byssoidea 1971 Hokkaido

a NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively. NBRC 9430 is SAL004 isolate

in Shirane et al. (1989).

Q¥

Tablel4 |Z ;5 L 7= B. aclada 5 B # ( KF-Bal30,
KF-Ba205, BaFS11-12, BaNW1l-a, BaTH11-A), B. allii
6 Kk ( KF-Ba225, BaFS12-3a, Ball2-6, Ball2-7,
NBRC9430, MAFF712062) % PDA 5 HiCHil5#E L, 6mm
DAL I R—=F—=THLHEWEET Y %2 1 >F o8
PDAHSHIIZEAME L, 25 CHEBR T T L7z, 7T H#&E L 14
HRICKEan=—0Da/)Ly R—T7—0k5 lom Bz
4 SFFICOWT 6mm D 2L 7 R—F — T Hik &, 20mL
DFEBKIZANTRNLT v 7 AIFH—THEHL 30 B
X 2[a]), fav-Z 08 S 7. BB ek G &
U CHEMEE F Tl B4zt lL, ek y—L 2 o
TR TREEFEH L, BT 2R T 72,

2) R

DRBEICEIT2EFLBFER
BARLREETOAEFIL, WO, HkE b 208

FU25CTH - & bEARMEN I (Fig. 4. 2°C

2B 5 EEILB. aclada TORIELS 3 F 4 (KF-Bal3o,

BaFS11-12 ¥ L U BaNW11-a)

THAMEN LSRN -

72 (5 BRICIIFEROAET 2. T — XA . 2 HEiC
BIFAEARADOEBHEIBISEWNIRD N7,

BIREEICBT D5, 10, 15, 20, 25 ClcENEFh

OIRFEIZIBT B, allii 1% 6 E#EH 0, 2, 2, 1HEKET, B.
aclada |%, 5 @Rk 2, 3, 4, 5 W CERAHERSNZ

(T —2EM) .
@255CIZB T dlFHRE

PDA I 25 CHE T CHi# L7-FRIZ 7 A#&IZIE B.
aclada @ 5 k2 T ThFEM 280, B. allii © 6 Fikk
W3 BRI IR RS iERR S 4u7- (Table 14, Plate 6) . =
DA, MR ET B, aclada (5 Fkk 2.2 X 105 {#
spores / mL) “F-¥%)C B. allii (7 ##k 6.3 X 103 spores / mL)
L0 b 5%uKETHEIZZ ) - 7= (Mann - Whitney @ U
SEp=0.0324). 14 ABICITWFES CTORKMA I %K
L, BWAEREDOAELEITRD bR >7-. B. aclada
TiX, BERBAAA D DI C o I A EL B 28 7
bz,
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Table 14. Amount of sporulation of Botrytis aclada and Botrytis allii cultured in the dark at 25 °C.

isolate identification .Year.Of Geographic origin Number of spores/mi
isolation 7 days 14 days

KF-Bal30 B. aclada 2009  Iwamizawa, Hokkaido 2.E+05 6.E+05
KF-Ba205 B. aclada 2009  Iwamizawa, Hokkaido 1.E+04 7.E+04
BaFS11-12 B. aclada 2011  Furano, Hokkaido 3.E+05 4.E+05
BaNW11-a B. aclada 2011  Naka-furano, Hokkaido 6.E+05 6.E+05
BaTH11-A B. aclada 2011  Takikawa, Hokkaido 1.E+04 7.E+05
KF-Ba225 B. allii 2009 lwamizawa, Hokkaido 2.E+04 3.E+05
BaFS12-3a B. allii 2012  Furano, Hokkaido n.d. 3.E+05
Ball12-6 B. allii 2012 lwamizawa, Hokkaido 1.E+04 1.E+05
Ball12-7 B. allii 2012 lwamizawa, Hokkaido n.d. 2.E+05
NBRC9430% B. allii 1971  Hokkaido 6.E+03 1.E+04
MAFF 712062° B. allii - Hyogo n.d. 3.E+04

a NBRC 9430 was supplied as B. allii from NITE. NBRC 9430 is SAL004 isolate in Shirane et al. (1989).
b MAFF 712062 was supplied as B. allii from the NARO GeneBank.

30.0
. boseesseesss
Z 250
RS
IS
E 200
[
2
S 150
<
o
= 10.0
=
o
>
=
5.0
0.0
Temperature (°C)
eee=see B aclada KF-Bal30 eedsee B aclada KF-Ba205 esoinee B aclada BaFS11-12
eeaxes B aclada BaNW11-a eed@ee B gclada BaTH11-A —0—B. allii KF-Ba225
—@— B. allii BaFS12-3a —a&— B. allii Bal12-6 B. allii Bal12-7
—— B. allii NBRC9430 = == B. byssoidea NBRC9431

Fig. 4. Growth of Botrytis aclada and Botrytis allii under different temperature conditions.
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2. [REBEBHRAEDERND M
(1) RRADIRE L »E
1) A&

2011 47 2017 AT, ENO EERZ v XX 8
i (B, hw BREPRT, AR, A RR, W)
W, FNRFET, db R KX OWESINT) o 50 BT, HTE
WD &~ X Ofi 20 BUEIR 2 & E R A BB L 72 (Fig.
5).

B E BT B 7201, KBS S IFHAa 7 1
£y (BL % 6,000 ) OF~xFEREZHFA L. HA
THERRER 2 B L, # ~ % X & HEIC U L CINEE OIS
S L. BEASANS X5 mmIc O, JEEAY
KCHHE L, 1% (w/v) WHEiEFEET MY 7 L KEKRT 1
YR mMEE L, WEARGKT 2 B, WEEKLE
TEBRSEZ, ZRLOUWFZEE9 cm O PDA K #1C
B, 200CT3 - 5 HMEEL, an=—0bERD%
Uiz PDA RIS HE LTz, s3/E TR Rt 5 72012,
SRR A RET 25 CC 14 ARG Lz, BEMBE N CcH—
DT 2 L, #1212 PDA FICB L TR &2 15
2. BHRISERTAET4CITBWVWTPDARXRT > b BT
MERF L 7=,

Yubetsu

{5/9)

Fig. 5. Geographic location of diseased onion sample collection
in Hokkaido.

The numbers in parentheses are the number of isolates
identified in this study (Botrytis allii/ Botrytis aclada) .

2) R

2011 AE B 2017 4 D3EN 8 Mtk o> 50 57 HEREL L
TEEHERIE, KRR T, NEROE G E M D BRUER & R
L, 2 REEOMICITAE»BIKADFERPEIE S
o, XN OBRIIR B EA» b BEA T, RERE

Tt AR A TR R SRR B

5 150 =

NEROFHE EBICHERESND Z ENH o7 (Plate 7). Z
o OFERIE, X~ FIREE ORI T 2 e TR D
Lk & —F LTz (2 1978). bz 8 M5
WEENTZZ O XS e 2~ 32 FOMEXEIUER S 2011
17 3 WEK, 2012 42T 2 FFR, 2013 4£(Z 18 F K, 2014
fEIT 8 AR, 2017 4FIC 58 HEEDOGFF 89 BEikk &£
(Table 15) .

Table 15. Number of field isolates obtained from gray-mold
neck rot in eight regions in Hokkaido.

Location

(city, prefecture)
Takikawa, Hokkaido
Naka-furano, Hokkaido
Naka-furano, Hokkaido
Mikasa, Hokkaido
Furano, Hokkaido
Naka-furano, Hokkaido
lwamizawa, Hokkaido
Furano, Hokkaido
Iwamizawa, Hokkaido
Mikasa, Hokkaido
Furano, Hokkaido
Naka-furano, Hokkaido
Kitami, Hokkaido
Kunneppu, Hokkaido
Yubetsu, Hokkaido

No. of isolates®
B. allii B. aclada
0

Year

2011

2012

2013

2014

2017

OO WOOOFRNNE NOOPR

) - = =
QuiRborrvollrwooBEvoN

total

N
(o]

a lIsolates were collected from one to seven fields in each
region.

Species identification was based on morphological features and
results of polymerase chain reaction-restriction fragment length
polymorphism.

(2) NEEEDORE

1) A&

HIECHE ST 89 EHRIZHOWT, Bk 1. EEY
W HE L B RE A 0 FEIC X 2 T RIE ) L [AERIC L C PCR
- RFLP fi# 4 217\, FARIE L.

2) &R

89 Ffk% PCR - RFLP 347 L7ZfER, 2 o7 v—7
W ENT-. 63 HRIZ 413 B L2988 bp D 25D 7 T
TA U NEERL, 26 EKIZA13bp D 1 ODT T T A
hZ&ER% L7=. Yohalem & (2003) (Z%EV>, Al % B. allii,
#%# % B.aclada & L CENENIEE L7 (Table 15) .
JEN O B. allii & B. aclada ® FL3 1%, 2011422/ 1,
2012 46022 / 0, 2013 4E(2 10 / 8, 2014 4|2 4 | 4, 2017
245 | 1377 7=, 2011 4F & 2012 4E LA B AR R ™ A
L, R EHEE TE R o2 IFIERB OB 2013
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L 2014 4RIl 5 OFE T HAv, 2017 451 B, allii B RE
73 B. aclada 14 #% & 0 S 2 v B S u7e. 2017 ARICIE, 6
il G RRT, =AW, wRET, hE RERT, JER
Hids L OFNFHFET) T B. allii ZMEZ > -0 2% LT, B.
aclada IZVBEBIN CO BB 572, DL H12, HORE
IR EBATC L » TR 5 7.

3. ER

AFBROFEHR1E, B. allii & B. aclada o i J5 A3 b EE
A2 R2XOREFRIFRICEEL TWDH I AR LTINS,
ZHE TABOIEEULERN TIE B. allii O 23 HE ST
Wiz, B. aclada LR TH D Z LR Nz (72
B, TOIZ EITOWTIE 2014 4 OREY IR B2 ALYEE
STHEL (BFHE - WE 2014), BAMYIES BiRICA
JHROEF E LT B. allii & B. aclada ® 2 fENEL#k S D
ICE->TWND).

B. allii & B. aclada (X #h i duifEiE o 8 Hilkk & 6 Hilik
IO AEEE AL, W5 OFEN X~ kXA FE IR I A < AR
LTCWDZERHLMNE R T, SR HEER T
o=, MU TB. allii 23— A T HBEE RO
71% (63 HkK) & 720, ZHuzxt LT B. aclada I3 29% (26
WER) 2otz 72720, mAFORMNE UM H o R
SEESHAZ LI (50 B0 55 3 M),
ROFATFEREBFICE > TR, FALSHEND
P H HYEES LD B, byssoidea % &de 25 DR
b U F A EMERMERE ST 5120, 5% O
RCEVZLL OWEKERET INERS S,

KRFZeCl1E, AEHEOLOR b U F 2 FEEM A2 T L
7o mEER T, BE (1978) MNBRESEAEMICIES )
TH~ RF RO E G ORI Z B, allii & L CHEL
oW, T O TIES CREICE S SEEN A &
TWdo =7z, B. allii & L CRE S EHRIZIE,
JEARSCTEHE 721 TILF B 2SR # 72 B, aclada 28 & £ TV
LAREMEN B D . REFIEIZE VT H BRI B W
T, WM ZTRL DN olo. R &R
EETHARENO Z S ORIFEIROBTED 554 & R
ZIA LM B729IZ, PCR - RFLP 72 ¥ 04y 1AW=
FUEE AW TIKAEOR OWR A5 E$T 5 2 LIXEET
bBHLEZS.

F, ABRIIEFEBHMPOREICEEL, KEND
AZEONTRPIRIE T TRFET 5. EFREFTHM P o8
FAAER CIE, 2 FIZRIREDORIFER®E 720, HE I
ZIEIRD N0l IFEFOREICHY TS 5 Clc
B A8 EOAE B L ORI 3 59 FEIC OV T
H, 2 EOEBEWIRO bR hoTz. Lo LR s, &
BECOAEFHEEA MR L& 25, B. aclada T 25
ClZBT Dl FEREEN RWEBNIZ S - 7. PR

LOVER SN TR WHEO AIFERIZEB W T, EFEOX
TRACITWIRE TORFIER O R S OENR 2 FEORAL
BRI T OO EE 5 X D ELE 2L
n, B%OMABFEND.
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5 150 =

$BOE  MEEOEAIM

AL D # ~ 3 XK AFEROH L, B. allii & B. aclada
OHEGTHEEG L TWHZ ERHLNERSTZ. ZDZ L
DA OIEAILRICE 2 2 EBEZHA LT H720, 3
FNT /T 2 B2 IO W TRER L 7=,

1. AR XYURZRAVEREICKDEF DX
R
(1) A&

B. allii 4 B kk & B. aclada 4 B #k % T, 8 3&#] (Table
16) OEMREICEIT DR E2Z~v 32 FEOU N (4
F) ETHE Lz, 3AN, #~ % XK AN BOE 12 %8
DHD T IK (ZTIF KR (FNV—T4 T =
=AY IVY), RABY RAKFA (Fr—T74%
SDHI), 77 @) —LKfHl (ZFv—74 : DM, A
T BT IR YVERIEOKINE] (F—T 4 B
TT=VV), VYRV AAFIVKRA (F—T4
Qol), F4 77—k AFNAKFAHIF LR/ 2 LK
Al (W Fhb Zv—7%  MBC) &AW, XL L TR
IR NN E ST D LA (=8 7 KAl (7
=T DFFA =N A— ) BRI

S XXM A 2 - 3¢ mIEIZ I L C 3R B & R B
L, 1% (w/v) WHEHMERET b Y U LKEKRT 2 5%
%, FERREOAIKIC 1 R L, B L7z, JHE
WM ZWEARE K TS ETH T Ay v— LITHE, fif
Fu3-OBEKRLE. BREF20CTT7 HMEEE LZREE
Z 8mm O VI R—T7 —TH O, ficot, 20
CTHE L.

*7-, B. allii3 H#k & B. aclada3 ##k (Table 17) &>
WC, BHEERE DA TRBIREZ ZNENERERE LT,
iR ECO/ LY RV ARATAOEE R LT, kR E
LA ) IV BT ARV 2H T -, 5E1
IRBR I, #FEKEZ PDARHIEER T 20 °CC 2 H@FK#E
L, Bon7=mA 1% 1 X 105 spores/mL D L2725 X
2 IR R KIS L C, IR A ALER L 72k i 1opL
WF L.

M5 Bk, 3 DO ICHOW T FORFERE
WTHHAE L, BIEE= 100 X X (FREERIFERMEE A S X
) 4 XA B OFHEXTHERZ & ORFE L E

L7z, SBRIE 2 [TV, FHEERH L.

FEFIERC 0, TR L ;5 1, FEEENICHAICRA
52, WABRZRIBE 5 3, JWBEASME A O HEIZ HE ; 4, JHBE
FEITEARDNREITHLR

(2) #E

ETOEKD, RO ITHREMEZ R L2, N
1% B. aclada T 67 - 92, B. allii T 67 -88 &, fiifiTxt
T D FEMEIRRAREE 72 o 72 RIS HOR IS BN e &
Shb~rE87 T B. aclada T 83 - 92, B. allii T 71 -88
ERRER 7.

B. aclada 35 & O% B. allii i f& 0> £ FRANALER T D F 95 B 13
FREN, TATVFALTI8 - 468 L1021 - 46, B A
HYRT25-42BL000-29, 772V —1LTO0- 13
BLOO, 41X 7 X TARULEBETO - 8B LW
0-8&720, MAHIZIEXTHRBENME T, T
XLT, ZLYFTAAFILTIEAL6 - 83 LT - 83
CENME L ZIERBREE 7. £, XA 3LV —
NRERITHDLTFA 7 73— AT N EXRY ILTIE 88
BLUO0 -4, 5NC46 - 2B L0 - 42 & FBEIFEN
REIEL-SE (Table 16), /7 ECHEEEBSIERICAE
BLTWAOREE SN (Plate 8).

TJLULYFUEAFNE, A ENLT ROFKEA
(Qol) THYH, TOFEMEML, I = FITHD
Frr7ue—LNETEERBFICLDY, S4THE, BFR
MEBIONDEFEAEZMEIT L LSS, Qol HITH
L7 LYV AATF VB LT TORBEE R D
PR Tl L& 2 A, BB EE T B, aclada
0-8, BXUB. allii 0, 725 NI H B % K%M C B. aclada
8 - 25K L U'B. allii 25 - 58 &, 73/ 1R T
ENERIF Lotz (Table 17). A X ) 7 XY T v
AUOVEEKFIA T, WAL OB T H REFEE L 0
TPode. ZORERNL, A 77X T IRUIVERE
ARFNANIW ERE IR L TR EF T2 EE 2 L



BHEH DI 7= IKEIEBOR O RIRE & BiERICE 4 2 b %E

21

Table 16 Responses of Botrytis aclada and Botrytis allii to various fungicides on onion pieces.

Disease severity

. Methyl
Group Phenyl- SDHI DMI Bis- Qol Benzimid{azole Dithiocarbamates Distiled water
name pyridinamine guanidines
Carbamates
Isolete Common ¢ zinam  boscalid tebuconazole _ 9U3Z2ne  kresoxim-  thiophanate- benomyl manzeb Inoculated O™

name iminoctadine methy methyl inoculated

ppm 1000 1000 2000 1000 2000 1000 2000 500 - -
Botrytis aclada KF-Bal130 38 29 0 0 58 88 75 88 67 0
Botrytis aclada KF-Ba205 42 25 0 4 79 88 92 92 79 0
Botrytis aclada BaFS11-12 46 42 4 4 46 88 46 88 92 0
Botrytis aclada BaNW11-a 38 33 13 8 83 88 79 83 75 0
Botrytis allii KF-Ba225 38 0 0 0 71 0 8 88 88 0
Botrytis allii BaFS12-3a 42 25 0 4 83 4 42 88 71 0
Botrytis allii Bal12-6 46 29 0 0 79 0 8 71 67 0
Botrytis allii MAFF 712062 2 21 17 0 8 75 0 0 75 67 0

a Disease index; 0: No disease; 1: Pathogens slightly invade onion tissue; 2: Clear water-soaking rot; 3: Water-soaking rot

penetrates onion slices; 4: Water-soaking rot or hyphae spread over the entire surface.
b MAFF 712062 was supplied as B. allii from the NARO GeneBank.

Table 17. Response of Botrytis aclada and Botrytis allii to fungicides on onion pieces with different inoculum.

Disease severity

Group Bis-
name Qol . Distiled water
guanidines
Isolete Common kresoxim- guazatine Non-
E . Inoculated .
name methy iminoctadine inoculate
ppm 2000 1000 - - -
Spore  Mycelial Spore Myecelial Spore  Mycelial
Inoculum . . ; . - .

suspension agar disc  suspension agar disc  suspension agar disc -
Botrytis aclada KF-Bal30 8 17 0 0 83 92 0
Botrytis aclada KF-Ba205 0 25 0 0 83 75 0
Botrytis aclada BaFS11-12 0 8 0 0 58 67 0
Botrytis allii KF-Ba225 0 50 0 0 75 92 0
Botrytis allii Bal12-6 0 58 0 0 33 75 0
Botrytis allii MAFF 712062 ° 0 25 0 0 58 92 0

a Disease index 0: No disease; 1: Pathogens slightly invade onion tissue; 2: Clear water-soaking rot; 3: Water-soaking rot

penetrates onion slices; 4: Water-soaking rot or hyphae spread over the entire surface.
b MAFF 712062 was supplied as B. allii from the NARO GeneBank.

2. BHBREICLDIBERNDRIE

w2 X ETHRBE LR RVWEFAN LT
Qol & MBC RHEANZSOWT, HHBEEIT->7=. Qol iz
DWNTI, B TORBRITIENHELINLTNWDLT Y F v
A b\ e KR A .

(1) A&

TYXAIREY, FATFF—FATFI, X
D 3IANCDONWT, F— b7 L—7 L7 PDA T IEH|
D FEAPEEE 2000 (IS T L HORELTIRINL, MiE

FizER L. 97720b b, 7Y % A ki v id 100ppm
KB 9T IAXZ—2070T7 7L (T/HR A bt
> 20%& A4, Syngenta) & 4AmM @ ¥R 1-FE (DMSO ik
WD) % 10mL/L N, F4 7 7 F— 8 A FLEINE
IX PDA IZ >y 7Y M KFIAl (FA47 73— K AF L
0% & A, HA®E) %MV 350ppm (2725 X 5 ¥,
N IVER Y b — RKFIAD (R IV B0%E R, EK
{b52) & FAWC 250ppm 1272 5 X D WAL, 437E L7=. PDA
e (25 CREET) CrijEZE L7-H#E (Table 18) % 6mm
DAy R—7—THBHEWEEZ Y2 3 >T OBl L,
20 CREERTFCTH; B L7z, b HRIZKEarn=—0 2 »FTic



22 J0 ¥ 8 ST A T

ONTaANVIR—=TF—DhbDan =—DiE To
EX%HHIL, 3o0an=—D Wi ELHEL LT,
BRI 2 BT - 7.

(2) %R

%R > PDA B - T& kI 9.2 - 41.6mm O 1#4 hE
Fol., TVF AR EYTHE, WINOHEKLAEE
Lo ie., Ny A4 I H Y —/LRHEAITIE, B. allii 13 4

A REERBG WS

5 150 =

HHETTERT LR >=0Icx L, B. aclada @ 4 Ekk
TEF A7 7% —bMAFT99 - 193mm, X/ I/ T
8.0 - 19.4mm D AF & 72 > 7= (Table 18) . & 55H | T, 10
HZIZIEDAETRRN R bz, ZOREN D, B. aclada
D 4 FRIZWT bR XA I XY — VT dH D ATRE
PER W EHEZR STz,

Table 18. Responses of Botrytis aclada and Botrytis allii to fungicides on PDA.

Hyphal elongation (mm)

Group Met_h yl
Benzimidazole Qol
Isolete name Carbamates PDA
Common  thiophanate- .
benomyl  azoxystrobin

name methyl
Botrytis aclada KF-Bal30 11.3 10.6 0 23.0
Botrytis aclada KF-Ba205 9.9 8.0 0 24.0
Botrytis aclada BaFS11-12 19.3 19.9 0 41.6
Botrytis aclada BaNW11-a 10.3 10.4 0 24.2
Botrytis allii KF-Ba225 0 0 0 25.3
Botrytis allii ~ BaFS12-3a 0 0 0 9.2
Botrytis allii ~ Ball12-6 0 0 0 15.1
Botrytis allii ~ MAFF 712062 a 0 0 0 28.2

a MAFF 712062 was supplied as B. allii from the NARO GeneBank.

3. HEERVAMIFAY—IILMHERED S HIE
E

PDA £ #i B¢ B. aclada @éﬁﬁiﬁﬁm éht/\/;w’
Y=L REHNCONWT, 4 EOENOEERE
Tt DIEFFARDE 2 R FE L 7.

(1) A&

2009 END 2017 HENO X < 2 X0 5 oy L 72K &
JERIRE I DWW T, F4 7 7 32— b A F A KFANI 3T
DA M ECRE L. OBERERITE 4 = ook
L, PCR - RFLPITCRIELZHEHED S B, AFOEN
B.allii 1 Bk L B. aclada 2 B Fk% [\ 7= B. aclada 29 &
¥kE B. allii 66 FEEZ MV 2. BEERIE 2009 4F1C 2 K,
2011 412 6 Mk, 2012 4F1C 6 iRk, 2013 4212 18 Htk,
2014 4F 12 8 BMER LU 2017 4RI 55wk A L,
DI e T O EHE R ¥~ 32 XA PEH A & Te 8 MUl (&
BEPTE, PR RERRT, AR, ARG, I, Ao
JFET, AR BT K ONBRINT) THRFRER ISR AR Lz i X8
BIERDN G DBELT- b D Th S,

PDA B2 |- CRiE#E L2 HfE%, 039 - 1600pg / mL
@ 13 B[ (0.39, 0.78, 1.56, 3.12, 6.24, 12.5, 25, 50, 100, 200,
400, 800 35 LT 1,600pg/mL) O F A7 7 x— h A F /L
EICRLEC by YV M KB (FA7 75—k A

FL 70%) Z ¥ L7- PDA E:#fiZ, 6mm o =L 27 3R —
F—THBHWEEZ 9% 3 TR L, 20 CHREET
THEELZ. 7 HRICEIR=—0 2 BFICOVWTar
I AR=F =DM LD an =—DkiE TOE S &
L, 3 o0an=—0FPHERRifke L. R 2
[4T > 7.

(2) #&8

55 MR TE 2 F O T i 1 AR 0 s B & B R o0 M ER ) R
% Table 19 (27~ L7=. B. aclada 29 i £k, B. allii 66 & £k
ERELIZE A, RIKABHILIEE (minimum inhibitory
concentration: MIC) O/ 4ilX, B. aclada Tix 17
ﬁ@%@#melﬂmw/m”%D@uﬁ%me
<0.39 ug/mL & iksifEt: 2o~ L=, B. allii 1% 66 Hfk4 T
TMIC 7280. 39ug/mL =72~ 7. Koenraadt © (1993)
W2k B &, mEmMMERE T 500ug/ mL UL ETAEFL, R
FEMPERR L Spg/ mL TAEFF 5723 50ug/ mL TixAEE
3, EEZMERRIT 05pg/ mL TIHAEBFCTE AW ESELT
W5, ZORKUAEIZFESNT, MIC A 1,600ug/mL % #E x
% 17 @ B. aclada B #ki3m EPE, MIC 23 0.39ug/mL A
T > 78 WK (B. aclada 12 @ K35 & OV B. allii 66 # ££) 1%
ML L7, B. aclada 28 77 fff S Hu7c 6 HUll oo 5 Byl
WT % B < 5 g CIR < Mt B 23 el S vz
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Table 19. Geographic origin of gray-mold neck rot pathogen used in this study and their sensitivity to benzimidazole.

Number of strains

Geographic origin - - -
in Hokkaido Botrytis allii Botrytis aclada

Total S R Total S R
Takikawa 2 2 0 1 0 1
Naka-furano 1 1 0 2 0 2
Mikasa 16 16 0 0 0 0
Furano 5 5 0 10 3 7
Iwamizawa 19 19 0 4 0 4
Kitami 8 8 0 3 0 3
Kunneppu 11 11 0 0 0 0
Yubetsu 4 4 0 9 9 0
Total 66 66 0 29 12 17

a All strains were isolated and identified using PCR-RFLP.

b S: sensitive to benzimidazole (Minimum inhibitory concentration against thiophanate-methyl is < 0.39ug/mL).

¢ R: highly resistant to benzimidazole (Minimum inhibitory concentration against thiophanate-methyl is > 1600 ug/mL).

4. BESRBRICLEEIRNV LT AY—ILTHED

(1) A&

B MR E Tt & 2% L 7= B. aclada KF87 i £k % 7=,
FE)THANORBREISIC 2 DAME=A T ANTE
Z w2 (AR - Tk s 4 U 2000)) %, 2013 4= 5
A 14 BICHEMBEGICBME L, #5070 BlIR%, 41
BB AR elcEFEEE L. L EE (7 A 30 H, 2
X 10°spores/mL), 100L/10a, 2 [@]H 8 A 5 H (4 X 10°
spores /mL, 100L/10a), 3[alH 8/14 (5 X 105 spores /mL,
100L/10a) ). HEFEIT 16 - 17 BRICATVY, &Y AR 3720,

BEMERIIC X v~ XX ESGICHEEHOK Lz, AL 7 A 22 A
BLU29H, 8 A5 HBEIWI3 HIZ, 477 %— b
AFKFOA (S by 7Y MAKFIA) 1000 48,
AR I VKFNE] (FEiR4 - N L— R KFIAI) 1000 g,
TIVT VT LAKFE] (RGi4 o 7 v A RKFEI) 1000
GR A F L F 4L 150L/10a A L7z, 8 A 26 HIZK O i
D 120-140 ER &2 UL f#E L CJRRZ L, 5 CTHFR L, 2014 4F 1
H 16 HICHPERZ A L, FhiEko & Bkt (BhbRAti=
100 — (ALHR X 0D F i k= HEALFR X 0D 3895 Bk =2) X 100)
ZREH U2, RBRIT 1K 12.6 nf o 3HHI TIT - 7=,

Table 20. Control effecttivenes of benzimidazole fungicides against gray-mold neck rot? (Takikawa 2013) .

. . Number of Incidence of Control
Fungicides replicates deseased bulbs . R
survey bulbs (%) effectiveness
Thiophanate methy| wettable powde! 1 129 7.0
2 117 34
3 132 15
Avg. 126 4.0 31
Benomyl wettable powder® 1 127 13.4
2 133 0.8
3 145 6.2
Avg. 135 6.8 0
Fluazinam wettable powder® 1 140 14
2 133 23
3 150 0.7
Avg. 141 15 75
Non-application control 1 135 5.9
2 134 45
3 127 7.1
Avg. 132 5.8

a Highly resistant strain B.aclada KF-Bal30 was used as inoculum.

b A solution of thiophanate-methyl wettable powder diluted 1000 times was sprayed.

¢ Benomyl wettable powder diluted 2000 times was sprayed.
d Fluazinam wettable powder diluted 1000 times was sprayed.

e Control effectiveness= (1-incidence of deseased bulbs in each plot / incidence of diseased bulbs in non-application control plot).
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(2) &%

Bidh b CitE &2 o L2 EfE (B, aclada BaKF-87) % Hi
WCHSE CTEAODREERBR LI L 2 A, Pikrffiiz~ v
T T LAKFFNB T8 12512 DITKkt L, FA47 7% — b A
FOKFIAFIN 21, X3 /wkfuﬁlm? 0 ThbH, RUXA
IE Y LRIEENC BRI FITFE D B le a0 72 (Table
20). ARHFZEIC LY, HECTROLNEZTF AT 7 x—
A FIVIRPED B L~V C bR S 17z,

5. RVALZIFJ—IMEEDB-Fa1—7T )
VB L F R

(1) A&

NRURAIFY = EICEET S ESND B-F = —
7V BT RN D72, B. aclada 6 E %, B. allii2
ERRE H\ 2 (Table 21) .

A REERBG WS

5 150 =

© (2010a) {Z%¢-> T PCR % 17> 7z. PCR FEMIE QIAquick
PCR Purification Kit Z IV CHlift L7=. #i{k L 7= PCR &
WixdbigiE s A7 b s A = AR St Ic o Ty —
J AL, /o BANIMENT Y 7 M MEGA X
(https://www.megasoftware.net/ ) Z W\ T7 714> ~ L,
BEBR 2R BE S 2 & e IR BRSO L7, R D v — o v 1T
DDBJ / EMBL / GenBank (Z LC576599, LC576600,
LC576601, LC576602, LC576603, LC576604, LC576605,
LC576606 & L TR &L 7-.

(2) &%

Fig. 6 (=, B. aclada 6 &£k, B.allii 2 ®HE, FLUZMH
® B. cinerea 4 FHKD f-F 2 —7 Y iEls+F (594 bp)

EAYEAN AR L=, 5 OO (350 B. aclada
BILO2-omB. alliff) 1%, &S0 B. cinerea #£ & [A]
FRIZ, = R 19812 GAG 23 figs8 S 417z, B. aclada @ 3
OOFEEMMERIZ D K 198 28 AAG TH Y, EEMmME

@ B. cinerea SD-2 ¥k LRI U7 -7z, L7z~ T, =2 R

1) E&EH S DODNAHH 198 (ZB1F 5 GAG 7 5 AAG ~DZER R, B. aclada (2 R
FR2 50 DNA O, PDA F#iT 7 HBE# L %némfﬁﬁﬁmﬁlﬁ&%z b,

7-WZ D & R&EHY, DNeasy Plant Mini Kit % I\ CT4T B L7 8 WS TN Ry 200 12 TTC #F L TR

o7z, i L7z DNA 13 50uL @ TE Ny 7 7 —IZIAfR L 0, REEOMMEIZKINT 2 2 K200 D TTC 76 TAC

B0 CTHM £ THRIFLZ. DNA JEEIXT Ha—2A 7L
TEXVKE L CHEFE L, 0.01-0.1ug/ul (2 FH% L 7=,

2) PCRiZHz

B. cinerea ® B-F =2—7 V UEECS], = R 198 —
200 # e L H IRkt shi 774 ~—+k& v b Beb-F
( 5'-CACTGAGGGTGCTGAGCTTGT3") + Bch-R
(5'-GAAGCGGCCATCATGTTCTTA-3) % H T Zhang

Table 21. Strains used in this study for S -tublin sequence analysis.

~DBHIIMER SN2 h o 7~ (Koenraadt et al. 1992;
Yarden and Katan 1993; Duan et al. 2018). = ®Of5HE 1%
R HR E CHRRE O MIC Z R TR N 2o o 2 b &
—FH L.

Strains Year of Geografic origin Species® Culture medium
isolation in Hokkaido assay
KF-Ba225 2009 Iwamizawa B. allii gb
Bal12-7 2012 lwamizawa B. allii S
KF-Bal130 2009 Iwamizawa B. aclada R
BaNW11-a 2011 Naka-furano B. aclada R®
BaTH11-A 2011 Takikawa B. aclada R
BFU1310 2013 Furano B. aclada S
BFU1316 2013 Furano B. aclada S
BaU2-8 2013 Yubetsu B. aclada S

a All strains were isolated and identified using PCR-RFLP.

b S: sensitive to benzimidazole (Minimum inhibitory concentration against thiophanate-methyl is < 0.39pg/mL).

¢ R: highly resistant to benzimidazole (Minimum inhibitory concentration against thiophanate-methyl is > 1,600 pg/mL).
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Table 22. Strains used in this study for Heat shock protein 60 sequence analysis.

d

. . itivi Genotype
Strains Year Region Identification® Senc.lt“.my for _ty.p b
benzimidazole  description
KF-Bal30 2009 Hokkaido Iwamizawa B. aclada HR® E198K
BaNW11-a 2011 Hokkaido Naka-furano B. aclada HR E198K
BaTH11-A 2011 Hokkaido Takikawa B. aclada HR E198K
BFU1310 2013 Hokkaido Furano B. aclada g Wild-type
BFU1316 2013 Hokkaido Furano B. aclada S Wild-type
BaU2-8 2013 Hokkaido Yubetsu B. aclada S Wild-type
KF-Ba225 2009 Hokkaido Iwamizawa B. allii S Wild-type
Ball12-7 2012 Hokkaido Iwamizawa B. allii S Wild-type
NBRC 9430° 1971 Hokkaido B. allii S Wild-type
NBRC 9431F 1971 Hokkaido B. byssoidea S Wild-type
a All strains isolated and identified by morphological features and PCR-RFLP.
b E198K means point mutation at codon198. Amino acid position 198 changed from E (wild type) to K.
¢ HR: highly resistant to benzimidazole fungicides.
d S: susceptible to benzimidazole fungicides.
e, F NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.
Species/ strain Sequence
Name | cadon __ j1o8 _ 400 e
1. B.allii KF-Ba225 (S) CTCTGACIGAGIACCTTCTGTATCGAT
2. B.allii Bal12-7 (S) CTCTGAC|IGAGIACCTTCTGTATCGAT
3. B.aclada KF-Ba130 (R) CTCTGACIAAGIACCTTCTGTATCGAT
4, B.aclada BaNW11-a (R) CTCTGACIAAGIACCTTCTGTATCGAT
5. B.aclada BaTH11-A (R) CTCTGACIAAGIACCTTCTGTATCGAT
6. B.aclada BFU1310 (S) CTCTGAC|IGAGIACCTTCTGTATCGAT
7. B.aclada BFU1316 (S) CTCTGAC|IGAGIACCTTCTGTATCGAT
8. B.aclada BaU2-8 (S) CTCTGAC|IGAGIACCTTCTGTATCGAT
9. Botrytis cinerea strain SD2(MG949128) CTCTGACIAAGIACCTTCTGTATCGAT
10. Botrytis cinerea strain Bt4-1(MG949125) CTCTGAC|IGAGIACCTTCTGTATCGAT
11. Botrytis cinerea strain GCY004 (MG949127) CTC TGAC|IGCGIACCTTCTGTATCGAT
12. Botrytis cinerea strain B20 (MG949129) CTCTGAC|IGAGIACCTACTGTATCGAT
Species/ strain amino acid position 190 198] 200 210
Name SVHQLVENSOEfTFCIDNEALYDIC

Hokkaido.

1. B.allii KF-Ba225 (S)
B.allii Bal12-7 (S)

2.

3. B.aclada KF-Ba130 (R)
4. B.aclada BaNW11-a (R)
5. B.aclada BaTH11-A (R)
6.
1.

B.aclada BFU1310 (S)
B.aclada BFU1316 (S)
8. B.aclada BaU2-8 (S)

9. Botrytis cinerea strain Bt4-1(MG949125) ..
10. Botrytis cinerea strain GCY004 (MG949127) . .
11. Botrytis cinerea strain SD2(MG949128)
12. Botrytis cinerea strain B20 (MG949129)

Fig. 6. Partial sequences of the j -tubulin genes of strains of Botrytis spp., strains of onion gray-mold neck rot pathogen collected in

a DNA, b Amino acid.
DNA sequences of at codon 198 and amino acid position 198 is boxed 1 - 8 Onion gray-mold neck rot pathogens collected in
Hokkaido , 9 B. cinerea strain SD2 (highly resistant to benzimidazole), 10 B. cinerea strain Bt4-1 (sensitive to benzimidazole), 11

B. cinerea strain GCY004 (highly resistant to benzimidazole), 12 B. cinerea strain B20 (moderately resistant to benzimidazole) .

v
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6. NVRAZHFY—ITitEkEST Botrytis
acladad) Z AR R4

SRR S B &4 D B. aclada & it 2s /oA
STV B, allii DERNSEERICSDWT, B-Fa—7
Uyt —hvavrrarAr (HSPEO) #Eix
T OHIFEFN D O RIENT 21T > 7.

(1) A&

B. aclada 6 B £, B. allii 2 ik & NITE 2 3##k o B. allii
1 HEFRIS £ OV B. byssoidea 1 & ¥k % v 7= (Table 23) .

B-Fa—7V  BIEFIZOVWTIE, AR 3. FEEEN
VRA XIH Y =)V O Gy A BEEE TS S AT A A F
[AY"

t—hvavrsruasA OSSN EEET S X9
@i annr s394 ~—+% v b HSP6OF
( 5-CAACAATTGAGATTTGCCCACAAG-3) -+ HSP60r
(5-GATGGATCCAGTGGTACCGAGCAT- 3) (Staats et al.

2005) % V>, Staats & (2005) ZfE>C PCR Z 47\,
A 3. BFE &N X 2 — VTR O 45 A B &
FIRRIC L CHRRRSN 2157, & o=y I3 s> ~7 b
MEGA X (https://www.megasoftware.net/ ) % H\C7 7 A

=

=

5 150 =

A2 hL, BRI % E ek 2 R L CRoBIEIC &
D RFRAEER L7 (77— A ~Z » Zf# 1000 []) .

ZMRELY| L LC, DDBJ 25 B. cinerea ® 4 E ik, 7 v
k7 L—=7"& LT Monilinia fructicola & 1 kD E S % 15
7.

(2) #8

B-F 2—7 U viEfnf5E D 594bp F5 LY HSP60 &
{5tk 1,058bp DELFIZ 1S, 2N OB DOES]
WCESWERHM 2B LTz, B-F =2—7 Y v iEfa T8
#1Z B. allii & B. aclada 4 C CIHFICHFREMERFmL, F
#offCik, B. allii, B. aclada ¥ X U'B. byssoidea 1 F##k
EE K& 727 L— RIZBWT, B. aclada O ik & &
=M B. allii, B. aclada ¥ X U'B. byssoidea % 731+ % /
— RW™FEE L. &/ — ROBREEHZLN- 7=, &
EIZHWZ B, cinerea X Z NN XA 2 F S — Ui
PEIZB D 2 BERN RS, F—007 b— FRIZAE
L7z (Fig. 7).

HSP60 i& {n - B JE5 < Rt T 6, B. aclada O ifi
PERR & B Mo B, allii, B. aclada 35 X UYB. byssoidea %
BRI ) — RMFAE LT (Fig. 8).

B.aclada BaU2-8 (S)
B.aclada BFU1310 (S)
B.aclada BFU1316 (S)
B.allii Bal12-7 (3)

B.byssoidea NBRC9431 (S)

L B.alli NBRC9430 (S)

2 B.allii KF-Ba225 (S)

—— B.aclada BaNW11-a (R)

B.aclada BaTH11-A (R)

B.aclada KF-Ba130 (R)

Botrytis cinerea strain SD2 (MG949128)
‘— Botrytis cinerea strain B20 (MG949129)

9 \ﬁ:trytis cinerea strain Bt4-1 (MG949125)
Botrytis cinerea strain GCY004 (MG949127)

-

o0.010

Monilinia fructicola AY283678

Fig. 7. A phylogenetic tree based on f -tubulin partial sequence of Hokkaido isolates of gray-mold neck of onion and DDBJ

database.

NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.

Monilinia fructicola was used as an outgroup.
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Fig. 8. A phylogenetic tree based on HSP60 partial sequence of Hokkaido isolates of gray-mold neck of onion and DDBJ database.
NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.

Monilinia fructicola was used as an outgroup.

7. BE

ARRBROFR, BT 5%~ ¥
DRy A I E Y — )UIPEDR R S 7. R E R RS
FH% L, B. allii 66 fRIX T N CTEZ M - 7228, B. aclada
D 589% (29 @ 5 6 17) X@ENMEE >, 2o &
e, AN B, aclada A TEWNIZIAL DT 52 &, B
X OB, allii & B. aclada T2 XA I XV — Uitk o %
HBIZRRD ZERHLNE o2, &BIC, FA7 7%
— R AF e I, BERABRTHRB TN EE
R L.

B. allii ®_X> XA &Y —)VilittEix, EWN TR
(MR 5 1978) & ==2——F > K (Viljalinnen-Rollinson
et al. 2007; Khan et al. 2010) THEINTWBHR, &
H OO T HIRREREN ISR E STV 2RY. 2
DIz, KEFIEIE, Z~FFREABEIFHEIZ OV TR
AA K —)ViitEEHE T % B. aclada % 4y 7AW T
EEHOWTERICEE LZRINOFEHTHD. £, W
FER] OB AT EOENEHA LT Ll L LTHY)
HTThHS.

RURAALIBES = VEB-Ta—T7 Vo F 7 EITH
HT DL CREEEEFBET 203, MO K TITk
AL B-Fa—T7 V) HOMERMMEDOKR T 2R 9
(Davidse 1986) . 43+ L ~ULTlk, B-Fa—7 U Viltfx
T O K198 128155 GAG 7B AAG ~0 1 1 FLiE s

PN e

%, B. cinerea # &< DN A A I — LitPED %
IRE CHE ST 5 (Koenraadt et al. 1992; Yarden and
Katan 1993; Ma et al. 2003; Maymon et al. 2006; Zhang et
al. 2010a). Z Z TI%, B. aclada & & EMMERED B-F =
=7V UVBBETOa Ry 198 OERIZEY, T R
TNEI VNS ) VATEE MDD 5> TWND T & EHER
L.

FHE T 7R —RAFLETSZ N T 2 IV T DRSS
Thr7 v s—KmMA (GEETFTA 77— ATV
525%F LN b7 = VT 125%, AAREE) |
A~ FFXIROSEIFCBERDH D N-7 = =)L 1)V /R A —

REHEAITHD. — RIS, NURALIZY —LDEE
MR, Y b7 = B TICEZMEDNB D (Leroux et
al. 2002). L Lens, YERTZz 2 AATIIRLT
ZEMMEEZ AT 5 B, cinerea DX XA I Z Y — Lt
74—V RoBEE S i £ v CTuvvd  (Malandrakis et al.
2011; Meng et al. 2015). == R 198 245 2 DD Rk
FAIOEREAI TH O, 2 K> 198 12815 GAG b
AAG ~DEMNRE 2Ty b7 = BV TITR L
TRAEMEZFTT 2 ERHALMNICR- TS, RIFSE
TER AL I XY = VIHERRIZOWTY 2 b7 =
N TR EITRBR Lo 728y, REFETH O B
aclada DX XA I H Y —LPERRIZY = 7 = L
TR =M E & R T algetE N & 5.
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A - B (1981) 1% 1980 4ERIZICIEN D X ~ R ¥ K 4
FEWUR DA IR ER% S 5%RI1# CHER L Qe &t LT
%, Fox HEREL7T- 2009 - 2017 4E DO FE TIX 5% a2 B2
L X0 RELIIRO N0, RFFEIZEIT S
B S akBR ¢, SKANMHE B. aclada D HEFESA: T TR X
A XX =NV RIEAN OB N EF L IR o7z, JE
WCIRMHPEE AL 0 LT B bbb 6, AWK
NI L TWARWERIZOWTLLIT ’%%?u"

EHRE T, ¥~ 3 05 A EaICHICBRE S -,
«/z4 &/~»%a@éiéi&¢ﬁ%ﬁ@“#ﬂ

S, INHERTO 7 - 9 HITECm S (s 5 2017), Botrytis
Emiéﬁﬁﬁfik% JE % S 52T LT BER M T
NTW5E., ZDe, XX A X — )L LI D% E A
28, R O AR AE S 2 Hidek b PR 6 S5 O & SR B )
LTWhEZx LD, BIED & Z ANPEEFE A ICER
T 5 REEFHR DL IR O HILTWVRWNA, AFERSCH
WIZ XL > TIEB. aclada O EIGREL D Z &b, AKAf
FEORERITA % EFEEICEEEEZE=2Y 7 LT
W BN RIS STz

B-F 22—V VBB THES DDAV R KA T
W, OMRPERE & B ERR A T D ) — RBMFEEL, 2 Ry
198 LASNC b MFPERE & 82 MR AR A0 I BEBE AN BE L C
W5 Z L &R LTz, HSP60 FhA3ALHINs b 15 B A7 SRt

BWTGH, MMYERIZBEER-IC 00 b FREZ DK 6
TE&U@I@ B. byssmdea Lo s T A2 —IZE LT
IO EnD, ENTHRI S VZIE B, aclada £ 1% ¥ ~
z%w%ﬁ%ww%@ménérﬁmwr EE AL
WIS 5L % o T BRI kT 2 ATREE S RIB S T

5 150 =
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FOE ATYRFTOEFTRT—ILRERZMH

K~ 3 PR AL O 1 AR BT R o BE LSRR U T RE
o - By @qﬂ@ﬁﬁ%f%r?é(cmlvers et al. 2004) & &
BN, KFROBEKRBEICENT, FEEIEICE R

BENHZ LT ik/uk?ﬁt<, U FEE 1% (2 Bk 0D JE5 U
R U TRIEDHERIND. AFOBEGENLRFIZED
BRIBCRAELRMEIT OV TI AW Ry N Z VN, ZhE
THIBRIEE, A 5 1 O BRI A & I AT IS B8
EPNTVD

RIFFTIE, RO RSRERZBEST 2720, ¥~
FEXNAFIELRE LTV SEFT AT — V2 WL
T 5L HHME L THRIFMIE~OERERR 21T o 7.

\

BIERGLOEVARKBICRIZTTEZE
(1) Ak
2012 A ZHEN T OB IZ BT, 1 X 30 Kk 3 il <17
©7-. 5 A 19 HIZ/ER L (AR« TE+ 24 U 2000)),
AR 2 QBRI RWIHEFEXIZ 7 A 18 H, ORFRMRIIHEE
Ki% 8 A 9 HIZAT o7z, EFEEALITWVTH BEITAT W,
B E LAZEE 3 EY—E a2 LT o8 (P74

%)itﬁ%hSd%m%é@%%K%%ﬁﬁE:WTl
HYE L, YArlc o AR s g4 2 & 5 1
PERE L7, BEREJAIX PDA CEAREGH - © 2 WP%Lti
& (KF-Ba205 [ k% : Botrytis aclada) 75 4341 % [A]UY,
106 fE/mL (2 FH%& U 7= 04 IRl & VO 7=

B TiE 8 A 4 HIZER aE Y, 8 A 11 B IZHEIRAI
Llpotz, RO & 8 H 24 HIZITV, 9 H 9 HICILHE,
JER% 10 A 3 A5 5 CCHTM L7=. 320134 1 H 23
AICAERZ BT L, F89REk% s B L.

(2) #R

FERZ Table 2312/ L7=. BWWRILT7T A TROERER:
FEXC 10.1%, ZLEFEX T 4.4%, 8 A LA oXEsHmE
X T 1.1%, HELERMX T 22%72>7-. ERERMHD 7 A
THICERICHER L K TREEPR D E o7, WTh
DK TE B3 B - BEEG IS AR 72 18 - A1
ALl oTo. WAL O BERR IR O $E e BERE X T b AT Rk
XTRIEND DY, 7 - 8 A OLEITEYE U 75 5 AN I
REICIEEH - BERICEE LBHICEDL Z R ENT.

Table 23. Incidence of gray mold neck rot of onion at different inoculation times and site (Takikawa 2012) .

Growth stage Inoculation  Inoculation Number of Number of . Ratio of
. . . diseased bulbs
of onion date site survey bulbs  diseased bulbs %)
bulb development 18-Jul Leaf sheath 89 9 10.1
18-Jul Leaf tip 90 4 4.4
neck fall 9-Aug Leaf sheath 90 1 11
9-Aug Leaf tip 90 2 2.2
non-inoclation - - 89 0 0

Onion leaves began to fall over on 4-Aug and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored from 3-Oct at 5

C.

EEEIENARRICRITTEE

(1) Ak
BRI, 2011 B KO 2012 i, TR TITo 7
(HEBGAAE ¢ TEd 2 L 20001) .

PERATARE & L C KF-Bal30 (B. aclada) # JHu 7o, #57#
I%, Botrytis J& HIZ & 5 FEEIERLE O w13 H] T & 5 B
#1 A% G, ERIEKRBRAAE, BRI KH, @R, @
R, BIRHT, RYIY W I OUUHE B AT £ TO AR
O3 E TR OME BRI X VT o . BEREIR O BRI
Bleo T, ¥vAXEOEA LML, ToOUMHE

IZ, PDA H5#iT 20 °C 2 WRIKG#E L TR S iz BT
FUEGHM L, SHHEXE 15CTHE L TOAE TS
W7, SEFIEEEIT 1 X 105 sporesimL PL BIZFHEE L,

Tween 20 % 0.02% (viv) (Z7¢25 X 912 LT, 100 mL/
m (EEEFICLD X~ RIXERFDICENDIE) B
ERICEFEER UL, BEREEABTAT—VEIC, 3 BH
feiT TI7Wy (Table 24, 25), #EFEMAIZHERFELEE L.

Fio, BENRHEDEREOBEGICET L Z ENBRES
Nizied, OB EMA 57-0I12, 201144F1X7 A7 H
MNH9 H1 HET, 2012 2137 A 17 H»5H9 H17TH
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INFE% DX <32 F 3 L5 CTHFM L7z, BrEasd
D 1 ARRERICONWTHBIN ORI OREEZRAEL, &
JER D F 2 MELZ GI T U C PR 288 OB F8 9 Bk 2 318 L 7.
FrTRAS TIRARPE B, TR AT A T4 5 3-4 H & L,
T RTOERAERAZOIW U K EEOR TRk A L, 2
BlOFEDOEGFH 2 FHWERE & L CRWER®wE FH L.
PR A JE B OFEIR D3GR DAL T BRIE, BBy DK E S

5 150 =

WZED LT TIPS L7z,

(2) &%

2011 AR IXERAERBH A E — BRI O BEFE I K 0 FhiEk%
Ny, WOV EOMICARERENRRD BN
(Table 24) . 2012 1%, ERIEKHIOBRIC X 58013
WM 2N S 7= (Table 25) . £72, WO T,
A B W O R 8 8 B O IR SRR BT, ARIC X
DRIEI 2o Tz

Table 24. Incidence of gray mold neck rot of onion at different inoculation timing (Takikawa 2011).

. Number of Number of Ratio of
Growth stage Inoculation . .
of onion date survey diseased diseased bulbs
bulbs bulbs (%)

bulb initiation 7/11,12,13 287 96 33.8a
bulb development 7/25,26,27 326 131 40.1a
neck fall 8/10,11,12 362 108 29.7 ab
after forced toppling 8/24,25,26 322 17 52b
just before harvest 9/6,7,8 323 48 14.8 ab

Onion leaves began to fall over on 4-Aug and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored from 3-Oct at 5

C.

There is no significant difference at the 5% level in the Tukey method in the sections with the same lowercase letters.

Table 25. Incidence of gray mold neck rot of onion at different inoculation timing (Takikawa 2012) .

Growth stage Inoculation Number of Number of . Ratio of
of onion date survey diseased bulbs diseased bulbs
bulbs (%)
bulb development 7/18,19,20 251 34 135a
neck fall 8/6,7,8, 253 14 5.6 ab
forced toppling 8/21,22,23 271 9 35ab
just before harvest 9/3,4,5 248 11 4.5 ab
non-inoclation - 239 1 0.4b

Onion leaves began to fall over on 2-Aug and forced toppling on 21-Aug. Bulbs were harvested on 10-Sep and stored from 5-Oct at

5C.

There is no significant difference at the 5% level in the Tukey method in the sections with the same lowercase letters.
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KT, BEREMALITIESE L 0 bR IET < O BERS T RE Bk
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ER A A 01 DA 00 it S5 e 1 B R RS B LS S 72 28 B 2 &
RERT.
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AIFILE 3 TR LIELIIC, EHFESFHEL THRVR

DS 5. bbb, I OZEIERI R L5 DR
A75>6 ISUFEE T 2 B B o R A & L 72 SR AN 23 72 S
TWDHIRPLICH D, 3H 6 BTRLIEE I, RFROLH
W2 D72 3 2 YR 11, f&ﬁﬂ?ﬂﬂﬁ‘*ﬁiﬁ%LgﬁuJ:U b, R
HERBHGGEH — BRI CTH D Z ENW BN L R 2 & o
b, %38 % BT 5 72D O Zh IR B BRIEME T h) 1 SEA
WA 2 /et L7e. ARBRIC I B SRS C oD i - TR Hi i
WBRFAHTH D00, I~vFXOEFAT— ViR
L CHEMEIT-T-.

FHNEAAT DT NORBRTH X~ F X0 FE AR
G E T D HBERERR O Y FE 2 S B AA Lz, &
TIX I BETERG T & PR 0S5 O 0D i 5 (2 B 3k D & 2 HE Al 20>
BIEW, 7TV KAl BEWmAL 7o YA Rk
) 1000 £, 7 LY &b AF LKA (g 0 X
N7 — RKFaFl 1000 %, RAZ YU RAFAF (FEdm4
BB ART A 7T 7)) 1000 %% VT, 150L/10a
(BEFIE LTI SIA) &8 L.

B, RURAIXY =IO ER NS, F A
77 F— b AT VKA (P4 0 by 7Y MAKFRAD
BLOR I KAl (RER4A 0 X2 b— RRFIAD 1%
R LanwZ & e Lz,

ERIBMEFS EBRIE

(1) BROKEHTTOHER

1) Ak
®2013£}E5§J|I§f%ﬁ

5 H 21 HIZ@ER L, #HMIX 6 A 26 HIZ KF87
(Botrytis aclada) D E % 1 XKIZD>ESE D 2 HFTIC
=20, RBRIX OB ICHEICRE L, 7 A 9,10,24
BIO25 H, 260N 8 A 9 BLU 22 HIZ KF72 #
(Botrytis allii) & KF87 £k d 2y 4+ Mk (1 x 10°
spores/mL) % & EJRA L C 50 - 100L/10a M FE42FE L 7=,
FRBR X IR 30cm, #ERE 11.5cm @ 1 X 14.4 mi @ 3 #
ELT. BIRIZ 7T H 24 BICHAED, 8 A 12 AICIREIY
ZiTo7-. 8 H 27 HIZUHER%, MEZL 5 CTHFM L7,
WA A B &4 B OMHEFNE Table 27 128 Lz, &3
FliRER FEsms - 77 328) % 3000 5 CTHALT
WA L.

#2014 4E 1 H 15 B L 16 HICHFEGRF O 2EKICO W
THBIDLRFOAMEREL, 4 A 28X 3 HIE
ERZHELC BT U CIK B Om 28 Bk & 51 L 72

@20134F &)l F FF 5L BR

5720 HIZEM L, #fMx7 A 16 H, 8 A6, 15, 29
HiZ Ya2C £ (B. aclada) & KF87 ¥k Doy Tk (1
X 105 spores/mL) % %FEIEA L C 50L/10a " ZEHEME L, 8
H 15 HIZ KF87 ®E % PDA | (9cm v v —1) TH:
BL, 1KH7Y V4B, AR RcskE L. 3Bk
PR 27cm, #KR 10.5cm @ 1 X 432 nf D 4 #H & L
7o, fEMRIZ8 A5 HIZHEED, 8 A 28 HIZIRLIV 217 -
7. 97 11 AICIkER, Az L 10 C Tl L 7=,

TR OWATA B &4 A oM FEAIL Table 27 127" L
To. BIEANTRAEH (4 77 3I0S) & 33835 T
A L Clctr L7=.

2014 4 1 A 14 BIZHFRGEF O REKIZHOWTHEIN D
HKFOFEEZFAEL, 4 H 3 BICEREREHHZUIT LK
B ISR I Bk & B L 7=

32014 3| FRFEABR

5H 14 HiCEME L, #Mix6 H 248, 7H 17 H, 8
A4, 12, 27 BB L9 H 10 HIZ Ya2C ¥k D54 T 1%
7% (1 X 105 spores/mL) % 50L/10a M5 FE#efE L7-. Rk
KiT1X 4320 438G Lz, FERIZ8 H 8 HICHE
V, 8H 27T HIZIRYIY 24T >7=. 9 A 11 HICILHER%, &
F2L 10 CTRFE L 7=,

HAIOHAT A B &4 HOMHFEAIL Table 28 17 L
o BEANIEAR (ERm4 : FT7I08) &3333(%T
A Lt L7=.

322015 4 1 A 14 HICEPBGE T O R EKIZ OV THMEL D
LRIFOFMERAEL, 4 H 2 BICREKEZHECUIB LT
JRAEJEUR R IR ER & 514 L 7.

2) R
20134 &)1 54 B

2013 4E ) 1[FABR O 5 B % Table 26 1278 L7, ZERGERK
THEWEKW27.3 OERESFMF T TORBRE o7, BIR
BT O EE TR IR bR 2 T H Y - 72 K CIEBI RN R 3 5
NWieinot=ds, BURMI O % Lz X CHiBRZNE DR
HAv, FRLARRIERE AT E THATE T o T HBERASE
M EU7Zdodz, Fio, HEELHE CHREETICEIR
2 B #cA & B AG L7 X CH RO BN G S 4, #HIHR
WA 2 L2 CORTHRRENM ST,

201353 FRFEtER

2013 4E I HFRRBR D FE SR A Table 27, 281C/”xL7-. %
BBR X CHRIGER 18.7% D L HAEGM T CTORBR L e o7z
ERAE K B4R B C AR 2 T H ) - 72 K CUEBL RN R3S 5
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Table 26. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Takikawa, 2013).

. dates of fungicide applications Number of Number of Ratio of
Timing to stop

application 6/24 7/8 7/24 8/8 8§22  survey diseased  diseased bulbs

F K B T B bulbs bulbs (%)

bulb development O O - - - 515 164 31.7

neck fall o O O - - 512 27 5.3 **

forced toppling o O O O - 513 27 5.3 **

just before harvest o O O 0O O 521 18 3.5 =

after neck fall - - o O O 488 23 4.7 **

Non-application - - - 495 134 273

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder B: boscalid wettable powder.

Onion leaves began to fall over on 24-Jul and forced toppling on 12-Aug. Bulbs were harvested on 27-Aug and stored at 5 “C.
Inoculation with spore suspension on 9, 10, 24, 25-Jul, 9, 22-Aug and with sclerotium on 26-Jun.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in
the x 2 test, respectively.

Table 27. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Kunneppu, 2013).

Timing to stop dates of fungicide applications Number of N&:;l;l;z (;)f disizzg 1())If1 e

application 6/ 1_9 7/ f‘( 7 ]137 i i_ 1 S/Ii 3 8’;29 9]’; 9 survey bulbs bulbs %)
bulb development o O O = - - - 220 20 9.2 **
before neck fall begins o O O O - - - 286 16 5.6 **
neck fall o O O O O - - 292 16 5.5 *%
forced toppling o O O O O O - 291 13 4.5 **
just before harvest o O O O O O O 289 11 3.8 **
Non-application - - - - - - - 180 34 18.7

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 5-Aug and forced toppling on 28-Aug. Bulbs were harvested on 11-Sep and stored at 10 °C.
Inoculation with spore suspension on 16-Jul, 6, 15, 29-Aug and with sclerotium on 15-Aug.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in the
x 2 test, respectively.

20144 &)l F FF 5L BR 1) A&
2014 FEFIFFFRABR D5 2 Table 28 127" L7z, #ERSER ABRIT, 2013 TN TITo 7o, BEROHLER
X THRPERER 3L.6%D HFE AR T TOMRER L2 o7, DEPDOBERITET D2 L 2R T 572012, 7 Ak

RIS K B 2R ] CHAT 2 #T B ) o 72 K TIERBI BRI 235 5 ANLERETOMME, BASYJ 10 4 I A Mo
niginodo., BIRMOBMZ L7ZX T, W26 b AKEGE THOUK Lz, WMEEEMITHORZ ST - 72,

FRED DD b ivie. T LLEFEE T £ CHUM 21T - 5 21 AICER L, #1126 A 26 012 KF87 #kDHH
THREBREIIRE <A E Lo 7z, 1 RIZOXAEOM 2 ETic 1 77— Ao, ilBRIXH

DI HEICHE L, 6 H 24 H, 7H9H, 24, 8
(2) BAIKEHETTOHER H 9 H, 22 AlC KFT2 k& KFS87 Kk D4y & TG (1 X
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105 spores/mL) # % f&EA L C 50L/10a ME g HEME L 7. 7o BIEANTRAER (H&n4 77312 S) % 3000 5T
FABRIXIT 1 X 525 nf o 3 il & L7-. JMA U CHc L7z,

BIRIZ7 A 30 BICHAEY, 8 H 6 HICHEIRfIZH X ¥ 2014 4 1 A 15, 16 HICHFEGAT O RISV TH
72. 8 H 19 AICIRYEIY 21T\, 9 H 5 BICULEER, JElZ BOORBOFELZFHAEL, 4 H 2, 3 BICREKEHEY)
L5 CTCIFR L7z, W U IR i O TR ER 2 BHE L 7.

AN OHATH B &% B O KL Table 29 IZ/R7 L

Table 28. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Kunneppu, 2014).

Timing to stop dates of fungicide applications Number of N;}lsl:;iz (;)f dise]ziteig glfl e

application 6/134 71/(8 7/]?2,2 81{“ 6 8’; 1 8/;7 9]/3 9 survey bulbs bulbs (%)
bulb development o O O - - - - 228 87 38
before neck fall begins o O O O - - - 297 52 17.6 *
neck fall period o o O O O - - 303 50 16.3 **
forced toppling o O O O O O - 303 47 5.5 =2
just before harvest o o O O O O @] 319 48 SRR
non-control - - - - - - - 239 77 3l6a

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 8-Ag and forced toppling on 27-Aug. Bulbs were harvested on 11-Sep and stored at 10 °C.
Inoculation with spore suspension on 24-Jun, 17-Jul, 4, 12, 27-Aug and 10-Sep.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in the
x 2 test, respectively.

2) HE HEME TRAZIT oK TIZZThZh 104%F8 L O
BIURINCHEAKR ZFT B - 7223, 8 A HAIITZ W TRl 10.8%72 > 7= R — R G 0 HNITBIBR 24T - 72X THh

U, WS IEERE L e o7z, MEBABRIX THRPIERE 44.7% BREDR DI m o T IUHETE AT O FAHAR I L 22RO

DHEFEAFME T TORER L& 72 o 72 (Table 29) . ERAERH LEREO ST,

BIOERYTHAM 2T DU - 72 XTI, BITERER L

NZI 204%% LN 22.1%7- » 7=, REIY M dH 5T

Table 29. Incidence of gray mold neck rot of onion at different timing to stop spraying fungicide under watering conditions
(Takikawa 2013).

Onion srowth stage dates of fungicide applications Number of Number of _ Ratio of
to stop application 6/24 T/8 724 88 821 92 survey bulbs  diseased bulbs diseased bulbs
F K B F K B (%)

bulb development o O O - - - 218 44 204 *
neck fall o O O O - 226 51 22.1°%
forced toppling o O O o O 233 24 10.4 **
just before harvest o O O o O O 225 25 10.8 **
non-control - - - - - - 143 65 44.7

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 30-Jul and forced toppling on 19-Aug. Bulbs were harvested on 5-Sep and stored at 5 °C.
Inoculation with spore suspension on 9, 24-Jul, 9, 22-Aug and with sclerotium on 26-Jun.

Water was sprinkled every day from 17:00 from 7-Jul to 7-Aug.

Only the non-spraying section was tested in a two-section system.

There is a significant difference between the 5% level and the 1% level of no control of the x 2 method in the * and ** sections.
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H o 12 K CIEBABRBII NG Do 72y, BURIIC
Bl L 7= K CIEBBRANV NG iz, A D% 3 4)
NTWBEBEZLNDHIICHREZ ML TH, R
BME v GRUIVHI, IHEERT) OFRICE D20R0m
FERBD LR T

THTKRE LT, BoKIZ L0 IREE T E T RIS N IR 4
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oo TR, B5H D WIIEMENEITE > Th 5 ke
ICE D EIEOME DR D5, BOKRLER S B
ROBKTE LD LEZDEEZ BN,

W6 T TH < X DMK AT ORIk B R MR T ER
JERBRAEH] — BRI E VN E R BN E R otn. KE
OFBAE R S0, BIRATE IS SRABA 21T - 72X TBf
BRI NZF O N TR Y, IR I8 IR o 3 R B R
I ChHDZERHLN LR T,

BULE, A9 O B BRI AR B — ISR BRI LS B R S fEE 240 T
Wa. ZHEEIZ TRM)FRABEREICL S~ X7
AR D3 A E ) (LB B 1985) 178 S 4L7- %0

ICEESWTWA., ZOHEE, ¥~ 31X 3ER%, LiZL
IZE e ERTIC Y v B S EN T - BTSN TR Y,
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HRMEIEL2 EB 2 oND. F 3 EORAEREICET IR
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ek, ARWFEEZE LW T OBGRERICEWNTY,
AR TIREIRIC K DT RVEEFE A 0 IR LAT o 723, %
ERUETTH-TYH, BET2EEMX TORAEITIL
DTN ULOERERZRBD TRV, 20 &%, (1) AR
DOFEINTITIEG D D WVIFFEICHKT 2 H0ETH D W
TEADRMETHDHZ L, QHEMEIT-~7 H BRI
DRERRRIZ LD 2 WIEREN 2R Z LT 57T U A7 13
THERWZ EZRLTWD. RO F < 1 F KA O
BYRE LT, B NEICETERand~vx¥n L
DAELERBR G D TR 7> & DI R 45 A N+ D A )3 15
HEhTwsg, BNTHELOTIE, EEFSND <3 F
WZHBWT, AMEIERFO 2 > B2 7 LTz Rl <06 ek 23
TERAENDZ LR EFEETCHBEIICKEINLTWD
EHNAZT bR, LrL, BEOERNIIBITLZ X~
A FFERRL T, BRI o 18135 850 TRURIR & 72 D T
JRERCEIE N K BICKE SN TV AHEITIFE A 2L,
TDOXIRBEREMERD Y A7 ITEBITITE VW LB 2
bibd.

bz Lnt, RIFOBLREAREIX, ERIEKXB L
W—FRIITHD LT L. ZORHIE, ZF<~FX0
EIEFRECTH D ABEERH OB BRI & 12X ER D Z &
M, EEEERR &[RRI KB MOR I b R0 b 538
F @I L CHiBRT 5 Z & T, Bfilkaemetrosh

JRIEER O B, KRR IC S SR TR, R D W] SEVEMICLELZEETED B2 65 (Fig. 9).
a b c d
May [June [auly [August [September [October ~April
Operation  |Transplantation forced toppling harvest Storage * shipment
Leaf growth |Vesitative growth _ neck fall
Bulb growth bulb initiation development

Practice control period

Botrytis leaf blight

g?ay-mold neck rot

New control period

.

———)

%{—J
Simultaneous control of two diseases

Fig. 9. Important control period for avoiding gray mold neck rot of onion frequent occurrence.
a: Onion field in July (bulb development period) ; b: Onion field in mid-August (neck fall period); c: Onion field before harvest; d:

Onions sorted and shipped after harvest.
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1. AR FRBERFEDOHEE

R R D 36 THIE T D IR IR L, 2R T 5 LR
¥ EWEEMN KR EZ V. 1980 EHIRICIEN O Botrytis J& 14 12
& 2 BRI B D FE IR ER 2R N 5 %R % THERB L T\ (A
B M 1981). LA L7ads, EHNTH <3 FITHR
P % F§> Botrytis BB X 7 fiH A S CTH Y (NARO
Genebank 2020), ZNENICERe DA EH 2 LT
2H00, WL X R XOEITFHREE R, W5
LT WHBDROIFBEZED 2 L0 n, IR AR O
JEUEE DIEG s B 57 I F BRSO AR IZ VTR
B2 oy 3. ABFFRIC R T 2 B O 38 4 FEREFH A 1T
BWT, ZREHIHD SNT, #HFIEEIT- 72 2010 F )
5 2020 AE DORICEFE LT FHNT RO Bl o Tz, £z,
YT HARIBE TH LM, TEMFHELZREY Lok
FHAELRN., ZOZENDLARFIL, EFEXFERTDHRE
Tl > TWVWHEEZD.

L L2Aans s, BfETHAERYE CIIRENRERE
ERELTHEKLOMA (AKX 1978, A 1979, Ak
- MIE 1981, AbyiEiEAEBGH 1985) A b L ICAERHRFOD
BRI — IR B RTIC B R 2N @ L, AT Tk, AR WM
OGRS AR 2 F FEURW, REI0 B, IR &
HZIZ 3 [EEAEADTOIL TS A b 2017). =
D=, XX XOKKEEMBRELSLE LS, BUE
DFFEARTFR, FAEEICH LR 2R 2RSS 5
BN o Tz

£z, PFEHIZ X o TiE 5 A FAICIKEEHBUROFRE %
ST D BEBRIE L IEET D, 2017 EICAHBF—Y 7B IO
FHENICBNT, BEBO L~ X XNEHIEK, =
W URERE R DIERDFEE L CRERPEEL 272 (I
TR S BCE 2020) . Z @ EJFIA & 72 o 72 Botrytis  byssoidea
TEE R OR ORISR E TH Y, Botrytis J& T AN Z 4T
B OWRTHLH 5. WFEORBEER O T, ¥~
XV BEAREICEEB T 2 HE IR 2o TBY, #
TAXREEICBWTHLRBEO BHEREA TS, L
LN GZOFIE, 484, 5PAICKRIERED b x,
B BB R - - RAMFET 5 25 6 Al ifER
FAE L., BIEKRIBXOBRIC L 2ZFEREREZZL,
W TORGN DN, FD% 7 IS THIZE L Kk
Eleolb D00, FFRITHEIMNE T, INHERZ OB
DRMN B o7, 5 A TRNCIK @R 2 S8k 3 2
HTHhOTHAEL TWEREIL, Z@ B. byssoidea |2 X
LIERTH o TZAREER B 2 BN D.

2. WEEDREE

biEE R A AT TEAR R R R W

5 150 =

HEBE
ARFFETIE, ZHE THEANTIE Botrytis  allii 28 % < %

XK AR OFEE & L b TE =0, EEICIX
B. allii & Botrytis aclada @ 2 fENREEL TE Y, #HiZIC
s Sh7z B. aclada [T AP L TS 2 &2 W5
MUz, AEZFEE LSS DRARRTT, 2 o
AYBEMEEEITEE L BATIC L > TR - 722, 2fkE LTHE
PCIEB. alli N TH 7=, [F UM Crlei L7
W, WREOWFEMIL, B L OE LIcB W CREET
BV, WFEOIREN T D RIS b ZERITFR D b h
Sl ZREFICEENE DD S TVDDMNITHOVWTKE
BFZECTIE B TERD ST, A% ET 2k N #
b EZATHS.

FTo, AR TITEN DR AE SR E L TRELZIT -
TEL, ENMHEO SISOV TIEFEE L Tz,
Shirane et al. % 1989 4= D FHEDOH TB. allii & LT7
¥k (SAL001, SAL002, SAL003, SAL004, SAL005, SALO0G,
SAL007) DJEfe & Rz BEL TRy, Z0H bk
BAREN 16 ThH D 4 HRE (SALO03(Table 12), SALO05,
SAL006, SAL007) (% B. aclada, Y:ft{A% 32 Cs5ikT
&5 3 HEkE (SAL00L(Table 12), SAL002 3 L T SAL004=
NBRC9430) i B. aclada & B. byssoidea (Y:faf{k%k 16)
DANAT Y v RTHDH B, allii Tholzs#EEIN5.
SALO05 i3 fu i R N7 He kB Yy, SALO06 45 JXUY SALO007
AR E ST R RIS ORIF R CH D LI ST
L2005, W ORIIZHB VLTS 1989 4E LIRS 5 B.
aclada 23 1F7E L TV 7= ATREPEAS @ L.

7ok, WIETIEMEI A D MERR S 4172 Botrytis  sinoallii
(Zhang et al. 2010b) [FEN CILfER S enr o7z,

3. NRUXA 2 ZYJ—)Liittk

RN 5T BIEZMEIC DWW T, dLiE D % < % ¥
5oy 72 R B RO B @ 5 6 B. aclada & B. allii T,
NRURAIF Y — O I BEE N KX < Fp o 7r.
B. aclada TIXEWNIZIA < MHHEENTD HILDDITHE L,
B. allii TIIELRBO LN -T2, WOk EE
4% L 10 — 25 ClZB W\ T, B. aclada ® a7k
HWENEL, BRENE -7 (Table 14) . ML
LR ENTOWARWTBOAERICE VT, BinTE
RO OB T IERETHY, BROMEL L
THAIMIEEENE Z DMELERDEZEZLDILD.
Aspergillus fumingatus Fresenius T %, BEIZER I D
P A (R 0D i - 3 SE A PR 28 SR 28 B oD R B 58 B2 A W]
RTHDHEZEZLINTWD (Zhang et al. 2015). D
En, EHIECORTEAEES D E L B, aclada @ 5
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BARERNE Z 0 09 <, FEAIMYERR O BT D72 08
STEAREMENEZ NS, AT, Ho@ETk<H
FENTWAEENDIE—Fayr FaF A DSy
K% (Staats et al. 2005) 7> & fFEk L 72 ZAe#t (Fig. 8) TiZ,
H7e % 3 MR A 548 L7= B. aclada O fiHEE A WG
B VERRR> B, byssoidea & I1ZHEARBIE—D K& 2T T A
Z—IZJ& L, BRI BN T e, 2o Z LIEARN
FETH B IS LIz R X 24 — Uit L, BRI
F7p 595 5 & F> B. aclada % M HK 3 2 Al REME AN /R
Ihb.

4. HhEBFGR

4 = FX OEATHRESC B 5 3R Rk iE 30 [T,
oo EEAEY & iR L CTHBO TEWMEMTH D (AL
TEREBGH 2003) . JKEAEBURIXHE R E IR ol
HLOO, FEROREFEAED DV A7 ITHT DRI &
LTI, v A XORESEKREZRECT 5 —RE
7o TEI, AR TH < XX ORFITH T 2 BN
EBERHICLVERDZ BT LN E RS e D,
23w BT 2 72O OPBRE AR A2 K D 2 & A ATHEI
RHLDEEZLND. ARHFIETHR LToH L WK I
JEBAER (Fig. 9 1%, #~FXOLEEBR%TH 5 A
TER OBEBRIFI & B2 0, Wi E ISR O @O ERA A
RS 22 LT, BAREECE HIR L 22 RS R 0 %
FeEMEMETH LN REE EABND.

A FE O R SR AN ALHEIE O & ~ 3 X AR5 O BT
DL EHERHSTRER.
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IR R a7 1SV EL T3, FHT0l
e bFNEotz. BAERRIETH2HBRN G, HREEH
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2. JEHEMIHFM & PCR - RFLP O fE RIS N T, HAD
JR SR B 4 FE R E L 7=. Botrytis allii & Botrytis aclada
O FENALHFE O Z ~ 3 F O R EAFBOH I LT\ 5
ZLEEBHLIZL, R E LT Botrytis aclada & #i7=1Z
BIL. GEN 8 MUl ¥ ~ 1k FEER TR DFIFH &
MAELZE A, B. allii %84 <T,B. aclada i 6
Ml CRERR Sz, W LIE LIEIRE L, B, aclada b
KK AL TWD Z ERH B E o7z, B SRR R
SAER TR o728, B U TB. allii 753%%‘7‘:“07‘: fitn et

T RE SRR, BIREICB T 24F, WEMEICB VT
AR 72 2213580 B - 7208, 25 ClZ Té@%%ﬁ
I% B. aclada T HRUMEMAFRS H 7z,

3. dLMRHEICR T 5 7 v R FIRAIEHIRE O XA I 4
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aclada #k Tl B2 W B S L7 2 &b,
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LHIERHBMNERST. BT, FAET 7 R— AT
bR IV, BRI CRIRN N L AR LT

% DR AL I — VIO KR E THE S hvTn
5B-Fa—T U iEaTOa K198 (2815 1 HIE®E
BN HERR S, MMERR TlX GAG 705 AAG ~ D2 #7131
Lok 7 o7=. B, cinerea & &t HSP60 5 43 Bl Al 2> 5 45
DIV R TIL, MR & o &z B, allii & B.
MMW%BWNM%#aiﬂéﬁ%ﬁ77xﬁwk%%
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5. ZhIRAVZRBIERE M 2 ME L7 MG RERIC VT, IR
W& CHibrz L2 X TRBIBRZIERA /GO . BRI X

D% GREID M, INFEREET) OBBRIC K D200 m i
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PR E T d D HBEER R O BRI LI ER D Z &)
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Studies on pathogens and control of gray-mold neck rot of onion.

Ayumi Notsu

Summary

Hokkaido is a major onion-producing area in Japan that accounts for 60% of domestic production. Typically, seedlings are grown in
a greenhouse and transplanted into open fields as 2-month-old seedlings in late April to early May; plants are then harvested from
August to September, while in many areas of Japan, except in Hokkaido, onions are planted in the field in autumn and harvested in
spring.

There are 35 known onion diseases in Japan. Of these, there are five diseases caused by Botrytis species, and seven species have
been identified as the causal agent.

In Hokkaido, several Botrytis species are associated with diseases on onion leaves. Of these Botrytis species, Botrytis allii Munn is
known as the causal agent of gray-mold neck rot. Botrytis leaf blight occurs in the field from late June to September, whereas
gray-mold neck rot occurs on harvested onions during storage. In the 1970s, gray-mold neck rot occurred in about 5% of onion
storage bulbs in Hokkaido and caused economic damage.

Although the damage caused by this disease is rare in recent years, it is a disease for which sudden outbreaks are a concern, such as
the outbreak in 1993.

Gray-mold neck rot is difficult to control because it occurs mainly during storage, and bulbs stocked for several months after harvest
often produce symptoms if minor leaf symptoms appeared in the field during the growing season. Efficient control of this desease
was required. B. allii and B. aclada are not easily distinguished based on their conidial morphology. Therefore, in the classification
of Botrytis, B. allii has been regarded as a synonym of B. aclada. Yohalem et al. (2003) reported that B. allii was a hybrid of B.
aclada and B. byssoidea J. C. Walker, and proposed that they were independent species.For this reason, it was necessary to clarify
the distribution of onion gray-mold neck rot pathogens in Hokkaido.

1. From 2011 to 2014, a survey of 38 producers in two onion producing areas during storage revealed that the maximum number of
diseased bulbs per large container was 3, with an average of 0.1. Studies on meteorological factors have shown that intermittent
rainfall during the growing season promotes the development of bulb rot during storage. In addition, it was confirmed that the
pathogen often infect asymptomatically even at a low temperature of 5 “C, and that leaf infection does not easily progress at low
temperatures even if the temperature rises thereafter. It was unclear whether delayed root cutting and fertilization would promote the
disease.

2. Based on the morphological characteristics and the results of PCR-RFLP, we identified isolates of onion gray-mold neck rot in
Hokkaido. It was revealed that both B. allii and B. aclada are associated with this desease. This is the first report of B. aclada
causing this disease in Japan, and we propose to add B. aclada as a new pathogen of the disease.

B. allii and B. aclada were isolated from eight and six regions of Hokkaido, respectively, indicating that both species are widely
distributed in the onion-producing regions. Although pathogen occurrence varied according to year and location, B. allii was
generally dominant. There were no clear differences in morphological characteristics, growth at each temperature, or pathogenicity
between the two species, but sporulation at 25 “C tended to be faster in B. aclada.

3. B. aclada and B. allii isolated in Hokkaido, were tested for sensitivity to benzimidazole. Of the B. aclada strains, 59% were
highly resistant and the remaining 41% were sensitive; all strains of B. allii were sensitive. Resistant strains were widespread in
Hokkaido. Furthermore, we confirmed that thiophanate-methyl and benomyl had no effect in field tests involving the inoculation of
plants with resistant strains (data not shown). We analyzed the sequences of the S -tubulin gene of resistant strains and detected the
replacement of glutamic acid (GAG) by lysine (AAG) at codon 198. In the phylogenetic tree obtained from the HSP60 partial
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sequence, there is a strong node that separates resistant strains from other susceptible B. allii and large clusters containing B. aclada
and B. byssoidea. It was suggested that the resistant strains detected in B. aclada may be derived from a population with a different
genetic background among the pathogenicities detected from the storage rot of onions.

4. Inoculation was performed at different times and sites, and it was confirmed that the pathogens that infect the leaf blades during
the bulb initiation period to the leaf fall period reached the neck to the bulbs at the time of harvest and led to the occurence of the
disease in the bulbs during storage. As a result of the inoculation test, inoculation from the start of bulb initiation to the leaf fall
period causes more bulb rot in during storage than the inoculation from the forced toppling period to just before harvest. As a result
of the inoculation test, it was revealed that the inoculation from the bigining of bulb initiation period to the leaf fall period causes
more bulb rot in during storage than the inoculation from the forced toppling period to just before harvest. Although it was
considered that the control of this desase was important after the leaf fall period, but it was suggested that the bigining of bulb
initiation period to the leaf fall period was important as the control period. Although the important period for controlling this disease
has been considered to be from the leaf fall period to just before harvest, it was suggested that the period from the bulb initiation
period to the leaf fall period is important.

5. As a result of the field trial, the control effect was obtained in the treatment which was sprayed until the leaf fall period. No
improvement in the control effect after the leaf fall period was observed, indicating that the time until leaf fall is the priority
spraying period for gray-mold neck rot. Since this time is almost the same as the time to control leaf blight, which is an important
disease of onions, spraying fungicides, which is effective against both diseases, can control gray rot without increasing the number
of sprays.

As described above, in this study, we examined the meteorological factors and cultivating factors that can cause frequent occurrence
of gray-mold neck rot of onion. In addition, by clarifying the growth stage at which onions are susceptible to this disease, the
priority period for control was shown. In addition, | re-identified the pathogens, revealed the involvement of unreported fungi in
Japan, and revealed the distribution and resistant strains to benzimidazole. Based on these findings, the control period for this
disease, which was thought to be just before harvesting, was reviewed, and an efficient control system was established.
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Plate 1

Symptoms appearing on the inoculated leaves.

A. Water-soaking rot.

B. Blight.

C. Asymptomatic infected onion (1 month after inoculation).

A B

Plate 2

Symptoms appearing on bulbs.

A. Early symptom on the top of bulbs: Hard to see from the outside.
B. Early symptom on bulb: Water-soaking rot from neck.
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Plate 3

Symptoms appearing on the bulbs after storage.

A. Appearance of diseased bulbs (A-1) and black sclerotium forms on the surface of the bulbs (A-2).
B. Water-soaking lesions turned gray to brown and expanded inside of the bulbs.

C. Velvety gray mold on the outside of the bulb.

Plate 4
Fig. 7. Conidia of Botrytis spp. grown on PDA for 14 days at 20 “C in the dark.
a B. aclada BaTH11-A. b B. allii KF-Ba225 (scale bar: 20 um).
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Plate 5

Symptoms on the neck of onion bulbs 30 days after inoculation and culturing at 10 C.

The upper row was inoculated with B. aclada (1 BaFS11-12, 2 BaTH11-A and 3 KF-Ba205) and the bottom row was inoculated
with B. allii (4 NBRC9430, 5 KF-Ba225 and 6 Bal12-6).

25°C B.allii 25°C B.aclada

Plate 6

Colony of B. allii and B. aclada at 25 °C in the dark after 7days on PDA.

Isorates of B. allii: KF-Ba225, Ball2-7, BaFS12-3a, Ball12-6, NBRC 9430 and B. aclada: KF-Bal30, BaNW11-a, BaTH11-A,
KF-Ba205, BaFS11-12.

a B. allii cultivated in the dark at 25 °C after 7 days (PDA).

b B. aclada cultivated in the dark at 25 °C after 7 days (PDA).
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