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ABSTRACT : Grey mold infection rate in tomato was investigated with the inoculation of dead flowers on Botrytis selective media.
The grey mold infection rate of flower after fruiting were higher in the order of after 45 days, after 25 days, and fruiting day with
100%, 87% and 65%, respectively. The number of infected flowers were increased with time increase after the flowering before
fruiting. BSM (Botrytis selective medium) was used to check grey mold infection rate depending on the flowering stage and
cultivar. Grey mold infection rate depending on the flowering stage was similar in all the beef-tomato cultivar as 1.5~5% at pre-
flowering, 1.5~45% at flowering and 75~90% at fruiting. On the other hand, cherry tomato cultivar "KoKo" had lower infection
rates of 0~3.5% at pre-flowering, 10~30% at flowering and 20~50% at fruiting. These resulted from the fact that beaf-tomato
cultivar have much bigger flowers and larger amount of pollens compared to those of cherry tomato cultivar. The amounts of
falling pollens of Botrytis spp. were checked for beaf-tomato cultivar and cherry tomato cultivar using BSTM. The amounts of
falling pollens were increased as growth period was extended, and the amount of spores increased rapidly during the outbreak of
grey mold. Twelve field trials in Buyeo and lksan areas showed that Fluazinam, and Diethofencarb+Carbendazim were effective
fungicides to control tomato grey mold, and these results were similar to those of field trials with BSTM. This is the first report of
Fluazinam as a effective fungicide for the control of grey mold of tomato even though it has not been registered yet for the
control of gray mold in tomato.
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7go] Adshd wolste] AEAE HHAAIT. AEA ol
Aol 22t AL FE FAFA] Sehe BAEAE
RX7F S wjoll A WEH L vkl ojste] Hdutd
o] B2 A2 tad 3004 o] Hstar o] & FHH
WAste] Aulr|7kA] o] ALy A5E 32717}
w o] SojEtt AldAuA|olA vl B 2 &
77F FA L 739, Doy Tl FFo] FA
&2 735 o] Asitt.

o] ol WA o 2= A F59 of8o] HIEEZo]
7] wzell, Al AW 7] B 25 RS
A2 tge] TS JiAdsks U, 2 AEE Al

[e

WAREo] o] 8EaL 9L
g ARAEEY] o] Eolglel wet 23 A, &3]
9 GRS o83k AEZ AR B3 A7 &
Z8Y =31 Q) S (Kohl et al., 1995, Sutton and Peng, 1993)
o}z] Aldzjuell Ao} A8l 82 ofele AAoltt.
Alago|y WA= o8] 71A] WAISH (Eland et al.,
1994; English et al, 1989)°] o} AA|Z= 745 At
AE o83t sl WAl F=2 oJEstal Aot v 5}
7] WA= oY 7R #AE FEE 4 e 1 SolA
T ANEA AT S olg o' A P 2
EA7} ok

A AgHdol@t “Fgol7t Aol thete] QFAsiaL,
21221 WHolo|| st A1 Fdo] Ak A s
2Ju] S} (Delp and Dekkek, 1985). ©] = gutgog
Ao thslel 15-d0]e Faols} ol ojstel
2ol Aske A%l AT} A B deld
EdrHo)ol me} o= F3hol| MASEAY = vRIAF &
Awoldl ofsted HRHoz & 4 U}, AtA|ol tish
A A 712 ook, Fgole] 13k 2Re-o] W
sigte 2 APAAS Yehlle A5, AtA| §5 AA7E 7
A AY, A FESlEE 795 tkek 71%e] B
3150} )t} (Georgopoulos and Skylakakis, 1986). 237
7 A goll A A= AREE] o] kA FAIR] ben-
zimidazoleZl] 2 dicarboximideZ] 2-A7} kA A A
o] Z3o=w oFg Abdo] HuEATHEld et al, 1988;
Faretra et al., 1989). BenzimidazoleZ] 2fAI] benomyl
T oRAEA A 2R M7} WAL, B SRR
& a9E Holug AHlEgoly ik opet ohE 1
o] A= ] ARgEo] skt et oA T
SHOF Q3 oFERIAE <3 FAle Mgl TAI3]
ZHawo] itk ol A benzimidazoleA] kAol Tl A
aderel Sl At Has B 198419 6.7%(Baek,
1984)] Aol e WA 7T F 62~86%2] =& W&
o] B EJTH(Kim, 1997). T=3F benzimidazoleA] kA1

benomyl, carbendazime, thiophanate-methyl 5 <FA|7t

8]
=o
=2
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o nx} Aol S0 HAE )2 (Delp, 1988; Edlich
and Lyr, 1992) U]}-22] dicarboximides] A=Al A3t
A& Hol= T2 benzimidazoleA] AtAlel thelol® #]
$HE Uehied olg olFAFHelekn ey,
1988; Gullino et al., 1989; Leroux and Fritz, 1984). Ben-
Al AR BAE sk el
dicarboximideZ] 474 (procymidone, vinclozoline, ipodi-
one et al.)7} WEE o} o] IA] 23 Zof] ERlE | Q
o], B7] ol AEde] Edol ¥t (Mura-
koshi and Hosaya, 1982).

CarbamateZ] #|ZA#)|7} benzimidazloeZ] 2tA A3H3
ol 5ol a7E vepdths Zlo] BalE 3 (Leroux
S} Gredt, 1984), oI5 2FAl Ade] WAE #Jste] N-
phenylcarbamateZ| 2HtA|9} benzimidazloeA] 2HtA]|]
FAZE =] BEEdet. ol d wApARAd
(negatively correlated cross resisitant)S ©]-8-3F ATA| =
T AEAC BF AAES UeERE v A B
o] =3 O = (Elad et al., 1992; Faretra et al., 1989; Katan
et al., 1989) THA] A7} F]a1 9101 4)2]0] N-phenylcar-
bamateZ] AHAIE S AHEEHA] B& A oM e T
g o] WAgo] B s T (Faretra et al., 1989).
oA WA= AT B ve AR TS WAISH
913led Al&51d phenylpyrrolAl 2 ergosterol 43 A3}
Al Fo] WA ALEE AT FAS
epAgAle] AR tiFEAL ok wEb a3l
Alggog el WAl Aslls FPEE AT
o] WAy} Fxol Wk et JRIt D ashy 7h 7o
g B Q1 AtA|e] Ate] B eaitt,

o] A= EvkE Felo A9 ALFZolet 35 X
AE o] g8t oA AR EAYS TR
WA 5= Q= eldAR e Tt BH o ® AT

zimidazoleZ|

Mz 2 e

Botrytis MEHHIX| (Botrytis selective medium: BSM)2]
=X

X R]Z Edwards and Sedden(2001)2] W0l wke} o
53} o] ZAISFATE. Glucose(2 g), NaNO,(0.1 g), K,HPO,
(0.1 g), MgSO,7H,0(0.2 g), chlorampenicol(0.2 g), penta-
chloronotrobenzene(0.02 g), Maneb 80(0.02 g), rose bengal
(0.05 g), tannic acid(5 g), agar(20 g)/L-S autoclaving= Sf
] a1 Fox WA Z YHEAL pHE 4.52 WA3IHNOH
9 cm 138 Petri disholl §-0] =& AH&-31}.

Botrytis ZEX{XHE! HiX|(Botrytis spore trap medium:
BSTM)2| =X

X227 A= Edwards and Sedden(2001)2] B ol w}
2} ZASFATE. Glucose(2 g), NaNO,(0.1 g), K,HPO, (0.1 g),
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MgSO,7H,0(0.2 g), chlorampenicol(0.2 g), pentachlorono-
trobenzene(0.02 g), Maneb 80(0.02 g), Rubigan(0.1 g), tan-
nic acid(5 g), agar(20 g)& S5 1 Lol ¥ 2 4L v
autoclaving= 34| ¢l FIA] BjAE ThE F THEoix
HIA]Z 9 cm 18§ Petri dishell o] =3 ARSI
MY ZLo|HRo| £ YA =AL

20101 FAERIEA AN Freldox A=
Al A AEE ), EHREE) S8 Hus e
Wsh A, hsh &, Za o] 291 742t 20704 AR
53] Akl BsMell &8 FaL, 20°C Hig7IelA 343t
Hj RSk & A FgoEie Ao RE AR

g 3 & HH AAXTIE AN Sl8) f19F 2
frej2Aox ApjE EnfEe] 2} 2% 23 & 259,
2kt % 4598 242} 100704 A Ske] 3REEC. = BSMO|
<o F1L, 20°C Hig7IoA 347t vl & A FgolH
o 7 75 AT

E0lE =& LHQ| B. cinerea H|AH =X} ZHE!

20109 195E 39717 Fof ErfEAFT a4
2] BSTM RS o8-8t o] Al Fgolsiyt Hl4tH
A AR APe AT BERLE 58 WeErE
W, REERLE 8-S APlSIA Tt BSTMEIA 7} ©A
U Petri dishe] F745 Fof &4 niete] Fa1 244]3F
o MRS g3t 42 €Il 20°C BT IelA 3
7+ ujgsle] EAE oAl & A7 EAE ZATSIA
o). ZA} 312 6390 13] A}l BSTMO] B4
& Petri dish 1073% AR&-3153T)

M| MM AEE HiX| =AL

BSM, BSTMS ZA31 50~60°CE 2131 § FA] 24|
<l Diethofencarb(50%)+Carbendazim(50%), Benomyl, Flu-
azinam, Triflumizole, Vinclozoline, BoscolidE ¥ gALE-
S5 (2009 AEETA AFAM)R] 550, 250, 250, 110,
500, 330 ppm®] FA| ¥ ThE follxe} 22 o=
ZAEAT

ofN| MM ZI0| AN ZAXNE AIY

20109 1€€olA 6ol AA FHAYG ErfE F4HAA
o] EnlE Al AR 27 123204 BSM 2 BSTMS
83 AP AL wAE o83t T A
Hlgsgol it kA e WAl BXE ZARIITH

ENtE E5E MUST0|H T £ ZHAY|
Botrytis A&HIx] (BSM)<& o451 ErlE Aol

OJFT - ol - fEd - WP -

&g - ol
1~4 2 Table 1~33%} 2t} BSMS B. cinerea® ¥A7} gt
olste] A4Aet 739 v |7} Ao 248 = o] (Edwards and
Sedden, 2001), BotrytisS AA &1 = U= wijA| o]},
W&}t A, 7hst &, 23 $9] EnfE 325 A Fste] BSM
o SuiEn wjgSt 75 (Fig. 1), 713 A ZollMe A
Hlapsgoyto] WAElA] §igko vt (Fig. 2), 7Hst - AH
2 A AN AL 20 2 WSAT (Fig 3, 2}
3 AFTE 2L B AEeA e ZAs JERT
(Fig. 4). ©] 2= EvtE Adlggole] dujztdo]

Before flowering After flowering After fruit setting

Fig. 1. Inoculation of flowers at different flowering stage on
BSM for the study of B. cinerea infection rate.

Fig. 2. Growth of B. cinerea on BSM inoculated with young
petals before flowering.

Fig. 3. Growth of B. cinerea on BSM with fresh petals after
flowing.



Fig. 4. Growth of B. cinerea on BSM with dead petals after
fruiting.

Nl & 53] 2 & AR

Z9] ®I1(Gisi, 1982)¢} °‘7<] Sh= Aol
Table 1-& EFE7} 2te :?:

F3ted BSMHlA| &8 Fal

EE A Adyjoltt, 2 2% ﬂHa =2

o] ZAHEES BHYo} &t & 25U afH3F £

°‘°ﬂ*1—t—
87%, 45¢ Foll AHTF FSoNM= 100%2] AHES H
AT 2t - Algho] AdeE Aglwgolidel A

ErlE Aggoldy FAAGA 2] EW 175
=2 S AdlEgelES B0l AR

T EvlEZl FabE § o] A HH UA 2 3
wAste] A3 Fel 0}74] Aok, wetA EnkE A E
oS dlsly] feie ALl B2 & =S AAsSt
= A°|(Gisi, 1982) -7 B 74°1EP.

o
o
)

rlo

Z Ot
szr

L 2 [o

S BNl PN Jhel 4 ol Aol
o] 74988 ZA13 Aot} (Table 2, 3). WA 20104 1

4 229 .%A}ff} ZAE B (Table 2) YHHERLE (FrH &
g, <& SEZo A )3 Aol 1.5~3.5%%
H|w2] e Aulagsgo] 7SS Bl v 78 o=
30~45%, 2 Foll= 70~75%% =2 THES E%{E}
HI-EnLE ‘Ward A 7ZFEEo] s A 1.5%, 2 &
20% = YRFERLE H|Sto] ul]-9- SIQIT} (Table 2). YHIE
ntEZF WEErLE Hlste] AUHFo] AHEEC] =2
AL 7L A0 FrEREo] B B ofye) E8lo] =A
7HA] &0 o] AdlFsgol7F A |AE 4= Q= 7o)
7] jFo g AdE

Table 32 201043 3¥ 15U F2H Zoj|Ajo] Aulago]
W 7AES AR Aol %JHJEU}E 3EsolAME s
ol 1.5~5%=Z H|wH e z,HbUﬂﬁlo]tﬂ# ZHAES 1
gom N3} Tl 45%, Z Folle 70~80% HAES
Bt WLEME An 01]/\1” HIEC] 0~45%% Yut

Table 1. Infection rate of Botrytis on flowers at different fruit development stage’

Fruit development Stages No. of flowers treated

No. of flowers infected with grey mold Infection rate (%)"

Right after fruit setting 100
25 days after fruit setting 100
45 days after fruit setting 100

65.0 65b
86.6 87ab
99.6 100a

"The flowers were placed on Botrytis selective medium to check infection rates.
“Means followed by the same letter in the columns are not significantly different according to Duncan's Multiple Range Test (DMRT) at

<0.05.

Table 2. Infection rate of grey mold on flowers of four different cultivar at different fungicide treatment schedule on January 22,

2010

Cultivar Treatment time

No. of inoculated flowers

No. of infected flowers Infection rate (%)

Super Dotaerang
(Beaf-steak tomato)

Before blooming
After blooming
After fruit setting

Medison
(Beaf-steak tomato)

Before blooming
After blooming
After fruit setting

Hoyung Before blooming

(Beaf-steak tomato) After blooming
After fruit setting

KoKo
(Cherry tomato)

Before blooming
After blooming
After fruit setting

20 0.7 3.5
20 8 40.0
20 14 70.0
20 0.3 1.5
20 9 45.0
20 15 75.0
20 0.7 35
20 6 30.0
20 15 75.0
20 0.3 1.5
20 2 10.0
20 4 20.0

“Three replications in each trial were used in greenhouse tests, and the results shown are the mean values of each different treatment.



176 ©lZd - o|3F - AL - olFT - oA - T - HYH - ES - olFF
Table 3. Infection rate of grey mold on flowers of four different cultivars at different fungicide treatment schedule on March 15,
2010°
Cultivar Treatment time No. of inoculated flowers No. of infected flowers Infection rate (%)
Super dotaerang Before blooming 20 1 5.0
(Beaf-steak tomato) After blooming 20 10 45.0
After Fruit setting 20 14 80.0
Medison Before blooming 20 0.3 1.5
(Beaf-steak tomato) After blooming 20 9 45.0
After Fruit setting 20 14 70.0
Hoyung Before blooming 20 0.7 1.5
(Beaf-steak tomato) After blooming 20 9 45.0
After Fruit setting 20 15 75.0
KoKo Before blooming 20 0 0
(Cherry tomato) After bloomin 20 5 25.0
After Fruit setting 20 9 45.0

“Three replications in each trial were used in greenhouse tests, and the results shown are the mean values of each different treatment.

Table 4. Number of colonies of B. cinerea on BSTM as a result of collection of falling spores from flowers of two different
cultivars before and after the appearance of grey mold in the greenhouse’

Spore collecting date Cherry tomato Beaf-steak tomato Remarks
2010. 1. 19 2 4 Before grey mold appearance
2010. 1. 29 3 7
2010. 2. 11 10 13" After grey mold appearance
2010. 2. 22 9 15
2010. 3. 02 12 15°
2010. 3. 09 11 20

"Three replications in each trial were used in greenhouse tests, and the results shown are the mean values of each different date.
“Ten of @9 cm petri dishes were used for the collection of the spores for each date.

EnfEe} vl ZFEEC] WSkt

olgA IR 2} § EnlEZES] 70% o) dell A A
sgolrgyro] MHE A= o] 5 (stigma)oll WA 74
H F2 2] HAZ7} Fh(Olivier et al., 2004; Bristow
et al., 2008)= H 19} FO] 5 (stigma)9} 2% (petal)l]
A] Botrytis cinerea®] EAPIol7} ] WHETH(Perryman et
al., 2002) 5] RE7} o] drkal Az}, 3tk 7)
3} & g Z3} 9] B. cinerea®l HE 2AS o]-8-5HA
& el Exshke v=9] oA A A4S 18t

Ad a2 &5 Uy

EO0tE ZF Ljo| MUFHO|HEF H|& ZIXpEF =AL

Table 4= 20104 195E] 3¥971A] fa]&2e] Yulen}
E 9 WS ErlE YAo|A BSTME ©]-8-3F Adla ol
T+ ¥R RS AR S Aot BEvfEe] AlS 7|71o]
AAATE v AL 7 o 53] Uyl EvlE
of| A Alsgolrgo] WA o] ol FASHA ST
T3y WEEVLE (Cherry tomato)] 749+ 2¥€°] o
AlggolHe] vt ZAjEo] STl E A3

oS A9 HSHA] 9it). o= W ErIEE IHtE
vlEe} th2 A 3} & o] A "ox B. cinerea’t E
ufjol] A2st7]7) o 7] Wil Aolgt JaE).

olake] Ax} 17]9] Petri dish B 107] ©]4+e] Ex7} A)
HE A AdFgolgo] o)A WS ST} BSTM
< o83t A o ol kite] E-8-& Al o]
Ho| ¥y Holl= Ys) ZAFFo] Fof Aulggo]yo] 1t
Y & 7Pse Ao = FaE Qo

>

ofN| XMEtMd T ZI0|HAY =& HEAH

Fig. 5= BSTM= ©]-83l|A] B. cinerea IAFE A5
Wit 21O = Botrytis IAZ} Woldd 739 wiA7F A&
Zaoz Weks & 4 AT Fig. 62 FabE o] Ernf
E =5 BSMol| &7 FaL ujds Zow titEe =9
oA AlFgolro] WA o m HFe] Frlo] e
Ao g2 At

Fig. 7 BSTM= ©]-8-3F FAI- vt 5 1788 vl
ZAI8k Fig. 99} o] BEvlE XA
o] At} 3= 20°C P70l A 347 e



Fig. 5. Appearance of Botytis cinerea colonies grown on BSTM
after the trapping of B. cinerea conidia from the air.

[ N

Fig. 6. Appearance of Botytis cinerea colonies grown on BSM
after the plating of dead flowers infected with B. cinerea.
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BSTM, BSM< O]%L A ARt 7ol AgH e 27
28 TS AR Aihe the) 2Tk Table 5& F-oiT
EnlE 37| A B¥xshs AFgolHT9] vinclozolin
9] 77) kAol gk AR 7& | AAHoE 2AE A
ot} FA] Aol tigk A, T3] 7&?4; BSTM™]
oL}, BsMHollA e 7d }—g »}EHHOM 1 Ao}

A 272 FA] 2HAlF vinclozolin, benomyl, boscalidl]
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Boscolid Vinclozoline

Triflumizole

Benomyl

v

8

Fig. 7. Growth of B. cinerea from trapped spores on BSTM
treated with different fungicides.

Boscolid | Vinclozoline

Fenhexamid

Diethofencarb

Fluszinam

Fig. 8. Growth of B. cinerea from infected flowers on BSM
treated with different fungicides.

A& ol diethofencarb+carbendazim®} fluazinamell 7+
491 o] F2 9T 2HUOE o ol E
o7 ALeSl 5= Y= oHAE= diethofencarb+carbendazim
3} fluazinam Y-S & 5= ATH A AR E7F2] Ay o]
TFE fluazinamol] Aol O FAlolle AAS
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Table 5. Results of fungicide resistance tests of B. cinerea isolated from tomatoes in Buyeo, Chungnam Province on BSTM and

BSM"
Fungicide Concentraion Dilution Site Averagé number of spoies Average n}lmber of petals shown
(%) level Number germinated on BSTM mycelial growth on BSM

Vinclozoline 47% 1,000 1 233 2.0/4
2 22.0 4.0/4

3 26.3 3.7/4

Diethofencarb+ 25+25% 1,000 1 1.7 0.6/4
Carbendazim 2 17.3 2.3/4
3 21.3 3.7/4

Benomyl 50% 2,000 1 26.0 4.0/4
2 28.0 3.0/4

3 29.3 3.7/4

Fenhexamid 50% 1,000 1 8.4 3.7/4
2 27.3 3.7/4

3 29.3 3.7/7

Fluazinam 50% 2,000 1 0.6 1.0/4
2 1.0 0.3/4

3 0.3 0.3/4

Triflumizole 30% 2,985 1 13.3 2.7/4
2 15.0 2.3/4

3 19.0 2.7/4

Boscalid 47% 2,000 1 233 3.3/4
2 29.0 2.3/4

3 24.0 4.0/4

Control - - 1 27.7 3.7/4
- - 2 25.7 4.0/4

- - 3 28.7 4.0/4

"Three replications in each trial were used, and the results shown are the mean values of each different treatment.

“Ten of @9 cm petri dishes were used for the collection of the spores.

"Number of petals infected with B. cinerea.
‘Number of petals treated on BSM.

2009.03.05

Fig. 9. Spore trapping method with BSTM plate in the field.
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fluazinam, diethofencarb+carbendazim®] == Aol &
et Ao Z WP Ao F ujR|E o]-&al ke kit
ANA A 29E BT HE fluazinam©] H2 W
A7HE Bl AL of&7hA] EnfE] 55| HA| ot At
go] A7 WEo = et BSMS o83t kit A
Hatsgolio] Wlal] o)de 271el oAl A3 e
T+ o] 7hssht g7l o] kAl Alel] HEL A5 2A1%E
A=) A)7te] Aaslt). BSTMS B83) kit= HiAIZ A
2| F 24A710] At F AL vl AR HAsR Y
AdlgFgolHo] WAE}7| o]l AX|shA Ha} Aol
Zlo] AR E T FhHol| oefzo] S Aol AZEnt
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Table 6. Screening of proper fungicides for the control of B. cinerea collected from twelve different fields on BSM and BSTM

Fungicides tested

Locations Media i
Fluazinam Dlethofenca‘rb+ Vinclozoline ~ Benomyl  Triflumizole = Boscalid  Fenhexamid
Carbendazim
Buyeo-eup, BSM X' X O O O O O
Buyeo-gun 1 BSTM X X @) @) O O O
Buyeo-eup, BSM X O O O O O O
Buyeo-gun 2 BSTM X @) O O O @) O
Guryong-myeon, BSM X O O @) O O @)
Buyeo-gun 1 BSTM X @) O O O @) O
Guryong-myeon, BSM X X O O O O O
Buyeo-gun 2 BSTM X X @) @) O O O
Guryong-myeon, BSM X O O O O O O
Buyeo-gun 3 BSTM X @) O O O @) O
Buyeo-eup, BSM @) X @) O @) O O
Buyeo-gun 3 BSTM X X @) @) O @) O
Tomato experiment ~BSM x O O O O O O
station(A9) BSTM x O O @) O O O
Tomato experiment ~BSM O X O O O O O
station(A5) BSTM @) x O O O O O
Guryong-myeon, BSM O O x O O X O
Buyeo-gun 4 BSTM @) 0O X @) O X O
Mangseong-myeon, ~BSM X X O O X O O
Tksan-si BSTM X X @) O X @) O
Sedo-myeon, BSM X x O o x © o
Buyeo-gun 1 BSTM x X @) O X @) O
Sedo-myeon, BSM O O O O O O @]
Buyeo-gun 2 BSTM @) 0O @) O X @) O

“x, No mycelial growth; O, mycelial growth.
S| (®)
b | S
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231} BSTMS E431 kite HiAE A% F 244710
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