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Role of Two New Phytotoxins in the Pathogenicity of Botrytis cinerea
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In the course of study on the roles of phytotoxins in the pathogenicity of Botrytis cinerea, we isolated two novel
phytotoxins. They were identified as 3-O-acetyl botcinol and 3-O-acetyl botcinolide. In this study, we investi-
gated correlation between the two phytotoxins and the pathogenicity of B. cinerea. In liquid cultures, the two
phytotoxins were not produced by three low pathogenic isolates out of 25 B. cinerea isolates. Among strong or
moderate pathogenic isolates, some produced the two phytotoxins, but the others did not. On the other hand,
the ethyl acetate extracts of fermentation broths of 10 out of 25 isolates showed phytotoxic activity against
various plants tested in a whole plant assay. The phytotoxins were detected in all of the 10 phytotoxic ethyl
acetate extracts. In planta, the two phytotoxins were detected in all of the plant tissues infected with strong
pathogenic isolates. However, there was no correlation between the ability of B. cinerea isolates to produce the
two phytotoxins and their pathogenicities. The two phytotoxins began to detect in tomato plant tissues
infected with B. cinerea 2-16 at 3 days after inoculation, increased gradually till 4 days after inoculation, and
then decreased. The above results suggest that 3-O-acetyl botcinol and 3-O-acetyl botcinolide are one of
pathogenicity factors for B. cinerea, but not a primary determinant of its pathogenicity.
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]‘ﬂ(Botrytls cznerea)°ﬂ %k Aatere] 7hAaet &
Ashe AR S-Evheke] AldAjufelA Azhsl 5
UTHBeevers} Pakers, 1993; Coley-Smith 5, 1980).

B. cinerea= A MAZDLZ BFHYSA BEEFY g
THA & FEAEY E, ¢, £, AR, A4 § A
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o= AUFFo|HE U FIthAgrios, 2005; A <&,
2005). ©] ¥ A thrst FAA do] B o]E
BEE dAste Aupr|7kR] dAo] Al&ETrE o E¢
I Az e AHLE ¥ Bl S Ao AY
T dFe] M EAANEE AEEE B ' 4
AaFold, 238 0.2 A%}, &, ] Ao AYF

NafFe] FEHES ¢ 07] 71% 3 tH(Rosslenbroich
Stuelbler, 2000; T &, 2006). ©]213+ AL FFo|H o Ht
A& ¢35t benzimidazole, dichloran, iprodion, captan &
o] ofg] 7pA] AFA7E AAIFEHL ARG Y A
Aol thste] kAIA FYE YERH 7] ol Al ¢
3k 2R 7t o]e]-g Aol tHTalma 5, 1989; Faretrad}
Pollastro, 1993). w&hA], o] H& aax o=z PA 517 ¢
A= B. cinerea’t N EAS AYsd BHE fud=

Boll i Be A77t a7ET
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B. cinereav= N EANE ZFAAZ w cutinase?] FH] <}
dHoll o3 BHE FYdtr L4 AUckSalinas %,
1986). =3k Van Kan 5(1997) cutinase A7} 2%
mutantE ©|-&-3) cutinase”} 715%2-& YA 7] |
= Fdeted Fad 988 & Aoty Ry
Sasaki®} Nagayama(1994)e= B. cinerea® 7+49 Al =
2o Al cellulolytic enzyme2] A #FS ZAVSH A -
glucosidase®] S5 WA o] FaAA 7} Yvka Bud
vzt Qlom, ubd A 51997 B. cinerea?t Aot
polygalacturonase, laccase, B-glucosidase} B QA= A
FHAZE Ao, ek FAMI ) BT g A
HAAAZE AL BT Wasfy 5(1978)2 cell wall-
degrading enzyme] pectinase7} HYAd o =Q3ltha &
Koy e dA¢ Aol e o33 g4 oS I
A 4 AAHA 5, 1995; Edlich 5, 1989; Elad 5,
1994). Phospholipase®] #H|E | 9J3tal= o] ol the
HAAEE A% B4 A ik B YoM (Elis
¥ Waller, 1974), Edlich 5(1989)} Elad®} Evensen(1995)
© 72 FolA ol sl BulEe ks 5
&} 2H2 &4 At 283 9E8 dvhy RaE vl
7F Ao 28] 3L Elad(1992)F o8] 2 &)X B. cinerea
9} S sclerotiorum® WA S st st S 2w
A7 WEE AA BN ethylene A2 A G LS
B 38k th Poapst 5(1979)2 ©] 0] ethylene A&
8t FiFe] =8 E A%t Rysgr. wek
M B. cinerea®l 2% 715 Z2A 9 A5G Fol /)T
24 ethylene B3 2 E42] A= o] ¥ WA &
#H7F Ygo] HIEH I THEIlad, 1993; Hoffman, 1988;
Sharrock3} Labavitch, 1994).

Rebordinos 5(1996)2 B. cinerea®] ¥ Fojol o 2 Hgj
botrydial®} dihydrobotrydial-&- o3l om, o F
phytotoxin®| in vivo'dollA WS do7)=d £Q3 a4
< & Zlolgtal Husisitt. Deighton (2001 B. cinerea
o ZEE AEAA botrydiale AEEALH #5 H
A Axe w2 botrydial?] F& Alo]e] #AHAFG 2A}

IR 1 A A A719) botrydial FE AtololE A
HHAZE AT BdEbA botrydial> HYAH Adg e
AR, B A oA dAH 291 obd Aol
FASAT. oMY Hda A ¥ Aol T2 o
2 she o MY axlel disk At GaEiA 2
P govt dPAFHL MR itEe T Bde o
e AHHY AR o] ol AA el

£ AFAANME B cinerea w32 YAl phytotoxin
ol o3 AL sl=Ald) UiEk ArE S Fof

T 7h9) A =-E phytotoxing st FA 8T of F+
e ERE AN A3 ENS el A=
A BIE A e 3-O-acetyl botcinol# 3-O-acetyl
botcinolideZ 578 H A HKim %5, 2009). Wb 2 A4
ol = o] ¥ 7FA] phytotoxin®] B. cinerea® YA A
o] Aghg et} et olol wEp & =il =
A=z o2 944 7R 25709 B cinerea 4F F
N4 phytotoxin®] /3%, ME 2 EA A ] phytotoxin
o] AEEA B WAAdo] 7HE A 2-167F9 EA
Zholl W phytotoxin®] ¥4 WM} & HilshE vt}

e A

0=
LT

A4 FF. A AHL-S B cinereats 199413 F-E]
199613 29 Alolel A, =4k B 52 29|(Cucumis
satibus L.), Ev}E (Lycopersicum esculentum Mill.), & 7]
(Fragariax ananassa Duchesne)?] A A|n] 3270 2 HE
oW FE et APANA FHst BAF e
2, 7154, Ao, dejd S4UE BRete] 2509 +
FE AEs § @xa F8E sl 4°C A4 By
st A gl ALg-stth o5 257 @9 o] FE
g A8 A 5009 98 ov] B Edr},

2] vk} phytotoxin®] . 25712 B. cinerea
TFE 500 m/2] Erlenmeyer flaskol] H71 200 m/2] ¥ &
¥ Czapek-Dox broth(CDB: Becton and Dickinson
Company, Sparks, Maryland, USA) (5% glucose, 0.1%
0.05% KH,PO,, 0.2% NaNO,;, 0.05%
MgSO, - H,0, 0.001% FeSO, - 7H,0)l 1x10* conidia/m/
o A FER HET F 200004 14247 HA wj st
ATk w2 A=Z ARG H wFd 150 miS FF
9] EtOAc®E 2% &390t} 2 A2 rotary vacuum
evaporatorz %}, §53 $ CHCL-CH;0H(2:3, v/v) 5ml
Z 833k & 1 mi F3kd SIM(Selected Ton Monitoring)
mode GC/MS &4 A8tk YAl 4 mie- 40°Ce]
4] rotary vacuum evaporatorZ A%, &% & 7Tmle]
acetone(FHEF5% 50%)4 7m/e] Tween 20&FFSE 1,000
pg/mis A7lste] thgat ol Az 29 RS 2SI

GCMS AW, 2 AtoAM = ShimadzAtel
Shimadzu GC-MS QP5050¢] GC-MSE A}-&-8}¢ith. £4
o] Al&¥ columne SupelcoAH(Supelco Inc., Bellefonte,
PA, USA)Y Supelco SPB-52 AFE-3l%1 Y., column Z )
= 30mol™ W72 0.25 um©| 37, stationary phase2]
£ 025 umE AT &b 7] A Z(carrier gas)=
Z55(99.999%)2] heliume AHE-3I T Injector &%

yeast extract,

2o
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= 300°C, interface &=+ 250°CH 2™, column &%=
120°CoN A 587F A3 T2 6°C/ming €55 270°C7}
A Zd o 270°ColA 3027 A AT f4-2 T ml/
min®| A ™. SIM mode= A Fs} R, 3-O-acetyl
botcinol®] target ionS m/z 3792, reference ionS m/
z 3513 208°]31t}. 3-O-acetyl botcinolide] target ione
m/z 3510129 reference ionS m/z 3233 2080]%Th.

WFTEEY] AT AL 259 &5 ethyl acetate
FE= st 1059 A EA dsle] Azx84e =
ALttt A 350 om® AMZPEEC] F7 whad BHE
FE AT P AT E BB FRFAE HF I
FE0.5~1.0cm)stith 24 FHEE Fdety
2 B o] =XV BE el o] 90% o]l A
& ATy, 5 (Sorghum bidence), =) (Echinochloa
ul-2j o|(Digitaria
sanguinalis), V]=71717(Panicum decompositum) 5 3=
% 553} 7ebS(Solanum nigrum), AFHE(deschynomene
indica), 1A H(Abutilon theophrasti), =1L v} &) (Xanthium
strumarium) 5 BH 455 Lt F o7 #xE A}
&3ttt 3 109 Fo wikd 14 mio] Tween 20%
1,000 pg/m/ F+FELZ HUESE o 9W AEIR, X
7 - 2A2515°0)00A 14Y 5 AEAE 7] o
Ax84-E& G A TH(Faust 5, 1985).

WE XA QA 3-0-acetyl botcinold} 3-O-acetyl
botcinolide®] ¥4, w|x|ofA vl olyz}t 8749 B
cinerea 5 AEste] AEA ] HF} & HE 237
AM F E2 HHARE ZALS] Y8t PDB HjA|
o 1x10° conidia/m/Z B. cinerea®] ¥AE ZAT & ©
O)(Cucumi satibus L)} EVLE(Lycopersicum esculentum
Mill) sl EFsto] HFaunt. 715 B2 A 2
ol¢} EvtEE 7tzb 19719 3-59719) AEAE AMe-3)
ATH WLFE HES F 20002 FAAEAES 100%)
oA 39 F<F Bt S fx8 3 49 W 2y
B2 2R H QAT S AAF 4 g9 MeOH
200 m/Z ¥o] blenderZ v g & MeOHell 2A17F 59F
BABIAT 2A7F | AHAZE st A Ee] AAgE

crusgalli), 712 (Agropyron  smithii),

< AAE F rotary vacuum evaporator= 7+, 53319
Tk MeOH FE52 thA] 100 m/e] 32 25,2 £33
T TF2 EtOAcE 2W¥ FE3IATh FEES 553
% T}A] 80% methanolZ &4135] &3]3t v} FFo] p-
hexane© 2 2HA FZ31 T} 80% methanolES 533
- CHCl:CH;OH(1:1, v/v) 6 mIZ ¥ 471§k vie} 72
°] SIM mode® GC/MS £4-& dA e, F 228 3

Faslst. 498 3o dAsig.

Ccn

AT - v - 92 - A0

W 24 A3l W& 3-0-acetyl botcinol¥} 3-0O-acetyl
botcinolide A4k} VI3, B cinerea 2-16 @5} KJ
o] ZAHEA(1X10° conidia/ml)S ErtES] 3-5% 0|
By JFsdoh A% § 2407 42 dHES X
Abelal, HEd doBRE F EEY d& foA AA
T ARG Age o= A

2t

24 2l

oA

257N B. cinerea 5914 3-O-acetyl botcinol¥} 3-0-
acetyl botcinolide®] A} Wi, B. cinerea® CDBO
A 1497 A wgst T ikl 150 mAE 592 EtOAc
2 234 F&sto] wgd 30m) SFEe YoE A
2348 AREAY. 2 A 1008 457 A4S
H¥ T, E3] o] FoA 2-16, K23, KOH76, P103 H SJ58
TFE 70% o174 733 848 R ti(Table 1). H9=
NY76dF= WSS A2l g dols 48 HolA
AAATHA 5, 2009), FtOAc FE BN = AxEHS
Bt ol 549 4ol Fof crude HHE P&
= o] vERR] @& 2o R AztE R Fig. |
< B cinerea 2-16a52] AA| A 9] EtOAc FEES
107H4] Fzoll HAE W] Axg4E& BoE) gz

= AEA Y A A3 JEFE FA FUA T 2-16
o wigd FE2EL QR AE A4S A Aslst
nom, gste}l AL ot

Phytotoxin 4HFE H]asl7] 913l EtOAc FE=2
SIM mode® GC/MS A4S AAISTh 2 A3 Az
AL Hole 1035 RFolA 3-O-acetyl botcinol 3-O-
acetyl botcinolide©] HZ = A TtHTable 2). ¥ <1 HollA
= 2-164F7F 3-O-acetyl botcinole 75.4 pg/mi, 3-O-
acetyl botcinolideZ 67.7 pg/miZ 717 Bo] ikt o,
1 g0 2 KOH76, P103, K23 2 SJ58 <=o|ith.

£ AEA5} ajx 3l A phytotoxing AAHIE F4F=
B weAde] ASTE siAIRE Helgdo] As 455 F
oA in vitrool A phytotoxing AJAHSHA] b= dFE 3
ATt A WYAgo] oFst #F= 5 phytotoxing A4t
SR eFsktt.

HE Z3 A 3-0-acetyl botcinol?} 3-O-acetyl botcinolide
o] Ak i, WA FFEC] AEASIAM phytotoxin
Abete kg vladEtr] f4ste] Qo9 EwtE] #
HE3ha 3¢ ol ¥ A o ZHE phytotoxinS
I
),

P L

ko3 = =
-+ T A
sttt 2 A3, e HE £ phytotoxin®]

E QO H(Table 3, 4), B. cinerea 2-16 @57} 20|} &

e dr o
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Table 1. Herbicidal activities of ethyl acetate extracts obtained from liquid cultures of Botrytis cinerea against 9 weeds®

Herbicidal activity (%)

Isolate
PAN DIG SOR ECH AGR SOL AES ABU XAN

1-38 0 0 0 0 0 0 0 0 0
2-4 0 0 0 0 0 0 0 0 0
2-16 50 70 90 80 10 70 90 70 60
C1 40 50 10 45 0 0 75 0 25
C19 0 0 0 0 0 0 0 0 0
H9 30 45 35 40 0 15 70 0 0
H30 0 0 0 0 0 0 0 0
H42 30 50 30 40 0 5 70 0 10
K12 0 0 0 0 0 0 0 0 0
K23 50 90 75 65 10 95 90 60 40
KJ 0 0 0 0 0 0 0 0 0
KOH46 20 30 20 10 30 0
KOH76 60 90 70 65 10 60 85 40 50
NSS3 0 0 0 0 0 0 0 0 0
NSS106 0 0 0 0 0 0 0 0 0
NSS111 0 0 0 0 0 0 0 0 0
NYO09 0 0 0 0 0 0 0 0 0
NY23 0 0 0 0 0 0 0 0 0
NY76 20 20 20 20 0 0 40 0 0
OH29 0 0 0 0 0
OH44 0 0 0 0 0 0 0 0 0
P74 0 0 0 0 0 0 0 0 0
P103 60 75 45 55 10 90 90 35 55
SI128 0 0 0 0 0 0 0 0
SJ58 50 70 40 50 0 35 85 10 20

“The weeds were treated with EtOAc extract by foliar spraying.

®Each data recorded 5 days after treatment and values presented as visual rating based on a scale of 0 (no control) to 100 (complete control).
PAN, Panicum dichtomiflorum; DIG, Digitaria sanguinalis; SOR, Sorghum bicolor; ECH, Echinochloa crus-galli; AGR, Agropyron smithii;
SOL, Solanum nigrum; AES, Aeschynomene indica; ABU, Abutilon theophrasti; XAN, Xanthium strumarium.

Fig. 1. Effect of an ethyl acetate extract of a liquid culture of
Botrytis cinerea 2-16 against growth of 9 weeds (A: untreated
control, B: treated).

HFE A 3-O-acetyl botcinolS ZHz} 2363} 1,070 png/gs
AJAetd o1, 3-O-acetyl botcinolideE 1533 577 pg/ge]
TR 7P Fol ALY L 2R B, cinerea
SI58% 2-4, NSS111 #59] 2= phytotoxin®] A4t
o] B2 A& ISt YL Qoo = B. cinerea
NSS111 @571 7F 23897, the-C.2 NY09, 2-16, SJ58
47 £o® HWAAS UYeplith 8 EvlE A E B
cinerea 2-16, 2-4, NY0O &5 o7 HYAo] L& A
° 2 Uehdt}. B cinerea 2-16 4FE WA AEA
Ao A 25 71 e phytotoxing ARSI L, HAA
T 7P Zhekdeh sEAIYE NY09 9] 3% wWdAde
748tA|%F phytotoxin ABAFFE A& ZAo= UERGT, vt
o oA 72 B cinerea KI-1 @52 2% in vitro
9} in vivo g 25 phytotoxing AFAFSHA] %= A

=

¢
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Table 2. Phytotoxin production by various strains of Botrytis
cinerea in Czapek-Dox liquid medium?

Table 3. Quantification of two phytotoxins in cucumber leaf
tissues infected by Botrytis cinerea’®

Quantity (ug/m/)

Isolate
3-O-acetyl botcinol ~ 3-O-acetyl botcinolide

1-38 0.2 ND?
2-4 ND ND
2-16 67.7 754
C1 0.2 ND
C19 ND ND
H9 1.6 1.1

H30 ND ND
H42 1.7 1.1

K12 0.1 ND
K23 16.6 20.1
KJ ND ND
KOH46 ND ND
KOH76 36.6 48.2
NSS3 ND ND
NSS106 0.1 ND
NSS111 ND ND
NY09 ND ND
NY23 0.6 03

NY76 0.5 0.7

OH29 ND ND
OH44 ND ND
P74 0.4 0.3

P103 16.5 22

S128 03 ND
SJ58 6.4 2.5

“Phytotoxin were extracted with ethyl acetate from 14-day-old cul-
tures in Czapek-Dox liquid medium. Values are the means of two
replicates each.

"Not detected.

2 i

o} o3 AHE in viro AP A= Ei
T E5F in vivodl A phytotoxing Al
A3} phytotoxin A FH= AaBA 7}
Yepdt & 4 Qo

e

fr 2@ ox

% %
~

Y

0 > o o
QL
o& M 38

to

Al

o

H2A A}33}e) u}Z phytotoxin AAFE VIR, B cinerea
2-16 @59 KJ @52 ErtEo] HFT 7 Azke 55

of m& WA 33} 3-O-acetyl botcinols?} 3-O-acetyl
botcinolide®] AFE-2 W) etGiTh Fig. 298] Ao} 7o,
B. cinera 2-16 @72 A% HE 2445 E Ho] HAY s}
7] Az HE 39A #2439 S ¥ HE SYARY
= 85% ol AHHENeH, WE 2HlA B EAX
A5 A EHATE. Phytotoxin A4S ABH R 3-O-acetyl
botcinol:> WA JF 3URFE A2k=]7] Algbs) HE
T 4244 1,048 pg/el] HANBAFS VeI, HE &

Disease Concentration (ug/g of tissue)
Isolate severity 3-O-acetyl 3-O-acetyl
(%) botcinol botcinolide
CK 0 ND* ND
2-4 65+5 147+32 27+4
2-16 80+10 236+6 153+27
KJ 18+10.4 ND ND
KOH46 40 ND ND
KOH76 50 ND ND
NSSI111 80x17 108+21 1£2
NY09 83425 17+6.5 ND
SJ58 70+10 162+66 100+38

*Two phytotoxins were detected in cucumber leaf tissues infected by
Bortrytis cinerea. Pots of plant were inoculated with a conidial sus-
pension (1x10° conidia/m/) and then incubated for 3 days in a
humidity chamber. Values followed by standard deviation are the
means of three replicates each.

"Not detected.

Table 4. Quantification of two phytotoxins in tomato leaf tissues
infected by Botrytis cinerea®

Disease Concentration (pg/g of tissue)
Isolate severity 3-O-acetyl 3-O-acetyl
(%) botcinol botcinolide
CK 0 NDP ND
2-4 33+5.8 387+59 98+46
2-16 65+5.0 1070+25 577+112
KJ 7 ND ND
KOH46 13£2.5 ND ND
KOH76 18+2.5 38x12 19+6.5
NSS111 50 241458 22+8.5
NY09 30+10 39+17 ND
SI58 20 531456 462+50

“Two phytotoxins were detected in cucumber leaf tissues infected by
Botrytis cinerea. Pots of plant were inoculated with a conidial sus-
pension (1x10° conidia/m/) and then incubated for 3 days in a
humidity chamber. Values followed by standard deviation are the
means of three replicates each.

"Not detected.

SUARE= AR ORE Fhdte AE AT & I
t}. 3-O-acetyl botcinolide= 34 & 157 ug/gd] A&
YERY 7, 3-O-acetyl botcinol U= -2 o] AatE A
S & F AR o]H I A= 3-O-acetyl botcinolo]
dA o] 27| A #Adthe VM5 E BAE B
cinerea KJ @5 A5 24458 AP ukE J4 &
8 BHEr] AlFete] HE 7EAE 25%9] B &
S B v B E 2= T S/ phytotoxin®]
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100 1200
1000 5
~ 80 )
g 2
> goo
§ 60 K
g 600
2 40 <
8 400 2
0 %
)
20 200 &
0 d 0
1 2 3 4 5 6 7 8
Time (day)
100 1200
S Disease severity (%)
80 —@— 3-O-acetyl botcinol 1000 &
2 ---@ - - 3-O-acetyl botcinolide §
2z 800 £
-§ 60 k)
] 600 \g
o 40 | >
8 400 £
@ &
fa)
20 I I I 200 &
0 0

1 2 3 4 5 6 7 8
Time(day)

Fig, 2. Changes of phytotoxin quantity and disease severity in
tomato tissues infected by Botrytis cinerea 2-16 (top) and KJ
(bottom).

A A& HA & A8 FAP & A HFig. 2).
214} phytotoxin B. cinerea®] Ao Ax}z 291
obdAITE ZAHS EoFE T8 AxEMN 24T Ao
il AbsEh

oldel A3, B A7elM HxE £ AAT 3-0-
acetyl botcinol®} 3-O-acetyl botcinolidex B. cinerea’} A3
2Fet= phytotoxin® 24, o] EZo] ¥ Ao lojr &
FHOAY AAAR] A8L A ¥ Aoz AztEn,
aHY o] FHe| EA7t B cinerea?] MU S ToE

= A EF IR F gl AMEOIER, 3-O-acetyl
botcinol# 3-O-acetyl botcinolides oJ¥ WHo T = W
WA Zlodetar Jvhal & S Uk ez o] d A1l
< #13l7] $18iA= ©lE phytotoxing A AHsIA] ke
EQHCIAE TrEo] W] HEE AFSIAL B cinerea
7 Akske the 54 2 545 AEAAE vt
sk 59 oAl A7t o] Foj ok & Flo|t).

o ok
o =
Botrytis cinerea w521 ol 014 phytotoxin®)

dEg FHslE AFE Y F9 B cinereg 2-164-F
7} A4 A28 phytotoxing #8] TR &I F A

o] B4 3-O-acetyl botcinol#} 3-O-acetyl botcinolide=
SAHAL & AF= F Mo =23} B cinerea®) ¥
el FRAAE LA AAsA T 25789 B.
cinerea T FolX WHAJol kgt 3708 B. cinerea +
S5 AA A A F phytotoxing ABAHSHA] 2FqkTh. B
o] FAetAv SRR H4FES F phytotoxinS A
Absbe w3 AAREA] v o ® AU $H4, 2570
o] 5= FA 1075 AAu g o DotAE|o|E
Z&o] 972 A EAE 0|43 whole plant assayol A
phytotoxicityE WEFR O H, o5 107} F&& RFolA
 phytotoxin®] HAZEH AT, In planta AFANM= H
’do] ek el HHE AERA oA B F phytotoxin
o] A& At kAT F phytotoxin®] ArbEF HAA
e AEAAIE HolA]| ¥t F phytotoxine B. cinerea
2-16 &5l #EE Erte 2R 34ARY A&
7] N 4dAl = 7P A FUbelRe 2§ e
319}, o] A3 A 3-O-acetyl botcinolZt 3-O-acetyl
botcinolide™ B. cinerea®] WH A oA F8F o
e T AR FAHAR HE dodl=d YAl 8
?le ofd Ao= AlgHTh

 EEE TEUETA el a2IAAEHAIR &

Agrios, G. N, 2005. Plant pathology(5th edition). Academic press,
Inc., New York. 431 pp.

Beever, R. E. and Parkers, L. 1993. Mating behaviour and
genetics of fungicide resistance of Botrytis cinerea in New
Zealand. New Zealand J. Crop & Horti. Sci. 21: 303-310.

A, A F, 289 1995, AL o] WA+t Botrytis cinera
o] £ 715 T8 9 54, WA 9 oA A3
wol. g1 8telA] 23: 246-256.

Coley-Smith, J. R., Verhoeff, K. and Jarvis, W. R. 1980. The
biology of Botrytis. Academic Press, London. 318 pp.

Deighton, N., Muckenschnabel, 1. and Colmenares, A. J. 2001.
Botrydial is produced in plant tissues infected by Botrytis
cinerea. Phytochemistry 57: 689-692.

Edlich, W., Lorenz, G, Lyr, H., Nega, E. and Pommer, E. H. 1989.
New aspects on the infection mechanism of Botrytis cinerea
Pers. Neth. J. Plant Pathol. 95: 53-62.

Elad, Y. 1992. The use of antioxidants (free radical scavengers) to
control grey mould (Botrytis cinerea) and white mould
(Sclerotinia sclerotiorum) in various crops. Plant Pathol. 41:



126 nag

417-426.

Elad, Y. 1993. Regulators of ethylene biosynthesis or activity as a
tool for reducing susceptibility of host plant tissues to
infection by Botrytis cinerea. Neth. J. Plant Pathol. 99: 105-
113.

Elad, Y. and Evensen, K. 1995. Physiological aspects of resistance
to Botryts cinerea. Phytopathology 85: 637-643.

Elad, Y., Kohl, J. and Fokkema, N. J. 1994. Control of infection
and sporulation of Botrytis cinerea on bean and tomato by
saprophytic bacteria and fungi. Eur. J. Plant Pathol. 100: 315~
336.

Ellis, M. B. and Waller, J. M. 1974. Sclerotinia Juckeliana
(Conidial stage: Botrytis cinerea). CMI Descriptions of
Pathogenic Fungi and Bacteria No. 431.

Faretra, F. and Pollastro, S. 1993. Genetics of sexual compatibility
and resistance to benzimidazole and dicarboximide fungicides
in isolates of Botryotinia fuckeliana from nine countries. Plant
Pathol. 42: 48-52.

TR, 5, A, B2, A E, 54, 7128, AAE,
2006. Benzimidazole¥} dicarboximideA] A4 =34 AW
w5 8o ¥ A zt(Botrytis cinerea)] T 3 mepanipyrim®] & 2}
B384 513184 49: 259-265.

HHE, 70N 2005. Botrytis cinerea®l] &3 BdflUE A
Folg A, h=a#8ts]A] 33: 89-91.

Hoffman, R., Roebroeck, E. and Heale, B. 1988. Effects of
ethylene biosynthesis in carrot root slices on 6-
methoxymellein accumulation and resistance to Bosrytis
cinerea. Physiol. Planta. 73: 71-76.

A5, 2719, AL, 73R 375, 43, wS, R,
ZAZ1E. 2009. Botrytis cinereaZ -6 £-2]3F F 7)) A 2o
phytotoxin®] 72 A4 L HETA. A EHAT 15: 112-119.

HEX, AAY, o139, A BE. 1997. Botrytis cinerea #+55
o] A 4+ 3} = polygalacturonase, laccase, B-glucosidase &)
T2 24 B el . @A BelekalA] 13:

- A - 30

225-231.

Poapst, P. A., Ramsoomair, B. A. and Goutley, C. O. 1979. On the
promotion of senescence in Brassica oleracea var. capitata by
Alternaria brassicicola and Botrytis cinerea. Can. J. Bot. 57:
2378-2386.

Rebordinos, L., Cantoral, J. M., Prieto, M. V., Hanson, J. R. and
Collado, I. G 1996. The phytotoxic activity of some
metabolites of Botrytis cinerea. Phytochemistry 42: 383-387.

Rosslenbroich, H. J. and Stuelbler, D. 2000. Botrytis cinerea-
history of chemical control and novel fungicides for its
management. Crop Prot. 19: 557-561.

Salinas, J., Warnaar, F. and Verhoeft, K. 1986. Production of cutin
hydrolyzing enzymes by Botrytis
Phytopathol. Z. 116: 299-307.

Sasaki, I. and Nagayama, H. 1994. Purification and characterization
of B-glucosidase from Bomrytis cinerea. Biosci. Biotech.
Biochem. 59: 100-101.

Sharrock, K. R. and Labavitch, J. M. 1994. Polygalacturonases
inhibitors of Bartlett pear fruits: differential effects on Botrytis
cinerea polygalacturonase isozymes, and influence on
products of fungal hydrolysis of pear cell walls and on
ethylene induction in cell culture. Physiol. Mol. Plant Pathol.
45: 305-319.

Talma, K. Y, Elad, Y. and Yunis, H. 1989. Resistance to
diethofencarb(NPC) in benomyl-resistant field isolates of
Botrytis cinerea. Plant Pathol. 38: 86.

van Kan, J. A., van't Klooster, J. W., Wagemakers, C. A., Dees, D.
C. and van der Vlugt-Bergmans, C. J. 1997. Cutinase A of
Botrytis cinerea is expressed, but not essential, during
penetrating of gerbera and tomato. Mol Plant Microbe.
Interact. 10: 30-38.

Wasfy, E. H., Farag, S. A., Tarabich, M. A. and Abd-Elmoety, S.
G 1978. Studies on enzymes of different strains of Botrytis
cinerea. Phytopathology 92: 168-179.

cinerea in Vvitro.



