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ABSTRACT: Phenotypic characteristics, pathogenicity and fungicides resistance of fifty one isolates
of Botrytis cinerea obtained from various host plants were observed and determined. The relationships
between these characteristics were also investigated on the basis of isolation host plants. The isolates
of B. cinerea varied in the capacity of sclerotia formation and sporulation. The pathogenicity of
44 isolates from tomato, cucumber, and strawberry was significantly stronger with 3.2 cm in average
diameter of necrotic lesions on cucumber leaves than that of seven isolates from other host plants
such as orange, gerbera, ginseng, kiwi, grape, pear and from butter with 1.8 cm in average diameter
of necrotic lesions. Benomy! resistance of 12 isolates from tomato plants was much higher with
the ECsp, 562 ppm than that of 19 isolates from various host plants. Diethofencarb resistance,
however, of 11 isolates from strawberry plants was highest with the ECs,, 210 ppm among isolates
from other host plants. Polygalacturonase activity varied among isolates in the range of 0 to 103
unit and that of isolates from tomato, cucumber and strawberry was slightly lower than that of
isolates from other host plants. No significant relationship between pathogenicity and fungicides
resistance, polygalacturonase activity was found among 51 isolates of B. cinerea. Isozyme patterns
of polygalacturonase produced from two strongly and weakly pathogenic isolates (FC122, KC6)
were slightly different depending upon carbon sources during cultivation.

KEYWORDS: Pathogenicity, fungicides resistance, Botrytis cinerea, gray mold rot fungus, polygalac-
turonase
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Table 1. Details of Botrytis cinerea and Botrytis squamosa isolates used in the study
Isolate Host Pathogenicity* Polygalacturogase activity Collection
(lesion diameter, cm) (sp. act.=U/mg) Location Year
B. cinerea isolates
T91-1 Tomato 4.30 31.25 Yusung 1991
BC-5 Tomato 1.70 44.95 Yusung 1988
KC-5 Cucumber — 21.00 Yusung 1989
KC-6 Cucumber 473 28.53 Yusung 1989
S-1 Cucumber 348 47.76 Yusung 1991
V-1 Cucumber 143 54.15 Yusung 1991
BC-1 Cucumber - 47.77 Suwon 1987
BC-2 Tomato - 55.91 Suwon 1987
BC-4 QOrange - 103.10 Suwon 1987
SW-31 Grape 2.20 40.84 Suwon 1993
G-1 Gerbera 143 54.15 Kimhae 1990
KT-433 Tomato 2.85 24.82 Kimhae 1990
JT-104 Tomato 3.30 10.11 Daejeon 1990
JT-101 Tomato 3.70 1947 Daejeon 1990
DJ-71 Strawberry 3.25 47.83 Daejeon 1994
DJ-49 Strawberry 3.60 64.76 Daejeon 1994
7Z5-107 Strawberry - 0.00 Daejeon 1990
NS-111 Strawberry 342 2941 Yeongi 1990
FC-122 Cucumber 0.25 21.60 Pyungtaek 1990
PT-33 Pear 2.60 7149 Pyungtaek 1992
DS-473 Strawberry 175 27.61 Damyang 1990
DS-522 Strawberry 3.80 36.82 Damyang 1990
JM-1 Tomato 4.05 30.21 Moonsan 1993
JM-2 Tomato 348 26.46 Moonsan 1993
JM-3 Tomato 3.65 31.65 Moonsan 1993
IM-4 Tomato 3.58 30.79 Moonsan 1993
JM-42 Tomato 223 49.98 Moonsan 1995
JM-43 Tomato 468 50.03 Moonsan 1995
CS-107 Strawberry 418 59.09 Nonsan 1990
NS-1 Strawberry 0.77 61.29 Nonsan 1994
NS-53 Strawberry 2.75 51.71 Nonsan 1994
S91-8 Strawberry — 55.77 Nonsan 1991
S91-7 Strawberry - 85.29 Nonsan 1991
591-6 Strawberry - 78.18 Nonsan 1991
S91-2 Strawberry - 0.00 Nonsan 1991
JS-5 Strawberry - 29.59 Sugok 1993




250 THE KOREAN JOURNAL OF MYCOLOGY, 23(3), 1995

Table 1. Continued

e o ™ e
JS-6 Strawberry - 57.50 Sugok 1993
BT-300 Tomato 4.18 21.94 Buyoe 1990
BY-33 Cucumber 2.83 54.72 Buyoe 1994
BY-6 Cucumber 325 45.55 Buyoe 1994
BY-3 Cucumber 2.40 40.09 Buyoe 1994
BY-2 Cucumber 3.10 4272 Buyoe 1994
IT-106 Tomato 3.85 20.95 Yongin 1990
SC-171 Strawberry 2.98 65.12 Suncheon 1990
SC-34 Strawberry 333 53.23 Suncheon 1993
SC-35 Tomato 358 51.69 Suncheon 1993
GJ4-3 Strawberry 3.65 54.78 Gongju 1994
GJ5-2 Strawberry 3.38 35.76 Gongju 1994
NH-32 Kiwi 2.70 57.19 Namhae 1992
CA-36 Ginseng 2.25 38.88 Chinahn 1980
KCTC1937  Butter 0.00 65.18 Japan
B. squamosa isolates

CN-24 Onion 0.00 70.88 Changnyung 1995
CN-25 Onion 0.44 78.97 ; Changnyung 1995

*Necrotic lesions diameter of cucumber leaves inoculated with agar discs (¢=5 mm) of the pathogen was

measured 3 days after inoculation at 20C.
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Table 2. Phenotypic differences between isolates of
Botrytis cinerea isolated from various host

Table 3.

Effective concentrations of four fungicides
inhibiting 50% mycelial growth of Botrytis
cinereq isolates obtained from various host
plants

plants

Isolate Mycelial Sclerotia Sporu-

color formation lation
BC-5 Dark grey - +++
DS-473 White +++ (1179 -
FC-122 White +++ (€Y +
JT-101 White ++ (98) +
JT-104 White + (26) +
S1 White - +
T91-1 White ++ (87) +
G-1 White grey - -
KC-6 White grey - ++
$91-2 White grey - -
BC-5 Dark grey - +++
NS-111 Dark grey + 4+ 4+ (104) 4+

2The number of sclerotia produced on PDA.
"Sclerotia were clustered to form a circle.

Fig. 1. Morphological differences between isolates of
B. cinerea on PDA. All colonies were derived
from mass-hyphal inocula, incubated at 20T
for 10 days.

ok I 9} 197} #5+ ECs 350 ppm o] A} 2 F&
A8 23 9)sith. Procymidone?] 7-5-ol=
benomyl® zte] FIFpAE ofot Tl wet
1008 Fx=e] zke]7} ld=Hl, IM-2= ECs7} 37
ppmoE TE FFo] uls) AfHoR Ajapie)

Isolate )

Beno-  Procy- Vinclo-  Dietho-

myl midone  zoline fencarb

To1-1 400 0.62 410 <1.00
BC-5 540 0.37 045 <1.00
KC5 84 0.52 0.35 0.35
KC-6 370 0.35 045 0.35
BC-2 80 0.33 0.54 <1.00
BC4 <1.00 0.36 041 850
BC-1 <1.00 0.39 3.20 110
G-1 52 0.37 0.76 <1.00
KT-433 940 3.20 3.60 <1.00
S1 0.64 0.44 0.40 <1.00
V-1 540 3.60 4.10 <1.00
JT-104 700 0.37 0.37 <1.00
JT-101 1200 3.30 4.00 <1.00
NS&-111 <1.00 0.36 048  >1000
FC-122 520 4.50 3.60 <1.00
DS-473 <1.00 0.35 037  >1000
DS-522 <100 <100 <100 92
JM-1 370 3.30 4.20 <1.00
IM-2 880 37 3.60 <1.00
JM-3 420 3.30 6.00 <1.00
JM-4 620 3.20 3.50 <1.00
JS-5 300 3.20 3.60 <1.00
J5-6 430 4.00 5.60 <1.00
CS-107 450 320 410 0.36
BT-300 490 3.20 <1.00 <1.00
75-107 660 0.35 6.40 <1.00
IT-106 <1.00 045 0.37  >1000
591-8 370 4.00 <1.00 0.35
8917 410 370 5.80 0.37
591-6 <1.00 <1.00 047 0.64
S91-2 92 5.00 9.60 <1.00

9la BC-2%& 033 ppm o2 ZFpAdelith Vinclozo-
lineell Hqt #5¢) W2 procymidonest f-Ast
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Table 4. Fungicides resistance of Botrytis cinerea isolates grouped on the basis of isolation hosts

Mean of ECs, ppm

Host Isolate number
Benomyl Procymidone Vinclozoline Diethofencarb B
Tomato 12 5622+ 87.2¢ 47 £25 29 £05 719+ 714
Cucumber 6 199.0+ 109.0 11 06 1.7 +038 223+ 219
Strawberry 11 2504+ 81.3 22 £06 32 +10 210.0+ 132.0
Others® 2 262+ 257 0.37£0.01 0.59+ 0.18 45+ 40

aStandard error of the mean, "Two different hosts; ginseng and orange.

$3A9t, diethofencarb®] 739+ DS-473, IT-106,
NS-111 #57} 1000 ppm ©) o] F=A3HA4E 1
93, BC-13} DS-522= #2434, 0 9 #5&
25 ZAdelgleh

2 735 FEE FEee 74 Al
g3 Aed A=E vjwstgls] 2= Table 49}
7Ze}. Benomyldl]l tiglk A3 A= EvlEA
¥ajEl FF7F 5622+ 872 ppmlE  HI[FFY
2504+ 81.3 ppm, $.0]FF2] 199.0+ 109.0 ppmel
Ha " Fol Fo4 e AolE BHYen o2
7152 Reg FFE 9] 3EFl 68 @5
AJeledk. Procymidone®} vinclozolineo} o3& x3}
AL Evig, |7], Qo] #FZt fe4 e A
ol fslevt ErE #5F9 EC7l 97 ¥&
RS BT, OE 27FE IFERYH Fd
3o B]8) ECs7} 0.37, 0.59 ppm o2 B4 Yobr).
Diethofencarb®] Z-$dl= EvrlE, 20|, wW7|FF
el 214 = Aol gl ot g7 Fo} M
AP AgE Bon, 9] oE 235 F
Sacalbi=d

32| polygalacturonase &4

2219 #F9 pectind 33 &4 polygalacturo-
nase?] specific activityx ZS-107, S91-2 #5=
4ol AEHA sken, BC4 #FE 1031
unit2 7F Egkoh UmA @5 FolA 30 unit
o3&}l #F7} 1374, 30~60 unitdl 757} 2871, 60
unit °]44l #FE 97§°]SivKTable 1). 7]54E2
TEI FFELY A28AE ZAElgE, 2
7] BeldF7} 460 unitE 7H ETohou) Q9] B

Table 5. Pathogenicity and polygalacturonase activity
of Botrytis cinerea isolates grouped on the
basis of isolation hosts

Isolate Mean of
Host

number Patho- Polygalac-
genicity turonase
(lesion (sp. act.=

diameter, U/mg)

cm)

Tomato 15 3.5+ 0.02* 346+ 35
Cucumber 10 3.3+03 385+ 4.3
Strawberry 19 29+ 0.3 460156
Others® 7 1.8+ 04 61.6+ 8.2

aStandard error of the mean. The pathogenicity was
determined 3 days after inoculation of pathogen agar
discs on cucumber leaves at 20C.

®Seven different hosts.

ulg® #FF9 94 ol Aol:= ek e,
el 71Fel A Fel" 7359 4L 616 unitE F
8 371% ¥e #FEd ¥y EsiciTable 5).

0| HalM, polygalacturonase §d X X &M
Zte| A

TFE52 W4} polygalacturonase 84, AF
A Az 7ol o Aol UeA 47l A
7+ 84E Alol9] ARAAE 2AIEIgh Table 6
ol xe} el 7+ Q1 Aleldle ARAFIE BF
04 °]3t2 A3 #9444 e ARTAYL EAHA
et
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Table 6. Relationship between pathogenicity and polygalacturonase activity and fungicide resistance of Botrytis

cinerea isolates from various host plants

Correlation Coefficient

Fungicide Resistance

Pathogenicity PG Benomytl Procymidone Vinclozoline
Polygalacturonase —0.253
Benomyl 0.061 —0.364
Procymidone 0.038 —0.115 0.397
Vinclozoline 0.119 —0.262 0.371 0.236
Diethofencarb —0.086 —0.151 —0.399 —0.146 —0.312
*Polygalacturonase activity
BC5 JM43 FC122 KC6

C T S C T S

C T S C T S

Fig. 2. Isozymes pattern of polygalacturonase produced by B. cinerea isolates in culture media containing cell-
wall preparations of cucumber (C), tomato (T), and strawberry (S) as carbon sources. Host plants of
BC5 and JM43 isolates were tomato and those of FC122 and KC6 were cucumber. Extracellular polyga-
lacturonase was resolved by polyacrylamide native gel electrophoresis with polygalacturonic acid-agarose

overlay.

7t polygalacturonase SEA2| pattern H]
)

7159 BulgelA] Felgl 75 FolA HdAdel
&k BC-59F 73t IM-43 752 polygalacturonase
E984 patternS Fig 2A9} 7t} 20|, Enpg,
27 & 7IFAEY FEHES gAY R dhe]
FHs v Y dFee ®Aadel adel band
R2oFol Mz 7} vhEA vhelyi o), ® A 7ok

& 27F el Boo] fFrAFskATh 2e)ollA &

,4
=

C-6
l?
= o

29 FF F Yo ok FC-1229) 73
FF7 el eF7ke] zpol7t olglar AAbe] AL
BEule, @7 AEHEEES ghgow 3

OE,O

32
il

ofo] npEA vebylthFig. 2B).
.
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7t A=, 29x A% FHE Holrt gk,
EntE, ®7], 0o)dA Rl #F7 e 7|FER
Ew3t A3 goltiTable 5). o] o2 &2 of A
Wdgo] W& 37|57 ol o2 HdglA] B
T e AT 22 JF BolAe gk Aoz A
Z+g) o] o] 715 AYFAAHA] AAde A
22 927 pectind 3 &4 polygalacturo-
nase A& FF7lel Wolrt Alskg ot WiAls)
AGA QA AFBAE sk oL o] &dv)
Hol] A o7 QT=ER] A HScott-Graig ef al.,
1990) Ex vl d ] S4E SAF Rol7] dF
o Wz =g A} FHAL FHo) TR
49 F d9E = drHKolers} 7Mel A4,
BAAR fABHA o B8] 715 i)
Mz AT Asko]l glsdck 2, 919 38 3
715 A Hejd FF 9 R FFEL B4 o)
folAd oA eken polygalacturonase A%
914 A o4t o) e ' 7|FeM 288
AYFFo] Weld FF-5o] EvlE, @], 2] &
ggobe e Aol UdSE: elidm B 4
slom, olujdt FFZe} Wole #HIA ExM4
=3 BAE B3] #9298 Aol

5 AEg 2EolA] o]
+ 53] A& &
Atolo] A AEAuA A ol ol AFHoZ
AFAE A ok oA 2 FRE] AREA)
Agtdo] FAlEo] Stom FFFRe] Abdiio]
AA] AR do2 A stk 5, 1993;
Akutsu ef al., 1987; Akutsu et al., 1988). AM#A|
FFEE Bd 298 4559 benomyld gt
Aol 71 Eskm, 7|FERE BEvlE Reld
F7F 7V E3tHTable 3, 4). o|RAL A=
Enle Auzsjold vhAlE #35}e] benomyle] 7}

A wol 2838 AL veplid, A4 st &
A EvfEd F Ad FA H gle Ao
A FFoldolghs AHAle] o] AFE it
(#+ %, 1990). Dicarboxymide Ar##¢l procymi-
done, vinclozolined] H&F A4 Ax+ 8 37
FE2E o4 e 2olrt $1%le.m benomylel
v)8] ECs %= oFF Wotth o] AL o] 2Al7} be-
nomylel] ®ls] "R A ALEe] AYUFFe|H
ubAloll AME-EISL7] Wl FFF e SR A
A ghato] o] FolA ] gL A w-F o2 A7)
Diethofencarb®] 7% 2o] EaFF7) o= 7|3
FaldFe] uls G4 Aoz vebded, ol
AgAls AR AR LaEA] gkl
Bsla Aol veh) 53] @] A9 AR-oll
Fosjol & Zolth. Evnlg, BY), 0] EFF
9 o2 FFE5L W94 polygalacturonase s}
A ArgAle A% uheE olF )l A
o2 Jepgrh o] #FEL - A Ao
F8 IF ¥ d5de °E AeE ¥
o]2|3 57t HHYA wWolaql 79 #AE
2435 2 Ast wWQA3} polygalacturonase A
9 A A3 5 2ol 94 sle A7)
A tHTable 6). ©] A= 99} 22 FF7e] W
o}7} WAl A Qg& v|AA| Yi&
e ZlolH, #FW o <l o3 wAo
g S o4 F stk FF WMol st
okl FFE Aldlsled polygalacturonase 5$) &4
patterns wlaslgEdl, EvlE, 0], E| AEH
F2EL 2o wiYgsge 9 2 2] ot
2A JelgckFig.2). °] $9E4L F A= ¢ &
A i AR #0) UEAE ZEH, 7}
#39} polygalacturonase EALE T £pEelsio]
WA} QA@g Aol & Host YJuk o] B
T8 HAE Yeide do Wl IAYHH F
polygalacturonase &4 A7 (Johnston and Wi-
lliamson, 1992a)& ©] 7343, o] &9 A7
g 7hA AbEAle] A= BlgEAslck(Barmore,
1985; Bughee, 1993). ®3}, oAtz g o8] o
719 ol XY A FAPESH
= FAER woR R 2ARslY o] g Hlwke
AUl #F3F A We]l R EAE ¢
T3 £ 247} Qvkn AztgcKFaretra and Pol-

o T



Pathogenicity and Resistancy of Botrytis Fungicide 255

lastro, 1993).

5 =2

ALZ Fo\F(Botrytis cinerea) 51FHFE )
AR A F8 Ex GRS o5 Fie =
Sefd 54, 4AM384 2 polygalacturonase &
A Apstglon, Fe] Z1FEE Wi 3

o
—_—

J[m

A9 ArAE /) 2elE g3
w5 84 gL 4 == AL 549 73
B, e wet dels Eapggepe) o
stck. WY HAA A ERlE, o], @r]zng
el 55 Q0)d HApEuk 2)Bo) BF 32
cmZ 7, Jrte, vl 5 okE SFExne 2eg
52 18cmir) AR vk 7 FFE A
AL Ente Re|wF 52l benomyl AaHA o)
ECs 562 ppm 0. & t}-& 5ol ulsl €4 &9kom,
27) F2ldTe) A9 AR At 3 die-
thofencarbol] q]s}oq ECs 210 ppmo2 & A3
A& tehygd}. Polygalacturonase 348 #3727}k
of] o]z} Alsked specific activity7} 33} 0 unit¥-]
103 unit7hA] AA Hom, Enlg, 20), W] 5
F2 7)1FESYH 28 F57) 2R e w5l
ula] ozt whe Aske 8ok FFE9 A48
ARAl A g w AT = 2 A AR 51)574]7
AR 22, WA e) e w9} oFFF 759
polygalacturonase 51854 pattern wjofA] g4
el wet H& ofre Aozt glgdrh

o r\o it e S
P

2

b

ZAtel

2 A7E 19959 wgYel A ) xme
A4 gedTxAdn(HA M E BSRI-95-4405) =]
A3 A3reH ME)SNLAY] dRAPes
T?‘Hﬂ‘)’i}\‘/l‘:} Ao AR wWdds Foks)

FA g e el «‘LEH AT, &
dista TSN 53 zedA A=Y
=3

BER

Akutsu, K., Irino, T., Tsukamoto, T. and Okuyama,

S. 1987. Relationship between development of be-
nomyl-resistant strains and hyphal fusion in Botry-
tis cinerea. Ann. Phytopath. Soc. Japan 93: 495-506.

Akutsu, K., Irino, T., Kubo, A, Okuyama, S. and Ta-
daaki, H. 1988. Induction of dicarboximide fungi-
cide-resistance with filtrates of the resistant strains
of Botrytis cinerea. Ann. Phytopath. Soc. Japan 94:
593-599.

Barmore, C.R. and Nguyen, T.K. 1985. Polygalacturo-
nase inhibition in rind of valencia orange infected
with Diplodia natalensis. Phytopathology 75. 446-
449.

Bughee, W.M. 1993. A pectin lyase inhibitor protein
from cell walls of sugar beet. Phyfopathology 83:
63-68.

Bussink, H.J.D., Brouwer, K.B., L.H. de Graaff, Kes-
ter, HCM. and Visser, J. 1991. Identification and
characterization of a second polygalacturonase gene
of Aspergillus wniger. Curr. Genet. 20: 301-307.

o3 F. 1993, 1994, AEH AT pectin FHaLE

o187 MzP HRA 2zeld WAL ST
ATa EAFHAA] B,

Collmer, A. 1986. The role of pectic enzymes in plant
pathogenesis. Ann. Rev. Phytopathol. 24: 383-409.

Cooper, RM., Wardman, P.A. and Skelton, ]J.EM.
1981. The influence of cell walls from host and
non-host plants on the production and activity of
polygalacturonide-degrading enzymes from fungal
pathogens. Physiological Plant Pathology 18: 239-
25b.

Faretra, F. and Antonacci, E. 1987. Production of apo-
thecia of Botryotinia fuckeliana (de Bary) Whetz.
under controlled environmental conditions. Phyfo-
path. medit. 26: 29-35.

Faretra, F. and Grindle, M. 1992. Genetics studies
of Botryotinia fuckeliana (Botrytis cinerea). In: Re-
cent advances in Botfrytis research, ed. by K. Ve-
rhoeff, N.E. Malathrakis, and B. Williamson, pp. 7-
17. Pudoc Sci. Publisher, Wageningen.

Faretra, F. and Pollastro, S. 1993. Genetics of sexual
compatibility and resistance to benzimidazole and
dicarboximide fungicides in isolates of Botryotinia
Suckeliana (Botrytis cinerea) from nine countries,
Plant Pathology 42: 48-57.

Grindle, M. 1979. Phenotypic differences between na-
tural and induced variants of Botrvtis cinerea. J.
Gen. Microbiol. 111: 109-120.

Irino, T., Endo, T., Akutsu, K. and Okuyama, S. 1991
Characteristics of induced dicarboximide fungicide-



256 THE KOREAN JOURNAL OF MYCOLOGY, 23(3), 1995

resistant strains conferred by filtrates of the resis-
tant strains of Botrytis cinerea. Ann. Phytopath. Soc.
Japan 57: 17-23.

Johnston, D.J. and Williamson, B. 1992a. An immuno-
logical study of the induction of polygalacturonases
in Botrytis cinerea. FEMS Microbiol. Lett. 97: 19-24.

Johnston, D.J. and Williamson, B. 1992b. Purification
and characterization of four polygalacturonases
from Botrytis cinerea. Mycol. Res. 96: 343-349.

Kim, CH. and Kwon, S.I. 1993. Parasitic fitness of
procymidone-resistant isolates of Botrytis cinerea on
strawberry. Kor. J. Plant Pathol. 9: 26-30.

Al AL, 234, 1993. Benzimidazoled ¥ di-
carboximideA] A-gFAlel AFAQN ALFFolnig
(Botrytis cinerea)®] B7VA ofAle} hgh wh-g. ¥
A2 2)83)#] 9: 98-103.

Laemmli, UK. 1970. Cleavage of structural protein
during the assembly of the head of bacteriophage
T4. Nature 227: 680-685.

3, A, A S, 234 1994 AR
sjol®lt Botrytis cinerea?} ¥-4]3}= polygalacturo-
nase®] FEAAL B4, I5AEHT3R] 10:
215-221.

Leone, G. and Heuvel, J.V.D. 1987. Regulation by car-
bohydrates of the sequential in vitro production

of pectic enzymes by Botrytis cinerea. Can. J. Bot.
635: 2133-2141.

Leone, G., Schoffelmeer, E.AM. and Heuvel, J.VD.
1990. Purification and characterization of a consti-
tutive polygalacturonase associated with the infec-
tion process of French bean leaves by Botrytis cine-
rea. Can. J. Bot. 68: 1921-1930.

Ried, J.L. and Collmer, A. 1985. Activity stain for ra-
pid characterization of pectic enzymes in isoelectric
focusing and sodium dodecyl sulfate polyacrylamide
gels. Appl. Environ. Microbiol. 50: 615-622.

Sakai, T. 1992. Degradation of pectins, In: Microbio-
logical degradation of natural products, ed. by G.
Winkolmann, pp. 57-82. VCH., Weinheim.

Scott-Graig, J., Panaccione, D., Cervone, F. and Wal-
ton, J.D. 1990. Endopolygalacturonase is not requi-
red for pathogenicity of Cochliobolus carbonum on
maize. The Plant Cell 2: 1191-1200.

Urbanek, H. and Zalewska-Sobczak, J. 1975. Polygala-
cturonase of Botrytis cinerea E-200 pers. BBA. 377:
405-409.

fred, AE7], 2eE, A, dFAL 1990, A4
AFgoly] A AT LA} WAl A d
T FA=EACEGALEE S 33: 141-151



