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ABSTRACT: Metalaxyl sensitivity related with distribution feature of mating type was characterized for Phy-
tophthora capsici population, totally 433 isolates of the red-pepper pathogen collected from 75 pepper fields in Korea
from 1995 to 1998. At the concentration of metalaxyl 2 ug/ml, inhibition rate of mycelial growth of P. capsici isolates
was 68.2% in average compared to control, and 28.6% isolates in average were estimated as resistance to the chem-
ical. Isolates of field unit with a single mating type revealed similar level of sensitivity to metalaxyl and showed
sensitive or resistant in most field units. However, isolates of field units with both mating types revealed diverse

sensitivity level to the chemical and various occurrence ratio of metalaxyl sensitive :

resistant in each field unit.

Results indicated that different levels of metalaxyl sensitivity of P. capsici population in Korea seem to be closely
related with occurrence ratio of Al: A2 mating type of each field.
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AAAR R g 23k 79T Phytophthora
capsicie JIFE H|ES Ut BEofE, 714, Q0] 3¢,

AAHLE & ¥
FE FIL Yo, FYelAME 2 F IFdA e 7t
7F¢ 413FcH(Erwin and Ribeiro, 1996: Hwang and Kim,
1995; Kim, 1995; 3 5, 1995; 4 &, 1995). 22} &
A S SHEe] WA s oAl o s dudl
g5k WAl JoiM = FA Mg FHoE A&
A WA aHE FAE F fe T HeT 99 A
&9l Ag3 Wole WAl B ofelee F3 YUk
(Hwang and Kim, 1995; Lamour and Hausbeck, 2000;
Oh and Kim, 1992).

2FA e HAE Aol AHSEHE FAE 19773 Ciba
GeigyAloll 23] 718 metalaxylS A EAU A 3 Fo]
Yo R Agsh dFol] AHA gdud kg s
e Aoz d#FTH(Cohen et al., 1986; Urech et
al., 1977). 22} 1981 AREHF P infestansolA] oF
A Ao LA B (Davidse et al., 1981)% A
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HE] ANAZRLZ Phytophthora®:2] d8 FE U]
A AT 8ol & EAZ tFEHUTHErwin
and Ribeiro, 1996; Lamour and Hausbeck, 2000). =+ 9|
M2 ZASEE P infestansSt AFSEE P capsiciol
it FAAY o] wAo] Hud v UAkF F,
1992; Oh and Kim, 1992).

P. capsici®] metalaxyl 733 #8E A7 5 Mchau
9} Coffey(1995)= 0.5 ug/mic]l 7} corn meal agar
el 113350 i Al A aA7E 25~100%2] HH
2 yephds Bk E3 Oh¢l Kim(1992)2 ol
A BEZE P capsici®] EDy, °] 1.5~150.6 ug/mi©) 3L,
ED,, o] 100 ug/midl A do] 13%7F SA Il W
EIR =
capsicie T3P0 2
HAwkS AASARE M2 T2 aefge] uj Rt Th
A2 JHHE d¥EAE F14 oY F8 89l
o2 oAXH(Lamour and Hausbeck, 2000; Ristiano,
1990: Satour and Butler, 1968), °1E¢] FAAIIE] U
oA FEFQ Tefda E4 HE8Y "Holrt Yeht
£ o2 ¥#FHBowers and Mitchell, 1991; Satour,

F5e] FolANe F@
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1968; Savage, 1968). 3HH, =) AFAYHF P capsici
A W] Al A2 wefEe] AR TE X9E, TG
AEE OeFA veivH, 5Y TReME M= gE
WS Ze gEol EAlske AoE RiFe] vt
(Song et al., 2002). °|& FY TR A2 0] &
A ¢ o, 7t IATRYIE FHHeR it Y
4E°] BXIIL AL AL 4331 sz

£ a7 S F8 aFAuA oA dAse L
AW Phytophthora capsici Je2] metalaxyloll thgh
A TG HdFEe] Iy T EXF
RS ARl Wl Jay f44 54 2 vy
A8z ATt

e
3
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BA| DAY (Phytophthora capsici)

1995358 1998717 7539 A= thehd] 315 FAot
AR G2 Uubgrt X9 53 Wuke 21 B
€ F 7o) wjFol ofn] WEA yFAWF 43373F
% 20% CV-8 agardlX] widst & dele] 15°C 32
719 BN metalaxyo] thek OB 7 2Alel A
£33 tHSong et al., 2002).

MetalaxylOfl CHEF Zt5=d ZAt

4337 JAFAH FFEQ] metalaxylel] i3k 7HEAS
ZA¥17] 918k 0, 04, 2, 10, 50, 250 ug/miS) metalaxyl
o] H7IE 20% CV-8 agar WA & AME3IATE SAFF
E& dEelA 25°C 2ACE 57 wikEt . FE9)
PSR 2 RE cork borer® A7 6 mme #EITS
ANASIS 7t FEEE metalaxylo] H7HE HiR| ] FYo]
A8t 497 wige & FEAA L A BE
AL o2 HAASIYeH ED;, @2 A4 Tk
£ A loge Il AL Aol disk 3HAMS
2 73t

BRI (%)=

T2 #F 27 (mm)y-A 79 #5247 (mm)-6

T2+ #%2% (mm) - 6

£ Aol AM-E metalaxyl 9A|(a. i. con. 95.8%)
E)E ATOEFE EFUst. AATAYH
e 718L 1589 Phytophthora < o5 sk <
A W ZAR) UAM P ocapsiciE X3 13FELS
1 ug/ml ©]31ollA4 EDs, gte] Yebdtl= 23 (Erwin and
Ribeiro, 1996)} ¥ AFWE & FHIE FAHZ T
B3] 2 pug/miol A 60% o1 dAMES AE Be AL
Ao R sNeH, 2 ug/midlA 60% 18k}t 250 ug/
mllX 90% o3t A& We e AFdolzt A4
st

X100

&3t 3 nE

Y DFEAHA P capsici TTHe| Metalaxyl Z=+M

0, 04, 2, 10, 50, 250 pug/ml®] metalaxyl 2FA] He] &
THE 433 FAFFEY FAKE IAES 2AG
A} 2 ugiml A2 TN FARE A&l 17~100%
HAR Ao WolEo] 71 WA vERstThdata not
shown). Metalaxy!l 2 ug/ml FEolAe] FAPALEE FA
a5E Ha AR A& 19959 69.6%, 1996
72.4%, 19974 63.2%, 19983 67.6%.2™ <IE+ A3]
£2 68.2%% UEPSTH(Table 1).

P, capsicis EFst] AAAHoR B 1559
Phytophthora & 452 metalaxyl Ao thgt FAMIS
wk8-S- AN A} tIHE 1 ug/mi 01814 EDy, 3]
e ™ (BErwin and Ribeiro, 1996), 1997%d ©=+ North
Carolina®l| Al A3t JFEH P capsici®] metalaxyl
A FES BF EDy 30l 1.1 pg/ml mIWrolH Bt
0.27 ug/mie Vepd A2 2 deiA] vi(Para and Ristaino,
2001). 3+, Oh and Kim(1992)& ZFujof] E¥ 3= 315
AF P capsicil U3 metalaxyl A ZAME S
EDg°l 20 ugiml ©131Q1 Z5dwto] AAl FAHEFTY
21%3.2™, EDye] 100 ug/ml 017321 A& do] 13%=E
UERGS-S oln) 278k \f gl

whA 7|80 B A ZAF Aol 2 A oo
A et 2 ugiml FEoM ) B FAE Ases
I8 2 ug/mi2) metalaxyl A2 ujRjlA FAHE A3
&0l 60% ol3le] FFES AIgo F3 A} 433+
F F 1217357 AR Ueigon HA AT
o] 279%% AAIFTH(Table 1). AHF FAIA Y+
HASS 28.6%92™, olHgt AFHHES BT 250
ug/miAIME 90% ol3te] FAMIEAA &S HI5L ED,,
e 2 ug/ml ©)74E VEFATH(data not shown).

Table 1. Metalaxyl sensitivity of Phytophthora capsici isolates
from pepper cultivation area in Korea between 1995
and 1998

Number of

Inhibition

Year itive :
Metalaxyl sensitive : rate®

Isolate Field :
solate  Fie resistant” (%)

139 (68.8) : 63 (31.2) 69.6
64 (80.0) : 16 (20.0) 72.4
30 (55.6) : 24 (444) 63.2
79 (81.4) : 18 (18.6) 67.6
312 (72.1) : 121 (27.9) 68.2

1995 202 42
1996 80 15
1997 54 9
1998 97 9
Total 433 75

*Metalaxyl sensitivity was estimated on colony diameter on metal-
axyl-amended medium relative to the growth of control. Isolates were
classified as sensitive if they were inhibited more than 60% of the
control at 2 pg/ml or as resistant if they were inhibited less than 60%
of the control at 2 pg/ml and 90% at 250 ug/ml.

"Average of inhibition rate of mycelial growth on 2 pg/ml of meta-
laxyl-amended medium relative to the growth of control.
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Fig. 1. Metalaxyl sensitivity of Phytophthora capsici isolates,
metalaxyl resistant (95CC7303) and sensitive (95CC7105)
in a field.

Table 2. Metalaxyl-sensitive and -resistant isolate of Phyto-
phthora capsici in a field

. Metalaxyl
Mating

Isolate Inhibion rate of ED.®  Sensitivi

2 pgml (%) s Sensitivity

95CC7105 Al 752 0.05  Sensitive
95CC7303 A2 28.3 68.2  Resistant

*Effective dose.

S, FUS ERAN EEE AR 359

95CC7105(A1%)&t A3 #5<¢1 95CCT7303(A2%)<]
metalaxy W8-S HZ3IATHFig. 1). 2 ug/ml F=oNA
TAE A &) 242} 75.2%, 28.3%R.2H, EDy, 74
Z+zt 0.05, 68.2 ugimiZ. Aol 1,3008] ol =A
Ueht FAEJ e EAFA L] Aol 7t & A3
Zpate] 3ESS & S YAtH(Table 2).

meta ojE3} Zol wHjFEo] M2 thEy oAl g
g e] 2ozt & WdgEol FYT Wik T
A BaThE 4429 o QI3 BXAle] Ao
2 G99 9z Zvkeh gBo] oEE2HE H|E
H AEFFEL FAFos A e s EXS
veld Aok, 38, Phyrophthora 45 A9AQ
metalaxyl X2l o3 wulE Fgz HAA Wo] e
3 ribosomal DNAS] IGS(intergenic spacer) %% olA]2]
Hol Fo] FE F e A& ¥4 YEdl(Chang
and Ko, 1990, 1992; Song, 2000) AA| ¥y o)A
olgg A WHolr} AT H HdF Ao +4
ARl T2 Z7HE Aot Wy AR E FFE
9] metalaxyl Ao tf3t vHSSAF welE RS}
o] #HEA AR BT F9Y fAFHA B4 BHd

glo] 5 WaF ROz AN,

e ECIY nHly YMEZe}l ofNZtey

U IFGEF P capsici FEY EAEAE Al A2
g el SARYE EX A¥E 4 FFE 7Y A
H-g-g HE918] 2 ugml) FAI7E XE8 eix] oA
AN F FAAE A& HORARE AR Al
Y e A2Y uHET 23T &) TAEY] TAUE
HIFANE 71E02 ZARE A& WHolEe L10%E
Fokow, A&l Higst AR Aole 6.6~134%
2 yeht 74 e I 4587 A g
7ol MR Hth(Table 3). =8, 2AME 8XF F
6ol g TdER ofA ZeAdolyd A Fo
@ EAolon, zkz} oA E A& vre] 1 #
TS A AT 60~80%2) Asie HYAAN
oty MEAQ IATNEEE 7] 1-3%9 F2 ¥
oA gt HAFES] A& FEXE VEIITH(Table 4).

o A1 A2 wHE o] EAISH WISk &) £
9 7 37 FAMES AEi& HolE2 £39.0%F |
R, A Hvigre] ¥9x 30~72.9%F JER} &
Awelg EFEC] vls] 1 ¥olEo] ZtkTable 3). &3,
FARFFES 40~80%2] Aal& W Bol BE3IFS
H, ZAHE 28 ERA Aol TR, IFT
A AT} AT DRSS Ol i &

Table 3. Metalaxyl sensitivity of Phytophthora capsici on
2 ug/ml of metalaxyl-amended media with occurrence
ratio of mating type in each field

Mating Field Inhibition rate (%) of mycelial growth
: Mean (Variation)’  Range (Distance)’

1 64.3 (- 2.9~+ 4.4) 61.4~68.7 ( 7.3)

Al 2 624 (- 9.7~+ 6.4) 52.7~68.8 (16.1)
3 94.5 (- 3.3~+ 5.5) 91.2~100 ( 8.8)

4 26.3 (- 9.8~+ 2.0) 16.5~28.3 (11.8)

1 76.1 (- 3.9~+ 2.7) 72.2~78.8 ( 6.6)

A2 2 65.2 (- 9.0~+10.0) 56.2~75.2 (19.0)
3 73.5 (- 8.7~+ 5.3) 64.2~78.8 (14.6)

4 823 (- 8.0~+ 54) 74.3~87.7 (13.4)

1 46.2 (-22.8~+21.3) 23.4~67.5 (44.1)

2 524 (-18.8~+25.5) 33.6~78.7 (45.1)

3 56.2 (-33.9~+39.0) 22.3~95.2 (72.9)

AL/A2 4 64.3 (-12.2~+28.1) 52.1~92.4 (40.3)
5 512 (-19.7~+36.4) 32.5~87.6 (55.1)

6 58.5 (-16.1~+18.1) 42.4~76.6 (34.2)

7 63.6 (-18.4~+12.7) 452~76.3 (31.1)

8 64.8 (-21.5~+23.4) 43.3~88.2 (44.9)

‘Al, A2; occurrence of only Al or A2 mating type, A1/A2; occur-
rence of both Al and A2 mating type in a field.

"This means distance of inhibition rate calculated on standard by
mean value of inhibition rate of mycelial growth for each field iso-
lates. :

‘Distance of between maxim and minimum.
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Table 4. Distribution of metalaxy! sensitivity of Phytophthora capsici isolstes with occurrence ratio of mating type in each field

Mating Field Number of isolates with the range of inhibition rate of mycelial growth
a iel
type 0~20° 21~30 31~40 - 41~50 51~60 61~70 71~80 81~90 91~100 Total
1 5 5
2 3 4 7
Al 3 8 8
4 2 8 10
1 6 6
2 2 2 1 5
A2 3 2 8 10
4 5 7 12
1 5 2 7 3 1 18
2 1 1 2 3 4 11
3 1 3 2 2 3 4 2 2 19
4 3 2 4 1 10
Al/A2 5 4 5 3 7 3 1 23
6 5 2 5 3 15
7 2 7 6 5 20
8 2 3 12 3 2 22
Total 16 2 9 12 19 33 51 45 15 15 201

A1, A2; occurrence of only Al or A2 mating type, A1/A2; occurrence of both Al and A2 mating type in a field.
®Inhibition rate (%) of mycelial growth on 2 ug/ml of metalaxyl-amended media of P capsici.

AxgEo gl et a8l TFANEE 4~
Asge] WA HZA IE FZE Jeh) T s
Y BAXFE vis) HAFES Al thek w3 Ho)
Fol ¥ Wag € T IATHTable 4).

Lamour®} Hausbeck(2000y wwj&o] F&sl= ¥4
AN FHE P capsici®] GEA AL 53 dAZ ®
Al el Aoy fAAY AERFEO)
metalaxyl oAl s Tt A4S 7ha 9leg gt
3l up Qi =G olest wujgo] EAshe EFE 3l
o}¥E DNA #4 glolM= T wufget S
FFAAY FFE AloldlMuy 34 gekdel o =2
A vdepde 2o 44 dtkSong, 2000). FAFEH 1}
ool GUFYY FIFAMFFE k] metalaxyl A
of tigt ¥hg- Wo|EL Tl wHiE T AP FFFF
Bl B3 Al A2 WHjE S FFEC] EF 23HYY X
Ao #FEY WS HolM o =ZA vehd
ol gt TFEY] FFE7F metalaxyl Aol th3 Wkg-
o] Zol U A1F} A2 WHjF o] BF EAX|se X
B9 oM AL B3 417 gdiel ¥ ZA
et F AS-E ouisich

oM 57 AMEL e A ARG 3
FHART P capsici o] EABA T F2 o Aukat
WY 2730 R 5 APHo I WA &
AU Bl A f - TR A2 HolE
T3 fAF Holrh s fxEe HA B9t 4 &
A¥EAUE & F 3tk oln] Ryd npelo] ) IF
I A A ¥ a9EE wnlg 2 BE <

o] ul- theFEtAl LrERdTi(Song, 2000). o1& =4 3L
S8 P capsici FT°] /NEEFE THE metalaxyl
59 WAFA e} 715 & 7)el A g AgF vE
o I f - TS B3l AR ofs e
g olF F Uthe AL el £

1

g TRk vkg- E40] Yehde AL XA 8 %
A A & AFEE metalaxyle] ERAW HAGES F - F
AR B 2L fH4 E4E 2= JAUES ¥
QA FLe & & Aok wEA FW ZFEPF P
capsici Bl tigh T4 o] welE WA 5433 A™
B A A ] Ut v B Ade Ao 2R W
WA iR o] S g3F ol HEe WA 913 7]

82 8849 otk
q e

19953 €] 1998W@7HA] 7539] =] IFIFEZHE]
FHE 43309 ZXFGWHF Phytophthora capsici 3]
WelE BE B0 WE metalaxyl TS 43150
Metalaxyl 2 ug/ml SENA P capsici R&] HaF FA
A AL 6820700, AdNFe] HALL HF
28.6%[ T EATAEE metalaxyle] el wke-& FA}
@ A3 A1F B A% 9 il 288 $gE0
TS A= Bss 59 2048 el o, gt
B Aoz oA kAol AR FY suE A
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235, el @Yol EAsiel pEske o 23U
FFENY B OjE NS DAY EHRT
:=_—°ﬂ Hl3) v tpgon, TS A wAadn)
£5 Tt ols A5 ol
Wi P capsici 9] metalaxyl FAjol] )3t opekst 2+
F/0] Z+ TFEAE Al: A2 WHjE LAu) ¢} uf$ 2

A3 #AE vks A g 9wt

112'-'

ket

% %‘_élk. AL 331pp.

349, FEE, AR, 8. 1995. Phytophthora capsiciol
93 BrtE Gu) AIPEPE)e] 2. = EE ) 2
£3 11: 386.

A, 88, 4371, B2, 1995. 25, FARE 7l #
=]

A, YA, BY9E, 23 1992, AR T ANA
metalaxyl A4 ZRAHF(P infestans)] TA WA §
34-40.
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