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H 1978 5 1998 - H AL B2 58 R 5 Syl IR - b 1988 4R LURT 7 BERIRY R iR 2958
Phytophthora parasitica » T 1990 521 & FS Phytophthora capsici ° JHEIRFRER » P. parasitica + %%
E AR B R 0T - MERAERR AR RS FIE M AR - IR RA T - Eaii R - T
P. capsici FREEIRZMR BLE L G) - (ERNZ/REH B fERIER ~ {EEREBLR E 015 - Aiftsedtsy
BEE] 16 ¥k P. parasitica 8139 ¥k P. capsici Btk » Eh P. parasitica F5IEREHER (atypical type) » Y55 A’
BOEHR 5 T P. capsici Y955 A Boid » E_jc%)zﬂ‘“ﬁ@ﬁ” (typical type) © P. capsici EIRAT V-8 BEEHEE B2
F 4 7R > BAARARY EERHRTERL » ik LRI 10-36°C » i 24-32°C 5 fE S5 FE5E E Bk
B 74 KU EE (sporangia) » 5 —USERE 354 3-10 {HigE - fusEMHETE - BRI EEEDTY - BEE
#7128 (semi-spherical papilla) ; KESTIZEERTENE - MUEEHA (pedicels) KT1938.9 xm - fUFEA/NE
5% 56.5 x40.4 pm > MEERT LTS 1.39 « LITBEESIRY P capsici IiFE T R1F MR ZALATHG Y
WRREAEEFy » Meam A G > MInEA3RE - (BEG IR - SRE & o BEREE IR B EEL B
SRFVREE FAHIE] o EEZALITBIERY P, capsici F1FEIRIFTE » SRZIRER - ELRTE BB SRR HE AvK [

TSR -

BRBER © ZAL ~ 25 - f il

=t

EIHE (W% > Piper betle L.) B1224E (Piper longum L.)
JEEAE} (Piperaceae) 1Y) » 1EEREREEHIHFEACA > H
BTSN A% ~ B ~ AR 1 - ARRRZIE ~ ZAtHY
T - 1 SRR & G b EadHEE HE O
BLFEBERER ~ BEBEIR (Cercospora piperis-betle Sawada,
Phyllosticta piperis-betle Sawada, Helminthosporium (7)
piperis-betle Sawada K¢ Hendersonia piperis-betle Sawada 55
S1#E) ®Y ~ RIFIRE (Colletotrichum gloeosporioides Penzig 5|
#8) ~ FIMMA (Sphaerotheca fusca (Fr.) Blumer 5[ E) @)y
Jii ~ TRIEEER 52 (Meloidogyne incognita (Kofoid et White)
Chitwood 5| #8) @ 2 » 33 Lbif #5435 F4FE Sawada [HF5E
A AR O o B AL - 2 AEE M @ik
(http://www.jage.idv.tw/disease.htm) » H Al 8 ZHIHEE
R R E ~ A PEABER ~ BRIENAR ~ EREIE ~ BRI %
S HH R R B ~ UL £ -

EELHS » Chang & Shu "V J5 LGS 1981 4t 22 0EHY

~ Y5895 ~ Phytophthora capsici

~ Phytophthora parasitica

VAR Phytophthora palmivora (Butler) Butler 5/#E »
1983 48 [F % P. parasitica Dastur (= P. nicotianae Breda de
Haan)) "% 5 1 2 B2 G @1 52 1981 SE1ETRAYESE 1oyt
F| P. capsici Leonion ° fi{% » — [EIRH ZHEELZ/LIZ IR
PR o (ELL > (FE NG EC E AR RIS SE ~ 2L %
T bR R RER BB G T — 3R s -

MORHEL 5Tk

1R 53 LR A7

HFBEALLIE FE R EE ~ 22 URAH RRER] - ELFEIL T
R~ &~ BER ~ AE ~ REF - R EEAI BT - (RO
TRAHARGE R ~ IRRZK ) o TEfEIRE (). H—rﬂﬂ?fﬁé@i%ﬁﬂ’ﬁ'@
Bz LL/INT T il > 359 B YIRRKT 10 x5 x2 mm® 2/ NS »
(b). BEF YIAE 5 x5 mm? » (c). BEYIEL 5%x3 x2 mm’® » Ji5
FHABAL0.5% NaClO ¥ WRR A 75— 7rdd > LU AR R
§Z 0 IER &6 20 ml 2% WA (water agar » /KIFfIF) 5%
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5%CV-8A+AMP ®° (5% Clarified V-8 juice agar (Campbell
Co.) + ampicillin, PCNB, and mycostatin) 42 4:5% F
ZESEIM (EL9 em) N > B2 24°C & » Jr B AT SE R
o SEFEM: BB BUER 5%CV-8A (5% Clarified V-8
juice agar, 5%V-8 vegetable juice i 0.2% CaCOs {B&71% »
#1500 rpm EHEEC 5 7388 > B ERR - BIIA 2%
Bacto agar (Difco Co.) FABE I A Ampecillin 100 ppm,
PCNB (Penta-chloronitrobenzene) 10 ppm Jx Mycostatin 50
ppm © A5 BEEREE K BRAG - Btk BIFERE B AHAR R -
HE Gt R P By - UJHURTImER Ak - RoAE H2 %
fif. 2 5% V-8A (5%V-8 vegetable juice agar » & 5% V-8
Vegetable juice £20.02% CaCOs; {E& 1% » JIA 2% Bacto
agar) | o 7yl 2 REERIE AL 0BT - FEAERS 5% V-8A
ko A1 24°C T CHEREE 3-5 K 0 UJHETIREAREE (10 X5
x5 mm’) » {R{FRE DK ZRETH Y TR
ELEI

YEW R L FE N

NREREE A - IGHEER IR TE 5% V-8A FEEE3 K -
1% 2 IR EMR F8A (2000-3000 Lux, 24°C) 1-4 K » & H
e MR R - BERKRAER 4-6 KIFF - 55 H in
BRRATEE E LTI 5 %3 x2 mm® /B » BEARRASEA 20 ml fE
B KB HE RS 22T (Pyrex Co.) Hi > FERSOCIGREIE - BEfd &
gl » HIl{ Hwang % 7 ffFa809771% » iBUERIRAE A K
EEE o HERERIETE 5% V-8A FIEE3-5 K » I§5eimm
FARYIRL 2 x2 x2 mm® /IR » Bt 575 20 ml 19 10%V-8A
B5#2 M (9 cm diam., Pyrex Co.) » H.$ii F— & 3 BEAR
(cellophane paper)  EEIKE 9-12 PEEHIE » 1£24°C #E
MRS 3% 24 hr o FEIGE RLZ BEEEARFE A 53— IR hE 2
A s FLA 20 ml #FTfiE 5% V-8T (ANTSHIEBAE AT 5%V-8A) » £
2 24°C B #: 24 hr - 25 = K DIBE P88 7% (mineral
solution) VFEYE =K » BEK[EIRE 30 min © 2% » EHEENLE
2 IR SETR AEAY (2000-3000 Lux, 24°C) 1-4 K » & Hk
0 ERIE R o JRER ML - (ERADKER M ES e &
fEF AN » BRI E 100 {[EiREE -

Ui 78 - TR0 (MM ST e 2F) + e A 3R IR b 2
[ » BEMIANA 20 ml #EE K - EH2 15°C MMEIRAFE 30 min
FkmE] 24°C %7 30 min > KER 5 B 2 I &35 8 [E1hE 5
2 > BRI AT (zoospores) o [ AE F BRAIR AT
FETHE 107 T o Bt -

Vi S 28U Y 2 SRR Y - 1 2

Ac #18Y (mating type) FYMIRE : {55 Ik 58 73 i
5%V-8A 15 3-5 K 0 WFSEIREERRUIRL 2 x2 X2 mm® /)y
B o B A&H 10 ml AFTHEE 10%V-8A E52 (6 cm diam.,
Pyrex Co.) By 92 » £EIN AR IE BE— B Ik - BF 13-4 BUE %

B 1E24°C MR REE 6-10 K - ff % - TERAMRER T it
A YN AL o A I T2 R > 3% 2 EN £ Rl Y
(Homothallic) 5 ZMHERIATAEFS FEERFUA - HI{K Ann & Ko ©
2% R B A R PR EIARHE R IR (Phytophthora parasitica
ZP991 (A") B P731 (A)) BhirpssaE » W AR BT
BRI o FERIEHTIE 10%V-8A VIR 15 %10 x5 mm® K/ »
REMRERR 9 om HIEFEIIA » UH@#5&HE—E > &1 6-8
B o PG SR PR R AR BRI At e 28R — b - JHIE
FOEHAIRg A" B A” B RRA SR AELE SR 75— Y
FHRIEE 0.5 cm © Z1% o 5RGE N DUEARHT (paraffin paper)
FE s SRLIERTEATELEE o BEROCARIEST 5 1524°C TREE6
K o HGBHR RS - AUGYE BT A" Ao AL T
HRER AT ECER - (HE1A” AL AL T E RS A Bl
s QSRR HECEIS AT A T TS E 5 AAY » T
AELIINFEERBA® o

Bl 2 ¢ FIIF Ko 1" #8822 5 I (Nuclepore
membrane) /7% » MHIE A WK EAL ZUNIEF- (Oospores)
HIK /N Sexuality type ° &K A INIEF BB PK JC 1T #rie
20%V-8A IFEBE (20 x15 x5 mm’) [jA 24°C T IESEIEES 7%
6 K > T HEVERE 4 hormone FIECA P4 Bl 75 A= 04 FH B ST
UG PRANAEREIE A D S B FAE R 24 hr © i —BAR
ISR IIERABEA 9 cm K52 MRS » b 7a] 25— iR
H#EE (polycarbonate membrane, 0.2 ym, 90 mm diameter;
Nuclepore, Pleasanton, CA94566, USA) » Fji§4: K—KE
FHEIECEIRY ~ RIERA NGB > LB SRR Y7 [ %5 f H
b o BEERI DMREIE AR » B 24 °C MO IR 6 K -
Wt - KPR EIREL PSR o (E ARG PEFESKR L
FERTYPRE - G o (RIS ERARS SR SR B Sk es ~ O
MUF ~ JERE BRI A N (BRI 50-100 {[) » T 7E 3L
1R sexuality type ' ©

R ok 22 R BRI 11 B AR

FliE 5%CV-8A i3 4 » FEK 9em HEIHMEH
20 ml ° HEERE BRSCTE 5% V-8 G 158 3-5 K 5 Jciin
FRTER ARUTIRE 2 x 2 x2 mm® /NS CRfrfieg 2R - B A& CV-
8A BEE ATV (FIFRE#% 1 cm) b o MR 4°C —[HIFS -
YRK 8,12,16,20,24,28,32,36 °C 2 8 JEIE » & —IRSE Riks £
M > B 58— KEARGRE IR B A R A R » 2 b
FwE R MBEE - RKEIE o RN > GABSERE X -

P A P 9 R

TR ~ A PHRE LR - MIE PR PRIV TERE ~
AN ELYN I RO ~ MRS DI TRUTEREEL A ~ 2
T TR IR T BRI AR ~ TR A SR P AL FEE 15
P~ KB AR FVE A UKIE R - FHARZE R 2 7 JESCRR
CT s FLIEE L o FETERERBIEE < IS R iR



T (24-28°C) 1582 & S%CV-8A 199 cm B K& S
£ 4-6 KX o HEpIRes A s Ryl s E FatiiABarh o6
FEAMERHA ©

Bk R BBk T ¢ BCEHTRE S%V-8T » &£250
ml =M EH 50 ml B5ER o B = i 5 st
SRIRRAIFTREE SRR (5 x5 x3 mm’) » AR 2 i - ik
B 24°C MEGE 5-7 K o S B RBEREH > #20.05M 2
T4 [E11%(Phosphate buffer, pH 7) {325t = 2K » FHEE 1AL
(Filter paper, Bateman No.1) J&4Z/K {3, BUERS -20°C T8
&R o RN BRI Z Fh » 7E & HIE (sea sand) f/b & 4
PHAR TR Z AFFRA PSR » AL 7 27,000 g (B3R (0-4°C)
Bfe 0 30 438 o BE O 218 Vs _EJEUR (clear supernatant) {1t
[ EE vk 358 (gel electrophoresis) © & Davis ¥ 2 5%
ST SRl P B B 7E SDS-Polyacrylamide gel 78
VKT o DALCHRSETE ~ SZ {0 TR R B o {th ZF £ 77 EfE Y P
capsici F (2% ) Z 5 FHEERE (Protein patterns) 2 F[5] o

9 J 1 R

PR i LI SARTY ¢ ECBLOEEAE PRI A TR
FETR A Z A 107 Wik T o HEEt Y 4 B (8
52 > Blue star) BLZZ{UTHNT o SN =0 T (25-28°C)
BT & A /& (Bio-mix potting substratum, Tref
Substrates Schoonebeek B. V., Netherlands) H)=~1#8IZ{t.%
Hho R 0 AR RAT L A o LRI FHEHRE 0.5 cm
FHAVZEES » ST PUSREEEE A o KBRS =8 H Mt
A o PERHAT R CRERRISESEGEE » DUKYRSE » DAKoK AR
HZ K iRty -

RREST UL ¢ AU 4G 2 B - B B TR
200 ml {8 AR SR HE JEaph b > JREREM GBS & Uk BRAYZEIE
AP RFHRIR » FHRF 2-4 PRITHE ERRSRIEAWE A 11817
MR —/NRF > ZARFRNERS & IR0 =Tk o Befis i
FENEY) B HAREEIRE £ 25-28°C i - #RTBHIE <L « #
TERY M9 #R3 (disease index) 7 =k (2 : ZE2HIET 5
1 HRRIEE - AR 50 : fRER - 78 &8 =1 FIF
Y 5% AR B 0 EF BLHESR £ (disease incidence) (%) =
(0n+1n'+2n% / N X 100 (n°, n', n® 75l & TR Bk
B N il etk o B rosefd - Je LL10 SR & St
(n0.3) #RR— 3 » EERIEE T — T > FKFEH 0.5 ml #FET
RPN NE AR S BE RO I b BRI R E fA 2
BARALREE Es— 28 - HFREBBE  HE B HANE
Fr#$ imIE e o SRR PR BEAE 10 3R - MM By B =
Q2 ER PSSR E S Sem LA E s 1 R ER(0.5-5 cm 5
0 : fHE 955 B BRI B 14 1€0.5 ecm L) o fEIK E (%) =
(0n+1n'+2n%) / N X 100 (n°, n', n® 53U % Fefvs s Moy
Froo N il R R B o SRR 8 - LOR SR 62
SHEEEEER - 1F 1 ml 8 TIPS VH RS b RIS

B Zlumw o 181

SETIRIERZ R » A AR R W S RIS JE s -
JBRER 10 Pk o B R SRR PEES 62 2R K - EBRIg EE
— R o BRARR G AI R ARDT T DEIRR 0 LL0.5%
NaClO /S ARIIE = 705 - DUEERIRGZ1L - IE R 4
GRS b PR M IER R BIRAE RE R
H o 2T RS ER AL 5 PR AR BRI ER T 5 L o

16 T WUBE £ F ETE ~ ZALIIREE P capsici N3 X
R C I

17 WL sl BAIPEIR B P capsici IR BZZAL 7
FIJZ IR P. capsici PUMRIAS T E Sn o ZA LAY
FRIT R ERFATENG - B s A R (A KXY
HRL AR B SR AR - BERELN T A A T IE IR o HHHE R
PAREAREK o EFBRIEIRY - I B R ) R 7
PEFERE O _E B S EIRIIEIEUE T P, capsici (Phytophthora
tropicalis Aragaki & Uchida) —{FHas » I BRI B
FERIIRIERE » DAZK L

I S

P RSB IR 11 7

Phytophthora parasitica W4y B 5 5| 2/ FHEE TR
{21« BEELE 1980 A4 > ks 3-4 LU FRYZREELE LA
T HHBUSPEST AL (slow decline) FYFHAR  #h EEEL : FA#A
If > Jpaikny BE BRSO ARGN 22 » AERAYAE R H iz
18 Hizg5 > Z0n BB TEMAE 25 - R Sl daivs B is s
/N EAREERIETC o B ERINTEELE FERIF o b AR - 125
AR R SE A ARSI n] RUAARAR /D - FHAR G EE
JEETBL » e B S8 AR B B A5 HH AT A A - 1EREE T
ik b n] oy B 1S BE 5 # Phytophthora parasitica (= P.
nicotianae) ° WtA¢ » FIHZE R F891E 7 - 1§ E{L3E ol
(1 x1 em?) JEIZ AR T 558 2 ALAR sl T ik | o
YR EESI15 BIAHEIRZEREE o 1F 1977 Bl 1978 FEFg ]
53153 16 itk (F6—) » 955 A® Bl (mating type) ©
PRFF B 1981 4 Chang & Shu " $MEL IR Hiid 572 2 —
B NEAELEE -

Phytophthora capsici 17} #ftELH 5 | FEHFHBRTRE =L : 10
TR 0 1E1992-1996 -2 0 FRTTESH2E EEEE R
FENR (EFERE ~ AL~ R~ B~ AR FHEERE
EERIIETS o EHBURME AR (B — ~ =) Ry
FERIIEHR % bR TT LSBT R - (ERATH 77
BIRIIEIRE 12 £ Phytophthora capsici ° HL9¢ » TEH FERER
ZEAl 0N R fE T E IR RS A ESHEAR - AR
Rl =) ~ &€~ TERCRE » #3 Bk B e B KRR Bt
B > TARIR A GEE R SR ARt RS BEEY - SRR sE & A
RS » 38 RS R TR 5% = 08 ITH RS 13t 56 i 1
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K— ~ HEE Piper BIEY) Y EEEWNE Z1EE

Table 1. Isolation of Phytophthora from diseased tissues of Piper species in Taiwan

Source of Species of No. of isolates, mating
Year Location ' Host > isolation Phytophthora type and designation
1977 Tsaotuan, Nantow Piper longum Root P. parasitica 4A?, PPPbl-1~4
1977 Tsaotuan, Nantow P. longum Root P. parasitica 6A’, PPPb2-1~6
1977 Tsaotuan, Nantow P. longum Soil P. parasitica 4A2, PPPb3-1~4
1978 Minjien, Nantow P. longum Root P. parasitica IAZ, PPPb4
1992 Puli, Nantow P. longum Basal stem P. capsici 7A', PcaPbl-1~7
1992 Shueili, Nantow P. longum Root & stem P. capsici 4A', PcaPb2-1~4
1992 Shueili, Nantow P. longum Root & stem P. capsici 4A', PcaPb3-1~4
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A!, PcaPb4-1~2
1992 Tsaotuan, Nantow P. longum Root P. capsici 1A', PcaPb5
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 4A', PcaPb6-1~4
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A', PcaPb7-1~2
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A!, PcaPb8-1~2
1992 Shienyi, Nantow P. longum Root & stem P. capsici 3A', PcaPb9-1~3
1993 Beiho,Tainan P. longum Root P. capsici 2A1, PcaPb10-1~2
1994 Tsaotuan, Nantow P. longum Root P. capsici 3A', PcaPbl1-1~3
1996 Tianwei, Changhua P. longum Root P. capsici 4A', PcaPb12-1~4
1996 Taitung P. longum Stem P. capsici 1A', PcaPbl13
1996 Taitung Piper betle Stem P. capsici 1A', PcaPb14
1996 Taitung P. betle Stem P. capsici 1A', PcaPb15
1996 Taitung P. betle Leaf P. capsici 1A', PcaPb16
1996 Taitung P. betle Leaf P. capsici 1A', PcaPbl7
1996 Taitung P. betle Root P. capsici 1A', PcaPb18
1996 Taitung P. betle Basal stem P. capsici 1A', PcaPb19
1996 Taitung P. longum Stem P. capsici 1A', PcaPb20

5 cm DL EEECERAT MG, » SCENRYL R R ARl - FRERE
MR A iR Rk B s SR BB T S E LA
AR AR AL EE o (LB E YL 1% - AR LR ~ 125
Prds o SR ENEIRE - {ESRELRE Fa RN B aEIRY o @
b b A s AE AR b o BETS B RS RIS 0 B P
capsici (Fe—) °

Phytophthora capsici % T 1% BLEE &

H 20 SREREA R HOZ SEBL S { LR AR | 35315 39 R P.
capsici ° FfH 39 { P. capsici BEFRIE $hiT5 HOER »
A= T (24-28°C) £ 5% CV-8 Mfl5 FA4: RZIW&IERET
W BANREE EHRTERL - SaCEERR D (EPY) - kAT
1E£10-36 CAER » ol RIRER 24-32°C (D) -

TEE #8 5% V-8 Mg & » P Z{LEZZ 5E 3 Bty P.
capsici 335, oA I0EE o 15 BRARBE U] T A G 7K o iR
I - BRI s B O TER N % - i
HITERL 75 unterminated » MUZERE oo 4 —{El & > HLL
SERiiuEER PO 8 R F{E Mg - b EEEeR » &
1%~ N2 (sporangiophore) FJRA 3 £ 10 {HEfiZE
NuZErHEY] 77 X ARAR o MuZenl B A ~ (BIERUAY ~ faeise
TUBCARS (BT (8 F1) » ELEE PR 2L2€ (papilla) » (B A

HONE S WAl PL2e o KR ZEERIE 1% - I 254 50-
90% - Mit& HIMuEEE RATANEIRY I ZEti (Pedicel) ([E7S) ©
ZALBIZEE RN RVETERE ~ Mg K/ NELTZAR ~ it 2E
WA ERANEITS A 2252 - (34 8 BikAvNuEE A
%5 50-75%25-55 pm » T 5% 56.5%40.4 p¢m > JO3E KE L
1.0-2.18 » 7785 1.39 - JEE&EH{E 10-120 xm » 775 38.9 um
(FR =) o ZHE B ZACEN F F AR A & 4 BRI T
(Chlamydospores) °

AR AT R RS BN TE RN ¥ > {H 8L P. parasitica
A’ iR P731 SHs S A LI T - (RIS RS A" i
T o BRI FHARHES Y G TR BT A® R 2 A HE L R
IReEs & - WIEARERS & A4 I T (EL) - Rt
FRERE Sexuality type S4 (ATHIIHL A Bilk » R A® ik
HIR LA RN 1) 1 o BN RT3 NS (oogonia) ZETH
T - P T RIEACE N - RS 2R (antheridia) B2 K3 ©
HEARRE A THER B A NV« iINER S 24-36 1m, T
31.7 pm s JEFA/NE 20-30 wm » 9 26.1 pm s Rk
A/ 10-20x12-18 #m » P15 15.1%x14.8 um

AN[E] SRS 7 e 22 BE B AL B R 1V BB R
P 5e 2 HEL(E\) - HELFHU 2 BERIN P. capsici B35
e —2 (&) -



B—ZEB T - 24 - ZAUZWR ERRE E o 240 R B SRR R — ~ ) BEE R (E =) - Z AL IR
Phytophthora capsici T£5%V-8A FJj224°C A= R R % AURE (D) ~ Mg (&7 ~ /%) RINEF (E L) -

Figs 1-7. Disease symptoms of piper infected with Phytophthora capsici and the pathogen. Slow decline of Piper longum (Fig. 1, 2)
associated with root rot caused by P. capsici and a blight leaf (Fig. 3), colony on 5%CV-8A (5 days) (Fig. 4), and sporangia (Fig.
5, 6) and oospores. (bar=20 rm)

Phytophthora capsici # PR J5 P H E EALEIRE WOl 12 AL AR EUG T - 5 E
. - A TR B B SEF | » (0 (25°C) Fitk

B A T ST 755 4
P TLIT AT L T REIFIR (107 zoospores/ml) e o 5 St B ARG B KERIRHE B
R PEAEAE 5 iR — B HAGR SRR NI BEAG I 25 HEENRBEAGHEIE A » A UL fE e Fr kb 2B K » A UL RET
A1 3 SRR © SRR  OSET oyt siphh FRIES » K0S FREBLAE SIS b
A4 50% LI E - SIS » FHRASTESO% LLE o A THERE S B
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F T~ FIRIFEERE B FEkEAES A 58 B %99 Phytophthora capsici (18 P. tropicalies) BF1k.Z & E
Table 2. List of isolates of P. capsici (including atypical type = P. tropicalies) used in pathogenicity test or electrophoresis study

Typical or atypical

Isolate no. Host ' Location * Year isolated type/mating type
PCaPb6-1 Piper longum Tsaotuan, Nantow 1992 Typical, A'
PCaPb9-1 P. longum Shinyi, Nantow 1992 Typical, A'
PCaPb10-1 P. nigrum Beiho, Tainan 1993 Typical, A'
PCaPbl1-1 P. nigrum Tsaotuan, Nantow 1994 Typical, Al
PCaPbl12-1 P. nigrum Tianwei, Changhua 1996 Typical, A'
PCaPbl13 P. longum Taitung 1996 Typical, A'
PCaPbl4 Piper betle Taitung 1996 Typical, A'
PCaPbl15 P. betle Taitung 1996 Typical, A'
PCaPb16 P. betle Taitung 1996 Typical, A'
PCaPb18 P. betle Taitung 1996 Typical, A'
PCa38-1 Capsicum annuum var. grossum Tsaotuan, Nantow 1998 Typical, A'

(sweet pepper)
PCa42-1 C. annuum var. grossum Chiayi 2000 Typical, A'
PCa48-1 C. annuum var. grossum Shilo, Changhua 2001 Typical, A'
PCaRhl Indian azalea Changhua, imported 1994 Atypical (= P. tropicalis), A°
P129F Carnation Hawaii 1987 Atypical, A°

F= ~ 1% Piper B[R] Phytophthora capsici WINEZER) AN » B fhA: VR RS A

Table 3. Size of sporangia, and mycelial growth reactions to temperatures of isolates of Phytophthora capsici isolated from piper

species

Sporangia Growth reaction
Isolate no. Length X width ( m) Length/width Pedicel (um) to temperatures (°C)
PCaPb9-1 40-(54.5) '-60 X 35-(40.4)-50 1.07-(1.34)-1.67 15-(53.9)-90 10-(24-32)-36°
PCaPbl10-1 50-(63.4) -75 X 35-(43.2)-50 1.11-(1.46)-1.75 10-(37.5)-120 10-(28-32)-36
PCaPbl1-1 50-(63.4)-75 X 35-(44.2)-55 1.22-(1.43)-1.71 10-(31.6)-95 10-(28-32)-36
PCaPbl12-1 45-(57.4)-70 X 35-(40.4)-45 1.12-(1.42)-1.82 25-(45.2)-105 10-(24-28)-36
PCaPbl13 45-(56.1)-72.5 X 35-(40.8)-50 1.13-(1.38)-1.80 10-(32.4)-85 10-(28-32)-36
PCaPbl14 40-(53.6)-65 X 30-(40.2)-50 1.08-(1.33)-1.76 10-(35.6)-100 10-(28-32)-36
PCaPbl5 35-(49.9)-65 X 25-(36.1)-48 1.0-(1.38)-2.18 10-(38.8)-100 10-(28-32)-36
PCaPbl18 35-(53.9)-70 X 30-(38.2)-48 1.11-(1.41)-1.78 10-(36.5)-95 10-(28-32)-36

" Data in parenthesis are in average.

> Mycelial growth reactions to temperatures on V-8 agar are indicated as minimum -(optimum)-maximum.
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Fig. 8. The SDS electrophoric patterns of mycelial protein of Phytophthora capsici isolated from different hosts including Piper
betle, P. longum (No. 5-12) and Capsicum annuum var. grossum (No. 2-4) (Indication of line number: 1.protein marker,
2.PCa38-1, 3.PCa42-1, 4.PCa48-1, 5. PCaPb9-1, 6.PCaPb10-1, 7.PCaPb12-1, 8.PCaPbl13, 9. PCaPb14, 10.PCaPb15,

11.PCaPb16, 12.PCaPb18.)

DY ~ Lt Piper BLEHARST BfEEIRT Phytophthora capsici TRRIIRIRTE

Table 4. Comparisms of the pathogenicity of Phytophthora capsici isolated from Capsicum annuum and Piper.

Disease incidence (%) '

Seedlings of Piper longum.
Inoculum Host sweet pepper Leaves Seedlings
PCaPb9-1 P. longum 95 83 50
PCaPb10-1 P. longum 100 100 75
PCaPbl1-1 P. longum 90 83 50
PCaPbl12-1 P. longum 90 83 50
PCa38-1 C. annuum var. grossum 100 100 67
PCa42-1 C. annuum var. grossum 95 100 50
PCa48-1 C. annuum var. grossum 100 83 67
PCaRh1 Indian azalea 0 0 0
P129F Carnation 0 0 0

! Disease incidence of sweet pepper were counted as % seedling killed; leaf and seedling of P. longum as % (On"+1n'+2n*/N. n°, n', n?
representing the numbers of inoculated plants or leaves of each disease grade and N indicating the total numbers of inoculated.
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ABSTRACT

Ann, P. J.'°, Huang, T. C. %, and Wang, I. T.' 2002. Identification of Phytophthora species on Piper betle
and P. longum in Taiwan. Plant Pathol. Bull. 11:179-188. (" Department of Plant Pathology, Taiwan
Agricultural Research Institute, Wufeng, Taichung, Taiwan, R.O.C., > Bureau of Animal and Plant Health
Inspection and Quarantine, Council of Agriculture, Taipei, Taiwan; 3 Corresponding author, E-mail:
pjann@wufeng.tari.gov.tw, Fax: +886-4-3338162)

Species of Phytophthora in the fields of Piper betle and Piper longum in Taiwan were investigated
from 1978 to 1996. Phytophthora parasitica was detected in all of the investigated fields before 1988,
whereas only P. capsici, but not P. parasitica, was isolated from the diseased tissues of pipers in the fields
from 1990-1996. According to investigations, P. parasitica was isolated from rhizosphere soil, diseased root
and stem of the slow declining plants. The infected plants died eventually 3-5 years after appearance of
declining symptoms. However, beside underground portions, P. capsici also attacked aboveground portions
including leaves, stems and blossoms during rain. The fungus was most frequently isolated from these
diseased tissues in wet season. A total of 16 isolates of P. parasitica were obtained in the early years. They
all belonged to A mating type and were not typical type. All of the 39 isolates, which were obtained after
1990, were typical P. capsici belonging to A' mating type. Colonies of P. capsici grown on V-8 agar were
smooth with slightly radiate patterns. The minimum, maximum and optimum temperatures for mycelial
growth were 10°C, 36°C and 24-32°C, respectively. Isolates of P. capsici produced large amount of
sporangia on V-8 agar as well as in water. Each single sporangiophore bore 3 to 10 sporangia arranging like
an umbrella. Papillate sporangia were ovoid, obperiform or subspherical, and mostly deciduous with pedicel
about 38.9 um long in average. Chlamdspores were absent. Symptoms similar to those seen in the fields
were observed when leaves and stems of cuttings of P. longum were inoculated with zoospore suspension of
P. capsici obtained from P. betle and P. longum in pathogenicity tests. Wounding was not necessary for
infection to take place but enhanced disease progress. The pathogen also caused root rot, wilt and death of
the inoculated cuttings. P. capsici was reisolated from all artificially infected tissues. All tested isolates of P.
capsici from P. betle and P. longum were pathogenic to sweet pepper and vice versa. Meanwhile, the SDS
electrophoreic band patterns of mycelium protein of P. capsici from both hosts were almost identical.

Key words: Phytophthora capsici, typical type, Phytophthora parasitica, Piper betle, Piper longum



