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( Piper betle L.) (Piper longum L.)

(Piperaceae)

(3)

(Cercospora piperis-betle Sawada,

Phyllosticta piperis-betle Sawada, Helminthosporium (?)

piperis-betle Sawada Hendersonia piperis-betle Sawada

) (24) (Colletotrichum gloeosporioides Penzig

) (Sphaerotheca fusca (Fr.) Blumer ) (23)

(Meloidogyne incognita (Kofoid et White)

Chitwood ) (2) Sawada
(23,24)

(http://www.jage.idv.tw/disease.htm)

Chang & Shu (11) 1981

Phytophthora palmivora (Butler) Butler

1983 P. parasitica Dastur (= P. nicotianae Breda de

Haan) ) (12) (21) 1981

P. capsici Leonion

(a).

10 5 2 mm3 

(b). 5 5 mm2 (c). 5 3 2 mm3

0.5% NaClO

20 ml 2%WA (water agar )

1,3 2 1

1 

2 
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Phytophthora parasitica 1990 Phytophthora capsici P. parasitica

P. capsici

16 P. parasitica 39 P. capsici P. parasitica (atypical type) A2

P. capsici A1 (typical type) P. capsici V-8

10-36 24-32

(sporangia) 3-10

(semi-spherical papilla) (pedicels) 38.9 m

56.5 40.4 m 1.39 P. capsici

P. capsici

Phytophthora capsici Phytophthora parasitica



5%CV-8A+AMP (20) (5% Clarified V-8 juice agar (Campbell

Co.) + ampicillin, PCNB, and mycostatin)

( 9 cm) 24

5%CV-8A (5% Clarified V-8

juice agar, 5%V-8 vegetable juice 0.2% CaCO3

1500 rpm 5 2%

Bacto agar (Difco Co.) Ampecillin 100 ppm,

PCNB (Penta-chloronitrobenzene) 10 ppm Mycostatin 50

ppm

5% V-8A (5%V-8 vegetable juice agar 5% V-8

Vegetable juice 0.02% CaCO3 2% Bacto

agar) 5%V-8A

24 3-5 (10 5

5 mm3) (10)

5% V-8A 3

(2000-3000 Lux, 24 ) 1-4

4-6

5 3 2 mm3 20 ml

(Pyrex Co.)

Hwang (17) 

5% V-8A 3-5

2 2 2 mm3 20 ml 10%V-8A

(9 cm diam., Pyrex Co.)

(cellophane paper) 9-12 24

24 hr

20 ml 5%V-8J ( 5%V-8A)

24 24 hr (mineral

solution) 30 min

(2000-3000 Lux, 24 ) 1-4

100

( )

20 ml 15 30 min

24 30 min

(zoospores)

104-5 

(mating type)

5%V-8A 3-5 2 2 2 mm3 

10 ml 10%V-8A (6 cm diam.,

Pyrex Co.) 3-4

24 6-10

(Homothallic) Ann & Ko (6)

(Phytophthora parasitica

P991 (A1) P731 (A2) )

10%V-8A 15 10 5 mm3 

9 cm 6-8

A1 A2 

0.5 cm (paraffin paper)

24 6

A1 

A2 A2 A1 

A1A2,

Ao

Ko (18,19) (Nuclepore

membrane) (Oospores)

Sexuality type

20%V-8A (20 15 5 mm3) 24

6 hormone

24 hr

9 cm

(polycarbonate membrane, 0.2 m, 90 mm diameter;

Nuclepore, Pleasanton, CA94566, USA)

24 6

( 50-100 )

sexuality type (19)

5%CV-8A 9 cm

20 ml 5% V-8 3-5

2 2 2 mm3 ( ) CV-

8A ( 1 cm) 4

8,12,16,20,24,28,32,36 8

(27,28)
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(24-28 ) 5%CV-8A 9 cm

4-6

(1) 5%V-8J 250

ml 50 ml 5

(5 5 3 mm3) 2

24 5-7 0.05 M

(Phosphate buffer, pH 7)

(Filter paper, Bateman No.1) , -20

(sea sand)

27,000 g (0-4 )

30 (clear supernatant)

(gel electrophoresis) Davis (13) 

SDS-Polyacrylamide gel

P.

capsici ( ) (Protein patterns)

104-5 (

Blue star) (25-28 )

(Bio-mix potting substratum, Tref

Substrates Schoonebeek B. V., Netherlands)

1 0.5 cm

200 ml

2-4

25-28

(disease index) (2

1 0 )

(disease incidence) (%) =

(0n0+1n1+2n2) / N X 100 (n0, n1, n2 

N ) 10

(no.3) 0.5 ml

10

(2 5 cm 1 (0.5-5 cm

0 0.5 cm ) (%) =

(0n0+1n1+2n2) / N X 100 (n0, n1, n2 

N )

1 ml

10

0.5%

NaClO

P. capsici

P. capsici

P. capsici

(8) 

(5) P. capsici (Phytophthora

tropicalis Aragaki & Uchida)

Phytophthora parasitica

1980 3-4

(slow decline)

Phytophthora parasitica (= P.

nicotianae) (7)

(1 1 cm2)

1977 1978

16 ( ) A2 (mating type)

1981 Chang & Shu (12) 

Phytophthora capsici 10

1992-1996

( )

( )

Phytophthora capsici

( )
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5 cm

P.

capsici ( )

Phytophthora capsici

20 39 P.

capsici 39 P. capsici

(24-28 ) 5% CV-8

( )

10-36 24-32 ( )

5%V-8 P.

capsici
(l7)

unterminated

(sporangiophore) 3 10

( ) (papilla)

50-

90% (Pedicel) ( )

8

50-75 25-55 m 56.5 40.4 m

1.0-2.18 1.39 10-120 m 38.9 m

( )

(Chlamydospores)

P. parasitica

A2 P731 A1 

(18) A2 

( )

Sexuality type S4 ( A2 A2 

) (19) (oogonia)

(antheridia)

24-36 m, 

31.7 m 20-30 m 26.1 m

10-20 12-18 m 15.1 14.8 m

( ) P. capsici

( )
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Piper

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

Source of Species of No. of isolates, mating 
Year Location 1 Host 2 isolation Phytophthora type and designation

1977 Tsaotuan, Nantow Piper longum Root P. parasitica 4A2, PPPb1-1 4
1977 Tsaotuan, Nantow P. longum Root P. parasitica 6A2, PPPb2-1 6
1977 Tsaotuan, Nantow P. longum Soil P. parasitica 4A2, PPPb3-1 4
1978 Minjien, Nantow P. longum Root P. parasitica 1A2, PPPb4
1992 Puli, Nantow P. longum Basal stem P. capsici 7A1, PcaPb1-1 7 
1992 Shueili, Nantow P. longum Root & stem P. capsici 4A1, PcaPb2-1 4
1992 Shueili, Nantow P. longum Root & stem P. capsici 4A1, PcaPb3-1 4
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A1, PcaPb4-1 2
1992 Tsaotuan, Nantow P. longum Root P. capsici 1A1, PcaPb5
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 4A1, PcaPb6-1 4
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A1, PcaPb7-1 2
1992 Tsaotuan, Nantow P. longum Root & stem P. capsici 2A1, PcaPb8-1 2
1992 Shienyi, Nantow P. longum Root & stem P. capsici 3A1, PcaPb9-1 3
1993 Beiho,Tainan P. longum Root P. capsici 2A1, PcaPb10-1 2
1994 Tsaotuan, Nantow P. longum Root P. capsici 3A1, PcaPb11-1 3
1996 Tianwei, Changhua P. longum Root P. capsici 4A1, PcaPb12-1 4
1996 Taitung P. longum Stem P. capsici 1A1, PcaPb13
1996 Taitung Piper betle Stem P. capsici 1A1, PcaPb14
1996 Taitung P. betle Stem P. capsici 1A1, PcaPb15
1996 Taitung P. betle Leaf P. capsici 1A1, PcaPb16
1996 Taitung P. betle Leaf P. capsici 1A1, PcaPb17
1996 Taitung P. betle Root P. capsici 1A1, PcaPb18
1996 Taitung P. betle Basal stem P. capsici 1A1, PcaPb19
1996 Taitung P. longum Stem P. capsici 1A1, PcaPb20



Phytophthora capsici

(104 zoospores/ml)

50%

(25 )

2-5

80%

183

( ) ( )
Phytophthora capsici 5%V-8A 24 ( ) ( ) ( )
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 m) 



P. capsici

P. capsici
P. capsici

P. capsici

P. capsici

P. capsici

( ) (8) 

(5) P. capsici

0.2 cm

(black pepper, Piper

nigrum L.) (betle vine, P. betle) (pepper, P.

longum) (14)

Phytophthora parasitica (= P. nicotianae) P.

palmivora (Butler) Butler (P. palmivora MF1 & MF2)

P. capsici (= P. palmivora MF4) (1990

) Piper P. parasitica P.

palmivora (16)
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Phytophthora capsici ( P. tropicalies)

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 1 Location 2 Year isolated type/mating type

PCaPb6-1 Piper longum Tsaotuan, Nantow 1992 Typical, A1

PCaPb9-1 P. longum Shinyi, Nantow 1992 Typical, A1

PCaPb10-1 P. nigrum Beiho, Tainan 1993 Typical, A1

PCaPb11-1 P. nigrum Tsaotuan, Nantow 1994 Typical, A1

PCaPb12-1 P. nigrum Tianwei, Changhua 1996 Typical, A1

PCaPb13 P. longum Taitung 1996 Typical, A1

PCaPb14 Piper betle Taitung 1996 Typical, A1

PCaPb15 P. betle Taitung 1996 Typical, A1

PCaPb16 P. betle Taitung 1996 Typical, A1

PCaPb18 P. betle Taitung 1996 Typical, A1

PCa38-1 Capsicum annuum var. grossum Tsaotuan, Nantow 1998 Typical, A1

(sweet pepper)
PCa42-1 C. annuum var. grossum Chiayi 2000 Typical, A1

PCa48-1 C. annuum var. grossum Shilo, Changhua 2001 Typical, A1

PCaRh1 Indian azalea Changhua, imported 1994 Atypical (= P. tropicalis), Ao

P129F Carnation Hawaii 1987 Atypical, Ao

Piper Phytophthora capsici

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 ( m) to temperatures ( )

PCaPb9-1 40-(54.5) 1-60 X 35-(40.4)-50 1.07-(1.34)-1.67 15-(53.9)-90 10-(24-32)-36 2

PCaPb10-1 50-(63.4) -75 X 35-(43.2)-50 1.11-(1.46)-1.75 10-(37.5)-120 10-(28-32)-36
PCaPb11-1 50-(63.4)-75 X 35-(44.2)-55 1.22-(1.43)-1.71 10-(31.6)-95 10-(28-32)-36
PCaPb12-1 45-(57.4)-70 X 35-(40.4)-45 1.12-(1.42)-1.82 25-(45.2)-105 10-(24-28)-36
PCaPb13 45-(56.1)-72.5 X 35-(40.8)-50 1.13-(1.38)-1.80 10-(32.4)-85 10-(28-32)-36
PCaPb14 40-(53.6)-65 X 30-(40.2)-50 1.08-(1.33)-1.76 10-(35.6)-100 10-(28-32)-36
PCaPb15 35-(49.9)-65 X 25-(36.1)-48 1.0-(1.38)-2.18 10-(38.8)-100 10-(28-32)-36
PCaPb18 35-(53.9)-70 X 30-(38.2)-48 1.11-(1.41)-1.78 10-(36.5)-95 10-(28-32)-36
1. Data in parenthesis are in average.
2. Mycelial growth reactions to temperatures on V-8 agar are indicated as minimum -(optimum)-maximum.



Piper P.

parasitica (a). (b).

(c). 35

( L/B 1.5) P.

palmivora P.

palmivora 1977-1978

Holiday & Mowat (16) Chang

& Shu (12) 

P. parasitica Dastur

(a). P. palmivora

100% 2-5 m (b). P. palmivora

10-20

P. parasitica 5%V-8

185

Phytophthora capsici P. capsici (SDS page)
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.PCaPb13, 9. PCaPb14, 10.PCaPb15,
11.PCaPb16, 12.PCaPb18.)

Piper Phytophthora capsici

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

Disease incidence (%) 1

Seedlings of  Piper longum.
Inoculum Host sweet pepper Leaves Seedlings

PCaPb9-1 P. longum 95 83 50
PCaPb10-1 P. longum 100 100 75
PCaPb11-1 P. longum 90 83 50
PCaPb12-1 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
1. Disease incidence of sweet pepper were counted as % seedling killed; leaf and seedling of P. longum as % (0n0+1n1+2n2)/N. n0, n1, n2

representing the numbers of inoculated plants or leaves of each disease grade and N indicating the total numbers of inoculated.



(mosaic spot patterns) P.
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ABSTRACT
Ann, P. J. 1,3, Huang, T. C. 2, and Wang, I. T. 1 2002. Identification of Phytophthora species on Piper betle
and P. longum in Taiwan. Plant Pathol. Bull. 11:179-188. (1. Department of Plant Pathology, Taiwan
Agricultural Research Institute, Wufeng, Taichung, Taiwan, R.O.C., 2. 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 A2 mating type and were not typical type. All of the 39 isolates, which were obtained after
1990, were typical P. capsici belonging to A1 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 , 36 and 24-32 , 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 m 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


