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Table 1. Isolation of Phytophthora species from the diseased peach orchard and the adjacent fields at Shigang, Taichung

Infection or Phytophthora No. of isolates 
Orchid and host isolation sites species obtained Mating type 1 Collection date

The diseased peach Fruit P. meadii 5 A2 Jun. 1999
orchard Fruit P. citrophthora 3 A1 Jun. 1999

Dropped fruit P. citrophthora 2 A1 Jul. 1999
Dropped fruit P. citrophthora 8 A1 May 2003
Dropped fruit P. meadii 3 A2 May 2003
Dropped fruit P. parasitica 1 A1 May 2003
Root & soil P. citrophthora 2 A1 Jul. 1999

An adjacent citrus Soil P. citrophthora 2 A1 Jul. 1999
(Ponkan) orchard Dropped fruit P. citrophthora 2 A1 Jul. 1999

An adjacent peach orchard Dropped fruit P. heveae 1 H Jul. 1999
1. H:homothallic

Table 2. List of isolates of Phytophthora species used in pathogenicity test and/or electrophoresis study

Species of Phytophthora Host Isolate number and mating type

P. meadii Prunus persica (peach ), fruit PMP1-1~5, A2

P. meadii Aglaonema nitidum ( ), leaf PMD1, A2

P. meadii Zantedeschia aethiopica (White arum lily ), leaf PML1, A2

P. citrophthora Prunus persica (peach), fruit PCP1-1~3, A1

P. citrophthora Fortunella japonica (Kumquat ), stem PCC15, A1

P. citrophthora Citrus (Tankan ), fruit PCC18, A1

P. citrophthora Citrus (Ponkan ), dropped fruit PCC19-1, A1

P. citrophthora Averrhoa carambola (carambora , root PCAv3, A1

P. citrophthora Rhododendron (azalea ), stem PCR3-1, A1

P. citrophthora Annona squamosa (sugar apple ), fruit PCAn1, A1
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185

Phytophthora meadii ( ) P. citrophthora ( )
P. meadii P. citrophthora 5%V-8A

( ) ( , , , ) ( = 20 m)
Figs. 1-7. Disease symptoms of peach fruit naturally infected with Phytophthora meadii (Fig. 1), which produced thicker white
mold under moist condition, and P. citrophthora (Fig. 2), which formed thinner white mycelial mold; P. meadii and P.
citrophthora from peach fruit grown on 5%CV-8A for 6 days under room temperature (Fig. 3); Sporangia of P. meadii (Fig. 4-5)
and P. citrophthora (Fig.6-7). (Bar=20 m)
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Phytophthora meadii (PMP) P.
citrophthora (PCP) 5%CV-8

Fig. 8. Daily growth rate of peach isolates of Phytophthora
meadii (PMP) and P. citrophthora (PCP) on 5%CV-8 agar at
different temperatures. 

(Phytophthora meadii P. citrophthora)

Table 3. comparisons of size of sporangia and sex organs between isolates of Phytophthora meadii and P. citrophthora isolated
from the diseased peach orchard and an adjacent orchard

Phytophthora species Sporangia Pedicel Diameter ( m) of Antheridia ( m)
and isolate Host Length width ( m) Length/width ( m) Oogonia Oospores (Length width)

P. meadii
PMP1-1, A2 Peach 37.5-75 27.5-50 1.2-2.0 0.5-20 20-30 15-22.5 7.5-15 10-17.5

(55.9 35.7) 1 (1.56) (10.0) (24.3) (19.4) (10.4 14.1)

PMP1-2, A2 Peach 32.5-80 25-50 1.1-2.2 1.0-20 20-30 17.5-25 7.5-15 10-15
(59.7 37.8) (1.58) (9.4) (25) (21) (11.5 14)

P. citrophthora
PCP1-1, A1 Peach 30-65 25-45 0.8-1.67 0.5-25 2

(46.3 34.6) (1.34) 0.5-25

PCP1-2, A1 Peach 22.5-70 17.5-50 1.1-1.63 0.5-20
(47.5 35.9) (1.32) (12.1)

PCC19, A1 Ponkan 30-72.5 25-40 1.13-1.93 2.5-20
(48.9 33.4) (1.36) (10.6)

1. Data in parenthesis refer to average value.
2. Sex organs were not formed
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(peach fruit brown rot) (3) Rhizopus

187

(SDS-PAGE) 1-8 Phytophthora
citrophthora 1 2 9-13 P. meadii

1,2,3
Fig. 9. Comparisons of the water-soluble mycelial protein patterns of different Phytophthora isolates via SDS-PAGE
electrophoresis. Line No. 1-8 are isolates of P. citrophthora: PCAn1 from Annona squamosa, PCR3-1 from azalea, PCAv3 from
Averrhoa carambola, PCC15 from Fortunella japonica, PCC18 from Tankan, PCC19-1 from Ponkan, and PCP1-1 and PCP1-2
from Prunus persica; Line No. 9-13 are isolates of P. meadii: PMP1~3 from Prunus persica, PML from Zantedeschia aethiopica,
and PMD1 from Aglaonema nitidum.

Table 4. Pathogenicity of the Phytophthora isolates from peach fruit and some isolates of the related Phytophthora species

Isolate Phytophthora sp. Origin

Infection areas (%) 1 Citrus root 
Prunus P. persica P. persica var. inoculation 2

persica ( mucipersica (infected/ 
( ) ) ( ) tested)

PMP1-1 P. meadii Peach fruit 100 100 100 5/32

PCP1-1 P. citrophthora Peach fruit 95 90 90 7/32

PCC15-1 P. citrophthora Kumquat 100 95 85 8/32

PCC19-1 P. citrophthora Dropped ponkan fruit 90 85 95 ND
1. Peach fruits were dipped in zoospore suspension (104 zoospores/ml) for 10 min and kept in moist containers at room temperature,

infected areas (diseased areas/total) were counted 4 days after inoculation.
2. Root of 6-month-old citrus (sunki) seedlings was dipped in zoospore suspension over night and replanted in pot for 7 days, infection was

showed as number of infected root fragments/tested root fragments. ND=not tested. 
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(Phytophthora meadii)

Table 5. Inhibition of zoospores and sporangial germination
of Phytophthora meadii by NaClO solution

Concentration of Zoospore reaction 1 Germination of 
NaClO (ppm) Cyst (sec) Burst (mim) sporangia (%) 2

0 N 3 N 100
5 150 5 80
50 75 2 0
500 57 1.8 0
5000 30 0.8 0
1. 5 ml of zoospore suspension and 5 ml of NaClO were mixed in a

small Pyrex petri dish, and data were the time required for 100%
of zoospores cyst or burst.

2. Sporangia were mixed with NaClO solution for different periods
of time, and then were plated on V-8 agar for 24 hr before counting.

3. N = all zoospores remained swimming after one hour at 24 . 
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ABSTRACT
Ann, P. J. 1,4, Tsai. J. N. 1, Wang, I. T. 1, Shi, S. D. 1, Hwang, J. W. 2 and Liou, R. F. 3 2003. Phytophthora fruit
rot of peach in Taiwan. Plant Pathol. Bull. 12:181-190. (1. Department of Plant Pathology, Taiwan
Agricultural Research Institute, Wufeng, Taichung, Taiwan; 2. Department of Plant Pathology, National
Chung-hsin University, Taichung, Taiwan; 3. Department of Plant Pathology, National Taiwan University,
Taipei, Taiwan; 4. Corresponding author: e-mail pjann@wufeng.tari.gov.tw; Fax: 04-23338162

Peach (Prunus persica) fruit, harvested from an orchard located at Shigang, Taichung County, occurred
a serious disease in 1999. Light brown water-soaking spots appeared on affected fruit at the early stage. The
diseased areas turned brown and soft, and were covered with a thick layer of white mold subsequently under
high moist condition. Phytophthora meadii and P. citrophthora were isolated from diseased fruit. Disease
symptoms similar to those appeared in the field and market were reproduced on the fruit 2-3 days after
inoculation with zoospore suspension of each Phytophthora isolate tested. The same fungi were reisolated
from all of the inoculated diseased fruit. Since all harvested fruit were washed with the water collected from
a ditch nearby and most disease symptoms appeared within 2-3 days in the market, the severe Phytophthora
fruit rot of peach might be a result of zoospore infection during the washing process. P. citrophthora was
frequently isolated from the fibrous roots and rhizosphere soil of peach plants as well as the dropped citrus
fruits, roots and soil in an adjacent ponkan orchard. It was considered possible that the diseased fruit from
the field produced large amount of zoospores in the wash water, severing as secondary inoculum to infect
other health fruit. Removing diseased fruits combined with adding 10 ppm NaClO into the washing water
was highly effective in controlling the Phytophthora brown rot disease. Some characteristics of the two
Phytophthora species from peach were similar. Both species were able to grow on V-8 agar between 8-32
with the optimum growth temperature of 20-28 . Sporangia of both species had semi-spherical papilla and
were deciduous with pedicel length about 9-11 m in average. Chlamydospores were absent. However, the
colony patterns of the two species grown on V-8 agar and PDA were different. Sporangia of P. meadii
isolates (L/B ratio of 1.5-1.6) were much longer than those of P. citrophthora isolates with L/B ratio of 1.3.
All of the peach isolates of P. meadii belonged to A2 mating type, which formed self-oospores while paired
with A1 type of P. parasitica and vice versa. All P. citrophthora isolates were A1 type, which stimulated A2

type of P. parasitica to form oospores but didn't form self-oospores themselves. Sex organs were not
produced when these two species were paired directly. The mycelial soluble protein patterns of isolates of
both species analyzed by SDS PAGE electrophoresis were similar but with some difference. This is the first
report of peach Phytophthora fruit rot in Taiwan. To our best knowledge, this is also the first report of peach
fruit disease caused by P. meadii in the world.

Key words: Peach, Phytophthora fruit rot, Phytophthora meadii, P. citrophthora.
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