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ABSTRACT

Ann, P. J. 2000. Phytophthora diseases of some ornamental foliage plants as new records in Taiwan. Plant
Pathol. Bull. 9:47-52.

Eight new Phytophthora diseases of ornamental foliage plants were described. Phytophthora parasitica
was detected from five species of plants. It caused blight and wilt of painted nettle and peperomia, leaf and
stem blight of compact dracaena and fatsia, and root rot of croton. P. citrophthora was isolated from pothos
and Malabar chestnut. The fungus infected the whole plants of the former and the young seedlings of the
latter. P. palmivora attacked leaves, petioles, and rhizomes of maidenhair fern and induced wilt of the
affected plants. Similar diseases were reproduced when seedlings, cuttings or plantings of each host were
inoculated with zoospore suspension of their respective isolates of Phytophthora species in pathogenicity
tests. Same species of Phytophthora was reisolated from all artificially infected tissues. All eight
Phytophthora diseases were reported for the first time in Taiwan. Besides, P. parasitica on croton, P.
citrophthora on pothos and Malabar chestnut, and P. palmivora on maidenhair fern have not been described
in any other places.
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INTRODUCTION

Ornamental plants have become important economic
commodities in Taiwan in recent years and many famous
varieties of ornamental plants were introduced from foreign
countries and grown wildly. New diseases of these plants
occurred subsequently and caused substantial losses to
farmers. In Taiwan, Phytophthora diseases of many
ornamental plants are very serious due to frequent heavy
rainfall and high humid environmental conditions, which are
favorable to the spread of sporangia and zoospores of
Phytophthora species in the fields 9 Survey of new
diseases of ornamental plants incited by Phytophthora
species, therefore, was conducted annually. New
Phytophthora diseases of orchids ®, carnation , baby's
breath 9 lily 2 English ivy ¥, white arum lily #®,
ornamental plants in Araceae ® and Compositae®, and some
potted flowers ?” have been published recently. | reported
herein new Phytophthora diseases of some other important
foliage ornamental plants.

MATERIALSAND METHODS

I solation, maintenance and identification of pathogens

Diseased tissues of ornamental plants, suspected to be
attacked by Phytophthora species, were collected from fields.
Pieces of tissue taken from stems, roots (ca. 5-10 mm long),
leaves and flowers (ca. 7X7 mm?) with disease symptoms

were disinfested with 0.5% NaClO for 3 min. The treated
tissues were plated onto selective medium consisting of 5%
clarified V-8 juice agar and 2% Bacto agar supplemented with
200 ppm ampicillin, 50 ppm mycostatin, and 10 ppm
pentachl oro-nitrobenzene ®. V-8 juice plus 0.2% CaCOs was
clarified by centrifugation at 1500 rpm for 5 min. After
incubation at 24 for 1-7 days, mycelial mats of
Phytophthora spp. growing out of diseased tissues on
selective medium were transferred to 5% V-8 juice agar.
Single-zoospore cultures were obtained using the method
described by Ko ®. Cultures were maintained on 5% V-8
juice agar blocks in sterile water in test tubes at 24 9.
Classification Keys described by Stamps et al. ?” and
Waterhouse ?°3% were used for identification of the
Phytophthora isolates obtained.

Production of sporangia and zoospor es

The method described by Hwang et al. ®® was used to
produce large amount of sporangia for morphological studies
and pathogenicity tests. Zoospore suspension was prepared by
chilling the mycelial mats with sporangiaat 15 for 30 min
and moving back to 24 for another 30 min.

Determination of mating types and production of
00Spor es

Each isolate of Phytophthora was grown on 10% V-8
juice agar (10% V-8 juice, 0.02% CaCOs, 2% Bacto agar) at
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24  in darknessfor 10 days. Isolates, which did not form
oospores individually, were paired with the standard A*
(p991) and A? (p731) mating type of Phytophthora parasitica
for determination of their mating types . Those isolates
forming oospores in single cultures were designated as
homothallic. Those forming oospores when paired with the A2
tester were A™; while those forming oospores with A® tester
were A% The polycarbonate membrane method described by
Ko @Y was used for study of sexual reproduction of
heterothallic species of Phytophthora, and for determination
of their sexuality types‘®.

Growth of Phytophthora

Phytophthora isolates were grown on 5% V-8 juice agar
for 3-5 days. Agar discs (5 mm diam.) cut from the periphery
of the colonies with a sterile cork borer were each placed on
the edge of a V-8 agar plate and incubated at 8, 10, 12, 15, 18,
21, 24, 27, 30, 33, 36 or 38 in darkness. Colonies were
measured daily until the mycelia reached the opposite edge of
the plates or 10 days after inoculation. Four plates were used
for each temperature and the experiment was repeated twice.

Pathogenicity tests

One or two isolates of Phytophthora obtained from each
host species were selected for pathogenicity tests. Zoospore
suspension used asinoculum was counted and adjusted to 10°-10°
zoospores/ml with aid by a microliter pipette ®”. Seedlings
(Malabar chestnut and maidenhair fern), or cuttings (other
plants) used for pathogenicity tests were grown in disinfested
soils in 9-cm-diameter pots. For inoculation, roots of tested
plants moved from soil were dipped in zoospore suspension at
24  for 24 hr, and replanted in potted soil. A small piece of
sterile cotton containing 1 ml of zoospore suspension aso was
placed on/around flower, leaf, steam or basal stem. Five plants
were inoculated for each treatment and tests were repeated
twice. Controls for each test were similarly treated with
distilled water. After incubation at 24  for 3 days, disease
incidence was rated every 3 days. Diseased tissues were taken
from artificially infected plants for pathogen reisolation
following the procedures as described above.

RESULTS

Survey of Phytophthoradiseases of ornamental plants

Eight new diseases of ornamental foliage plants incited
by Phytophthora species were found in the study. Some of
these diseases have been mentioned briefly in a previous
report ™, but all of them have not been described in detail.
Moreover, the causal relationship between the Phytophthora
species and the disease has not been established for any of
these diseases. Most Phytophthora diseases of ornamental
crops occurred in the wet seasons in Taiwan when they were
grown in potsin greenhouse or directly planted in the fields.
Some of them became very serious under continuous rain and
caused considerable economic |losses to farmers.

The names of the affected foliage ornamental plants,

disease symptoms, numbers of isolates obtained and |ocations
associated with each Phytophthora disease were listed in
Tables 1 and 2 and disease symptoms on some ornamental
plants were showed in Figs. 1 to 6. Each Phytophthora disease
and the characteristics of the respective causal agent were
described asfollows:

Diseases caused by Phytophthora parasitica (on
peperomia , painted nettle , compact
dracaena ,fatda , and croton )

Currently P. parasitica Dastur (= P. nicotianae Breda de
Haan) probably is the most important and common pathogen
in the genus Phytophthora to cause diseases of ornamental
plantsin Taiwan. In this survey, atotal of 5 plants, which
having not been formally recorded as host plants of
Phytophthora species, were found to be infected by the
fungus in the fields. During rainy seasons, the fungus caused
serious diseases on several species of ornamental plants, such
as peperomia and painted nettle, and resulted in considerable
economic losses to farmers. The whole plants of painted
nettle and peperomia can be attacked by P. parasitica in
nurseries (Figs. 1&2). The affected tissues, including | eaf,
stem, and root systems, turned brown or black initially and
appeared as leaf droop, stem shrunk and root rot later.
Eventually, the affected plants wilted and died. Eleven A?
isolates were obtained from painted nettle in 3 nurseries, and
4 A' and 1 A? isolates were from peperomiain 2 nurseries.
Colonies of these isolates from painted nettle and peperomia
showed the pattern of mosaic spots on 5% V-8 agar plates.
These isolates produced abundant sporangia in water and a
few chlamydospores on agar plates. Sporangia were
unsymmetrical, spherical to oval, papillate and non-
deciduous. The main characteristics of these isolates were
listed in Table 2. Both plants showed high susceptibility to the
fungus in the pathogenicity tests. Almost all inoculated 1 to 3-
mo-old cuttings were killed within 2 weeks after spray with
zoospore suspension (ca. 10° zoospores/ml) of their respective
host isolates and P. parasitica was reisolated from the affected
tissues.

On compact dracaena and fatsia (Fig.3), P. parasitica
was found to cause leaf and stem blight of the affected plants
in the fields in Tainan and Nantow, respectively. Two A’
isolates were obtained from compact dracaena and three A?
isolates were from fatsia. The same fungus also caused slight
root necrosis of croton in a nursery in Changhua and 2 A?
isolates were obtained. Characteristics of all these isolated
cultures were listed in Table 2 and their pathogenicity was
proved viainoculation and reisolation studies.

Diseases caused by Phytophthora citrophthora (on
pothosvine and Malabar chestnut )
Phytophthora citrophthora (Smith & Smith) Leonian
was isolated from the diseased tissues of pothos vine and
Malabar chestnut collected from the fields. A total of 10 A*
isolates of P. citrophthora were obtained from 3 pothos vine
nurseries locating in Nantow and Taipei. The fungus caused
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Table 1. Isolation of Phytophthora species from diseased tissues of ornamental foliage crops as new host records in Taiwan

Name of host Infected Phytophthora  Firstisolation Location and No. of isolates Disease severity
Scientific, English & Chinese sites species year obtained inthefields®
Coleus blumei (painted nettle) Wholeplant  P. parasitica 1995 Chiayi (8A%, Taichung (3A%) +4++
Peperomia spp. (peperomia) Wholeplant  P. parasitica 1992 Chiayi (4A%), Changhua (1A?) ++
Dracaena deremensis (compact dracaena) Stem & leaf  P. parasitica 1989 Tainan (2AY) +

Fatsia japonica. (fatsia) Stem & leaf  P. parasitica 1990 Nantow (3A?) +
Codiaeum variegatum (croton) Root P. parasitica 1996 Changhua (5A2) +
Epipremnum aureum (pothos) Leaf & stem  P. citrophthora 1992 Nantow (8AY), Taipei (2A% ++
Pachira macrocarpa (Maabar chestnut) ~ Leaf P. citrophthora 1990 Changhua (2A%) +
Adiantum raddianum (maidenhair fern) Wholeplant  P. palmivora 1990 Changhua (2A?) ++

1 Degree of disease severity in the field: +++, serious; ++: moderate; +: slight.

Table 2. Size of sporangia, growth reactions to temperatures and pathogenicity of isolates of Phytophthora spp. obtained from the

foliage ornamental plantsin this study

. : Sporangia : Growth reaction  Susceptibility

Host & variety Egyt;i)gm;; sg 'ZOl ae Pedlcg rl::';] gh totemperatures  of inoculated
h ghyp Length X Width (1 m) Lengthiwictth ()3 plants*

Coleus blumei P. parasitica, PPPn1-3 (A 32-(55.0)-70 X 24-(41.8)-52" 1.13-(1.31)-148" 2 10-(24-32)-36 +++
Peperomiaserpenscv. P parasitica, PPPr1-2(AY)  27.54520)-65X 20-(42.7)-575  1.02-(1.23)-1.86 _ 10-(24-32)-36 +t
\ariegata,
Dracaena deremensiscv. P, parasitica, PPDr1 (A") 40-(51.7)-70 X 25-(40.5)-44.5 1.0-(1.30)-1.71 _ 10-(28-32)-36 +
\Mirens Compacta,
Fatsiajaponica, P. parasitica, PPFA (A% 31-(49.5)-65 X 25.5-(37.7)-45 1.03-(1.32)-1.64 _ 10-(24-28)-36 +
Codiaeumvariegatum P parasitica, PPCr1 (A?) 36-(48.3)-62 X 28-(38.0)-44" 1.12-(1.27)-1.63 _ 10-(28-32)-36 +
Epipremnum aureum, P. citrophthora, PCPV1-3 (A")  44-(51.3)-60 X 28-(32.3)-36" 132-(159)-184  7.0-(125-25  <10-(24-28)-33 +t
Golden pothos,
Pachira macrocarpa P. citrophthora, PCMA (AY)  455-(58.9)-83.5 X 35.0(39.1)-45.5 1.12-(151)-193  65-(152)-32  <10-(24-28)-33 ++
Adiantumraddianum P. palmivora, PPaD; (A%) 25-(33.8)-50.5X 20.0-(28.1)-345  1.04-(1.33)-1.6 0.1-(1.8-49  10-(24-28)-35 +Ht
1 Datain parenthesis are in average.
2 _: sporangia are non-deciduous.
j‘ Mycelia growth reactions to temperatures on V-8 agar are indicated as minimum -(opti mum)-maximum.

- Susceptibility of inoculated plants, +++: highly susceptible, 50-100% of inoculated plants died; ++: moderately susceptible,

50-100% inocul ated portions rotted completely; +: inoculated portions necrotic or blight slightly.

leaf and stem blight of the affected plants during wet seasons
(Figs. 4 & 5). Theisolates produced finely radiate mycelial
patterns on 5% V-8 agar plates. Sporangia of these isolates
were spherical to ovoid, papillate and partially deciduous with
pedicels about 5-20u m long. The characteristics of atested
isolate were listed in Table 2. Results showed that |eaves of
pothos vine were very susceptible to the pathogen. All the
inoculated |eaves appeared dark water soaking spots within 3-5
days and the whole plants died within one month when
zoospore suspension of P. citrophthora containing 10°
zoospores/ml was sprayed to 1-month-old cuttings without
wounded treatment. P. citrophthora identical to the cultures
used for inoculation was reisolated from the affected tissues.
Phytophthora leaf blight on seedlings of Malabar

chestnut was found in afield in Tienwei, Changhua. Two A*
isolates were obtained. Upon inoculation with zoospores of
the isolated fungus, seedlings of Malabar chestnut showed
symptoms similar to those appearing in the fields. The same
fungus was reisolated from the affected plants. The
characteristics of atested isolate were listed in Table 2.

Disease caused by Phytophthora palmivora (on
maidenhair fern )

Phytophthora palmivora (Butler) Butler attacked leaves,
petioles and rhizomes, and caused wilt of the whole-affected

plants of maidenhair fern in a nursery in Changhua under
moist conditions. The affected leaves drooped with water
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Figures 1 to 6. Disease symptoms of ornamental foliage plants incited by Phytophthora species. Leaf blight of Peperomia
serpens cv. Variegata, ( ) (Fig.1) , basal stem rot of Coleus blumei ( ) (Fig.2), and leaf blight of Fatsia sp.(
) (Fig.3) caused by Phytophthora parasitica; leaf blight of Epipremnum aureum ( ) (Fig.4) and Pachira macrocarpa (
) (Fig.5) caused by P. citrophthora; death of Adiantum raddianum ( ) (Fig.6) caused by P. palmivora.



soaking black spots, the infected portions of petioles shrunk
with dark brown discoloration and the infected rhizomes were
necrotic with black spots. Whole plants died within a short
period of time (Fig. 6). Two A? isolates were obtained in a
nursery in Changhua. These isolates formed abundant
sporangiaas well as afew chlamydospores on 5% V-8 agar.

Sporangiophores branch simple sympodially. Sporangia
have semi-spherical papilla and are deciduous with very short
pedicels (< 54 m). The main characteristics of these isolates
were listed in Table 2. Maidenhair fern showed high
susceptibility to P. palmivora when young potted seedlings
were sprayed with zoospore suspension (ca. 10° spores/ml)
and kept in the plastic bags. Disease symptoms similar to
those appeared in nature were reproduced, and the same
fungus was reisolated from all diseased tissues.

DISCUSSION

The genus Phytophthora deBary has been reported as the
causal agents of numerous important plant diseases in the
world *” including Taiwan *®9. Although many ornamental
plants have been recorded as the hosts of Phytophthora
speciesin Taiwan, new Phytophthora diseases still appear in
nurseries each year. A total of eight Phytophthora diseases of
ornamental foliage crops, which have not been formally
reported, are presented here. Peperomia, painted nettle,
compact dracaena, croton, Malabar chestnut, fatsia, and
maidenhair fern are reported to be infected by Phytophthora
species for the first time in Taiwan. P. parasitica has been
isolated from the diseased Pothos vine by the author in 1992 @,
While P. citrophthora was detected on the diseased tissues of
the same species of plantsin this study. Among the eight new
diseases, P. parasitica on croton, P. citrophthora on pothos
and Malabar chestnut, and P. palmivora on maidenhair fern
have not been described in any other places previously.
Disease symptoms of the other four Phytophthora diseases
shown in the fields in Taiwan are similar to those reported in
other countries *9,

Although most of these host plants, except new varieties
of peperomia, have been cultivated in Taiwan for along time,
Phytophthora diseases of these plants were noticed and
became serious in recent year. Plant susceptibility, favorable
climate conditions and diverse sources of inocula may be the
principal factors contributing to the seriousness of
Phytophthora diseases of ornamental plantsin Taiwan. Most of
the tested introduced plants showed high susceptibility to the
fungi in pathogenicity tests (Table 2). The climate factors such
as high relative humidity and temperature in Taiwan are
favorable to the development of Phytophthora diseases ‘9.
New Phytophthora isolates may arrive with the imported
plants. An atypical type of Phytophthora capsici Leonian was
directly detected on the import alazea'” and carnation recently
(unpublished data). Moreover, P. parasitica isolates obtained
from different host plants could cause severe diseases on other
hosts in cross-inoculation studies (3,9 & unpublished data).

A total of three species of Phytophthora including P.
parasitica, P. citrophthora, and P. palmivora inciting new
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diseases of ornamental foliage crops were found in this study.
The characteristics of all tested cultures of P. parasitica from
painted nettle, peperomia, compact dracaena, fatsia, and
croton are similar (Table 2). All isolates produced spherical
chlamydospores and hyphal swellings on agar medium, and
formed unsymmetrically spherical to ovoid, papillate and
non-deciduous sporangia with a short length/width ratio of
about 1.2-1.4. All isolates belong to cross-inducing
(Heterothallic) type which do not form oospores when
cultured individually. They were either A* mating type of the
sexuality type S4, which can be stimulated by A? and induce
A? of P. parasitica to form oospores, or A2 of S1 type, which
can be stimulated by A* and induce A* to form oospores ?-%2.
All tested isolates growing on 5% CV-8 agar formed white
colonies with patterns of scatter mosaic spots and afew aerial
mycelia. The maximum growth temperatures on 5% CV-8
agar were about 36-37 . Therefore, al Taiwanese cultures of
P. parasitica causing diseases of the six crops have essentially
all the characteristics of typical P. parasitica (Table 2) "
based on Tucker's descriptionsin 1931 @,

Phytophthora citrophthora obtained from pothos and
Malabar chestnut (Table 2) were similar to those isolated from
citrus™ and other crops "® in Taiwan. All tested isolates from
the two crops formed white colonies with radiate patterns on
5% CV-8 agar plates and produced sporangia on agar aswell as
in water. Sporangia are papillate, spherical to oval and partialy
deciduous with a pedicel about 5-20u m long. Chlamydospores
are absent. The maximum temperatures for mycelial growth are
about 32-33 . Therefore, all cultures belong to typical type of
P. citrophthora described by Leonian ®20. All isolates are A*
mating type just like those obtained previously in Taiwan ¢,
They did not form selfing- oospores when paired with A2
types on polycarbonate membrane, but did stimulate A% of P,
parasitica to produce oospores. Therefore, the cultures belong
to A' mating type of the sexuality type S3 22,

All isolates of P. palmivora from maidenhair fernin
Taiwan have all characteristics conforming to the fungus
described by Bulter (Table 2) and belong to typical type ¢,
All of them formed white smooth colonies on 5% CV-8 agar
plates. The maximum temperature for mycelial growth is 35

. These isolates produce spherical chlamydospores and
hyphal swellings under liquid and solid conditions. The fungus
form symmetrically spherical to ovoid, papillate and
deciduous sporangia on agar medium with a short pedicel
about 2-5u m long. All isolates belong to A? of S1 type, which
can be stimulated by A* and induce A* to form oospores ?-22,
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