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ABSTRACT

SNEH, B., S. J. HUMBLE, and J. L. LOCKWOOD. 1977. Parasitism of oospores of Phytophthora megasperma var. sojae, P.
cactorum, Pythium sp., and Aphanomyces euteiches by oomycetes, chytridiomycetes, hyphomycetes, actinomyeetes, and

bacteria. Phytopathology 67: 622-628.

Qospores of Phytophthora megasperma var. sojae, P.
cactorum, Pythium sp., and Aphanomyces euteiches in
natural soil were infected with oomycetes, chytridiomycetes,
hyphomycetes, actinomycetes, and bacteria. The oomycetes
were Pythium sp. and Leptolegnia sp. The hyphomycetes
were  Dactylella  spermatophaga, Diheterospora
chlamydosporia, Humicola fuscoatra, Fusarium
oxysporum, Cephalosporium sp., and Alternaria alternata.
One isolate with nonseptate sterile mycelia was not identified.
The chytrids were identified as Rhizidiomycopsis japonicus,

Canteriomyces stigeoclonii, and Hyphochytrium catenoides.
The actinomycete was Actinoplanes missouriensis. Two
bacterial isolates were identified as Pseudomonas spp. In
flooded soils, oospores were parasitized primarily by
chytrids, oomycetes, A. missouriensis, and bacteria, whereas
in soil with moisture levels below water-holding capacity,
hyphomycetes predominated. Parasitism may have a
significant potential for reducing populations of oospores in
soil.

During a study of the behavior of Phytophthora
megasperma var. sojae in natural soil, numerous
oospores of the pathogen were found to contain fungal
and bacterial parasites. Although mycoparasitism is a
well known phenomenon (2, 5, 11, 18), parasitism of
fungal resting structures, including oospores in soil, is less
well understood. Drechsler identified Dactylella spp.,
Trinacrium subtile, and Trichothecium spp. as parasites
of oospores of Pythium spp. (12, 13, 14, 15, 16). He also
observed oospore predation by amebae, nematodes,
rhizopods, and arthropods (12). Kennethetal. (19) found
oospores of Sclerospora sorghi parasitized by
Phlyctochytrium sp., and Honour and Tsao (14) found
those of Phytophthora parasitica parasitized by
streptomycetes.

The purposes of the present work were to determine the
extent of oospore parasitism in P. megasperma var. sojae
and other root-infecting phycomycetes in soil, and to
identify the parasitic microorganisms.

MATERIALS AND METHODS

Oospore preparation, incubation in soil, and
observation.—Oospores of Phytophthora megasperma
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(Drechs.) var. sojae Hildb., Phytophthora cactorum Leb.
& Cohn (Schroet.), Pythium sp., and Aphanomyces
euteiches Drechs. were produced in cultures grown for 4-7
wk in darkness in V-8 juice broth supplemented with 30
ug/ml cholesterol (1). The cultures were air-dried to kill
the mycelium. The oospores were harvested by
homogenizing the mycelial mats in water, using a tissue
grinder. Mycelial fragments were removed from some
oospore preparations with enzymes (22). Incubation
conditions and methods for observing oospores were
described previously (23). Briefly, about 10" oospores
from aqueous suspensions were applied to Nuclepore
(polycarbonate) membrane filters (13 mm diameter, 0.4-
um pore size). Excess water was removed by applying a
slight vacuum to the membrane filter apparatus. Conover
loam soil was placed in 10 cm diameter petri dishes to a
depth of about | cm. The soil then either was flooded or
adjusted to soil moisture levels of less than saturation.
The membranes with oospores were floated on the
flooded soil samples, or were covered with a nylon net
(0.4-mm pore size) and placed about 5 mm deep in the soil
at moisture levels below saturation. After 4 to 10 days of
incubation at 23 * 2 C, the oospores were transferred
from the membranes to water agar disks on microscope
slides (23). Water and cover slips were applied for
microscopic examination. The slides were kept in a moist
chamber for 3 to 20 hr to allow further development of
hyperparasites in the infected oospores.
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Isolation of oospore parasites.—Bacteria.-Individual
infected oospores were transferred to a drop of sterile
water on a sterile glass slide and were crushed with a
needle. The contents were streaked onto nutrient agar
(per liter: 10 g glucose, 5 g peptone, 5 g yeast extract, and
20 g agar).

Filamentous fungi—Individual infected oospores
were transferred to acidified PDA. Isolates were
maintained on V-8 juice agar,

Chytrids and actinomycetes.—Zoospores were
released from sporangia produced in or on infected
oospores within 3-5 hr of slide preparation. Zoospore
suspensions were streaked on Miller’s M; agar (20),
containing 20 ug Benlate (50% benomyl) per mlto inhibit
growth of contaminating fungi.

Identification of the parasites.—Two bacterial isolates
were grown on various media for physiological tests,
Gram-stained, and their motility and colony morphology
was determined. Final identification was according to
Bergey’s manual (7). Actinoplanes missouriensis was
identified according to the key of Cross and Goodfellow
(10). Chytrids and oomycetes were identified according to

o
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Sparrow (24, and  personal communication).
Hyphomycetes were identified using Barron’s book (3),
and by personal communication with G. L. Barron.
Fusarium oxysporum was identified by T. Kommedahl.
Other hyphomycetes were identified by the
Centraalbureau voor Schimmelcultures, Baarn, The
Netherlands.

Qospore inoculation with the parasites.—To test for
parasitic potential, oospores of P. megasperma var. sojae,
P. cactorum, Pythium sp., and A. euteiches were
reinoculated with chytrids and Acrinoplanes. Only
oospores of P. megasperma var. sojae were reinoculated
with hyphomycetes, oomycetes, and bacteria. Nuclepore
membrane filters bearing oospores were floated on soil
extract made from a 1:1 (w/v) soil-water suspension that
had been standing on the laboratory bench for 24 hr. The
filtered suspension was autoclaved and placed in 10-cm
diameter petri dishes. For fungal hyperparasites,
penicillin-G (K+) and streptomycin sulfate (500 ug/ml
each) were added to inhibit bacterial contaminants. For
chytrids and actinomycetes, 20 ug Benlate/ ml was added
to inhibit nonpythiaceous filamentous fungi. One drop of

Fig. 1-4. Oospores of Phytophthora megasperma var. sojae parasitized by bacteria and chytridiomycetes. 1) Pseudomonas sp.
(X1,000). 2) Actinoplanes missouriensis with terminal sporangia (arrow); zoospores are being differentiated within the sporangia,
which are borne on thin sporangiophores emerging from the infected oospore (X1,000). 3) Rhizidiomycopsis japonicus, with epibiotic
thalli on the surface of an empty oospore (X400). 4) R. japonicus with a discharge tube containing zoospores (arrow) (X400).
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suspension containing bacteria, mycelial fragments,
spores of hyphomycetes, or zoospores of the chytrids or
actinomycetes was placed on each of the membranes.
After 3-10 days incubation at 23 £ 2 C, the oospores were
recovered and examined for infection by the parasites.

Quantitative evaluation of oospore infection by
parasites in soil —Two soil samples from an apple
orchard in Wisconsin were used. One, a sandy loam with
pH 6.0, was taken from an area with apparently healthy
trees. The other, a silt loam with pH 5.9, was taken from
an area where trees were infected with P. cactorum.
QOospores of P. megasperma var. sojae, P. cactorum,
Pythium sp., and A. euteiches were incubated in soils at
25, 50, and 150% of water-holding capacity. As before,
membranes bearing oospores were floated on the flooded
soil samples or buried in the soils when moisture contents
were below saturation. In each treatment, 200 oospores
were observed on each of four membrane filters.

All experiments were repeated two to four times with
similar results.
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RESULTS

Oospores of P. megasperma var. sojae incubated in 10
soils collected from different areas in Michigan were
parasitized by a wide range of soil microorganisms,
including oomycetes, chytridiomycetes, hyphomycetes,
actinomycetes, and bacteria.

Infection of oospores by bacteria.—Bacteria frequently
infected the oospores on flooded soil. Of the two
identified, one was a fluorescent Pseudomonas sp., and
the other a nonfluorescent Pseudomonas sp. (Fig. 1). The
bacterial cells were motile within the infected oospore,
and completely digested the cytoplasm and the oospore
wall, leaving an empty ‘ghost’ of the oogonial wall.
Bacteria also invaded oospores infected by other
parasites.

Qospore infection by an actinomycete.—A zoospore-
producing actinomycete, Actinoplanes missouriensis
Couch, frequently infected the oospores on flooded soil
(Fig. 2). The walls of infected oospores were lysed, and the

Fig. 5-8. Oospores of Phytophthora megaspermavar. sojae parasitized by chytridiomycetes. 5) Canteriomyces stigeoclonii, withan
undifferentiated mass of protoplasm (arrow) being discharged through a tube from an infected oospore (X400). 6) Differentiation of
C. stigeoclonii zoospores 15-25 min after discharge of protoplasm (X1,000). 7) Hyphochytrium catenoides, with discharge tube
emerging from an infected oospore and terminating in a vesicle (arrow) (X1,000). 8) Sterile mycelial isolate growing from an infected

oospore (%400).
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contents usually became disorganized and concentrated
in the center of the oospore. Hyphae with terminal
sporangia extended from the infected oospores. In the
presence of free water, tiny zoospores (1.5 um in
diameter) were differentiated within the sporangia, and
were released within 1-3 hr.

QOospore infection by chytridiomycetes.—Qospores
incubated in flooded soil were infected with epibiotic and
endobiotic chytrids. The following three species were
identified: (i) Rhizidiomycopsis japonicus Kobaiashi &
QOukubo (Fig. 3) is an epibiotic parasite. Anteriorly
uniflagellate and spherical zoospores encysted on the
outer surface of the oospores and infected the oospores by
means of rhizoids. The thalli grew exteriorly and
developed into sporangia. In the presence of free water,
zoospores were differentiated within the sporangia. In
aerobic conditions, zoospores were discharged through
one to three pores, whereas in microaerophilic
conditions they exited through a discharge tube (Fig. 4)
(F. K. Sparrow, personal communication). (ii)
Canteriomyces stigeoclonii (De Wild.) Canter. Infected
oospores contained one or more endobiotic thalli. In the
presence of free water, the undifferentiated protoplasm

SNEH ETAL.: PARASITES VS. OOSPORES

625

was released through a discharge tube (Fig. 5), and within
15-30 min uniflagellate elongated zoospores were
differentiated (Fig. 6). On Miller’s M; medium (20),
individual zoospores encysted and developed into single
thalli. Zoospores were released only in nutrient-deprived
conditions; i.e., in sterile distilled water. (iii)
Hyphochytrium catenoides Karling also is an endobiotic
parasite. Qospores infected with H. catenoides resembled
those infected with C. stigeoclonii, except that the thalli of
H. catenoides developed into sporangia. Zoospores
similar to those of C. stigeoclonii frequently
differentiated within the sporangium, and were released
via a discharge tube terminating in a vesicle (Fig. 7).
Zoospores placed on agar media grew into hyphal
colonies with typically swollen cells, each of which
became a sporangium when the culture was flooded with
water. A culture isolated from oospores of A. euteiches by
W. A. Ayers (U. S. Department of Agriculture,
Beltsville, MD 20705) and another isolated from
microsclerotia of Verticillium dahliae by W. J. Tolmsoff
(U.S. Department of Agriculture, Agricultural Research
Service, National Cotton Pathology Research
Laboratory, College Station, TX 77840) infected

Fig. 9-12. Oospores of Pytophthora megaspermavar. sojae parasitized by oomycetes and hyphomycetes. 9) Hyphae of Py:h:'um‘sp.
growing from an oospore (X600). 10) Oospores of Pythium sp. within an infected oospore (X760). 11) Leptolegnia sp., with spherical
zoospores (arrows) (%400). 12) Chlamydospores of Diheterospora chlamydosporia (arrows) (X760).
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oospores of P. megasperma var. sojae and P. cactorumin
a manner similar to our isolate.

Oospore infection by oomycetes.—In flooded soil, the
following oomycetes were observed infecting oospores: (i)
A nonseptate, slow-growing isolate with sterile mycelium,
and presumably an oomycete (Fig. 8). (ii) An isolate of
Pythium sp. was very destructive to oospores of P.
megasperma var. sojae when free water required for
zoospore production was present. Hyphal growth of the
parasite from an infected oospore often was abundant
(Fig. 9). The parasite produced small oospores (14 um in
diameter), usually within the host (Fig. 10), but
occasionally outside it, (iii) Leptolegnia sp. In the
presence of free water, the hyphae of this parasite
emerged from the host and became sporangia. Spherical
zoospores developed in a linear array and were released
terminally (Fig. 11).

Oospore infection by hyphomycetes.—At soil moisture
levels below saturation, oospores were infected with the
following hyphomycetes: (i) Humicola fuscoatra Traaen.
The hyphae of this parasite penetrated the oospores,
consumed their contents, and formed aleurospores in or
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near the host (Fig. 12). (ii) Diheterospora
chlamydosporia (Komischko) Barron & Onions.
Contents of infected oospores disintegrated and became
granular inappearance (Fig. 13), This fungus, which hasa
Verticillium sp. conidial stage, produces four-to 10-celled
chlamydospores. (iii) Fusarium oxysporum (Schlecht.)
Snyd. & Hans. frequently infected oospores (Fig. 14) and
produced chlamydospores either outside or within the
host oospore. Less frequently, microconidia and
macroconidia were produced externally. (iv)
Cephalosporium sp. produced chlamydospores within
the host oospores, and abundant hyphae extended from
the host (Fig. 15). (v) Alternaria alternata Fr. (Keissl.)
produced typical conidia on hyphae growing from
infected oospores (Fig. 16). (vi) Dactylella
spermatophaga Drechs., which was described by
Drechsler (12) as a parasite of oospores of Pythium spp.,
was isolated from oospores of P. megasperma var. sojae
and P. cactorum.

Oospore infection by chytrids in two soils.—Chytrids
parasitized oospores of P. cactorum, P. megasperma var.
sojae, Pythium sp., and A. euteiches in both orchard soils

Fig. 13-16. Oospores of Phytophthora megasperma var. sojae parasitized by hyphomycetes. 13) Germinated aleurospores of
Humicola fuscoatra in an infected oospore (arrows) (X400). 14) Fusarium oxysporum, with chlamydospores (arrow) and
macroconidia that are formed on the hyphae (X1,000). 15) Cephalosporium sp. hyphae growing from an infected oospore (X400). 16)
Alternaria alternata hyphae and conidia (arrows) growing from an infected oospore (X400).
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(Fig. 17). Five-40% of the oospores were parasitized
within [ week, and 12-58% in 3 weeks. More ospores of P,
megasperma var. sojae and P. cactorum were infected
than were those of the other two species. Qospore
infection of all four species was significantly higher in soil
collected near healthy apple trees than in soil collected
near trees infected with P. cactorum (e.g., 58% vs. 24%
oospore infection for P. cactorum, respectively).

In another experiment, the frequency of infection of
oospores of P. cactorum and P. megasperma var. sojae
was determined after 2 weeks’ incubation in the same two
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Fig. 17. Infection of oospores of Phytophthora cactorum, P.
megasperma var. sojae, Pythium sp., and Aphanomyces
euteiches by chytrid parasites in two soils: soil A is from a portion
of an apple orchard in which trees were infected with P,
cactorum, and soil B is from a portion in which trees apparently
were free of infection with P. cactorum.
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soils at 25%, 50%, and 1509% of water-holding capacity. In
flooded soil, many oospores of both species were
parasitized by chytrids, whereas only a few were
parasitized by hyphomycetes and bacteria (Table 1). By
contrast, at soil moistures below saturation there was no
infection by chytrids, but many oospores were infected by
hyphomycetes. The most frequently occurring and
destructive species were F. oxysporum, D.
chlamydosporia, H. fuscoatra, and D. spermatophaga.
Oospore infection either by chytrids or hyphomycetes in
soil collected near apparently healthy apple trees was
greater than that in the soil near apple trees that were
infected by P. cactorum. Relatively few oospores were
infected by bacteria in either soil.

DISCUSSION

Oospores of P. megasperma var. sojae, P. cactorum,
Pythium sp., and A. euteiches were parasitized by a great
diversity of soil microorganisms including oomycetes,
hyphomycetes, chytridiomycetes, actinomycetes, and
bacteria. There may be a succession of oospore infections
by different groups of parasites as soil moisture
conditions change. In relatively dry soil, streptomycetes
(14) and hyphomycetes appeared to dominate, whereas in
wet soil oomycetes, chytridiomycetes, and Actinoplanes
missouriensis predominated.

Members of the Actinoplanaceae have not been
reported previously as fungal parasites, although they
have been isolated from nonliving keratinous and
chitinous materials (9, 10, 24).

Many different chytrids have been found to parasitize
algal filaments and hyphae of aquatic Phycomycetes. For
example, Rosella sp. and Allomyces sp. (24), and
Pleolpidium inflatum (25) were parasitic upon the hyphae

TABLE I. Effect of soil moisture on infection of oospores of Phytophthora spp. by hyphomycetes, chytrids, and bacteria after

incubation for 2 wk in two soils,

Soil moisture

(% of waterholding

Oospores parasitized® by:

Oospores of Soil* capacity) Hyphomycetes Chytrids Bacteria
(%) (%) (%)
P. cactorum A 25 15 0 0
50 19 0 4
150 0 6 5
B 25 26 0 0
50 41 0 7
150 0 39 3
P. megasperma A 25 56 0 0
var. sojae 50 64 0 4
150 3 63 7
B 25 66 0 0
50 80 0 3
150 9 78 2

‘Soil A is from a portion of an apple orchard infected with P. cactorum; Soil Bis from a portion of the same orchard apparently free

of infected trees.

*Membrane filters bearing oospores were floated on the flooded soil, or were buried in the soil at moistures below saturation, Upon
recovery from soil, 200 oospores on each of four membranes were observed for each treatment. LSR = Least significant range by

Tukey's ‘w’ procedure was 7.0 (P = 0.05).
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of Pythium and Phytophthora spp. However, there are
few reports of oogonial or oospore parasitism by chytrids.
Rhizidiomycopsis japonicus infected oogonia of Aplanes
sp. in water (24), and Phlyctochytrium sp. parasitized
oospores of Sclerospora sorghi in soil (19). In the present
study, the endobiotic parasites, C. stigeoclonii and H.
catenoides, were found more frequently than the epibiotic
parasite, R. japonicus. Canteriomyces stigeoclonii [syn.
Olpidium sp. and Anisolpidium stigeoclonii (8, 24)], also
is a parasite of the algae Stigeoclonium sp. and
Draparnaldia sp. (24). Hyphochytrium cantenoides also
is a weak parasite of Zea mays, Nitella flexilis,and Chara
coronata (24).

Oospores also were parasitized by species of the
oomycete genera Pythium and Leptolegnia, and by the
hyphomycete genera Dactylella, Diheterospora,
Fusarium, Cephalosporium, and Alternaria; species of
the hyphomycete genera Dactylella, Trinacrium, and
Trichothecium previously were reported to parasitize
oospores of Pythium spp. (12, 13, 14, 15, 16); a Fusarium
sp. previously was found to be parasitic on the hyphae of
species of the mucorales and on Rhizoctonia solani(21);
and Diheterospora chlamydosporia previously was found
parasitizing snail eggs (3, 4).

An important question is whether oospores were alive
at the time they were invaded by the hyperparasites. In
other work (Sneh and Lockwood, wunpublished),
oospores of P. megasperma var. sojae from the same
cultures as those used in the present work showed at least
70% germinability. The percentage viability probably was
greater than 700p, since virtually all the oospores
contained apparently living protoplasm, but may have
been dormant. In any case, when the incidence of
parasitism exceeded 30%, living oospores certainly were
being parasitized; in some instances as many as 89% of the
oospores were parasitized (Table 1).

Our results indicate that soils contain a large number
and great diversity of oospore parasites, which may have
the potential to reduce populations of plant pathogenic
Phycomycetes in soil. Their presence may be a factor in
the suppressiveness of some soils towards these pathogens
(6). Further work is needed to correlate oospore
parasitism and disease incidence in other soils, and to
evaluate the significance of oospore parasitism in soil
under natural conditions. Such oospores may become
melanized and possibly more resistant to parasitic
invasion than those produced in vitro (17). Moreover,
oospores produced in plant tissues may be afforded some
protection by residues of those tissues.
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