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causing Phytophthora rots in Apple Trees

Jae-Ouk Shim* and Min-Woong Lee
Department of Applied Biology, Dongguk University, Seoul 100-715, Korea

REAKS mReS SUsh= Phytophthora cactorum]
PEET e PilRFel FAMEED Z&e| EH |

ICTERB* - EaNH
Saysin S88Ey

ABSTRACT: Zoospore progenies of Phytophthora cactorum were relatively uniform and similar
to their respective parent in the rate of linear extension, whereas oospore progenies were greatly
various. Also, the character of colony pattern was quantitatively various in oospore progenies but
not zoospore progenies. Therefore, these results suggested that multiple genes were involved in
determining growth rate and colony morphology of P. cactorum, and support the hypothesis that
species of Phytophthora are diploid during the vegetative phase.
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Introduction

Some species of Phytophthora such as P. cacto-
rum, P. syringae, and P. megaspera are homothalic
and are capabale of completing their life cycle by
single isolates. However, other species, including
P. infestans, P. palmivora, and P. cinnamomi are
heterothalic and require the presence of opposite
mating types known as Al and A2 for the forma-
tion of the sexual stage of the life cycle (Ko, 1988).

Boccas (1972) compared the rates of linear ex-
tension of mycelia of zoospore progeny with those
of oospore progeny of self-inducing (Homothalic)
Phytophthora syringae (Klebahn) Klebahn and
found that zoospore progenies were relatively uni-
form, whereas oospore progenies showed great di-
ssimilarities for growth rate. This has been looked
upon as an evidence that the fungus is diploid
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in the vegetative state (Boccas, 1972). The varia-
tions of growth rate and colony morphology in
oospore progenies from intraspecific crosses have
also been found in several cross-inducing (Hete-
rothalic) species of Phytophthora (Satour and But-
ler, 1968; Romeo and Edwin, 1969).

Recently, Ann and Ko (1990) compared the gro-
wth rate and colony morphology among progenies
of zoospores and selfed oospores of this cross-in-
ducing species of Phytophthora parasitica, and sug-
gested that heterozygous polygenes were involved
in determining growth rate and colony morpho-
logy of these fungi. Phytophthora cactorum (Lebert
and Cohn) Schroeter is an important plant patho-
gen with a very broad host range parasitizing over
83 genera in 44 families (Ribero, 1978). Especially,
P. cactorum is considered as a soil-borne pathogen
causing Phytophthora rot of apple trees in Korea.
However, there was no any report referring to
growth rate and colony morphology in oospore
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and zoospore progenies of these fungi in Korea.
Maclntyre and Elliot (1974) reported a variety of
variations in growth rate of respective progenies
of P. cactorum. Though Maclntyre and Elliot
(1974) reported variations in growth rate Of ‘oos-
pore progenies but not zoospore progenies of Phy-
tophthora cactorum, there was no any report regar-
ding variations of the colony morphology among
progenies of zoospores and oospores of P. cacto-
rum except for the rates of linear extension in
these fungi. Therefore, this study was ¢onducted
to compare if multiple genes were involved in de-
termining growth rate and colony morphology
among progenies of zoospores and oospores of P,
cactorum.

Materials and Methods

Microorganisms

The isolate of P. cactorum used was obtained
from Dr. Ko, University of Hawaii, and derived
from a single zoospore. The isolate was maintai-
ned in sterile distilled water (Ann and Ko, 1990).

Isolation of single-zoospore colonies

Three mycelial blocks (ca 10X5X2 mm) from
3 day old cultures grown on 10% V-8 agar (10%
V-8 juice, 0.02% CaCos and 2% Bacto agar adjus-
ted to pH 6 with IN KOH) were transferred to

10 m/ of sterile distilled water in a petri-dish, .

60 mm diam., and were incubated at 24C under
cool white . fluorescent light (2000 lux) for 2~3
days to induce the production of sporangia. Zoos-
pores, released from sporangia by chilling at 5C
for 15 min., were induced to encyst by agitation
for 1 min. on a voltex mixer. Two drops of spore
suspension containing ahout 100 encysted zoospo-
res were spread on 2% water agar in a petri-dish.
After incubation at 24 for. 2~3 days, the colo-
nies were observed microscopically and only those
originating from single zoospores were transferred
to V-8 agar plates (Ann and Ko, 1990).

Production of oospores
The fungus was grown on 10% V-8 agar blocks

(ca 20X15X3 mm) in petri-dishes. These dishes

were then sealed with two layers of parafilm'and
incubated in darkness for 30 days at 24C for for-
mation and maturation of oospores unless other-
wise stated (Chang and Ko, 1991). '

Isolation of single-oospore colonies

Oospore suspensions were obtained by tritura-
ting each culture block {ca 15X 15X3 mm) contai-
ning oospores with 50 m/ of distilled water in an
omni-mixer at 4500 rpm for ‘1 min. The suspen-
sion was filtered successively through a 53-um
and a 20-pm sieve. Oospores retained on the 20-
pm sieve were washed with tap water and resus-
pended in 10 m/ of sterile distilled water. The
oospore suspension was mixed with an equal vo-
lume of fleshly prepared KMnO, solution at 0.5%
(w/v). After agitating the mixture for 15 min. on
a shaker, oospores were washed free of KMnO,
on a 20-um sieve with tap water. About 10~20
W of oospore suspension containing about 100~
150 oospores were spread on 0.8% Seakem water
agarose medium consisting of 2% Bacto agar and
0.8% Seakem water agarose (Ho and Ko, 1980).
After autoclaving, the medium was supplemented
with 100 pg/m!/ of ampicillin, 50 ug/m/ of nystatin
and 10 pg/m/ of PCNB to prevent possible grow-
ths of some contaminants. Plates were incubated
at 24T with fluorescent light. Under such condi-

" tions, oospore germination of P. cactorum comme-

nced within 24 hr., and was more than 80% after
10 days. The colony originating from single oos-
pore was transferred to V-8 agar plates.

Growth rate and colony morphology

A piece of inoculum (ca 2X2X2 mm) was pla-
ced in the center of a petri-dish containing 5%
clarified V-8 agar which was prepared by centrifu-
ging V-8 juice plus 0.2% CaCo; at 270 g for 5
min. before dilution and addition of 2% Bacto
agar. After incubation at 24C for 3 days, linear
growths were recorded. However, colony morpho-
logy was observed after incubation at 24T for
7 days. Four plates were used for each isolate,
and this experiment was carried out two times
(Ann and Ko, 1990).
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Results

Growth rate

The linear extension of mycelia of 100 single-
zoospore cultures isolated from P. cactorum was
in the range of 3.3~4.0 mm/day, and similar with

Table 1. Growth rates of zoospore and oospore pro-
genies of Phytophthora cactorum

Parent Progeny
No. of Linear growth
Isolate Spores  cultures (mm/day)
Range Average
Zoospores 100 3.3-4.0 3.5
68 3.3-35
32 3.6-4.0
P. cactorum
Oospores 100 34-54 4.8
4 3440
78 4.1-5.0
19 51-54
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Fig. 1. Frequency distribution of growth rate among
progenies of zoospores and oospores of the
isolate of Phytophthora cactorum.

an average of 3.5 mm/days (Table 1). However,
the linear extension of 100 single-oospore cultures
was in the range of 3.4~54 mm/day, and varied
greatly with an average of 4.8 mm/day (Table 1).
The linear extensions of mycelia of 68 single zoo-

Fig. 2. Colony types displayed by Phytophthora cac-
torum on 5% V-8 agar after incubation at 24
T for 7 days.
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Fig. 3. Colony distribution of oospore and zoospore
progenies of Phytophthora cactorum.
¢Symbols: A, Uniform texture, Aerial growth
with white star-like mark in the center of
colony; B, Uniform texture, Abundant aerial
growth; C, Somewhat irregular texture, Abu-
ndant aerial growth, Intermediate in growth;
D, Uniform texture, Abundant aerial growth
with aerial white area in the center of colony;
E, Uniform texture, Highly abundant aerial
growth, High in growth; F, Uniform texture,
Highly abundant aerial growth with entirely
dense white colors, High in growth; G, Uni-
form texture, Highly abundant aerial growth
with dense white color in the center of co-
lony, Slow in growth.
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spore cultures were in the range of 3.3~35
mm/day, whereas 78 single oospore cultures were
within the scope of 4.1~5.0 mm/day (Table 1).
Comparing the linear extension of mycelia of 100
single-zoospore cultures with 100 single-oospore
cultures, it was obvious that single-oospore cultu-
res were far greater variation for growth rate than
single-zoospore cultures (Fig. 1).

Colony morphology

Oospore progenies of isolates of P. cactorum ap-
peared seven types which designated A, B, C, D,
E, F and G, respectively (Fig. 2, 3). The colony
type of the isolate belonged to A type with uni-
form texture, aerial growth, and star-like mark
in the center of the colony. All the zoospore pro-
genies of the isolates were within the scope of
A type, and similar to their respective parent in
colony appearance, whereas colony morphology
among oospore progenies varied greatly (Fig. 3).

Dicussion

Caten and Jinks (1968) found that zoospore pro-
genies of P. infestans were greatly various in gro-
wth rate and colony morphology. Therefore, they
suggested that these characters were under cyto-
plasmic control. However, we found that zoospore
progenies of P. cactorum were very uniform and
similar to their respective parent in the rate of
linear extension and colony appearance.

Consequently, it may be concluded that zoos-
pore progenies of P. cactorum didn't release quan-
titative variations in the rate of linear extension
and colony appearance. Since these characters dif-
fer from the results with P. infestans (Caten and
Jinks, 1968), it can be suggested that the charac-
ters are probably controlled by nuclear genes in
zoospore progenies of P. cactorum (Ann and Ko,
1990). Since on the contrary, 0ospore progenies
of P. cactorum displayed a continuous quantitative
variation in growth rate and colony appearance,
it can be suggested that these characters are un-
der cytoplasmic control.

Boccas (1972) observed a continuous growth
rate distribution for oospore progenies of P. syri-

ngae, homothalic fungi, and also suggested that
multiple genes probably were involved in deter-
mining the rate of linear extension in these fungi.
Also, he mentioned that variation distribution for
oospore progenies of P. syringae was greater in
range than the variation released upon zoospore
progenies. The quantitative variation in growth
rate of oospore progenies but not zoospore proge-
nies of P. cactorum was consistent with the hypho-
thesis that species of Phytophthora were diploid
in the vegetative state (Samson, 1966).

Ann and Ko (1990) also found that a continuous
quantitative variation in the amount of amylase
produced among progenies of selfed oospores but
not zoospores of P. parasitica, and suggested that
amylase production in P. parasitica was controlled
by heterozygous multiple genes. However, we
didn’t demonstrated whether amylase production
in P. cactorum, homothalic fungi, was controlled
by multiple genes. From the viewpoint of our re-
sults, the inheritance of growth rate of P. cactorum
is similar to that of P. syringae (Boccas, 1972).
The character of colony type in the isolate of P.
cactorum was greatly various in oospore progenies
but not zoospore progenies. Therefore, it is consi-
dered possible that multiple genes also are invol-
ved in determining the appearance of colonies in
these fungi.
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