JododododododotododPhytophthora
cryptogea Pethyb. & Laff. [0 [0 [ [J

00 000000000 =Annals of the Phytopathological Society of Japan
ISSN 00319473
ooad go,od
aod,d
aooad gooooooad
0/0 450 30
Ooooo
0oooQg p. 362-368
oooo 197901 701
Jodobobbooooboooobbooooboboooo QAG'
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ Yt INNnow Ieage

Secretariat



AR 45 © 362-368 (1979)
Ann. Phytopath. Soc. Japan 45 : 362-368 (1979)

Phytophthora cryptogea Pethyb. & Laff. Found
in Alfalfa-field Soil
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Abstract

Phytophthora sp. was isolated from an alfalfa-field soil in Shintoku, Hokkaido in
1978. The fungus exhibited a petaloid pattern with an abundant aerial mycelium on
potato-dextrose agar. Young hyphae had no septa, but became septate with age.
Hyphae on malt-extract agar tended to be gnarled and tuberculate (coralloid). Clusters
of hyphal swellings of 7-10 pm diam. were abundant on alfalfa seedlings. Sporangia
(mean 53.7x32.4 pm) were nonpapillate or inconspicuously papillate and noncaducous,
and proliferation and sympodial elongation occurred. The majority of sporangia were
ovoid or ellipsoidal, but some were elongated, flattened on one side, constricted, or
kidney-shaped. The fungus grew on corn-meal agar from 5 to 36 C with an optimum
growth temperature of 28 C. All of the isolates were of the A% mating type. The
fungus was pathogenic to alfalfa and other plants. These characters suggested that
the fungus was P. cryptogea Pethyb. & Laff. or P. drechsleri Tucker. Since many
reports suggested that these two species were conspecific, comparisons were made by
means of disc electrophoresis to obtain protein patterns of both identified species and
the present isolates. Electrophoretic results confirmed the conspecificity of both
species, and the isolates were identified as P. c¢ryptogea due to priority.

(Received April 2, 1979)

Introduction

During the survey for Phytophthora wmegaspema Drechsler, a causal fungus of
Phytophthora root rot of alfalfat!®, an unknown Phytophthora was found in an alfalfa
field in 1978. In this field, alfalfa plants had disappeared, and weeds were preva-
lent in low-lying areas. The fungus formed no sex organs in single cultures, and
sporangia were nonpapillate or inconspicuously papillate. These characters showed
that it was closely related to P. cryptogea Pethyb. & Laff. or P. drechsleri Tucker.
However, recent studies!:5:6:10 suggest that these two species are similar or conspecific.
We compared the present isolates with P. cryptogea™* and P. drechsleri** by the
electrophoretic technique in order to ascertain the identification of the isolates and
to make a taxonomical review of both species.

Materials and Methods

Phytophthora sp. was isolated from the soil of low-lying areas in an alfalfa field
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in Shintoku, Hokkaido by the alfalfa-seedling baiting technique!® in May and September
of 1978. Single-zoospore isolates (S-B, B-D, S-F, and S-16) were used in this study.
Sporangia produced by placing mycelial V-8 juice agar (V-8 A) discs in nonsterile
soil exstract were measured for each isolate. Petri dishes containing corn-meal agar
(CMA) were inoculated with mycelial CMA discs of 5 mm diam. cut from the margin
of a 4-day-old colony. Colony diameters were determined after 3 days’ incubation
from 5 to 37 C. All 39 isolates were paired on V-8 A with either A! or A2 mating
type of P. cinnamomi Rands isolated from rhododendron and P. cambivora (Petri)
Buisman from apple-orchard soils. Dual cultures were incubated at room temperature
to inspect the presence of sex organs.

The following plants were grown in pots containing steam-sterilized soil for
inoculation experiments : alfalfa (Medicago sativa L.), red clover (Trifolium pratense
L.), sweetclover (Melilotus alba Desr.), cowpeas (Vigna sinensis Savi. et Hassk.),
beans (Phaseolus vulgaris L.), mungbeans (P. aureus Roxb.), adzuki beans (P. angula-
ris Wight), soybeans (Glycine max Merr. ), tomato (Lycopersicon esculentum Mill.),
eggplant (Solanum melongena L.), green pepper (Capsicum annuum L.), cucumber
(Cucumis sativus L.), cabbage (Brassica oleracea L.), sugar beets (Beta vulgaris L.),
China-aster (Callistephus chinensis Nees), zinnia (Zinnia elegans L.), and safflower
(Carthamus tinctorius L.). Young plants of about one-month-old were inoculated with
mycelial CMA pieces at the base of the stem in the soil. Mycelium-free CMA pieces
were used as controls. Inoculated plants were heavily watered. Pathogenicity to
potato tubers (Solanum tuberosum L.) was also examined by wound inoculation.
Reisolation was made on CMA acidified with lactic acid.

Since taxonomical characters of the fungus indicated the close relationship to P.
cryptogea and P. drechsleri, disc electrophoresis was conducted as an aid for identi-
fication. The following isolates were used for comparison. P. cryptogea : P 10
and P 30 ; P. drechsleri : P 31 (IMI 129907) and P 42. Mycelia were grown in
cleared V-8 juice broth at 25 C. After 7 days’ incubation, they were rinsed in
deionized water three times and stored at -30 C. Frozen mycelia were ground with
sea sand in 0.1 M phosphate buffer pH 7.0. The mycelial suspension was centrif-
uged at 3,000 rpm for 10 min. to eliminate hyphal fragments and sea sand. Soluble
protein fraction was obtained by the ultracentrifugation at 105,000 xg for 60 min.
Protein concentration was determined using Folin phenol reagent!® and adjusted to
1,700 wg/ml. Disc electrophoresis followed the method of Davis?. Polyacrylamide
gel columns were prepared by filling glass tubes (9.5 cm long, 5 mm inner diam.)
first with 1.3 ml of 7.5 % acrylamide solution (separation gel) followed by 0.3 ml of
2.5 % acrylamide solution (stacking gel). Subsequently, 0.35 ml of 2.5 % acrylamide
solution containing 300 ug of fungal protein (sample gel) was laid on the stacking

gel. Polymerization of each gel was made under fluorescent light at room tempera-
ture. Electrophoresis was conducted at 4 C with a power supply at 4 mA per tube.
Tris-glycine buffer was used as an electrode buffer. The gels were removed from

glass tubes when the tracking dye (bromophenol blue) had migrated 60 mm in the
separation gel and were placed in fixer stain solution (amido black 10B, 1 g; in 100

ml of 7 % acetic acid) for 30-40 min. They were washed and destained in 7 %
acetic acid using a current of 10 mA per column. Protein patterns were recorded

using a densitometer, and Ef values were determined.

Results

Phytophthora sp. from the alfalfa-field soil showed a petaloid pattern with an
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abundant aerial mycelium on potato-dextrose agar. Mycelia were aerial on V-8 A
and submerged in CMA. On both media, the fungus exhibited no characteristic
patterns. Young hyphae had no septa, but became septate with age. Hyphae on
malt-extract agar tended to be gnarled and tuberculate (Fig. 1-A). Clusters of
hyphal swellings of 7-10 ym diam. were aboundant on alfalfa seedlings (Fig.1-B and
C). Sporangia (mean: 53.7 X 32.4 pm, range: 74.1-29.6 X 42.0-19.8 pm, mean ratio
of length to breadth: 1.69; Table 1.) were nonpapillate or inconspicuously papillate
and noncaducous, and proliferation and sympodial elongation occurred. The majority

Fig. 1 Morphology of Phytophthora sp. from alfalfa-field soil : A. Gnarled and
tuberculate hyphe (x400) ; B. Hyphal swellings in cluster (x100) ; C. Hyphal
swellings (x400) ; D, E, F. Sporangial variation (Xx400).

Table 1. Sporangial sizes in Phytophthora isolates from alfalfa-field soil®>

Isolate Mean (pm) Range (pum) f L/B ratio®
S-B 51.1 x 30.2 66.7-34.6 X 42.0-22.2 1.69
S-D 57.0 x 34.0 74.1-37.1 x 39.5-22.2 1.69
S-F 54.3 x 30.1 74.1-32.1 X 42.0-22.2 1.80
S-16 53.1 x 35.6 74.1-29.6 X 42.0-19.8 1.49
Mean 53.7 x 32.4 1.69

a) Sporangia produced by placing mycelial V-8 juice agar discs in nonsterile soil extract
were used for measurements, N = 100.
b) Mean ratio of length to breadth.



Ann. Phytopath. Soc. Japan 45 (3). July, 1979 365

of sporangia were ovoid or ellipsoidal,
but some of them were elongated, fla-
ttened on one side, constricted, or kid-
ney-shaped (Fig. 1-D, E, and F). A-
typical sporangia were more frequently
found on alfalfa seedlings. Cardinal
growth temperatures on CMA were as
follows (Fig. 2): minimum about 5 C,
optimum 28 C, and maximum 36-37 C.
The fungus grew only slightly at 5 C
and failed to grow at 37 C during 7
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5 7 10 15 2(.] 25‘ Qé 36 33.35‘3.6 37 days. Thirty-nine isolates were all
TemrERATURE € O) of the A2 mating type; they mated
Fig. 2 Growth rate of Phytophthora sp. from with the A! P. cinnamomi isolate, but

alfalfa-field soil on corn-meal agar per not with the A! nor A? isolate of P.

24 hr at different temperatures. cambivora. Oogonia in dual cultures

were spherical with smooth walls.

Oospores almost filled the oogonia, but most of them were aborted. In many cases,

oogonia failed to develop and remained in the antheridia.

The fungus readily killed the young plants of cowpeas, mungbeans, tomato,
eggplant, green pepper, cucumber, sugar beets, China-aster, and safflower, while
alfalfa, sweetclover, beans, adzuki beans, cabbage, and zinnia were infected, but not
killed. The fungus was always reisolated from these plants. Red clover was not

Table 2. Pathogenicity of Phytophthora sp. from alfalfa-field soil to various plants?

Plants ' Pathogenicity®
‘Alfalfa (Medicago sativa L.) +
Red clover (Trifolium pratense L.) —
Sweetclover (Melilotus alba Desr.) +
Cowpeas (Vigna sinensis Savi. et Hassk.) . ++
Beans (Phaseolus vulgaris L.) : +
Mungbeans (P. aureus Roxb.) ++
Adzuki beans (P. angularis Wight) +
Soybeans (Glycine max Merr.) : +
Tomato (Lycopersicon esculentum Mill.) ++
Eggplant (Solanum melongena L.) + +
Green pepper (Capsicum annuum L.) ++
Cucumber (Cucumis sativus L.) ++
Cabbage (Brassice oleracea L.) +
Sugar beets (Beta vaulgaris L.) ++
China-aster (Callistephus chinensis Nees) + 4
Zinnia (Zinnia elegans L.) +
Safflower (Carthamus tinctorius L.) ++
Potato tuber (S. tuberosum L.) Pink rot

a) Plants of about one-month-old were inoculated with mycelial corn-meal agar‘ pieces at
the base of the stem in the soil. )
b) + + = Killed.
—+ Infected, but not killed.
— = No infection.

I
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infected. Inoculated potato tubers showed “pink
rot” symptoms, and the fungus was reisolated from
the discolored portion (Table 2.)

Electrophretic protein patterns were essentially
the same in Phytophthora isolates used in this
study (Fig. 3.). Isolate P 42 could be distin-
guished by band A (Ef=71.2), which did not exist
in other isolates. Band B (Ef=38.8) was thick
in P 10, P30, and P 31, but not in P 42 nor our
P31 isolates.

P42 . Discussion
Morphological characters of sporangia of Phy-
tophthora sp. from the alfalfa-field soil and its
S-B * heterothallic nature suggest P. cryptogea or P.
drechsleri. Growth responses at different tem-

pl1o

P30

peratures are somewhat similar to those of P.
drechsleri'9, Cardinal growth temperatures for
P. cryptogea were lower20, Tucker!® considered

S-D 4
that the temperature requirements of different
S-F % strains of the same species do not vary widely,
however, temperatures for growth are not always
the criterion for distinguishing species: Ribeiro ef
S-16 al® recently reported a high-temperature isolate
of P. megasperma, whose optimum growth temper-
— ature was 8-11 C higher than ordinary P. mega-
| 0 sperma isolates on alfalfa31®, Klisiewicz!® casted
Fig. 3 Densitometer recordings of  {ouht on the value of temperatures for growth in
the electrophoretic protein (o . o4ion of P, cryptogea and P. drechsleri al-
patterns in Phytophthora though he distinguished the two species by sporan-
isolates. P 10 and P 30 : P. . L. .
cryptogea; P 31 and P 42 :  &ial morphology. Bumbieris? could not find a
P. drechsleri; S-B, S-D, S.F, Significant difference in growth temperatures be-
and S$-16 : Phytophthora tween P. cryptogea and P. drechsleri, suggesting
isolates from alfalfa-field that some variation exists in temperature require-
soil, ments in different isolates of the same species.
On the basis of morphology, as well as responses
to different growth temperatures and malachite green, he proposed the conspecifity
of both species. Galindo and Zentmyer® tentatively identified Phytophthora isolates
on pepper plants as P. drechsleri although they had certain characteristics of P.
cryptogea. Flowers ef al.® isolated Phytophthora sp. from beans and identified as
P. cryptogea in spite of the growth at 35 C. Shephered!” observed the similar
mating patterns of P. cryptogea and P. drechsleri, concluding that these taxa were
conspecific. Thus, the conspecificity of both species was suggested in many reports.
Electrophoretic protein patterns are known to be species-specific in many species
of Phytophthora™®. Similar protein patterns were obtained in the present study from
P. cryptogea, P. drechsleri, and Phytophthora sp. from the alfalfa-field soil. We
conclude that these two species are conspecific, and the alfalfa-field isolates were
identified as P. cryptogea due to priority.

This represents the first report on P. cryptogea in Japan although Xatsura®
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previously reported P. drechsleri on watermelon. It differs from the ordinary P.
cryptogea (=P. drechsleri) in that abundant sex organs were readily formed on
various agar cultures. As P. cryptogea has a wide host ranges10.14.16.18)  this
pathogen should be watched for in any fields with low-lying or poorly drained areas.

Thanks are due to Mr. M. Yamakawa (Hokkaido Prefect. Shintoku Anim. Husb. Exp. Stn.)
who has helped us find Phytophthora cryptogea.

Grateful acknowledgement is made to Mr. M. Bumbieris (Waite Agric. Res. Inst., Australia),
Mr. H. Hagiwara and Dr. S. Takeuchi (Veg. & Ornam. Crops Res. Stn.), and Dr. T. Suzui
(Shizuoka Agric. Exp. Stn.) and Dr. Y. Hoshino for providing us with P. cryptogea and P.
drechsleri, P. cinnamomi, and P. cambivora, respectively.
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19784E, JLBHEHEWOT VT 77 r BISEOHEX D RMD Phytophthora BE M DS hico AH
1Y+ H A4 BRI FEREM F bR OBE AR Lico Hyphal swellings 3707 7 v 7 7 24 ET
cluster JRICEBICE S NIco #ETFO D ZIEEEIARHE T, £ INE~HEUE, HFEIORE
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