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Phomopsis and its Perfect Stage Diaporthe causing a
Die-Back of the Paulownia Tree

Takao Kosavasur and Kazuo IT6

Introduction

In the previous paper® dealing with a die-back fungus, Physalospora paulowniae
IT6 et Kosavasui, the writers mentioned that Phowmopsis, Fusarium and Physalospora
were considered to be the more important among the many fungi inhabiting the dead
twigs of Paulownia tomentosa STEUD.

In the course of examining further materials, the writers have frequently found a
Diaporthe on the same die-back twigs bearing Phomopsis pustules, and have presumed
a correlation between them.

Culture experiments and inoculation tests were undertaken to ascertain their
genetic connection, and from the results of these experiments the writers came to the
conclusion that the Phomopsis was the imperfect stage of the Diaporthe.

It is the purpose of the present paper to report the genetic relation between the
Diaporthe and the Phomopsis collected on the dead twigs of paulownia trees.

The writers wish to express their heartiest thanks to Mr. Rokuya Imazeki, Chief
of Forest Protection Division, of the Government Forest Experiment Station for his
valuable advice during the work. Thanks are also extended to Mr. Michio Nakacawa

for help in preparation of the illustrations.

Morphology of the fungus —_ O

The examinations carried out at vary- 0 A
ing intervals on the newly dead twigs &) 0
from the fall of 1951 to the following spring
showed that an ascomycetous fungus belong-
ing to the genus Diaporthe often appeared
together with Phomopsis on the same le- : C
sions, and that they matured in late Febru-
ary to early March.

During the moist period or just after
the rainfall in spring to fall, pale yellowish
tendrils were pushed out from sphaeric
pustules of the Phomopsis. Besides these

Phomopsis pustules there were also found

smaller bodies which were conical ostioles

of the perithecia of Diaporthe. Fig. 1

Imperfect stage of Diaporthe eves
Nit. (= Phomopsis) on paulownia tree
two fungous forms are as follows: A A.Spores B: B-spores (sty]ospore)

1. Conidial stage (Phomopsis) (Fig. C: Glermi?atinslg A-spores
1, Plate 1: C) ¢ ) =201

Morphological characteristics of these
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Pycnidia occur separately
in each stromatic tissue about
0.7 mm diameter. They are
irregularly chambered and al-
most all of them consist of two
cavities. Conidiophores are
slender, 5~8# in length. Pycno-
spores have two forms; one
of them which is called “A-
spore’’ and predominantly ob-
served in nature, are elliptic,
hyaline, 7~10X2.5~3# in size
and, the other form, the so-
called ‘“ B-spore’ or ‘‘stylo-
% spore’’, produced only in culture,

& is straight or hooked, 24~38X%

0.7~1.1# in size.
2. Ascigerous stage

. . , | (Diaporthe) (Fig. 2, Plate

Fig. 2 Diaporthe eres Nit. on paulownia tree 1: B, D, E)
A: Asci and ascospores B: Ascospores Perithecia are singly or
C: Germinating ascospores aggregately embedded in the
(1 ]=30n) cortical tissues and have black

necks which open conical ostioles at the surface of the bark through the tissue with
60~90¢ length. Sphaeric parts of these flask-shaped perithecia are 340~450+ in
diameter. Walls of them are black membranaceous, 17~25¢ in thickness. Asci are
usually clavate to oblong-clavate, 38~44 X 6.5~8.5/+. Ascospores are irregularly biseriate,

two-celled, constricted at septa, elliptic or fusoid, hyaline, 11~14X2.5~4xu.

Genetic relation between the Phomopsis and the Diaporthe

Monoascosporic isolations of the Diaporthe were made by the following method.
Among many hand sections floating on distilled water, several of them having single
perithecia were removed by needle under a hand lens to a drop of 2 per cent aqueous
solution of copper sulphate. Then they were crushed and rubbed streakly on 2 per
cent plain agar in Petri dish. After keeping for a few hours in a thermostat regulated
at 25°C, monoascospore just germinated were transferred to potato-sucrose agar slant
with a platinous tube®!®, and observed under a low-power microscope.

Germination of ascospores usually started in a few hours at both ends of the spore
on 2 per cent plain agar at 25°C, and registered nearly 100 per cent germination in 24
hours.

Monosporic isolation from the Phomopsis were made in the same manner. Pycno-
spores also germinated in a few hours and germ-tubes arose on the side walls as well
as on the ends.

1. Culture experiments

The mycelium of the fungus grows rapidly on potato-sucrose agar and becomes



¥V OREHE % ks =3 Phomopsis 8 L O F DSEEE Diaporthe i&o\~T (UMK - FHE) — 63 —

compact with a few aerial mycelia. Later, they become greenish olive to purplish
brown. About a month after at 25°C, several fruit bodies of Phomopsis were generally
produced on the surface of the compact mycelia. Shortly after, it was usually found
that from these fruit bodies pale yellowish and viscosious masses consisting of nature
conidia or A-spores and stylospores or B-spores oozed out. In these cultures, however,
formation of the ascigerous structures has not been detected at all.

By the following experiments it was confirmed that there were no differences
between the isolates obtained from pycnospore and those from ascospore.

a. Relation of mycelial é'rowth and kinds of agar medium

By a sterile scalpel, inocula of about 5mm square isolated from both conidium and
ascospore were trasplanted respectively on the several kinds of agar medium*' in
PeTr1 dish. Mycelial growth and characteristics of the fungus on each agar medium
were observed for a month. In this experiment the fungus grew well on soy agar,
malt agar and potato-sucrose agar, but poorly on the others, especially paulownia
decoction agar. During the experiment, both isolates originating from ascospore and
conidium grew similar in appearance and could not be distinguished from each other.
Cultural characteristics of the fungus on various agar media are summarized as follows:

On potato-sucrose agar: Colonies are compact and flat with rough, white and
cottony aerial hyphae. Inner mycelia are purplish brown, ‘“Light Cinnamon Drab” to
““Fuscous” in color. About a month after, several pycnidia are produced on the surface
of the colony and then yellowish conidial masses, cosisting of A-spores and B-spores,
ooze out from them.

On Saito’s soy agar: Colonies are flat and white, but later turn to pale brown,
“Haie Brown’’ to ‘‘Chaetura Drab’”, in color. Surface of the colonies are covered
densely with white and cottony aerial hyphae. Pycnidial formations are also found
the same as on potato-sucrose agar.

On malt agar: Colonies grow flat at first and later develop with some radial
wrinkles. They are white in color and covered with rough cottony aerial hyphae.
Pycnidial formation is similar to those of the above cases.

On paulownia decoction agar: Colonies grow slowly, irregularly and flatly. They
are colorless except for a few white aerial mycelia at the margin of the colonies. No
pycnidial formation is observed.

On WaksMaN’s solution agar: Colonies are compact and white with dense cottony
aerial mycelia. Pycnidia are produced on the surface of the colonies about two months
later. '

b. Relation between temperature and mycelial growth

Comparison of both isolates in relation to temperature and mycelial growth were

tested by PeTr! dish method using potato-sucrose agar. Diameter of the mycelial colonies

*11) Potato-sucrose agar: Distilled water 17, potato 200g, sucrose 20g, agar-agar 20¢.

2) Saito’s soy agar: Distilled water 850 cc, onion decoction 100cc, Japanese soy
50 cc, sucrose 50 g, agar-agar 20 g.

3) Malt agar: Distilled water 1/, malt 200 g, agar-agar 20g.

4) Paulownia decoction agar: Distilled water 1/, paulownia twig 100g, sucrose
20 g, agar-agar 20g.

5) WaksmaN’s solution agar: Distilled water 11, glucose 10 g, peptone 5 g, KH.PO,
1g, MgSO, - 7TH.O 0.5 ¢, agar-agar 20 g. '
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Table 1. Relation between temperature and mycelial growth of the fungus

Ten1per(ﬂ:}81)xfe Diameter of mycelial colony
Origin of T N ) | .
isolates 70 N 9 15 ﬁ 25 28 30 357
Diaporthe 0 20 49 74 85 67 35 0
Phomopsis 0 19 49 72 85 64 25 0

Fig. 3 Relation between the mycelial growth of the fungus and temperatures
D: Isolate from ascospore of Diaporthe eves Nit., P: Isolate from pycnospore of D. eres
a: 0°C, b: 9°C, c: 15°C, d: 20°C, e: 25°C, f: 28°C, g: 30°C, h: 35°C

after a week of incubation at each temperature are shown in Table 1.

As shown in Table 1, both isolates developed much the same as each other, and
they grew at from 9°C to 30°C with an optimum at 25°C, but could not grow at 35°C
or 0°C. At higher temperatures they grew irregularly at the margin of the colonies
(Fig. 3).

2. Inoculation experiment

In order to confirm similarity in the two fungus forms and to determine their
pathogenicity, inoculation tests were made to green current shoots and brown old twigs
with both isolates from Diaporthe and Phomopsis. The surface of the current year’s
shoots was treated with 80 per cent alcohol, sterilized with 0.1 per cent solution of

corrosive sublimate and washed with sterile water, and then small slits were incised
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with a sterile scalpel on the shoots. In the case of making burned incisions, a burning
hot scalpel was used. The bits of the colonies from each of two fungus forms were
introdused into these treated slits. The wounds were covered with moist absorbent
cotton and paraffin paper for 10 days. As a check sterile agar was used instead of
the mycelial colonies.

Inoculations were made in April and August in 1951 and September in 1953. In
each of these tests five twigs were prepared for inoculation, and two for check. Many
of the inoculated wounds healed over in one or two months after inoculations, but a
few of them developed a die-back until the following spring.

Results of these tests are summarized in Table 2.

Table 2. Results of inoculation experiments

- o T
Number*! | Number Phomopsis |Diaporthe
Isolates Treatment of of formation | formation
- linoculation| infection B
Current shoot, wound incision 10 0 - —
Diaporthe {|Brown twig, 7 15 0 — —
7 burned incision 15 3 + -
Current shoot, wound incision 10 0 - —
Phomopsis {|Brown twig, 7 ! 15 1 + -
4 burned incision 15 4 + -
Current shoot, wound incision 4 0 - -
Check Brown twig, v 6 0 - -
ke burned incision 6 0 - -

* Total of three inoculation series

Re-isolation carried out from conidia on the die-backed lesions resulting from
successful inoculations and cultures of them showed similarity to the fungus used as
the inoculum.

Considered from the results of the tests mentioned above, pathogenicity of the
fungus seems to be not virulent but rather weak, although the Phomopsis die-back is
very frequently observed in the field.

The evidence obtained by the foregoing culture and inoculation experiments points
to the conclusion that the Phomopsis is doubtlessly the imperfect stage of the Diaporthe.

Taxonomy of the fungus

In foreign countries, the species of Phomopsis inhabiting paulownia tree, so far as
we have been able to trace, has not been described. In Japan Hara?», however, listed
Phomopsis imperiales Sacc. et Roum., as a fungus collected on Paulownia tomentosa
Steup., without any morphological notes and literature citations. The writers’ efforts
to find this specific name in Saccarpo’s Sylloge Fungorum and others, have failed.
Saccarpo et Roum.'” described Phoma imperiales on Paulownia imperiales SieEBoLD,
with a provision that it might be a pycnidial stage of a Diaporthe. Judging from
these facts, it is thought that Hara transferred arbitrarily the genus name of Phoma
imperiales to Phomopsis by the notes of Saccarpo and Roum. without making any
mycological description.

Diaporthe on the paulownia tree has not been described so far as the writers are
aware. Among the many species in WeumyER’s monograph'" of the genus Diaporthe,
D.medusaea Nit., D. eves Nit., D. beckhausii Nit. and D. strumella (Fr.) Fck. seem
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to be similar to the writers’ fungus. According to him Diaporthe medusaea is a species
having many synonyms and hosts such as D. Citri (on Citrus), D. Eucalypti (on
Eucalyptus), D. faginea (on Fagus), D. juglandina (on Juglans), D. ostryigena (on
Ostrya), D. medusina (on Platanus), D. nodosa (on Syringa), D. crinigena (on Ulmus)
and others. It, however, distinctly differs from the writers’ fungus in shape and size
of pycnidial stage, and in its elongated necks and clustered perithecia. Diaporthe
backhausii and D. strumella are different from the writers’ fungus by the character-
istics in the conidial stage, especially B-spores.

Diaporthe eres is also a species having many synonyms. It includes Diaporthe
fallaciosa (on Acer), D. coneglanensis (on Aesculus), D. verrucella (on Alnus), D.
exasperaus (on Betula), D. sordida (on Corpinus), D. castaneti (on Castanea), D.
catalpae (on Catalpa), D. conorum (on conifers), D. scobina (on Fraxinus), D. magnoliae
(on Magnolia), D. scabva (on Platanus), D. forabilis (on Populus), D. rhois (on Rhus)
and others, and they are very similar to the writers’ fungus in morphological character-
istics except for the lack of ventral zone in the latter.

Diaporthe vaccinii SHEAR' on blueberry and cranberry fruit have smaller ascospores
and pycnospores (A- and B-spores), than the paulownia fungus.

In our country, Diaporthe wmoviokaensis SAwaDA'® on Acer formosum, D. Take
Hara® on bamboo and D. nomurai Hara® causing a blight of mulberry have been
known as the indigenous species. These three species are distinguished from the
fungus under consideration by their larger asci and ascospores.

‘Other Diaporthe recorded in our country, namely D. Aucubae Sacc.’'" on Aucuba,
D. leiphaemia (Fr.) Sacc.>' on Quercus and D. umbrina Jenkins®”' also differ distinctly
from the writers’ fungus.

From the fact mentioned above it is apparent that among the many species of
Diaporthe reported hitherto Diaporthe eres Nit. quite agrees with the present writers’
fungus. Hence, the writers have come to the conclusion that the paulownia fungus
under consideration is identified as Diaporthe eves Nit. Relation between the Diaporthe
and Phomopsis collected from the paulownia tree is as follows:

Diaporthe eres NITSCHKE

Syn.: Phoma imperiales Sacc. et Roum. Syll. Fung. 3: 92,1884.
Phomopsis imperiales Sacc. et Roum. Bot. Mag. (Tokyo) 27: 67, 1913.
Hab.: On dead twigs of Paulownia tomentosa Streup. (Feb. 22, 1951, Meguro,
Tokyo, Japan, by, T. KoBavasui)

Summary

On the die-backed twigs of Paulownia tomentosa Steup. a species of Diaporthe often
occurs together with a Phomopsis. Genetic relation between them and identification of
them were studied in this paper. They are identical with Diaporthe eres Nit. and
Phoma imperiales Sacc. et Roum., respectively, and it is proved that the latter is the
imperfect stage of the former.

Results of inoculation experiments showed that the fungus is only slightly patho-

genic.
Laboratory of Forest Pathology,
Government Forest Experiment Station,
Meguro, Tokyo, Japan.
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Explanation of plate

Plate 1

A:
B:
C:
D:
E:

Paulownia tomentosa Steup. affected by a die-back

Die-backed twigs producing perithecia of D. eres X1

Die-backed twigs producing pycnidia (Phomopsis) of Diaporthe eres NiT.

Perithecia of D. eres X90

Perithecium of D. eres X150

X1



—Plate 1—




