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ABSTRACT

Nine formae speciales and two races of Fusarium
solani have been reported in the United States and Japan.
They are sorted into four groups (A, B, C, D) by the
morphologic characters of macroconidia which were
formed on sporodochia under continuous illumination.
Group A, composed of f. sp. cucurbitae race 1 and some
isolates of race 2, f. sp. batatas, f. sp. mori, f. sp.
xanthoxyli, f. sp. robiniae and an isolate of f. sp. eumartii,
is characterized by predominant 5- (or more) septate
macroconidia. The B group, which includes f. sp. pisi, f.
sp. cucurbitae race 2 and several isolates of f. sp. eumartii,
have predominant 3-septate macroconidia less than 5 u in
width. The C group, f. sp. radicicola, is characterized by
predominant 3-septate macroconidia which are 5.5 p or
more in width. The D group, f. sp. phaseoli, has

predominant 4-septate macroconidia. There was no
significant difference in the morphologic characters of
microconidia and Hypomyces stage, if present, among
these formae speciales and races.

Six formae speciales and two races have been known
to have a Hypomyces stage. In mating and sexual behavior
as well as morphology, these formae speciales and races
are very similar to Fusarium (Hypomyces) solani f. sp.
cucurbitae tace 1, but they are distinctly isolated from
one another with regard to mating population. From this
fact, it was proposed that the crossing tests will be usable
as a method for identifying formae speciales and races,
where matings may be made, in addition to the
pathogenicity tests.
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Five formae speciales of Fusarium solani, namely
f. sp. cucurbitae, f. sp. eumartii, f. sp. phaseoli, f. sp.
pisi,and f. sp. radicicola were first named by Snyder
& Hansen (15) in 1941, McClure (7) and Toussoun
& Snyder (19) added f. sp. batatas and f. sp.
cucurbitae race 2 as a new forma specialis and a new
race, respectively, in the United States. Matuo &
Sakurai (3, 4) reported the presence of f. sp. phaseoli,
f. sp. pisi, and f. sp. radicicola in Japan, and
designated in addition the three new formae speciales,
f. sp. mori (9, 10), f. sp. xanthoxyli (13), and f. sp.
robiniae (5) there. These formae speciales and races in
the United States and Japan are summarized in Table
1. A summary of perfect stages in Fusarium was
reported in 1965 by Snyder & Toussoun (18).

The differentiation of these formae speciales and
races depends on selective pathogenicities to their
hosts, since they are closely similar in respect to the
morphology of the macroconidia, microconidia and
Hypomyces stage. In comparative studies of the
Fusaria of the United States and Japan from 1967 to
1970, particular attention was given both to the
morphologic characters and to mating populations, as
well as to the pathogenicities of numerous isolates of
all the formae speciales and races of F. solani from
both laboratories. The ability to cross was tested as
an aid for identification of formae speciales and races
in addition to the pathogenicity tests.

MORPHOLOGIC CHARACTERS OF
SPORES.—Macroconidia.—Morphologic characters of
macroconidia of Fusarium vary with the conditions
of culture, yet they are almost constant under certain
conditions of culture. Sakurai & Matuo (12)
investigated the morphologic characteristics of six
formae speciales and two races of F. solani. Included
were two American formae speciales, f. sp. cucurbitae
and f. sp. pisi, which they had received from Snyder.
In this investigation, the Fusaria were cultured in
potato-sucrose agar (PSA—1% sucrose was added to
potato-decoction agar) at 25 C in diffuse daylight,
supplemented by 12 hr of fluorescent light. The
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formae speciales and races in these tests were sorted
into four groups (A, B, C, D) by the morphologic
characters of the macroconidia. The A group, f. sp.
cucurbitae, f. sp. mori, and f, sp. xanthoxyli, show a
characteristic in which 5- (or more) septate
macroconidia are predominant (Fig. 1). The B group,
f. sp. pisi and f. sp. radicicola race 2, is characterized
by predominant 3-septate macroconidia, less than 5 u
in width, whereas the C type, f sp. radicicola race 1 is
characterized by predominant 3-septate macroconidia
about 5.5 u or more in width. The D type, f. sp.
phaseoli, has predominant 4-septate macroconidia
and no microconidia under the conditions of these
studies. In the cooperative program between the
United States and Japan, we investigated the same
morphologic characters of numerous isolates of
previously investigated formae speciales and races,
and the remaining formae speciales and races, f. sp.
eumartii, f. sp. batatas, f. sp. cucurbitae race 2 and f.
sp. robiniae. lIsolates of previously investigated
formae speciales and races showed the same results
grown under these conditions, and both isolates of f.
sp. batatas, all 29 isolates of f. sp. robiniae,and one
isolate of f. sp. eumartii proved to belong to the A
group. Five isolates of f. sp. eumartii and both
isolates of f. sp. cucurbitae race 2 proved to belong to
the B group.

Microconidia and the Hypomyces
stage.—Microconidia of F. solani are formed on long,
septate and occasionally branched conidiophores as
Sherbakoff (14) pointed out. The microconidia and
conidiophores of these formae speciales and races in
the United States and Japan are morphologically alike
except for occasional large kidney-shaped
microconidia of f. sp. cucurbitae race 2, which seem
to be unimportant. These similarities preclude any
separation. Japanese isolate (12) of f. sp. phaseoli has
not produced microconidia, but United States isolates
of the same forma specialis have occasionally
produced them. Hypomyces stage (perithecium,
ascus, ascospore) is easily formed on potato-dextrose

TABLE 1. Formae speciales and races of Fusarium solani in the United States and Japan

Year
Forma specialis and race Host (symptom type) named Occurrence
f. sp. cucurbitae Snyd. et Hans. race 1 cucurbitis (foot rot, fruit rot) 1941, in U.S.
1961 s
f. sp. eumartii (Carp.) Snyd. et Hans. potato (foot rot) 1941 in US.
f. sp. phaseoli (Burk.) Snyd. et Hans, bean (foot rot) 1941 in U.S. & Japan
f. sp. pisi (Jones) Snyd. et Hans. pea (foot rot) 1941 in U.S. & Japan
mulberry tree (stem blight) -
chick pea (root rot) —
ginseng (root rot) -
f. sp. radicicola (Wr.) Snyd. et Hans. potato (tuber rot) 1941 in U.S. & Japan
Amorphophalus (corn rot) -
tulip (bulb rot) etc. -
f. sp. batatas McClure sweet potato (foot rot) 1951 in U.S.
f. sp. mori Sakurai et Matuo mulberry tree (stem blight) 1959 in Japan
f. sp. cucurbitae Snyd. et Hans. race 2 cucurbits (fruit rot) 1961 in U.S.
f. sp. xanthoxyli Sakurai et Matuo Japanese pepper (trunk blight) 1961 in Japan
f. sp. robiniae Matuo et Sakurai Robinia pseudoacacia (twig blight) 1965 in Japan




564

33/ r/ p’l

Fig. 1. Four types of macroconidia of Fusarium solani. 1)
A type; 2) B type; 3) C type; 4) D type.

agar (PDA) or PSA by crossing of opposite mating
type clones of two pairs of each f. sp. cucurbitae race
1, f. sp. pisi, f. sp. batatas, f. sp. mori, f. sp.
cucurbitae race 2, f. sp. xanthoxyli, and f. sp.
robiniae. There was no difference in the shape and
size of perithecia, asci and ascospores among these
formae speciales and races.

MATING POPULATIONS.-Dimock (1) was the
first to report the heterothallism of F. solani. He
studied the phenomenon with Hypomyces ipomoeae,
a synonym of F. (Hypomyces) solani f. sp. batatas
[McClure (7)]. Hansen & Snyder (2, 16) studied
more precisely the heterothallism and the genetics of

PHYTOPATHOLOGY

[Vol. 63

F. (Hypomyces) solani with F. (Hypomyces) solani f.
sp. cucurbitae race 1. This fungus was
hermaphroditic, had mating (compatibility) types (+),
(<), and through mutation developed heterothallism
in respect to sex. Hermaphroditic, male and female,
and neuter clones of the fungus were found. Sakurai
& Matuo (11, 13), Toussoun & Snyder (19), Reichle
et al. (8), and Matuo & Sakurai (5) studied the
heterothallism of various formae speciales of F.
(Hypomyces) solani: f. sp. mori, f. sp. xanthoxyli, f.
sp. cucurbitae race 2, f. sp. pisi, and f. sp. robiniae.
The results proved that all these formae speciales are
very similar to F. (Hypomyces) solani f. sp.
cucurbitae race 1 in mating and sexual behavior (2,
16).

Sakurai & Matuo (12) crossed six formae speciales
and two races of F. solani: f. sp. cucurbitae, f. sp.
mori, f. sp. xanthoxyli, f. sp. pisi, f. sp. phaseoli, f. sp.
radicicola race 1, and f. sp. radicicola race 2,
reciprocally by the spermatizing method. The
experimental results proved that the interformic and
interracial crosses do not occur except for f. sp. pisi X
f. sp. radicicola race 2. From this fact, I. solani f. sp.
radicicola race 2, one of the causal Fusaria of
mulberry stem blight, was identified later with f. sp.
pisi (4, 8). Toussoun & Snyder (19) reported that F.
solani f. sp. cucurbitae race 2 does not cross with race
1 of the same forma specialis. Matuo & Sakurai (5)
reported that F. solani f. sp. robiniae is independent
from four formae speciales of F. solani in the mating
relationship.

In the cooperative program between the United
States and Japan, we endeavored to make clear the
mating populations of all formae speciales and races
of F. (Hypomyces) solani in the United States and
Japan, paying special attention to the
non-investigated combinations. All isolates were
maintained by single spore culture in PDA tubes at
room temperature or 25 C in diffuse daylight, or in
daylight supplemented by 12 hr of fluorescent light.
Crosses were made 20-30 days after single sporing by

TABLE 2. Differentiation of pathogenicity, morphology, and mating
population of Fusarium solani in the United States and Japan

Morphologic type Hypomyces Mating
Forma specialis of macroconidia? Microconidiab stageP population®
f. sp. cucurbitae race 1 A + + I
f. sp. batatas A + + I
f. sp. mori A + + 111
f. sp. xanthoxyli A + + v
f. sp. robiniae A + + Vil
f. sp. eumartii A 4 - -
f. sp. pisi B 3 + Vi
f. sp. cucurbitae race 2 B + e v
f. sp. eumartii B + - N
f. sp. radicicola C + - =
f. sp. phaseoli D : - - -

a A: 5-(or more) septate macroconidia predominant. B: 3-septate macroconidia (less than 5 p in width) predominant. C:
3-septate macroconidia (about 5.5 u or more in width) predominant. D: 4-septate macroconidia predominant.

b Microconidia and Hypomyces stage of each forma specialis or race closely resemble one another when present.

¢ Roman numerals (I-VII) show independent mating populations which were discovered chronologically.
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pouring a suspension of conidia in sterile water from
one clone into tubes containing another, and the
cultures were kept as they were for 6 months. The
results proved that all the formae speciales and races
of F. (Hypomyces) solani are distinctly isolated from
one another with regard to mating population; that is,
each of them constitutes the individual mating
population as shown in Table 2.

DISCUSSION.—Morphologic characters and
mating populations of all the formae speciales and
races of I. (Hypomyces) solani in the United States
and Japan are summarized in Table 2. They were
sorted into four groups (A, B, C, D) by the
morphologic characters of macroconidia which were
formed on sporodochia, though the separation by
microconidia and Hypomy ces stage was difficult. The
existence of four macroconidium groups (A, B, C, D)
does not mean that the differences are great enough
to be used for separation at the species level. Rather,
that they represent an additional guide in the
sub-specific characterization of formae speciales and
races in F. solani. Most of the formae speciales or
races of F. solani belong to a single group, but F.
solani f. sp. eumartii belong to two groups, A and B;
thus, such morphology by itself is undependable in
classification. This phenomenon is similar to that in
F. roseum f. sp. cerealis which has three cultivars:
‘Graminearum’, ‘Culmorum’, and ‘Avenaceum’ (17).

Though the differentiation of formae speciales
and races depends only on their selective
pathogenicities to the hosts, they all proved to be
distinctly isolated from each other with regard to
sexual reproduction. Each of them constitutes an
individual mating population. In this respect, F.
(Hypomyces) solani can be regarded as a unique
contrast to other pathogenic fungi: smuts, rust, etc.,
in which not only inter-racial or intervarietal crosses
but also interspecific (intergeneric) crosses were
reported. Mating populations have been used in other
areas of biology to delimit species. However, use of
the mating type in the speciation of the Fusaria
would deprive the worker of a rapid and useful
taxonomic system.

On the other hand, if we have tester clones of
known formae speciales, the crossing with them will
supply an effective method for identifying formae
speciales of F. (Hypomyces) solani in addition to the
pathogenicity tests. Actually, we (6) identified the
clones of F. solani isolated from mulberry stems and
ginseng roots with F. solani f. sp. pisi by the crossing
tests with the tester clones. Standardized techniques
for determining forma specialis and race in Fusarium
have not been decided upon. Hereafter, standardized
techniques may be necessary if we are to have
agreement internationally among workers. The
crossing tests will surely be available for this purpose
in F. solani, where matings may be made in addition
to the inoculation tests.

As already stated, all formae speciales and races of
F. (Hypomyces) solani in the United States and Japan
having a Hypomyces stage were heterothallic.
However, some clones of homothallic F. solani have
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been collected in the United States and Japan, all of
which are saprophytic.
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