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Abstract The species delimitation of some members of
Curvularia with 4-septate conidia was studied. Conidial
shapes and sizes were variable to some extent depending on
isolates and herbarium materials examined. By crossing
experiments, C. affinis, C. fallax, and C. senegalensis showed
no reproductive isolation from C. geniculata. Some isolates
obtained from culture collections and from fields were not
fertile with tester isolates of C. geniculata. Their conidial
morphology were somewhat different from C. geniculata.
SEM observations also revealed their morphological differ-
ence from C. geniculata. Restriction fragment length poly-
morphism (RFLP) of total DNA was analyzed with several
isolates of species belonging to the “geniculata” group of
genus Curvularia. DNA fingerprinting with probes pre-
pared from GPD-1 and tublin coding regions gave clear
differences among them, resulting in different banding
positions. The results of analyses also confirmed that C.
senegalensis, C. affinis, and C. fallax are synonymous to
Curvularia geniculata. Two populations having 4-septate
conidia with warping hilum and one population with rough
surface conidia were clearly different from C. geniculata.

Key words “Geniculata” group · New combination ·
Reproductive isolation · RFLP analyses · Type studies

Introduction

Members of the genus Curvularia have been separated into
three groups, “geniculata,” “lunata,” and “maculans,” on
the basis of relative position and numbers of septa in their
conidia (Boedijn 1933). These characteristics are easily rec-
ognizable under light microscopic observation. However,

species identification of the members in each group is diffi-
cult because of the vague descriptions without illustrations
in the early-described species and the marked variation in
their conidial morphology, depending on the environmental
conditions under which they were produced (Groves and
Skolko 1945; Upsher 1975; Tsuda 1992; Tsuda and Ueyama
1982, 1983).

Several species of Curvularia, such as C. affinis Boedijn,
C. fallax Boedijn, C. senegalensis (Speg.) C.V. Sub-
ramanian, and C. geniculata (Tracy et Earle) Boedijn in
the “geniculata” group, had been widely accepted as inde-
pendent species (Groves and Skolko 1945; Subramanian
1953, 1956; Ellis 1966, 1971; Sivanesan 1987). However,
the differences of these species are difficult to recognize
because of inconsistency of morphological characteristics
used for species delimitation among them. In such cases, the
concept of sexual reproductive isolation is useful for the
delimitation of the species because interspecific hybridiza-
tion is rare or difficult in these group members (Tsuda et al.
1985; Tsuda and Ueyama 1987; Shimizu et al. 1998). Fortu-
nately, the teleomorph of C. geniculata has been reported
by Nelson (Nelson 1964). However, crossing experiments
have not been conducted for the aforementioned species
except for our preliminary results using new field isolates
and some cultural collections (Tsuda 1988).

Comparisons of conidial morphology of the isolates
among reproductively compatible populations would be the
best approach to determine the species to which they be-
long. Comparison of herbarium materials, as well as cultural
studies on conidial morphology of field isolates, is also
useful for this purpose. Further, scanning electron micro-
scopy (SEM) observation of surface ornamentation of the
conidium is useful for elucidation of critical character-
istics for separation of species, as has been shown for
C. lunata (Wakker) Boedijn and C. aeria (Batista, Lima et
Vasconcelos) Tsuda et Ueyama (Tsuda et al. 1985).

In this article, we report the species delimitation of some
members in the “geniculata” group of the genus Curvularia
based on reproductive isolation and conidial morphology,
including surface ornamentation of the conidia under SEM
observation. We also present the results of restriction frag-
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ment length polymorphism (RFLP) analyses for several iso-
lates in the “geniculata” group of the genus. Next, we dis-
cuss the relations between conidial morphology and the
results of RFLP analyses for populations that are difficult to
allocate to already known species in the “geniculata” group.
Based on the results of the present study, the synonyms of
C. geniculata and two new combinations for erroneously
described species are presented.

Materials and methods

Isolates and specimens used in this study

Four-septate Curvularia species without a protuberant hi-
lum were selected for this study. Field isolates and cultural
collections used in this study are listed in Table 1. They
were grown on modified V-8 juice agar medium and soil
decoction agar medium (Tsuda and Ueyama 1987) or com-

plete agar medium (CM) (Shimizu et al. 1997) in slant cul-
tures maintained at 25°C. The specimens deposited at IMI,
BPI, UT, TNS, and other herbaria examined are listed in
Table 2.

Crossing experiments

Crossing experiments were made on Sach’s rice-straw agar
medium as described previously (Tsuda and Ueyama 1975)
with tester isolates that retain maternal factor(s). They were
arbitrarily selected from fresh field isolates or ascospore
progenies (Tsuda and Ueyama 1987).

RFLP analyses

RFLP analyses were performed according with the methods
presented by Nakada et al. (1994). In this case, the length
of DNA fragments produced by digestion with specific

Table 1. Fungal isolates used in this study and their typing by restriction fragment length polymorphism (RFLP) analyses

Isolates Host plants Locality RFLP type

Curvularia geniculata population
I54 cu1-1 Oryza sativa Indonesia I
Clover 84-3 Trifolium repens Kumamoto, Japan I
Myoga cu4-2 Zingber mioga Kumamoto, Japan I
19A4-1 Oryza sativa Burma I
NC29-1-1 Graminea planta New Caledonia I
NC29-1-2 Graminea planta New Caledonia I
19A5 Oryza sativa Burma I
Niigata 5 Oryza sativa Niigata, Japan I
Blue Stem 3 Andropogon furcatus Kumamoto, Japan I
Ascos. g-4 Ascospore isolate I
Yaseiine g Oryza sativa Indonesia I

Rough surface conidia-producing population
B71 Oryza sativa Burma II
B77-1 Oryza sativa Burma II
B110-7-1 Oryza sativa Burma II
B110-7-2 Oryza sativa Burma II
Awa-Kenjyo Setaria italica Kagoshima, Japan II

Hilum warping conidia-producing population
Cyp ina-g 2-1 Cyperus iria Kyoto, Japan V
Cyp ina-g 2-2 Cyperus iria Kyoto, Japan V
Weeping 1-1 Eragrostis curvula Kumamoto, Japan V
Host-Kuma 3 Graminea planta Kagoshima, Japan V
Kobayashi-1 Graminea plantb V
Kobayashi-4 Graminea plantb V
Lemon g-1 Cymbopogon citratus Kyoto, Japan V
Lemon g-2 Cymbopogon citratus Kyoto, Japan V
Tojin 1-1 Pennisetum glaucum Kyoto, Japan VI
Tojin 1-2 Pennisetum glaucum Kyoto, Japan VI
Ohi-Akatorii Pennisetum alopecuroides Tokushima, Japan VI

Isolates from culture collections
Curvularia genuiculata IMI 69539 I
Curvularia genuiculata ICMP 6140-78 I
Curvularia genuiculata ATCC 6671 IV
Curvularia affinis IMI 38975 I
Curvularia fallax IMI 79732 I
Curvularia senegalensis IMI 80285b I
Curvularia senegalensis ATCC 24154 I
Curvularia inaequalis IMI 12950 III

a Genus or species was not identified
b Isolated from unidentified turf grass by Dr. T. Kobayashi
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enzymes was identified by Southern hybridization. As
probes, the genomic DNA fragments of Bipolaris maydis
(Nisikado) Shoemaker (GPD-1) and C. lunata (tubulin)
were employed, and as the digestion enzymes, four types of
6-base recognizing cutters, HindIII, EcoRI, BamHI, and
PstI were used.

SEM observations

The conidia produced on soil decoction agar slant after 2–3
weeks of culture were collected and mounted on aluminum
stubs with double-sided electro-conducting adhesive tape.
Samples were coated with platinum-palladium using a sput-
tering device (E120; Hitachi) for about 120s. The conidia
were observed immediately after coating under a Hitachi
S-800 scanning electron microscope at 10kV.

Results

Conidial morphology of field isolates and
cultural collections

The conidial morphology of the isolates typical for C.
geniculata and its allied species is shown in Fig. 1, and the
conidia measurements of representative isolates are given
in Table 3.

The conidia are geniculate to almost straight and boat
shaped owing to the dispropotional enlargement at the
third cell from the base. They are straw colored to dark
brown and sometimes paler at both ends, depending on the
isolates or cultural conditions in which they were produced.
This conidial morphology concurs with that depicted
by Ellis (1966) for C. geniculata, C. fallax, C. affinis, and C.
senegalensis. However, identification of these isolates to
species level is difficult, as pointed out in many previous
reports (Groves and Skolko 1945; Somal 1976; Tsuda 1992).
The conidial morphology of these isolates was sometimes

Table 2. Conidial measurements of Curvularia “gegiculata” group from herbarium specimens

Specimens Length � width (µm) Mean value (µm) L/W

Curvularia geniculata (Tracy et Earle) Boedijn
IMI 69539 20.0–30.0 � 9.3–14.3 26.1 � 11.3 2.29
IMI 108765 22.5–33.7 � 7.5–15.0 28.0 � 10.6 2.67
IMI 103899 No measurement (conidia few)
IMI 117731(a) No conidia
UT 176605a 21.2–33.7 � 8.1–11.2 28.8 � 9.8 2.94
UT 180648a No measurement (conidia few)

Cochliobolus geniculatus Nelson (type)
BPI 212BH85 22.5–34.3 � 7.5–11.2 29.1 � 9.8 2.90

Helminthosporium geniculatum Tracy et Earle (type)
BPI 2485 25.0–43.7 � 10.6–13.7 33.4 � 12.0 2.78

Brachysporium sesami Sawada (type)
IMI 31926 24.3–34.3 � 9.3–13.1 29.4 � 10.8 2.70
TNS F-220576 25.0–32.5 � 8.7–12.5 29.1 � 9.8 2.90

Curvularia affinis Boedijn
IMI 38975a 26.2–36.2 � 8.1–13.4 31.5 � 11.2 2.88
IMI 85415c No measurement (conidia broken)
UT 176589a 27.5–45.0 � 8.7–13.1 33.8 � 10.3 3.28

Curvularia fallax Boedijn
IMI 79732 17.5–25.0 � 7.5–11.2 21.4 � 9.4 2.26
IMI 110075 26.2–38.7 � 8.7–12.5 32.1 � 10.3 3.09
IMI 112670 18.7–23.7 � 8.1–11.2 21.2 � 9.8 2.14

Curvularia senegalensis (Spegazzini) Boedijn
IMI 86098 No measurement (no 4-septate conidia)
IMI 80285(b) 18.7–32.5 � 8.7–12.5 23.0 � 11.0 2.08
IMI 91989 20.0–30.0 � 9.3–13.7 23.3 � 11.3 2.06
UT 176605 No measurement (conidia few)

Brachysporium senegalense Spegazzini (type)
Spegazzini herbarium, LaPlata Univ. 27233 No measurement (no conidia)

Acrothecium falcatum Tehon (type)
Univ. Illinois 14509 22.5–30.6 � 9.3–13.1 26.6 � 11.9 2.23

Curvularia inaequalis (Shear) Boedijn
IMI 12950b 18.9–30.0 � 7.9–11.0 24.5 � 9.1 2.60
IMI 53747c 22.1–31.6 � 7.9–10.0 26.6 � 9.9 2.69
IMI 106078 23.7–39.5 � 10.2–16.6 32.5 � 13.5 2.39

Helminthosporium inaequale Shear (type)
BPI 450 No measurement (conidia few)

L/W, length to width ratio
a Authorized by Boedijn
b Authenticated for Acrothecium arenariae
c Authenticated for Helminthosporium inaequale
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different when they were produced in different conditions.
Typical examples are shown in Fig. 2.

In addition, we recognized some field isolates whose
conidial morphology was clearly different from that of the
C. geniculata population (including C. fallax, C. affinis, and
C. senegalensis). These were divided into three populations
based on their conidial morphology. The rough surface
conidia-producing population had pale-colored, slender,
geniculate, or boat-shaped conidia (Fig. 1J, isolates B77-1,
Awa-Kenjyo). The second population was composed of iso-
lates having almost straight conidia with a warped hilum;
these were further divided into two subpopulations (Fig.
1G, isolates Cyp ina-g 2-1, Lemon g-1, and others; Fig. 1H,
J, isolates Tojin 1-1, Tojin 1-2, and Ohi-Akatorii). C.
geniculata ATCC 6671 were also different in having dark-
colored, relatively large-sized, almost straight to boat-
shaped conidia (Fig. 1F). The conidia of C. inaequalis IMI

12950 resembled those of the warped hilum type popula-
tion, although differing slightly (Fig. 1E).

Conidial morphology of herbarium materials

We have examined herbarium specimens of the
“geniculata” group including type specimens deposited at
IMI, BPI, UT, TNS, and other herbaria. The conidial mea-
surements are given in Table 2; the typical conidia, if any,
are shown in Fig. 3. Some specimens had no conidia.

The conidial morphology of the type specimen of C.
geniculata (�Helminthosporium geniculatum Tracy et
Earle) (BPI 3485) is shown in Fig. 4B. Conidia were 4-
septate, brown to dark brown, almost straight to boat
shaped, swollen at the third cell, and measured 25–44 � 11–
14µm (mean, 33.4 � 12.0 µm) with a length/width ratio of
2.78.

Table 3. Conidial measurements of representative isolates used in this study

Isolates Length � width (µm) Mean value (µm) L/W

Field isolate
I54 cu1-1 20.0–31.2 � 7.5–11.2 24.2 � 9.5 2.55
Clover 84-3 20.0–31.2 � 8.1–11.2 24.4 � 9.7 2.40
19A4-1 17.5–28.7 � 9.3–13.7 24.6 � 10.9 2.25
19A4-1a 21.8–38.7 � 6.2–11.2 27.0 � 9.9 2.70
NC29-Cu1-1 25.0–37.5 � 8.7–13.1 30.4 � 11.1 2.72
NC29-Cu1-2 25.0–30.0 � 8.1–12.5 27.9 � 10.1 2.76
NC29a 25.0–38.7 � 10.0–15.2 31.0 � 12.7 2.42
19A5 21.8–32.3 � 8.1–13.1 25.7 � 10.0 2.57
Niigata 5 22.5–28.7 � 8.8–11.8 25.9 � 10.5 2.46
Blue Stem 3 25.0–35.0 � 8.7–13.1 28.5 � 10.2 2.78
Ascos. g-4 21.8–26.2 � 6.2–9.3 24.2 � 8.0 3.01
Yaseiine g 25.0–35.0 � 6.2–12.5 30.5 � 9.8 3.11
B71 26.8–35.0 � 7.5–11.2 30.9 � 9.8 3.13
B77-1 20.0–38.7 � 7.5–13.1 29.4 � 10.0 2.94
B110-7-1 26.2–32.5 � 8.1–10.6 29.0 � 9.4 3.09
B110-7-2 23.7–35.0 � 8.1–11.2 26.7 � 9.5 2.79
Awa-Kenjyo 21.2–37.5 � 6.2–11.2 28.2 � 8.4 3.33
Cyp ina-g 2-1 28.7–43.7 � 8.7–12.5 37.6 � 9.8 3.78
Cyp ina-g 2-2 23.8–34.9 � 7.9–10.3 28.5 � 9.0 3.16
Cyp ina-g 2-2b 26.2–45.0 � 6.2–11.2 34.8 � 8.5 4.07
Weeping 1-1 26.2–36.2 � 7.5–11.2 29.9 � 9.0 3.30
Host-Kuma 3 27.5–41.2 � 6.2–13.7 34.3 � 10.2 3.36
Kobayashi-1 28.1–45.0 � 6.2–12.5 34.7 � 9.5 3.62
Kobayashi-4 20.0–33.7 � 6.2–9.3 28.8 � 7.6 3.75
Lemon g-1 26.2–41.2 � 6.2–10.0 31.9 � 8.4 3.78
Lemon g-2 32.5–46.2 � 8.1–11.2 38.7 � 9.3 4.13
Tojin 1-1 30.0–43.7 � 8.7–11.2 36.8 � 10.2 3.61
Tojin 1-2 31.2–40.0 � 8.7–13.7 35.2 � 10.2 3.43
Ohi-Akatorii 27.5–40.0 � 8.7–13.1 33.5 � 10.6 3.15

Curvularia geniculata
IMI 69539 21.2–26.8 � 8.7–11.2 24.5 � 10.0 2.45
ATCC 6671 31.2–42.5 � 8.7–11.8 37.9 � 10.4 3.63

Curvularia affinis
IMI 38975 27.5–40.0 � 8.1–12.5 33.0 � 9.8 3.34

Curvularia fallax
IMI 79732 21.2–30.0 � 8.1–11.8 26.0 � 9.9 2.61

Curvularia senegalensis
IMI 80285(b) 21.8–27.5 � 8.7–11.2 24.5 � 9.6 2.55
ATCC 24154 21.2–30.0 � 8.1–13.1 25.2 � 10.2 2.53

Curvularia inaequalis
IMI 12950 18.9–30.0 � 7.9–11.0 24.5 � 9.1 2.60

a Conidia produced on host plant
b Conidia produced on different medium
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Fig. 1. Conidial morphology of representative isolates on cultural me-
dia. A Curvularia geniculata IMI 69539; B Curvularia affinis IMI 38975;
C Curvularia fallax IMI 79732; D Curvularia senegalensis ATCC 24154;

E Curvularia inaequalis IMI 12950; F Curvularia geniculata ATCC
6671; G isolate Cyp ina-g 2-1; H isolate Tojin 1-1; I isolate Ohi-
Akatorii; J isolate B77-1. Bar 20 µm
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If the type materials had no conidia and figures had not
been given in the original descriptions, annotation drawings
or later illustrations based on type materials were adopted
for tentative identifications. C. senegalensis and C.
inaequalis were such cases. The type specimen of
Helminthosporium inaequale Shear (BPI 450) had only a
few conidia (Fig. 4A), which share some common features
with those of C. inaequalis IMI 12950 authenticated for H.
inaequale. The specimen of C. inaequalis IMI 53747 authen-
ticated for Acrothecium arenariae and one more specimen,
IMI 106078, had conidia of different shapes. They were
straight, oval to broadly fusiform, and somewhat different
from those of C. inaequalis IMI 12950 (see Fig. 3G, 3H).
These figures were coincident with those given by Ellis
(1966) but did not agree with those given by Groves and
Skolko (1945). Brachysporium senegalensis Spegazzini at
the Spegazzini Herbarium of La Plata University, Argen-
tina, also has no conidia. Consequently, we followed the
descriptions given by Ellis (1966) and Sivanesan (1987).
Type materials for Brachysporium sesami Sawada de-
posited at IMI (IMI 31926) and TNS (F-220576) and
Acrothecium falcatum Tehon deposited at the University of
Illinois (Mycological collection no. 14509) agree with C.
geniculata in their conidial shape and size (see Table 2).

Some herbaria specimens, even the type specimens of
described species, were mixed with C. lunata or allied
“lunata” group members, especially those for naturally col-
lected specimens. In our studies on field-collected materials,
we have often observed the similar mixed occurrence of
fungi on the same host plants. We believe this is the reason
why some early-described species have been abandoned.
Thus, Helminthosporium curvulum Saccardo 1886 and
Helminthosporium caryopsidum Saccardo 1886 were ex-
cluded by Boedijn (1933).

Crossing experiments with tester isolates

Fertile ascospores, produced when two isolates of opposite
mating types were paired, were divided into two mating-

type groups of approximately 1 :1 ratio. When the authentic
cultural isolates C. geniculata IMI 69539, C. senegalensis
IMI 80285b and ATCC 24154, C. fallax IMI 79732, and C.
affinis IMI 38975 were crossed with tester isolates, they
all gave fertile ascocarps. Ascospore progenies produced
conidia in culture, which showed same morphological varia-
tions, as mentioned previously. However, C. geniculata
IFO 6283, ATCC 6671, and C. inaequalis IMI 12950, ATCC
6478, failed to mate with any combinations of tester isolates
(Table 4). In this connection, C. geniculata IFO 6283 and C.
inaequalis ATCC 6478 did not produce any conidia.

Field isolates that resembled C. geniculata but did not
give fertile ascocarps in any combination were divided
into three populations by their conidial morphology (see
Conidial morphology).

RFLP analyses

All probes are obviously hybridized with the genomic DNA
of all species of the group, but the numbers of bands and
their relative positions appeared to be somewhat different
among the species and populations divided by conidial mor-
phology. When the same fragments were hybridized to
chromosomal DNA from a range of species and populations
belonging to the “geniculata” group, distinctive restriction
patterns were found. In C. geniculata, which includes C.
affinis, C. senegalensis, and C. fallax, populations with
similar cultural characteristics and conidial morphology
gave almost identical banding patterns.

A consensus bootstrap tree resulting from the RFLP
analyses with eight probe–enzyme combinations for 35 iso-
lates is shown in Fig. 5. In each probe–enzyme combination,
the constructed topology gave almost the same results with
slight differences (data not shown). RFLP type I comprised
C. geniculata, including C. affinis, C. senegalensis, and C.
fallax, although minor differentiation was observed. Some
isolates including C. affinis IMI 38975 were semibranched.
RFLP type II was composed of unidentified species that had
slender geniculate conidia with a roughly warted surface.
RFLP types V and VI were composed of populations
that formed conidia with a warped hilum. RFLP type V was
composed of an isolate Cyp ina-g 2-1 and other hilum warp-
ing members and RFLP type VI included isolates Tojin 1-1
and Ohi-Akatorii. C. inaequalis ATCC 6671 and IMI 12950
made each independent cluster for RFLP types III and IV,
respectively. Thus, the differences in conidial morphology
correlated well with the results of RFLP analyses.

SEM observations

The surface ornamentation of conidia under SEM was
clearly different depending on the specimens observed. Hi-
lum morphology also differed with the species or popula-
tions examined. Representative figures are shown in Fig. 6,
and the results of SEM observation are summarized below.

1. Conidial type I, which corresponds to RFLP type II.
Under SEM, vigorous scalelike warts were observed on

Fig. 2. Comparison of conidial morphology on field material and cul-
tural medium of isolate Yaseiine g. A On field substrate; B on V-8 juice
agar medium. Bar 20 µm
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Fig. 3. Conidial morphology of herbarium materials of 4-septate
Curvularia species. A Curvularia geniculata IMI 108765; B Curvularia
geniculata UT 176605; C Curvularia affinis UT 176589; D Curvularia

fallax IMI 110075; E Curvularia senegalensis IMI 80285b; F Curvularia
senegalensis IMI 91984; G Curvularia inaequalis IMI 53747; H
Curvularia inaequalis IMI 106078. Bar 20 µm

almost the entire surface, especially at the third cell. The
hilum was not protruded and was situated at the axial
center of the conidium. Under the light microscope, the
conidial surface was roughly warted, as in C. verruculosa.
Isolate B77-1 is typical (see Fig. 6E).

2. Conidial type II-a, which corresponds to RFLP type V.
The conidial surface of this member was rather smooth
and the scalelike protuberance was not prominent. The
hilum was deviated from the axial center, and an unusual
warping at the base cell was occasionally observed. Typi-
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Table 4. Representative examples of results of crossing experiments
with isolates from culture collections

Isolate Mating type

� 19A4-1 � 914chijimi

Curvularia geniculata IMI 69539 F N
Curvularia geniculata ATCC 6671 N N
Curvularia affinis IMI 38975 F N
Curvularia fallax IMI 79532 F N
Curvularia senegalensis IMI 80285b F N
Curvularia senegalensis ATCC 24154 F N
Curvularia inaequalis IMI 12950 N N
I54 cu1-1 N F
19A4-1 F N
Blue Stem 3 N F
Yaseiine g F N

Rough surface conidia-producing populations, such as isolates B71,
B77-1, B110-7-1, B110-7-2, and Awa-Kenjyo, did not produce
ascocarps
Hilum warping conidia-producing populations, such as isolates Cyp
ina-g 2-1, Tojin 1-1, and Ohi-Akatorii, also did not produce ascocarps
F, Mature ascocarps produced; N, not fertile

Fig. 4. Conidial morphology of type materials of Helminthosporium
geniculatum and Helminthosporium inaequale deposited at BPI. A H.
inaequale 450; B H. geniculatum 3485. Bar 20 µm

Fig. 5. Bootstrap tree of some members in “geniculata” group of
Curvularia based on RFLP analyses of two probes with four types of
6-base cutter enzymes

cal isolates include Cyp ina-g 2-1 (Fig. 6H) and Weeping
1-1 (Fig. 6I).

3. Conidial type II-b, which corresponds to RFLP type VI.
The conidial surface of this group was also rather
smooth, but a slight scale-like protuberance was ob-
served at the base cell (Fig. 6J). In this group, some
conidia were warped at the basal compartment by un-
equal development of the cell wall, and the hilum was
mostly situated in the center. Typical isolates are Tojin 1-
1 (Fig. 6G, J) and Ohi-Akatorii (Fig. 6F, K).

4. C. geniculata ATCC 6671, which corresponds to RFLP
type III. The conidial surface of this isolate was rather

smooth, showing no scalelike warts as seen with conidia
of isolate B77-1 and C. geniculata. The hilum was clearly
protuberant (Fig. 6C).

5. C. geniculata (including C. affinis, C. senegalensis, and C.
fallax), which corresponds to RFLP type I. In this mem-
ber, the conidial surface was roughly warted. Small and
thin scale-like warts were observed on the base and the
third cells. The hilum was not protruded.

Discussion

The conidial characteristics of isolates assignable to C.
geniculata and closely related species are summarized in
Tables 2 and 3 and Figs. 1–3. The isolates showed consider-
able variations on different culture media used (Fig. 2).

For species separation of C. geniculata, C. affinis, C.
fallax, and C. senegalensis, length/width ratio of conidial
measurements and production of columnar stromata is
adopted by some authors (Groves and Skolko 1945; Ellis
1966). The length/width values, however, are variable to



Fig. 6. Scanning electron microscopy (SEM) of conidia produced by
some members in “geniculata” group of Curvularia used in this study.
A Curvularia geniculata IMI 69539; B isolate Yaseiine g; C Curvularia
inaequalis IMI 12950; D Curvularia geniculata ATCC 6671; E isolate

B77-1; F isolate Ohi-Akatorii; G isolate Tojin 1-1; H isolate Cyp ina-g
2-1; I isolate Weeping 1-1; J isolate Tojin 1-1; K isolate Ohi-Akatorii.
Bars A, B, D, G, H 5.0 µm; C 4.3 µm; E 3.25 µm; F 6.0 µm, I, K 3.0 µm
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some extent with the media on which the conidia were
produced (see Tables 2, 3).

Unfortunately, columnar stromata production is inciden-
tal, and the ability for production is easily lost by prolonged
subcultures for most isolates (data not shown). This struc-
ture is strongly correlated to teleomorph production, be-
cause the ascocarps are often produced on the tip of
columnar stromata. When two compatible isolates were
grown on the same plate, fluffy thin straight mycelia were
produced abundantly on the stromata that looked like
trichogene (data not shown). Thus, the production of co-
lumnar stromata is not a suitable characteristic for species
separation in these members of the genus.

When the herbarium materials of C. geniculata, C.
affinis, C. fallax, and C. senegalensis, including the type
specimens, were examined, it was difficult to distinguish one
from another. Morphological variations among these speci-
mens might suggest that the diverse conidial morphology in
the same species is a common event. Variations found in the
same isolate by different cultural conditions also supported
this conclusion (see Fig. 2, Table 3). No conidium was found
on the type specimen of Brachysporium senegalensis. How-
ever, the figures accompanying the type specimen suggested
the species was identical with C. geniculata, treated previ-
ously as C. senegalensis.

In crossing experiments, the isolates of four species
hitherto known as C. affinis, C. fallax, and C. senegalensis
including authenticated isolates, are fertile with tester
strains of C. geniculata (see Table 3). The conidial morphol-
ogy of these ascospore progenies was indistinguishable
from C. geniculata.

Variability in conidial morphology has also been recog-
nized in some species in the genus Curvularia, such as C.
verruculosa (Tsuda and Ueyama 1983), C. lunata (Tsuda et
al. 1985), and particularly C. pallescens with C. leonensis-
type conidia (Tsuda and Ueyama 1983). Morphological in-
stability of conidia in the same isolate and within a species
might be a common feature in this genus (Tsuda 1992).

Our RFLP analysis results indicated that intraspecific
polymorphism was slight and that interspecific diversity was
very prominent (see Fig. 5). The results concurred with the
conclusions based on the morphological characteristics and
the crossing experiments. Concludingly, the synonyms of C.
geniculata are summarized as follows.

Teleomorph:
Pseudocochliobolus geniculatus (Nelson) Tsuda, Ueyama
et Nishihara 1977

�Cochliobolus geniculatus Nelson 1964
Anamorph:
Curvularia geniculata (Tracy et Earle) Boedijn 1933

�Helminthosporium geniculatum Tracy et Earle 1896
�Brachysporium sesami Sawada 1959
�Curvularia affinis Boedijn 1933
�Curvularia fallax Boedijn 1933
�Curvularia senegalensis (Speg.) Subram. 1956

�Brachysporium senegalensis Spegazzini 1914
�Curvularia falcata (Tehon) Boedijn 1933 (as flacata)

�Acrothecium falcatum Tehon 1919

Some isolates that did not mate with standard mating-
type isolates of C. geniculata showed apparently different
conidial morphology (see Fig. 1). The isolates, whose
conidia were somewhat slender and pale in color with a
rough epispore (Figs. 1J, 6E), might belong to a distinct
species because no such ornamentation is observed on the
conidia of Curvularia geniculata and allied species. We
checked the conidial morphology of the isolates in detail
under SEM. The surface ornamentation was clearly differ-
ent from any of the “geniculata” group members examined
(Fig. 6). These isolates are properly assignable to C. coicis
Matsushima 1975. However, the name is a later homonym
of C. coicis Castellani 1952. Thus, the name should be given
as a distinct species.

Curvularia matsushimae (Matsushima) Tsuda, comb. nov.
�Curvularia coicis Matsushima. Icones Microfungorum
a Matsushima lectorum. pp. 41–42, pl. 83–5, 85–5,
1975.

As the type specimen is not available, we tentatively
designate PRI-8601 in KYO as the lectotype, and also de-
posit the living culture from the lecto-type in IFO.

The hilum warping population was divided into two sub-
populations on the basis of differences in DNA homology.
The ornamentation of the outer surface of the conidia is
rough, and small warts were visible under SEM in one
population (RFLP type V) but not in another population
(RFLP type VI); also, the center axis of the conidia is some-
how different between the two populations (Fig. 6I, J).
Therefore, the two populations should be treated as sepa-
rate species.

One population might be C. inaequalis or its closely re-
lated species. Unfortunately, we could not trace enough
conidia of that species on the type materials. Groves and
Skolko (1945) mentioned that it was difficult to distinguish
the species from C. geniculata, and recognized only the
difference in length/width ratio between the two species.
Conidia of H. inaequale have a length/width ratio of 2.4
and are more dumpy (Figs. 2, 9, and 15 in Groves and
Skolko 1945), which clearly differ from conidia of C.
inaequalis depicted by Ellis (1966, 1971). The conidial mea-
surements given previously are different among different
authors (e.g., Braverman 1966). Conidial morphology of
isolate IMI 12950, authentic for H. inaequale, and of isolate
IMI 53747, authentic for Acrothecium arenariae, fits desig-
nated characteristics given by Ellis (1966). Their conidia
resemble those of C. geniculata ATCC 6671. However,
C. inaequalis IMI 12950 and C. geniculata ATCC 6671
were separately situated in different clusters in our RFLP
analyses.

When the distal end of the conidial cell is enlarged dis-
proportionately, the hilum may be not situated at the axial
center of the conidium. Conidia with such morphological
characteristics were frequently observed in some field iso-
lates, which were different from the conidia produced by C.
geniculata. Curvusporium ribaldii Corbetta (Fig. 6 in
Corbetta 1963) very closely resembles these populations.
This species should be treated as a member of Curvularia,
as follows.



237

Curvularia ribaldii (Corbetta) Tsuda, comb. nov.
�Curvusporium ribaldii Corbetta, Riso n. 3, p. 28, Fig. 6,
1963.
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